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AUozyme electrophoresis was used to examine genetic diversity within live-bearing Pen- 
patopsid Onychophora from the North Island of New Zealand. Specimens of two previously 
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INTRODUCTION 

In the study of evolution it is important to distinguish between morphologic 
change and speciation (Larson, 1989). The traditions of taxonomy, set as they are 
in morphology, have tended to underestimate actual biological diversity in many 
groups and the use of molecular techniques has led to the discovery of numerous 
discrete genetic groupings within recognized species boundaries (Hebert et al., 1990; 
Eldridge & Close, 1992; Briscoe & Tait 1995). An empirical framework for the 
identification of species therefore exists, within which corollaries of subtle morphology 
and perhaps more importantly ecology can be explored (Mayr, 1942). The existence 
of morphologically cryptic species has tested theories about competition (Hardin, 
1960; MacArthur & Levins, 1967; Abrams, 1983) and has highlighted a need for 
ecological determinants that explain the persistence of such species in sympatry 
(Carapelli et al., 1995; Bruna, Fisher & Case, 1996). The further exploration of 
cryptisism/morphological stasis among diverse animal groups promises to facilitate 
the development of generalized theories in speciation by providing more accurate 
estimates of diversity. 

The Onychophora (or peripatus) have been considered to be a morphologically 
(and functionally) conservative group (Ghiselin, 1984). This view has arisen because 
of the strong similarities between extant terrestrial species and fossil Cambrian marine 
taxa, and the perceived consistency of form among living species. Paradoxically, one 
of the few features that does vary among species of living Onychophora is leg 
number, a phenomenon that would be considered remarkable id
(Onychop5a02 Tc Tc 2.5877 1.9561 xploronallysidered )-54(to )]TJ
-0.02 Tc 7.815oi7areg 
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These two species cannot be distinguished by colour or size as these traits show 
considerable and overlapping intraspecific variation. They are however, easily 
separated on leg number: 15 and 16 pairs in Penpatoides novaezealandiae and F! m h '  
respectively. Egg laying peripatus are also known from the North Island but are 
seldom found (Fletcher, 1900; Watt, 1960; Tait & Briscoe, 1995). 

This paper reports on an allozyme study of the two viviparous species of peripatus 
present in the North Island of New Zealand, and addresses the significance of cryptic 
species in the systematics of the endemic Onychophoran fauna. 

MATERIAL AND METHODS 

Collection 

Peripatus were collected during 1995 and 1996 in the North Island of New 
Zealand (Fig. 1 inset). With the exception of one individual from Mangatutara in 
the Raukumara Range, which was found under a stone, all specimens were collected 
from within or beneath decomposing logs. Additional material, including tissue from 
two specimens collected in the north of the South Island, was included from a 
previous study (Tait & Briscoe, 1995). Two morphologically distinct species were 
encountered and collected: Penpatoides novae.cealandiae and l? suteri with 15 and 16 
pairs of legs respectively. Where possible, individuals were collected from a number 
of different logs at each 
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Figure 1. New 
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portion was frozen at - 80" for genetic analysis. Protein extraction and electrophoresis 
followed the methods detailed in Briscoe & Tait (1995). Cellulose acetate media and 
Spencer's buffer were used for all loci (Spencer, Hopkinson & Harris, 1964). 

Allozyme phenotypes were determined at 17 loci as follows (full name, EC 
number, abbreviation): Aspartate aminotransferase, 2.6.1.1 , Aat (2 loci); Aconitase, 
4.2.1.3, Aeon; Adenylate kinase, 2.7.4.3, Ak; Aldolase, 4.1.2.13, AMol; Enolase, 
4.2.1.1 1 , Enol; Fructose 1,6 Diphosphatase, 3.1.3.1 1 , Fdp; Glyceraldehyde-3-phos- 
phate dehydrogenase, 1.2.1.12, Gap4 Glycerol-3-phosphate dehydrogenase, 1.1.1.8, 
alphaCpd; Hexokinase, 2.7.1.1, Hk; Isocitrate dehydrogenase, 1.1.1.42, I&, Malate 
dehydrogenase, 1.1.1.37, Mdh; Mannose phosphate isomerase, 5.3.1.8, Mpk Pho- 
sphoglycerate mutase, 2.7.5.3, Pgam; 6-Phosphogluconate dehydrogenase, 1.1.1.44, 
6Pg4 Phosphoglycerate kinase, 2.7.2.3, Pgk, Pyruvate kinase, 2.7.1.40, Pk @chardson, 
Baverstock & Adams, 1986). 

The BIOSYS-1 programme (Swofford & Selander, 1981) was used to calculate 
allele frequencies and genetic distances; Nei's (1978) unbiased Distance and Cavalli- 
Sforza and Edwards' (1967) arc distance. Nei's D is widely quoted in the literature 
and is therefore presented here for comparison, analyses use Cavalli-Sforza and 
Edwards' arc distance which is a mathematically more rigorous metric (Swofford & 
Olsen, 1990). Tree construction used the Neighbour-Joining method of Saitou & 
Nei (1987) invoked by PHYLIP (Felsenstein, 1993), and SplitsTree (Huson & Wetzel, 
1994) which incorporates a split decomposition algorithm (Bandelt & Dress, 1992). 
Mantel tests were performed with Genepop v1.2 (Raymond & Rousset, 1995). 

RESULTS 

Collection 

Specimens assignable to I! novaezealandiae and I! sub' were found to have limited 
ranges within the North Island as previously noted (Ruhberg, 1985). P suten' appears 
to be restricted to the mid-western region but specimens have now been obtained 
further east at Whakapapa (Tait & Briscoe, 1995) and north in the Coromandel 
Peninsula (Waiwawa). This extends the range significantly and brings I! suten' into 
sympatry with I! novaezealandiae at both of  those sites. Considerable search effort 
during the present study failed to find any peripatus in the region immediately north 
and east of Rotokare (Fig. 1 inset). P novaezealandim was generally more abundant 
and certainly more widespread than I? s u h i ,  although sparse in eastern areas such 
as Waitomo. The local density of peripatus appeared to be extremely variable, 
demanding search times from 30 minutes to several hours for the recovery of a 
single specimen. In most situations sites requiring longer search times than this were 
abandoned in this study. 

Alloqme electrophoresis 

Seventeen presumptive genetic loci were scored for individuals discussed in the 
present analysis, and all were found to be 



312 S .  A. TREWICK 

1830 genotypes). Geographic sample sizes ranged from one to nine (Table 1). At 
most sites, loci were monomorphic, with the exceptions of Waiwawa, Kakaho, Balls 
Clearing, Norsewood and Rangataiki where polymorphic loci were common. At 
Waiwawa, both f! suteri and f! novaezealandim were collected (in the same log) and 
their taxonomic difference is reflected in the allozyme data. At the remaining sites 
where all peripatus had 15 pairs of legs it was apparent that distinct multi-locus 
genotypes were present and the data are organized accordingly (Table 1). At Bideford 
the Idha locus was exceptional in that three alleles were encountered in two individuals 
collected from the same log. At Norsewood individuals with different genotypes 
were found in the same log on two occasions. At other sites where more than one 
genotype occurred these were present in k Td
(same )Tj8 0 Td
(three )T1.1 251.3 560.6 Tmlog) 
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TABLE 1. Allele frequencies within populations of Peripatoides novaezealandk and R sub' for 17 
polymorphic loci. Alleles are labelled alphabetically from A, closest to origin. Maximum sample size 
is given as n, and the average sample size over all loci by n mean. Where more than one allele at a 
locus was encountered per population the number of individuals that were heterozygotes and the total 

number of individuals sampled at that locus are given, in parentheses (-/-) 
Population Rot0 Daws Waiw2of 
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TABLE 1. Continued 
~ -~ ~~ 

Population Fort Kaue Opep Mang Kakal Sadd Rang1 Hutch Ball2 Otar Waio 
n 
n mean 4 2 5 3 2 4 2 3 3 5 3 

2.9 2 3.9 2 2.9 2.9 4.4 2.9 4 1.9 5 .  
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Figure 3. Plot of Cavdi-Sforza and Edwards’ (1967) arc distance against minimum geographic 
distance (km) for 
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Figure 4. SplitsTree (Huson & Wetzel, 1994) analyses of Cavalli-Sfona and Edwards' (1967) arc 
distance from 17 loci for 2, 3 and 4 pairs of sympatric peripatus with 15 pairs of legs. Polygonal 
internal edges indicate support for alternative nodes. Clades from Neighbour-Joining analysis (Fig. 2) 
to which these populations belong are indicated on the lower tree. Three populations from different 
locations and belonging to clade c are indicated by the dashed box. Clade c is assigned to the species 
I? sympatriea, clade d to I? kawekasnsiS, clade f to I? morgani, clade b to €? aurorbis. 

TABLE 3. Summary of number of diagnostic loci (below diagonal) and average Nei's genetic distance 
among members of the Pe$u6oides novwzealundke complex. A+ is inserted where most populations 
within a species are apparently fxed for additional diagnostic loci in the relevant pairwise comparison 

I? nov I? mor I ? h  I? aur El sp El sut 

El novaeealandiat 0.074 0.237 0.438 0.730 0.631 2.664 
R morgani I +  0.012 0.478 0.969 0.849 1.716 
I! kuwek- 3+ 4 +  0.004 0.982 0.358 1.248 
R a u d k  8 8+ 10 0.041 1.020 1.750 

I? sum' 14 13 13 14 1 1  0.007 
R sympatrica 6 7 3 9 0.085 1.228 
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Penpatoides novaezeahndiae (Hutton, 1876) 

Fifteen pairs of legs, three spinous pads on the underside of the legs, three 
distal papillae on the feet. Length variable, 2.5-5 cm. Colour variable, dependent 
principally on pigmentation of epidermal papillae which 
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challenge to ecological and evolutionary theory. How and why do some species 
remain apparently morphologically and ecologically identical in sympatry? One 
approach to this problem is to assume that the species have only recently become 
sympatric and are therefore presumably in the process of evolving distinguishing 
characteristics or becoming extinct (Bruna et al., 1996). However, the number and 
taxonomic diversity of cryptic, sympatric animals suggests that alternative causes 
are likely (e.g. skinks - Daugherty, Patterson & Hitchmough, 1994; Bruna et al., 
1996; springtails - Carapelli et al., 1995; marsupials - Dickman et al., 1988; bats - 
Baker, 1984; rotifers - Gomez & Snell, 1996; snails - Emberton, 1995). A likely 
explanation for the apparent similarity of some species is simply deficiency of 
knowledge about the ecology of the species being studied (Chesson, 1985; Carapelli 
et al., 1995). Differences in resource use in time as well as space probably ameliorate 
the similarities that seem to contradict the predictions of competition theory. In 
addition, external morphology may simply not be amenable to obvious changes or 
may respond to overriding selection favouring convergent or parallel evolution 
(Bruna et al., 1996; Larson, 1989). 

Among Onychophora in Australia it has been revealed that although many 
previously unrecognized species exist, most of these are allopatric. Where Australian 
peripatus are in sympatry each species tends to be a member of a morphologically 
distinct and genetically deeply diverged group (Briscoe & Tait, 1995; Tait & Briscoe, 
1995; Reid et al., 1995). In these situations taxa are differentiated by specialized 
reproductive strategies. Mechanisms that now serve to reproductively isolate Aus- 
tralian sympatric species may not have evolved in the present geographic cir- 
cumstances as they appear to be of very ancient origin (i.e. Gondwanan). In contrast 
the newly discovered diversity within the New Zealand fauna (Tait & Briscoe, 1995; 
present study) exists within one morphologically homogeneous group. This diversity 
might relate to differences in reproductive behaviour which are not obviously 
reflected in their morphology as in some Australian species or may indicate very 
recent dispersal following speciation in allopatry. 

This study has identified four locations in New Zealand where peripatus with 15 
pairs of legs exist in sympatry but the actual extent of sympatry is very likely to be 
greater. As a biogeographic model the minimum area convex polygons (Fig. 5) are 
an over simplification but they do give an indication of the probable geographic 
complexity of peripatus diversity. Where the range off? suten’ overlaps with f? aurorbk 
and l? ympatrica, three species are likely to be occupying the same area. Although 
not included in the present study, peripatus with 15 pairs of legs are known to be 
present in sympatry with l? suten’ at Whakapapa as predicted by this minimum area 
model (Tait & Briscoe, 1995). In a similar way it is feasible that in northern Hawkes 
Bay, l? ympatrica, l? mogani and f? kaweka& are sympatric. In the vicinity of areas 
such as Norsewood, sympatry and parapatry of several species emphasizes the 
biogeographical complexity in the group and of the region. 

BiOgeOgrphy 

There is an absence of genetic differentiation between l? aurorbk at Waiwawa 
(Coromandel 
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Figure 5. Hypothetical distribution of peripatus species in the 
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