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are seen in 

 

Bacillus

 

 in southern Europe (Mantovani 

 

et al

 

. 2001;
Scali 

 

et al

 

. 2003). Both regions, and their stick insect fauna,
were beyond the reach of Pleistocene glaciation, but the
onset of climatic fluctuations may have stimulated speciation,
which includes the formation of parthenogenetic lineages in
both genera.

New Zealand, which has been geologically isolated for
some 70 million years, has a temperate climate and escaped
the impacts of polar glaciation. Phylogeographical studies of
invertebrates have revealed high levels of intraspecific geo-
graphical structuring and genetic diversity (Morgan-Richards

 

et al

 

. 2001; Trewick 

 

et al

 

. 2000), cryptic species (Trewick 2000)
and evidence of rapid radiations (Chambers 

 

et al

 

. 2001;
Trewick & Wallis 2001; Trewick & Morgan-Richards 2005)
associated with Pliocene mountain-building and Pleistocene
climate fluctuations. Given that the Phasmidae are primarily
tropical insects and the group is at its ecological limits in New
Zealand, it is of interest to contrast diversity of the endemic
stick insect fauna with that of other regions.

Two subfamilies (Pachymorphinae and Phasmatinae) and
nine genera of stick insects are recognized in the New
Zealand fauna (Jewell & Brock 2002). These occupy a range
of habitats from sea level to above the tree line. Some genera
appear to have restricted geographical ranges while others
occur throughout the country. In a recent revision of the
New Zealand stick insects, Jewell & Brock (2002) made several
significant taxonomic changes, although the total number of
described species (21) is little changed from Salmon (1991).
While it is likely that current research will bring to light
hitherto unrecognized species, there are also doubts about the
validity of some existing species. Within the Phasmatinae there
is a stark contrast between the high morphological diversity
of 

 

Acanthoxyla

 

 Uvarov and the other genera that have only
one (

 

Pseudoclitarchus

 

 Salmon) or two species currently recog-
nized (

 

Argosarchus

 

 Hutton, 

 

Clitarchus

 

 Stål). This contrast is
doubly intriguing given that all 

 

Acanthoxyla

 

 spp. are obligate
parthenogens whilst the other genera are sexual or facultative
parthenogens (i.e. able to reproduce sexually or partheno-
genetically). To what extent, if any, are patterns of diversity and
speciation in these New Zealand stick insects similar to those
of their counterparts in the northern hemisphere, and does
the current taxonomy accurately reflect their evolutionary
history? Here we use phylogenetic evidence from mitochon-
drial and nuclear DNA sequences to examine the extent and
pattern of genetic diversity within and among species.

 

Taxonomic background

 

Argosarchus

 

 currently comprises two species: 

 

Argosarchus
horridus

 

 (White) and 

 

A. spiniger

 

 (White). Holotypes of these
two species described by White (1846) are female and male
respectively, but Hutton (1899) proposed their synonymy.
Although Salmon (1991) considered the two species to be

represented by distinct male and female forms, Jewell & Brock
(2002) tentatively concurred with Hutton (1899) in suggest-
ing that the type of 

 

A. spiniger

 

 is the male 

 

A. horridus

 

, and
questioned how many species of 

 

Argosarchus

 

 there really are.
According to Salmon (1991), 

 

A. horridus

 

 and 

 

A. spiniger

 

 females
differ in the degree of development of thoracic spines and
abdominal foliaceous lobes, but it is clear that these characters
and coloration vary widely. A third species, 

 

A. schauinslandi

 

Brunner, was described from specimens collected on mainland
New Zealand and the Chatham Islands, but the name has
recently been applied explicitly to the Chatham Island popu-
lation (Dugdale & Emberson 1996). The type of 

 

A. schauinslandi

 

is lost (Jewell & Brock 2002), and specimens of the Chatham
population were seen by neither Salmon (1991) nor Jewell &
Brock (2002), but the species was nevertheless judged by
Salmon (1991) as a likely synonym of 

 

A. horridus

 

 on the basis
of the original descriptions. The Chatham population is of
some interest as it is the only stick insect known from this
archipelago, situated in the Pacific Ocean some 800 km east
of mainland New Zealand, but it is rarely seen (Dugdale &
Emberson 1996).

Two species of 

 

Clitarchus

 

 are currently recognized. 

 

Clitarchus
hookeri

 

 comprises bright green and pale brown forms, and
males and females can be either colour. In many parts of the
species-range the two colour morphs are found in sympatry
and in copula. Some populations are largely parthenogenetic
as they apparently comprise only females. The viability of
unfertilized eggs from females in mixed-sex populations was
demonstrated by Stringer (1968) and Salmon (1991). Salmon
(1991) described a second species, 

 

C. tuberculatus

 

, which tends
to be darker brown than the common brown morph of

 

C. hookeri

 

 and has a more rugose cuticle than many 

 

C. hookeri

 

.
However, 

 

Clitarchus

 

 tends to be variable in colour, surface
texture and development of shallow abdominal lobes — the
very characters on which 

 

C. tuberculatus

 

 is based. Stringer
(1968) had previously concluded from extensive field obser-
vation that ‘these forms are found to intergrade so that it is
impossible to distinguish them’. Salmon (1991) states that

 

C. tuberculatus

 

 is known only from females and is presumed
to be parthenogenetic. However, although it is much less
common, the 

 

C. tuberculatus

 

 morphotype is sympatric with

 

C. hookeri

 

 throughout its range in both main islands of New
Zealand

 

.

 

 The paucity of evidence supporting the taxon led
Jewell & Brock (2002) to ask whether 

 

C. tuberculatus

 

 is a
‘form’ of 

 

C. hookeri

 

.
Eight species of 

 

Acanthoxyla

 

 are recognized (Jewell &
Brock 2002). They include four species described by Salmon
(1955), but subsequently relegated, along with all other
species, to subspecies of 

 

Acanthoxyla prasina

 

 (Salmon 1991).
Salmon (1991) justified this re-classification on the basis of
the morphological similarity of eggs of 

 

Acanthoxyla

 

, although
he did not apply the same criterion to the status of 

 

C. tuberculatus
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with respect to 

 

C. hookeri

 

. A separate study of eggs from three
species of 

 

Acanthoxyla

 

 supports their specific status (Mantovani
& Scali 1987). Jewell & Brock (2002) chose to revert to species
status for the eight 

 

Acanthoxyla

 

, a reflection of the extent of
morphological diversity of adult forms and eggs, which is greater
than that in any other genus of New Zealand stick insects.

 

Methods

 

Sampling

 

We collected representatives of 

 

Argosarchus

 

, 

 

Clitarchus

 

 and

 

Acanthoxyla

 

 from sites around New Zealand to obtain a rep-
resentative sample of their morphological and geographical
diversity (Fig. 1, Table 1). The genera differ in the range of
native plants that they consume. 

 

Argosarchus

 

 was found most
frequently on 

 

Hoheria populnea

 

, 
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Pleistocene refugia in the north of New Zealand (i.e. nearer
the equator). The extent of forest vegetation in New Zealand
was reduced substantially during glacial events, with many
plants being restricted to the north (McGlone 1988). It has
previously been suggested that while alpine-adapted inverte-
brates may show high levels of genetic diversity and strong
phylogeographical structure, forest-dwelling species might
be expected to have lower levels of diversity and less evident
spatial structuring (Trewick et al. 2000; Trewick & Wallis
2001). These New Zealand stick insects might be expected to
be highly susceptible to this effect. The Phasmidae are, after
all, a predominantly tropical group of insects and may be at
their ecological limits in New Zealand. On a small oceanic
landmass, there would have been limited opportunity to escape
climate cooling during the Pleistocene. Perhaps, instead of
questioning the paucity of diversity, we should be impressed
that any stick insects exist in New Zealand at all.
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