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delimiting species’ ranges, because biotic interactions shapewith low genetic diversity (Excof eret al, 2009). Higher
species’ distributions across all spatial scales (Acestdh mean population nucleotide diversity is expected where large
2012; Wiszt al, 2013). population sizes have been maintained for longer periods of
Since the start of the Pleistocene (2.6 Ma), global climate time. Thus, we would expect contrasting patterns of diversity
on Earth has cycled repeatedly through cool and warm over species’ ranges.
extremes, in uencing species distributions (e.g. range shifts  Here, we focus on the orthopteran gendemideina(tree
in Europe; Taberlett al, 1998; Hewitt, 1999; Seddaat al, weta), which comprises seven species endemic to New Zea-
2001). As climate changes, so does regional biodiversity andland. Three largely parapatric species are found in the North
the size of species’ ranges. Although most easily attributablelsland: Hemideina crassidensl. trewicki and H. thoracica
to abiotic factors, extinction, immigration and expansion are (Fig. 1). Hemideina trewickihas the narrowest range, in east-
also inuenced by biotic interactions, and studies of the ern North Island.Hemideina thoracicés widely distributed
responses of species to concurrent changes in physical (i.ein the northern two-thirds of the North Island, whereas
climate) and biological (i.e. competitors, predators) environ- H. crassidenss found in the southern third of the North
mental parameters have resurged recently (e.g. Detvad, Island and also in the north-west of the South Island. There
1998; Gaston, 2003; Montoya & Raffaelli, 2010; Acevedo is an area of intersection betwekn crassidenand H. thora-
et al, 2012; Hellmanret al, 2012). This is mostly the conse-  cica (Trewick & Morgan-Richards, 1995). At a number of
quence of the realization that species’ responses to climatesites in central North IslandH. crassidenpopulations are
change are likely to depend not only on their ability to over- marooned in a sea oH. thoracica suggesting competitive
come abiotic constraints, but also on the suite of species with exclusion ofH. thoracicaby H. crassidengé colder micro-
which they either interact now, or are likely to interact with,
in the future. If viewed as elements embedded in complex
networks of interactions, the patterns of species’ interactions
determine the stability of populations when recovering from
perturbations, and the likely consequences of local species
extinctions on those populations that remain (Montoya &
Raffaelli, 2010). How these network properties and the eco-
systems linked to them will be modied under climate
change is poorly understood (Beret al, 2010; Walther,
2010). On the other hand, the genetic signatures of range
expansions and shifts have been well explored (Excofer
et al, 2009; Arenat al, 2012) and allow inferences to be
made about species distributions in the past which can
improve our ability to predict the future.
New Zealand provides a convenient environment in which
to study biogeographical processes, with an elongated land-
scape on a nortksouth axis generating a subtropical to cool-
temperate gradient, and a marine margin that imposes an
abrupt environmental boundary. Previous studies on glacial
refugia in New Zealand were developed from Northern
Hemisphere models (Hewitt, 1996, 1999; Michaakal,
2003), but because glaciers only formed in part of western
South Island, the idea of refugia relates primarily to shifts in
broad vegetation types (Allowast al, 2007; Trewicket al,
2011). Because most of New Zealand since the Last Glacial
Maximum (LGM) was covered by forest, it was expected that
animals and plants would show patterns of diversity consis-
tent with the restriction of forest during glacial episodes. Evi-
dence of this is not especially compelling (Wallis & Trewick,
2009; Trewiclket al, 2011): although some forest insects have
a signature of expansion from northern New Zealand (e.g.
stick insects, Bucklegt al, 2009; Morgan-Richardt al,
2010), many other taxa have high levels of diversity through-
out the country (e.g. Onychophora, Trewick, 1999; ferns,
Shephercet al, 2007; fungus beetle, Marskeal, 2009). If a
recent (post-LGM) population expansion involving normal,
short-distance dispersal occurred, we expect a wave-front









only the cyt b portion of this. The primers designed for this
study are described in Appendix S3.

MtDNA sequence data (cyt b) were obtained from 257
H. ¢ ass;de s individuals and also from two H. f,q#; indi-
viduals for comparison. The sampling spans the geographical
range of H. ¢.ass;de;s and includes newly discovered loca-
tions. We also obtained additional gene sequence data (i.e.
NDI cyt b for H.} ly . agea and COI for H. ¢ ass;de; s) for 21
representatives of these species to allow phylogenetic analysis
with maximum homologous data. DNA extraction, polymer-
ase chain reaction (PCR) and sequencing were performed
following standard protocols (Trewick & Morgan-Richards,
2005).

For populations of tree weta that had not previously been
used in cytogenetic studies (Morgan-Richards, 1995, 1997,
2002; Morgan-Richards & Wallis, 2003), chromosome
spreads were prepared on microscope slides from freshly
fixed testes of male weta, air-dried and stained with Giemsa
stain. Mitotic cells were examined to infer diploid number
and identify chromosome race as previously described (Mor-
gan-Richards, 1995, 1997).
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DNA sequence reads were verified for accuracy using Se-
QUENCHER 4.7 (Gene Codes, Ann Arbor, MI, USA). We
aligned concatenated COI, cyt b and NDI sequences for 21
representative H. ¢ ass;de;s, H.'hageca and H.'. ¢ J¥;
individuals using the Genkrous 5.6 (Drummond ¢ a_,
2012) alignment algorithm with default parameter settings,
and then checked these alignments by eye. We excluded the
difficult-to-align tRNASer region, resulting in an alignment
of 1128 bp (540 bp COI, 411 bp cyt b and 177 bp NDI).
Population samples for H.th .agca COI and H. ¢ assyde; s
NDI cyt b were aligned separately. All sequences have been
deposited in GenBank (accession numbers are given in
Appendix S1).

We implemented maximum-likelihood (ML) bootstrap
analysis with the software PuyML (Guindon ¢ a. 2010) in
Generous 5.6. Our analysis employed a GTR+I+G model
(general time-reversible with invariant sites, gamma-distrib-
uted among-site rate variation) with parameters estimated
during the run with 2000 resampled datasets.

For haplotype analysis of the population data, we used the
481-bp alignment of the cyt b gene fragment for H. ¢ ass;-
de; s, and the 550-bp of COI for H.} I .agca. To determine
the extent of haplotype sharing among H. ¢ ass;de; s individ-
uals, we constructed a haplotype network using the median-
joining algorithm in the software ~erwork 4.1 (Bandelt
¢ a., 1999).

We defined a ‘population sample’ as a minimum of four
weta collected from localities that were separated by less than
5 km (linear distance), with an average sample size of 8.3 for
H. ¢ assyde; s
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In 2008, 73 tree weta were located along two Mount Tara-
naki transects. The maximum number of individuals found
within any 10 m 9 50 m section was 20, but in some sec-
tions no weta were located. Both species of tree weta were
found at the same search section once on each transect. In
one instance, the two species were sharing the same tree-hole
refuge. Estimates of the elevational overlap of the two species



the three clades calculated using a GTR model (variable base
frequencies; symmetrical substitution matrix) were relatively
high for within an insect species. Clades 2 and 3 were sepa-



In accordance with our prediction (Fig. 2), we found that lowest in the south of its range (Fig. 6). In contrast, but as
mean population nucleotide diversitypl in H. thoracica predicted,p
formed a cline with the highest values in the north and the



with the highest nucleotide diversity within H. ¢ ass;de; s



Morgan-Richards (2002) concluded that a distirtdt crassi-
denskaryotype in individuals from South Island’s west coast
might have had its origins during a recent southward expan-
sion, but this does not explain the distinct mtDNA haplo-
types (clade 1) in the 19-chromosome race. MtDNA data
corroborate the karyotype data, but suggest an older origin
than the post-LGM expansion.

Previous studies of putative Pleistocene refugia for New
Zealand animal species have tended to assume that the docu-
mented range shifts of many forest plants (mostly from paly-
nology; see McGlonet al, 2010) would dictate the animals’
ranges. Shepherdt al. (2007) found that for some plants
(the fern
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