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Mesosos. the ability to prove that two populations
are statistically different in one or several characters
is only a measure of the persistence and patience of the

systematist."

Lidicker (1962).
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Chapter 1.

INTRODUCTORY.

1.1 INTRODUCTION.

Systematic studies have three main objectives: firstly

to determine the unique properties of taxa at and above the
species level; secondly, to determine common properties of
selected taxa and to suggest reasons for similarities and
differences; and thirdly, to investigate wvariation within
taxa (Mayr, 1969). Oystercatchers provide excellent ma-
terial for such studies. Despite their distinctiveness and
evolutionary conservatism, they have had a surprisingly une
stable systematics. This has occurred mainly because 01d
and New World species are rarely sympatric, and thus the
latter have commonly been regarded as only subspecies of
the former. New Zealand is perhaps the only country where
species of both Worlds overlap in their distributions, and
thus afford opportunity for comparative study.

Further impetus for a systematics study of oyster-
catchers is provided by their relative homogeneity. They
comprise a monogeneric family of shorebirds which has not
undergone any major adaptive radiations into a diversity of
ecological niches, but rather has dispersed from original
centres of distribution to occupy identical niches in new
geographical localities. The uniformity of structure and
habit of this family has been attributed by Larson (1957)
to extreme ecological specialization coupled with strong
stabilizing selection.

Although Lack (1961) has pointed out that ecological
divergence of closely related forms is not known to initiate
species=formation, the inherent potential of such divergence
to function as an isolating mechanism is well established

(Mayr, 1963; Cain, 1966). Conversely, specialization is



likely to restrict speciation and result in evolutionary
conservatism. This restriction is reflected in the tax-
onomy of oyvstercatchers, with a maximum of eight species

being generally accepted at present.

1.2 TAXONOMY OF WORLD FORMS,

The Order Charadriiformes includes 13 families of

wading birds. One of these, the Family Haematopodidae, is
represented by a single genus Haematopus Linnaeus, 1758 to
which the oystercatchers belong. Within this family, Peters
(1934) recognized four species, but contemporary taxonomists

describe six species as followsg:=

(1) Haematopus ostralegus Linnaeus, 1758 = World wide

distribution.

(2) Haematopus palliatus Temminck, 1820 - southern

North America through to
central South America.

(3) Haematopus ater Vieillot and Oudaxrt, 1825 = central

and southern South America.

(h) Haematopus leucopodus Garnot, 1826 - southern

South America.

(5) Haematopus bachmani Audubon, 1838 - west coast of

North America from Alaska
to California.

(6) Haematopus unicolor Forster, 1844 - New Zealand.

The addition of up to three more species to the above
list may now be warranted. In its £fifth report, the South
African Ornithological Society List Committee (19619 78) TE e
instated the South African Black Oystercatcher as Haematopus
moguini Bonaparte, 1865 (ga astralegus moquini of Peters)

on the basis of its obvious phenetic separation from H.

ostralegus.
The Australian Sooty Oystercatcher possibly represents
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a good species. Uncertainty exists as Lo whether it should
be considered as consgpecific with the New Zealand Black

Oystercatcher Haematopus unicoloxr (R@A_@O{H° Checklist,

1926), or as a separate species Haematopus fuliginosus
Gould, 1845 (Peters, 1934; Serventy and Whittell, 1948).
The Chatham Islands Oystercatcher has recently been

assigned species status Haematopus chathamensis Hartert,

1927 by the New Zealand Ornithological Society Checklist
Committee (Kinsky, 1970), presumably because of morpho-
logical differences from its mainland congeners,

The limited speciation outlined above is mirrored by
the small number of subsgpecies that have been described;
Peters (1934) lists only 19. Although Murphy (1936) has
suggested that the formation of continental subspecies is
correlated with discontinuities in littoral distribution,
it is not certain at this time whether or not many of these
subspecies are simply products of geographic variation and

are thus invalid.

1.3 TAXONOMY OF NEW ZEALAND FORMS.

A, History.

The nomenclature of the New Zealand species of oyster-
catcher has had a checkered history., Although the earliest
reference is to a pied bird collected during one of Cook's
expeditions (Latham, 1785, cited by Oliver, 1955)9 a melanig-
tic specimen was the first to receive nomenclatural recog-
nition. Forster described a bird collected at Dusky Sound

in 1773 as Haematopus unicolor, but this description was

not published until 1844, Pied oystercatchers observed
breeding in Canterbury riverbeds were referred by Potts (1870)
to Haematopus longirostris Vieillot which was originally

described from New South Wales. Travers (1872) used this

name for birds collected at the Chatham Islands, and Buller
(1872, 1888, 1905) subsequently applied it to all New Zealand



ovaetercatchers. Rothschiid (1899) gave the name reischeki
to a specimen from Kaipara which was actually intermediate
in plumage between black and pied.

Martens (1897) regarded a specimen from Saltwater
Creek near Timaru sufficiently distinct to warrant species
status, for which he proposed the name finschi. Mathews
(1913) lumped all New Zealand pied birds under Haematopus
gstralegus and retained finschi as a subspecies. He fem

stricted longirostyris as an Australian subspecies. This

classification was accepted by Hartert (1921) who later
(1927) ascribed the Chatham Islands Oystercatcher to Haema-

topus ostralepgus chathamensis. Stresemann (192?) congidered

all black oystercatthers to be melanistic mutants of the

pied Haematopus ostralegus, and submerged all the New Zealand

oystercatchers except chathamensis under Haematopus ostrale-

gus unicolor Forster, This synonymy was accepted by Peters
(1934, 253). Falla's review (1939) retained finschi,

reischeki and unicolor as Ffull species and raised Hartert's

chathamensis to species status. On the basis of plumage,

voice and general habits Sibson (1945) referred finschi to

a subspecies of Haematopus ostralegus. The first Checklist

of New Zealand Birds (Fleming, 1953) accepted this reference
and tentatively placed the other pied and black birds under
a single species Haematopus unicolor Forster.

Oliver (1955) considered the 1953 Checklist's classifi-

cation unacceptable as it constituted excessive lumping.

He described four types of ovstercatcher:

(1) a smaller pied migratory species =~ Haematopus

ogtralegus finschi

(2) a larger pied non-migratory species -~ H. longi-

rostris chathamensis;

(3) a black non-migratory species -~ H., unicolor
unicoloxr;
(4) hybrids between (2) and (3).
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Falla, Sibson and Turbott (1966) restored finschi, reischeki,

unicolox and chathamensis to species status on the grounds

that they were "strong" races., PFinally, the second Check-
list Committee (Kinsky, 1970) returned finschi to a sub-

species of Haematopus ostralesgus and deleted reischeki

altogether, regerding Haematopus unicolor as an "apparently

polymorphic" species.

B. Present Taxonomic Status.

Three species of oyvstercatcher are listed in the
Amnotated Checklist of the Birds of New Zealand (Kinsky,
1970) as follows:

(1) Haematopus ostralegus finschi Martens, 1897 =

South XIsland Pied Oystercatcher,

(2) Haematopus unicolor Forster, 1844k - Variable

Oystercatcher.

(3) Haematopus chathamensis Hartert, 1927 -~ Chatham

Islands Oystercatcher.

1.4 THE SYSTEMATIC CONTROVERSY AND AIMS OF THE STUDY,

It is evident from the foregoing that the systematic
gtatus of New Zealand oyvstercatchers ig uncertain. Major
controversy is centred on the status of the Variable Oyvster-
cather, especially the inter-relationships of the southern
black phase, thé northern black phase and the pied phase.
Three hypotheses have been put forward by Heather (1966)
to explain this complexitvy:

(1) HYBRID HYPOTHESIS.

The black oystercatchers of New Zealand are speci-
fically distinct from and tend to hybridize with a northern
pied Torm.

(2) CLINE HYPOTHESIS.

Clinal wvariation of colour phases is occurring,

ranging from entirely black populations in southern New

7Zealand to predominantly pied populations in the north.



(3) MELANISM HYPOTHESIS.
The northern Variable Oystercatcher has strong
melanistic tendencies and is specifically distinct from the

gsouthern Black Ovstercatcher.

The status of either the South Island Pied Oyster-
catcher or the Chatham Islands Ovstercatcher is not irre=
vocably determined. Doubt as to the correct rank of finschi

and chathamensis has arisen through the allopatric distri-

butions of these forms and from an inadequate assessment of
their affinities. '

The aim of this study, then, is to attempt to clarify
the existing taxonomic confusion by evaluating the above
hypotheses and by assessing the affinities of the New Zea-

land taxa.

1.5 IDENTIFICATION OF NEW ZEALAND OYSTERCATCHERS.

(1) South Island Pied Oyvstercatcher - Haematopus ostralegus

finschi.

The South Island Pied Oystercatcher has very stable
plumage characters which serve as distinguishing features.
Williams (1963) lists three main ways of positively identi-
fyving this subspecies:

(a) when in flight, broad white bands (alar bars)
may be seen along the upper wings which appear
almost continuous with a white rump patch ex-
tending in a bright wedge into the middle of
the back;

(b) boundaries between black and white areas are
sharply defined; and

(¢) the white recess on the shoulder in front of the
wing is unique to the species.

These three features are illustrated in Plate 1.
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(2) Variable Oystercatcher - Haematopus unicolor.

The pilumage of the Variable Oystercatcher is ex-
tremely variable, ranging from pied to wholly black
phases (Plate 2). Between these two extreme phases, a
great number of intermediates exist, which do not appear
to have any fixed plumage patterns. Pied birds can be
distinguished from H, ostralegus finschi by:

(a) the alar bar and the rump patch being restricted

and not go conspicuocusly white:

(p) the boundaries between black and white areas
being blurred with smudgy markings, especially
on the breast; and,

(¢c) the absence of a white recess on the shoulder
in front of the wing. |

Entirely black forms of this species appear to vary

geographically in plumage pigmentation. Falla et Qle(1966)
note that the northern black phase may be a browny black
and lack the purple gloss of the gsouthern black phase, but

add "this needs verification'.

(3) Chatham Islands Oystercatcher -~ Haematopus chathamensis.

The Chatham Islands Oystercatcher is exclusively pied.
(Plate 3). According to Oliver (1955) its affinities are
with the pied phase of the Variable Oystercatcher, differing
mainly in its stouter short bill and disproportionately
large feet. This species is distinguished from finschi as
follows:

(a) +the alar bar is less extensive than that of

finschi;

(b) the boundary between black and white areas on

the chest is indistinct; and,

(¢) the area of white on the rump and lower back is

reduced.

The New Zealand species of oystercatecher can thus be

distinguished on plumage characters.
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Chapter 2.

DISTRIBUTION AND NUMBERS OF NEW ZEALAND OYSTERCATCHERS.

2,1 INTRODUCTION.

In any systematics study it is necessary to establish
clearly the ranges of the taxa involved, and if possible,
to analyse the distribution and numbers of animals within
these ranges. Although the ranges of these taxa may over-
lap or coincide, differential distribution within the
ranges can result in spatial or temporal isolation in the
breeding season, and thus indicate separate species status.

New Zealand oystercatchers gather into easily located
coastal flocks or small groups which are especially suit-
able for census purposes. Although many population counts
have accumulated in recent literature, no attempt to synthe-
size them into a coherent whole has yet been publishedo
This chapter presents an analysis of censuses made through-
out New Zealand, and compares the distryribution and numbers

of the three species of oystercatcher.

2.2 METHODS.

Records of distribution and estimates of abundance
were extracted from several sources: (i) the early litera-
ture of ornithological discovery in New Zealand; (ii) Classi~
fied Summarized Notes (in New Zealand Bird Notes and Notor-
nis); (iii) the Recording Scheme of the Ornithological
Society of New Zealand; and, (iv) personal records and
communications. Whenever pogsible all population esti-
mates were based on figures for 1970=71. When these were.
not available the next most recent data were used. To mini-
mise discrepancies in counts due to seasonal fluctuations
in populationsg, most figures for South Island Pied Oyster-

catchers were taken from censuses made in the winter months



e r
AR

P

e

e
i




Black
Dimorphic
No mark - Pied







NEW ZEALAND

et

LEGEND

o

@ >s000

@ 3000-5000
@® 1000 - 2999
®© 200-999

e 10-199

o <10

PACIFIC OCEAN

SCALE
20 0 _ 50 100 150 200 Miles

0

Yoo ma oy wr S waewmstD s e P
166F 172 176

e e e mw T WD e Sen O DGR DI W ORE CWEN T oSS RO OW




=t




NEW ZEALAND

LEGEND

® 11-50
o 2-10

PACIFIC OCEAN

SCALE
50100150 200 Miles

e




Gkt




NEW ZEALAND

LEGEND

® 1i-50

—

PACIFIC OCEAN

SCALE

50, .0 50 100 150 200 Miles

Ju— ~—£ - e — . S
= owd e e o oen b wy B9 OST PH owe BB Bmus bmoww e be ouer we Nnhmnbm-ﬁa&m{?w%mw e e N
166k 72 176







NEW ZEALAND

SCALE
50100

PACIF

180___200 Miles




of May, June and July, by which time post-breeding dis-
persal and migration had ceased. Unfortunately winter
counts were not available from some locations, so0 summer
records had to be used in lieu of them. Since Variable
and Chatham Islands Oystercatchers are non-migratory and
tend to remain paired in their territories or localised
in small flocks, census figures for these species have
lessened seasonal bias. Hence both winter and summer
census data were used, but in general, censuses were re-
stricted to a particular season for discrete locélities.
In this way, errors due to local movements of birds be-
tween two census localities were reduced.

Personal records were obtained by counting individual
birds in flocks at high water roosts. Large flocks were
counted several times and mean figures accepted only if
the error between successive counts was less than 5% of the
total.

2.3 DISTRIBUTION AND NUMBERS.

A. Distribution Related to World Pattern.
Oystercatchers are widely distributed throughout the

world, being present on most continental sea coasts. They
are absent from the polar regions and remote oceanic islands
excepting the Galapagos and Chatham Islands. Their range

is most extensive in the breeding season, when they occur
from northern Russia in the north to Cape Horn in the south,
Although the majority of species are confined to a littoral
distribution, some 0ld World forms have moved inland up the
valleys of great river systems. The world distribution of

oystercatcher species is shown in Fig. 1.

B. Ranges of New Zealand Species.

The winter ranges of the two mainland species of

oystercatcher broadly overlap (see Figs. 2, 3, 4 and 5).
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In the breeding season, however, they cccupy mutually
exclugive ranges, ag South Island Pied Oystervcatchers

(H. ostralegus finschi)move inland to breéd whereas Vari-

able Oystercatchers (ga unicolor) breed at or near their
wintering haunts (see Pig. 6). The Chatham Islands

Oystercatcher (H. chathamensis) is geographically iso-

lated from the mainland sgpecies, being resgtricted to the
Chatham Islands approximately 800Km east of New Zealand
(see Pig. 7).

C. Distribution and Numbers of New Zealand Species.

The distribution patterns of the New Zealand species
of ovstercatcher are quite different. Although both main-
land species are widely distributed throughout the country,
South Island Pied Oystercatchers occur at fewer localities.
A feature of the winter distribution of South Island Pied
Oystercatchers is the occurrence of large flocks of birds
at major harbours, bays and estuaries. These flocks re-
gult from the well developed gregarious behaviour in this
species, and such flocks can only exist at localities where
adequate food suppiies are present. Smaller flocks occur
around the coast, usually where rivers discharge into the
gea, forming small estuaries in which bivalve molluscs are
locally abundant (Fig. 2). South Island Pied Oystercatchers
are notably absent or scarce in regions where rocks pre-
dominate in the littoral zone, e.g. Coromandel Peninsula,
the east coﬁst of the North Island from East Cape south,
and Fiordland (see Fig. 8).

Variable Oyvstercatchers have a much more scattered
distribution than their smaller pied congener. Larger
flocks of these birds, novhere exceeding 150 individuals,.
oceur in the parts of their range where they are either
allopatric with or numerically dominant to South Tsland
Pied Ovstercatchers. Small widely disgpersed flocks occur

in regiong where the littoral zone is characterized by vock
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platforms. Variable Oystercatchers exclusively occupy
parts of Northland, Coromandel Peninsula, and Fiordland.
Where the two mainland species coexist, variable birds
occur only in small numbers. The marked disjunctions which
occur in the distribution of the species are directly at-
tributable to unsuitable feeding habitat in the liittoral
zone e.g. the scarcity of records from the Taranaki coast
is due to the barren gravel beaches of this region.

vThe colour phases of the Variable Oystercatcher are
not wniformiy distributed throughout their range, their
frequency of occurrence varying considerably with latitude

as shown in Table 1.

TABLE 1. VARJATION IN FREQUENCY OF COLOUR PHASES OF THE
‘ VARTABLE OYSTERCATCHER WITH LATITUDE.

Latitude Grouping GColour Phase

Black Intermediate Pied

N % N % N %
34° - 39°, 413  42.89 330 34,27 220 22,84
39° . 44°s, 364 84,85 37 8.63 28 6.52
u4° - 48°s, Lok 93,92 6 1.14 26 4.9k

Black oystercatchers predominate in the southern part
of the South Island although small numbers of pied and ine-
termediate-plumaged birds also exist at these latitudes.

On transition northwards black phases decrease in frequency,
whereas intermediates and pied phase birds increase. How-
ever, even in the far north, the black phase is still the
most abundant. This type of colour phase gradient in which
black phases decrease in frequency on transition from colder

highey latitudes to warmer lower latitudeg is paralleled on
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the coast of southern California. Black oystercatchers
alone occux from Alaska socuth to sduthein California,

they then merge and interbreed with pied and intermediate
birds, and finally on the Mexican coast of the Gulf of
California pied birds reach a frequency of 100%. The
greater extent of the North American continent has allowed
a cleaver pattern to emerge, and possibly if the New
Zealand mainland extended into lower latitudes nearer the
Equator, the pied phase of H. unicolor would reach an ex-
clusive frequency.

As Larsen (1957) has pointed out, these two colour
phase gradients occur at approximately the same latitudes,
representing the northern and southern limits of the palms.
He suggested that the distribution of the various colour
phases may be correlated with tempexrature. Hamilton and
Heppner (196?) hypothesised that melanistic colouration of
homeothermg could serve the function of reducing the meta-
bolic cost of homeothermy by maximizing the absorption of
radiant solar energy. They found that white Zebra Finches
(Poephila castonotis)which were dyed black had a 23% meta-

bolic economy over undyed birds when both were exposed to
artificial sunlight at 10°C.

Heppner (1970) demonstrated that the metabolic differ-
ences noted above were accounted for by differential radi-
ant energy absorption of blackened and white plumages.

Since it is established that the emissivity (emittance of
radiant energy) of black integuments does not differ sig-
nificantly from that of white ones (Kelly, Bond and

Heitman, 1954k; Hammel, 1956), it follows that black homeo-
therms will experience greater heat stress at higher temper-
atures than will non-black homeotherms. This may explain
why black oystercatchers are absent from the vicinity of

the Equator, and also why black phases of dimorphic species

predominate in colder parts of the range. However it is
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doubtful whether temperature alone accounts for the dis-
tribution of black ovstercatchers. All black oyster-
catchers éccur egither in y»ocky habitats or in habitats
where rocks and sand alternate, suggesting that habi-

tat selection is a potent factor influencing distribution.

Variable Oystercatchers with plumage intermediate
between black and pied phaseg have an interesting dis-
tribution. In all but two instances they occur where
black and pied phases are sympatric, and in the two re-
maining cases they occur well within dispersal range of
regions where mixed matings were known to occur (cf. Figs.
3 and h). Intermediate-~-plumaged oystercatchers are now-
where abundant, the maximum number at any one locality
never exceeding 50 birds.

The Chatham Islands Ovstercatcher is not distributed
evenly over the Chathams, but rather is concentrated on the
gmaller more isolated islands, Rangatira and Mangere (see
Fig. 7). They tend to inhabit rocky habitats, but they do
feed on some sandy beaches on Chatham and Pitt Islands,

Of the three New Zealand species of oystercatcher,
the smaller South Island pied bird ie by far the most abun-
dant. Census figures (see Appendices I=V) indicate that
the total population of this species approaches 49,000
birds. Black phase Variable Oystercatchers are less num-
erous (approximately 1300 birds),«and pied and'intermedin
ate phase birds. are scarce (approximately 300 and 400
birds respectively)u The Chatham Islands Oystercatcher is
rare enough to warrant Red Book listing, as the population
totals only about 50 birds. The above census figures are
probably conservative estimates of the true population
levels, as figures are not available for some localities
where oystercatchers are known to occur, and because old
records were the only oneg available from some localities

where population increases have probably occurred,
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D. Recent Trends in Distribution and Numbers.

South Island Pied Ovstercatchers have been abundant
in New Zealand for at least the last 100 years. Potts
(1869) recorded large flocks of pied birds on estuarine
mudfliats. He later (1885) recalled having seen a flock
of "several thousands" of birds at the Heathcote-Avon
estuary in 1858, and recorded a large flock at Port Cooper
in 1871. Potts (1885) noted a decline in the abundance
of South Island Pied Oyvstercatchers at that time, and
attributed it to increasing human disturbance. Oyvster-
catchers were then subject to considerable shooting pres-
sure, as they were considered by many to be a choice table
bird (Douglas, in Pascoe, 1969)., Buller (1888 and 1905)
confirmed that both pied and black oystercatchers were
widely distributed but nowhere abundant . Travers and'Travers
(1872) recorded oyvatercatchers. of pied.plumage on the .Chatham
Islands as "not common". ‘

The recession in numbers of oystercatchers continued
until approximately 1940, when wintering populations of the
South Tsland Pied Oystercatcher began a spectacular irrup—
tion, especially in northern New Zealand wintering haunts
(see Fig. 9A and 9B). This population increase has been
attributed by Sibson (1966) to the passing of législation
in 1940 prohibiting the shooting of shorebirds. Population
levels at major wintering areas in the South Island have
shown smaller increases in comparison with their northern
counterparts (see Fig. 9C).

The differential population expansion within wintering

haunts can be ascribed to three main factors:

(1) before 1940, northern harbours and estuaries,
containing vast supplies of food, were not ex-
tengively utilized by shorebirds;

(2) also before 1940, southern harbours and estuaries

were able to adequately support the smalley
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populations of birds inhabiting them; and
(3) ecological pressure from population expansion
since 1940 has fTorced birds to migrate north-

wards in search of new feeding areas.

As the migratory instinct is best developed in juve-
nile first-year H. ostralegus (Buxton, 1957), birds of this
age tended to colonize northern New Zealand (Sibson, 1945;
Falia, Sibson and Turbott, 1966). With population levels
of South Island Pied Oystercatchers still rising, satur-
ation of the littoral habitat appears imminent in the
next few decades.

In Great Britain, following recent major irruptions
of pied oystercatchers (H. ostralegus), increasing numbers
of birds have moved inland to breed, exploiting tervestrial
habitats as they did so (Buxton, 1961; Dare, 1966). They
have recently begun to utilize coastal terrestrial habitats
in certain parts of Britain (Dare, 1966; Heppleston, 1968),
probably in response to increased intraspecific competition
for littoral food supplies. South Island Pied QOystercatchers
have also responded to increasing population densities by
seeking food in coastal fields, and in some instances have
become wholly terrestrial, Several pairs have remainedVat
their breeding sites in North Canterbury over the past two
vears. Lt seems likely that this habit will increase in

future if numbers keep on rising at their present rate.

2.4 SUMMARY.

The mainland New Zealand species of oystercatcher have
overlapping winter ranges, but their distribution within
these ranges is very different. South Island Pied Oyster-
catchers are concentrated on large harbours and estuaries
in the North and South Islands. Black birds are the domi-
nant phase of H., unicolor in the South Island, but the fre-~

quency of pied and intermediate phases increase on transition
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northwards., However, black ig still the dominant phase
in northern New Zealand, Variable Ovastercatchers have a
scattered distribution with flocks never exceeding 150
birds. Intermediate-plumaged birds occur where black and
pied phases are sympatric. The two mainland species H.

ostralegus finschi and H. unicolor are largely separated

in their winter ranges. Where they do coexist, one or the
other is numerically reduced, often occurvring only as an
odd pair, |

In the breeding season, South Island Pied Oyster-
catchers migrate inland to locations in the South Island,
whereas Variable Qystercatchers breed at or near their
wintering haunts. Thus the mainland species are repro-
ductively isolated in the breeding season due to their
mutually execlusive breeding ranges. The Chatham Islands

Oystercatcher (ga chathamensis) is geographically isolated

from the mainland species. It is a comparatively rare form
restricted td the islands, «

Variable and Chatham Islands Oystercatchers have pro~
bably maintained their present numbers over the past years.
South Island Pied Oystercatchers, once very abundant, de-
clined in numbers over the period 1870-1940. Since 1940,
however, when the shooting of shorebirds was prohibited,
they have irrupted spectacularly. Increasing numbers of
birds have migrated to harbours and estuaries in northern
New Zealand in search of new feeding grounds. At the pre-
sent rate of increase, this speciles will probably vreach a
population level in the next few decades where it will come
under density-dependent control. This density effect may
be alleviated for some time if the species continues to ex-
pand its tendency to remain inland at breeding localities

throughout the year, and adopt a terrestrial mode of feeding.
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Chapter 3.

ECOLOGY AND BEHAVIOUR OF NEW ZEALAND OYSTERCATCHERS.

3.1 INTRODUCTION.

The use of ecological characters in systematic re-

search at all levels of clasgification is now widespread
(Selander, 1969), So important are these characters that
Mayr, Linsley and Usinger (1953) suggested they were re-
quisite for complete species description. Modern studies
frequently adopt a biologically integrated approach fo
systematics, involving synthesis of pertinent morphologi-
cal, ecological and ethological information. However,

as Selander (1969) has pointed out, systematists working
at the species level must be very careful iﬁ selecting -
ecological characters for comparative study, since at this
level characters avre of value only if they reflect mechanisms
of genetic isolation.

Behaviour also provides valuable characters for syste-
matic studies of animals. In the higher vertebrates es-
pecially, ethological differences between species commonly
function as reproductive isolating mechanisms. Compara-
tive studies of closely rvelated species of genera have led
to gignificant improvements in the classifications of some
groups of birds e.g. Moynihan (1959) and Smith (1966) on
gulls, Johnsgard (1965) on ducks.

This chapter presents a comparison of some aspects
of the ecology and behaviour of New Zealand oystercatchers

relevant to elucidating their taxonomic status.

3.2 METHODS.
A Habitat Selection.

Many localities with contrasting substrates were visite-

ed during the course of this study. At each locality, the
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extent and nature of the various substrates were recovded,
and preference of feeding birds for particular substrates

in heterogeneous habitats were noted.

B. Niche Utilization.

Prey-specific feeding behaviour was investigated over
the period January 1967 to January 1968. Observations
were made at several localities where different prey species
were taken. The feeding habits of South Island Pied Ovster-
catchers were studied in detail at the Heathcote-Avon estu-
ary, and comparative observations were made at Jackson Bay,
Golden Bay and Kaikoura. Similar sgtudies wexre made on
Variable Ovstercatchers at Westhaven ITnlet, Cape Farewell,
Kaikoura and Jackson Bay. The winter diet of New Zealand
oystercatchers was determined by watching feeding birds
taking food, by examining gut contents of birds collected
from netted gamples, and by examining faecal smears prepared

on glass slides.

C. Food Requirements.

Comparative food intake obsexvations of the mainland
oystercatcher species were made at Jackson Bay and Kaikoura
Peninsula in mid-winter,1967. The rate of food intake was
determined by direct observation. Recordings were confined
to one bird at a time because of the difficulty of keeping
more than one bird in the field of view of the fieldglasses.
Each bird was observed for a 10 minute period during which
the number of probes in search of food were recorded, the
number of successful probes marked, and food taken iden-
tified where possible. To minimize observer fatigue, each
observation period was followed by a 10 min rest period,
and then the process was repeated until a tidal cycle was
completed. Whenever possible, observatiouns were taken in
areas where a particular prey, which the birds were prefer-

entially taking, was locally abundant. This enabled the
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anomalous effects of differential feeding rates resulting
from variation in diet to be eliminated (Hartley, 19&8)3
The daily fodd requirements of oystercatchers were
determined by calculating the mean feeding rate per bird
and multiplying by the mean time spent feeding each day.
The mean weight of the prey taken was calculated from the
sizes of the molluscan shells left at feeding areas. Dry
weights of the food species were determined by drying
samples of 30 animals of each species in a vacuum oven
to constant weight at 6500. Calorific values of these
foods were determined by grinding the dry tissues into a
homogereaus mixture,; compacting a sample into a pellet, and
then burning this sample in a Parr oxvgen~bomb calorimeter,
Five samples’ only were burnt for each food as even the
most divergent calorific values obtained for samples of the

same food differed by less than 1%.

D. Breeding Biology.

General breeding data on the duration of the breeding
season, the time of breeding, dispersal to and from breeding
areas, and breeding dispersion were gathered from the liter-
ature, and from the Recording Scheme and ne3t record cards
of the Ornithological Society of New Zealand. In both the
1969~70 and 1970-71 breeding seasons a survey of major bree-
ding localities was made from Stewart Island to Northland,
and in early November 1970 a fortnight was spent in the
Chatham Islands. Many breeding birds were trapped on the
nest during these surveys. They were all colour-banded and
their eggs weighed and measured.

The incidence of breeding behaviour over the period
May to November 1967 was recorded by weekly visits to the
Heathcote=Avon estuary. During each visit the types and
numbers of breeding displays were noted over one hour ob-
servation periods. Comparative observations were made of

Variable Oystercatchers at Jackson Bay, Okarito and Northland,
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ranging over the period May to August 1970.

B, Parasites.

Mallophaga were collected from live-trapped birds
of all three New Zealand species of oystercatcher. Hel-
minth parasites were obtained from the guts of birds col-
lected from netted samples for studies of seasonal vari-

ation in mensgural characters.

F., Vocalizations,

Vocalizations of courting birds were recorded in the
field using a FI-CORD 202 tape recorder with a frequency
response of 40-20,000 Hz. Recordings were made through
a low impedance DP4/I, Grampian microphone of similar fre-
quency response fitted to a parabolic reflector of radius
60.96 cm (24 in.). Several courting pairs were recorded,
but only the highest quality recording for each species

was selected for analysis on a KAY 6061 B Sonagraph.

3.3 HABITAT SELECTTON.

Oystercatchers are essentially birds of the sea coast.

They show strong selection for marine littoral feeding habi-
tats, with only two continental subspecies of Haematopus
ostralegus moving inland to utilize terrestrial habitats
(see Fig. 2). In winter, New Zealand oystercatchers pre-
ferentially feed in the littoral zone of marine habitats,
though in the last decade there has been an increasing ten-
dency to feed in coastal terrestrial habitats.

South Island Pied Oystercatchers (H. o. finschi) show
a marked selection for feeding habitats with soft substrates,
such as estuaries, mudflats and sandy beaches. In contrast,
the black phase of the Variable Oystercatcher (E@ unicolor)
is a characteristic inhabitant of rocky shores, especially
in the South Island. Black, pied and intermediate colour

phases in the North Island are most often found in habitats
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where sandy beaches intermingle with yock platforms. The
decreasing use of rocky areas here probably does not in-
dicate a change in habitat selection,; but rather reflects

a lessening of interspecific competition with South

Island Pied Oystercatchers for sandy habitats together with
a change in habitat availability. In Northland, rocky
areas are restricted, and H. o. finschi relatively scarce
compared with other areas of New Zealand. It is there-
fore common to see Variable Oystercatchers feeding on estu-
aries and beaches there.

Wherever South Island Pied Oystercatchers are locally
abundant in areas of species overlap, Variable Oystercat-
chers tend to retireat to the rocky parts of the coast,

The exclusion of Variable Oystercatchers from habitats with
soft substrates has been documented in at least two instan-
ces, Farly in this century, large flocks of the black
phase Variable Oystercatcher fed on the mudflats of Pater-
son Inlet on Stewart Island, and occasionally they were
accompanied by one or two South Island Pied Oystercatchers.
On July 25th 1942 eight of the latter species were seen
there, and since tkat time they have increased their num-
bers steadily to their present=day population of several
hundreds. During the same period Variable Oystercatchers
gradually became more scarce and have tended to feed in-
creasingly on nearby rocky habitats (R.H. Traill, pers.
comm.). A similar decrease in numbers of Variable Oyster-
catchers associated with an increase in South Island Pied
Ovatercatchers has been recorded at the Manawatu estuary
since 1958, as shown in Table 2 (IB G. Andrews, pers. comma)e

At localities where the smaller South Island bird is
absent or present only in small numbeirs, however, its
larger Variable congener usually spreads back onto beaches
and estuaries adjacent to rocky parts of the coast. Hinde

(1966) considered that this type of behaviour was strong
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TABLE 2, PBAK WINTER CENSUS FIGURES 0 OYSTERCATCHERS AT
MANAWATU ESTUARY SINCE 1958,

Year Species
Variable Oystercatcher South Island Pied
' Ovstercatcher
(H., unicolor) (H. ostralegus finschi)
1958 27 24
1959 | 31 25
1960 12 30
1961 8 : 36
1962 13 55
1963 18 66
196466 No censuses made
1967 6 80
1968 L 29%
1969 ‘ 10 92
1970 5 ' 72

[

*  Summexry census only.

evidence of competition for feeding habitats, and in such
cases he noted, "When one of two closely related species
which occupy different habitats within the same general
area is locally absent, the othexr may spread to occupy

both habitatsg". Thus direct interspecific competition for
food in heterogeneous habitats is largely prevented by dif-
ferential habitat selection in regions of species overlap.
In homogenesous habitats, competitive exclusion 1ls not ab-
solute as the effects of competition are reduced by intere
gpecific differences in niche utilization (see section 3.4).

The Chatham Islands Oystercatcher (H. chathamensis)

is most often found feeding in rocky habitats, though it
does feed on sandy beaches close to rock platforms (TraversE
18723 pers. obs., 1970)., Fleming (1939) noted this habitat
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preference and suggested that this species was morphologim
cally adapted to exploit rocky areas.

The selection of rocky habitats by North American
Black Oystercatchers (H. bachmani) has been attributed
to predator selection (Bancroft, 1927)9 This view con-
tended that melanistic plumage gave protective colouration
against dark rock backgrounds, whereas white-bellied forms
were less conspicuous on sandy beaches. It is doubtful
whether this hypothesis can account for the distribution
of black phase Variable Oystercatchers in New Zealand.
Adult Oystercatchers have very few natural predators, espe~-
cially in New Zealand; no records of predation were found
in the literature. However Jehl, (pers. comm., 1970) felt
it would be unwarranted to consider that plumage has no
selective value per se. He suggested that there was
selection by aerial predators such as the Black-backed Gull

(Larus dominicanus) for cryptic colouration in the chicks,

and that this became apparent in the distribution of adult
plumages. This view was based on the assumption that pied
chicks are grey dorsally and black chicks brown. In New
Zealand oystercatcher chicks the dorsal plumage exposed to
predators is similar irrespective of the colour phase in-
volved (see Plate 4), although some black chicks have dark
heads, Fﬁrther, where cryptically coloured substrate races
occuyr among animal groups, they show exclusive selection
for matching substrates. For example, the darkly coloured

South African lark Miafra sabota is restricted to the dark

soils of southwest Africa, while its reddish congener M.

africanoides inhabits the red Kalahari sand. Substrate sel-

ection is rigorous even whefe the two substrates inter-
mingie, and is thought to resgult from strong predator sel-
ection (Niethammer, 1940).

Habitat selection has been shown to have a strong

genetic component by Harris (1952) who found that individuals









24,

of forest and prairie subspecies of the deermouse Pero-

myscus maniculatus which had been bred and raised in

standard cages differed in their preference for various
artificial habitats. The prairie~dwelling P. m. bairdi
preferred habitats that résembled grasslands, and the
forest-dwelling P. m. gracilis preferred habitats that
resembled woodland. The conservative and specialized
habitat selection shown by oystercatchers is strong evi-
dence for an associated genetic component. .

In the last decade, South Island Pied Oystercatchers
have shown greater flexibility in habitat selection (Falla
et al., 1966). Following heavy rain, and often coinciding
with high water, flocks of ovstercatchers leave marine
littoral areas and forage in coastal fields for earth-
worms washed to the surface. Black phase Variable Oyster-
catchers have also been recorded in coastal fields in South
Westland. A similar tendency to feed inland during winter
has been described by Dare (1966) for Buropean oystercat-
chers in Great Britain. He suggested that from picking up
these surfacing worms to actively probing for them would
be a short step, particularly for those birds which were
already inland bréeders, and any temporary shortage of
normal shellfish foods would tend to accelerate the adoption
and spread of this feeding habit. Heppleston (1971) showed

that pied oystercatchers (g. 0. ocoidentalis) in Scotland

could not obtain enough food for their daily requirements
from marine habitats in mid-winter, so they sought extra
food from terrestrial habitats during high water. When
snow covered coastal fields for prolonged periods he found
many birds which had presumably died from starvation.

The dichotomy of habitat selection shown by New Zea-
land oystercatchers would appear to be the result of a gen-
etic component modified by habitat availability and inter-

specific competition. Habitat selection is a conservative
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factor in species formation since it reduces the probabil-
ity that new isolates will be established beyond the pre-
sent species bDorder (Mayr, 1963). The limited speciation
withih the genus Haematopus is no doubt partly attributable

to this restrictive selection.

3.4. NICHE UTILIZATION,

New Zealand oystercatchers possess a wide range of

prey=gpecific feeding behaviour patterns to cope with the
various sizes and species of prey found under the widely
fluctuating environmental conditions of the sea shore.
Bach behaviour pattern is neatly adapted to the structure
and habits of the prey.

South Island Pied Oystercatchers have strongly de-
veloped behaviour patterns for preying on bivalve molluscs.
Gaping bivalves in shallow water are pierced between the
valves with an initial sharp probe, followed by repeated
pressure thrusts towards the centre of the prey until the
adduotbr muscles are severed. The contents of the shell
are then removed. Shellfish with their valves closed are
hammered in the umbo region oxr at the edge of the gape with
vertical jabs of the bill until access is gained to the
fiesh. Identical methods of preying on bivalves have been
noted for Buropean oystercatchers (ga ostralegys) by Dewar
(1908) and Tinbergen and Norton-Griffiths (1964). In re-
gions where Variable Oystercatchers feed in estuaries they
also prey extensively on bivalve molluscs, though they seem
to do so only by piercing. |

Variable Oystercatchers have distinctive behaviour
patterns for taking relatively large prey items such as
mussels and limpets from rocky shores. Gaping mussels

(Mytilus edulis and Modiolus neozelanious) are pierced be=

tween the valves and prized open in situ. Mussels with

closed valves are hammered until an access hole is made
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through the shell. Small mussels may be removed from the
substrate and orientated with their flatter ventral side
uppermost for hammering. Dense concentrations of small
Modiolus are dealt with simply by itearing shells from the
substrate and swallowing them whole. Tdentical methods
of preving on mussels were described by Norton-Griffiths
(1967) for Buropean oygtercatchers. The only record of
South Island Pied Oystercatchers feeding on mussels is
that of Jackson (1964) who noted birds levering them open
in Manakau Harbour.

The large shore limpet (Cellana denticulata) is a

major prey item for H. unicolor. These gastropods are
knocked off the rocks by sharp blows delivered with the
bill, or by levering between the foot of the limpet and the
substrate with the bill held almost horizontal. The con-
tents of the shell are removed by placing the upturned ani-
mal in a suitable crevice, and paring the flesh from the
shell with scissor-like movements of the bill., Identical
behaviour was noted for North American Pied Oyateréatehers
(Audubon, 1840), Buropean oystercatchers (Dewar, 1913) and
North American Black Oystercatcbérs (Webster, 1941).

Chitons (Sypharochiton pelliserpentis and Amaurochiton

glaucus)are dealt with in essentially the same manner.

Gastropods such as the mudsnail (Amphibola crenata)

and the common topshell (Melagraphia aethiops) are taken
with the same method described by Dewar (1910) for the
purple shell (Purpura lapillus). The bill is inserted in-

to the aperture and a hole ig punched in the outside whorl
of the shell opposite to the operculum. The shell is then
rotated and the hole enlarged until the exposed soft-parts
can be removed. Smaller gastropods such as the scavenging

whelk (Cominella glandiformis) and the long spired snail

(Zeacumantus subcarinatus) are swallowed whole and the shells

crushed in the stomach.
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Although the three New Zealand species have similar
prey-gspecific feeding behaviour patterns, their develop-
ment within each species differs. This difference is most
obvious in heterogeneous habitats where the species over-
lap. At Kaikoura Peninsula, extensive rock platforms are
separated by occasional sandy beaches, Black, intermedi-
ate and pied phase Variable Oystercatchers feed almost
exclusively on the rocky areas whereas South Island Pied
Oystercatchers generally take bivalves from the beaches.
When the latter venture on to rocks they feed chiefly on
chitons and small gastropods. Swall limpets (Cellana
radians) are only rarely eaten. Thus where the two main-
land species coexist on rocky habitats the effects of
competition are mitigated by differential niche utilization.

The combined effects of habitat selection and niche
utilization are clearly revealed in comparing the winter
diet of mainland New Zealand oystercatchers (see Table 3).
Unfortunately, detailed studies on the diet of Chatham
Islands Oystercatchers have not been made.

The separation of feeding niches described above is
probably related to the relative sizes of the trophic struc-
ture in the two species. Although they both have bills of
similar length, South Island Pied Oystercatchers have a
much slimmer and less robust bill (see Chapter 4,10,Table 26),
which is especially suited for probing in soft substrates
for bivalves and polychaete worms. The heavier bill and
larger set of muscles associated with bill manipulation in
Variable Oystercatchers are better suited to strenuous
levering and hammering of large limpets from rocks.

The Chatham Islands Oystercatchers feeds mainly on
‘chitons and small gastropods taken from rock surfaces., The
bill of this bird, -though considerably shorter than its
mainland congeners, is slightly stouter than that of the
South Island Pied Oystercatcher (see Chapter 4.10, Table 26)a
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and seems better adapted for removing prey from rocks than
for probing in sand or mud.

Although the three New Zealand species of oyster-~
catcher are able to exploit invertebrate food supplies in
most marine littoral habitats, their bills are best adapted
to exploit different prey species., Where the mainland
species overlap in homogeneous habitats, they are partly
prevented from competing for food by differential niche

utilization.

3.5 FOOD REQUIREMENTS AND INTERSPECIFIC COMPETITION,
It has been shown in a previous study (Baker, 1969)

that the rate at which oystercatchers feed is extremely
variable due to the modifying effect of several factors.
Feeding rates vary with season, prey size, state of the
tide, weather, and age of the birds. To reduce variation
from these sources, comparative food intake estimations
were made for adult South Island Pied and Variable Oyster-
catchers at Jackson Bay in June, 1967. At this time a
flock of 59 Variable and 14 South Island Pied birds were
feeding together along an oceanic beach rich in tua-~tuas

(Amphidesma subtriangulatum). Both species fed at approxi-

'mately the same rate in this habitat (see Pig. 10), and
for similar periods during each tidal cycle,

South Island Pied Oystercatchers ingested an aver-
age of 255.9 g dry weight of tua-tuas daily, or 51.8% of
their body weight (N = 64 observations). Variable Oyster-
catchers (data for colour phases combined) had an average
daily food intake of 245.3 g which represented 35.8% of
their body weight (N = 68 observations).

Since Variable Oystercatchers are larger than South
Island Pied Oystercatchers it might be expected that the
latter would suffer proportionately greater heat losses.

The metabolic rate of smaller animals is relatively greater
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than that of large ones because of the greater ratio of
surface area, concerned with heat loss, to body mass,
concerned with heat production. Until recently it was
maintained that as the rate of heat production was con-
trolled by the rate of heat loss, the metabolic rate was
proportional to external surface area rather than to body
weight. However, both Kleiber (1961) and Kendeigh (1970)
demonstrated some factors other than external surface area
that operate in determining heat loss. Thus Kendeigh(op.cit.)
formulated an equation for calculating the existence en-
ergy (energy metabolized to maintain constant weight in
captive conditions) directly from body weight in non-

passerine species at BOOCg as follows:

0.5404 wo'75”5

M =
or log M = -0.2673 + 0.7545 log W
where M = existence metabolism in Kcal/Bird-day
and W = body weight in grams.

Taking the mean weights of South Island Pied and Vari-
able Oystercatchers as 568 g and 692 g respectively (sexes
combined, winter adults - see Appendices VI and VIII)

MSIPO
MVariable

64,69 Kcal/Bird-day
= 75,09 Kcal/Bird-day

The larger Variable Oystercatcher therefore needs to
ingest more food to maintain existence energy than does its
smaller South Island congener. Since both species took
similar amount of food at Jackson Bay, it is apparent that
H. unicolor is at a considerable competitive disadvantage
to H. o. finschi in habitats with soft substrates, especi-

ally where food resources arve limited.
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When feeding on rocky substrates at Kaikouxra Penin-
sula in July 1967, Variable Oystercatchers ate an average
of 298.3 g dry weight of limpets per day which was equiv-
alent to 43.7% of their body weight (N = 46 observations).
Since the calorific value of limpets and tua-=tuas arvre
similar (4.330 and 4.304 Kcals/g respectively), Variable
Oystercatchers feeding on limpets at Kaikoura ingested
more food and energy per bird than they did when feeding
on tua-tuas at Jackson Bay. This indicates that H. uni=-
color is much more efficient at utilizing foods on hard
subatrates than on soft ones, and points to the survival
value of habitat selection and niche utilization, especially
where competitive exclusion by large flocks of South Island

Pied Oystercatchers. occcurs.

3.6 BREEDING BIOLOGY,
The breeding biologies of the New Zealand species of

oyvystercatcher are essentially similar in their broader per-
spectives. Major differences of relevance to systematics
include time of breeding, dispersal to and from breeding
areas, breeding dispersion, and egg weights and dimensions.
The two mainland species have different breeding
seasons, although approximately three months overlap occurs.
South Island Pied Oystercatchers breed from August to
December, and Variable Oystercatchers from October to
February. Peaks in breeding activity are well separated
however, being September and December respectively. This
asynchrony of breeding seasons is a major factor in en~
suring the reproductive isolation of the two mainland spe-
cies. Very little comparative data is available for the
Chatham Islands Oystercatcher. Of ten clutches recoxrded on
the Wildlife expedition in early summexr 1970, eight were
laid in October and two in early November. The peak in

October is probably representative of the breeding activity
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of this species, suggesting that it most closely approaches
the South Island Pied Oystercatcher in timing of the bree-
ding season.

Both mainland species have different dispersal pat-
terns from their winter feeding areas to breeding locali-
ties. South Island Pied Oystercatchers possess a well
developed migratory instinct, movement to breeding areas
commencing in July and continuing to September. Dis-
tances as great as 1300 Km (C. 800 miles) are probably
traversed by birds of northern populations moving south to
breed. Variable and Chatham Islands Oystercatchers are
non-migratory. They either undertake local movements from
wintering areas to breeding localities, or they retain
isolated territories throughout the year.

New Zealand oystercatchers have mutually exclusive
breeding dispersions (cf Figs. 3 to 7)n Although the
breeding ranges of the two mainland species overlap lati=
tudinally in the South Island, allopatry is effected by
separation of breeding habitats within these ranges. South
Island Pied Oystercatchers breed inland on the shingle beds
of snow-fed rivers, though since 1950 this species has
spread increasingly onto arable land and high country
tussock grasslands. Variable and Chatham Islands Oyster-
catchers are strictly coastal breeders, the former commonly
breeding on small offshore islands.

Following the fledging of broods, South Island Pied
Oystercatchers migrate back to their winter haunts. Move=
ment begins in late December, reaches a peak in February
and continues in northern New Zealand until April. Juve=
niles tend to migrate further north than adults, as nor-
thern flocks contain high proportions of birds of this age
class. Resightings of colour-banded adults suggest that
they usually return to the same wintering areas year after

vear, although some notable exceptions have been recorded,
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Variable and Chatham Islands Oystercatchers either
stay in territories throughout the yvear or move into
flocks at nearby feeding areas. Juveniles remain with
their parents for several months, and then become inde-
pendent. Banding returneg indicate that Variable Oyster-
catchers wander most extensively in their second or third
yvear of life before forming pair=bonds and localizing in
an area., The greatest dispersal from natal sites of these
immature birds so far recorded is 483 Km (c. 300 miles),
but the average for 27 colour-marked birds is only 36 Km
(c. 22 miles). Such local movements should be sufficient,
however, to ensure adequate gene exchange between local
populations, and to account for the sporadic appearance
of pied and intermediate phase birds in southern locali-
ties where only the black phase is known to breed.

BEgg dimensions and weights for New Zealand‘oysterm

catchers are species-specific (see Table Ly,

TABLE 4, DIMENSIONS AND WEIGHTS OF EGGS OF NEW ZBEALAND
OYSTERCATCHERS,

Species Mean Dimensions (mm) Mean Weights(g)
Length S.E. N. Width S.E. N. Weight S.E. N.

South Island
Pied Oyster-

catcher 55,99 0,304 53 938,64 0.131 53 4Lk,15 0.521 18
Variable
Oystercatcher 58.76 0.377 35 L40.93 0.165 35 L9o.,36 0.492 14
Chatham
Islands

Oystercatcher 56.94 0.481 21 40.50 0.260 21 45,96 O0.442 16

The eggs of South Island Pied Oystercatchers are smal-
ler and lighter than those of Variable Oystercatchers
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(length: +t = 5.871, P< 0.001; width: t = 10.893,
P<0.,001; weight: t = 7.105, P < 0.001). Chatham Islands
Oystercatcher eggs are similar to those of the South
Island Pied Ovstercatcher in length, but most closely re=
semble those of the Variable Oystercatcher in width, the
respective differences not being statistically significant.
These dimensions account for the weight of eggs from the
Chathams lying between those Tor the mainland species
(Chatham v. S.I.P.0O.: t = 2.608, 0.05<p < 0.01; Chatham
v. Variable: t = 5.138, p < 0,001). Since most of the eggs
used in this comparison were collected from similar lati-
tudes, it seems probable that the differences are unbiased
and‘reflect genetic differences between these species.

The broad similarity of the breeding biologies of New
Zealand Oystercatchers outlined above is punctuated by sig-
nificant species differences. Reproductive isolation of
the two mainland species is assured by allopatric breeding
dispersions and largely asynchronous breeding seasons.
Chatham Islands Oystercatchers resemble South Island Pied
Oyvstercatchers in time of breeding and in some egg para-
meters, and differences such as coastal breeding and non-
migratory habits that indicate affinity with Variable Oyster=
catchers, may simply result from lack of opportunity for

expresssion on such a limited land mass.

3.7 PARASITES.

Parasites are of value to systematic studies of their
hosts since they evolve together, and in some cases para-
sites are more conservative than their hosts (Mayr, 1969),
Bvidence provided by parasites must, however, be evaluated
with caution, as they sometimes randomly shift hosts (Baer,
1957). Clay (1951) has pointed out the limitations of app-
lying the general principle that '"the phylogenetic relation-
ships of the Mallophaga reflect those of their hosts" to
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birds, as similarity of feather structure between unrelated
birds can result in them having identical Mallophaga. How-
ever, she concluded that Mallophaga were often valuable’as
supporting evidence where the taxonomic status of a bird
was in doubt.,

Three genera and four species of Mallophaga occur
on the feathers of New Zealand oystercatchers, The largest

of these, Saemundssonia haematopi, is found on the head and

upper neck of each species (see Plate 5A). Two body 1lice

(Actornithophilus grandiceps and Quadraceps auratus) are

common to all three oystercatchers, occurring on the fea-
thers of the trunk and wings (see Plates 5B and 50). A
fourth species of Mallophaga (Quadraceps ridgwayi) is pe-~

culiar to the Variable Oystercatcher, occurring on all
colour phases throughout their range (see Plate BD). This
louse is found on the feathers of the wings, the back, and
on the scapulars. Hence the mainland species of oyster~
catcher can be distinguished on the presence or absence of
Q. ridgwayi, and its absence from the Mallophagan fauna of
the Chatham Islands Oystercatcher points ta the affinity
of this bird with the South Island Pied Oystercatcher.

The internal helminth parasites of mainland New Zea-
land oystercatchers also show a dichotomy paralleling that
of the Mallophaga, but to some extent this is due to dif=-
ferent foods (and thus secondary hosts) taken by the spe-
cies rather than species-specific differences. South Island
Pied and Variable Ovstercatchers have three genera of tre-

matodes in commorn: Echinoparyphium sp. in the intestine,

Notocotvlus sp. din the caecae, and Cloacatrema sp. in the

cloaca. They have different cestodes, however, as South
Island Pied Oystercatchers host the small tapeworms Progy-

notaenia sp. and Hymenolepis sp., whereas Variable Oyster-

catchers have larger as vet unidentified sp. Nematodes and an

Acanthocephalan have also been recorded from South Island
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Pied Oystercatchers, but they also are unidentified. TUn-
fortunately, the helminth fauna of the Chatham Islands
Oystercatcher is unknown.

More extensive sampling of Variable Oystercatchers
is needed to describe its helminths adeqguately, but it
does seem likely that, as with the Mallophaga, the New
Zealand species of oystercatcher can be separated on
differences in their helminth parasites. It seems equally
likely that these differences reflect differences in the
phyvlogeny of their hosts.

3.8 BEHAVIOUR.

Since ethological differences between species in the
breeding season may function as reproductive isolating
mechanisms, the comparative breeding behaviour of species
is important to systematic studies. The behaviour of the
New Zealand species of oystercatcher is similar, although
differences do occur in the various displays and vocali~-
zations associated with breeding.

Pair formation in the mainland species of oyster-
catcher is usgually effected whilst the birds are still in
their winter flockse‘ Courtship leading to pair formation
manifests itself primarily in vocalized piping displays
(see Plate 6A), Such piping contains a dominant social
element in contrast to aggressive piping which is agonis~
tic in nature and freguently involves disputes over food
and feeding sites (see Plate 6B), Social and aggressive
piping also differ in that the former is mutually stimu-
lating to several birds, groups of up to six birds being
common in displays. Fighting between members of a group
engaged in social piping is extremely vare, whereas it
often follows aggressive piping. The sgexual element in
gocial piping of South Island Pied Oystercatchers is app-

arent because it is restricted to adult-plumaged birds
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(presumably sexually mature), and the frequency of these
displays increases mavkedly with the onset of the bree-

ding season (see Table 5).

TABLE 5, OCCURRENCE OF SOCTAL PIPTNG DISPLAYS BY SOUTH
ISLAND PTED OYSTERCATCHERS AT THE HEATHCOTE-
AVON ESTUARY DURING 1967.

Month May Jun, Jul. Aug. Sep. Oct. Nov.
Mean No. of displays/

1 hy obs. period 0 2 11 19 5 3 0
% of total 0 5 27.5 W7.5 12.5 7.5 0

Ceremonial social piping parties of the BEuropean Oyster-
catcher (H., ostralegus) have received a great deal of atten-
tion from ornithologists (Selous, 1901; Huxley and Montague,
1925; Dirckson, 1932; Perry, 1938; Armstrong, 1947;
Makkink, 1942). Two to a dozen birds were noted to partici-
pate, though three was the usual number, especially during
the ﬁonths of February, March, April (August, September,
Oc¢tober of the New Zealand breeding season)e Social piping
of the conspecific South Island Pied Oystercatcher seems
gimilar in both form and timing to that of the European bird.

Social piping is similar in the three New Zealand
species of oystercatcher. It involves specific posturing
in which the participating birds move forward together,
aligned side by side. Their tails are depressed, wings
raised upwards and away from the body at the carpal flexure,
necks extended forward and mandibles pointed downward (see
Plate 6A), The vocalizations associated with the piping
display are characteristic of oystercatchers, beginning
with sharp "pic" notes and gathering quickly into a pro-
longed chorus of high-pitched calls "kervee-kervee-kervee-

kervee" etc,, finally ending in a short lower trilling phrase.
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Sound spectrographs of the social piping vocalizations are
similar in their general pattern (see Pig. 11). Each
spectrograph records piping vocalizations of two courting
birds whose calls may or may not be in unison. Thus diff-
erences along the time axis are not likely to be sigonifi-
cant, but are probably the result of the calls from the
two birds being out of phase with one another. As the
length of the piping call varies considerably even for the
same pair of courting birds, differences in the length of
- the spectrographs are also not reievant.

The basic difference between the vocalizations of the
species is that associated with pitch (and thus frequency).
On each spectrograph a fundamental dominant frequency is
depicted at approximately 2KHz, above which is superimposed
a first harmonic at approximately hKHz, The higher pitch
of the calls of South Island Pied and Chatham Islands
Oystercatchers discernable by ear is represemnted by a sec=
ond harmonic on their spectrographs at about 7.5KHz. The
truncated tops of the "kervee" calls of these two species
extend to approximately 15KHz, far in excess of those of
the Variable Oystercatcher (see Mg, 12)a Hence although
the social piping vocalizations of the New Zealand species
of oystercatcher are similar in structure, they do differ
in their pitch. The vocalizations of the Chatham Islands
and South Island Pied Oystercatchers are very similar in
pitch and indicate affinity of the two species.

Courtship behaviour of the South Island Pied Oyster-
catcher bégins in June, reaches its greatest development
in August, and ends in October. Similar social piping,
involving identical posturing (Watt, 1955) reaches a peak
in September for Variable Oystercatchers at Jackson Bay
(Da Greaney, pers. cc:mm,)a The later seasonal development
of social piping in this species is in accordance with its

later breeding season.
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Pair formation marks the culmination of courtship
behaviour, and is indicated by copulation between members
of a pair. Most pair formation of South Island Pied
Oysteréatchers is accomplished by mid-August, and seems
to occur mainly at winter haunts. Before the inland
migration of this species, it is common to see copula=
tions at wintering areas, and pairs are often seen fee-
ding and roosting together. Further evidence for pair
formation at wintering localities is provided by obser-
vations of pairs sighted on migration in the MacKenzie
‘ Basin and on Canterbury riverbeds. Pair formation in
Furopean oystercatchers (ﬁ@ ostraleggs) also seems to
occur mainly within roosting flocks before territories are
taken up (Harris, 1967).

In contrast to the foregoing, it also seems likely
that at least some pair-bonds are formed on arrival at the
breeding grounds. Small flocks of up to 50 birds have been
occasionally recorded migrating inland in the breeding sea-
son, and such flocks probably contain some unpaired birds.
The differential migration and partial sexual segregation
of South Island Pied Oystercatchers in winter suggested by
the cyclical changes in the sex-~ratio at the Heathcote-Avon
estuary (see Chapter 4.5, p. 62), would necessitate some
pair-bonds to be formed at the breeding grounds as this |
would be the only opportunity for potential mates to meet,

The formation of new pairs of Variable Oystercatchers
is accomplished by September, and precedes the establish-
ment of territories. At Waipu estuary in northern New Zea-
land, colour-banded birds retained their pair-bonds through-
out 1970, even though they roosted in a flock in winter.
Paire of Variable Ovstercatchers on isolated stretches of
coastline maintain their pair-bonds throughout the vear and

drive off any intruding birds.
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The courtship behaviour and pair formation of the
Chatham Islands Oystercatcher is unkunown.

The copulatory behaviour of the three New Zealand
species of oystercatcher is identical. Copulation is
usually, but not alwavs, preceded by specific posturing.
The male posture involves a stealthy approach, with the
head drawn between the shoulders and held to one side of
the body. This hunched-up attitude is accentuated by a
general lowering of the body, and a pressing down and fauva»=
ning of the tail. Females willing to copulate assume a
passive posture, raising the body higher above the ground
than is usual and at the same time erecting the tail fea-
thers above the horizontal. The male mounts Trom behind
and during coition maintains balance by flapping his wings.
Occasionally, in all species, copulations occurred in which
the male did not adopt the pre-copulatory posture, but
eithexr walked up to the female and mounted or flew onto her
back from a short distance. Webster (1941) noted that copu-
lation of American Black Oystercatchers did not involve any
special preliminary ceremony, the male commonly flving onto
the female as described above,

The maintenance of pair-bonds throughout the yvear by
Variable Oystercatchers is probably related‘to their copu-
latory behaviour. I have observed bairs copulating in the
winter months of May, June and July, and since it is extre-
mely unlikely that these copulations could have resulted
in fertilization of ova, they probably served to strengthen
the pair-bonds between the participants. Such markedly
aseasonal mating has not been recorded for South Island
Pied or Chatham Islands Oystercatchers, and suggests per-
haps that they do not always retain their pair-bonds through-
out the year. However, South Island Pied Oystercatchers
were seen copulating at the Heathcote-Avon estuary at least

five weeks before egg=layving. Huzley and Montague (1925)
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noted the same behaviour in Buropean ovstercatchers and
concluded that "the physiological capacity of the eggs to
be fertilized was not synchronous with the psychological
readiness for insemination', Applying this reasoning
Makkink (19&2) suggested that early copulations were part
of the behaviocural mechanism whereby pair-bonds were esta-
blished and secured. Copulationsg occur at the breeding
grounds up to the time of egg-laying, and it seems proba=-
ble that these later acts bring about fertilization of the
ova., ‘

The behaviour associated with courtship and pair
formation of New Zealand ovstercatchers is similar for each
species, Temporal separation in the forming of pair-bonds
serves to reinforce reproductive igoclation between the
mainland species. Social piping, the display through
which pairs are formed, is similar in structure for thé
three species, but the pitch of piping vocalizationsg is
higher for South Island Pied and Chatham Islands Oyster-
catchers than it is for Variable Oystercatchers, suggesting
an affinity of the former two. However, it is unlikely
that this difference could function as an ethological isolating

mechanism between the two mainland species.

3.9 SUMMARY.

Genetic isolation between the New Zealand species of
oystercatcher is maintained by species differences in habi-
tat selection, niche utilization, food requirements, bree=
ding biology and pair formation.

South Island Pied Oystercatchers (Haematopus ostra~—

legus finschi) usually feed in large flocks in estuaries

and mudfliats where bivalves arve abundant. Variable Oyster-
catchers (E. unic@lor),e@pecially the black phase in the
South Island, are sparvsely distributed over rocky shores

from which they take mainly large limpets and mussels.
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Where rocky areas are limited and competing South Island
Pied Oystercatchers absent or scarce, Variable Uyster-
catchers may also féed on bivalve molluscs in estuaries.
Thus habitat selection, which is most marked in regions
of species overlap, is enhanced by competitive exclusion
of H. unicolor from habitats with soft substrates. In
such habitatas, the disproportionately long and slender
bill of H. o. finschi is well adapted for probing for bi-
valve molluscs, whereas on rocky shores the stouter and
heavier bill of H. unicolor enables it to exploit foods

" unavailable to the smaller South Island bird. The short

and relatively slender bill of H. chathamensis is probably

a rock~dwelling adaption of the probing bill of H. o.
finschi. Competitive exclusion probhably operates through
the food regquirements of the species, South Island Pied
Oystercatchers faring best on bivalves and Variable Oyster~
catchers on limpets.

In the breeding season the mainland species of oyster-
catcher have allopatric dispersions and largely asynchro-
nous breeding cycles. Since pair formation occurs at dif-
ferent times of the year for these species, and as soume
South Island Pied Oystercatcher pairs are formed following
migration to inland breeding sites, the mainland species
are therefore effectively reproductively isolated. Vari-
able Oystercatchers maintain their pair-bonds throughout
the yvear, strengthening them with aseasonal mating. The
partial segregation of sexes of South Igland Pied Oyster-
catchers coupled with their absence of aseasonal mating
suggests that they do not always rewain paired throughout
the vear.

The affinities of the Chatham Islands Oystercatcher
ag indicated by ecological and behavioural evidence lie
mainly with the South Island Pied Oystercatcher. Both of

these species have similar breeding seasons, social piping
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vocalizations, and egges. They also both lack the louse

Quadraceps ridgwavi which is found on the Variable Oyster-

catcher., The rock=dwelling, coastal breeding and non-

migratory habits of H. chathamensis probably do not in-

dicate relationship with H. unicolor, but rather result
from the limited land mass available in which to feed and
breed.
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Chapter 4,

MORPHOLOGICAL VARTATION IN NEW ZEALAND OYSTERCATCHERS.

4.1 INTRODUCTION.

The analysis of phenetic variation in animal populations

is fundamental to modern systematic methodology. With the
development of the biological species concept, the arbitrary
and biologically misleading nature of typological syste-
matics was clearly revealed. Thus Mayr (1959) was led to
predict that avian systematists of the future would largely
dispense with the services of types, and instead analyse
variation within and between species populations, for which
he coined the term population systematics.

Since this prediction was made, major advances have
occurred in the detection and analysis of c¢lines, hybridi-
zation, and geographical variation of species, largely
through the application of multivariate statistical tech-
niques. Special emphasis has been placed on the analysis
of character variation in populatiomns of species, since the
systematics of these populations must allow for interpopu=
lational and intrapopulational variability. Such analyses
have frequently invalidated subspecies erected arbitrarily
on the basis of types taken from a population continuum,

Yet Michener (1969) noted at that time there was still a
tendency among authors to let recognition of subspecies re-
place genuine studies of variation in relation to geography,
ecology or chronology. He urged young systematists to ine-
vestigate such variation intensively because of its impofn
tance to evolutionary biology, but not to do so by subjec=
tive recognition and delimitation of types. Rather, studies
should be made of wvariation of individual characters or
groups of characters, over the whole range of the species.

It seems certain that future progress in systematics will
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depend upon this methodology.
In accordance with this view, thisg chapter presents
an analysis of morphological variation in New Zealand

cystercatchers.

4,2 METHODS.
A, Trapping of samples.

Two methods were used for trapping samples of birds
for measurement of morphological characters, depending on
the date of sampling. Outside the breeding season, birds
were trapped with a projectile net (see Plate 7), since
at this time they were gathered in accessible flocks. During
the breeding season, adults were trapped at the nest using

an auvtomatic drop trap set over the eggs.

B. Time and Location of Samples.

Major sampling effort was timed for the winter months
of May, June and July in 1970 and 1971, as this was the
period following the autumm moult. An initial sample was
taken at the Heathcote-Avon estuary in August, 1969. Nine
more samples of South Island Pied Oystercatchers were trap-
ped there over a 12 month period commencing June 1970,
These samples were spaced at approximately equal intervals
so that seasonal variation in the morphological characters
could be examined., An additional sample of this species
was obtained at Nelson to provide information on geographic
variation in morphological characters, sex ratio and age
class structure. Winter samples of Variable Oystercatchers
were trapped at a number of localities in New Zealand which
were accessible and which covered a wide gecographic range
(see Fig. 13).

Breeding adults of all three New Zealand species of
oystercatcher were trapped during the 1970 and/or 1971

breeding seasons. South Tsland Pied Oystercatchers were
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trapped during September and November at the Ashley river-
bed in Canterbury, and the Makarora, Ahuriri and Rees
riverbeds in North Otago (see Fig. 13). Breeding Variable
Oystercatchers were trapped in the period December to
January during surveys of breeding habitats from Stewart
Island to Northland (see Chapter 3.2 D). Most trapping
was carried out at Stewart Island, the Catlins coast in
Otago, Jackson Bay, northwest Nelson Province, Port
Nicholson and Northland (see Fig. 13). Chatham Island

Oystercatchers were trapped at the nest in November, 1970.

C. Measurement of Characters.

(i) Linear measurements and body weight.

The following characters, classically associated with

avian systematics, were recorded for each trapped bird:

1. Bill length - measured along the dorsal surface
of the culmen from the tip to the junction of
the feathers (see Plate 8A).

2. Bill height - measured from the Jjunction of the
feafhers with the culmen on the upper mandible
to the exposed portions of the mandibular rami
on the lower mandible (see Plate 8B).

3., Bill width -~ measured at the widest point of the
bill beneath the dorsal feather margin on the
upper mandible (see Plate 8C).

L., Tarsus length - measured diagonally from the
posterior aspect of the joint between the tibio-
tarsus and the tarsometatarsus, to the anterior
aspects of the joint between the tarsometatarsus
and the middle toe (see Plate 8D).

5. Middle toe length - measured dorsally from the
joint with the tarsometatarsus to the base of the
claw (see Plate 8E).

6., Tail length - measured from the point of emergence
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of the two central rectrices to the tip of the
longest rectrix (see Plate 8G).
7. Wing length - measgured as the chord of the
flattened wing from the carpal flexure to the
tip of the outermost primary feather.(see Plate 8F),
8. Body weighfe

The first five linear measurements above were taken
with dial calipers to the nearest 0.1 mm. Wing and tail
were measured with a steel rule accurate to 1.0 mm. Body

welght were recorded on a spring balance accurate to 5g.

o. - Pat~free weights and lipid extraction.

From each of the ten samples of South Island Oyster-
caichers trapped at the Heathcote-Avon estuary, some birds were
anaesthetized and skinned to provide a reference collection
and material for an investigation of fat-free weights,
These birds were weighed, sexed by dissection, and their
discrete perivisceral and ventral subcutaneous fat depots
were removed and weighed as a measure of total lipid con-
tent, Weighings were carried out on a Mettler balance to
the nearest 0.01g.

Forty-eight birds from the March and June samples in
1971 were selected for extraction of total lipids. The un-
digested food was removed from the alimentary tract and the
feathers plucked from the body. The carcass was Jjointed
and put through a commercial meat mincing machine. The re-
sulting mixture was further homogenized in a Waring blender
with 95% ethancl as a blending agent and preservative. The
homogenate from each bird was dried in an oven at 6500 for
approximately 7 days until constant dry weight was achisved.
These dried samples were ground to a coarse powder with a
mortar and pestle, and then placed in separate 180 x 60 mm
fat-free extraction thimbles, Lipids were extracted from

the samples in a 5 litre soxhlet extractor, using petroleum
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ether as a solvent. 8Six reflux cycles were necessary
to extract all lipids from the samples, but fthe consider-
able time involved in this extraction was partly offset
by the simultaneous processing of four samples. The fat-
free residues were dried in an oven to constant weight,
and the total lipids for each bird calculated from the
difference between the dry-weighted samples before and
after extraction of lipids.

Odum and Perkinson (1951) showed that the total
lipids in the White-throated Sparrow (Zonotrichia albicollis)

were closely paralleled by the subcutaneous fat deposits,
especially in the abdominal region. It follows, therefore,
that fat deposits might be of wvalue in estimating total
lipids of a bird. Since total lipids of South Island Pied
Oystercatchers in the extraction sample increased exponen-
tially with fat measure (weight of perivisceral and sub-
cutaneous fat depots), total fat was regressed on log10

fat measure, yielding a highly significant relationship

(F = 16.81, P < 0.001; see Fig. 14). By substituting the
fat measures of all birds in the reference collection in
this regression equation, total fat contents (and thus fat--
free weights) were computed. The fat-free weights thus
derived were then partitioned according to season, and four
separate seasonal regressions were established between fat-
free weight and total body weight (see Fig. 15A to D). The
resultant equations were used to estimate fat-free weights

of all birds live-trapped at the estuary.

B, Melanin pigmentatiom in mantle feathers.

Since thexre is speculation on possible geographic
variation in plumage pigmentation of Variable Oystercatchers
(see Chapter 1.5), four feathers were removed from the man-
tle of each breeding adult caught on the nest. Similar
feather samples were obtained from South Tsland Pied and

Chatham Islands Oystercatchers. The intensity of melanin
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pigmentation in the distal Smm of each Teather was analyvsed
with a Beckman DEK-~2ZA ratio-recording spectrophotometer,
using white standards of 100% reflectance prepared from
magnesium sulphate. Curves of percentage diffuse spec=
tral reflectance over the wavelength range 380 %o ?70mp
were used to calculate tristimulus values (X, Y, Z) using
the weightednordiﬁate method (Judd and Wyszecki, 1963),
This method involves breaking down the reflectance curve
into 10mp intervals and reading off reflectance values
(RA) on the ordinate at these intervals. Tristimulus
values may then be calculated from the equaEions:

770

X=k g RA HA TA AN ieieennn.. (1)
A =380 )

770 _
Y=k < RA HA YA AN L (2)
A =380

770 )
Z =k S RA HA ZA AA P )

A =380

where]ﬂhLLA is the spectral-radiant flux incident on the
object being evaluated. In this study, HAx A, HA yA
and HA z A values were those of CIE* standard source C,
listed in Table 2.6 of Judd and Wyszecki (op. cit.: 132-133).
The wavelength interval Al\ was set at 10mp , and for sburce
C, ¥ = 1. Thus by reading RA values into equations (1),
(2) and (3), tristimulus values were obtained.
Chromaticity co-ordinates (K, Vs z) were computed

from the expressions:
-
XY +7

Y
LA w5

X =

and 1 (x4y)

*CTE = Commission Internationale de 1'Eclairage.
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The % and v co-ovdinates were transiormed to the illu-
strative terms dominant wavelength (}\d) and excitation
purity (0) respectively, using Table 18 of Hardy (1936).
The tristimulus value Y was converted to a brightness

term from the equation:
Y = 100ys

where Vg is the trichromatic coefficient of the sample,
Dominant wavelength, brightness and excitation purity cor-
respond to the psychological attributes of hue, brilliance
and saturatidn respectively (Selander and Johnson, 1967)a
Before commencing colorimetric determinations, sever-—
al practice runs were made on the same reference sample to
check on experimental ervror. Acceptable standards of re-
peatability (< 1% error) were achieved providing the
feathers were positioned identically at the sample port

between each run.

F. Plumage patterns.

To provide information on variation in plumage patterns,
photographs were taken of the ventral plumage, the alar bar,
and the rump patch of all pied and intermediate phase Vari-
able Oystercatchers trapped during this study. Comparative
photographic series were also gathered for South Island
Pied and Chatham Islands Oyvstercatchers. The inheritance
of colour phases of Variable Oystercatchers was investigated
by photographing broods of previously photographed adults.

The ontogeny of plumages from the chick to adult stages were
checked by retrapping banded birds and were recorded photo-

graphically.

G. Statistical Methods.
All computations were performed on an IBM 360/44 com-

puter at the University of Canterbury Computer dentre.
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Quantitative data were initially screened with either

program A, oy Ag from the Department of Zoology program

1
library. A, computes basic stavistics of location and

dispersion91the latter for testing the normality of fre-
quency distributions of data. AS performs Bartlett's
test of homogeneity of variances of samples before ana-
lysis of variance (anova), and computes Fmax values for
checking against Bartlett's chi-square values. Both
programs contain options for transforming non-normal data
(see Sokal and Rohlf, 1969).

Conventional univariate statistical techniques such
as analysis of wvariance, sum of sqQuares simultaneous test
procedure (88 - STP) (Gabriel, 1964), Student's t-tests
and chi=-square tests were used to study variation in
characters.

In some sections beyond, data were analysed with
multivariate techniques. Multivariate statistical methods
involve the analysis of simultaneous variation in two or
more variables. As these methods require heavy computation,
their widespread application has not been feasible until
recently, when the introduction and availability of high-
speed digital computers has shortened computation to prac=-
tical limits.

Systematic studies are wusually based on comparison
of groups of organisms through multiple characters. Al-
though variation in the characters themselves can best be
studied by univariate statistical techniques, the group-
ing of organisms and the relationships of groups are most
efficiently studied by considering simultaneocus variation
in as many characters as possible, as for example by canon-
ical variates analvsis (Power, 1970a)a

The multivariate technigque of canonical variates ana-
lysis (= discriminant function analysis) was first brought
to the attention of biologists by R.A. Fisher (1936, 1938),
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who initially applied discriminant functions to taxonomic
problems. Despite Fisher's foresight, the application

of discriminant function analysis to the separation of
groups of organisms has been popularized only in very
recent vears e.g. Jolicoeur (1959), Lubischew (1962),
Dupraw (1965), Jameson, Mackey and Richmond (1966), Power
(1970a), and Atchley (1970).

The technique and advantages of discriminant function
analysis can be simply explained in terms of two samples
representing two different populations, such as two spe-
cies. Suppose that two characters (X1 and XZ) were mea-
sured for each species sample, but that neither character
was sufficiently distinct to allow separation of the species
with any degree of certainty i.e. the species character
meang are different but the distributions on which they are
based overlap considerably. Discriminant function ana-
lysis computes a new variable Z which is a linear combina-

tion of both wvariable X1 and Xz such that:

Z = k1X1 + k2X2

where k1~and k2 are discriminant coefficients. This func-
tion is developed so that as many as possible of the mem~
bers of one species have high values of Z and as many as
possible of the other species have low values. Thus Z
serves as a much better discriminator of the two species
than does either X1 or X2 taken éinglyn

Discriminant analysis can be geometrically repre-
sented in the above gimple case as follows:

Z'

e Species ., Species
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In this diagram X1 and X2 are represented by the two

axes in the normal two-dimensional bivarviate graph. The
ellipses about the two species centroids indicate confi-
dence regions for bivariate means (see Sokal and Rohilf,
1969), If the significance level for describing differ-
ences between the means was set at 0.95, and this value
substituted in equations for generating ellipses, then
these ellipses would define regions in which 95% of the
species A and species B would lie respectively. By pro-
Jecting a line Z' through the points of intersection of
the ellipses, it is possible to construct another line Z
perpendicular to it. This line is given by the discrimi-
nant equation, and if the original data points from which
the centroids were derived in the two-dimensional space
were projected on to it as shown in the diagram (giving
two normal curves), then the overlap between the groups
would be smaller than for any other possible line. The
point b where 7' meets Z divides the one-~dimensional space
into two regions, one for probable membership in species
A and one for probable membership in species B (Cooley and
Lohnes, 1971),

When more than two variables are considered simul-
taneously for several groups, as in multiple discriminant
analysis, it is possible to generate several discriminant
functions. These functions can then serve as axes on which'
to plot the discrimination of the group. In this study,
multiple discrimination analysis was carried out using com-
puter programs from Cooley and Lohnes (1962)@ Such an
analyeis involves the production of canonical axes
(: discriminant functions), one axis being generated for
each character. Thus if there are m characters there are
m canonical axes which describe the variation in the
characters in m-dimensional hyperspace, The canonical wvari-

ates procedure rotates these axes through the character
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space 50 that within-group variation is minimized and among-
group variation maximized. Since it is only possible to
depict graphically two or three-dimensional space, the
dispersions of the group centroids in m=dimensional space
are reduced to appropriate co-ordinates in two or three-
dimensional space. The projection of the group centroids
onto the first two or three canonical axes usually accounts
for the vast majority of variation contained within the
original m(variables) x n(groups) data matrices. The axes
of the characters used in deriving the discriminant func-
tions may also be projected onto the canonical axes to in-
dicate the magnitude and direction of the separation of
groups afforded by each character. Thus, as Power (1970a)
lucidly points out, "one may place the emphasis on among-
group relationships and neatly summarize most of the in-
formation given in univariate comparisons as well as pro-
vide new information by considering character jointly."

The method of canonical variates analysis involves
the following calculations. A mean squared deviations and
cross products matrix is generated for each group and these
are pooled to produce a within-group variance=covariance
matrix W. The dispersion of the groups means about their
grand means is contained in another matrix, the among-
group variance-covariance matrix B. This matrix is stan-
dardized ‘by matrix W(BW""1 ), which serves to adjust each
character measurement by the variance of every other char-
acter, and thus maximizes among-group variation relative
to within-group variation. The discriminant functions (ca-
nonical axes) are then derived as principal components of
the standardized matyrix B. The proportion of among-group
variation extracted by each principal component decreases
with each successive extraction, and therefore two or three

principal components usually contain most of the variation.
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For each axis there are discriminant function coefficients

(K) so that the discriminant equations can be written as:

K1X1 "*’KZXZ“}'eoeaooooaeaaeKan:P

where K1,.°@¢°.aee.g.Kn are eigenvectors, X1, oeoeg.e.QXn

are group means for the n characters, and P is the point

on the axis for a group. FPFach canonical axis has an eigen-
value which indicates the dispersion of group means along
the axis. The per cent variation described by each dis-
criminant function is derived from the ratio of each eigen-
value to that of the sum of all eigenvalues.

In the multivariate case, homogeneity of dispersion
matrices as tested by the Wilks' Lambda converts to an
F-value for significance testing. The robustness of this
value plus the probability that the K discriminant func-
tions are more likely to be normally distributed than the
original characters on which they are based, make moderate
departures from homogeneous dispersions unlikely to effect
seriously the validity of results (Cooley and Lohnes, 1962)°

For increased value in viewing the group centroids
in two-dimensional space, 95% confidence ellipses were
superimposed about them. The calculation of ellipse para-
meters followed the method of Barlow and Power (1970)°

In all statistical tests, the significance level was
set at 0.95, as this level strikes an optimal balance be-
tween the possibility of type I error (rejection of a true
null hypothesis) and type IT error (acceptance of a false
null hypothesis). Throughout the text, the probability
ranges associated with significance tests are designated
by asterisks as follows:
¥ = 0,05 >P » 0,01, *¥ = 0,01 > P > 0,001, *¥* =P > 0,001,
ns = not gignificant. In tables, degrees of freedom arvre
abbreviated to D.F.
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4.3 AGE DETERMINATION.

Age classes of South Island Pied Oystercatchers can

be determined accurately on the basis of progressive
changes in the colours of the dorsal plumage, irides,

bill and legs, as shown in Table 6.

TABLE 6. COLOUR CHARACTERS USED IN AGE DETERMINATION OF
SOUTH ISLAND PIED OYSTERCATCHERS.

Age Class Dorsal Plumage Iris Bill Leg
Juvenile Very brown, with Brown Pale orange Grey
buff edges to with dark
feathers tip
Second Year Brownv=black Orange- Orange Light
; red pinlk
Sub-adult Black Red Orange Pink
Adult Black Scarlet  Bright Coral
' ~ orange pink
to
purple

The colour changes listed above were determined from
retraps and sight records of colour-banded birds at the
Heathcote~Avon estuary over the period 1967 to 1971. Juve-
nil birds moult their brownish first vear plumage in the
spring following their first winter and assume the darker
plumage typical of second vear birds. At approximately the
same time the iris changes gradually from brown through
yellow to orange-red, the bill loses its dark tip and the
legs become light pink in colour. BSub-adult colours appear
in the summer mouliing period marking the end of the second
yvear of life, Of 7L banded sub-adults subsequently retrap-
ped or sighted as four year olds, 58 (78.4%) maintained their
thiitd year colourings and 16 (21.6%) achieved adult colour-

ings. Twenty-one of the above fourth year sub-adults were
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resighted in 1971 as five vear olds, and of these 15 (71.4%]
were in adult colours. The change from sub-adult to adult
colourings occurs in the autumn moulting period of these

age classes. Since only birds in adult colourings breed,

it seems likely that some birds may breed when 4 vears

0old, but the majority do not reach breeding condition un-
til they are at least 5 vears of age. These findings agree
closely with those of Harris (1967) for Buropean Oyster-
catchers (H. ostralegus). ‘

Variable and Chatham Islands Oystercatchers can also
be separated into four groups on the basis of identical
colour changes, and presumably they also indicate the same
age=gpecific changes as in the South Island Pied Oyster~

catcher,

L.,4 SEX DETERMINATION.

The absence of obvious sexually dimorphiec characters

in oystercatchers has in the past made the correct field
identification of sexes difficult. Similar difficulties

associated with sexing of the PFulmar (Fulmarus glaaialis)

and Great Black-backed Gull (Larus marinus) were largely
resolved by Dunnet and Anderson (1961) and Harris (1964)

respectively, who separated the sexes by discriminant ana-
lysis of bill lengths and bill depths. Heppleston and
Kerridge (1970) extended this method of sexing to Euro-
pean Oystercatchers (H. ostralegus), but found that it was
mathematically equivalent to using the less sophisticated
ratio of bill length to bill depth.

New Zealand oystercatchers can be sexed with a high
degree of accuracy using the ratio of bill length/bill
width in combination with the ratio of bill length/bill
height. Since males have a shorter, wider and deeper bill
than females, the ratios are small for males and large Tor

females, and have the effect of maximizing sexual dimorphism
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in vill measurements.

A sexed sample of adult South Island Pied Oyster-
catchers was established from dissected birds subsampled
from the regular projectile-netted catches, and Trom
breeding birds caught at the nest and sexed by either
external cloacal inspection or copulatory behaviour.

For approximately two weeks after egg-laying Ffemales can
be distinguished by the distended nature and deep pink
colouration of the cloaca. Sexes were discriminated in

the sample as follows:

bill length > 89mm = female
< 8lmm = male

In the overlap range 8T to 89mm, the ratio of bill length/

bill width was computed to effect separation:

if bill length/bill width =2 6.60
< 6,60 = male

il

female

Since there was slight overlap about this discriminating
point, L/W ratios in the range 6.50 to 6.70 were checked
against bill length/bill height ratios:

if bill length/bill heightz2 5.30
< 5,30

female

i

male

il

Using this method, the sex of 136 adults (78 males and 58
females) in the sexed sample were predicted with 97.8%
accuracy (three errors).

The other three age classes of South Island Pied
Ovstercatchers can also be sexed in this mamer. Sub-
adults have bills of adult dimensions and thus can be sex-
ed with the same ratios as adults. Of 33 sub-adults (21
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males and 12 females) in the sample, the sex of 32 were
corrvectly predicted (97.0% accuracy).

Although the bill of South Island Pied Oystercatchers
reaches adult length in approximately the first six months
of life, it continues to grow in both width and height un-
til the end of the second year (see section 4.7A). The
ratios for sexing the Jjuvenile first yvear and second vear
birds are therefore different, and are higher than those
for adults and sub-adults. For second year birds, the
discriminating point between the sexes in the bill length
overlap zone of 81 to 89mm was 6.80 for the L/W ratio, and
5.60 for the L/Ht ratio. Corresponding values for juve-
niles were 7.15 for the L/W ratio, and 5.70 for the L/Ht
ratio, With these ratios, the sex of 38 second year birds
(23 males and 15 females) and 36 juveniles (23 males and
13 females) were predicted with 97.4% (1 error) and 100%
accuracy respectively.

Without comparative data from localities in the far
south and north of New Zealand, it is difficult to assess
the utility of the above method of sexing. However it
seems likely that the ratios derived for adults encompass
a reasonably representative New Zealand sample, and thus
have wide application. The 58 breeding adults included
in the sexed sample probably had diverse wintering origins,
as most were captured in inland North Otago which could
draw birds from Stewart Island, Southland, Otago, Canterbury
and possibly even northern New Zealand populations. Cer=
tainly Canterbury birds breed there, as one bird breeding
in the Rees riverbed in October 1970 had been colour-banded
at the Heathcote=Avon estuary gix months previously. It
is sobering to note the divergent bill length/bill height
ratios obtained by Heppleston and Kerridge (1970) for two

British populations of oystercatchers, but it seems likely
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that their data were obtained from mized populations of
Scottish, Faerds and Icelandic birds, representing a tre-
mendous range of geographic variation.

vSignificant geographic variation in the bill lengths

of Varisble Oystercatchers made the sexing of this spe-~

cies more difficult than H. ostralegus finschi. The re-
latively low numbers of H. unicolor in New Zealand pre-
cluded the establishment of a dissected reference coll-
ection, so only adults caught at the nest and sexed by
cloacal examination and copulatory behaviour were used to
develdp a sexing method. The overlap in sexual dimorphism
generated by geographic variation in bill dimensions was
reduced considerably by developing separate sexing ratios
for southern and northern New Zealand populations. In the
South Island, Variable Oystercatchers can be sexed as fol-

lows:

bill length = 89mm = female
< 81mm

male.

In the overlap range 81 to 8%mm, the ratio bill length/bill

width was used to separate the sexes thus:

if L/W = 6.10 = female
< 6.10

il

male.,

Around this discriminating point, ratios were checked against
the ratio of bill length/bill height:

if L/Ht 2 4,70
< 4,70

1k

female

male.

i

The sex of 43 of a sample of Ul birds (20 males and 24 fe-
males) were correctly assigned with these ratios (9757%

accuracy ).
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In Northland, appropriate discriminating ratios were 5.80
for L/W and 4.90 for L/Ht, but the overlap region in
which these ratios were used had to be extended to cover
the range 81 to 94mm due to the increase in bill length
of this species with decreasing latitude. One bird from
a sample of 20 (10 males and 10 females) was incorrectly
sexed with these ratios (95% accuracy).

The total sample of 16 Chatham Islands Oyster-
catchers used in this study were captured at the nest, and
sexed by cloacal examination and copulatory behaviour. It
was therefore unnecessary to develop a method of sexing,
but for completeness and for possible use in further stu-
dies, sexing ratios were computed. The short compact bill
of this species has resulted in a lowering of ratios rela-
tive to those for the mainland species. Sexes may be dis-

tinguished for H. chathamensis as follows:

bill length >» 75mm = female
< 67mm = male

In the bill length range 67 to 75mm, sexes are separable

on L/W ratios:

if L/W=2 5.20
.« 5,20

female

I

male

As a check on L/W ratios from 5.10 to 5.30, L/Ht ratios

provide supplementary information:

if L/Ht 2 4.30
< 4,30 = male,

female

The sex of 15 of the 16 birds (8 males, 8 females) were

correctly predicted with this method (93.8% accuracy).



TABLE 7.

Date

26,8.69
30.4.70
16.6.70
29.7.70
24.9.70
11.11.70
5.2.70
12.4.71
23.4.71
18.6.71

AGE COMPOSITION AND SEX RATIOS OF PROJECTILE-NETTED SAMPLES OF SOUTH

Locality

.—Avon
.-Avon
.=Avon
. ~Avon
. —Avon

.~Avon

oomoEo o o oI

. =Avon
Nelson
H.-Avon

H.-Avon

N

L3
b7
116
71
82
Lo
110
53
3k
78

ISLAND PIED OYSTERCATCHERS.

Juv

38
16
17
31

Age Classes
Sub-ad

2Yr

5
7
9
27
27
10
23

18
18
0
14
7

9
24

Ad

14
18
10k
12
10
5
L6
11
19
L7

Sex
Males

1.53
1.14

1.87
‘2.09
1.41
2.64
0.67
1.79
1.20

1.60:

Ratio

:Females

N
1
H
1

: 1
:1
21
11
1

.00
.00
.00
.00
1.

00

.00
.00
.00
.00
.00

Chi

3.94L*
0.20ns
10.32%%%
8. BO***
2.99ns
9.10***
L., 4o*
L, 2ahx
0.12ns
L,15%
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4.5 AGE COMPOSITION AND SEX RATIOS OF PROJECTILE-NETTED

SAMPLES, |

‘The age composition and sex ratios of samples of
South Island Pied Oystercatchers projectile-netted at the
Heathcote-Avon estuary and Nelson are shown in Table 7.

The proportion of each age class captured in a sam-
ple was largely dependent on the date of netting. The
samples in June of both years were composed mainly of
adults, consistent with the great preponderance of this
age class present at the estuary in mid-winter. Their
numbers begin to decline in late July as the migration of
breeding adults away from the estuary to inland breeding
gites commences. Accordingly, the frequencies of the
other age classes increase through spring to summer. How-
ever, some sub-adults and second year birds also migrate
inland during the breeding season, and thus deplete coastal
summering populations. Five such birds were trapped in
November 1970 on the Waimakariri riverbed approximately
40 Km inland from the Canterbury coastline, and of these,
three were second year birds and two were sub-adults. In
late summer, there is a considerable influx of adults and
juveniles at the estuary, as most breeding birds and their
progeny leave inland breeding sites and migrate back to
coastal wintering localities at this time. This influx is
clearly revealed in the February sample. The onset of
autumn saw the departure of some juveniles for northern
localities, and thus accounts for their drop in numbers in
the April sample. The tendency for juveniles to migrate
further northwards than adults is also apparent from the
concurrent April sample captured at Nelson, approximately
240 Km north of the Heathcote~Avon estuary. In that sample
58.5% of the birds caught were juveniles and only 20.8%

were adults.



TABLE 8. AGE COMPOSITION AND SEX RATIOS OF PROJECTILE-NETTED SAMPLES OF
VARTABLE OYSTERCATCHERS.

Date Locality N Age Classes Sex Ratio
Juv 2Yr Sub~-ad Ad Males:Females

16.8.69 Okarito 12 1 2 3 6 1.40:1.00
7.5.70 Port

, Nicholson 4 1 1 0 2 1,00:1.00
12.5.70 Waipu Estuary 32 5 10 1 16 1.00:1.00
8.9,70 Patarau 14 2 2 2 7 1.33:1.00
15.571 Waipu Estuary 13 0 3 3 7 2.25:1.00
5.6.71 Stewart Island 30 1 2 5 22 1.14%:1.,00
9.6.71 Jackson Bay 10 1 1 1 7 1.50:1.00

For all samples lumped, sex ratio = 1.25 males : 1,00 females,

and x> = 1.4696 ( 0.1 >P >0.05).
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At the Heathcote-Avon estuary, the sex vatio in most
samples fTavoured males. The sample taken in February when
migrating breeding birds and their progeny were arriving
back at the estuary, contained a small excess of females.
The proportion of females progressively declined through
the autumn and winter samples, the July 1970 sample con-
taining two males to each female. Since this disparity
was sustained within each age class and is therefore un-
likely to have resulted solely from differential mortality
of the sexes, and since it is also unlikely that there was
a sexual trapping’bias, it seems that there may be some
geographic segregation of the sexes at their winter haunts.
The progressive decrease of females in the samples suggests
that there is a differential movement df sexes away from
the estuary, and could be explained if females tend to mi=-
grate further north than males. However, the predominance
of males in the samples is probably accentuated by differ-
ential mortality in the sexes, as is the case for maﬁy win-
ter populations of monogamous birds {(Mayr, 1939).

The age composition and sex ratios of samples of Vari-
able Oystercatchers projectile-netted at various localities
in New Zealand are shown in Table 8.

As all the samples were trapped in winter when the
birds were gathered in flocks, the best represented age class
was the adult one. Oystercatchers are comparatively long-
lived, and according to Harris (1967) average life expec—
tancy for H. ostralegus reaching breeding age is 11.8 years,
Allowing an average of four years to reach adulthood, then
it follows that the adult age class contains birds where
ages span at least seven vears thus explaining their pre-
ponderance in populations. Although there is an excess of
males in most samples of Variable Oystercatchers, the sex
ratio in all samples lumped together does not deviate sig-
nificantly from 1:1. It therefore seems probable that

mortality occurs independently of sex in H. unicolor.
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4,6 SEASONAL NON-GENETIC VARIATION,.

Before beginning to partition components of the total
variance of characters that are genetiecally determined, it
is important to eliminate or minimize the effects of sea-
sonal non-=genetic variation. Seasonal variation in bill
length, wing length, tail length and body weight has been
recorded for many species of birds. White and Gittens
(1964) emphasized the seasonal variation in bill length
measurements of some European Oystercatchers (E. ostraléggs)
when contesting BEvan's (1964) claim that migrant wader popu-
lations of diverse geographic origins might be separable
from within mixed flocks on the basis of bill length, wing
length and total length measurementsg_ Most modern studies
of variation in characters seek to eliminate the seasonal
component by confining the collection of specimens to a
short period following the completion of the annual moult,
at which time abrasion of the tips of the wing and tail
feathers is insignificant (Packard,1967; Selander and
Johnston, 1967). Where this has not been possible, other
researchers have reduced the discordant effects of differ-
ential seasonal wear by c¢ollecting specimens at a specified
time of year, such as the breeding season (Yang and Selander,
1968: Barlow and Power, 1970; Power, 1971). Since sea-
sonal variation of characters is assumed in these studies,
little attention has been focused on the magnitude or di-
rection of this variation, or its contribution. to the total
variance of characters.

The seasonal character means by sex and age of South
Island Pied Oystercatchers trapped at the Heathcote-Avon
estuary are shown in Appendiz VI. Tests of the significance
of differences between the seasonal means are tabulated in
Appendix VITI. The main findings of this analysis are sum-

marized below:
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A, Bill length. The differences between the four seasonal bill

length means for sach sex and age class grouping were not
statistically significant, indicating an absence of seaso-
nal variation in the character. This result contrasts
sharply with the major seasonal changes recorded in bill
lengths of some European oystercatchers by White and Gittens
(1964), but both BEvans (1964) and Harris (1967) suggested
that much of the "seasonal" wariation listed in White and
Gittens measurements was due to inaccurate measurement and
poor repeatability. Nevertheless, seasonal changes in bill
length have been demonstrated for many passerine species
(Clancey, 1948; Davis, 1954; Selander, 1958; Selander

and Johnston, 1967). It has been postulated that these
changes may be due to variation in the rate of wear of the
constantly growing horny bill tip associated with seasonal
dietary changes. Presumably, the lack of seasonal wvariation
in the bill lengths of South Island Pied Oystercatchers at
the Heathcote=Avon estuary results from approximately equal
and opposite growth and abrasion. The rate of abrasion of
the bill tip is likely to be reasonably constant, since the
birds at the estuary feed on the same foods in the same
areas throughout the year. Of the nine birds recaptured

and remeasured in different seasons during this study, four
had bill lengths identical with those previously recorded,
three differed by 0.3mm or less and the other two differed
by 0.5 and 0.6mm respectively. Clearly then, the small vari-
ation in bill lengths which could be attributed to season
falls within or near to the limits of measurement error

(see section 4.2 C), and thus would not contribute. signifi-

cantly to the total variance.

B. BAill height and bill width. The height and width of the

bills of juvenile South Island Pied Oystercatchers are sub-

ject to seasonal variation, although the heterogeneity in
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means is solely attributable to the autumn samples (see
Fig. 16A and B). At this time the juvenile age class con-
tains young birds, most of which are less than four months
old and which have only recently arrived at the estuary
from inland breeding sites. Although the bill of these
birds has reached maturity in length, it is still growing
in both height and width during autumn, and does not reach
constant proportions until winter. This pattern of vari-

ation is similar in both sexes.

Wing length. Seasonal variation is evident in wing lengths

of all age classes (see Figs. 16C to F). The variant
seasons differ for each age class, coincident with their
respective moult periods. Juveniles moult their flight
feathers in late spring and early summer, and although all
birds in wing moult or with obvious wear or damage to the
primaries were excluded from the samples, the cumulative
effects of gradual abrasion are apparent in the spring
sample for both sexes and in the summer sample for males
(see Fig. 160). Second year birds moult their flight fea-
thers in summer, so about this time feather wear is maximal,
and this is clearly depicted in Fig. 16D. Both sub-adults
and adults experience greatest feather wear in autumn just
before the seasonal moult (see Figs. 16E and F). For all
the above age classes, the seasonal component of variation
can be reduced to statistically acceptable levels if the
samples from the seasons in which moult occurs is excluded.
Ideally, wing lengths used in size comparisons of the age
classes would be of greatest value if they were taken from
specimens collected after the annual moult had been com-
pleted and the new feathers had completed growth. Calhoun
(1947) found a statistically significant difference between

mean wing lengths of North American Sparrows (Passer domesti-

cus) collected in autumn and spring even though he omitted

any birds from the sample that showed obvious wear, and this
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was subsequently confirmed by Selander and Johnston (1967)0
However, the latter authors found differences of only
0.43mm and 0.35mm for males and females respectively,
amounting to appraximately 0.5% of the mean. These small
differences must surely lie within the range of measure-
ment and repeatability error. Although the wear of the
primaries of South Island Pied Oystercatchers is gradual,
it seems that the rate of abrasion is not constant between
moults, but becomes pronounced near the moulting period.
At this time the feather tips may become shredded and thus
wear very quickly, whereas at other times of the year the
heavily pigmented tips remain quite resistant to abrasion
(Averill, 1923; Welty, 1964:46),.

Tail, tarsus and middle toe lengths, No significant sea-

sonal variation was detected in tail, tarsus or middle toe
lengths. The constancy of tail lengths is perhaps unexpected
in view of the abrasion to which the rectrix tips could be
subject, but as for the primaries, it seems that the intense
melanin pigmentation in the feather tips prevents measurable
wear. The exclusion of specimens that were moulting or
which had obviously worn rectrices undoubtedly‘contributed

to the similarity in seasonal mean tail lengths. The sea~
sonal invariance of tarsus and middle toe lengths is evi-
dent for all age classes, suggesting that stability in these

measurements is reached very early in life,

Total body weight and fat-free weight. The total body weight

of South Island Pied Oystercatchers varies considerably with
season (see Figs. 16G to I), but fat-free weight is rela-
tively constant, indicating that seasonal variation in the
former is largely due to the accumulation of fat in the
various depots. The pronounced rise in fat storage begins
in winter when feeding rates reach a peak (Baker, 1969);

and continues into spring just before the departure of birds



on inland migration. The enormous amount of fat depo-
sition in the subcutaneous and pervivisceral fat depots of
pre-migratory birds is well established (e.g. Odum and
Perkinson, 1951; King and Farner, 1959; George and
Berger, 1966). This probably accounts for the major por-
tion of the spring fattening of adults, also of some sub-
adults and second year birds which also undertake migra-
tions (see section 4.5). 1In addition to this pre-migra-
tory fattening, many species of birds display an annual
cycle of weight change in which weights are inversely
correlated with ambient temperature (Baldwin and Kendeigh,
19383 Helms and Drury, 1960). Although this seasonal
pattern may result partly from concommitant seasonal
changes in liver weights and water content of the tissues,
by far the greatest component is attributable to the de-
position of fat in the subcutaneous depot (George and
Berger, 1966). Such winter fattening is apparent in the
samples of juveniles, as these birds remain at the estu-
ary throughout the year and do not deposit pre-migratory

fat reserves in the visceral depot.

Pooling of samples. The seasonal variation in characters

of South Island Pied Oystercatchers outlined above indicates
the extent to which samples can be pooled for analysis of
age differences and sexual dimorphism in the ensuing sec-
tions. Seasonal samples of bill lengths, tarsus lengths,
middle ftoe lengths, tail lengths and fat-free weights were
pooled to increase sample sizes. 7To reduce seasonal vari-
ation in the remaining four characters fto statistically
acceptable levels, variant samples were excluded before
pooling. The autumn sample of juvenile bill heights and
bill widths, the winter and spring samples of total body
weights of all age c¢lasses, and the wing length samples
taken in the moulting periods were all excluded from fur=

ther analyses.



TABLE 9.

Source of
variation

Sex

Age

Sex-Age

ANALYSTS OF VARTIANCE OF SIZE CHARACTERS IN SOUTH ISLAND PIED OYSTERCATCHERS.

F-ratio

Bill Bil1l Bill Tarsus Middle Wing Tail Weight Fat-free
length height width toe weight
* % X *, KX * ¥ % * X% * * % * X
351.892 0.591 1.294 20.827 10.900 38.989 6.753 15.25K 53.K9O
1,588 1,566 1,559 1,588 1,588 1,482 1,588 1,258 1,588
* % * % X * * * X% * ¥ ¥ * ¥
0.763 19.675 35.177 2.783  2.727 23.091 0.528 9.711 20.657
3,588 3,566 3,559 3,588 3,588 3,482 3,588 3,258 3,588

* *

0.075 1.622 1.793 3.061 0.176 1.356 M.SOK 1.117 0.122
3,588 3,566 3,559 3,588 3,588 3,482 3,588 3,258 3,588
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Since it was not possible to trap samples of Variable
or Chatham Islands QOysteixrcatchers at any one locality for
each season, it was therefore impractical to attempt to
investigate seasonal variation of characters in these
species. For analytical purposes, it was assumed that
similar seasonal variation occurs in each species, and there-
fore similar pooling procedures were universally applied.
In species comparisons of adults (see section 4.10), the
sample of South Island Pied Oystercatchers was restricted
to the winter catch, as this contained adequate numbers of
males and females. The winter sample of Variable Oyster-
catchers was relatively small, so summer samples were in-
cluded to boost the sample size. The only sample of Chat-
ham Islands Oystercatchers available was a summer one, So

this had to be used.

L.,7 SIZE VARTIATION.

Variation in size was investigated mainly for South

Island Pied Oystercatchers as this was the only species
on which adequate data were available. Where possible,
however, interspecific comparisons were made to substanti-
ate findings and increase their applicability. The signi-
ficance of variation arising from age and sex differences
in size was determined for each character by a Model I two-
way factorial analysis of variance, as shown in Table 9.
Unbiased estimates of differences beitween sex and age
groups were calculated from unweighted mean differences
where significant sex-age interaction was present, and from
weighted mean differences where significant sex-age inter-

action was absent (see Steel and Torrie, 1960:265-270).

A, Age Variation in Size.
With the exception of bill and tail lengths, all of

the morphological characters show significant age variation



TABLE 10. AGE VARTATION IN SIZE IN SOUTH ISLAND PIED

OYSTERCATCHERS.

(Unbiased estimates of differences between

Morphological

character

Bill height

Bill width

Tarsus length

Middle toe

length

Wing length

Total weight

Fat-free
weight

age classes)

Mean differences between:

Juv &
2yr

-0, 1mm

0.6%

-=0.2mm

1.6%

-0.2mm
0.4%
=0. 3mm
0.9%
=2, 4kmm
0.9%
-13.9¢g
2.6%

~-24,.5¢g

4.9%

Juv &
Sub-ad

-0, 1Tmm

0.6%
-0.4mm
3.2%
-~0.1mm
0.2%
=-0.2mm
0.6%
-6.9mm
2.7%
=-35.5¢g
6.7%
~49.2g
9.9%

Juv &
Ad

-~0.3mm

1.9%

-0, 8mm

6.4%

~0.1Tmm
0.2%

-0.3mm
0.9%

-9.6mm
3.8%

-35.1¢g
6.6%

-38.8g
7.8%

2yr &
Sub-ad

=0.1Tmm

0.6%

=0.2mm

1.6%

~0.1mm
0.2%

-0.2mm

0.6%
=4 . lmm
1.7%

-21.8¢g

4h.1%

-24.6¢g
5.0%

2yr &
Ad

=0.3mm
1.9%

-0.6mm
L.8%

-0.2mm

0.4%

-0,2mm

0.6%

-7 . Omm
2.8%

-22.3g
4.2%

-14.2g
2.9%

Sub-ad
& Ad

-0, 2mm
1.3%

-0.3mm
2. 4%

-0.2mm
0.4%

~0, Tmm
0.3%
-2.6mm
1.0%
0.9g
0.2%

10.8g
2.2%
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(see Table 9)e The magnitude of these differences were
calculated using 3teel and Torrie's (1960:271) approxi-
mation of the method of fitting constants (see Table 10)e
The pattern of age variation in size is similar in
all characters, the gradual increase in size from juvenile
to adult dimensions reflecting slow growth. Because of
this significant age vavriation it is not permissible to
pool measurements of characters from all age classes when
making species comparisons in taxonomic studies. How-
ever, the similarity of measurements of sub~adults and
adults indicates that these two age classes can be pooled
to increase sample sizes without introducing significant

heterogeneity.

B. Sexual Dimorphism in Size,

Significant sexual dimorphism in size occurs in all
mensural characters except bill height and bill width
(see Table 9).  Unbiased estimates of the magnitude of
sexual dimorphism in each of these characters is tabulated
in Table 11.

Sexual dimorphism in size undoubtedly has a strong
adaptive basis. Oystercatchers are monomorphic in plum=-
age, and lack conspicuous morphological "signals" which
might function as releasers in pair formation and court-
ship displays. Thus any difference in body size is likely
to be subject to Darwinian sexual selection. Bill size
appears to be the result of several contrasting adaptive
strategies. Selander (1966) developed the thesis that the
degree of sexual dimorphism in bill size is linked with
niche utilization. Small amounts of sexual dimorphism in
bill size characteristically occur in ommivorous birds where
food supplies are sufficiently abundant to allow extensive
sexual overlap in niche utilization, whereas marked dimor-
phism ocecurs amongst food specialists, and functions to re-

duce competition for food between the sexes.



TABLE 11, SECONDARY SEXUAL DIMORPHISM TN SIZE IN
SOUTH ISLAND PIED OYSTERCATCHERS.

Mean Difference between Females and

Males
Morphological character Absolute Percentage
Bill length 9. 4mm 11.0
Tarsus length 1. Omm 2,0
Middle toe length 0. 4mm 1.3
Wing length L, bhym 1.7
Tail length 2, Tmm 2.2
Total weight 22.7g L.3
Fat-free weight | 16.0g 3.2

While differential niche utilization is a plausible expla-
nation for sexual dimorphism in bill length of South Island
Pied Oystercatchers, it probably forms only part of the
selective pressure. Of 44 pairs of birds caught at the
nest during this study, the female had the longer bill in
all cases. Harris (1967, and pers. comm, , 1972) reported
the same finding for Furopean oystercatchers (E° ostraleggs)e
Since there is considerable sexual overlap in bill length,
the dimorphism of bill lengths in pairs suggests that it is
associated with sex recognition in courtship and pair for-
mation. The prominant displaying attitude of the bill in
courtship social piping indicates such a function.

The monomorphism in bill width and bill depth is in
sharp contrast to the dimorphism in length. Presumably, any
inherent dimorphism in width and depth is suppressed by an

overriding selection for shape, as probing bills are most



M F
Character (N=120) (Ns107) D.F. F.ratio

Bill
length

Bill
height

Bill
width

Tarsus
length

Middle
toe
length

Wing
length

Tail
length

Total
weight

Fat-free
wealght

South Island Chatham Islands Black Phase Pied Phase
Pied Oystercatcher Oystercatcher Variable Oystercatcher Variable Oystercatcher
Character 1 Character 1 Character Character
Means Anova Means Anova Means Anova Msans

TABLE 12. SECONDARY SEXUAL DIMORPHISM IN SIZE IN NEW ZEALAND OYSTERCATCHERS

Anova

Intermediare Phase

Character
Maans

Variable Oystvercatcher

1

Anova

81,0mm 90.7mm 1,225 261,910

15,6mm 15.7mm 1,225

12.9mm 13,0mm 1,225

49,.9mm 50.6mm 1,225

31,8mm 32.1mm 1,225
256.1mm 260.5mm 1,207
95,.8mm 97.7mm 1,225
539g

561g 1,81

499g  512g

16,290

M F
(N=8} (N=8) D.F.
Fedrk
67.8mm 76.8mm 1,14
1.861 16.2mm 16.9mm 1,14

1.623
Hdek

13.1mm 14,.1mm 1,14
51.3mm 53.7mm 1,14
ok

7.154

wkk

3% .9mm 36.7mm 1,14

19,975 251.6mm265.8mm 1,14

Jedek

26,078 96.1mm 99.4mm 1,14

*
4,218 540g

wedek

640g 1,14

1,225 24,796

M F
Feratio (N=69) (N=75) D.F. F-ratio

ek
17,661 78.8mm 8

*
7.072 17.5mm 1

wk
11,100 14.4mm 1

*
8,100 58.3mm 5

ok
9.578 38.3mm 3

*k

8.5mm 1,142

7.8mm 1,142

4.3mm 1,142

9.5mm 1,142

8.8mm 1,142

15,360 270, 1om274 . Tmm 1,142

*
5.621 104 . 1am105.8mm 1,142

Aok
30,303 678g

7248 1,142

208.880

11,608

45,319 717g

ko
83.6mm 94.1lmm 1,38
3,353 18, 7mm 18.9%9em 1,38

0.131
Fedk

14,9mom 14.8mm 1,38

58,4mm 60,0mm 1,38

*
3.927

dokk

37.7mm 38.0mm 1,38

16.180 267, 3mm270. 5mm 1, 38

Ak
8,905 102, 4mml106,4mm 1,38

Kk

7508 1,38

1 Single classification analysis of variance, sexes compared peir-wise for each character
(see Johnston and Selander, 1971).

sedrk

50,141 84,4mm 95.3mm 1,33

1,065 19, 0mm 19,.6mm 1,33

0.247 15.5mm 15, 5mm 1,33

o
7.878 60,2mm 61.8mm 1,33

0.240 38.4nmm 39.6mm 1,33
1,519 271,2mm277,Omm 1,33

2.510 104, 8mm105.9mm 1,33

ok

7.546 7105 7798 1,33

M F M F
{N=21) (N=19) D.F. F-ratio (N=18) (N=17) D.F. F-ratio

Aok
47.188

2,443

G.006

3.681

2.258

3.254

0.815

Kk
24,087
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efficient when their cross-section is thin and restricted
’in height.

The highly significant sexual dimorphism in the re-
maining morphological characters probably results from
correlation of these characters with general body size
rather than specific selection for individual characters.
The longer wing and tail of females would seem to be necege
sitated by increased body size. Such selection could opef»
ate through flight characteristics such as wing loadings |
and manceuvrability. Annan (1965) suggested that sexual
dimorphism in wing length of the White-crowned Sparrow

(Zonotrichia leucophrys) was related to sexual differences

in the distance of migration. This hypothesis is consistent
with the suggestion that female South Island Pied Oyster-
catchers migrate further northwards than males (see section
L.5),

The degree of sexual dimorphism in the morphological
characters of adults varies in the New Zealand species of
oystercatcher (see Table 12). It is most marked in the
Chatham Islands Oystercatcher, possibly because the origi-
nal founders were by chance very dimorphic i.e. due to the
Founder effect (Mayr, 1965). South Island Pied Oyster-
catchers and black phase Variable Oystercatchers are less
dimorphic. Pied phase Variable Oystercatchers are consider-
ably less dimorphic with only bill length, tarsus length
and body weight differences being signifidant, The sexes
of intermediate phase Variable Oystercatchers differ only
in bill length andvbody weight. Such a reduction in the
degree of sexual dimorphism could be attributable to a re-
duction in the range of variation between the parentals, due
to hybridization (see section 499)a In most characters
the hybrids introgress towards the less sexually dimorphic

pied phase, and thus reduce sexual differences.



TABLE 13. INTRAPOPULATION VARTABILITY IN STIZE IN BLACK PHASE
VARTABLE OYSTERCATCHERS.

Character No. of Males Females *
samples Mean = Mean Mean Mean F-ratio
sample CV{(%) sample V(%)
size size
Bill length 5 14 h.1hy 15 3.206 1.1906ns
Bill height 5 14 3.621 15 3.945 1.061ns
Bill width 5 14 4.815 15 4,671 1,019ns
Tarsus length 5 14 2.805 15 2.877 1.021ns
Middle toe 5 14 3.772 15 3.596 1.034ns
Wing length 5 h 2.190 15 2.165 1.011ns
Tail length 5 14 2.655 15 2.947 1.089ns
Body weight 5 14 5.759 15 4.292 1.191ns

*To reduce effects of absolute size, F values calculated from

expression P = 0.4343 log [1+(C:V;X32]
0.4343 log [1+(C,V-Y)2]

where C.V.x 2 C.V.y (Bader and Lehmann, 1965).

TABLE 14, INTRAPOPULATION VARTABILITY IN SIZE IN SOUTH ISLAND
PIED OYSTERCATCHERS FROM THE HEATHCOTE~AVON ESTUARY AND
NELSON. (All age classes included).

Character Males Females

N C.V.(%) N C.V.(%) Foratio

Bill length 345  4.397 225  4.910 1.072
Bill height 320  4.802 214 k.337 1.076
Bill width 320  6.392 214 6,162 1.024
Tarsus length 345 3.636 225  3.563 1.011
Middle toe 345  L.h29 225 3.813 1.102
length

Wing length 266 3.195 166  2.778 1.116
Tail length 345  4.385 225  3.972 1.072
Total weight 111 8.351 88 8.173 1.014
Fat-free weight 345  7.993 225  7.750 1.010

*
F-~ values calculated as for Table 13.



The considerable sexual dimorphism outlined above in
most morphological characters has important implications
for taxonomic studies. Clearly, morphological comparisons
of the New Zealand species of oystercatcher are meaning-

ful only if the sexes are considered separately.

4,8 POPULATION VARIABILITY AND GEOGRAPHIC VARTATION,

Before proceeding to species comparisons involving

samples from several geographically widespread localities,
it is mnecessary to examine intrapopulation variability.

Any geographical trend in such variability would obviously
bias the comparisons, especially if samples were taken
mostly from localities where high or low variability occurr-
ed, Since widespread sampling was possible only for black
phase Variable Oystercatchers, the analysis of population
variability and geographic variation was restricted largely
to this colour phase. The mean coefficients of variation
for each of the morphological characters of black phase
Variable Oystercatchers are shown in Table 13.

None of the F=ratios are statistically significant,
indicating that the sexes do not differ in their variability.
The similarity of the sample coefficients of wvariation on
which the means are based point to the absence of geographic
variation in intrapopulational variability, thus allowing
direct comparisons of samples.

According to Selander and Johnston (1967), the
"standard" sequence of increasing variability for linear
measurements is from wing length as the least variable
character, to bill length as the most variable. Neither
black phase Variable Oystercatchers (see Table 13) nor
South Island Pied Oystercatchers (see Table 14) conform to
this generality, as the most variable linear character is

bill width.
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The seguence of variability differs slightly for the
two species, but is broadly similar in that the least vari-
able linear character in both is wing length and the most
variabie bill width, Tt is noteworthy that fat-free weight
is only slightly less variable than total body weight.

A1l of the morphological characters of black phase
Variable Oystercatchers show significant interlocality
(: interpopulation) variability indicative of geographic

variation (see Table 15).

TABLE 15, INTERLOCALITY VARJATION IN SIZE IN BLACK PHASE
VARTABLE OYSTERCATCHERS.

Character No. of Sex D.F. Fmratio1
localities 68(N=69)QQ(N=75)
Bill length 5 Males 4,64 8. 30L % %%
Females 4,69 L, 382%%
Biil height 5 Males 4,64 6.069%%*
Females 4,69 10, 500%%*
Bill width 5 Males L, 64 23.735%%%
Females 4,69 15.181%%x
Tarsus length 5 Males L, 64 7. 089%*%
Females L,69 6. 11h%%%
Middle toe 5 Males L,64 2,648%
length Females 4,69 2.920%
Wing length 5 Males L,64 2.525%
Females 4,69 3. 8L 7%x
Tail length 5 Males L, 64 3,251%
Females 4,69 7. 5h6% %%
Total weight 5 Males 4,64 L, 1h8*x
N Females 4,69 2.528%

1Single classification anova,
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The border~line significance of variation in wing length
for males and total weight for females may partly result
from the marginal sample sizes involved in the analysis.
Using the procedure outlined by Sokal and Rohlf (1969:247)
for predicting the sample size needed for a priori signi-
ficance testing, iteration to stability was achieved with

a sample size of 13.88 at a significance level of 0.95.
Thus 14 birds were needed from each locality to be reason-
ably sure of detecting differences between means. Unfortu-
nately, the Northland sample was composed of 12 males and
13 females, but it was decided that it would be instructive
to include these marginal-sized samples in the analyses as
they represented the bnly samples from the northern extreme
of the character range. Locality character means and stan-
dard errors are tabulated in Appendix VIII.

Patterns of geographic variation were investigated by
the sum of squares simultaneous test procedure (SS~-STP), an
a posteriori analysis of variance multiple comparisons test
(Gabriel, 1964), This procedure has several advantages
over the more conventional t-test; for "a" localities
a{a-1)/2 t-tests between means are required, the t-tests
are mathematically equivalent to F-tests yet they lack the
simplicity and elegance of the latter, and F-tests follow
naturally from anova. Analvses were performed using Power's
(1971) version of a computer program called UNIVAR, which
ranks the means in descending order and graphs the homo=
geneous (= non-significant) subset of means. The results
of this analysis are shown below, with each line covering

a statistically homogeneous subset of means:



BILL LENGTH*

75,

Northland Nelson Westland Otago Stewart
Island
Females 91,3 88.8 88.0 87.3 86 . 9mm
Northland Nelson Westland Otago Stewart
Island
Males 83,9 79.8 79,5 78.5 76 . 5mm
BILL HEITGHT
Northiand Nelson Otago Stewart Westland
Island
Females 18,7 18.1 17.7 17.3 17, 2mm
Northland Nelson Otago Westland Stewart
Island
Males 18.2 17.6 17.6 17.2 17 .Omm
BILL WIDTH
Northland Otago Stewart Nelson Westland
Island
Pemales 15,6 14,2 14,0 14,0 13. 8mm
Northland HNelson Otago Westland Stewart
Island
Males 16,1 14.3 14,1 14,0 13, 5mm
TARSUS LENGTH
Northland Nelson Stewart Otago Westland
Island
Females 61.6 59.4 59,0 58.8 56 . 8mm
Northland Otago Nelson Stewart Westland
Island
Males 61.2 58,73 58.3 56,9 56, 8mm




MIDDLE TOE LENGTH

Females

Males

WING LENGTH

Females

Males

TATL LENGTH

Females

Males

76.

TOTAL BODY WEIGHT

Females

Males

Stewart Northland Westland Nelson Otago
Teland
39,7 39.0 38.6 38.6 37 . 9mm
Stewart Northland Westland Nelson Otago
Island
39.4 39.0 38.1 38.0 37 . 8mm
Stewart Otago Westland Nelson Northland
Island
278 276 276 274 2'70mm
Stewart Otago Westland Nelson Northland
Island
275 272 270 270 267mm
Stewart Otago Westland Nelson Northland
Island
109 107 106 104 103mm
Stewart Westland Otago Nelson Northland
Island
106 105 104 1073 103mm
Noxrthland Stewart Otago Nelson Westland
Ialand
755.0 730 725 720 715 g
Northland Stewart Otago Westland Nelson
Tsland
720 680 6'75 6'70 665 g
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* The listings wmay be interpreted as follows: any means
not covered by two or more lines are significantly differ~
ent from the others.

Two major contrasting trends are apparent from the
analysis. Bill dimensions and tarsus length increase cli~
nally from north to south, though the variation in bill
width and tarsus length is not strictly c¢linal as geo-
graphically contiguous localities are not always grouped
together, With the exception of the Stewart Island mean,
there 1is a tendency for middle toe length to increase on
transition northwards. In contrast to the above characters,
wing and tail lengths decrease from south to north. Total
body weight tends to increase in the southern part of the
range, though the Northland mean is an exception to this
trend.

Putative causal agencies of geographic variation
were examined by linear regressions of character means on
average yvearly locality values of mean maximum temperature,
mean minimum temperature, precipitation, relative humidity
and isophane. The isophane is a statistic developed by
Hopkins (1938) which broadly summarizes climatic variables,
especially temperature (Thomas, 1968)., It is calculated
from the formula:

Isophane (OS) = (latitude in OS) + % (100 = longitude in OE)
+ (altitude in feet/400).

Data on all the above climatic variables were collated from
the amnual meteorological observations over the period 1959
to 1969, published by the New Zealand Meteorological Service
(see Table 16).

Twenty-one significant and ten near-significant re-
gressions resulted, all involving temperature and/or iso-
phane values. Neither precipitation nor relative humidity

contributed to significant regressions, although the latter



TABLE 17. LINEAR REGRESSIONS OF CHARACTER MEANS OF BIACK PHASE VARTABLE
OYSTERCATCHERS ON CLIMATIC VARTABLES,

Character Sex Regression Equation F-ratio Coefficient of
Determination
Bill P Y= 76.436+ 0,746 Mean Max. Temp. 110.066*%% 0.793
M Y= 61.816+11.071 Mean Max. Temp. 2L  17h** 0.890
length FP Y= 88.448+ 0.693 Mean Min. Temp. 27 .535%% 0.902
M Y= 72,153+ 0.110 Mean Min. Temp. 50.985%* 0.0h44
P Y= 98.012~ 0.335 Isophane 197 .372%%* 0.985
M Y= 93.974~ 0,503 Isophane 33.839%* 0.919
Bill P Y= 13.730+ 0.254 Mean Max. Temp. 23, 344% 0.886
M Y= 14.623+ 0.180 Mean Max. Temp. 13.223%* 0.815
height i Y= 20.874~ 0.107 Isophane 11.696% 0.796
M Y= 19.716~ 0.007 Isophane 8.884a 0.748
Bill F Y= 10,010+ 0.268 Mean Max. Temp. 8.496a 0,739
M Y= 7.812+ 0.408 Mean Max. Temp. 30,374 0.910
width M Y= 11.915+ 0.363 Mean Min. Temp. 10,268* 0.774
r Y= 17.561~ 0,113 Isophane 5.855a 0.661
M Y= 19.450- 0.179 Isophane 21,165% 0.876
Tarsus P Y= 51.538+ 0.494 Mean Max. Temp. 29,765% 0.908
M Y= 10,864+ 0.6473 Mean Max, Temp. 16,902* 0,849
length F Y= 65.607~ 0.214 Isophane 17 .580% 0.854
M Y= 9.707-10.286 Isophane 9,.437a 0.759
Wing FP Y=297.670- 0.149 Mean Max. Temp. 11.994% 0.800
M Y=286,761~ 0.996 Mean Max, Temp. 9.155a 0.753
length P Y=282,.497~ 0.129 Mean Min. Tenp. 5.56%7a 0.669
M Y=278.092~ 0.108 Mean Min. Temp. 66.914* 0,957
P Y=254,801+ 0.664 Isophane 11.978* 0.800
M Y=257.454+ 0.465 Isophane 13.877* 0,822
Tail P Y=119,558~ 0.857 Mean Max. Temp. 7.850a 0.724
M Y=112,271« 0.532 Mean Max. Temp. 7.24ha 0.707
length F Y=111.868- 0.898 Mean Min. Temp. 17.330% 0.852
M Y=107.450~ 0.487 Mean Min. Temp. 5.611a 0.632
r Y= 94,345+ 0,400 Isophane 11.316% 0.790
M Y= 97,365+ 0.238 Isophane 7.181a 0.705

2 Near-significant regression, 0.103P>»0.05.
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"TABLE 16, CLIMATIC VARIABLES USED IN REGRESSTON ANALYSIS.

Sampling *Climate Mean Mean Relative Total Isophane

Locality Station Max. Min., Humidity Precip. (°S)
Temp. Temp. (%) (mm)
(°c) (°c)
Northland  Kerikeri 19.8 10.2 79.5 1680 20.4
Nelson Nelson 16.9 7.3 79.1 1005 26.6
- Airport
Westland Haast 14.9 7.4 81.5 3390 30,1
Otago Balclutha 14.7 5.1 78.5 650 32.3
Stewart Oban 1t4.2 L.,0 82.0 1448 33.1
Island

*¥Climate stations were splected as the ones nearest

to the centres of the sampling ranges Tfor each locality.

did account for 56% of the scatter about regression of
female middle toe length. The regression equations, Fe
ratios for significance of regression, and coefficients

of determination (indicating the proportion of the vari-
ation accounted for by regression) are depicted in Table
17.

| The strict clinal decrease in bill length from the
warmer northern part to the cooler southern part of the
range is in accordance with Allen's ecogeographic rule i.e.
in polyvtypic species of endotherms, extensions of the body
tend to be larger in warmer parts of the species range and
shorter in cooler parts. The significant regressions in-
volving temperature extremes and isophane (which also
largely reflects temperature) indicate that geographic vari-
ation in bill length is an adaptive response to thermoregu-
latory dictates of the bill. Heavy wvascularization of the
bi1ll of oystercatchers revealed by the sectioning tech=
niques of Heppleston (1970) suggests that it could be sub-

ject to considerable heat exchange. Clinal trends in bill
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height and width presumably also relate to thermoregulation.
The lack of strict clinal variation in these two characters
probably results from interacting selective pressures ex~
erted by non~clinal climatic variables such as precipi-
tation, and by factors other than climatic ones.

Clinal wvariation in bill size of other species of
birds similar to that described above has also béen attri-
buted to thermoregulatory properties of the bill subsumed
by Allen's rule {Johnston. (1969) for House Sparrows, Power
(1970 a and b) for Red-winged Blackbirds, and Barlow and
Power (1970) for vireos)., However, much evidence has accumu-
lated relating variation in bill morphology to dietary adap-
tations (Beecher, 1951; Pitelka, 1951; Betts, 1955; Hinde,
1959; Bowman, 1961; Xear, 1962; Myton and Ficken, 1967;
Power, 1970b; Willson, 1971), It seems unlikely that
dietary differences could account for a significant propor-
tion of the wvariation in the bill of black phase Variable
Oystercatchers as they take similar foods throughout their
range (see Chapter 3.4),

Clinal increase in tarsus length from cooler southern
latitudes to warmer northern latitudes is also predicted by
Allen's rule. TIn long-legged birds like oystercatchers the
tarsus could provide a site for a significant amount of heat
dissipation. Scholander (1955) demonstrated that the legs of
many birds contain arterio-venous countercurrent retes which
function in heat conservation by restricting blood flow to
the legs at low ambient temperatures. Heat loss through the
tarsus has been experimentally proven for the American
Kestrel (Falco sparverius) and Californian Quail (Loghorztx
californicus) by Bartholomew and Cade (1957) and Brush (1965)

respectively,
Middle toe length varies randomly from locality to
locality. The lack of significant regressions with climatic

variables indicates that this character varies independently
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of climate.

Wing length and tail length are inversely correlated
with temperature. Although temperature does not seem to
exert a selective force on feather growth per se, the
usual explanation for this inverse relationship centires
on the correlation of wing length with body size (Hamilton§
1961), It is argued that increased wing lengths in cooler
parts of the range are a reflection of an increase in body
size, correlated with winter temperature extremes (RenSch,
1939; Mayr, 1942:; Huxley, 1942; Snow, 1954).

Excluding the Northland sample of body weights, there
is a general tendency for body weight to decrease from south
to north (see page 76) in accordance with Bergmann's rule
i.e, body size in geographically wvariable homeotherms is
larger in cooler parts of the range of a species. The in-
creased mean weight of the Northland birds probably results
in part from introgression with the larger pied phase Vari-
able Oystercatcher (see section l&.9)° Thus it seems plau~
sible that c¢linal variation in wing and tail length is
associated with similar variation in body size, the lattér
necessitating the former through flight dynamics.

' Summarizing, it is apparent that the clinal variation
outlined above for most characters results from adaptive
sensitivity to environmental variables that are similarly
clinal, and that within the clinal continuum the birds

are close to optimal adaptation to local conditions (Rising,

1970).

4,9 VARIATION DUE TO HYBRIDIZATION.

The correct interpretation of natural hybridization

of closely related taxa is critical to their systematic
study., The term hyvbridization is used here in the sense of
Short (1969) as "the interbreeding of individuals of morpho-

logically and presumably genetically distinct populations,
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regardless of the taxonomic status of such populations®.
Such a definition has congiderably utility since it does
net require a taxonomic decigion to decide whether or not
the interbreeding should be designated hybridization
(Bigelow, 1965). The interbreeding of black and pied phase
Variable Oystercatchers in New Zealand meets the require-~
ments of the above definition and thus may by justifiably
termed hybridization.

According to Short (1969) the following biological
information is necessary for a taxonomic decision on
hybridizing forms:

(1) the occurrence of hybrids:

(2) the distribution and habitats of parentals and

hybrids;

(3) the relative frequencies of parental and hybrid

phenotypes in areas of hybridization:

(h) the types of crosses that are occurring and gene-

rations involved;

(5) the’occurrence and extent of introgression; and,

(6) the population dynamics of the forms involved.
The first two of these requirements have already been de=-
SCribed (see Chapters 2 and 3); the remaining four will

be the subject of this section.

A, Morphology of parentals and Hybrids.

(i) TUnivariate Tests.

The congiderable geographic variation in the morpholo-
gical characters as outlined in the previous section re=
quires phenetic comparisons between parentals and hybrids
to be restricted to samples taken from a relatively small
geographic range. Accordingly, the Northland region was
chosen for analysis, mainly because this was the only area
in which all three phenotypes were adeqguately represented,

The comparative morphology of the parentals and hybrids is



TABLE 18,

CHARACTER MEANS AND STANDARD ERRORS OF VARTABLE OYSTERCATCHER

Character

Bill length

Bill height

Bill width

Tarsus length

Middle toe
length

Wing length

Tail length

Body weight

© Sex

=

PARENTALS AND HYBRIDS IN NORTHLAND.

Black phase

83.9
91.3

18.2
18.7

16.1
15.6

61.2
61.6

39.0
39.0

267
270

103
104

718
754

1

0.73
1.40

4+ 1+

0.10
0.21

I+ 1+

0.09
0.21

(SR ES

0.34
0.52

1+

I+

0.26
0.27

i+ I+ + 14
—
W

i+ 1+

Tn {Males)
%N (Males)

In (Malies)

Character Mean + S.E,

phas

84.4
95.3

19.0
1902

15.5
15.5

60.2
61.8

38.4
39.1

270
277

105
106

710
769

12,
21,

17,

es

1+ 1+ 1+ 1+ i+ 0+ 1+ 1+

1+ 1+

4

14

+

0.92
1.26

0.17
0.17

0.13
0.16

0.40
0.47

0.42
0.31

0-9
0.8

3.0

+11.8

N(Females)
N{Females)

N(Females)

Intermediate (=hybrid)

i

Pied

83.6
9k .1

18,7
18.9

14.9
14.8

59.4
60.0

37.9
38.0

267
274

102
104

717
750

13.
19.
18.

phase

+

+

I+ 1+ R T i+ 1+

i+

P+

I+ 14

I+ 14+

P+ 1+

0.8%mm
1.31

0, 16mm
0.22

O.13mm
0.18

C.34mm
0.53

0.36mm
0.42

1.8mm
2.1

0. 8mm
009

8.5g
906



evident from their character means and standard errors,
tabulated in Table 18.

Homogeneity of the character means in the three
phenotypes was tested with an a posteriori SS-STP pro-
cedure following single classification anova. Signifi-
cant differences were found in bill width of both sexes,
in bill height of males, and in wing length of females.

The patterns of non=significant subsets are shown below:

BILL HETGHT

Hybrid Pied Black
Males 19.0 18.7 18, 2mm
BILL WIDTH

Black Hybrid Pied
Males 16,1 15.5 14 . 9mm

Black Hybrid Pied
Females 15,6 15,5 14 . 8mm
WING LENGTH Hybrid Pied Black
Females 277 274 270mm

Apart from the differences noted above, the parentals
and their hybrids are morphologically similar. Since many
characters ave highly correlated through ontogenetic pro-
cesses and natural selection (Olson and Miller, 1958; Berg,
1960; Power, 1971), it is reasonable to assume that at
least some of the differences that now exist between the
morphology of the parentals are remnants of former differ-
ences which existed before secondary contact. It therefore
follows from this reasoning that considerable introgression

(incerporation of genes from one gene pool into that of
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anather) has occurred between the parentals, resulting in
gradual genetic swamping and merging of the two gene pools.
Where significant differences do occur, as for example in
bill height and bill width of the parentals, they are
bridged by the intermediate phenetic position of the hy-
brids. With further generations of Fl1, F2 and backcrosses,
it seems likely that genetic swamping will be complete, and
morphological differences between the parentals will dis-

appear.

(ii) Multivariate Tests.

To determine whether phenetic differences exist between
parentals and hYbrids when all characters are considered
simultaneously in the multivariate case, the three pheno-
types were subjected to a canonical variates analysis.

The vesults of canonical variates analysis for male
and female parentals and hybrids are shown in Figs. 17 and
18. For males, the test of H2 (equality of group centroids),
Wilks' Lambda was 0.2205 which converted to a highly signi-
ficant PFP=value of 5.79 (P < 0,001) with 16 and 82 degrees
of freedom. TFor females,Wilks' Lambda was 0.3252 corres-
ponding to a highly significant F-value of 3,58 (P < 05001)
with 16 and 76 degrees of freedom. Thus in both sexes,there
are significant phenetic differences between parentals and
hybrids. TUnfortunately, there are no a posteriori methods
available for identifying which of the centroids are sig-
nificantly different from the others, although Power (pers.
comm,) is currently developing one.

InSpeotion of Figs. 17 and 18, however, reveals that
in both sexes the hybrids are phenetically intermediate be-
tween the two parentals, as their centroids lie between
those of the parentals. It therefore seems likely that the
significant discrimination between the group centroids in
2=D space is largely due to morphological differences be-

tween the parentals. The hybrids form a "genetic bridge"
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between the parentals through which genes can introgress.
Hence, even when the characters are all considered simule-
taneously and the differences compounded, the three pheno-
types are sufficiently similar to be interpreted as one
taxonomic cluster, especially in the case of females where

the three confidence ellipses overlap (see Fig.18).

(iii) Variation in dorsal melanin pigmentation.

To test the hypothesis that the northern black phase
of the Variable Oystercatcher may be browny black and lack
the purple gloss of the southern black phase (Falla et. al.,
1966), the pigmentation of the mantle feathers was compared
from samples taken all over New Zealand. Comparative data
were included for Chatham Islands and South Island Pied
Oystercatchers to test for possible affinities. Mean values
and standard errors of the pigmentation parameters of hue,

excitation purity and brightness are tabulated in Table 19,

TABLE 19, MELANIN PIGMENTATION IN MANTLE FEATHERS OF
NEW_ ZEALAND OYSTERCATCHERS.

N Mean Hue value Mean Excitation Mean Brightness

+ S.E. Purity + S.E. + S.E.

Chatham 28 584.0+0.08 63.5+0.07 8.1+0.07
SIPO 20 583.8+0.07 63.8+0.08 8.4+0.18
Black
Variable,>  583.8+0.03 63.4+0.05 8.0+0.05
Pied
Variable

24 583.8+0.04 63.4+0.05 8.1+0.04

Hybrid 32  584.1+0.05 63.8+0.08 8.0+0.08
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The data were subjected to a three~level mixed model
hierarchial analysis of variance (see Sokal and Rohlf, 1969).
Feather replicates were arranged within individuals, sexes
and taxa. The results of this analysis are shown in Table
20.

TABLE 20, ANALYSIS OF VARTANCE OF PIGMENTATION PARAMETERS
IN NEW ZEALAND OYSTERCATCHERS.

“Source of

Variation D.F. FP~ratio

Hue Excitation Purity Brightness
Among taxa L, 162 2.68 1.31 0.13
Among sexes 5,162  1.47 1.28 0.2%7
Among

1nd1v1dualsqa’162 5, Q0% %% 11.0509%%* 18.,02%%%

For each parameter, the only significant variance com-
ponent is among individuals. Both the sexes and taxa do
not seem to differ in their plumage pigmentation.

Geographic variation in the pigmentation of the mantle
feathers of the black phase Variable Oystercatchers was in-
vestigated by single cassification anova on means of the
latitude groupings 34n390? 39-44°, and 4h-48°s, ( see Table
21).

TABLE 21. GEOGRAPHIC VARTATION OF MELANTN PIGMENTATION
IN BLACK PHASE VARTABLE OYSTERCATCHERS.

Pigmentation Parameter D.F. F-ratio
Hue 2,108 2,01
Excitation Purity 2,108 0.97

Brightness 2,108 1.16
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There is thus no indication of geographic variation
of melanin pigmentation in black phase Variable Oyster-

catchers, as none of the means are significantly different.

B, Relative Freguencies of Hybrids in the Area of

Hybridization.

The great majority of hybridization between pied and
black phase Variable Oystercatchers occurs in Northland,
as this is the only large area in New Zealand in which the
pied phase is relatively abundant (see Chapter 2.3C). The
relative frequencies of the parentals and their hybrids in
Northland as a whole, and in the specific locality of Waipu

are shown in Table 22.

TABLE 22. RELATIVE FREQUENCIES OF PARENTALS AND HYBRIDS
IN NORTHLAND,

Phenotype
Black Hybrid Pied
*Numbers in Northland 258 267 179
Per cent occurrence 36.7 37.9 25.4
Number at Waipu, May 1971 16 56 43
Per cent occurrence 13.9 Lg.7 37. 4

*Data from Appendices II, IIT and IV.

In the whole of Northland, hybrids are the most abun-
dant of the three phenotypes, although the black phase close-
ly approximates it in numbers. All three phenotypes are
well represented, although the proportions of each phenotvpe
vary considerably from locality to locality as evidenced by
the Waipu figures. Such good representation of each paren-
tal in the area of hybridization has important taxonomic

implications (see Chapter 5).
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C. Genetic Basia of Colour Phase Hybridization.

The genetic basis of the hybridization of black and
pied phase Variable Oyvstercatchers as reflected by the
inheritance of colour phases is of primary interest in
interpreting their interbreeding. It has been tacitly
assumed in the past that plumage variation between the
two parental extremes of black and pied is continuous, as
for example in the statement of Oliver (1955): "There
is no fixed pattern, every individual being differently
marked",

The range of plumage variation in breast, rump and
alar bar patterns of birds captured during this studv is
shown in Plate 9. Although these patterns do not include
all thoée evident in live-trapped and museum sgpecimens,
they do cover the observed range of variation. The corres-
pondence of the loss of white parts in the breast, rump and
alar bar patterns from pied through to black, indicates
that there is effective linkage between the genes control-
ling these traits.

For descriptive purposes, the phenotypes were classi-
fied as pied (1 in Plate 9), pied hybrid (2,3 and 4), inter-
mediate hybrid (5, 6 and 7), black hybrid (8 and 9) or black
(10)e The inheritance of colour phases was studied by ex-
amining broods from various parentages. Data were gathered
onn 57 such broods involving a total of 108 chicks. The pheno-
tyvpes of the progeny are discernible at hatching, as black
chicks have brown bellies, pied chicks have white bellies,
and hyvbrids have a mixture of brown and white down on the
belly (see Plate1£h&ﬂ) However, the degree of hybridization
in the plumage characters cannot be gauged until the chiclks
have gained their juvenile feathers at the age of approxi-
mately 6 weeks. It was therefore necessary to follow the
development of chick plumages for about 6 weeks after hat-

ching. Thisg was achieved by retrapping banded chicks just
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before they were able to fly.

are summarized in Table 23.

TABLE 23,

&8,

The results of this analysis

PROGENY FROM MATING COMBINATIONS,

Mating combinations

(1)
(2)
(3)

(&)

(5)
(6)
(7)

(8)
(9)

(10)

(11)
(12)
(13)

polyvgenss,
to be due to genes at several loci.

ig inhevited through a dominant W gene,

Black x black

Black % black hybrid

Black hybrid x black hybrid
Black hybrid x intermediate
hybrid

Black x pied

Black hybrid x pied hybrid

Black hybrid x pied

Intermediate hybrid x
intermediate hybrid

Iﬁtermediate hybrid x pied
hybrid

Intermediate hybrid x pied

Pied hybrid x pied hybrid
Pied hybrid x pied

Pied x pied

Progeny
Black

All phenotypes

Black and ali hybrid
phenotypes

Black and all hybrid
phenotypes

All phenotypes
All phenotypes

Intermediate and pied
hybrids

All phenotypes

Pied hybrid and pied
Intermediate and pied
hybrids, pied

Pied hybrid and pied
Pied

Pied

The inheritance pattern can be explained in terms of

as it is apparent that such variation is likely

If the pied condition

then the double

recessive ww at this locus would account for the black con-

dition.

Hybrids would therefore have a basic Ww genotype.
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The degree of hybridization in the plumage characters could
then be expressed through the action of modifying genes at
other loci, specific in the sense that they interact only
with the Ww genotype, as for example in variegated spotting
in house mice (Sinnott, Dunn and Dobzhansky, 1958). If

the modifiers were present as a polygenic complex of say
four genes, then the crosses in Table 19 would be simply

explained e.g.

Ww with 4 modifiers could give pied (or nearly so)
phenotyvpes

Ww with 3 modifiers could give pied hybrids
Ww with 2 modifiers could give intermediate hybrids
Ww with 1 modifier could give black hybrids

Ww with O modifiers could give black (or nearly so)
phenotypes.

Thus the modifiers would act additively in determining the
degree of dominance of the major gene W, as is common in
these polygenic systems (Sinnott, et.al, op. cit). The
hybrid phenotypes could therefore range between the paren-
tal extremes of black and pied, even though they all had
the same basic genoiype. The actual number of modifiers
involved in controlling dominance of the major gene is like-
ly to be greater than four, since there are more phenotypes
discernable than are listed in the simplistic example above.
I prefer this mechanism of colour phase inheritance
to other possible polygenic models because it is the only
onk that explains the frequent generation of parental pheno-
types from hybrid mating combinations. Instead of the pa-
‘rentals disappearing in a morass of increasingly variable
phenotypes, they would commonly be regenerated as a conse-

quence of recombination.
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D. Mating Combinations and Tyunes of Crosses.

As outlined in Table 23, all possible mating combi-
nations occur. The observed Ffreguencies and those éxpec-
ted from the overall frequencies of the three phenotypes
in Northland (see Table 22) are tabulated in Table 24,

TABLE 24, TYPES OF CROSSES AND FREQUENCIES OF 101 MATING
COMBINATIONS TN NORTHLAND,

Type of Cross Mating Combination Observed Expected
Freguency Frequency*
Assuming
Random
Mating
True breeding Black x black 17 13
Pied x pied 7 7
Parental cross Pied x black 14 18
F1 and F2 Hybrid x hybrid 22 15
Backecross Black x hybrid 24 28
Pied x hybrid 17 20

*Expected frequencies calculated on the assumption that Ww
is pied, Ww is hybrid and ww is black. Thus mating fre-

quency of WW is given by:

wi (99 ) x ww(dd) = (179/704) x (179/704)
0.065

For 101 pairs, we would expect 101 x 0.065 pied matings i.e.
approximately 7 pairs. Similarly, the mating frequencies
of Ww x Ww, Ww x ww and ww x ww can be calculated.

The close correspondence of the expected fredquency
(based on the premise that mating is random with respect

to colour phase) with the observed frequency indicates that
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mating is non-assortative. The preponderance of F1¢ F2 and
backerosses demonstyrates that gene exchange between the

parental gene pools via the hybrids is extensive.

E. Viability of Hybrids.

The viability of hybrids, as measured by conventional
attributes such as fecundity and hatching success, is simi-

lar to that of the parentals (see Table 25).

TABLE 25. FECUNDITY AND HATCHING SUCCESS OF PARENTALS
AND HYBRIDS,

Phenotype *N Mean clutch N Mean Hatching
Size Success (%)

Black parental 58 2.3 16 69.9

Pied parental 50 2.2 9 74,2

Hybrids 38 2.3 21 1.6

*Data from this study plus 0.S.N.Z. nest-record cards.

It seems likely that the parentals and hybrids also
have similar breeding success (number of chicks fledged/
clutch size) as there is no indication from the banding
returns so far to hand, that differential mortality is
occurring in the progeny of the phenotypes. Of 54 chicks
(16 pied, 26 hybrid and 12 black) banded in 1970, 22 were
resighted in 1971 (6 pied, 11 hybrid and 5 black), repre-
senting respective first yvear mortalities of 62.5%, 5767%
and 5833%, These mortality estimates are probably too high
as undoubtedly some birds not resighted are still alive.
However, the similarity in the estimates argues against
differential mortality in the parentals and hybrids. The
hybrids do not, therefore, appear to suffer from inviability

agssociated with the production of disharmonious gerotvpes
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through the incompatability of parental gene recombinations.
In summary, evidence from the forsgoing sections

points to extensive gene exchange between the parentals.
Both parentals and hybrids occur in the area of hybridi-
zation in relative abundance;vtheir mating is non-assor-
tative with respect to colour phase, and they seem to be
equally viable. Introgression of parental characters via
the "hybrid bridge" has probably resulted in the gradual
reduction of morphological differenceswhich existed before

secondary contact occurred.

4,10 PHENETIC COMPARISON OF NEW ZEALAND SPECIES.

The ultimate aim in systematic studies of related taxa

is to compare their morphology, though ecological, gene-
tical and physiological studies provide powerful aids in
the interpretation of the morphological charvacters (Jameson
et. al., 1966). TIn the following account the New Zealand
species of oystercatcher are firstly compared by univariate
teste and then by multivariate tests. The rationale behind
thig dual approach has been previously outlined in section
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A, Univariate Comparisons.

Although there are only three New Zealand species of
oyastercatcher listed in the Annotated Checklist of New
Zealand Birds (Kinsky, 1970), there seemed considerable
heuristic value in including both the pied and black phase
of the Variable Oystercatcher in the "species' comparisons.
The character means and standard errors for black and pied
phagse Variable Oyvstercatchers in Northland were listed in
Table 18, The Northland sample of this species was chosen
for interspecific comparisons because variability associ-
ated with geographic variation could be minimized. Standard
statistics of South Island Pied and Chatham Islands Oyster-



TABLE 26, CHARACTER MEANS AND STANDARD ERRORS FOR CHATHAM ISLANDS

AND SQUTH ISLAND PIED OYSTERCATCHERS,

Character Sex Character Mean + S.E.
Chatham Islands1 South Island Pied2
Oystercatcher Oystercatcher
Bill length M 67.8 + 0.97mm 80.9 + 0.35mm
F 76.8 + 1.99 90.0 + 0.68
Bill height M 16.2 + O0.14mm 16.0 ¥ 0.16mm
F 16.9 + 0.23 16.0 + 0.12
Bill width M 13.1 + 0.09mm 13.1 + O.41mm
F 14,1 + 0.28 13.1 + 0.10

Tarsus lengthy 51.3 + 0.45mm 49.9 + 0.24mm
F 53.7 + 0.75 51.0 + 0.29
Middle toe
length M 34.9 + O.40mm 31.8 + O.4imm
F 36.7 + 0.45 32.1 + 0.18
Wing length M 251+ 2.2mm 257  + O.8mm
F 266 + 3.0 261+ 0.9
Tail length M 96 + 1,0mm 95 + 0.6mm
F 99+ 1.1 98  + 0.5
Body weight M 540 + 8.7¢g 555 + 5.6g
P 640 +16.7g 580 + 6.4
1N(Males) = 8, N(Females) = 8.

2N(Males)

i

103, N{Females)

]
Ut
—



catchers are shown in Table 26,

The significance of the differences between the

character means of New Zealand oystercatchers was tested

93.

with single classification anovas, followed by a posteri-

ori S5=8TP analysis to identify variant means.

sults of this analysis are presented below:

BILL, LENGTH

Males

Females

BILL HETGHT

Males

Females

BILL WIDTH

Males

Pemales

TARSUS LENGTH

Males

Black Variable Pied Variable

The re=

STPC Chatham

83.9 813.6 80.9 67 . 8mm
Pied Variable Black Variable SIPO Chatham
9l , 1 91.3 90.0 76.8
Pied Variable Black Variable Chatham SIPO
18,7 18.2 16.2 16. Omm
Pied Variable Black Variable Chatham SIPO
18.9 18.7 16.9 16,0
Black Variable Pied Variable Chatham SIPO
16,1 14.9 13,1 13.1 mm
Black Variable Pied Variable Chatham S8IPO
15,6 14,8 14,1 13,1
Black Variable Pied Variable Chatham SIPO
61.2 58,4 51.73 Lo, 8mm
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TARSUS LENGTH Black Variable Pied Variable Chatham STIPO
Famales 61.6 60.0 59,7 51,0

MIDDLE TOE LENGTH
Black Variable Pied Variable Chatham 3SIPO

Males 39.0 , 37.7 4.9 31, Smm

Black Variable Pied Variable Chatham SIPQ
Females 39.0 38.0 36.7 32.1

WING LENGTH

Males No significant differences between the
means .

_ Black Variable Pied Variable Chatham SIPO
Females : 274 270 266 261 mm

TATIL LENGTH

Black Variable Pied Variable Chatham SIPO
Males 103 v 102 96 95 mm

Pied Variable Black Variable Chatham SIPO
Females 104 103 99 08

BODY WETIGHT

Black Variable Pied Variable Chatham SIPO
Males 720 720 555 540 g

Pied Variable Black Variable Chatham SIPO
Females 750 735 640 580
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In all characters except bill width, and tarsus
length for males, black and pied phase Variable Oyster-
catchers appear in the same non-significant subset, thus
emphasizing their general phenetic similarity. Chatham
Islands Oystercatchers means either group with those of
the South Island Pied Oystercatcher or they are inter-
mediate between the mainland species. In some characters,
such as middle toe length of both sexes, and tarsus length
of females, South Island Pied Oystercatchers are phenetically

digtinet from the other taxa.

B, Multivariate Comparisons.

The results of separste canonical variates analysis
for males and females are depicted in Figs. 19 and‘zo TeS=
pectively., These two dimensional projections are of two-
fold value in comparing taxa in character space. Firstly,
they provide graphic representation of the phenetic posi-
tions of each taxa and show the contributions of the indi-
vidual characters to these positionings. Secondly, like
other clustering procedures, they provide insight into the
taxonomic relationships of the projected groups, as morpho-
logically similar groups will tend to cluster in proximity,
and vice versa.

For males, Wilks' Lambda was 0.0233 which converted
to a highly significant F-value of 43.74 (P < 0.001) with
24 and 386 degrees of freedom. Similarly for females,
Wilks' Lambda of 00,0301 converted to a highly significant
P-value of 22.47 (P < 0.001) with 24 and 230 degrees of
freedom. Thus in both sexes there are real phenetic differ-
ences between the taxa. When all characters are considered
simultaneously, it is bill length which contributes most
substantially to separate the phenetic groups, especially
in males (see Pig. 19). Smaller differences in the other
morphological characters serve to discriminate mainly be~

tween the Variable Oystercatcher on the one hand, and South
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Island Pied and Chatham Islands Ovstercatchers on the other.
Although the relative positioning of the taxa ave differ-
ent for males and females, the clustering patterns are
essentially similar. In two-dimensional character space,
three phenetic entities emerge: these entities are entire-
ly compatible with the present nomenclatorial system which
recognises three species. The close proximity of the cen-
troids of the pied and black phase Variable Oystercatcher

indicate their close affinity.

L,11 SUMMARY.

New Zealand oystercatchers show considerable morpho-
logical variation, both within and between species. South
Island Pied Oystercatchers and also probably the othexr
species, can be aged on the basis of progressive colour
changes in the dorsal plumage, irides, bill and legs. Sex
determination can be accomplished with a high degree of
accuracy using the ratio of bill length to bill width.

Males have short stout bills and thus low ratios; females
have long thin bills and high ratios. Projectile-netted
samples contained a high proportion of males, and the cyclic
change in sex ratio of South Island Pied Oystercatchers at
the Heathcote-~Avon estuary suggests there may be some segre-
gation of the sexes of this species at winter haunts.

Considerable seasonal variation accurs in the morpho-
logical characters of bill height and bill width in Jjuve-
nile birds, and in wing length and total body weight of all
age classes., Differential pooling of samples with respect
to each of the characters was necessary so that sample sizes
could be increased without introducing significant seasonal
bias. Analyvsis of wvariance revealed that there is signifi-
cant variation in sige due to both age differences and sexu-
al dimorphism. Only measurements from sub-adults and adults

are sufficiently similar to permit pooling for taxonomic
comparisons, and the sexes have to be treated separately.



Sexual dimorphism is apparent in all morphological charac-
ters of Sputh Island Pied Ovstercatchers except bill height
and bill width. Since the phenotype is the product of sel-
ection by several contrasting adaptive strategies, sexual
dimorphism probably results from Darwinian sexual selec-
tion, differential niche utilization and character corre-
lations. Sexual dimorphism is most strongly expressed in
the Chatham Islands Oystercatcher, presumably because of the
Founder effect from the originally dimorphic colonists.
Variable Oystercatchers are least dimorphic, with hybrids
between the parental pied and black phases showing sexual
differences only in bill length and body weight. This loss
in dimorphism could result from a reduction of the range

of variation in the hybrids, due to their intermediate phen-
etic position, and introgression towards the least dimorphic
parental.

Black phase Variable Oystercatchers show considerable
clinal variation in morphological characters, and much of
this variation is directly attributable to local adaptive
responses to climatic variables, especially temperature.
Increase in bill size and tarsus length with increasing
temperature follows Allen's ecogeographic rule, and suggests
thermoregulatory adaptation. Clinal increase of wing and
tail lengths against the temperature gradient are due to
the correlation of these characters with body size, which
also tends to be inversely correlated with temperature as
predicted by Bergmann's rule.

Black and pied phase Variable Oystercatchers hybiridize
extensively wherever their ranges overlap, but more especi-
ally in Northland. Both parentals and hybrids are relatively
abundant in the area of hybridization § their mating with
respect to colour phase is non-assortative, and they seem
equally viable., Gene exchange between the parentals via the

hybrids is therefore extensive, indicating their lack of
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reproductive isolation., The inheritance of colour phases
can be explained by a simple polygenic system involving
a major gene whose dominance is expressed through the cumu-~
lative esffects of several specific modifyving genes at other
loci.

In both univariaste and multivariate comparisons of the
New Zealand taxa, three phenetic entities are apparent, sugg-

estive of three species.
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Chaptexr 5.

AFFINITIES OF NEW ZEALAND OYSTERCATCHERS AND SYSTEMATIC
CONCLUSTIONS.

5.1 INTRODUCTION.

The assessment of the affinities of taxa is a crucial

step in formulating their systematic relationships. Much of
the taxonomic splitting that has occurred in the past e.g.
Sharpe (1896); Mathews (1913); and Ridgway (1919), is the
“direct result of considering various forms in isolation
rather than in a wider geographic context. The New Zealand
nomenclature seemsg to have suffered as much as that of other
countries at the hands of splitters. For example, the exem-
plary researches of Fleming (T950a and b) on the New Zealand
- flycatchers of the genus Petroica reduced an unstable com-
plex of six genera and ten species to one genus and three
species. Fleming was able to bring about this drastic re-
vision simply by assessing the morphological affinities of
the New Zealand taxa and their extralimital relations,
notably in Australia.

When looking fTor affinities of New Zealand birds, it
is usual to turn to the continent of Australia (eoga Falla,
1953) where considerably greater bird species diversity
exists., The Tasman Sea acts as a barrier to dispersal of
Australian species to New Zealand via the pronounced west-
wind drift. Nevertheless, several species have colonized
New Zealand within the last 150 years e.g. White-eye

(Zosterops lateralis) White~faced Heron (Notophoyx novae-

hollandiae), Spur-winged Plover (Lobibyx novaehollandiae),

Welcome Swallow (Hirundo neoxena) and Black-fronted Dotterel

(Charadrius melanops), It therefore seems expedient, as a

first measure, to compare Australian and New Zealand oyster-

catchers.

THE LIBRARY
LRIVERSITY OF CANTERBURY
CHRISTCHURCH, M.Z
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This chapter presents an analysis of the affinities of
New Zealand oyvstercatchers, and culminates in a systematic
revigsion which aims to express inferred phyletic relation-

ships.

5.2 METHODS AND MATERTAL.

As the only Australian material available for measure-—

ment was museum skins, it was desirable to test for differ-
ences between measurements taken from Tfreshly collected and
from skinned birds, especially since Kinsky and Harper (1968)
"established that the bill width of some prions (Pachxgtila
sp.) shrunk as much as 23% during drying of the skins.
Comparative measurements of ten birds collected and mea~
sured in August 1968, and then remeasured three years later

~as dried skins are shown in Table 27.

TABLE 27. COMPARISON OF MBASUREMENTS FROM 10% FRESHLY
COLLECTED SOUTH ISLAND PIED OYSTERCATCHERS
AND THEIR DRITED SKINS.

Character "Mean (mm) + S.B. “Mean (mm) + S.B. Percent
(freshly collected (skin material) Change
material )

Bill length 81.5 * 1.39 81.6 + 1.38 -

Bill height 16.2 + 0,18 15.0 + 0.20 7.h

Bill width 13.3 + 0.17 12.8 + 0.22 3.8

Tarsus length hh.3 + 0.66 bho1 + 0.67 -

Middle toe

length 33.7 + 0.54 33.5 + 0.51 -

Wing length 260+ 3.0 2b1 + 3.1 -

Tail length 100 + 1 100 + 1.1 -

1Measured 1hth August, 1968.

gMeasured 23rd October, 1971,
* 9 Males, 1 Female; 9 Adults, 1 Juvenile.
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Both bill height and bill width avre clearly smaller in
the skinned specimens, due to the drying and shedding of the
soft orange epidermis covering the proximal part of the bill.
It therefore seems unwise to incliude live-trapped specimens
in phenetic compavrisons of Australian and New Zealand taxa,
50 the data were gathered only from prepared skins. With
the exception of some Chatham Islands Oystercatcher measure-
ments, that were obtained through the courtesy of’curatorial
assistants in overseas museums, all measurements included
in this section were made by the author. From each speci-
“men the following seven characters were recorded: bill length,
bill height, bill width, tarsus length, middle toe length,
wing length and tail length. For the method of measuring
each of these characters, see Chapter 4.2 C. In addition,
the plumage characters of the white patterning on the breast,
wing and rump were recorded photographically for most speci-
mens, and each specimen was searched for Mallophaga.

Although the analytical technigue of canonical vari-
ates analysis is again used in this section, the extra vari-
ation stemming from the data on Australian oyvstercatchers
required added (statistical) computations for meaningful
interpretation. It was not possible to account for a high
proportion of the total variation in the original data
matrices without utilizing three discriminant functions.
This required the production of three~dimensional graphs,
each dimension being represented by a separate discriminant
function. To aid the interpretation of these graphs and to
obviate any visual distortion resulting from the plotting
of a three-dimensional diagram on a two-~dimensional surface,
minimun distance networks (= Prim networks) were fitted be-
tween the taxa projections. Since these networks are based
on all the data in the original matrices, they give an esti-

mate of phenetic resemblance which takes into account all



TABLE 28. CHARACTER MEANS AND STANDARD ERRORS OF AUSTRALASTIAN OYSTERCATCHERS.

Character Sex Mean (mm) + S.E.

1South Island 2Chatham 3Black Phase hPied Phase 5Australian 6Sooty
Pied Islands Variable Variable Pied Oystercatcher
Oystercatcher Oystercatcher Oystercatcher Oys tercatcher Oystercatcher
Bill length M 81.4 + 0.88 68.1 + 0.91 8.0 REEL 83.0 - 0.92 73.9 - 0.80 38.3 T 1.07
F 91.0 + 1.07 76.9 + 1.76 88,2 + 0.69 94,1 + 1.1 84.8 + 1.01 81.1 + 2.08
Bill height M 15.6 + 0.19 15.5 + 0.th 16.6 + 0,23 17.5 + 0.22 16.6 + 0.21 16.6 + 0.22
P 15.7 + 0.21 16.1 + 0.20 16.7 + 0.12 18.0 + 0.21 17.0 + 0,15 16,9 + 0.20
Bill width M 12.6 + 0.15 12.6 + 0.12 13.8 + 0.25 1h.2 + 0.17 12.9 + 0.18 4.3 + 0.21
P 12,7 + 0.12 13.3 + 0.26 13.5 + 0.11 thil + 019 13.3 + 0.19 13.9 i 0.22
Tarsus length M h9. 4 + 0.39 51.6 + 0.4l 56.6 + 0.56 57.8 + 0.35 56.4 + 0.55 55.0 + 0.61
P 51.7 + 0.44 53.2 + 0.71 59.2 + 0.51 60.6 + 0.47 59.6 + 0.64 55.6 + 0,54
Middle toe
length M 31.8 + 0.89 34.9 + 0.38 37.2 + 0.45 37.8 + 0.41 34.7 + 0.47 39.9 + 0.63
F 31.9 + 0.27 36.2 + 0.43 38.2 + 0.43 38.5 + 0.533 35.6 + 0.70 38.6 + 0.89
Wing length M 257 + 1.7 253 + 2.1 274 + 2.1 266 + 2.4 275 + 1.8 2873 + 2.8
F 260 + 1.4 265 + 2.9 273+ 2.4 271+ 2.2 281+ 1.8 286 + 3.4
Tail length M 94 + 1.2 96 + 0.98 105 + 0.8 103 + 1.3 112 + 1.6 114 + 1.7
P 98 + 0.9 99 + 1.0 106 + 1. 104 + 0.6 115 + 2.1 115 + 1.6
1 N{Males) = 22, N{Females) = 18
2 N{Males) = 9, N(Females) = 10
3 N{Males) = 20, N{(Females) = 16
b N(Males) = 15, N{Females) = 16
5 N{(Males) = 21, N(Females) = 17
6

N(Males) = 18, N(Females)

i
0



of the wvariation.

simplified algorithm of PFarris (1970:87-88).

5.3 MORPHOLOGICAL AFFINTITIES.

102,

The networks were computed using the

Means and standaxrd errors of the morphological charac-

ters measured for the Australasian taxa of oystercatchers

are shown in Table 28.

The statistical significance of the differences be-

tween the character means was tested using single classi-

fication anova followed by a posteriori S5=5TP analysis.

The results of this procedure are shown below:

BTLL LENGTH

Pied Var, SIP0O Black Aust. Sooty Chatham
Var. Pied
Males 83.0 81.4 78,6 73.9 68.3 68.1 mm
Pied Var, 8IPO Black Aust., Sooty Chatham
Var, Pied
Females ol 1 91.0 88.2 84.8 81.1 76.9
BILL HEIGHT
Pied Var. Black Aust. Sooty 8IPO Chatham
Var. Pied
Males 17.5 16,6 16.6 16,6 15.6 15.5 mm
Pied Var. Aust. Socoty Black Chatham SIPO
Pied Var.
Females 18.0 17.0 16.9 16.7 16.1 5.7




BILL WIDTH

103.

Sooty Pied Black Var. Aust. SIPO Chatham
Vaxr. Pied
Males 14,3 14,2 13.8 12.9 12.6 12,6 mm
Pied Var. Sooty Black Chatham Aust. SIPO
Var, Pied
Females 14,4 13,9 13.5 13.3 13.3 2.7
TARSUS LENGTH
Pied Var. Black Aust. Sooty Chatham SIPO
Var. Pied
Males 57.8 56.6 56,4 55,0 51.6 49,4 mm
Pied Var. Aust. Black Sooty Chatbam SIPO
Pied Var.
Females 60,6 59.6 59,2 55.6 53.2 51.7
MIDDLE TOE LENGTH
Sooty Pied Var. Black Chatham Aust. 8IPO
Var. Pied
Males 39,9 37.8 37.2 34.9 34,7 31.8 mm
Sooty Pied Var. Black Chatham Aust. SIPO
Var. Pied
Females 138.6 38.5 38,2 36,2 35.6 31.9
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WING LENGTH

Sooty Aust. Black Pied Var. SIPO Chatham
Pied Var,

Males 283 275 274 266 257 253 mm

Sooty Aust. Black Pied Var. Chatham SIPO
Pied Var.

Females 286 281 273 271 265 260

TATIL LENGTH

Sooty Aust. Black Pied Var. Chatham SIPO
Pied Var.

Males 114 112 105 103 96 94 mm

Aust. Sooty Black Pied Var, Chatham SIPO
Pied Var,

Females 115 115 106 104 99 98

With the exception of bill length, a clear pattern
emerges from the analysis. The Australian Pied Oyster-
catcher (5. longirostris)* and the Sooty Oystercatcher

(E. fuliginosus) usually group with both colour phases
of the Variable Oystercatcher (g. unicolor) in the same
non-significant subsets, indicating their morphological
affinity. The Chatham Islands Oystercatcher (H. chatham-
ensis) is phenetically intermediate in most characters
between the above group and the South Island Pied Oyster-

catcher (H. ostralegus finschi).

* longirostris is accepted in preference to ostralegus

(Peters, 1934) for reasons beyond (see page 117).
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Both the Scoty and the Austvalian Pied Ovstercatchers
have short stout bills, and long wings and tails. They
differ from each other principally in that the Socoty Oyster-
catcher has a much longer wmiddle toe, a phensmenon common
in rock-dwelling species of Haematopus (Murphy, 1925 ;
Fleming, 1939).

Simultaneous variation in the morphological characters
was investigated by canonical variates analysis. For males,
Wilks' Lambda for equality of group centroids was 00,0173
which converted to a highly significant F=value of 18.05
' (P < 0.001) with 35 and 390 degrees of freedom. For females,
Wilks' Lambda was 0.0158 which gave a highly significant
F-value of 14.66 (P < 0.001) with 35 and 306 degreeg of free-
dom. 1In both sexes, therefore, there are real phenetic
differences between the taxa.

The clustering pattern of the taxa in two-dimensional
character space is similar for both sexes (see Figs. 21 and
22)., Two basic clusters emerge, with South Island Pied
Oystercatchers separating off from the other species., Bill
length, tarsus length, tail length and wing length provide
the greatest contributions to separation of the groups.
Somewhat surprisingly, the morphologically digtinctive
Chatham Islands Oygtexrcatcher clusters near the Variable
and Australian oystercatchers. As the Chathams bivrd is
phenetically intermediate between the South Island Pied
Oystercatcher and the other taxa in the univariate case, it
could be reasonably expected to cluster between them in the
muiltivariate case. The first two canonical axes accounted
for only 70.9% of the variation of males and 78.6% of that
of females, and it was evident from the eigenvalues (see
statistical methods Chapter 4.2 D) that a significant com-
ponent of variation was present on the third axis. It was
therefore decided to plot the first three canonical axes in

a three-dimensional diagram to increase the amount of
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variation accounted fox to over 90%, and to check the un-
expected clustering patterns arising from the two-dimen-
sional plots. The three-dimensional projections with a
minimum-distance network fitted between the projected points
are shown in Figs. 23 and 24. It is readily seen from these
figures that the Chatham Islands Oystercatcher is actually
phenetically distinct from the Variable and Australian
ovstercatchers. The clustering pattern produced in the
two-dimensional case was illusory as the separation of the
constituent taxa was largely effected on the third axis.

- Thus where the third axis contains a significant propor-
tion of the variation of the original data matrices, it
seems imperative that three-dimensional projections are
used. Further, it is evident that clustering patterns based
on two-dimensional plots which account for less than 80% of

- the variation should be viewed with care.

5.4 PLUMAGE AFFINITIES.

01d and New World oystercatchers are divisible on the
basgis of their plumage patterns, particularly the extent of
white on the breast, rump and outer webbing of the primary
flight feathers.

A, Breast Pattern.

Several of the New World species are characterized by
black mottling on an otherwise white breast. The pied phase
Variable Oystercatcher (H. unicolor), the Galapagos Islands

Oystercatcher (Ee palliatﬁs galapagensis)3 the Frazar Oyster-

catcher (E. P frazari), and the Patagonian Oystercatcher

(H. p. durnfordi) all show mottling of the breast, especially
at the junction of black and white areas on the upper breast
(see Plate 12). In addition, this same mottling occurs spo=-
radically on eastern specimens of the American Pied Oyster-
catcher (H. p. palliatus). As Murphy (1925) remarked "...
the mottling of the breast... appears to be carried by a
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genetic factor deep~rooted in the species palliatus as

a whole." 1In the pied phase Variable Oystercatcher such
mottling arises partly through introgressive hybridi-
zation with the black phase of this species. Whether or
not this indicates that the above-mentioned New World
oystercatchers are of hybrid origin is uncertain at this
stage, but certainly the American species are within range
of the area of hybridization of f€the Frazax and North
American Black Oystercatcher (H. bachmani) (see Fig.1).

In general, the mottling of the breast is largely confined
to species in the Pacific Basin. The 0ld World species
(H. ostralegus), including the South Island Pied Oyster-
catcher, all have immaculate white breasts with clear cut
margins between black and white areas of the plumage. The

Chatham Islands Oystercatcher (E. chathamensis) has a small

amount of mottling on the breast (see Plate 3), although
6 of the 16 birds trapped in 1970 had clear cut boundaries
similar to those of the South Island Pied Oystercatcher.

B. Rump Patch,

Reduction of the extent of the white rump patch is
largely confined to oystercatchers of the Pacific area
(see Plate 13 A-C). All of the New World species have small
rump patches which commonly cover only the lower back. In
contrast, the 0ld World oystercatchérs all have an extensive
rump patch which runs in a bright wedge on the back between
the wings, as in the South Island Pied Oystercatcher (see
Plate 1). The rump patch of the Chatham Islands Oyster-
catcher is similar in size to those of New World species

(see Plate 13D).

C. White Markings on the Outer Primary Webs.
As noted by Murphy (1925, 1936) the 0ld World pied

oystercatchers (Eo ostralegus) are characterized by white

guill markings which extend over the outer webs of each
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primary fTeather. Moving eastwards from the Palaearctic
region, eastern populations of H. palliatus have their
markings reduced so they extend at maximum from the inner
primarieé to the fourth primary. Further eastwards and
southward of eastern United States there is a progressive
reduction in the amount of white on the outer primary

webs. All Pacific pied species have unmarked outer webs.
Finschi differs from the nominate ostralegus in that the
white markings appear on the inner webs of the primaries
(see Plate 14).

Summarizing, the plumage patterns of New Zealand
Oystercatchers indicate a dichotomy of affinities. The
tendency for mottling of the breast, the reduced rump
patch and the lack of white markings on the outer webs of
the primaries are common to most New World species. All
Australasian oystercatchers share these features, with the
exception of the South Island Pied Oystercatcher which has
plumage affinities with the 0ld World H. ostralegus,.

5.5 AFFINITIES SUGGESTED BY THE MALLOPHAGA,
Unfortunately, the Mallophaga of some gpecies of

oystercatcher are either undescribed or described from in-
adequate material. However, Mallophaga so far described do
indicate dual affinities for New Zealand oystercatchers in
line with morphological and plumage divisions. As noted

in Chapter 3.7, the New Zealand taxa can be separated on the

presence or absence of the louse Quadraceps ridgwayi. All

colour phases of the Variable Ovstercatcher are host 1o
this ectoparasite, whereas the South Island Pied and Chat-
ham Islands Ovstercatchers lack it. This louse was also
present on Australian Pied Oystercatcher skins that were
prepared over 80 years ago, but was absent from the 26
Sooty Oystercatcher skins which were examined. Theresa

Clay (pers. comm.) also found Q. ridgwayi on a pair of
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Australian Pied Oystercatchers, and Timmermann (19?1) did
not recoxrd it on the Socoty Oystercatcher. ‘

The original description of Q. ridgwayi was by Kellogg
(1906) who found it on the Galapagos Islands Oystercatcher.
Recently, Emerson (peyss comm) reported this louse from a

specimen of H. ostralegus? osculans collected in Korea,

thus indicating that ridgwayi is found around the Pacific

Basin.

5;6 EVOLUTIONARY REIATTIONSHIPS OF AUSTRALIAN OYSTERCATCHERS.

Synthesis of the affinities suggested by morphological,
plumage and Mallophaga evidence provides clues to the evo=-
lutionary relationships of the Australasian oysteréatchers,
The following is an attempt to reconstruct the major steps
in the evolution of the genus Haematopus in Australasia.

As for much of the avian fauna of New Zealand, it
seems likely that the New World oystercatchers colonized
this country from Australia. Presumably; the first colo-
nization was one of the Australian Pied Oystercatcher which
secondarily became melanistic here, as have several other

colonists such as the Black Fantail (Rhipidura fuliginosa),

the Black Stilt (Himantopus novaezealandiae), the Snares

Island Tomtit (Petroica macrocephala dannefaerdi) and the

Black Robin (Petroica travesi).

The secondary contact of pied and black phase Variable
Oyvstercatchers now evident in northern New Zealand seems a
relatively recent phenomenon, probably marking another in=
vasion of the Australian Pied Oystercatcher. The occuryrence
hybrids between black and pied phase Variable ovstercat-
chers in New Zealand was not noted until as late as 189¢
when Rothschild described a mottled specimen as a new spe-
cies H. reischeki.

The origin of the Sooty Oystercatcher is hard to de-

termine on the available knowledge, but it obviously is a

of



good species as it is reproductively isoclated from the
Australian Pied Oystercatcher. Two subspecies of the

Sooty Oystercatcher have been described; H. fuliginosus

fuliginosus which occurs around much of the Australian

coastline, and H. £. ophthalmicus which occurs princi-

pally in the Cape York area and is distinguished by a
large fleshy ring avound the eye.' Although the original
type description of ophthalmicus stated that this bird

was smaller than typical fuliginosus in bill dimensions

and body size, this is incorrect as several of the speci-
mens in Australian Myseum collections are actually larger
(pers. obs., pers. comm. A. R, McEvey).. The only other
oystercatcher with a similar fleshy eye ring is also a
black form, the South African Black Oystercatcher (E.
mogquini. ). This could indicate affinity of fulginosus

and moguini, and suggest an origin for the Sooty Oyster-
catcher independent of that for the Australian Pied Oyster-
catcher. The latter seems most closely related to the
Pacific species group and probably draws its origins from
America.,

Mayr (in Falla, 1953) considered that the pied phase
Variable Oystercatcher was derived from a singlé invagion
of the stock from which the Australian Pied Oyvstercatcher
is descended. Following the invasion, the pied phase has
become increasingly melanistic towards the south of New
Zealand, He suggested that the black phase Variable Oyster-
catcher may have given rise to the Sooty Oystercatcher by
returning to southern Australia. The weight of evidence
seems against these views for the following reasons:

(1) melanism in New Zealand birds tends to develop
in geographically isolated populations, and proceeds to an
exclusive frequency e.g. the Black Robin on Little Mangere
Island and the Black Tit on Snaves Island;

(2) many of the melanistic forms in New Zealand have



their nearest non-melanistic relatives in Australiaj

(3) hybridization of sympatric melanistic and non-
melanistic forms is strongly Suggestive of secondary con-
tact (second invasion) following a period of isolation in
which the two Torms diverged i.e. one form became mela-
nistic; and ,

(4) the dervivation of the Sooty Ovstercatcher from the
black phase Variable Oysterpatcher is unlikely, as it seems
to lack the louse Q. ridgwayi, it has a distinctive eye-
ring éuggesting affinity with the South African Black Oyster-
catcher, and because the "reverse dispersal" of New Zealand
elements to the Australian avifauna is extremely rare.

The South Island Pied Oystercatcher has clear=cut 01d
World affinities. Apart from the lack of either white
markings on the outer primary webs or a white winter chin-
strap, it is morphological very similar to European oyster-
catchers. Although it was not possible to obtain adequate
data on European H. ostralegus, the published measurements
of Salomonsen (1930) and Harris (1967) agree closely with
those of the South Island Pied Oystercatcher.

The Chatham Islands Oystercatcher has a curious ML X -
ture of affinities with both the pied phase Variable and
the South Island Pied Oystercatcher. Morphologically it
is most similar to the latter species, it lacks the louse
Q. ridgwayi and its piping vocalizations are similar to
those of the Scuth Island Pied Oystercatcher. Yet some of
its plumage characters resemble those of the Australian
Pied and the Variable Oystercatchers, as also noted by
Oliver (1955)3 It may represent an ancient ancestral form,
or it may be the product of the operation of the founder
prineciple (Mayr, 1965) on aberrant H. ostralegus colonists,
The founder principle is based on the idea that the few
founding individuals of a species which colonize isolated

areas gsuch as isglands, rarely if ever include the whole
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genetic repertory of the species. Especially if the foun-
ding sample is small, they may right from the beginning of
colonization differ markedly and in a more or less random
way from the parental population, If the Chatham Islands
were colonized by a few morphologically aberrant South
Island Pied Oyvstexrcatchers, then their contemporary deri-
vatives could well be similarly aberrant. Phylogenetic
relationships within the Australasian taxa were investi-
gated objectively on morphological grounds by computing a
Wagner tree (Wagner, 1961). However, the "Wagner method"
emploved by Kluge and Farris (1969§ was not used, but in-
stead the Prim Network approximation of Farris (1970) was
employed as this was easier to compute and involved little
loss of information. The Prim approximation for computing
a Wagner Network involves finding a taxon which is morpho-
logically closest to the arbitrary ancestor, and then link-
ing it to the network. The difference between each unplaced
taxon and the network is then computed, and the taxon that
is closest to the network is added to the node from which
it differs least. This process is‘repeated until all taxa
are placed on the network., The phylogenetic tree thus pro-
duced for Australasian ovstercatchers was similar for both
sexes, that of males being shown in Fig. 25.

In computing Wagner trees it is necessary to choose
arbitrarily an ancestral taxon. Obviocusly, any of the taxa
could have been selected as ancestral, but this would in no
way affect the "morphological distance" between the taxa
nodes or the pattern of relationships:; it would simply
alter the hierarchial positions in the tree. It seemed lo-
gical to select the Australian Pied Oystercatcher as the
hypothetical Australasian ancestor, since this species
could reasonably be expected to have given rise to the Néw
Zealand Varieble Oystercatchexr, and because it is generally

accepted that the South Island Pied Uystercatcher was a
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later Burasiatic immigrant to New Zealand (Falla, 1953
Larsen, 1957; Fleming, 1962a and b). It should be noted
that, by rearvanging the tree, the Chatham Tslands Oyster-
catcher ccould also be regarded as an ancestral species
near the divergence of 01d and New World species.

In FPig. 25 the New World species ave phylogenetically
closest and the derivation of the pied and black phase
Variable Oystercatchers ‘from the Australian Pied Oyster-
catcher is confirmed. The Chatham Islands Oystercatcher
is phylogenetically nearer to the South Island Pied Oyster-
catcher than the pied phase Variable Oystercatcher.

I interpret the above phylogeny to mean that the
oystercatchers in the Pacific Basin represent the ancestral
form which once ranged around the northern Arctic shores in
the warm Tertiary climate. The oldest fossil oystercatcher

(Paractiornis) is of Miocene age (Brodkorb, 1967) and

according to Larsen (1957) it is a primitive form., Thus
oystercatchers are probably of Miocene age. The gradual
cooling of the Tertiary climate resulted in the southwards
expansion of the temperate and cold zones to their present
day positions (Larsem, op. cit.). Since the oystercatchers
were largely tied to the temperate zone, to judge from their
present climatic digtribution, it seems that they would have
been forced into temperate North America and Eurasia. Thus
in the late Pliocene, the American and Furasiatic populations
would have been isolated.

According to Larsen (op. cit.) the Old World H. ostira-
legus could have arisen on the American Atlantic coast dur-
ing the late Plioccene-early Pleistocene when the area was
a glacial refugium. He suggested that during the first
interglacial this new form could have been introduced into
Furasia through Greenland. Accepting this hypothesis, the
New Zealand H, ostralegus would therefore be a later immi-

grant from Burasia, an interpretation also expressed by
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Falla (1953) and Fleming (1962a and b), though their views
were based on morphological evidence.

Further evidence for this primarily =zmoogeographic and
climatic hypothesis is provided by American Atlantic ceoast
ovstercatchers which are phenetically intermediate to those
of the Pacific Basin and Burasia (Murphy, 1936).

Larsen (opg cit,) was led to predict that black oyvster-
catchers were the ancestral form from which pied mutants
arose, but in view of the marked phenetic differences of
such black species as the South African Black Oystercat-
cher (ga moguini) and the South American Black Oystercatcher
(H. ater), it seems more likely that black forms arose in-
dependently from several pied forms., Clearly, a detailed

phenetic study of the world species would be the mnext. logical

step in determining the e&olutibnary histdry of* oystercatchers.

5.7 SYSTEMATIC CONCLUSTONS.

The South Island Pied Oystercatcher is obviously a good
species because of its reproductive isolation from the Var-
able Oystercatcher. Its affinities are with the 01d World
H. ostralegus, from which it differs in small but constant
plumage characters. Since subspecies are defined by Mayr
(1969) as "a geographically defined aggregate of local popu-
lations which differs taxonomically from other such sub-
divisiohs of the species™", it is apparent that finschi is
a valid subspecies, and that the practice of Falla et. al.
in raising finschi to species status on the grounds that it
is a'strong'" race has no biological basis.

The Chatham Islands Oystercatcher seems closest to the
South Island Pied Oystercatcher, yet it has some conspicu-—
ous morphological and ecological differences., It seems
therefore prudent to refer it to a separate species H. chat-
hamengis as is done by the Annotated Checlklist of New Zea-

land Birds (Kinsky, 1970).
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The taxonomy of black and pied phase Variable Oyster-
catchers has to be based on an interpretation of their
hybridization. Hybrids occur wherever the parentals ave
sympatric, and all three phenciypes occuxr in the same
habitats in the area of hybridization. There is no
compressed hybrid zone, as hybridization occurs through
miuch of New Zealand, although the greatest amount of in-
terbreeding occurs in Northland where both parentals are
relatively abundant. All types of crosses occur, hybrids
are fully fertile, and they do not seem to suffer from
selective mortality. Introgression of parental characters
via the hybrids is probably quite extensive.

Short (1969) regarded a zone of overlap and hybridi-
zation as a general term for all situations involving hy-
bridization and backc¢rossing between formerly allopatric
forms in a secondary contact. He defined such a zone as
"an area of secondary intergradation occupied by numerous
hybrids and both parental fTorms as well." He further con-
sidered that the Jjoint maintenance of parental phenotypes
in a zone of overlap and hybridization in numbers greater
than 5% indicated that the parentals comprised a part of
the population and were not simply recombinants representing
extreme hybrid phenotypes. He went on to conclude that
selection must be operating against the hybrids, indicating
that gene flow is being impeded through partial isolating
mechanismg. This view, however, takes no account of the
complexity of the system of recombination. A relatively
simple system of recombination involving a small number
of genes could produce both parental phenotypes in numbers
far greater than 5%. Thus, in my view, the arbitrary de-
cision to accept the occurrence of parentals in numbers
greater than,5% in a zone of hybridization as evidence for
reproductive igolation between them ig of dubiouws value.

In most cases of avian hybridization, identification
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of hybrids is based on plumage characters, often involving
simple differences as in the classical case of the Buro-

pean crows Corvus corone and C.cornix. Unless plumage

characters by which parentals and hybrids are distinguished
are linked with the other morphological characters under
study (a highly unlikely event considering the differential
recombination and introgression of gene complexes in most
cases of hybridization) then the plumage recombinants of
Variable Oystercatchers will quite frequehtly be mistaken

as true parentals. Therefore, it is probable that the fre-
quencies of true parentals in the area of hybridization are
grossly overestimated (see Chapter L4,9B) as they were made
on the basis of plumage identification. In reality, hybrids
are probably considerably more numerous than the true paren-
tals taken together, and it&is not possible to estimate
whether the latter exceed the suggested 5% limit.

It is tempting to apply Short's (1969) reasoning and
suggest that because of the presence of parentals in the
hybrid zone, the hybrids are being selected against, and
thus black and pied forms are partially reproductively
isolated semispecies which should be accorded the taxono-
mic rank of species. However, without information on the
age of the secondary contact or of temporal trends in the
frequencies of the phenotypes, and with the knowledge that
hybrids are equally viable, there can be few grounds for
postulating selection against hybrids. Hence, T consider
that the black and pied phase Variable Oystercatchers are
better regarded as conspecific, not as semispecies as sug-
gested by Oliver (1955). Until such time as partial iso-
lating mechanisms between the parentals can be demonstrated
conclusively, there can be no justification for according
the black phase Variable Oystercatcher full species status
as H. unicolor. Since the function of a taxonomy is to

most clearly depict relationships, and as the Variable and
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Australian Pied Oystercatchers have close affinities, they
should be referred to a single species, the earliest name

for which is longirostris. I conclude therefore that New

Zealand has three gpecies of oyvstercatcher as follows:

(1) Haematopus ostralegus finschi Martens, 1897-

South Island Pied
Ovstercatcher.
(2) Haematopus chathamensis Hartert, 1927 - Chatham

Islands Ovyster-—

catcher.

(3) Haematopus longirostris Vieillot, 1817~ Variable

Ovstercatcher.
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GENERAL SUMMARY.

This study of the systematics and affinities of New
Zealand oystercatchers was initiated in the light of their
unstable taxonomy. It aimed to clarify existing taxono=
mic confusgion by examining, on a comparative basis, the
distribution and abundance of the New Zealand taxa, their
ecology and ethology, their morphology and their affini-
ties.

Outside the breeding season the ranges of the wmain-
land oystercatchers overlap, as the more abundant South

Island Pied Oystercatcher (go ostralegus finschi) leaves

inland breeding sites for major coasgtal wintering haunts.

The less numerous Variable Oystercatcher (H. longirostris)

remains on the coast all yvear round, so in the breeding
season the mainland species have allopatric distributions.

The Chatham Islands Oystercatcher (H. chathamensis) is a

rare form restricted to the islands, approximately 800 Km
east of New Zegaland. ,

Reproductive igolation of mainland species is assured
by their allopatric breeding distribution and asynchronous
breeding cycles, and is further enhanced by differential
habitat selection, niche utilization and food requirements.
The South Island Pied Oystercatcher breeds inland through
most of the South Island in the period August te December,
whereas Variable Oystercatchers breed coastally from late
October to Februaxry. The breeding season of Chatham Islands
Oystercatchers lies between that of the mainland specises,
but most closely resembleg that of the South Island Pied
Oystercatcher.

In winter, large flocks of South Island Pied Oyster-
catchers are concentrated on major harbours, estuaries and

bays where they take mainly bivalve molluscs. Variable
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Oystercatchers are common on rocky shores where fthey prey
extensively on limpets. In northern New Zealand they do,
however, spread onto sandy beaches and estuaries when the
South Island Pied Oystercatcher is scarce or absent.
Competitive exclusion in terms of food requirements seems
to explain the movement of Variable Oystercatchers away
from the areas in which South Island Pied Oystercatchers
are abundant.

New Zealand oystercatchers vary considerably in their
morphology, both within and between species. Significant
variation arises through age and sex, so that species com=
parisons have to be based on separate analyses of adult
males and females. Sexual dimorphism, presumably due to
Darwinian sexual selection, is most pronounced in the Chat-
ham Islands Oystercatcher and the South Island Pied Oyster~
catcher, and is least pronounced in hybrids between black
and pied phase Variable Oystercatchers.

Black phase Variable Oystercatchers show clinal vari-
ation in morphological characters, much of which can be
accounted for as adaptive responses to climatic variables
which are similarly clinal.

Wherever black and pied phase Variable Oystercatchers are
sympatric they hybridize, although most hybridization occurs
in Northland where both parentals are relatively abundant,
Their mating is non-assortive with respect to colour phase,
the hybrids are viable and do not seem subject to selective
mortality, and parentals are present in the area of hybri-
dization. The data on inheritance of colour phases are
most simply explained in terms of polygenes involving a
ma jor gene whose dominance is expressed through the cumue
lative effects of several modifyving genes at other Joci.

Skin measurements divide the Australasian oyster-
catchers into two groups, one vepresenting the South Island

Pied Oystercatcher and one involving the other taxa. The
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Chatham Islands Oystercatcher separates out of the second
group in the multivariate case, and possibly represents an

ancient form near the junction of H. ostralegus and

H. longirostris, or it may be the result of colonization

of the Chathams by a few aberrant H. ostralegus.

The black phase Variable Oystercatcher is thought to
have arisen through an invasion of Australian H. longi-
rostris, which became melanistic in New Zealand. The
hybridization now evident between the pied and black phases
is probably due to a secondary contact following another
invasion of the Australian Pied Oystercatcher.

Without any evidence for the existence of partial
isolating mechanisms between the parentals and the hybrids,
it must be concluded that black and;ﬁed;ﬁmwe Variable Oyster-
catchers are conspecific. Because of the obvious affini-
ties of the Australian Pied and Variable Oystercatchers,
they are referred to a single species, the oldest name

for which is longirostris. It is recommended that three

species be recognized in New Zealand: H. ostralegus finschi
(South Island Pied Oystercatcher), H. chathamensis(Chatham

Islands Oystercatcher), and H. longirostris (variable

Oystercatcher).
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APPENDIX T.

CENSUS DATA FOR SOUTH ISLAND PIED OYSTERCATCHERS.

[©2NNNAN 1

10,

11,

12.

13.

4.

15.
16.

Locality Nunmber
NORTH ISLAND
Parengarenga 35
The Bluff 1
Kaimaumau 37
Wainui Bay 24
Marsden Bay 130
Ruakaka 107
Waipu Estuary 2
Great Barrier 2
Island

Kaipara Harbour5741

Waitemata Harbour6

2
Whitford 7
Mataitai 35

Clevedon Estuary 48

Manakau Harbour8804
Tairua 17

Firth of Thames2503

Date

May 1970
Jan, 1971
Ban.1971
May 1970
Aug.1970
May 1971
May 1971

Jun.1957

Jun. 1967

Jun. 1967

Jun. 1958
May 1965
May 1965
Jun.1970

May 1970

Jul.1970

Source

Informant

A,J.Baker
A.J.Baker
A.J.Baker
A,J.Baker
M.Mungo

A.J.Baker
A.J.Baker

B.D.Bell &

D.H.Brathwaite

G.D.Leitch

A.J.Baker

H.R,McKenzie

Miss A.J.Good~
win

Miss A.J.Good-
win

H.R.McKenzie

A.J.Baker

H.R.McKenzie

Reference

Pors.comm,

Notornis
10(8) 374
1964

0.8.N.2.
Rec.Scheme

Notornis
8(3):70
1659

0.5.N.Z
Rec .Scheme

0,.8.,N.Z.
Rec .Scheme

Pers.comm,

Pers.comm.

Latitude and

Longitude

%31 172%56:
34%41 1 172%53:
34°531 173% 3
35%01+ 173%51"
359501 174%301
35%54 1 174%261
36°%00' 174°%28"
36%11 174%28)
36%4 174%15:
36491 174%41
36%571 17458
36%551 175%1 1
36°591 175%02"

Q [s]

37°%00" 174°%40"
37%00" 175%51
37%051 175%4:



17.

18.

19-

20.

21,

22,

23.

24,

25,

26,

27.

28.

29,

Locality Number
Vaikato Heads 77
Athenree Lo
Bowentown 18
Maketu T2
Raglan Harbour 2

Whakatane Heads 1

Aotesa Harbour Lo

Ohiwa Harbour 2

Kawhia Harbour 56

Muriwai ,Gisborne 3

Ahuriri Estuary

{Napier) 7
Rangitikei

Bstuary 4
Porangahau 62

Date

Jun. 1967
Jun. 1966

Aug. 1960
May 1958
Apr.1954

Jun.1954

Jun.1956
Sep.1950

Jan.1962

Apr.1967

May 1971

Jun.1963

Jun.1952

Source
Informant Reference
Mrs.B.Brown 0.5.N.2Z,

Rec.8cheme

R.3t.Paul 0.S.N.Z.
Rec.Scheme
M.J.Imber Notornis
9(3):7L
1960
H.R.McKenzie Notornis
8(3):70
1959

H.R.McKenzie Notornis

6{3):94
1955

Mrs. dtAuvergne

Notornis
6(3):94
1955

C,R.Buckeridge Notornis
7(3):79
1957

J.C.Davenport Notornis
L{s):bh
1951

0.5.N.2Z
Rec.Scheme

Mrs.,Templer

A,Blackburn 0.5.N,Z.,
Rec., Scheme

A,J.Baker

I.G.Andrew Pers.comm,

D.H.Brathwaite Notornis
5(3):92
1853

ii.

Latitude and

Longitude

37%21 1 174%2:
37°271 175%55"

3728+ 175°59"

37%451 176%261
37°481 17454
37°56+ 176°59"

37°581 174%511

38%00' 177%u4!

38%s51 174°%50"
38°451 177%55:
39°281 176%51

40%171 175% 3
40%19' 176°38"



30.
31,

32.

33.
34,

36,
37.

38.
39.

4o,
b1,
42,

L3,
L,

Locality

Manawatu Estuary 60

Hokio Beach

Waikanae

Plimmerton

Lake Wairarapa

Port Wicholson

17946

S0UTH ISLAND
Farewell Spit

Whanganui
Inlet

Golden Bay

Marahau Estuary 400+

Sandy Bay
Kaiteriteri

Riwaka

Motueka

Karamea

10

17

6160

680

3700

22
27
850

1000

60.

Number Date

May 1969

May 1967
Apr.1961

Aug.1969

Jun, 1952

May 1970

Jun. 1971

Aug,1970
Jun.1967

Sep.1956

May 1970
May 1970

May 1967

Jun. 1970

Jun.1959

Source

Informant

I.G.Andrew

E.B.Jones

M. J,Imber

L..R.Moran
L

R.H.D.Stidolph

A,J.Baker

A, J.Baker

A.J,Baker
A.J.Baker

M.J.Breen

A, J,Baker
A.J.Baker

A.T.Edgar

A.J.Baker

H.R.McKenzie

Reference

Pers.comm,

0.3,N,Z.
Rec, Scheme

Notornis

9(7):241
1961

Pers,Comm.

Notornis
5(3):92
1953

Notornis
7{(3):80
1957

0.5.N.Z.
Rec, Scheme

Notornis
&(7):203
1960

iii.

Latitude and

Longitude

40%28+ 175%08:!
40%361 175%12"
40%521 175000'
41%4 1 174%51
41%14 1 174%51
41°16' 174%52¢
40°30' 172%50"
40%351 172351
40°401 172°%48:
41°00' 173%1
41%01 173%1"
41%3' 173%n1
41%uht 172%58"
41%5t 173%01
41%151 172%6"



hs.
hé.
Ly.
L8,

Lo.

50.

51.

52,

53.

54,

55.

56.
57,

58,

59.
60.

Locality

Mapua
Nelson Harbour
Ngakuta Bay

Wairau River-
mouth

Cape Campbell
Westport

Okari Riverw
mouth

Fox Rivermouth

Kaikoura Penin-
sula

Motunau River-
mouth

Waipara River-
mouth

Okarito Lagoon

Ashley River-
mouth

Waimakariri
Estuary

Spencer Park

Heathcote-Avon
Estuary

17
350
21

14
11

30

100+

28

12

500+

92

102

285

104

4100

Number Date

Jun.1969
May 1967

Mar.1971

Aug.1970
Aug.1970

Oct.1961

Jan, 1955

Jun.1956

Jun, 1970

Feb. 1964

Nov.1956

Jul.1970

Jun. 1966

Jun. 1970

Apr.1966

Jun. 1971

Source

Informant

A.J.Baker
A.J.Baker

R.M.Weston

A.J.Baker
A,.J.Baker

E.VW.Crack

T.J.Packer

J.R.Jackson

A.J.Baker

R.H.Tayloxr

B.D.Heather

A.J.Baker
A, J.Baker

A.J.Baker

A.J.Baker

A,J.Baker

Reference

Pers.comm.

0,8.N.2.
Rec.Scheme

Notornis
6(7):203
1956

Notornis
7(3):80
1957

D.S.I.R.
Bull,.178:60
1967

Notornis
7(3):80
1957

iv,

Latitude and

Longitude

41%151 173%6!
41°%161 173%16:
41°%170 174%01
41°30' 174°%03"
41%45 0 171%16:
41°451 171%36"
41°501 171%271
42%021 171%23"
42%251 173%2:
43%2' 173%5:"
43%8' 172%x50"
43% 2+ 170%13"
43%17 172%43:
4% 172%31
43%81 172%42:
b3%33+0 1720



Locality Numbexr Date Source »Latitude and
Informant Reference Longitude
61. Governors Bay 60 Jun.1967 I.8tirling Pers.comm., QBOBS' 172039’
62. Okain's Bay 18 Jun.1967 J.D.Coleman Pers.comm. 43°%45+ 173%2"
63. Le Bons Bay 30 Jul.1967 J.D.Coleman Pers.comm, 4361 173%07:

64. Robinson's Bay L6 May 1971 Mrs. S.M.Baker Pers.comm, 413°%481 172%58:
65. Duvauchelles 100 May 1971 A.J.Baker 43%481 172%591

66. Rakaia River- o o
mouth 27 Jul.1969 A.J.Baker hav530 1271

67, Okuru River- ° o
mouth 12 Feb.1963 H.R, McKenzie 0,8.N.Z. La%shr 1687 551
Rec,.Scheme

68. Jackson Bay 4 May 1967 A.J.Baker 43%571 168°40"
69. Orari Rivermouth 2 May 1968 A.J.Baker 44%10' 171%30"
70, Awarua Bay 20 Jan.1947 L.T.Bell N.7Z.Bird L4°18+ 168°05:"
Notes
3(1):20
1948
71, Martin's Bay 3 Jan.1947 L,T.Bell N.Z.Bird 44%021 167%59¢
Notes
3(1):20
1948
72. Washdyke Lagoon 62 Jul.1970 P.Sagar Pers,comm. 44°22' 171%15:
73. Katiki Beach N Jun.1970 A,J.Baker 45%26' 170%9"
74, Xaritane 6 Mar.1962 Dunedin Natura-0.S.N.Z. 45%381 170%39:1
lists Club Rec.Scheme

75. Blueskin Bay o984 Mar.1965 Mrs,J.A.Hamel 0.S.N.Z. 45°%44 0 170°%34
. Rec.Scheme

76. Purekanui Bay 132 Jun.1963 ¥W.T.Poppelwell 0.S5.N.Z. hsohé’ 170037'
Rec.S5cheme

77. Otago Harbour 3238 Jun.1963 J.A.Watt 0,8.N.Z. 45050‘ 170036‘
Rec.Scheme :



78.

79.

80.

S 81.

82,

83,

84,
850
86.

87.
88,

89,

90.

91.
92,

93.

Locality

Papanui Inlet
Hooper's Inlet

Kuri Bush

Taieri River
mouith

Te Wae Wae Bay

Lake Tuakitoto

Number

koo

80

Lo+

203

52
60+

Riverton Estuary511

Colac Bay

7

Walmatuku River-

mouth

Kaka Point
Owaka Heads

Oreti Beach

Oreti Estuary

Pounawea

Surat Bay

Jack's Bay

98

17
359

22

2150

350

Date

Jul.1965
Jun. 1965

Sep.1952

Peb.1961
Jun.1969
Feb.1963

Jun, 1971

Jun. 1969
Jan. 1969
Jun. 1970

Jun.1970

Aug. 1964
Jan. 1969

Jun. 1967

Jun. 1970

Jun, 1970

Source
Informant
A Cunninghame
B.Cunninghame

Mrs.I.Tily

W.T.Poppelwell

A,J,Baker

H.R,McKenzie

A.,J.Baker

A.J.Baker
P.Muller
A, J.Baker

A,.J.Baker

Mrs,Barlow
P.Muller

A.J.,Beker

A.J.Baker

A,J.Baker

Refevence

0,85, N.Z.,
Rec.Scheme

0.S.N.Z,
Rec.Scheme

Notornis
5(8):92
1953

Notornis
9{k):2u1
1961

0.8.N.2Z.
Rec,Scheme

Notornis
16(2):126
1969

0,8.N.Z.
Rec,Scheme

Notornis
16(2):126
1969

Latitude and

Longitude

L45°511 170%1 ¢
459521 170%01
L6%21 170%1 4t
46°03 170%121
46°%091 167%27:
46°14 169°49
46°21+ 168%01
L6%221 167%53:
56022~ 168%10"
46°231 16947+
46%23 169°40"
46%261 168°%1 4!
46°281 168°19"
46%81 16942
46%291 169%45,
46°30' 169%43



9k,
95.
96.

97.

98,

99.

100,

101.

102,

103.

10k,

105.

106.

Locality

Tahakopsa Bay

Bluff Harbour

Awarua Day

Waituna Lagoon

Number ‘Date

72
56
k53

78

Toetoes Harbour 452

Fortrose

Tautuku Bay

Waikawa

Porpoise Bay

Port William

210

700

Paterson Inlet 360

The Neck

Mutton Bird

8.1,
N.I.

G.Total

o

142

LY

30851
17946

L8797
49000

Jun. 1970
Jun, 1970

Jan.1969

Jan. 1969

Jan.1969

Jun. 1970

Feb.1963

Max.,1963

Nov, 1970

Jan.1952

Jan. 1964

Jun. 1971

Jun,. 1965

Source

Informant

A.J,Baker
A,J.Baker

P.Muller
P.Muller
P.Muller
A.J.Baker
H.R.McKenzie
B.D.Bell &
B.D.Heather

A, J.Baker

W.A.Watters

Mrs.M,L.Barlow

A, J.Baker

A,.Blackburn

Reference

Notornis
16(2):126
1969

Notornis
16(2):126
1969

Notornis
16(2):126
1969

0.8,N.Z,
Rec .8cheme

0.8.N.Z,
Rec.Scheme

Notornis
5(3):92
1953

0.8.N.Z.
Rec,Scheme

Notornis
12{h):205
1965

vii.

Latitude and

Longitude

46°511 169°21"
46%34 1 168%21 1
k6°341 168°%25¢
46%34 168%35:
46%94 168%61
46%34 1 168°48:¢
46°35+1 169°26"
46°38' 169°00"
46%°39' 169°06"
46°511 168%035"
46°55+ 168%00!
46%571 168°13:
47%131 167%29:



viii.

APPENDIX IX,

CENSUS DATA FOR BLACK OYSTERCATCHERS.

Locality Number Date Source Latitude and
Informant Reference Longitude

NORTH ISLAND

1. Tom Bowling Bay 3 Jan.1967 A,T.Bdgar Pers, comn. 34%251 172%58:
2. Waikuku Beach 6 Jan.1971 D.E.Crockett Pers.comm. 34°26+ 173%0"
3. Spirits Bay 4 Jan.1971 W.Campbell Pers.comm. 34°27' 172%50"
i, Te Werahi 4 Jan.1971 A.J.Baker 34°281 172%0"
5. Whareana Beach i Jan.19%1 T.R.Calvert Pers.comm, 34°28' 173%00"
6. Twilight Beach 2 Jan.1971 C.R.Veich Pers.comm. 34°30t 172%2"
7. Negakino i Jan.1970 A.J.Baker 34%301 172%44
8. Coal Point 3 Jan.1970 A.J.Baker 3&031’ 1?3000'
9. Parengarenga 3 Jan.1970 A,J.Baker : 34%311 1729560
10. Scott Point 13 May 1970 A.T.Edgar Pers.comm.  34°311 172%21
11, Bluff to Te Paki 19 May 1970 A.T.Edgar Pers.comm. 34°%56 172%460
Stream
12, The Bluff 21 May 1970 A.T.Edgar Pers.comm. 34°41t 172%53"
13. Great Exhibition - o o
Bay 33 Jan,1971 T.R.Calvert Pers.comm. 34702 173704t
14. Rarawa 1 Jan.1971 A,J,Baker 4% 4 175%050
15, Ninety Mile to : o °
Bluff 6 May 1970 A.T.Bdgar Pers, comm. 3u ke 1727581
16. Henderson Bay 4 Jan.1971 R.Slack Pers,comn., BQOQ?' 1?3009*
17. Kowhai Beach 2 Jan.1971 A.J.Baker 34°47+ 173%9
18. Houhora Harbour 2 Jan.1971 R,Slack Pers,comm, 34°%491 173% 0!

19. Rangaunu Bay 5 Jan.1971 A.J.Baker 34°%g1 173019‘



z0.
21,
22,
23,
L
25,
26,
27.
28.
29,
30,
31.
32.
33.
34,
35.

36.
37.
38.
39.
4o.
b1,

Locality

Karikari Bay
Kaimaumau
Tokerau

Taipa

Taupo Bay
Wainui Bay
Matauri Bay
Takou Bay
Taronui Bay
Kerikeri Inlet
Whangamumu
Herekino Heads
Bland Bay
Mitimiti
Mimivhangata

Whangape~Hoki-
anga

Waimamalku
Waipoua
Ngunguru Bay
Mcl.eods Bay
Taurikura

Marsden Bay

Number Date

[=a N v I )

Jan. 1971
Jan.1971
Jan. 1971
Jan.1970
Jan.1968
Jan.1968
Jan. 1970
Jan.1971
Jan. 1971
Mar.1968
Jan.1970
Jan.1968
Jan.1970
Jan, 1970

Jan.1970

Jan.1960
Jan.1968
Jan. 1968
Apr.1970
May 1970
May 1970

Aug.,1970

Source

Informant

Mrs.S,Reed
A,J.Baker
A.,J.Baker
A.J.Baker
A,T.Edgar
A,.T.BEdgar
A.J.Baker
A.,J.Baker
A,J.Baker
A,T.BEBdgar
A.J.Baker
A,.T.Edgar
A.J.Baker
A,J.Baker

A.J.Baker

A.T.Edgar
A.T.Edgar
A.T.Edgar
M. Munro
M, Munro
M.Munfo

M. Munro

Reference

Pers.comm.

Pers, comm,

Pers.comm.

Pers,comm.

Pers.conm.

Pers.,comm.,
Pers.comm.
Pers.comm.
Pers.comm.
Pers.comm.
Pers.comm,

Pers.comm.

ix.

Latitude and

Longitude

34541 173%0"
34°551 173%16¢
349591 173°%5!
35%00" 173“28(
35%00" 17343
35%011 173%51 "
35021 173%55"
35%06' 173°58"
35%07' 173°58"
35%12+ 174%01"
35%151 174%16¢
35%170 173%110
35%201 174%221
35%6+ 173%16"
35%261 174%24 1
35%271 173%14:
35°361 173%25:
35%40t 173°%29"
35%°%0' 174°%31"
35461 174%32¢
35481 174%31
35°501 174°30+



bz,
b3.
Lly,
bs.

46,

b7.

48,

k9.

50.
51,
52.
53.
sk,
55.

56,
57.
58.
59.

60,

Locality

Bream Bay
Ruakaka
Waipu Estuary

Mangawhai
Estuary

Numbexr

w2

Great Barrvier Is.l18

Te Arai

Pakiri

Kaipara Harbour

Waikawau Bay
Kennedy Bay
Otama Beach
Kuaotunu Beach
Opito Bay

Whangapoua
Harbour

Buffalo Beach
Cook's Beach
Kawakawa Bay
Manakau Harbour

Tairua Harbour

Date

Nov, 1970
May 1970
May 1971

Jan.1970

Dec. 1960

Jan, 1967

Jan.1970

Jan.1965

Dec.1964
Dec. 1964
Dec.1964
Dec.1964
Dec. 1964
Dec,1964

Dec.1964
Dec. 1964
Nov.1968
Dec.1970

Jan. 1970

Source

Informant

M.Munro

A.J.Baker
A.J.Baker
A,J.Baker

B.D,Bell &
D.H.Brathwaite

J.F,Bell

A.J.Baker

H.R.McKenzie

B.D.Bell
B.D.Bell
B.D.Bell
B.D.Bell
B.D.Bell

B.D.Bell

B.D.Bell
B.D.Bell
Mrs.J.A.Brown
H.R.McKenzie

A.J.Baker

Reference

Pers.comn,

Notornis
10(8):1374
1968

0.8.N.Z.
Rec.Scheme

Notornis
12(2):76
1965
Pers.comm,
Pers.comm.
Pers.comm.,
Pers.comm,

Pers.comm.

Pers.comm.,

Pers.comm.
Pers.comm.
Pers, comm,

Pers.comm.,

Latitude and

Longitude

35%51 1 174%361
38%h 174%40
16%00' 174%8"
36%07' 174°35"
36%111 175%257
36%121 174%35)
36%151 1744
36%24 1 174%1 5,
36°361 175%32¢
36401 175%33 "
36%421 175%5:
36%431 1754
36°431 175%9:
36%44t 175%38
36%491 175%2:
36%501 175%44
36%57+ 175%100
36°591 174°%6
37°00" 175%51



61.
62,
63.
6h.
65.

66.

67.

68,
69,

70.

71.

72,
73
7h .
75.

76.
77

Locality Numbex
Pawanul Beach 7
Opoutere 20
Firth of Thames 5
Waikato Heads 6
Hicks Bay 9
Mount Maunganui 2
Motiti Island 2
Maketu 9
Waihi Estuary 7
Rurima Rocks 8
Rangitaiki Riverw
mouth 1
Whakatane Heads 3
Ohope Beach 12
Ohiwa Harbour 5
Kawhia Harbour 2
Tolaga Bay 3

Tatapouri

Date

Dec.1964
Jun. 1967
0ct.1970
May 1971

Mar,1954

Sep.1952

Jan.1953

Aug.1966
May 1970

Jan. 19573

Jan, 1970
Jan. 1970
Aug.1965
Jan.1970

Jul.1954

Jan.1970

Jan, 1970

Source

Informant

B.D.Bell
H.R.McKenzie
H.R.McKenzie
ﬁrs.J.A.Brown

Miss A.J.Good-
win

M.Hodgkin
B,Sladden

H.R.McKenzie
A,J.Baker

B.Sladden

A.J,Baker
A,J.Baker
R.M,Weston
A.J.Baker

H.R.McKenzie

A, J.Baker

A.J,.Baker

Reference

Pers.comm.
Pers.comm.
Pers.comm.

Pexrs.comm.

Notornis
6(3):96
1955

Notornis
5(3):92
1953

Notornis
5(7):224
1954

Pers.,comm.

Notornis
5(7):22k4
1954

Pers.,comm,

Notornis
6(3):96
1955

Xd.

Latitude and

Longitude

37%01 175%520
37°06' 175%53"
37%061 175%24"
37%211 175%2"
379351 178%18"

37%38+ 176%11

37°38+ 176%251

37% 51 176%26"
37°46 176%281
37°501 176°53
37°551 17653+
37°561 176°59+
37°581 177°%00"
38%0' 177%k"
38%51 174%50¢
38%21 178% 9"
38°39+ 178%09"



78,

79.

80.
81.

82,

83.

8h,

85,

86.
87.

88.

89.
90.
91.
92.

93.

Locality

Muriwvai ,Gisborne 2

Mahia Peninsula

{Opoutotama) 9
Waitotara 2

Kaitoke 1
Turakina River-

‘ mouth 8
to Rangitikei

Rangitikei Estuary8

Porangahau 2

Rangitikei to
Foxton

Manawatu Heads 8
Manawatu Estuary 3

Ohau to Manawatu

Heads 7
Waikawa Beach 1
Chau Estuary 6

Otaki Rivermouth 2

Mataikona River-
mouth 2

Waikanae 2

Number Date

Jan. 1971

Jan, 1970

Nov, 1970

Nov.1970

Jun. 1969

Mar, 1968

Nov.1950

Jun, 1969
Aug.1969

Aug, 1969

Aug.1969
Teb.1969
Aug.1969

Aug.1970

Dec.1951

Nov.1970

Source

Informant

A,J.Baker

A . Blackburn

D.E.Crockett

D.E.Crockett

G.

T.G.Andrew

K.Wodzicki

I.G.Andrew
T.G.Andrew

T.G.Andrew

I.G.Andrew
I.G.Andrew
T.G.Andrew

A,J.Baker

R.H.D.Stidolph

A.J,Baker

T.G.Andrew &
D.E.Crockett

Reference

0.8.N.Z.
Rec.Scheme

Pers.comm.

Pers.comm.

Pers.comm,

Pers.comm.,
Notornis
h(7):183
1962
Pers,comm.

Pers.comm.

Pers.comm,

Pers.comm.
Pers.comnm.

Pers.comm.

Notornis
5(3):92
1953

xid.

Latitude and

Longitude
38°451 177°56"
39%10" 177°53"
39950t 174%40
39°581 175%05"
40°%091 175%107
40°171 175%13:
40%19: 176%38:
40%221 175%12:
40%27' 175%07!
40%281 175%08"
40%38: 175%10!
40°%41 175%09
no%42' 17515
40%u6 175°%06"
4o°ngr 176°
76717

40%s52+ 175%0:!



9k,

95.
96.

97.
98.
99.

100.

101.
102,
103.
104,
105,
106,
107.

108.

109.

Loecality

Castlepoint 3

Port Nicholson 26

Palliser Bay 2

509

SO0UTH ISLAND

Cape Farewell 17
Parewell spit 18
Whanganui Inlet 7

Stephens Island 1

Collingwood 3
Patarau 16
Ligar Bay 2

D'Urville Island 16
Chetwode Islands 17
French Pass 4
Duffers Reef b

Heaphy River-
mouth 12

BSandy Bay 2

Number Date

Dec, 1951

Aug. 1970

Nov.1970

May 1971
Dec.1970
Dec., 1970

Dec.1896

May 1971
Aug.1970
Aug, 1970
Aug.1969
Dec. 1970

Aug, 1969

Dec.1970 C.R.Veitch

Dec.,1966

Jan.1970

Source

Informant

Reference

R.H.D.Stidolph Notornis

A.J.Baker

R.A.PFalla

A.J.Baker
A,J.Baker

A,.J.Baker

G.E. & E.W.

Dawson

A.J.Baker
A.,J.Baker
A, J.Baker
A.J.Baker
C.R,Veitch

A.J.Baker

R.J.Scarlett

J.D.Coleman

5(3):92
1953

Pers.,comm,

Notornis
8(2) 42
1958

Pers.comm.

Pers.,comm.

Notornis
14(1):32
1969

Pers.comm.,

xiid.

Latitude and

Longitude

40°551 176%14:
41°161 174 %521
41%71 175%9!
40%300 172%7
40%351 172%501
40%351 172%351
40°40' 174%00"
40411 172%1
40%z2+ 172%30:"
50°49) 172%54
40%s0' 173%51
40%s54t 174%s5!
40%561 173%51:
40°%57 174%03
40°%58+ 172°%08"
41°11 173%1



S xiv.

Numbexr Date

Locality Source Latitude and
Informant Reference Longitude
110. Kaiteriteri 4 Jan.1970 J.D.Coleman Pers.comn. 41°091 173001'
111. Ship Cove 1 Nov.1942 R,H.D.Stidolph N.Z.Bird 41°06 1 17401&‘
Notes
1(3):22
1943
112. Croiselles Harbour, Jun.1969 A.J.Baker 41°%61 173%35:
i13. Long Island 1 Dec ., 1970 R,Simpson & Pexrs,comm, 41007' 1?&017‘
T.Walker
114. Pickersgill o o
Island 2 Jan.1939 R.H.D.Stidolph N.Z.Bird 1710y 17451y
Notes
1(3):22
1943
115, Mapua 1 Jan.1969 A.J.Baker 41%15' 175%¢6:
116. Nelson Harbour 8 Aug.1969 A.J.Baker 41°%16' 173%16¢
117, Arapawa Island 2 Jan,.1939 R, H.D.S8tidolph N,Z.Bird 41°11 1?&019‘
Notes
1(3):22
1943
118. Port Underwood 2 Aug.1970 A.J,.Baker 41020' 174007'
119. VWairau Rivermouth 1 Aug.1970 A,.J.Baker 41030' 17&003“
120. Awatere River= o
mouth 2 Aug.1970 A.J.Baker 41°36" 174%10:
121. Cape Campbell 7 Aug.1970 A.J.Baker 41%4 174%16 "
122, Ovowaiti 2 Feb.1969 J.Jenkins 0.8,N.%Z. 41%51+ 171%8:
. Rec.Scheme
123, Okari Rivermouth 5 Jan, 1955 T.J.Packer Notornis h1°50' 171027'
6(7):203
1956
124,  Punakaiki 2 Jul.1971 A.J.Baker b2%71 171%0!



125,
126.
127.

128.

129,

130.

131.
132,
133,
134,

135,
136.
137.
138.
139.
140,
141,

142,

143,

Locality
Barrytown 5
Kaikoura 2

Waiau Rivermouth 7

Totara Rivermouth 4

Motunau Island 1

Waipara Rivers
mouth 2

Okarito Lagoon 27
Ashley Rivermouth 2
Gillespies Beach 3

Heathcote=Avon 2
Estuary

Bruce Bay 11
Pigeon Bay 1
Waita Rivermouth 1
Haast Rivermouth 3

Open Bay Islands 26

Robinson's Bay 2
Jackson Bay 18
Cascade River-
mouth 2
Awarua Bay 20

Number Date

Jun. 1970
Jul.1970
Dec. 1969

Dec.1950

Nov, 1967

Dec,1968
Aug. 1971
Dec.1968
Aug.1971

Jul. 1971

Jul. 1971
Jun.1968
Jun. 1971
Jun.1971
Jun. 1971
May 1971

Jun. 1971

Jul.1948

Jan, 1947

Source

Informant

A.J.Baker
A.J.Baker
A.J.Baker

T.J.Packer

J.¥Warham

A.J.Baker
A.J,Baker
A.J,Baker
A,J.Baker

A,J.Baker

A.J.Baker
A.J.Baker
A.J.Baker
A.J.Baker
E.H.Miller
A.J.Baker

A.J.Baker

D.Greaney

L.J.Bell

Reference

Notornis
5(3):92
1953

Pers.comn.,

Pers,comm.

Pers.comm.

N.Z.Bird
Notes
3(1):20
1948

Latitude and

Longitude
2% 171%
42%25+ 173°%
42%51 173%
42%521 171°3
43%u 173%
43%8 172°5
43%12+ 170%
53%17 172%
43%251 169°
199331 172%
[s] [+
La 35t 16974
45%41 1 172%5
19°%47+ 169%
43%501 169°0
43%521 168°5
43%561 172°%5
44%571 168°%
¥h%011 168°%
44°%181 168%

O
21
O

Ot

5 i

0
3t
k%
9!
L

21
5
7
2
3
5

[s1)

2 H

5'



Vi .

ality Number Date ‘Bource Latitude and

Loc
Taformant Reference Longitude
14k, VWashdyke Lagoon 4 Jan.1971 A.J.Baker 44°%220 171%211
145, Martin's Bay 3 Jul,1948 D.Greaney Pers.comn. L4C22¢ 167°49)
146, Milford Sound 2 Dec,.1948 L.W.McCaskill N.Z.Bird LuCg4 v 167°48
' Notes 3(B):
208 1950
147. Routeburn Valley 27 Jan.1947 Dunedin N.Z.Bird 54%40 0 168%19:
N.F.C. Notes
2(6):145
1947
148, George Sound 20 Feb.1948 P.C.Bull D.S.I.R.Bull.’s4%50' 167°20"
83, 1949
149, Caswell Sound 2 Feb.1948 P,C.Bull D.S.I.R.Bull.44®59' 166°57"
83, 1949
150. Charles Sound 20 Feb.1948 P.C.Bull D.S.I.R.Bull.45%z2' 167°04"
83, 1949
151, Secretary Igland 2 Feb,1948 P.C.Bull D.S.T.R.Bull.s5%13' 166°%46"
83, 1949
152. Doubtful Sound 4 Apr.1963 W.T.Poppelwell 0.S.N.Z. 45°161 166%37:
Rec.Scheme
153. Moeraki A Jun.1971 A.J.Baker 45°21 170%50"
154, Kaitiki 1 Jan.1965 W.T.Poppelwell 0.S.N.Z. 45261 170%491

Rec,Scheme

155, Pleasant River-

mouth 2 Dec.1969 A.J,Baker 45°35 ¢ 170%4 3
156. Karitane 2 Jul.1965 T.McVinnie 0.S.N.Z. 45%381 170%39:
Rec. 3cheme
157. Goose Cove 50 Feb,1948 P,C.Bull D.S.I.R.Bull.45%39' 166%°33:
83, 1949
158. Resolution Island 3 Feb.1948 P.C.Bull D.S.I.R.Bull.lks5%40' 166%35:

83,1949



xvii.

Locality Number Date Source lLatitude and
Informant Reference Longitude
159. Duck Cove L Feb.1948 P.C,Bull D.S.I.R.Bull.45%4 166%38"
83, 1949
160. Aramoana 15 Nov.1967 Mrs.J.A.Hamel O0.S.N.Z. 45%4 7 170%2:¢
' Rec.Scheme
161. Dusky Sound 20 Apr.1965 J.Hall-Jones Notornis 45%471 166°30°
13(2):93
1966
162. Otago Peninsula 10 Dec.1970 A,J.Baker 45°511 170% 5!
163, St.Kilda Beach 2 Dec.1970 A.J.Baker 45%551 170031f
164. Green Island 1 Dec.1970 A.J.Baker 45%571 170%27:
Lagoon
165, Taieri Rivermouth 2 Dec.1970 A.J.Baker 46°03! 170012‘
166, Akatore 1 Dec.1970 A.J.Baker 46%07 170%11
167. Waiau Rivermouth &4 Dec.1969 A.J.Baker 46°09+ 167°40!
168. Te Waewae Bay West, Dec.1969 A.J.Baker 46%09+ 167%27"
169. Tokomairiro 2 Dec.1970 A.J,Baker 46°13' 170%3
Rivermouth
170. Howells Point 24 Jun. 1971 A.J.Baker 46°20' 168°02"
171. Riverton Estuary 36 Jun.1971 A.J.Baker 46%21+ 168%10"
172. (olac Bay 4 Dec.1970 A.Moeed Pers.comm. 46%221 167°531
173, Kaka Point 2 Jun.1971 A.J.Baker h6°23‘ 1690h?'
174, Nugget Point 2 Jun.1971 A.J.Baker 46%271 16949
175. New River Harbour & Dec.1969 A.J.Baker 46°281 168%19"
176. Pounawea 2 Nov.1971 Mrs.J.A.Hamel Pers.comm, 46%281 169%42:
177. Jack's Bay 2 Nov.1971 Mr.J.A.Hamel Pers.comm, 46030' 169°h3'



178.
179.
180,
181,

182.

183,

184,
185.
186,
187.
188.
189,
190.

191,

192,

193,

194,

195,

Locality

Purakaunui Bay
Tahakopa Bay

Hinahina Cove
Pillan's Head

Toetoes Harbour

Waituna Lagoon

Long Point
Mahaka
Tautuku Beach
Bluff

Waipati Beach
Vaikawa.

Porpoise Bay

[0 XN i+

nN

10

11

2
5
4
6
2

2

Numbexr ‘Date

Dec.1970
Dec, 1970
Dec.19?d
Nov, 1971
Jan.1969

Jan, 1969

Dec.1970
Nov, 1970
Nov.1970
Jun. 1971
Dec. 1970
Dec.1969

Dec.1970

Ruapuke Island Several

Codfish Island

Port William

b

Butterfields Beacg9

Paterson Inlet

43

pairs Dec.1963

Dec.1966

Jan,1950

Jun.1971
Jun. 197

Source

Informant

A.Mosed
A . Moeed

A ,Moeed

Mrs.J.A.Hamel

P.Muller

P. Mullex

A, Moeed

Mrs,J,A.Hamel

Mra.J.,A.Hamel

A.J,Baker
A, Moeed
A,J,Baker

A,Moeed

W. A Watters

A.Blackburm

Mrs. T.Tily

H.Best
H.Best

Reference

Pers.comm.

Pers, comm.

Pers.comm,

Pers.comm,
Notornis
16(2):130
1969
Notornis
16(2):130
1969
Pers,.comm,

Pers.comm.

Pers.comm.

Pers.comm,

Pera,comm,

Notornis
10(6):305
1963

Notornis
15(2):61
1968

Notornis
4{6):150
1951

Pers.comm,

Pers.com,

xviii.

Latitude and

Longitude

46°30' 169°%33"

46°311 169°211
46°321 169%391
46°34 v 169%331
46%94 1 168°%46"
46%34 168%35:
46°351 169%28:1
46%351 169%27:
46%351 169%261
46°361 168%21)
46°37 169%21 1
46°981 16908
46°391 169%06"
O [e]
Le“he' 168721
46%471 167%29¢
46°51 168°55"
46°531 168°08"
b6°551 168°00+



196,

197.
198.
199,

Locality Number ‘Date Source
Informant
Mason Bay 17 Peb.1951 E.W.Dawson
The Neck 3l Jun,1971 H.Best
Port Pegusus ~ 16 Dec.'1969 A.J.Baker
Mutton Bird Present
Islands Aug.1964 A,Blackburn
S.T., 774
N.T. 509

G.Total 12873

= 1300

Reference

Notornisa
L(6):1h7y
1951

Pers.comm,

Notornis
12(5):2058
1965

Xix.

Latitude and

Longitude

46°551 167391

46%57+ 168°%13:
19%121 167%39:

47%131 167%219:



8,

9.
10,
1.
12.
13.
1h.
15,
16.
17.
18,

APPENDIX TITT.

CENSUS DATA FOR NORTHERN PIED OYSTERCATCHERS.

Locality Number
NORTH ISLAND

Te Werahi 1
Ngakino 2
Parengarenga 5
Scott Point 10

Biluff to Te Paki
Stream

The Bluff

Great Exhibition
Bay

Ahipara to Bliuff
Henderson Bay
Kowhai Beach
Kaimaumau
Tokerau

Wainui Bay

Takou Bay
Taronui Bay
Kerikeri Inlet
Herekino Heads

Mimiwhangata

11

20

Date

Jan, 1971
Jan, 1971
Jan.1970
May 1970

May 1970

May 1970

Jan.1971
May 1970
Jan,. 1971
Jan . 1971
Jan,1971
Jan. 1971
Sep.1967
Jan.1971
Jan.1971
Mar. 1967
Jan.1968

Jan.1970

Source

Informant

A.J.Baker
A,J.Baker
A.J.Baker
A.T.Edgar

A.T.Edgar

A.T.Edgar

T.R.Calvert

A.T.Edgar
R.Slack

A.J.Baker
A.J.Baker
A.J.Baker
A,T.Edgar
A,J,Baker
A,J.Baker
A.T.Edgar
A.T.Edgar

A,J.Baker

Reference

Pers.comm,

Pers.comm.

Pers.comm.

Pers.comm.
Pers, comm,

Pers.comm,

Pers,comm.

Pers,comm,

Pers.comm,

XX .

Latitude and

Longitude
34°281 172%01
34%300 172%4
34°311 172%567
349311 172%2¢
34°36 172%6
34410 172%573:
34%42+ 173%uk
34°%46r 172%581
34°%471 173%08"
3447+ 173%09"
34°551 173%16"
34591 173%25
35%011 173%53"
35%06' 173°58"
35%071 173°58"
35%12¢ 174%01
35%181 173%11¢
359261 174%21



19.

20.

21,
22,
23.
-2k,
25.
26.
27.
28,

29.
30.

31,

32,
33.
3k.
35.
36,
37.
38.

Locality Number Date
Mitimiti 1 Jan.1970
Whangape»Hokianga15 Sep.1966
Waimamal 3 Jan, 1968
Waipoua 9 Jan.1968
Ngunguru Bay 1 Apr.1970
Mcleods Bay 7 Apr.1970
Ruakaka Estuary 26 May 1971
Waipu Estuary 13 May 1971
Mangawhai Estuary 5 May 1970
Great Barrier
Island Y Dec. 1960

Pakiri 1 May 1970
Kaipara Harbour 8 Jan.1965
Wairiri

{Coromandel) 1 Dec.1964
Kuaotunu Beach 1 Dec.1964
Opito Bay 2 Dec.1964
Cooka Beach 2 Dec.1964
Tairua Harbour 1 Jan.1970
Pawanui Beach 2 Dec. 1964
Waikato Heads 7 May 1971
Athenree 2 Jan.1970

Source

Informant

A.,J.Baker

A.T.Bdgar
A.T.EBEdgar
A.T.Edgar
M.Munro
M.Munro
A,J.Baker
A.J.Baker
A.J.Baker
B.D.Bell &
D.H.Brathwaite
A.J.Baker

H.R.McKenzie

B.D,Bell
B.D.,Bell
B.D.Bell
B.D.Bell
A.J,.Baker
B.D.Bell
Mrs.J.A.Brown

A.J,Baker

Reference

Pers.conmm,
Pers.comm,
Pers.comm,
Pers, comm.

Pers,comn.

Notornis
10(8) :374
1964

Notornis
12(2):76
1965
Pers.comm.
Pers.comm,

Pers.comm.

Pers.comm,

Pers.comm.

Pers,comm,

xxi .

Latitude and

Longitude

35%261 173°%16¢
35%271 173%14
35°361 173%25"
35%401 173%29¢
35%4 01 194°%37
35%461 174°%320
35%55 1 174%260
36°00+ 174°%28)
16%07+ 174%25)
36°11+ 195%25:
36%151 174°4 L
36%24 1 174°%1 5,
36°431 175%36
36°43 1 175%44
36°43' 175%40:
36°501 175%44
37%00" 175%51¢
37%00" 175%52"
37°211 175%2"
37%271 175%551



39.

Lo,

b,
L2,

43,
hly,

Ls,
46.

h7.
48,

4o,
50.
51.
52.
53.

Locality Number
Bowentown 4
Mt.Maunganui 2
Waihi Estuary’ 2
Tarawera Estuary 3
Whalkatane Heads 2
Aotea Harbour 1
Ohiwa Harbour 2
Kawhia 1
Kaitoke 1
Rangitikei Estu&ry1
Manawatu Heads 1
Ohau Estuary 1
Otaki Rivermouth 2
Waikanae 1
Port Nicholson 3

230

Date

Aug.1970

Mar. 1964

May 1970

Sep.1960

Jan.1970

Apr.1954

Jan. 1970

May 1961

Nov.1970

Mar.1968
Aug.1969
Aug.1969
Nov.1970
Nov.1970

Aug.1970

Source

Informant
R.B,Sibson

M.Hodgkins

A.J.Baker

P.D.%.Skegg

A,J.Bakerxr

C.K.Buckeridge

A,.J.Baker

W.35.Sutherland

D.E.Crockett

I.G.Andrew
I.G.Andrew
IT.G.Andrew
A.J,Baker
A, J.Baker

A.,J.Baker

Reference

Notornis
9(3):75
1960

0,8.N.,Z.
Rec.Scheme

Notornis

9(3):75
1960

Notornis
6(3):96
1955

Notornis
9{7):242
1961

Pers.comn,

Peirs.,comm.
Pers, comm.

Pers.comm.

xxidi.

Latitude and

Longitude

37%281 175%59:
37°38 176%11
37°461 176%28"
37531 176471
37°561 176%591
379581 174751
38%0' 177%u
38%05' 174°%50"
39°581 175%5"
4oP17+ 175%1 3
40°27' 175%07!
ko®uzv 175% 5!
4L0%46r 175%6!
40%s2' 175%0:"
51%161 174%52)



54,

55.
56.
57,
58,
59.
60.

61,
62.
63.

6l
65.
66.
67.
68.

69.

70.

Locality

SOUTH ISLAND

Farewell Spit
(inner Beaoh)

Whanganui Inlet
D'OUrville Island
Chetwode Islands
Kaiteretere
Long Island
Queen Charlotte
Sound
Wairau Rivermouth
Kaikoura
VWaitangi River~
mouth
Gillespies Beach
Open Bay Islands
Okura Rivermouth
Jackson Bay

Awarua Bay

Martin's Bay

Milford Sound

Nuwnber

1

20

Few

Date

May 1971
Dec. 1970
Aug;5969
Dec.1970
Jan. 1967
Dec.1970

Jul.1954
Aug.1970
Dec.1970
Feb.1961

Aug.1971
Jun. 1971
Jun.1971
Jun. 1971

Jan. 1947
Jan. 1947

Peb.1963

Source

Informant

A.J.Baker
A.J.Baker
A.J.Baker
C.R,Veitch
J.D,Coleman
R.Simpson

B.D.Heather

A.J.Baker

A.J.Baker

A,.B . Mundew

A.J.Baker
E.H. Millex
A.J.Baker
A,.J.Baker

L.J.Bell

L.J.Bell

H.R.McKenzie

waddidis

Latitude and

Reference Longitude
40%29' 172%50"
40°351 172351
40°50' 173°%51 1
Pers.comm. 40%54 1 174%05¢1
Pers.comm. 41%03 173%01:
Pers.comm.  41°%07' 174%171
N?t§rnis 41% 21 174%16¢
6{3):96
1855
41%301 174°%031
42251 173%2:
0.8.N.Z. 43%191 170%161
Rec,Scheme
43%51 169°49:1
Pexrs.comm. h3°52' 168°%591
43°541 168%55:
45%571 168%n0"
N, Z.Bird
Notes 3{1):
20, 1948
N, Z.Bird 44°221 167%59:1
Notes 3{1):
20, 1948
0.S.N.Z. ITRSTE

Rec.Scheme

167°48



71.

72.

Locality

Charles Sound

Nuniber

It

Waiau Rivermouth 1

S.I. W4
N.I.230

G.Total

P

274
300

Date Source

Informant

Feb.1948 A.G.Henderson

Mar.1962 B.D.Heather

Reference

D.S.I.R.
Bull.83,

1949

0.5.N. 2.
Rec.Scheme

¥Xiv.

Latitude and

Longitude

45%2' 167%01

46°09' 167°40!



10.

1.

12,
13.
14,
15,
16,
17.
18.

APPENDIX IV,

KXV .

CENSUS DATA FPOR HYBRIDS OF BLACK AND NORTHERN PIED OYSTERCATCHERS.

Locality

NORTH ISLAND
Tom Bowling Bay
Wailkuku Beach
Spirits Bay

Te Werahi
Ngakino

Coal Point
Parengarenga
Scott Point

Bluff to Te Paki
Stream

The Bluff

Great Exhibition
Bay

Rarawa

Ahipara to Bluff
Kowhai Beach
Rangaunu Bay
Karikari Bay
Taipa

Matauri Bay

o

n

21

20

19

23

Number Date

Jan. 1971
Jan, 1971
Jan. 1971
Jan, 1971
Jan.1970
Jan, 1970
Jan. 1970

May 1970

May 1970

May 1970

Jan.1971
Jan.1971
May 1970
Jan. 1971
Jan. 1971
Jan. 1971
Jan, 1971

Jan.1970

Source

Informant

T.R.Calvert
T.R.Calvert
T.R.Calvert
A, J.Baker
A.J.Baker
A.J.Baker
A.J,Baker

A,T.Edgar

A.T.Bdgar

A, T.Edgar

T.R.Calvert
A.J.Baker
A.T.Edgar
A.J.Baker
A,J.Baker
Mra.S,Reed
A,.J.Baker

A.J,.Baker

Reference

Pers.,comm,
Pers.comm,

Pers.comn.

Pers.comm.

Pers,.comm,

Pers.conmml,

Pers. conu,

Pers.comm.

Peras, comm,

Latitude and

Longitude

30251 172%58
34%261 173%0"
34°%271 172%500
34°281 172%0"
34°300 172%4
34°311 173%0+
34%311 172%56¢
34°31 1+ 172%2+
34%361 172°%46"
34%410 172%53:
34%421 173%k
34°%44 173%05¢
34°461 172%581
34471 173%9"
34°%49+ 173%191
3454 173%0:
35%0' 173%28"

35%02+ 173%55¢



i9.
20,
21.
22.
23.
2h,
25.

26.
27.
28,
29.
30,
31,
32.
33.
3h.
35.

36.
37.
38,
39.

ko,

Locality

Takou Bay 6
Taronui Bay 5
Kevikeri Inlet 5

Herekino Heads 20

Mitimiti 2
Mimiwhangata 1
Whangape—HokiangaZO
Waimamaku 3
Waipoua 13
Ngunguru Bay 7
Mcleods Bay 1
Bream Bay 1

Ruakaka Estuary 18
Waipu Estuary 22

Mangawhai Estuary 4

Palkiri 1
Great Barrier
Island 2
Vaikawau Bay 3
Kennedy Bay 1
Kuaotuna Beach &
Opito Bay 2

Whangapoua Harbour2

Number Date

Jan.1971
Jan. 1971
Mar. 1967
Jan.1968
Jan. 1970

Jan. 1970

Sep. 1966
Jan.1968
Jan.1968
Apr.1970
Apr.1970
Nov.1971
May 1971
May 1971
May 1970

May 1970

Dec.1960

Dec, 1964
Dec. 1964
Dec.1964
Dec.1964

Dec, 196k

Source

Informant

A.J.Baker
Asj.Baker
A.T.Edgar
A.T.Edgar
A,J.Baker

A.,J.Baker

A,T,Edgaxr
A,T.Edgar
A.T.Edgar
M. Munro
M., Munro
M. Munro
A,J.Baker
A,.J,.Baker
A,J.Bakexr

A.J.Baker

B.D.Bell &
D.H.B
B.D.Bell
B.,D.Bell
B,D,.Bell

B.D.Bell

B.D.Bell

rathwaite

Reference

Pexrs.,comm.,

Pers.comm.

Pers, comn.
Pers.comm.
Pers,comm.
Pers.comm.
Pers.comm,

Pers.comm.

Notornis
10(8) 374
1964
Pers.comi.
Pers, conm.

Pers.comm,

Peras, comm.,

Pera.Comi.

®EXVi.

Latitude and

Longitude

35°061 173%58"
35%07' 173°58"
35% 2 174%1
35171 173%11
35%26+ 173%16"
35%26+ 17424

35%04 1 175% 4
359361 173%5"
35°40+ 173%29°
35%401 174°%31
35%°461 174%32+
35%511 174°36"
35%54 1 174%26
36%001 174°28"
36°071 174°35"
36%151 17440

36%11 175%25:!

1759321
36°401 175%33"

36°36

36°%431 175%44
36°431 175°%49¢

36%uk41 175°38"



b1,
Lz,
b3,

b,
b5,
46.
hy.
48,
49,
50.
51,
52,
53.
54,
55,

56.
57

58,
59.

60,

Loecality

Buffalo Beach

Cooks Beach

1

2

Muriwai (Auckland)u

Tairua Harbour.
Pawanui Beach

Firth of Thames

Opoutere

Waikato Heads

Athenree

Maketu

Waihi Estuary

Whakatane Heads

Tatapouri

Kaitoke

Rangitaiki Estuary

Manawatu Heads

1

i

Ohau-Manawatu Heads

Ohau Bstuary

3
2

Otaki Rivermouth 2

Mataikona River-

i

Number Date

Dec. 1964
Dec.1964

Jul, 1960

Jan, 1970
Dec. 1964
Mar.1968
Jun, 1967
May 1971
Jan.,1970
Aug.1966
May 1970
Jan.1970
Jan.1970

Nov.1970

Mar, 1968

Aug.1969

Aug,.1969
Aug.1969

Nov.1970

Jan.1941

Source

Informant

B.D.Bell

B.D.Bell

R.B.Sibson

A.J.Baker

B.D.Bell

H.R.McKenzie
H.R.McKenzie

Mrs.J.A,.Brown

A.J.Baker

H.R . McKenzie

A,J.Baker
A.J.Baker

A,J.Baker

D.E.Crockett

I.G.Andrew

T.G.Andrew

I.G.Andrew
T.G. Andrew

A, J.Baker

R.H.D.Stidolph

Reference

Pers.comm.

Pers.conm.

Notornis
9(3):74
1965

Pers,comm,
Pera.comm,
Pers.comm,

Pers.comm.

Pers.,comm,

Pers.,comm,

Pers.comm.

Pera.,comm.

Pers.comm.

Notornis
1(3):22
1943

XXvii,

Latitude and

Longitude

36°49 175% 2.
36°530" 175%44
36°50' 174°%26"
37°00' 175%511
37°00" 175%521
37%05 1 175%24
37061 1759531
37%21+ 175%z2"
37°271 175%55"
37%451 176%26"
37°461 176%281
37°561 17659
38°591 178°09"
39°58+ 175%05!
40%17r 175%13:
40%271 175%m!
40%38' 175%10!
40°%42' 175%10"
40%46+ 175%06
4o%48 176% 71



61.
62,

- 63.

6k,
65.
66.
67.
68.

69&

70.
71.
72.
73.

7h.
75.
76.

Locality

Waikanae

Port Nicholson

SOUTH ISLAND

Favewell Spit
{outer Beach)

Cape Farewell
D'Urville Island
Duffers Reef

Long Island

1

1

Wakapuaka (Nelson)t

Queen Charlotte
Sound

Kaikoura
Oaro
Motanau Island

Gillespie Point

Open Bay Islands
Olkkuru Rivermouth

Jackson Bay

Number ' Date

Nov.1970

Aug. 1970

May 1971
May 1971
May 1969
Dec.1370
Dec, 1970
Winter

1965

Jan,1939

Dec, 1971
Dec.1970
Dec.1970

Jan. 1961

Jun. 1971
Jun. 1971

Jun. 1971

Souice

Informant

A,J.Baker

A,J.Baker

A.J.Baker
A,J.Baker
A.J.Baker
C.T.Veitch

R, Simpson

W.T.Poppelwell

Reference

Pers.comm.
Pers.comm,

0.8.N.2,
Rec.Scheme

R.D.H,Stidolph Notornis

A, J.Baker

A,J.Baker

C.W.Challies

R.B,Sibson

E.H.Millex
A.J.Baker

A,J.Baker

1(3):22
1943

Pers.comm,
Notornis
9 (7):242
1961

Pers,.comm,

xxviid.

Latitude and

Longitude

40°521 175%0"
41°161 174°%52¢
40%291 172%501
40%301 172%1 1
40°501 173%51
40°%571 174%073
41%mt 194°%1 71
51%130 173%1
41%12 174%16)
42%z251 173%2:
42%311 173%30¢
43%bh 173%051
43%04 1 169°43:
43%521 168%573:
43%4 1 168%55:¢
43°%57+ 168°40"



T

78.

79.

80.

81.

Locality

Nunber Date

Awvarua Bay 2

Routeburn Vglley 1

(‘harles Sound Some

Waiau Rivermouth 1

Waikawa

G.

2

s.I. 27
N.I. 346
Total 373

=== 400

Jan. 1947
Jan.1947

Feb. 1948

Mar.1962

Mar. 1961

Source

Informant

L.J.Bell

Miss C.White

A.G.Henderson

B.D.Heather

B.D.Bell &
B.D.Heather

Reference

N.Z.Bird
Notes
3(i):20
1948

N,Z.Bird
Notes
2{6):145
1947

D.S.I.R.
Bull.83
1949

0.8.N.Z.
Rec.Scheme

0.8.N.Z
Rec.Scheme

XxXix.

Latitude and

Longitude

4L4°181 168%05:1

WuOuhr 168%190
h5%2¢+ 16704
46%091 167°40¢
46°381' 169%08!



APPENDIX V,

CENSUS DATA FOR CHATHAM ISLANDS OYSTERCATCHERS.

Locality Number Date Source
Informant

CHATHAM ISLAND

Cape Young Sep,1961 B.D.Bell

Wharekauri Oet.1961 B.D.Bell

Taupeka Point Nov.1970 A,J.Baker

Cape Pattison 1957 C.J.Lindsay,

Waitangi West
Waitangi Beach
Shelley Beach
Manakau Point

The Pinnacles

Kawhaki Creek

PITT ISLAND

Moutapu Point

Tupuangi Creek

Glory Bay

Oct,.1970
Nov.1961
Sep.1961
Sep.1961

1957

Sep.1961

1957

1957

Nov.1970

W.J.Phillips
& W.A,Watters

R.A.Stanley
B.D.Bell
B.D.Bell
B.D.Bell
C.J,Lindsay,
W.J.,Phillips
& W.A . Watters

B.D.Bell

C.J.lindsay,
W.J.Phillips
& W.A.Watters

C.J,.Lindsay,
W.J.Phillips
& W.A.Watters

A,J.Baker

Reference

Pers,comm.

Pers.comm.

Notornis
8{h):102
1959
Pers.comm,
Pers.,comm.
Pers.comm.
Pexrs.comm,
Notornis
8(4):102
1959

Pexrs,comnm,

Notornis
8{l):102
1959.

Notornis
8(4):102
1959

KHEX .

Latitude and

Longitude

43%2v 176371
43%21 17635
43%3 176%31°
43%hr 176%48"

3%y 17649
43°561 176%33
44%001 176%24!
44%021 176°20!

khPolr 176%25:

44%061 176%39:

44%120 176% 3
44%130 176%12:¢

44%191 176%181



xuxxi.

Locality Number Date Source Latitude and
Informant Reference Longitude

MANGERE ISLAND 6 Nov.1970 D.V.Merton Pers.comm. Q4017' 176°189

RANGATTRA TSLAND 23 Nov.1970 A.J.Baker 44°%21+ 176%1 00

G.Total 52

e 50



APPENDIX VI.

Xxxxii.

SOUTH ISLAND PIED OYSTERCATCHER SEASONAL MBEANS FOR 9 VARIATES

BY SEX AND AGE.

Character

Bill length Juvenile

Age

i1

i

{4
©
¥

2 2 e 2 - E S8 R "9 B 92 9 =29 29249 9 2 92 95 2

¥ =

=

‘Season

Spring

Spring
Summex
Summer
Auvtumn
Autumn
Winter
Winter
Spring
Spring
Summe x
Summe
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumm
Autumn
Winter
Winter
Spring
Spring
Summer

Summer

Lubumn

28

15

19 .

14
25
11
14
12
16
13
16
16
10
10
31
15
11
10
21
13
11
10
19
11
12
10
13
28

a2l

Mean
20,8

88.4
81.0
89.7
79.9
89.6
79.6
91.7
81.9
93.8
80.5
90.9
78.9
89.4
82,1

88.9
82.4
91.5
80.7

92,1

81.8
90,1
80.7
91.6
81.9
91.0
81.1
91.7
80,0

i+

S.E.
0.68

0.81

0.85

0.93
0.69
0.83
0.80
1.55
1.06
1.03
0.91
1.22
0.79
0.80
0.42
1.24
1.50
0.75
0.65
1.26
0.90
0.78
0.82
1.48
0.72
0.97
0.62
0.92

0.77



Character
Bill length

i

1

Bill height

Age
Adult

"

1

Juvenile

24 2 " 2" E - 2 8 29" OE 5 E 85 B F 2 9 2 9 B 9 &2

)
CIR
H

5 8 = R

B <4

Season
Autumn
Winterx
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn

Autumn

18
103
51
28
15
19
1h
25
11
1h
12
16
13
16
16
10
10
31
15
11
10
21
13
11
10
19
11
12
10
13
28
24
18

Mean
89.9
80.9
90.0
15.2
15.5
15.2
15.2
14,6
th.7
15.4
15.5
15.3
15.3

15.0

15.1
15.2
15.4
15.8
15.4
15.5
15.2
15.1
15.6
15.3
15.3
15.6
15.6
15.6
15.7
15.3
15.4
15.6
15.6

+

xxxiii,

S.E.
1.22
0.35
0.68
0.13
0.12
0.14
0.21
0.12
0.16
0.19
0.12
0.14
0.13
0.15
0.16
0.13
0.10
0,12
0.16
0,18
0.13
0.18
0.16
0.10
0.09
0.14
0.1h
0.22
0.22
0.26
0.15
0.19
0.17



Character
Bill height

t

Bill width

Age

"

L3

Juvenile

L1
1

2yr

i

wn
o
al

2= 2B =" E 59 2 9 Q9§ I 9 2 9 B2 9 B 9 29 2 9% 2 =2 29 E & B 9 2 =5 2

Season
Winter
Winter
Spring
Spring
Summex
Summex
Autumn
Autumn
Winter
Winter
Spring
Spring
Summexr
Summer
Auvtumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summerx
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autummn
Auvtumn

Winter

103

Mean
16.0
16.0
12.1
t2.1

"12.2

12,4
11.7
12,1
12.2
11.7
12.2
12.0
12.2
12,93
12.4
12.93
12,7

12,k

12.5
12,6
12,4
12.2
12.4
13.0
12.8
12.8
12.8
13.2
12.6
12.6
13.1
13.0
13.1

XKLV,

S.E.
0.16
0.12
0.15
0.18
0.22
0.25
0.10
0.25
0.21
0.26
0.20
0.16
0.15
0.16
0.17
0.20
0,11
0.13
0.10
0.09
0.17
0.17
1.20
0.26
0.12
0.17
0.16
O.1h
0.21
0.1k
0.15
0.19
0. 41



Character

"

Tarsus

i

hge

i

Juvenile

Sex Season

F

HoE E R " R " o2 " 2 = o " oMy oEEo"E "R RS R

Winter
Spring
Spring
Summer
Summer
Auvtumm
Autumn
Winter
Winter
Spring
Spring
Summer
Summerx
Autumn,

Autumn

Winter:

Winter
Spring
Spring
Summer
Summexr
Auvtumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter

Wintexr

51

15
19
14
25
11
14
12
16
13
16
16
10
10
31
15
11
10
21
13
11
10
19
11
i2
10
13
28
24
18
103
51

Mean
13,1
50,2
52,1
50,8
50.7
49,1
51 .4
49,9
51.3
50.9
52.1
4o 4
50.7
49.6
50.1
50.2
51,2
50.4
B1.4
Lo,6
50,7
L9,8
50,9
50.1
52.0
Lo,6
50.1
50,2
50.8

ho.7-

50.3
ho.9
51.0

KAXV .

S.E.
0.10
0.27
0.50
0.48
0.55
0.30
0.45
0.49
0. 31
0.h42
0.65
0.45
0. 51
0.33
0.72
0.28
0.30
0.48
0.26
0.40
0.59
0.38
0.32
0.31
0.39
0.41
0.46
0.37
0.32
0.39
0.37
0.24
0.29



Character
Middle toe

Wing

Age

Juvenile

"
#

L

Juvenile

i

0]
®
e

H4H 2" 2 8 239 253 B9 2% B9 2 5 E 9 B 9 BE 9 29 295 B 5 E 95 2 % =2

Season
Spring
Spring
Summer
Summer
Autumn
Avtumn
Winter

Winter

Spring
Spring
Summe
Summer
Avutumn
Auvtumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Auvtumn
Winter
Winter

Spring

Spring

28
15
19
14
25
1
14
12
16
13
16
16
10
10
31
15
11
10
21
13
11
10
19
11
12
10
13
28
24
18
103
51
28

15

Mean
32,4
33.0
32.2
32.4
31.5
32,7
31.5
32,4
32.6
32.5
31.6
31.9
32,0
31.9
32.0
32.0
31.9
32,4
31.5
31.9
31.8
31.5
31.9
33.4
32,1

32,2
31.8
32,0
31.6
31.7
31,8
32,1

2h5

250

i+

HEXVL.,

S.E.
0.23
0.25
0.29
0.h5
0.16
0.1%
0.41
0.36
0.17
0.30
0.35
0.31
0.33
0.34
0.23
0.23
0.4
0.19
0.28
0.25
0.19
0.16
0.30
0.40
0.35
0.30
0.26
0.22
0.29
O.hz
0. 41
0.18
1.2

1.6



Chaxracter

Wing

Age

Juvenile

Juvenile

1

i

E w2 o " 2 " " R "9 2 95 B 9 B9 B 8§ B H B 59 2 9 B = 2 9

Seagon
Summer
Summer
Autumn
Auvtumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autummn
Winter
Winter
Spring
Spring
Summet
Summe
Autumn
Auvtumn
Winter
Winter
Spring
Sprihg
Summer
Summer
Avtumn
Autumn
Winter
Winter
Spring
Spring

Summexr

N
19
14
25
11

14
12
16
i3
16
16
10
15
31

31

11

10
21
13
i1
10
19
11
12
10
13
28
24
18
103
51
28
15
19

Mean
2l s
251
251
258
248
253
252
256
24k
251
252
255
254
255
252
257
252
260
250
254
255
261
254
259
258
262
251
249
257
261

o1

9k

02

E

Xxxvii.
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Character
Tail

t

1

"

Ape

Juvenile

H 2" 2" ENE o E"E R E 9 " Y R"E s " E "R " E 39 X9

[¢3]
@
»

Season
Summer
Autumn
Autummn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summe
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter
Winter
Spring
Spring
Summer

Summexr

14

25
11
14
12
16
13
16
16
10
10
31
15
11
10
21
13
11
10
19
11
12
10
13
28
24
18
103
51
28
15
19
Th

Mean
95
93
96
92
92
9L
96
93
95
ok
96
95
93
93
96
95
99
93
97
95
99
95
98
97
99
96
96
95
98
515
538
B20
52k

xxxviii.

e
=

°

° ©

®

® ® @ o ©

c O O O W\ NN O 3 = F

°

o
~J

0.9
0.7
1.2
0.9
0.6
0.8
0.7
1.1
0.8
O.h
1.0
0.8
0.8
1.0
0.6
0.5
5.8
11.0
12,3
17.3



Xxxxix.

Character Age Sex  Season N Mean +  S.E.

Weight Juvendile M Autumn 25 L81 6.5
" " F Autumn 11 576 12.6
" " M Winter 14 501 11.0
" " R Winter 12 530 9.1
" 2vr M Spring 16 598 16.1
" " P Spring 13 582 12.3
" " M Summer 16 515 8.9
" " P Summer 16 5h2 8.5
1 " M Autumn 10 509 12,6
11 " F Autumn 10 528 9.4
1 u M Winter 31 539 6A° 1
" z F  Winter 15 547 11.7
" Sub-ad M Spring 11 605 14.0
n " P Spring 10 580 12.2
1 " M Summer 21 526 7.5
" " B Summer 193 561 11.7
" f M Avtumn 11 523 8.7
" " P Autumn 10 572 12.5
" " M Winter 19 565 9.2
" " P Winter 11 593 Th, 1
" Adult M Spring 12 578 15.2
" " P Spring 10 593 11.3
" " M Summer 13 541 9.8
" " i Summer 28 550 7.8
" 1 M Autumn 24 517 9.1
" " P Autumn 18 553 8.7
" " M Winter 103 553 5.6
" " F  Winter 51 582 6.4

Fat free

weight Juvenile M Spring 28 463 5.3
" " P Spring 15 481 8.0
n " M Summer 19 476 11.9

1 " P Summer 14 70 16.8



Characterx

Fat free
weight

Age

Juvenile

W
o
"

HEM R " oR2a" Y EES 2" g " E Y 2" E"g "9 R A R " R

Season

Autunm
Autumn
Winter
Winter
Spring
Spring
Summer
Summer
Autuamn
Autumm
Winter
Winter
Spring
Spring
Summexr
Summer
Autumn
Auvtumn
Winter
Winter
Spring
Spring
Summer
Summer
Autumn
Autumn
Winter

Winter

25
11
1h
12
16
13
16
16
10
10
31
15
11
10
21
13
11
10
19
11
12
10
13
28
24
18
103
51

Mean

Ls2
79
Llyy
hry2
524
512
A
498
L7k
489
480
487
531
514
L82
516
485
515
502
526
510
519
Lo6
505
496
509
492

517

e

i

x1l.

5.2
10.9
9.5
79
11.7
8.9
8.6
8.7
10.0
6.9
5.2
10.2
10.0
9.4
7.4
1.4
7.9
9.6
9.7
12.2
10.6
8.4
8.7
7.7
7:3
6.8
5.2
5.5



xli.

APPENDIX VIT,

ANALYSIS QF SEASONAL VARIATION IN MENSURAL CHARACTERS OF SOUTH TSLAND PIED

OYSTERCATCHERS.

NOTE: # DENOTES P = 0.05

Age & Sex N t or adjusted t values for Significance of Differences
between~Seasoﬁal Means

I, BILL LENGTH Spring Spring Spring Summar Summer Autumn

& & & & & &
Summexr Autumn Winter Autumn Winter Winter

Juveniles Male 86 0.109 0,978 1.112 0,989 1.135 0.263
Female 52 1.084 1.014 1.589 0.103 1.126 1.195
Second Male 73 0.955 2,001 0.205 1.273 1.791 1.994
years
Female 54 1.750 2.017 2,004 1.022 1,148 0.306
Sub-adults Male 62 1.031 0,343 1.063 0.973 0.026 0.829
Female 4h 0,405 1.239 0.074 1.310 0.242 0.879
Adults Male 152 0.94h 1,570 0.976 0.874 0.205 1,046
Female 107 0.391 0.617 0.613 1.164 1,425 0.100

IT. BILL HEIGHT

Juveniles Male 86 0.0hk2 3,298% 1,036 3.126% 1.050 3.878%*
Female 52 0,952 h.061% 0,132 2,812% 0.849 3.984%
Second Male 73 1.138 0.h62 2.010 0.632 2,036 1.769
years
Female 54 0.956 0.631 0,306 1.649 1.176 0.231
Sub-adults Male 62 1.660 1.214 0.340 1,223 1.980 1.679
Female 4L 1,942 0.899 2.124 1.616 0.049 1.853
Adults Male 152 0.648 0.109 0,623 0,807 1,136 0.762

Female 107 1.288 0.462 0,981 1.011 1.968 1.820



xlid,

Age & Sex N t or adjusted t values for Significance of Differences

between Seasonal Means

ITT, BILL WIDTH Spring Spring Spring Summexy Summexy Autumn
& & & & & &
Summe v Autumn Winter Autumn Winter Winter
Juveniles Male 86 0,424 2,566% 0.335 2,413% 0.073 2.717%
Female 52 0.767 2,722% 0,421 2.815% 0,997 2.642%
Second Male 73 0.076 « 0,709 2,017 0.795 2.021 1.260
years

Female 54 1,277 1.239 1,789 1.249 0.367 1.039

Sub-~adults Male 62 0,275 1.357 1.914 1.584 1.673 2.081
Female Ly 2,018 1.427 1.030 2,091 2,061 0.469
Adults Male 152 0,648 0.109 0,623 0,808 1.136 0.762

Female 107 2.026 0.423 0.367 2,005 2.008 0.126

IV. TARSUS LENGTH

Juveniles Male 86 1.020 2.035 0.560 2.196 1,374 1. hblx
Female 52 1.900 1,035 1.266 0.927 0.933 0.124
Second Male 73 2,097 2,038 1.445 0.329 1,650 1.184

years

Female 54 1.691 2.107 1.337 0.681 0.778 1.536

Sub-adults Male 62. 1,172 0.946 0.385 0.289 0.722 0.386
Female Lh 0.913 1.192 1.212 0.227 1,668 2.004
Adults Male 152 1.099 0.068 0.671 0.921 0.198 0.800
Female 107 1,149 0.387 1.351 0.916 0.533 1.298

V. MIDDLE TOE LENGTH

Juveniles Male 86 0.515 2,110 2,082 2.113 1,492 0.067
Female 52 1,193 0.916 1.372 0.614 0.052 0.727
Second Male 73 2.138 1.926 1.795 0.718 0.970 0.06L

years
Female 54 1,294 1.140 1.334 0.109 0.184 0.051



®xliii.

hge & Sex N t or adjusted t values for Significance of Differences
between Seasonal Means
V.MIDDLE TOE LENGTH Spring Spring Spring Summer Summer Autumn

& & & & & &
Summer Autumn Winter Autumn Winter Winter

Sub~adults Male 62 0,883 0.376 0.004 0.637 1.082 0.432
Female 4h  1.545 1.492 2.140 1.125 1.274 2,073
Adults Male 152 0.646 . 1.076 0,083 0.535 0.315. 0,682

Female 107 0.649 0.943 0.364 0.716 0.377 0.920

VI, WING
Juveniles Male 86 0,007 3.893%  1.638 2.421%  1.226 1.229
Female 52 0,606 4,385% 1,718 2.695%  0.699 2,095
Second Male 73 2.666%  0.079 1.005 3.526%  4,684* 1,343
years
Female 54 1.537 2,211*%  0.518  0.h82 1.571 1.275
Sub-adults Male 62 0,453 1.173 1.579 = 1.657 1.249 2.280%
Female L 0,425 3.101* 1,170 2.991%  0.189 2.725%
Adults Male 152 2.190%  0.926 1.816 3.333%  0.798 3.037%
Female 107 1.768 4.760% 1.040  6.512% 0.654 6.159%
VIT. TATL
Juveniles Male 86 0.226 1,304 0.364 0.761 0.111 0.590
 Pemale 52 0.833  1.334  1.038  O.4k6  1.848  1.617
Second Male 73 0,416 0.173 0.739 0.571 1.183 0.462
years
Female 54 0,264 0.093 2.011 0.269 1.872 1,830
Sub-adults Male = 62 1,705 0. 41k 2,019 1.633 0.243 1.764
Female ki 1.890 1.005 2,066 1.432 0.062 1.216
Adults Male 152 1.040 1.082 0.07h 0.034 1.054 1.330

Female 107 0.847 0.840 0.704 1.837 0.234 1.910



xliv.,

Age & Sex N  + or Adjusted t values for Significence of Differences
between Seasonal Means

VITI, TOTAL BODY WEIGHT
Spring Spring Spring Summer Summer Auvtumn
& & & & & &
Summer Autumn Winter Autumn - Winter Winter

Juveniles Male 86 0.334 3.968% 1,294 2,780% 1,092 1,665
Female 52 2.217%  1.304*%  0.543 0.069 2,706% 0,903
Second Male 73 L. hog* ) 3.896%  3.405%  0.400 2.269%  2,340%
vesrs Female 54 2.745%  3.511%  2,057% 1,181 0.337 1.234
‘Sub-adults Male 62 4.935%  5.774%  2.478% 0,326  3.267%  h.h2yx
Female G 2.291%  0.h57 0.676 0.649 1.762 1.090

Adults Male 152 2.119%  2.437%  2.297%  0.291 1.112 1,840
‘ Pemale 107 2.945%  3.109%  0.731 0.275 3.082%  2,968%

IX. FAT-FREE WETGHT

Juveniles Male 86 0.971 1.724 1.574 1.82% 1.881 0.496
Temale 52 0,457 0.028 0,676 0.376 0.004 0,554
Second Male 73 1.566 1.906 1.909 0.215 0.890 0.517
years
Female 54 1.178 2,003 1.849 0.750 0. 847 0.179
Sub~adults Male 62 1,951 1.536 2.019 0.303  1.836 1.578
Female hh 0,118 0.089 0.788 0.040 0.629 0.706
Adults Male 152 1.764 1.881 1.913 0.008 0.496 0.643

Female 107 1.762 1.961 0.951 0.458 1.258 0,737



xlv,

APPENDIX VIITY.
LOCALITY CHARACTER MEANS AND S,B, FOR ADULT BLACK OYSTER=
CATCHERS. ‘

Character Locality . Sex N Mean S.E.
Bill length Stewart Island M 1l 76.5 1.40
F 15 86,9 0.76

Otago Mo 1k 78.5 0,96

P ik 87.3 0.52

Westland M 14 79.5 0.96

F 16 88.0 0.36

Nelson M 15 79.8 0.96

F 17 88.8 0.7h4

Northland M 12 83.9 0.73

P12 91,3  1.40

Bill hedight Stewart Island M 14  17.0 0.22
P15 17.3  0.13

Otago M 14 17.6 0.20

o1k 17.7 0 0.21

Westland M 1k 17.2  0.22

F 16  18.1 0.18

Nelson M 15 17.6 0.20

; P17 18,1 0.18

Northland M 12 18.2  0.10

P12 18.7  0.21

Bill width Stewart Iasland M 14 13.5 0.22
‘ F 15 14,0 0.16
Otago M 14 14,2 0.20

P14 1b.2 0.20

Westland M 14 1th.0o 0.22

P16 13.9  0.26

Nelson M 15 1b.1 0.29

=

17 14,0 0.16
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xivii.

Character ; Locality Sex N Mean 8.8,
Tail length Stewart Island M 14 106 0.7
i 15 109 0.9

Otago M 14 104 1.0

F ik 107 0.9

Westland M 14 105 1.1

F 16 106 1.0

Nelson M 15 103 1.0

r 17 104 1.2

Northland M 12 103 0.5

F 12 103 0.6

Total body

weight Stewart Island M 14 679 11.6

| F 15 729 11.0

Otago M 14 676 12.7

F 14 723 8.0

Westland M 1k 671 9.9

P 16 714 12.8

Nelson M 15 667 9.9

Foo17 719 12.8

Northland M 12 716 10.5

P12 754 7.4
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