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Abstract

Brachaspis robustus is an endangered grasshopper endemic to South Island, New Zealand. It is both rare and
localised; occupying low altitude floodplain terraces and braided riverbeds of the Mackenzie Basin. This is in stark
contrast to the two other species in this genus (B. nivalis and B. collinus) which occupy montane habitats. Mito-
chondrial and nuclear sequence data were employed to explore genetic diversity and phylogenetic relationships
of populations of Brachaspis with a view to establishing the status of B. robustus. Molecular evidence indicates
that Brachaspis probably radiated during the Pliocene and that divisions within the genus relate more to spatial
distribution developed during the Pleistocene than to ecology. The mitochondrial (Cytochrome oxidase I) and
nuclear (ITS) sequence data indicate that Brachaspis nivalis is divided into northern and southern populations. The
northern clade is further subdivided geographically. The southern clade comprises alpine populations of B. nivalis
and includes the lowland B. robustus. Additionally, it is observed that some morphological features previously
thought to be specific to B. robustus also occur in members of the southern
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Figure 1. Distribution of sites sampled for Brachaspis grasshoppers in South Island, New Zealand. � B. nivalis, � collinus. The enlarged

inset map indicates recorded localities of B. nivalis and B. robustus in the Mackenzie Basin and the surrounding mountains. B. robsustus:

sampled this study, recent localities (White 1994), type localities (Bigelow 1967). B. nivalis: � sampled this study, � known localities

(Bigelow 1967), known localities (Otago Museum of New Zealand).

tions, although these characters were also found to
be subtle and sometimes unreliable for diagnosis as
previously noted by Irving (1967). The flash-display
of the hind legs was reddish brown in B. collinus
but scarlet, purple or indigo-black among the B.
nivalis individuals collected at various sites. Thus,
the full range of flash-display colours exhibited by
B. nivalis includes those (purple or indigo-black) of
the endangered grasshopper B. robustus that were
previously thought to be distinctive (White 1994).
Three Brachaspis individuals were obtained from
the Mackenzie Basin area (the lowland range of B.
robustus). One of these could not be morphologically
distinguished from B. nivalis (Figure 1). Department
of Conservation (DoC) staff collected two Brachaspis
specimens in October 1999 and March 2000 from the
Tekapo Delta and Ohau River. These were identified
as B. robustus by the location (Mackenzie Basin) and
habitat in which they were found, plus the combina-
tion of short hind femur, pronotum wider than long
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1996), and COI data have been successfully utilised
in intra- and interspecific studies of many inverte-
brates including orthopterans (e.g. Szymura et al.
1996; Zhang and Hewitt 1996; Funk et al. 1995;
Trewick et al. 2000). Single stranded conformational
polymorphism (SSCP) was used to screen for variant
haplotypes (Trewick et al. 2000). For this purpose
the mitochondrial primers SR-J-14233 (AAG AGC
GAC GGG CGA TGT GT) and SR-N-14588 (AAA
CTA GGA TTA GAT ACC CTA TTA T) (Simon
et al. 1994) were used to amplify a ∼380 bp frag-
ment of the 3′ end of the small ribosomal subunit
(12S) as it was found that SSCP using COI gave
less consistent and legible banding patterns in these
grasshoppers. As the mitochondrion is inherited as a
single non-recombining unit, signal from these two
genes is expected to be complementary, and because
COI evolves more rapidly than 12S, diversity of COI
is expected to nest within diversity of 12S. PCR
(polymerase chain reaction) products were isotopi-
cally labeled by incorporation of αdATP33P. 10 µL
reactions (200 µM dNTPs, 2.5 mM mgCl2, 0.25 U
Qiagen Taq) were treated to 40 cycles of 94 ◦C for
15 s, 50 ◦C for 30 s, 72 ◦C for 90 s with an initial
denaturation of 94 ◦C for 60s. Amplification products
were denatured for 5 min at 95 ◦C in the presence of
an equal volume (10 µL) of 95% formamide loading
buffer. These were loaded from ice into vertical,
non-denaturing polyacrylamide gels consisting of 6%
37.5:1 bis/acrylamide, 5% glycerol and 0.5x TBE.
Gels were electrophoresed at 4 ◦C for 200 W/h at
approximately 13 W and then lifted on blotting paper,
dried and exposed with Biomax (Kodak) film for 24
to 48 h. Individuals were scored for haplotype by
comparison of re-natured singlestrand DNA migration
patterns.

A minimum of two representatives of each SSCP
haplotype were sequenced for a longer and more
variable fragment towards the 3′ end of COI using
the primers, C1-J-2195 (TTG ATT TTT TGG TCA
TCC AGA AGT) and L2-N-3014 (TCC AAT GCA
CTA ATC TGC CA TAT TA) (Simon et al. 1994).
In order to see whether similarity of mtDNA in B.
robustus
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L. Tekapo). Similar individuals have on rare occasions
been observed in this area and classified as B. robustus
(G. White, pers. comm.). This was presumably by
virtue of their presence in that location and implies
that the species has previously been accepted as poly-
morphic. Conversely, several individuals observed and
collected at Rocky Top in alpine habitat had unusu-
ally short tegmina, similar to typical B. robustus.
The Rocky Top population was also polymorphic for
distinct colour-patterns having mottled dark brown
and pale slate-grey forms. These extremes and other
subtler colour variants were observed separately in
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Figure 2. Phylograms resulting from analysis of Brachaspis COI sequences using Maximum parsimony and Neighbor-joining of Kimura
2-parameter distances. Numbers on edges indicate level of support from 500 heuristic bootstrap replications using the full heuristic with T3
weighting, and Neighbor-joining options of PAUP 4.0 respectively. Termini are labelled with location names and sample sizes. Species names
are shown and taxonomy indicated by phylogenetic analysis is shown B. robustus*, B. nivalis*. Lowland habitat/collection site is indicated
by a black star, and presence on individual grasshoppers of short tegmina by white star. Rooting used the New Zealand grasshopper Paprides
nitidus.

Table 1. Pairwise K2P genetic distances among Brachaspis COI haplotypes. Fine boxes indicate distances within species based on
phylogenetic analysis (Figure 2), and bold box indicates distiances between B. robustus and other haplotypes. The existing taxonomy is
indicated in the vertical column beside location names (c – B. collinus, n – B. nivalis, r – B robustus)
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the Mackenzie Basin Brachaspis individuals (Tekapo,
Tekapo Delta and Ohau River) differed from northern
B. nivalis (Fog Peak, Arrowsmith, Craigeburn) by
two 3bp INDELs. B. nivalis from Mount Dobson had
a distinct ITS genotype. Bootstrap MP analysis of
the unambiguous ITS sequences revealed a pattern
consistent with that observed from COI data (not
shown).

Thus, the two Mackenzie Basin grasshoppers
(Tekapo Delta and Ohau River) that looked like B.
robustus had a COI haplotype very similar to the
Sutton haplotypes, and the Mackenzie Basin indi-
vidual that looked like B. nivalis (Tekapo) had a
haplotype most similar to one of the Rocky Top haplo-
types. All three Mackenzie Basin Brachaspis (Tekapo,
Tekapo Delta and Ohau River), consisting of two
morphs, had identical ITS sequences, and shared the
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Table 2. Aligned ITS sequences from Brachaspis from locations in South Island. Species under the existing taxonomy are indicated
by: c – B. collinus, n – B. nivalis, r – B. robustus
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in many situations so recognition needs to be given
to other types of markers, even if these are difficult
to quantify (Vogler and DeSalle 1994). Mackenzie
Basin B. robustus* appear to have uniquely short hind
femura, a high frequency of a short-tegmina morph,
and perhaps most importantly are distinctive in the
type of habitat they occupy. These features imply
behavioural and physiological differences and may be
just as meaningful indicators of heritable diversity as
neutral DNA sequence mutations.

The expansion of molecular based research fuelled
by the increasing simplicity and utility of the tech-
niques has allowed the development of theory with
respect of units of conservation to proceed toward a
simplified (and economically/politically convenient)
unitary framework that may often be inapplicable
or misleading (Taylor and Dizon 1999). Molecular
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