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Abstract Isozyme electrophoresis was used to re-
assess the taxonomic status of the endangered black
stilt (Himantopus novaezelandiae) and the pied stilt
(H. himantopus leucocephalus), Order Charadrii-
formes, in New Zealand. A total of 28 loci was
scored from 17 enzyme systems from a total of 115
birds (43 pied stilts, 53 hybrids and 19 black stilts).
G-tests of the allele and genotype frequencies at the
two polymorphic loci (Mpi and Pgd) showed signifi-
cant differences when black stilts, hybrids and pied
stilts were tested together, implying there were two
separate populations. Genetic distance between the
two species (D = 0.006) was small, but the genetic
data confirm that pied and black stilts are distinct at
the species level.
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INTRODUCTION

The arrival of stilts (Order Charadriiformes) in New
Zealand has been attributed to two chance invasions
of the pied stilt (Himantopus himantopus
leucocephalus), or its predecessor, from Australia
(Fleming 1979; Pierce 1982). The first invading
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population evolved during its geographic isolation
into the endemic and now endangered black stilt
(Himantopus novaezelandiae) (Pierce 1984a). Once
widespread throughout New Zealand, the black
stilt's breeding range contracted to the South Island
of New Zealand by 1900, and to the South Canter-
bury - North Otago region by 1940 (Pierce 1984a).
The population in 1994 was estimated at 72 birds in
the wild, of which 13-19 were breeding females,
plus 47 birds in captivity (Heather and Robertson
1996).

The second invasion of Australian pied stilts was
recorded in the South Island of New Zealand early
last century (Pierce 1984a). Their descendants
successfully expanded northward through recently
cleared farmland and are now common throughout
New Zealand, with an estimated population size of
greater than 30 000 birds (Pierce 1984a).

During the mid 1800s, hybrids between black
stilts and pied stilts (some of which may have been
juvenile black stilts mistakenly identified as hybrids)
were recorded with increasing frequency (Pierce
1984b). Pierce (1982) identified twelve plumage
nodes ranging from pied stilts (node A) through
hybrids (nodes B, C, Dl, D2, E, F, G, H, I) to black
stilts (node J), indicating that introgressive
hybridisation was occurring between the two species.

Introgressive hybridisation may lead to genetic
swamping (Lovejoy 1978) and to the eventual ex-
tinction of the black stilt. The taxonomic choices are
therefore to consider black stilts and pied stilts as
separate species (Pierce 1984b; Marchant and
Higgins 1993), subspecies (Mayr & Short 1970;
Hayman et al. 1986) or colour morphs of one poly-
morphic species.

In this paper, electrophoretic data are used as an
independent measure of the relationship of these two
species. A correlation of electrophoretic and
morphological data would strengthen the species
argument, and define the black stilt population more
clearly. A conflict between the two data sets may
indicate theoretical or procedural problems in one or
both analyses, or that more data are needed to resolve
the taxonomic issue (Hillis 1987).
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MATERIALS AND METHODS

During 1987, the then New Zealand Wildlife Service
(now the New Zealand Department of Conservation)
gave me permission to collect tissue samples from
black stilts and pied stilts. All stilts were classified
by plumage node following Pierce (1982). Tissue
samples (blood and/or liver) were collected from a
total of 115 birds from 10 locations within New
Zealand (Fig. 1). The birds sampled were either
found dead, or were hybrids and pied stilts shot as
part of a management programme carried out
between 1984-1987 to encourage black stilts to find
black stilt mates. No black stilts were killed by
collectors. Birds were stored frozen at-4°C.

Blood samples were taken from live black stilts
captured in the Waitaki River Basin (n = 6), and from
Waitaki River Basin birds kept in captivity at Mt.
Bruce, Wairarapa (n = 3). Pied stilts and hybrids
were collected near Auckland (node A = 13, node B
= 3), Rotorua (node A = 5), Palmerston North (node
A = 4, node B =1), Christchurch (node A = 3, node
B = 1, node C = 2), and Dunedin (node A = 5). Tissue
samples from black stilts (node J =10), pied stilts
(node A = 13) and hybrids (node B = 3, node C = 4,
node Dl = 10, node D2 = 10, node E = 3, node F =
9, node G = 4) were collected from the Waitaki River
Basin. Numbers of stilts, collectors, dates collected
and NZMS 260 grid references are listed by Green
(1988). Eggs and embryos of pied stilts and hybrids
were also collected, but found to express
electrophoretically distinct forms of gene products
compared with chicks and adults, so were excluded
from the following analysis.

Heart, muscle and liver samples were homo-
genised with equal volumes of distilled water and
centrifuged as for blood samples. Approximately
5 ml of blood was collected from live captured birds
using a heparinized Terumo syringe or a Sherwood
capillary tube. Where volume permitted, blood was
centrifuged for 10 minutes at 1000 g and the serum
drawn off. All tissue samples were put immediately
on ice and frozen within three hours of collection.
Tissues were transported on ice, dry ice or in liquid
nitrogen then stored at -80°C in the Zoology
Department, Victoria University of Wellington, New
Zealand.

The procedures for horizontal starch gel electro-
phoresis followed Allendorf et al. (1977), experi-
mental design followed Aquadro & Avise (1982) and
Enzyme Nomenclature (1978) recommendations
were used. Electrophoretic data were analysed by the
BIOSYS-1 FORTRAN package (Swofford &
Selander 1981).
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Fig. 1 Tissue collection sites of black stilts and pied stilts
within New Zealand, (n) = number of stilts collected.

RESULTS

Twenty eight loci from 17 enzymes and proteins
(Aeon (2), Agp, Ck (2), Got (2), Gp (3), Gpd, Hk, led
(2), Ldh (2), Mdh (2), Me, Mpi, Pep (2), Pgd, Pgm,
Sod (2), Sordh) were scored from a total of 43 pied
stilts and 53 hybrids. Buffers and tissue combina-
tions which gave the best allozyme resolution are
described by Green (1988). Except for Mdh, which
was scored on muscle, nearly all allozymes were
resolved from liver, site of most metabolic pathways
(Farneretal. 1972).

Blood, the predominant tissue sampled from
black stilts, was scored from 10 individuals for
eleven enzymes and proteins encoded by 17 loci
{Aeon, Agp, Ck, Got (2), Gp, Gpd, Gpi, Ldh (2),
Mdh-2, Mpi, Pgd). Due to small tissue samples, the
same loci excluding that expressed by Pgd were
scored from an additional 9 black stilts. Variation
was detected at 8 loci {Agp, Got (2), Ldh (2), Mdh-
2, Mpi, Pgd).

Two pied stilts (node A) from Auckland were the
only individuals to express variations at the loci of
Agp- \,Got-\, Got-2, Ldh-1, Ldh-2 and Mdh-2, with
one bird polymorphic at five loci. Mpi-1 and Pgd-1
were the only common polymorphic loci (Table 1,
2). Allele frequencies of Mpi-\ and Pgd-\ were


