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Taxonomic status of tree weta from Stephens Island, Mt
Holdsworth and Mt Arthur, based on allozyme variation

Mary Morgan-Richards, Charles H. Daugherty and George W. Gibbs

Eleven populations of the Wellington tree weta, Hemideina crassidens (Blanchard,
1851), were compared with tree weta collected from Stephens Island (H. crassicruris
Salmon 1950) and from Mt Ho .28s381r,n8AHa2t
  -0.196 Tc
( w) T
  (e) Tj
0.251 Tw
-0.152 Tc
( Coo) Tj
0.000 Tc
(k) Tj
0.587 Tw
-0.059 Tc
( Strait) Tj
0.000 Tc
(,) Tj
0.291 Tw
-0.183 Tc
( an) Tj
0.000 Tc
(d) Tj
0.539 Tw
-0.385 Tc
( i) Tj
0.000 Tc
(n) Tj
0.181 Tw
-0.137 Tc
( th) Tj
0.000 Tc
(e) Tj
0.229 Tw
-0.130 Tc
( nort) Tj
0.000 Tc
(h) Tj
0.608 Tw
-0.183 Tc
( an) Tj
0.000 Tc
(d) Tj
0.301 Tw
-0.147 Tc
( wes) Tj
0.000 Tc
(t) Tj
0.692 Tw
-0.475 Tc
( o) Tj
0.000 Tc
(f) Tj
0.207 Tw
-0.137 Tc
( th) Tj
0.000 Tc
(e) Tj
0.533 Tw
-0.192 Tc
( Sout) Tj
0.000 Tc
(h) Tj
0.743 Tw
-0.118 Tc
( Islan) Tj
0.000 Tc
(d) Tj
0.609 Tw
-0.100 Tc
( (Mead) Tj
0.000 Tc
(s) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
52.320 339.600 Td
0.000 Tw
98.243 Tz
/F0 10.000 Tf
0 Ts
-0.197 Tc
(1990)) Tj
0.000 Tc
(.) Tj
2.506 Tw
99.000 Tz
-0.085 Tc
( Salmo) Tj
0.000 Tc
(n) Tj
3.338 Tw
-0.095 Tc
( (1950) Tj
0.000 Tc
()) Tj
2.878 Tw
-0.048 Tc
( describe) Tj
0.000 Tc
(d) Tj
3.048 Tw
-0.090 Tc
( tw) Tj
0.000 Tc
(o) Tj
-0.247 Tc
( ne) Tj
0.000 Tc
(w) Tj
2.974 Tw
-0.064 Tc
( specie) Tj
0.000 Tc
(s) Tj
3.056 Tw
-0.355 Tc
( o) Tj
0.000 Tc
(f) Tj
2.691 Tw
-0.075 Tc
( tre) Tj
0.000 Tc
(e) Tj
3.239 Tw
-0.140 Tc
( weta) Tj
0.000 Tc
(,) Tj
2.377 Tw
/F1 10.000 Tf
0 Ts
( H.) Tj
2.568 Tw
( crassicruris) Tj
2.994 Tw
/F0 10.000 Tf
0 Ts
-0.183 Tc
( an) Tj
0.000 Tc
(d) Tj
2.512 Tw
/F1 10.000 Tf
0 Ts
( H.) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
50.640 328.800 Td
0.000 Tw
99.000 Tz
/F1 10.000 Tf
0 Ts
0.000 Tc
(brevaculea.) Tj
1.286 Tw
/F0 10.000 Tf
0 Ts
-0.050 Tc
( Restricte) Tj
0.000 Tc
(d) Tj
1.284 Tw
-0.005 Tc
( t) Tj
0.000 Tc
(o) Tj
0.694 Tw
-0.060 Tc
( Stephen) Tj
0.000 Tc
(s) Tj
0.918 Tw
-0.078 Tc
( Islan) Tj
0.000 Tc
(d) Tj
1.833 Tw
-0.505 Tc
( i) Tj
0.000 Tc
(n) Tj
1.104 Tw
-0.212 Tc
( Coo) Tj
0.000 Tc
(k) Tj
1.286 Tw
-0.093 Tc
( Strait) Tj
0.000 Tc
(,) Tj
0.797 Tw
/F1 10.000 Tf
0 Ts
( H.) Tj
0.628 Tw
( crassicruris) Tj
1.544 Tw
/F0 10.000 Tf
0 Ts
-0.187 Tc
( wa) Tj
0.000 Tc
(s) Tj
0.646 Tw
-0.140 Tc
( identifie) Tj
0.000 Tc
(d) Tj
2.022 Tw
-0.263 Tc
( an) Tj
0.000 Tc
(d) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
50.640 318.000 Td
0.000 Tw
99.000 Tz
/F0 10.000 Tf
0 Ts
-0.007 Tc
(distinguishe) Tj
0.000 Tc
(d) Tj
2.283 Tw
-0.342 Tc
( fro) Tj
0.000 Tc
(m) Tj
1.874 Tw
/F1 10.000 Tf
0 Ts
( H.) Tj
1.356 Tw
( crassidens) Tj
1.510 Tw
/F0 10.000 Tf
0 Ts
-0.170 Tc
( b) Tj
0.000 Tc
(y) Tj
1.302 Tw
-0.057 Tc
( th) Tj
0.000 Tc
(e) Tj
1.453 Tw
-0.059 Tc
( absenc) Tj
0.000 Tc
(e) Tj
2.073 Tw
-0.475 Tc
( o) Tj
0.000 Tc
(f) Tj
1.524 Tw
( a) Tj
0.856 Tw
-0.039 Tc
( retrolatera) Tj
0.000 Tc
(l) Tj
2.169 Tw
-0.110 Tc
( apica) Tj
0.000 Tc
(l) Tj
2.180 Tw
-0.132 Tc
( spin) Tj
0.000 Tc
(e) Tj
1.698 Tw
-0.295 Tc
( o) Tj
0.000 Tc
(n) Tj
1.185 Tw
-0.057 Tc
( th) Tj
0.000 Tc
(e) Tj
1.612 Tw
-0.134 Tc
( mid) Tj
0.000 Tc
(-) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
50.640 307.200 Td
0.000 Tw
99.000 Tz
/F0 10.000 Tf
0 Ts
-0.166 Tc
(femu) Tj
0.000 Tc
(r) Tj
1.296 Tw
-0.103 Tc
( (Salmo) Tj
0.000 Tc
(n) Tj
2.291 Tw
-0.245 Tc
( 1950) Tj
0.000 Tc
(,) Tj
1.348 Tw
-0.156 Tc
( 1954)) Tj
0.000 Tc
(.) Tj
-0.332 Tw
-0.067 Tc
( Tre) Tj
0.000 Tc
(e) Tj
0.869 Tw
-0.155 Tc
( wet) Tj
0.000 Tc
(a) Tj
0.471 Tw
-0.295 Tc
( o) Tj
0.000 Tc
(n) Tj
0.733 Tw
-0.090 Tc
( Stephen) Tj
0.000 Tc
(s) Tj
1.209 Tw
-0.158 Tc
( Islan) Tj
0.000 Tc
(d) Tj
0.688 Tw
-0.172 Tc
( ten) Tj
0.000 Tc
(d) Tj
0.800 Tw
-0.125 Tc
 
  ( t) Tj
0.000 Tc
(o) Tj
0.282 Tw
-0.255 Tc
( b) Tj
0.000 Tc
(e) Tj
0.581 Tw
-0.145 Tc
( mor) Tj
0.000 Tc
(e) Tj
0.223 Tw
-0.050 Tc
( robus) Tj
0.000 Tc
(t) Tj
0.489 Tw
-0.103 Tc
( an) Tj
0.000 Tc
(d) Tj
0.492 Tw
-0.067 Tc
( darke) Tj
0.000 Tc
(r) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
50.640 296.400 Td
0.000 Tw
99.000 Tz
/F0 10.000 Tf
0 Ts
-0.152 Tc
(tha) Tj
0.000 Tc
(n) Tj
0.790 Tw
-0.175 Tc
( o) Tj
0.000 Tc
(n) Tj
0.338 Tw
-0.057 Tc
( th) Tj
0.000 Tc
(e) Tj
0.460 Tw
-0.036 Tc
( mainlan) Tj
0.000 Tc
(d) Tj
1.316 Tw
-0.056 Tc
( (G) Tj
0.000 Tc
(.) Tj
0.157 Tw
-0.080 Tc
( Ramsa) Tj
0.000 Tc
(y) Tj
0.795 Tw
0.036 Tc
( pers) Tj
0.000 Tc
(.) Tj
0.031 Tw
-0.017 Tc
( comm) Tj
0.000 Tc
(.) Tj
2.305 Tw
-0.237 Tc
( 1992)) Tj
0.000 Tc
(.) Tj
-0.236 Tw
/F1 10.000 Tf
0 Ts
( H.) Tj
0.386 Tw
( brevaculea) Tj
1.014 Tw
/F0 10.000 Tf
0 Ts
-0.187 Tc
( wa) Tj
0.000 Tc
(s) Tj
0.646 Tw
-0.140 Tc
( identifie) Tj
0.000 Tc
(d) Tj
1.984 Tw
-0.342 Tc
( fro) Tj
0.000 Tc
(m) Tj
1.503 Tw
-0.205 Tc
( M) Tj
0.000 Tc
(t) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
50.880 285.600 Td
0.000 Tw
99.000 Tz
/F0 10.000 Tf
0 Ts
-0.060 Tc
(Holdswort) Tj
0.000 Tc
(h) Tj
2.088 Tw
-0.116 Tc
( (typ) Tj
0.000 Tc
(e) Tj
1.399 Tw
0.015 Tc
( locality)) Tj
0.000 Tc
(,) Tj
1.013 Tw
-0.205 Tc
( M) Tj
0.000 Tc
(t) Tj
1.159 Tw
-0.093 Tc
( Arthu) Tj
0.000 Tc
(r) Tj
1.549 Tw
-0.183 Tc
( an) Tj
0.000 Tc
(d) Tj
1.425 Tw
-0.059 Tc
( Motungaratit) Tj
0.000 Tc
(i) Tj
1.965 Tw
-0.090 Tc
( (Titi) Tj
0.000 Tc
()) Tj
1.686 Tw
-0.118 Tc
( Islan) Tj
0.000 Tc
(d) Tj
1.549 Tw
-0.263 Tc
( an) Tj
0.000 Tc
(d) Tj
1.065 Tw
-0.025 Tc
( distinguishe) Tj
0.000 Tc
(d) Tj
1.766 Tw
-0.290 Tc
( b) Tj
0.000 Tc
(y) Tj
ET
BT
3 Tr
0.000 0.000 0.000 rg
50.640 274.800 Td
0.000 Tw
99.000 Tz
/F0 10.000 Tf
0 Ts
-0.037 Tc
(extremel) Tj
0.000 Tc
(y) Tj
0.639 Tw
-0.166 Tc
( smal) Tj
0.000 Tc
(l) Tj
0.291 Tw
-0.039 Tc
( retrolatera) Tj
0.000 Tc
(l) Tj
0.754 Tw
-0.150 Tc
( apica) Tj
0.000 Tc
(l) Tj
0.716 Tw
-0.164 Tc
( mid-femu) Tj
0.000 Tc
(r) Tj
1.524 Tw
-0.148 Tc
( spine) Tj
0.000 Tc
(s) Tj
0.412 Tw
-0.263 Tc
( an) Tj
0.000 Tc
(d) Tj
0.071 Tw
( a) Tj
-0.320 Tw
-0.075 Tc
( relativel) Tj
0.000 Tc
(y) Tj
0.763 Tw
-0.116 Tc
( shor) Tj
0.000 Tc
(t) Tj
0.078 Tw
-0.054 Tc
( oviposit/F0 10.000 Tf
0 c70t9c83.766 Tw
hdv
( mair
-0.164 Tc
( mid-femu)77yeera) Tj8n6483.76600 0.000 0.08))g
50.640 274.800 Td
0.000 T2

r (TitiG



302 Journal of The Royal Society of New Zealand, Volume 25, 1995

Table 1 - Sample locations of the tree weta used in this study and the sample sizes

Longitude & Sample
Population Species Locality Region1 Latitude size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

H. crassidens
H. crassidens
H. crassidens1

H. crassidens
H. crassidens
H. crassidens
H. crassidens
H. crassidens
H. crassidens
H. crassidens2

H. crassidens
H. crassidens
H. c. crassicruris
H. n. sp.
H. thoracica
H. thoracica
H. thoracica
H. femorata

Harihari
Hokitika
Mt Arthur
Picton
Maud Island
Wellington
Paremata
Kapiti Island
Lake Pounui
Mt Holdsworth
Mangaweka
Mt Taranaki
Stephens Island
Raukawa
Mt Taranaki
Lake Taupo
Lake Wai hopo
Kowhai Bush

WD
WD
NN
SD
SD
WN
WN
WN
WA
WA
RI
TK
SD
HB
TK
TO
ND
KA

170°27'43°03'
171°00'42°46'
172°46'41°12'
174°01'41°18'
173°54'41°02
]74°48'41°15'
I74°53'41°O6'
174°56'40°51'
175°07'41°21'
175°29'40°54'
175°48'39°49'
174°06'39°16'
174°00'40°40'
176°37'39°44'
174°07'39°20'
176°04'38°45'
173°03'34°46'
173°36'42°23'

3
1
4
2
4

25
4
5
3
4
1
8

20
4
3
2
5
5

1. Region codes: HB = Hawkes Bay, KA = Kaikoura, ND = Northland, NN = Nelson,
RI = Rangitikei, SD = Marlborough Sounds, TK = Taranaki, TO = Taupo, WA = Wairapa,
WD= Westland, WN = Wellington.
2. Collected from a location where Salmon ( 1950) identified H. brevaculea

We therefore undertook an analysis of allozyme variation of tree weta from thirteen sites
including Stephens Island, with the aim of establishing whether the weta on Stephens Island
should be viewed as a separate species, and also to determine whether H. brevaculea exists as
a distinct entity, parapatric or sympatric with H. crassidens, at the sites from which Salmon
(1950) described it.

MATERIALS AND METHODS

Between 1989 and 1994 a total of 103 weta were collected from 17 locations (Table 1). Five
purported species of Hemideina were sampled, including H. thoracica and H. femorata
which were used as out-groups. Sample sizes were usually small (1-8); generally large
numbers of individuals are not required to determine species status using allozyme data even
between closely related species such as chimpanzees and humans, so long as a reasonably
large number of genetic loci are used (Sarich 1977).

Tree weta were collected from Mt Holdsworth (Tararua Ranges) and from near Mt Arthur
in the hope of obtaining specimens of H. brevaculea. Weta from these localities fit the
descriptions for both H. crassidens and H. brevaculea, the only distinctions being that
females of the latter have "very short [ovipositors], only about one-fifth length of body" and
minute retrolateral apical mid-femur spines (Salmon 1950). Since all immature female tree
weta comply with this description, we deemed them to be H. crassidens until proven
otherwise. Thus in the following text all specimens from the H. brevaculea locations are
refered to as H. crassidens. The most northern population of H. crassidens sampled was Mt
Taranaki where it is was sympatric with H. thoracica (Fig. 1). OneTre o 
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Fig. 1 - New Zealand localities where tree weta were collected for this study. Two species were
collected from Mt Taranaki, numbers are those used in table 1. • = H. crassidens, A = H. thoracica,
• = H. femorata)



304 Journal of The Royal Society of New Zealand, Volume 25, 1995

Weta were killed using ether and immediately dissected. Tissue from the
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Table 3 - Allele frequencies and unbiased estimates of average heterozygosity, H (Nei,
1978), for 18 populations of tree weta, (populations as in table 1)

H. H. fem-
H. crassidens H. c.c. n. sp thoracica orata

locus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Ak
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -
(b) - - - - - - - - - - - - - - - - - 1.00
Gpi
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 - 1.00 1.00 1.00 1.00
(b) - - - - - - - - - - - - - 1.00 -
Hk-1
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -
( b ) - - - - - - - - - - - - - - - - - 1 . 0 0
Hk-2
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -
(b) - - - - - - - - - - - - - - - - - l.OO
Idh-2
(a) 1.00 1.00 1.00 1.00 1.00 0.98 0.75 1.00 0.67 1.00 1.00 1.00 1.00 1.00 - - - 1.00
(b) - - - - - 0.02 0.25 - 0.33 - - - - - - - - -
(c) - - - - - - - - - - - - - - 1.00 0.25 1.00 -
(d) - - - - - - - - - - - - - - - 0.75 - -
Ldh-1
(a) - - - - - 0 . 1 8 - 0 . 7 0 0 . 2 5 0 . 3 3 - 0 . 8 0 - - - - - -
( b ) 0 .25 - - - - 0 .74 0 .13 0 .20 - 0 .67 - 0 .10 - 1.00 1.00 1.00 1.00 -
(c) 0 .75 1.00 1.00 1.00 0 .75 0 .06 0 .87 0 .10 0 . 2 5 - - - 0 . 9 8 - - - - 1.00
(d) - - - - 0 .25 - - - - - 1.00 - 0 .02 - - - - -
(e) - - - - - 0 .02 - - 0 .50 - - 0 .10 - - - - - -
L d h - 2
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 - - - - 1.00
(b) - - - - - - - - - - - - - 1.00 1.00 1.00 1.00 -
Mdh-1
(a) 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(b) - - - - - 0.02 - - - - - - - - - - - -
Mdh-2
(a) 1.00 1.00 1.00 1.00 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 0.82 1.00 -
(b) - - - - - 0.02 - - - - - - 0.18 - - - - -
(c) - - - - - - - - - - - - - - 1.00 1.00 1.00 -
(d) - - - - - 0.02 - - - - - - - - - - - 0.30
(e) - - - - - - - - - - - - - - - - - 0.70
M e - 2
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -
(b) - - - - - - - - - - - - - - - - - 1.00
Mnr-1
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 - 1.00
(b) - - - - - - - - - - - - - - - - 1.00-
Pep-1
(a) 1.00 1.00 1.00 1.00 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -
(b) - - - - 0.25 - - - - - - - - - - - - 1.00
Pep-2
(a) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -
(b) - - - - - - - - - - - - - - - - - 1.00
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Lake Taupo

LakeWaihopo X MtTaranaki

Raukawa

/

o
S

H. femorata I § S
Mangaweka

Wellington>(^ \ \ ¡ j ^ ^ Kapiti I.

» Mt HokJsworth

Harihari f \ / I

^ Lake Pounui
1 L.

Picton
Mt Arthur • ^ / " *Maudl .

 /



Table 4 - Pairwise genetic
Nei'

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

distances between 18
's (1978) unbiased genetic distance

Populations

Harihari
Hokitika
Mt Arthur
Picton
Maud I
Wellington
Paremata
Kapiti I
Lake Pounui
MtHoldsworth
Mangaweka
Mt Taranaki
Stephens I
Raukawa
Mt Taranaki
Lake Taupo
Lake Waihopo
Kowhai Bush

1

0.118
0.118
0.118
0.246
0.151
0.230
0.240
0.253
0.247
0.294

197811

0.24

0.24

s1
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Table 5 - Comparison of tree weta from Stephens Island with those from Wellington using
three morphological characters using Student t-tests for separate populations (separate
variances), P = probability that the mean of the two population samples
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that had genetic characters significantly different from those of all the other populations of//.
crassidens studied. It came from the most eastern collection site, and from initial searches it
now appears to be isolated from other H. crassidens populations. The extent of the genetic
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