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Abstract Onychophora tend to be morphologi-
cally conservative. Several studies using molecular
techniques have revealed the existence of cryptic
species and population structuring. Then
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has so far revealed no gross morphological differ-
ences among sister species (Trewick 1998), Tait &
Briscoe (1995) noted that a combination of morpho-
logical characteristics (15 pairs of legs, midventral
openings of anal glands in males, and lack of crural
glands) in the Dunedin taxon distinguished it from
other described genera. Allozyme data revealed no
close relatives among the limited number of New
Zealand and Australian peripatus studied (Tait &
Briscoe 1995). A survey of Australasian Onycho-
phora using mitochondrial DNA, that supported
monophyly of the New Zealand Peripatoides, also
included specimens from one location in Dunedin
(Gleeson et al. 1998).

At present, however, Dunedin peripatus have been
represented in studies only by specimens from two
sites (Caversham and Leith valleys), both of which are
close to the city centre (Tait & Briscoe 1995, Gleeson
et al. 1998). Before any interpretation of nationwide
phylogeographic patterns can be made, a more
complete understanding of local diversity and
geographic range is required. Any exploration of
diversity is likely to raise questions of species
definition, sympatry and conservation status.

There are advantages in a morphology based tax-
onomy (e.g., presumed ability to undertake identifi-
cation in the field and without specialist equipment),
but genetic approaches also have much to offer sys-
tematists, biogeographers and conservationists alike.
This is because (a) information is derived, by defi-
nition, from the material that is transmitted between
individuals during reproduction, and (b) these mol-
ecules evolve in a more or less predictable manner
across taxa.

Perceived conflicts between genetic and morpho-
logical approaches arise because morphology has
traditionally been a prerequisite of taxonomy, and
at a fine scale at least, taxonomy can proceed with-
out a phylogenetic basis. Genetic analyses assume
an evolutionary process in order to interpret the his-
torical relationships of genes and therefore their
"hosts". Whilst this is in principle also true of
cladistic methods, an absence of suitably variable
morphological characters, or problems of homology,
can be overwhelming. Many phylogenetic analyses
of genetic data produce gene trees, or their approxi-
mation. It is the job of molecular biologists to infer
how well these trees estimate organismal phylogeny,
and an extensive array of analytical tools have been
developed to do this. In a sense this is a reversal of
the situation that arises from morphology-based
analyses which, naturally, tend to underestimate bio-
genetic diversity (Avise 1994). In the study of

Onychophora for instance, a group noted for their
morphological conservatism, genetic methods have
revealed extensive cryptic diversity (Briscoe & Tait
1995), stimulated revision of morphology based tax-
onomy (Reid 1996) and provided insights into the
origin of diversity within, and biogeography of, spe-
cies (Hebert et al. 1991; Gleeson et al. 1998).

Previous genetic studies of New Zealand Onycho-
phora have used allozyme variation (Tait & Briscoe
1995; Trewick 1998). These nuclear loci can have
many different alleles (arising from changes in the
sequence of amino acids comprising a particular
protein), and as such are especially useful for
observing gene flow among populations of sexually
reproducing organisms (Murphy et al. 1996). In
cases of sympatry, the lack of exchange of alleles
between sexually reproducing individuals demon-
strates the presence of distinct species, even if those
species are not outwardly distinguishable (King &
Hanner 1998; Trewick 1998). The other most
frequently used genetic marker in the 1990's,
mitochondrial DNA, is however, generally non-
recombining (but see Wallis 1999) and in most
organisms is maternally inherited. Although this
means mtDNA is not appropriate for tests of genetic
exchange on its own, it is a powerful indicator of
historical subdivision, and extensive datasets enable
among-taxa comparisons of diversity and structure
(Avise 1994). MtDNA sequence data is particularly
useful for interspecific phylogenetic analysis. By
using faster-evolving genes and sampling in
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METHODS

Peripatus specimens were collected in the environs
of Dunedin City and up to 220 km from it (Fig. 1).
This collecting area is probably close to the range
limit for ovoviviparous onychophora in south-
eastern South Island, which are more frequent in the
north-western part of the island. Following
euthanasia with ether, specimens were stored at -
80°C. One or two legs were amputated from each
specimen, thus leaving the animal essentially intact
and available for dissection and/or long term
preservation as voucher specimens. DNA was
extracted from entire leg tissue using a salting-out
method. Tissue was macerated and incubated with
5 |al of 10 mg/ml proteinase-K in 300 jal of TNES
buffer (20 mM EDTA, 50 mM Tris, 400 mM NaCl,
0.5% SDS)



384

4444 44



Trewick—Molecular diversity of Dunedin peripatus 385

COI gene and the COII gene is initiated with an
"ATG" codon typical of many insects (Szymura et
al. 1996). I designed primers in relatively conserved
regions towards the 3' end of COI in order to be able
to reliably amplify a 600-800 bp fragment for
sequencing, as follows:

NotLEUr ATGATCAAAAGGAGGAAT (2961),
and
Perip241
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Fig. 2 Maximum-parsimony
bootstrap phylogram of COI DNA
sequences from peripatus. Num-
bers above edges are percentage
support from 1000 bootstrap repli-
cations. Values below edges indi-
cate percentage of 28 equal iy short
MP trees having the respective
node. Sample sizes are given in
parentheses. Two principal clades
are indicated (Aare
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10 Km

Fig. 3 Associations ofperipatus populations indicated by phylogenetic analysis of COI DNA sequences.
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Fig. 4 Relationship of genetic
distance (Kimura 2 parameter) and
linear geographic distance (arbi-
trary units) among peripatus from
the Dunedin area (group B). Mark-
ers indicate pairwise comparisons
of population subsets: Within city
(Botanic Gardens, Caversham Val-
ley, Frasers Gully, Tomohawk La-
goon, Styles Creek, Grahams Bush
and Whareflat)- filled squares; city
vs Kakanui- filled circles; city vs
Peel- filled diamonds. Group B
peripatus versus Taieri Mouth
(Catlins peripatus)-open triangles.

in group B was evident in the pattern of genetic
similarity which had a distinct north-south
orientation (Fig. 4). Geographic distances between
some group A and B peripatus were shorter than
many within-group distances. Distance by distance

comparisons of group B peripatus with the
geographically nearest representative group A
peripatus (Taieri Mouth) showed high genetic distance
(~ 8%) but no positive correlation with geographic
distance implying distinct gene pools (Fig. 4).
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DISCUSSION

All of the peripatus included in this study were con-
sisten
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that the opportunity to rehabilitate and protect such
areas should not be overlooked in conservation plan-
ning.
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Appendix 1 Sequence data from eighteen distinct 540 bp haplotypes of a mtDNA COl gene fragment from peripatus collected in the Dunedin area, New Zealand.
Dots indicate nucleotide identity with a reference sequence from a peripatus collected in the Nelson Lakes. The geographic source of peripatus bearing each
haplotype is given. The Dunedin City haplotype is represented by sequence from a Caversham Valley individual.

Nelson
Piano F la t T A G G A. .A T A A . . A . . .
Piano F la t T A G C..G G G A T A A . . A . . .
Matai F a l l s T A G GG A. .A T A A
Tom's Creek T A C G A. .A T A T. .A
Taieri Mouth T A G GG A..A T A A
Hokonui T A G GG A..A C A A
Haldane T A G..G GG A..A T A A
Tomohawk Lgn C G A A T A T..A..C...
Style's Creek C G A A T A T..A..C...
Outram C T G..G A G A T A T..A..C...
Saddle Hill C..C T G A A T A T..A..C..C
Maungatua C T G A G A T A T..A..C..C
Caversham Vll C G A A T A T. .A. .C. . .
Trotters Gge G A A C A T..A..C..C
Kakanui Mnt A A T A T. .A
Herbert Forest A A T A T
Peel Forest G A A T A T. .A
Gunn's Bush C A A T A T..A

Piano Flat T..T C A A A
Piano Flat T..T C A A C
Matai Falls C..G T A A A A..A
Tom's Creek T A A A A..A
Taieri Mouth C..G T A A A A..A
Hokonui C T A A A A..A
Haldane T A A A A. .A.. .T
Tomohawk Lgn T. .A A A A A. .A. .G. .T
Style's Creek T..A A A A A..A..G..T
Outram T..A A..A A A A..A T
Saddle Hill T..A A..A A A A..A T
Maungatua T. .A A. .A A A A. .A T
Caversham Vll T. .A A A A A. .A. .G. .T
Trotters Gge T T..A A..A A..A..A A..A..G..T
Kakanui MntO T. .A A. .A A A A. .A
Herbert Frst T..A A..A A A A..A
Peel Forest G..T..A A..A A A A..A T
Gunn's Bush T..A A..A A A A..A T

Nelson GGTCACAATTTAATTATGATTCAGCAATTTTATGAGCATTAGGTTTTATTTTTTTATTTACAATTGGTGGATTAACTGGGATTATTCTTTCTAATTCATCTTTAGATATTATTTT
Piano Flat .A..T A CC.TC.T T A G..C A...G.AT.G
Piano Flat .A..T A CC.TC.T T A G..C A...G.AT.A
Matai Falls T A C.T T T A...G..T.A
Tom's Creek T A C..C T T ? G A...G.AT.A C C C.
Taieri Mouth T A C.T T T C A...G..T.A
Hokonui .A..T A C.T T T A...G..T.A
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o
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Haldane .A. .T A C.T T T A...G..T.A


