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Abstract 

Species are the fundamental unit for ecology and evolution. Taxonomy, the naming of 

species, grabbles with the problem of accurately representing these fundamental units. 

In this research I targeted a group of understudied and undervalued insects that are 

common throughout New Zealand. This work focuses on Rhaphidophoridae, a family of 

Orthoptera found globally, but the diversity in New Zealand is poorly understood and 

poorly described. I have been the first to use high specimen numbers in order to 

establish within and between species differences of New Zealand cave wētā. I have 

established the importance of multiple taxonomic methods. At no stage was the aim to 

fully resolve all issues, but rather to identify morphological characters that are useful in 

distinguishing species, and integrating mtDNA sequence data to test species hypotheses.  

 

I focused first on cave wētā specimens that came from a biodiversity studied but had not 

been identified to genus or species. I was able to identify characters that could 

distinguish between the taxa present in this sample and developed a method that could 

be transferred to other locations. Two key findings were that multiple cave wētā species 

co-exist across a range of habitats and that variation in abundance was species 

dependent. Of importance was my finding that juveniles cannot be distinguish and 

placed with their correct adult form due to changes in both subgenital plate shape and 

apical spines.  

 

From three regions in North Island New Zealand I was able to distinguish and identify 

fourteen putative cave wētā species. mtDNA sequence data were use to test putative 

species clusters identified by morphology and allowed me to confidently pair male and 

female specimens. Combinations of apical leg spines and subgenital plate shape could 

consistently diagnose most taxa. Many of the species are new to science. Therefore I 

described three new species in the genus Neonetus. I reviewed our current knowledge of 

the endemic genera Pleioplectron, Weta and Miotopus and based on evidence from 

mtDNA sequences and large samples I was able to clarify current species and describe 

one new Miotopus species.  As with many insect species, male terminalia are the key to 

distinguishing among species, and species within the same genus have similar female 

subgenital plates.  
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‘Takoto kau ana te whānau a Tāne” 

The descendants of Tāne are laid low 
– Tāne is the god of the forest. This is a plea for conservation. 

 

Māori view the natural world with a holistic approach, their beliefs and traditions 

acknowledge their relationships within the natural environment (Harmsworth & 

Awatere, 2013). Māori traditional whakapapa (genealogy) places all living flora and 

fauna within the same family tree. Thus they see themselves as part of the environment 

and ecosystems rather than being separate from it. This whakapapa or the genealogical 

sequence from the beginning of time to present is central to Māori perspective of the 

natural world and their link within it.  Central to their belief is the creation myth of the 

separation of Ranginui (Sky father) and papa-ti-a-nuku (Earth mother) which allowed 

the birth of their children (wind, forest and plants, sea, rivers and animals). The key 

thing here is that humans are not separate to other animal and plant species but are 

included and therefore a key component of a balanced ecosystem. This is reflected in 

their roles as Kaitiaki (guardians) for carrying out Kaitiakitanga (sustainable resource 

management and guardianship). Viewing all life as being part of the same whakapapa is 

compatible with our current understanding of the evolution of life on earth, because all 

species are linked by a common ancestor (Darwin, 1859; Theobald, 2010). 

 

It has become increasingly more common to take a holistic view of conservation and 

include indigenous people in planning and monitoring local ecosystems. Through 

traditional ecological knowledge, tangata whenua (people of the land, or original 

inhabitants of New Zealand) are well placed to be highly involved in current planning, 

management and conservation of the environment (Ramstad et al., 2007). This thesis 

brings the importance of whakapapa to the understanding and conservation of the 

endemic New Zealand insect species known as cave wētā or Rhaphidophoridae. 

 

 

Taxonomy is the discovery, description, naming and classification of living organisms 

on earth and the study of their whakapapa (genealogy or evolutionary relationships). 

Good taxonomy is important in all biological research (Khuroo et al., 2007). As 
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researchers we need to know what taxonomic units we are considering, whether we 

study conservation, ecology, phylogenetics, physiology, biochemistry or biomedicine. 

For the most part we know and have described the large megafauna on earth and have a 

general understanding of species (see below), but our knowledge of the much greater 

diversity of smaller life continues to expand (Troia & McManamay, 2016). The 

diversity of unicellular organisms is only just being realised (Nee, 2004). The discovery 

of reproductively isolated but morphologically similar taxa (cryptic species) reveals 

underestimated species diversity. Tools to study the shape and form of plants and 

animals have resulted in a greater appreciation of the morphological variation that 

exists. Detailed assessment of morphological differences among specimens can 

sometimes reveal examples of very subtle patterns of morphological variation, yielding 

recognition of “pseudo-cryptic” species (Knowlton, 1993). In other situations, 

morphological variation is found to be within a single lineage, thus for some groups we 

have overestimated total biodiversity (Bickford et al., 2007).  Problems of both 

underestimation and overestimation are seen in New Zealand cave wētā taxonomy; 

species diversity has been partitioned into too many genera (Cook et al., 2010), and new 

species are discovered by combining better sampling and genetic data. For example 

Talitropsis specimens from the Chatham Islands were originally thought to belong to a 

highly variable single species but are now recognised as two distinct species (Steven A 

Trewick, 1999).  

 

Taxonomy is limited by poor sampling so that the diversity is not fully represented. But 

it can also suffer from an excessive number of descriptions where later taxa are 

recognised as synonymies (Gaston & Mound, 1993). This creates a problem for the 

biologists who follow, as historical taxonomy must be traced and corrected, before new 

taxa can be described. In addition, the definition of “species” differs among researchers 

and this too can lead to conflicts of understanding the literature. The subject of what a 

species is has been extensively discussed e.g Darwin, 1859; De Queiroz, 2007, 2011; 

Mallet, 1995; Mayr, 1942. Here I take the view that a ‘species’ is a taxonomic 

description of an arbitrarily delineated segment of an evolutionary lineage in time (see 

Fig. 1 Vaux et al., 2016). However, although a species is artificial, it remains a 

hypothesis based on empirical observations of an evolutionary lineage and as a 

hypothesis provides a set of important predictions. In practice, Mallet’s genotypic 
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cluster definition provides a suitable method for identification of “species” using either 

(or both) morphological and genetic data (Mallet, 1995). 

 

 

 
Vaux et al. 2016.         (Figure 1) 
Yarn as a metaphor for evolutionary 
lineages: lineage-splitting and 
splitting hairs. A, a piece of yarn 
represents an evolutionary lineage 
(yellow L). Like evolutionary 
lineages, yarn is continuous and 
consists of many fibres. In both, 
splits can be identified (red 
asterisks). The origin of each piece 
of yarn in the tangled ball of wool 
represents the unknown common 
ancestry of lineages as we move 
backward in time. Many lineage-
splits are also missed due to 
extinction (orange asterisks). B, 
particular segments of lineages can 
be classified as species (green Sp, 
purple lines representing temporal 
boundaries of segments), relative to 
the studied organism, the availability 
of data and the hypotheses under 
investigation. Segments of lineages 
can also be classified as subspecies 
or varieties (green Ssp), or 
consolidated as intraspecific 

variation (unlabelled lineages 
following the designation of a 
species). The assignment of these 
taxonomic categories is arbitrary as 
the size and scale of segments 
varies. Not all lineage-splits are 
classified as speciation (cyan 
asterisk), and species classifications 
based on ancestral and derived 
difference without evidence of 
lineage-splitting (e.g. 
chronospecies) do not invoke a 
discrete speciation event. Species 
may be described based on limited 
fossil evidence (blue Sp), because 
variation is novel or of interest, even 
when there is limited knowledge of 
the lineage to which it belongs. C, 
depending upon the scale of 
observation (limited by the 
availability of data such as zoom 
and resolution in photography or 
sampling in biology) further lineages 
(fibres) and splits (lineage-splits) 
can be identified. Many lineages do 
not persist for a significant length of 
time and either go extinct or 
hybridize with the original lineage. 
D, lineages are made up of 
individuals within populations and 
hybridization can unite populations 
(pieces of yarn that split may 
recombine soon thereafter). 
Differentiating lineages (fibres) is 
easier when divergence has 
followed a lineage-split. 
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Subfamily Genera Species Range 

Aemodogryllinae 
(Walker, 1871) 12 93 

Asia-
tropical/temperate, 

Europe, NA 
Anoplophilinae 

(Storozhenko & Paik 
2010) 

2 28 Korea 

Ceuthophilinae 24 71 North America 
Dolichopainae 
(Brunner von 

Wattenwyl 1888) 
1 47 

South Europe, Asia 
Minor, Caucasus, 

Transcaucasia 
Gammarotettiginae 1 6 California 

Macropathinae 
(Karny 1929) 29 95 Austral 

Protroglophilinae 
(Gorochov 1999) 2 4 Extinct from Europe 

Rhaphidophorinae 
(Walker 1871) 6 84 Eat Asia, Australia 

and Samoa 
Troglophilinae  
(Krauss 1879) 1 17 South Europe to 

Syria 
Tropidischiinae 
(Scudder 1869) 1 1 California 
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Table 1.2 Science literature relating to New Zealand cave wētā. 
Author Name Topic  

Allegrucci et al., 2010 Macropathus filifer 
Pachyrhamma edwardsii 
Pallidoplectron turneri 
Pleioplectron simplex 
Talitropsis sedilotti 
 

Systematics  
 

Bolivar, 1882 Talitropsis sedilotti   
 

Brunner von 
Wattenwyl, 1888 

Neonetus variegatus 
Pachyrhamma 
 

Systematics  

Chopard, 1923 Neonetus variegatus 
Neonetus huttoni 
Weta thomsoni 
Pachyrhamma fascifer 
Pleioplectron cavernae 
 

Systematics  

Cook et al., 2010 Gymnoplectron longipes 
Macropathus sp. 
Pachyrhamma acanthoceras 
P. delli 
P. edwardsii 
P. fuscum 
P. giganteum 
P. longicaudum 
P. ngonogtahaense 
P. spinosum 
P. tuarti 
P. uncatum 
P. waipuense 
P. waitomoensis 
Pleioplectron cavernae 
P. simplex 
Turbottoplectron cavernae 
T. unicolor 
Weta thomsoni 
 

Systematics  

Gorochov, 1988 Tallitropsini 
 

Systematics  

Hutton, 1897 Talitropsis sedilotti 
T. crassicruris 
T. irregularis 
Ischyroplectron isolatum 
Gymnoplectron longipes 
Pachyrhamma speluncae 
P. novae seelandiae 
P. fascifer 
Pleioplectron simplex 
P. hudsoni 
P. pectinatum 
P. diversum 
Neonetus variegatus 
N. pilosus 
Isoplectron armatum 
I. calcaratum 

Systematics; Hutton 
attempted to define 
genera and a number 
of species. Many he 
described himself 
others are 
redefinitions of 
existing taxa 
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Pharmacus montanus 
Macropathus filifer 
M. edwardsii 

Johns 2014 Maotoweta virescens Systematics  
 

Karny, 1930 Talitropsis apoduroides Systematics; also 
refers to higher 
taxonomic levels 
 

 

Karny 1935 Pachyrhamma chopardi  
 

 

Karny, 1937 Isoplectron aciculatum 
Talitropsis chopardi 
 

Systematics  

Kirby, 1906  
 

  

Milligan 1926  
 

  

Richards, 1954a Macropathus filifer Ecology 
Observation 
 

 

Richards, 1954b Macropathus filifer Observation 
 

 

Richards, 1954c Macropathus filifer 
Macropathus acathocera 

Systematics 
Ecology 
 

 

Richards, 1955  Ecology of general 
cave weta 
 

 

Richards, 1958a Talitropsis crassicruris 
Novoplectron serratum 

Systematics 
Ecology 
 

 

Richards, 1958b Macropathus filifer Systematics 
 

 

Richards, 1958c Pachyrhamma longipes 
Pachyrhamma waitomoensis 
Pallidoplectron turneri 
 

Systematics  

Richards, 1959a Pachyrhamma fusca 
Pachyrhamma uncata 
 

Systematics  

Richards, 1959b Pleioplectron simplex 
P. hudsoni 
P. pectinatum 
P. diversum 
P. edwardsii 
P. cavernae 

Systematics  

Richards, 1959c Pachyrhamma longicauda 
 

Systematics  

Richards, 1960 Pachyrhamma waipuensis 
Pallidoplectron peniculosum 
 

Systematics  

Richards, 1961a Pachyrhamma waitomoensis 
Pallidoplectron turneri 
 

Ecology  

Richards, 1961b  Observations 
 

 

Richards, 1961c Gymnoplectron spinosa 
G. ngongotahaensis 

Systematics  
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G. tuarti 
 

Richards, 1961d Gymnoplectron 
Macropathus 
Pachyrhamma 
 

Systematics and 
synonym 

 

Richards, 1962a Gynmoplectron waitomoensis 
Pallidoplectron turneri 
 

Ecology  

Richards, 1962b Gymnoplectron giganteum Systematics 
 

 

Richards, 1964 Dendroplectron aucklandense 
Notoplectron campbellense 
 

Systematics  

Richards, 1965a  
 

  

Richards, 1965b Gymnoplectron waitomoensis 
Pallidoplectron turneri 
 

Ecology  

Richards, 1965c Pallidoplectron subterraneum Systematics 
 

 

Richards, 1970 Insulanoplectron spinosum Systematics 
 

 

Richards, 1971 Gymnoplectron 
Talitropsis 
Paraneonetus 
Dendroplectron 
Novoplectron 
Turbottoplectron 
Pleioplectron 
Insulanoplectron 
 

Biogeography/ 
Relationships with 
Australia 
 

 

 Richards, 1972 Pharmacus montanus 
P. chapmanae 
P. brewsterensis 
P. dumbletoni 
Petrotettix serratus 
P. spinosus 
P. cupolaensis 
P. nigripes 
Setascutum ohauensis 
S. pallidum 
 

Systematics  

Salmon, 1948 Turbottoplectron unicolor Systematics 
 

 

Thomas et al., 1998 Pleioplectron simplex Ecology 
 

 

Trewick, 1999 Talitropsis crassicruris 
T. megatibia 
T. sedilotti 
 

Systematics  

Ward, 1997  Generic key to NZ 
family 
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(Orthoptera: Rhaphidophoridae):  ecological 

implications for Te Paki, Far North, New Zealand. 
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Figure 2.1. Te Paki Ecological District, Far North, New Zealand, showing 
location of pitfall trap sites that provided cave wētā specimens.  
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Table 2.2. Comparisons using t-tests of male and female mean sizes for three 
morphological traits in four species of cave wētā (cave wētā) from Te Paki 
Ecological District. Bold = P<0.05. Standard errors for each mean value are in 
brackets.
Mean size in 

mm. 

(Standard 

Error) 

Neonetus 

variegatus (TPA) 

Pachyrhamma n.sp 

(TPB) 

Pallidoplectron 

n.sp (TPC) 

Talitropsis n.sp 

(TPD) 

Male 

n=115 

Female 

n=182 

Male 

n=53 

Female 

n=51 

Male 

n=5 

Female 

n=2 

Male 

n=5 

Female 

n=6 

Pronotum  2.690 

(0.023) 

2.980 

(0.023) 

3.906 

(0.185) 

4.358 

(0.198) 

3.190 

(0.107) 

3.275 

(0.215) 

2.450 

(0.088) 

2.384 

(0.084) 

Hind femora 8.630 

(0.090) 

8.927 

(0.074) 

12.610 

(0.717) 

13.293 

(0.614) 

16.700 

(0.175) 

10.040 

(2.15) 

7.120 

(0.362) 

7.409 

(0.467) 

Hind tibia 9.346 

(0.099) 

9.422 

(0.078) 

13.750 

(0.740) 

14.508 

(0.638) 

12.500 

(0.196) 

11.720 

(3.45) 

6.880 

(0.423) 

7.665 

(0.679) 
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Figure 2.2. Dorsal view of cave wētā showing the location of apical spines. S1) 
Fore femur prolateral, S2) Fore femur retrolateral, S3) Mid femur prolateral, S4) 
Mid femur retrolateral, S5) Hind femur prolateral, S6) Hind femur retrolateral, 
S7) Fore tibia superior prolateral, S8) Fore tibia superior retrolateral, S9) Fore 
tibia inferior prolateral, S10) Fore tibia inferior retrolateral, S11) Mid tibia 
superior prolateral, S12) Mid tibia superior retrolateral, S13) Mid tibia inferior 
prolateral, S14) Mid tibia inferior retrolateral, S15) Hind tibia superior prolateral, 
S17) Hind tibia inferior prolateral, S19) Hind tibia inferior sub-apical prolateral, 
S21) Hind tibia superior sub-apical prolateral. Spines S16, S18, S20 and S22 
match and appose to S15 S17, S19 and S21 on the retrolateral spine.  
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Figure 2.3. Four species of cave wētā identified from Te Paki Ecological 
District, Females on left, males on right.  
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Table 2.3. Adjusted P values from Tukey HSD test comparing mean lengths of 
pronota, hind femura, and hind tibiae of four species of cave wētā from Te Paki 
Ecological District pitfall traps. Significant differences are underlined (P<0.05) or 
in bold (P<0.0001). TPA (Neonetus variegatus), TPB (Pachyrhamma sp.), TPC 
(Pallidoplectron sp.), TPD (Talitropsis sp). 

 Pronotum Length Hind Femur Hind Tibia 

TPA vs TPB <0.001 <0.001 <0.001 

TPA vs TPC 0.543 0.297 0.025 

TPA vs TPD 0.174 0.095 0.014 

TPB vs TPC 0.014 0.073 0.284 

TPB vs TPD <0.001 <0.001 <0.001 

TPC vs TPD 0.089 0.023 <0.001 
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Figure 2.4.  

Principal component analysis of 
Te Paki cave wētā morphology. 
A) All taxa and juveniles using 
spine and metric data, B) Four 
diagnosed taxa using spine and 
metric data (data from 
unidentified juveniles excluded), 
C) Four diagnosed taxa using 
only metric data. Juveniles (Juv.) 
were specimens less than 10mm 
long.
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Figure 2.5. Subgenital plates of the four cave wētā species identified from the 
Te Paki area. Row A: TPA (Neonetus variegatus) female ventral (left), male 
ventral (centre), male lateral (right). Row B: TPB  (Pachyrhamma sp.) female 
ventral (left), male ventral (centre), male lateral (right). Row C: TPC 
(Pallidoplectron sp.) female ventral (left), male ventral (centre), male lateral 
(right). Row D (Talitropsis sp.)  female ventral (left), male ventral (centre), male 
lateral (right). 
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Figure 2.6. Mean monthly counts of four cave wētā species in pitfall traps in Te 
Paki Ecological District between July 2006 and June 2007. A) TPA, B) TPB, C)  
TPC, D) TPD. Dashed line = pine forest, dotted line = native forest and full line 
= shrubland. Note that y axis scales differ.
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Table 2.4. Generalised linear model (Poisson, link: log) to explain the variation 
in cave wētā abundance (response) captured in pitfall traps in Te Paki, New 
Zealand. Terms added sequentially (first to last). There were eight sites situated 
in one of three habitats (native forest, pine forest and scrub). Four cave wētā 
species were identified and juveniles were excluded. 
 
 Df  Deviance  Resid. 

Df    
Resid. 
Dev  

Pr (> Chi) 

NULL   431  6461  

Species 3 3177  428  3284 < 0.001 

Month 11 336 417 2948  < 0.001 

Habitat 2 1260  415  1688 < 0.001 

Site 6 448  409 1240 < 0.001 

Species:Month 33 260  376 979 < 0.001 

Species:Habitat  6 91 370 888 < 0.001 

Month:Habitat  22 105 348 783  < 0.001 

Species:Month:Habitat  66 86  282  697    0.049  
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Chapter 3 

Comparing species level diversity of cave wētā among 

three locations of New Zealand 
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Location Number of 
Phenotypes 

Number of 
OTUs 

Hawke’s Bay 18 8 

Manawatū 26 11 

Taranaki 28 10 

 



Chapter 3 

 72 



Th
re

e 
Lo

ca
tio

ns
 

 
73

 

Phenotype 

Sex 

Location 

Subgenital 
Plate 

Spine type 

S1 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

S9 

S10 

S11 

S12 

S13 

S14 

S15 

S16 

S17 

S18 

S19 

S20 

S21 

S22 

OTU 

P
1 

M
 

H
B

, 
T,

 M
 

S
B

22
 

T1
1 

0 
0 

0 
1 

0 
1 

1 
0 

1 
0 

1 
0 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

A
 

P
2 

M
 

H
B

, 
T 

S
B

22
 

T2
2 

0 
0 

0 
1 

0 
1 

1 
0 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

A
 

P
3 

M
 

T 
S

B
22

 
T1

7 
0 

0 
0 

1 
0 

0 
1 

0 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
A

 

P
4 

M
 

T 
S

B
22

 
T1

4 
0 

0 
0 

1 
0 

0 
1 

0 
1 

0 
1 

0 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
A

 

P
5 

F 
H

B
, 

T,
 M

 
S

B
16

 
T1

1 
0 

0 
0 

1 
0 

1 
1 

0 
1 

0 
1 

0 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
A

 

P
6 

M
 

M
 

S
B

15
 

T1
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

C
 

P
7 

M
 

M
 

S
B

15
 

T2
0 

1 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

C
 

P
8 

M
 

M
 

S
B

15
 

T1
6 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

1 
1 

C
 

P
9 

M
 

M
 

S
B

15
 

T1
9 

0 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

C
 

P
10

 
F 

M
 

S
B

19
 

T1
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

C
 

P
11

 
F 

H
B

 
S

B
19

 
T2

1 
1 

1 
1 

1 
0 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
C

 

P
12

 
F 

T 
S

B
23

 
T3

 
1 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
B

 

P
13

 
M

 
H

B
, 

T,
 M

 
S

B
3 

T9
 

1 
0 

0 
1 

0 
1 

1 
0 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

G
 

P
14

 
M

 
H

B
, 

M
 

S
B

3 
T1

0 
1 

0 
0 

1 
0 

0 
1 

0 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
G

 

P
15

 
M

 
T 

S
B

3 
T5

 
1 

0 
0 

1 
0 

0 
1 

0 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
G

 

P
16

 
F 

T 
S

B
21

 
T9

 
1 

0 
0 

1 
0 

1 
1 

0 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
G

 



C
ha

pt
er

 3
 

 
74

 

P
17

 
F 

H
B

, 
T,

 M
 

S
B

21
 

T1
0 

1 
0 

0 
1 

0 
0 

1 
0 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

G
 

P
18

 
M

 
T 

S
B

2 
T2

6 
1 

1 
1 

1 
0 

0 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

1 
1 

1 
D

 

P
19

 
M

 
H

B
, 

T,
 M

 
S

B
2 

T2
1 

1 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

D
 

P
20

 
M

 
H

B
, 

T,
 M

 
S

B
2 

T3
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

D
 

P
21

 
M

 
M

 
S

B
2 

T7
 

1 
0 

0 
1 

0 
0 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

D
 

P
22

 
F 

T 
S

B
9 

T1
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

E
 

P
23

 
F 

T 
S

B
9 

T2
0 

1 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

E
 

P
24

 
M

 
T 

S
B

10
 

T1
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

E
 

P
25

 
M

 
T 

S
B

10
 

T2
0 

1 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

E
 

P
26

 
M

 
M

, T
 

S
B

11
 

T3
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

H
 

P
27

 
F 

H
B

, 
T,

 M
 

S
B

14
 

T3
 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

H
 

P
28

 
F 

T 
S

B
14

 
T2

1 
1 

1 
1 

1 
0 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
H

 

P
29

 
M

 
H

B
, 

T,
 M

 
S

B
12

 
T4

 
1 

0 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
F 

P
30

 
M

 
H

B
, 

M
 

S
B

12
 

T2
4 

1 
0 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

F 

P
31

 
F 

H
B

, 
T,

 M
 

S
B

6 
T4

 
1 

0 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
F 

P
32

 
F 

T 
S

B
6 

T2
4 

1 
0 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

F 

P
33

 
M

 
H

B
, 

M
 

S
B

4 
T3

 
1 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
B

 

P
34

 
M

 
H

B
 

S
B

4 
T2

1 
1 

1 
1 

1 
0 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
B

 

P
35

 
F 

H
B

 
S

B
20

 
T2

1 
1 

1 
1 

1 
0 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
D

 

P
36

 
F 

T 
S

B
26

 
T3

 
1 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
D

 

P
37

 
M

 
T 

S
B

1 
T1

6 
1 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
1 

1 
L 



Th
re

e 
Lo

ca
tio

ns
 

 
75

 

P
38

 
F 

T 
S

B
1 

T1
6 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

1 
1 

L 

P
39

 
F 

T 
S

B
13

 
T6

 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
K

 

P
40

 
M

 
M

 
S

B
5 

T1
2 

0 
0 

0 
1 

0 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

I 

P
41

 
M

 
H

B
 

S
B

5 
T1

3 
0 

0 
0 

1 
0 

1 
1 

0 
1 

0 
1 

0 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
I 

P
42

 
F 

M
 

S
B

17
 

T1
2 

0 
0 

0 
1 

0 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
1 

1 
1 

1 
1 

1 
1 

I 

P
43

 
F 

M
 

S
B

19
 

T2
5 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
1 

1 
1 

C
 

P
44

 
F 

M
 

S
B

24
 

T1
4 

0 
0 

0 
1 

0 
0 

1 
0 

1 
0 

1 
0 

1 
1 

1 
1 

1 
1 

0 
0 

1 
1 

P
 

P
45

 
F 

M
 

S
B

19
 

T1
6 

1 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
1 

1 
1 

C
 

P
46

 
F 

T 
S

B
26

 
T1

8 
1 

0 
0 

1 
0 

0 
0 

1 
1 

1 
0 

1 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
M

 

P
49

 
F 

H
B

 
S

B
16

 
T2

2 
0 

0 
0 

1 
0 

1 
1 

0 
1 

1 
1 

0 
1 

1 
1 

1 
1 

1 
0 

0 
1 

1 
A

 

P
51

 
F 

M
 

S
B

19
 

T8
 

1 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

1 
1 

C
 

P
53

 
F 

M
 

S
B

23
 

T2
1 

1 
1 

1 
1 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

U
 

  



Chapter 3 

 76 

Table 3.3 Line drawings of the different types of cave wētā subgenital plates 
represent by specimens from three North Island New Zealand locations. 

Subgenital Plate 

Type 
Ventral View Lateral View 

SB1 

 

 

SB2 

  

SB3 

  

SB4 

 

 

SB5 

  

SB6 

 

 
 

 

SB9 
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SB10 

  

SB11 

  

SB12 

 

 

SB13 

 

 
 

 

SB14 

 

 
 

 

SB15 

 
 

SB16 

 

 

SB17 
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SB18 

 

 

SB19 

 

 

SB20 

 

 

SB21 

 

 
 

 

SB22 

  

SB23 
 

 

SB24 

 

 

SB26 

 

 

SB27 
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Figure 4.2 Phylogenetic relationships within the New Zealand cave wētā genus 
Neonetus inferred from MtDNA sequences (COI) using maximum likelihood 
(numbers above nodes are posterior probabilities, below nodes are bootstrap 
values).  Main clades are labelled with either existing species name, Te Paki 
codes from Chapter 2, or letters referenced in the text. Clade G: Neonetus 
CIRRATUS sp. nov.; Clade C Neonetus UNCINUS sp. nov.; Clade B Neonetus 
PATERLONGIPES sp. nov. 
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Class: Insecta  

Order: Orthoptera  

Suborder: Ensifera 

 Superfamily: Tettigoniodea 

 Family: Rhaphidophoridae 

Genus:   Neonetus 

Type species: variegatus Brunner von wattenwyl 1888  

 

Neonetus Brunner von Wattenwyl 1888 (Type species variegatus) 

  variegatus Brunner von wattenwyl 1888 (syntypes: MHNG, Geneva Museum; 

NMW, Vienna Museum) 

   pilosus [syn.] Hutton 1896 

huttoni Chopard 1923 (holotype: missing) 
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Figure 4.5 Lateral view of Neonetus huttoni (Left) male, (right) female. Scale 
bars 10mm. 

 

 

Figure 4.6 Subgenital plates of Neonetus huttoni (Left) male lateral view, 
(centre) male ventral view, (right) female venteral view. 

f Neonetus huttoni (Le
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Figure 5.2 Pleioplectron hudsoni. Lateral view, (left) male, (right) female.   
Scale bars 10mm 

 

Figure 5.3 Subgenital plate of Pleioplectron hudsoni. (Left) male lateral view, 
(centre) male ventral view, (right) female ventral view. 
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Figure 5.4 Lateral view of Miotopus diversus. (Left) male, (right) female. 
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Figure 5.5 Subgenital plate of Miotopus diversus. (Left) male lateral view 
(centre) male ventral view, (right) female ventral view. 
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Figure 5.6 Holotype of Miotopus RICHARDSI (Left) male, (right) female.  

Scale bars 10mm. 

 

 
 

 

Figure 5.7 Subgenital plate of Miotopus RICHARDSI. (Left) male lateral view, 
(centre) male ventral view, (right) female ventral view. 
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Figure 5.8 
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Figure 6.1 A developing whakapapa of New Zealand rhaphidophorid genera.  
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