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Leiopelma pakeka, n. sp. (Anura: Leiopelmatidae), a cryptic
species of frog from Maud Island, New Zealand, and a
reassessment of the conservation status of L. hamiltoni from
Stephens Island

Ben D. Bell*, Charles H. Daugherty* and Jennifer M. Hay**

Patterns of allozyme variation reveal that frogs from Maud Island, New Zealand, here
designated Leiopelma pakeka, n sp , are specifically distinct from L hamiltoni from
Stephens Island Previously, the two populations had been thought to be conspecific
Leiopelma pakeka shows limited morphological differentiation from L hamiltoni, but
is highly distinct genetically Among 12 allozyme loci resolved from toe tissue, the two
taxa showed fixed differences at two loci and one significant frequency difference L
hamiltoni was genetically more similar to L archeyi (Nei's D = 0 18) than to L pakeka
(D = 0 24) The discovery that Maud Island and Stephens Island frogs are distinct
species increases the conservation significance of both as the single known population
of each species L hamiltoni is one of the world's rarest frogs and warrants the highest
level of conservation protection
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INTRODUCTION
Leiopelma is an endemic New Zealand frog genus including four extant and three sub-fossil
species (Worthy 1987, Bell 1994) One of the extant species is confined to Maud Island, in
the Marlborough Sounds, and is formally described here This Maud Island frog, first
characterised by Stephenson (1961), was formerly regarded as a population of L hamiltoni,
a species originally described from Stephens Island by McCulloch (1919) Subfossils in both
the North and South Islands have also been regarded as L hamiltoni (Worthy 1987 - Fig 1)

The extant species have been the subject of a series of genetic investigations (Daugherty et
al 1981, 1982, Green 1988a,b, Green et al 1989, Bell et al 1995), but L hamiltoni has
previously been represented only by animals from the relatively abundant Maud Island
population (ca 19 000 individuals on a 16 ha remnant patch of habitat Bell & Bell 1994)
The Stephens Island population, restricted to <1 ha and numbering fewer than 300 individuals
(Bell 1985b, Newman 1990, Brown 1994, O Thomson unpubl), has quite appropriately
been considered at too great a risk for animals to be killed for research purposes

However, a limited number of Stephens Island frogs have been held in captivity for
behavioural and reproductive studies (Bell 1985a) One or two toes of 11 animals were used
to provide tissue samples for genetic analysis, this did not require killing the animals The
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KEY TO SPECIES

• L hochstetteri - extant
O L. hochstetteri - subfossil
H L. archeyi & L hochstetteri - extant
• L hamiltoni - extant
O L hamiltoni/pakeka* - subfossil
o L pakeka - extant
v L. markhami - subfossil
A L. waitomoensis - subfossil
• L auroraensis - subfossil
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Fig. 1 Distribution map of extinct and extant species of Leiopelma in New Zealand (after Worthy
1987 and Bell 1994).
T h e taxonomic status of subfossil L. hamiltoni requires clarification given our recognition of two taxa on islands in
the Marlborough Sounds, and the possibility that northern populations may be L. archeyi (Bell 1994).
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present study examines genetic differentiation among Stephens Island L. hamiltoni and four
other extant Leiopelma populations, including the Maud Island frog, based on comparable
toe tissue samples. We find that the population of Leiopelma from Maud Island is sufficiently
distinct genetically to warrant its recognition as a separate (phylogenetic) species. Accordingly,
we present a formal description of the new species, comparing it with the morphologically
similar L. hamiltoni from Stephens Island.

MATERIALS AND METHODS
Allozyme analysis
Collection of tissue

Toe samples were taken from five populations: Leiopelma archeyi from Tapu, Coromandel
(36° 59'S, 175° 35'E; 52 frogs sampled); and Tokatea, Coromandel (36° 43'S, 175° 31'E; 5
sampled); L. hochstetteri from Tapu, Coromandel (37° OO'S, 175°34'E; 4 sampled); L.
hamiltoni from Stephens Island, Cook Strait (40° 40'S, 174° 00'E; 11 sampled); and frogs
from Maud Island, Cook Strait (41° 01'S, 173° 53'E; 59 sampled). All Stephens Island L.
hamiltoni samples, five Maud Island samples and all but one L. hochstetteri samples were
taken from animals held in captive colonies; otherwise toes were collected in the field. The
captive animals were originally collected from various sites in their natural habitats and are
not known to be close relatives, except for one captive-reared Stephens Island frog whose
parents were also sampled. The toes were stored at -80°C until used for allozyme
electrophoresis.

Electrophoretic techniques

Tissues were subjected to starch gel electrophoresis according to the techniques of Allendorf
et al. (1977). Proteins were extracted by mincing the toe muscle in an equal volume of
distilled water. Following centrifugation, a sample of the supernatant was transferred by a
filter paper wick to a 12.5% horizontal starch gel (Sigma starch, catalogue no. S—4501).
Direct current was applied to the gel for 3-4 hours.

All combinations of four gel/electrode buffer systems and 25 different protein (mainly
enzyme) stains were examined for electrophoretic activity and resolution. Enzymes from
different individuals that showed similar mobility were assumed to be encoded by the same
Mendelian allele, whereas those showing different mobilities were assumed to represent
different alleles. As not all amino acid substitutions alter the charge and therefore mobility of
the resulting protein, electrophoretic analysis is generally recognised to be conservative,
detecting no more than perhaps 30% of genetic variation at any structural locus (Lewontin
1974; King & Wilson 1975). Thus, estimates of genetic (allozyme) divergence are assumed
to be substantial underestimates.

Allozyme nomenclature and analysis

We follow the recommendations of Murphy and Crabtree (1985) in labelling enzymes,
genetic loci, and alleles, e.g., Pgm-l(b) refers to the b allele at the most cathodal locus
encoding the enzyme phosphoglucomutase. The BIOSYS-1 program (Swofford & Selander
1981) was used to calculate: (1) gene and genotype frequencies, Hardy-Weinberg analyses,
and average unbiased heterozygosity per locus (H, Nei 1978) for each population; (2)
unbiased estimates of normalised genetic identity (I) and distance (D) between each pair-
wise combination of populations (Nei 1978); and (3) phenetic clustering algorithms (UPGMA
and WPGMA, Sneath & Sokal 1973) over all populations. The MEGA package (Kumar et al.
1993) was then used to generate neighbour-joining trees (Saitou & Nei 1987) to represent
phylogenetic relationships.


