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ABSTRACT 

Aspects of the biology of Z. graailis in Middle Bush, Cass, and 

from Craigieburn Cutting Bush were investigated from April 1979 to 

January 1981. 

Three recognisable stages in egg development are described and 

the time spent in each stage given. Length of stage 1 was variable 

with development possibly being triggered by cold temperature. Size 

frequency distributions were constructed using measurements of nine 

body structures from 175 specimens. Results of these plots indicate 

that male Z. graailis have seven larval instars whereas females have 

nine; growth increments at moults were significantly larger in males 

than females. Development of male 'and female genitalia is described 

and illustrated. Collections of wetas made monthly for 27 months 

indicated that Z. graailis has a non-seasonal life history with virtually 

all instars and eggs present at all times. 

Aspects of adult biology were also investigated. Sub-adult 

females had a slightly higher egg count than adults with the difference 

being attributed to nutrition and competition for space by the ovarioles. 

No premating courtship behaviour was observed and sexual recognition 

appears to be by touch alone. The method of copulation and oviposition 

is described and corresponds to methods used by other Stenopelmatidae. 

The observed sex ratio of Z. graailis in Middle Bush varied, 

depending on the method of collection. However, the 1:1 ratio 

obtained by hand collecting was considered to be the least biased. 

Regeneration of appendages including two cases in which an entire limb 

was regenerated from a coxite, are described and illustrated. 

Cannibalism occurred within the laboratory population but there is no 

evidence to suggest that it occurs under natural conditions. 

The diet of Z. gracilis was investigated by analysing crop 

contents of 67 individuals collected throughout the year and including 

'representatives of all instars. Wetas were carnivorous feeding mainly 

on small invertebrates inhabiting the forest litter. 

Population density was examined by long term pitfall trapping, 

followed by destructive sampling within three enclosures constructed in 

Middle Bush. Densities ranged from 0.71 to 1.63/m2
, with highest 

numbers being associated with the presence of Nothofagus seedlings 
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(1- 3 m tall). Mean weta densities in destructive sampling 0.25 m2 

areas of moss were 0.74/m2
• A laboratory study showed that pitfall traps 

captured Z. gracilis very inefficiently, as only a small percentage (32.7%) 

of the animals which contacted a trap actually fell in. 

Finally, Z. gracilis was examined 'for internal and external 

parasites. Mites, fungi, and gregarines were recorded as well as two 

undescribed and unrecorded hymenopteran egg parasites [an undescribed 

genus of Scelionidae and an undescribed species of Platypatasson 

(Mymaridae»). 
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CHAPTER I 

INTRODUCTION 

The families Stenopelmatidae (the tree and ground wetas), and the 

Rhaphidophoridae (the cave wetas) make up the largest component of the 

order Orthoptera within New Zealand. Members of both families are 

endemic to New Zealand and some are quite large insects, therefore it is 

surprising that little information has been published concerning their 

biology. 

Papers published on the Stenopelmatidae began appearing in the 

mid 1800's with White (1845) describing Deinaarida heteraaantha and 

D. thoraaiaa. Between 1850 and 1900, the great majority of papers dealt 

with systematics (Buller, 1867, 1871, 1895, 1896; Colenso, 1882, 1885, 

1887, 1889; Hutton, 1874, 1881, l899i Tepper, 1892; Walker, 1869, 1871). 

Most notable was the first major taxonomic' revision of the family 

Stenopelmatidae (Hutton, 1897), which also contained brief biological 

notes on stridulation. During this early period, only two papers 

dealt with aspects of the biology of Stenopelmatidae, both being brief 

notes on stridulation of Deinaarida (Swinton, 1880; Sharp, 1895). After 

1900, more papers began appearing which either contained notes about 

the life history of Stenopelmatidae, or were brief publications devoted 

to elementary aspects of stenopelmatid biology (Drummond and Hutton, 

1905; Hudson, 1919; Cunningham, 1923; Dixon, 1938; Miller, 1949). 

However, the greatest proportion of papers still dealt with systematics. 

Maskell (1926) presented the only major paper on the biology of the 

Stenopelmatidae prior to 1950; this considered the anatomy of Hemideina 

thoraaiaa, and contained brief notes on the life history. 

Since 1949, major taxonomic changes have been made to the family. 

Salmon (1950) in revising the Stenopelmatidae, followed the same 

subfamily classification as Hutton (1897), but removed the two group 

names Anostostomae and Mimnermi from the subfamily Anostostominae. 

Just prior to this, Chopard (1949) elevated Henicinae and Rhaphidophorinae 

to family status, keeping the Deinacridinae as a subfamily of Henicidae. 

Later, Beier (1955, 1972) considered the Henicidae and Deinacridinae to 

be subfamilies of Stenopelmatidae, a classification followed by Imms 

(1957) and Key (1970) and which has gained general acceptance. 
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During this same period, an increase in work (both published and 

unpublished) dealt specifically with aspects of weta biology. Most of 

the published studies focussed on the biology of the Rhaphidophoridae 

(Richards, 1954A, B, 1955, 1961, 1962, 1965A, B, 1968) while only a few 

papers dealt with Stenopelmatidae (Field, 1978, 1980A, B; Lewis, 1976; 

Ramsay, 1953, 1978; Richards, 1973). Most work on species of 

Stenopelmatidae during this period is contained in a series of 

unpublished reports and theses as follows. Ramsay (1955) studied the 

morphology and life history of D. rugosa. Meads (1976A, B) investigated 

the population dynamics of D. rugosa and the presence of predators on 

islands in the Marlborough Sounds. Asher (1977) considered aspects of 

the ecology of H. thoracica in Whitemans Valley, Upper Hutt. Meads and 

Moller (1977, 1978) and Moller (1978A, B) further investigated the 

population dynamics, predators, and feasibility of transfer of D. rugosa 

to islands within Marlborough Sounds. Wahid (1978) studied the biology 

and economic impact of Hemiandrus sp. from Horotane Valley, Christchurch, 

and in the latest unpublished report, Little (1980) investigated food 

consumption and utilisation in H. maori and H. thoracica from Hanmer 

Springs, North Canterbury. Despite this relatively extensive series 

of unpublished reports and theses, considerable work is still needed 

(especially on species of Hemideina and Zealandosandrus) in order to 

understand the nature of the life histories of Stenopelmatidae and to 

elucidate aspects of their general biology. 

The genus Zealandosandrus was characterised by Salmon (1950) to 

contain a species previously placed in Onosandrus Stal (Hutton in part) 

1896. In the same paper, Salmon described three new species of 

Zealandosandrus, including Z. gracilis~ bringing the total number of 

species in this genus to four. There has been no further work 

published on members of the genus since then. 

Z. gracilis Salmon has been recorded from many locations in the 

western half of the South Island (Salmon, 1950), and is fairly common 

in Middle Bush, a remnant of mountain beech forest close to the 

University of Canterbury Field Station at Casso The presence of this 

popUlation presented an excellent opportunity to carry out a field-based 

study on the biology of Z. gracilis. 

The objectives of my study were to: 

(A) investigate the life history of Z. gracilis; 

(B) determine population,density based on a pitfall 

trapping programme; 



(C) examine the diet of Z. gracilis by examination of 

crop contents; 

(0) investigate internal and external parasites of the 

wetas. 
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CHAPTER II 

STUDY AREA 

Throughout this investigation, sampling was conducted at two 

locations. The main sampling area was in Middle Bush, located at 

43°02'S latitude, 171045'E longitude, 700 m A.S.L. near the railway 

village of Casso The Cass settlement is situated 123 km east of 

Christchurch and 22 km southeast of Arthurs Pass in the Waimakariri 
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River Basin in the central South Island of New Zealand (Fig. 2.1 site A). 

This site was chosen as the main sampling area because of easy access by 

rail or state highway 73, the availability of laboratory and accommodation 

facilities at the University of Canterbury Cass Field Station, and the 

presence of useful background information on the history of the Cass 

region including its climate, geology and biology (see Burrows, 1977 and 

references therein). Because it was not known whether the population of 

Z. graaitis in Middle Bush could withstand continuous pitfall trapping 

pressure, a second sampling area was chosen at Craigieburn Cutting Bush 

(Fig. 2.1 site B) where Z. graaitis also occurred in reasonable numbers. 

Specimens from Craigieburn Cutting Bush were used primarily for 

determining the number of instars in the life history, and for use alive 

in the laboratory. Craigieburn Cutting Bush is located at 43°09'S 

latitude, 171°44'E longitude and 800 m A.S.L., approximately 14 km south 

of Cass on state highway 73 and was reasonably accessible from Casso 

2.1 VEGETATION OF MIDDLE BUSH AND CRAIGIEBURN CUTTING BUSH 

Since Burrows (1977) has provided an extensive review of the 

forest vegetation of the Cass region and its ecology, only a brief 

account of the major types of plants found in both areas will be given 

here. 

Both Middle Bush and Craigieburn Cutting Bush are monotypic stands 

of mountain beech (Nothofagus sotandri var c1iffortioides) covering 

moderate-steep sloping valley systems, and are the remnants of a more 

extensive forest that 1000 years ago was continuous throughout the 

greater Waimakariri River Basin (Burrows, 1960). Middle Bush is now a 

2-4 hectare stand whereas Craigieburn Cutting Bush is roughly a 15 hectare 

portion of the extensive Craigieburn Forest Park. 



Fig. 2.1 Location of Middle Bush (A), Craigieburn Cutting Bush (B) 

and major features of the surrounding area. 

NZTM 1, sheet S66, grid reference 236 173. 
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The understorey vegetation of both areas is almost exclusively 

young N. soZandri ranging from seedling to pole stages. The ground is 

commonly covered by a dense layer of moss (DicpanoZoma, Ptychomnion, 

Rhyzogonium and Thuidiopis spp.) and in wetter areas, liverworts 

(Bazzama, Lepidozia, LophocoZea, PZagiochiZa spp.) ferns (HypoZepis, 

HymenophyZZum, PoZystichum spp.) and herbs (Ucinia, Neptepa, Lagenifepa 

spp.) commonly occur. The tree trunks are normally heavily covered in 

lichens (PaPmeZia, Menegazzia, Sphaepophopus, PseudocypheZZaPia spp.) 

mosses (MacpomitPium, Leptostomum, Hypnum spp.) and liverworts 

(FpuZZania spp.). 

Also common in Middle Bush and craigieburn cutting Bush, especially 

along the forest margins, are large areas (predominantly N. soZandPi pole 

stands) which do not have any understorey vegetation (see Chapter V, Plate 

5.lA). Ground cover in these areas is comprised of leaf litter and fallen 

limbs and logs of N. soZandri, whereas in some of the most exposed places 

there may be no ground cover at all. Leaf litter normally builds up to 

depths of 5-15 cm, depending upon the amount of protection from wind. 

Deep layers of leaf litter provide suitable habitats for Z. gpaciZis. 

2.2 SOIL STRUCTURE 

The soil profile of the Waimakariri catchment (including Middle 

Bush and Craigieburn Cutting Bush) typically is composed of greywake 

bedrock of the Triassic/Jurassic age, covered by a 30 cm layer of 

yellowish-brown silt loam soil, and a 12-13 cm topsoil layer of 

greyish-brown silt loam (Vucetich, 1969). 

Other types of soil present in Middle Bush and Craigieburn Cutting 

Bush include a sand-clay mixture found in the beds of the first order 

streams draining each of the catchments, and a fine dark brown loamy 

soil which is found in protected areas where deep layers of leaf litter 

have accumulated and rapid decomposition has occurred. 

2.3 CLIMATE 

Detailed climatic information on the Cass region has been given 

by Greenland (1977) who also included some information for the 

Craigieburn Forest. A more detailed account of the climate of the 

Craigieburn Range was given by Morris (1965). Only a brief summary of 

the climate and daily weather patterns which may affect the biology of 

Z. gpaciZis is given here. 



7 

The weather at Cass and Craigieburn is derived from a pattern of 

eastward moving anticyclones followed by troughs of low pressure which 

interact with the 2000 m mountain chain 20 km to the west of Casso The 

pattern of anticyclones followed by troughs of low pressure repeats 

itself on average every 4.2 days (Greenland, 1971). 

The predominant wind is from the northwest, occurring 51% of the 

time while southeasterlies and northeasterlies occur 16% of the time, 

south-southeasterlies 13%, and calm conditions occur 20% of the time 

(mainly in the early mornings) (Greenland, 1977). 

Rainfall data collected from 1918 to 1965 indicate that the 

average annual precipitation for Cass is 1300 mm. precipitation records 

show that rainfall is moderately uniform throughout the year (over long 

periods) with the wettest season being spring and the driest late summer. 

This evenness of rainfall tends to offset the effect of strong summer 

northwesterly winds, which can dry the soil to a depth of 10 - 15 cm, and 

tends to keep the leaf litter moist throughout the year except in 

conditions of extreme drought. 

High summer temperatures and relatively mild winters also 

characterise the Cass region. The warmest days occur during December, 

January and February when calm northwesterly conditions frequently 

prevail, and shade temperatures reach up to 37°C. Minimum night 

temperatures in these months are normally 5 - 10°C. June and July are 

the coldest months of the year with daily air temperatures reaching a 

maximum of 15°C and night temperatures ranging from 0 to -13°C. 

Heavy overnight frosts are a common occurrence at Cass between 

April and September when temperatures consistently drop below freezing. 

When these conditions last for more than two or three days and are 

accompanied by low daytime temperatures, the soil (especially in shaded 

areas) freezes to depths of up to 20 cm and remains frozen until there 

is a heavy rainfall. The rain has a warming effect (Greenland, 1969) 

which thaws the soil. Freezing conditions are especially prevelant in 

June, July and August and, for the greater part of each of these months 

in 1980, the soil and leaf litter in Middle Bush and Craigieburn Cutting 

Bush remained frozen. 

Snowfalls are common during winter in the Cass Basin, but during 

the course of this study, snow did not remain on the forest floor of 

Middle Bush for more than a couple of days. However, at least 5 - 10 cm 



of snow was present in the upper reaches of Craigieburn Cutting Bush, 

which did not receive direct sunlight, throughout the latter part of 

May, and all of June, July, and August 1980. In late July, the snow 
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depth in some areas was well over 25 cm but in other areas which 

received direct sunlight, the snow had partially melted and then refrozen 

to form a 2- 5 cm layer of solid ice over the leaf litter. 

pack remained in sheltered areas until mid August. 

This ice 
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CHAPTER III 

LIFE HISTORY 

3.1 INTRODUCTION 

Little work has been published on the life histories' of 

Rhaphidophoridae and Stenopelmatidae and most of what is known is contained 

as general notes in papers which concentrate on systematics, or other 

aspects of weta biology. Major life history reports (both published and 

unpublished) have considered only five of 52 described species of 

Rhaphidophoridae (Richards, 1953, 1956, 1961) and four of 21 described 

species of Stenopelmatidae (Ramsay, 1953; Richards, 1973; Wahid, 1978). 

The four stenopelmatids were relatively easily accessible species of 

Deinaarida (D. faZZai, D. rugosa, D. heteraaantha) and Hemiandrus 

(undescribed species). 

Other papers describing aspects of the life histories of the 

Stenope1matidae include those of Maskell (1926) and Asher (1977) which 

both deal with Hemideina thoraaiaa; Meads and Moller (1978) and Moller 

(1978A) on H. arassidens, and Ramsay (1978) which considered the life 

histories of Stenope1matidae and Rhaphidophoridae in general. There 

have been no investigations which have completely elucidated the life 

histories of any Hemideina or ZeaZandosandrus species. 

The aims of work discussed in this chapter were to investigate 

aspects of the life history of Z. graaiZis. 

3.2 METHODS AND MATERIALS 

3.2.1 Collecting 

Data considered in this chapter include measurements taken from 

preserved field specimens, as well as live laboratory animals. 

Preserved field specimens were captured using pitfall traps. Each 

trap consisted of a 500 ml Agee jar with a 25 rom band of ga1vanised iron 

soldered to the screw top ring to keep the trap flush with the soil surface. 

Gaults solution (Walker and Crosby, 1976) was used as the preserving 

medium in the traps because it does not readily evaporate, neither attracts 

nor repels insects, and does not lose its preserving qualities when 

diluted with rain water over short periods (an important aspect when 

working in the Cass region with sampling at 2-3 week intervals). Eight 
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pitfall traps were placed along a transect line running through Middle 

Bush from the stream to the bush margin, and four were positioned in a 

line running up the north facing slope in Craigieburn Cutting Bush (see 

Chapter II, "Study Area"). The pitfall traps were emptied every two to 

three weeks, and material collected was sorted by hand; all specimens of 

Z. gracilis were preserved in 70% alcohol for future use. 

Live wetas required for laboratory use were collected either by 

hand or with modified pitfall traps. The latter were constructed from 

220 rom lengths of 100 rom diameter metal drainage pipe. A 90 x 40 rom 

mouth funnel, soldered to a 60 rom band of galvanised iron was fitted 

inside the pipe to prevent wetas from escaping. These traps were placed 

in parts of Craigieburn Cutting Bush known to contain high densities of 

Z. gracilis. Traps were emptied every two to three days, but could be 

left for seven to ten days if moss was placed in the trap to provide cover 

for wetas, and food (apple pieces) was provided. 

3.2.2 Rearing in the Laboratory 

Adult Z. gracilis were kept in two rearing cages (1.0 x 1.0 x 0.35 m) 

made of chipboard and covered by a glass lid. Soil taken from Middle 

Bush was placed in each cage to a depth of about 10 cm, and a 10 - 15 rom 

layer of leaf litter was spread over this. Small pieces of wood and moss 

were scattered over the surface to provide potential cover for wetas, but 

later it was found that Z. gracilis preferred gallery sites under moss 

rather than under wood. Moss clumps also were chosen more frequently as 

oviposition sites, both in the field and in the laboratory. Therefore, 

in June 1979, all pieces of wood were removed and replaced with clumps of 

moss. To ensure humidity was maintained at a low level within the cage, 

a gap of a few centimetres was left at the glass cover edge to allow 

adequate ventilation. 

Nymphs of Z. gracilis were reared individually in plastic lunch 

boxes (145 x 115 x 65 rom) so that growth could be monitored regularly. 

Each lunch box contained a handful of leaf litter-soil mixture (as above) 

and a small piece of moss. Each nymph was anaesthetised with carbon 

dioxide once a week and hind femur length was measured. 

All wetas were fed twice a week. Food provided for the first 

three months of research consisted of apples, lettuce, rat pellets 

(Snowflake®, H. Archer and Son Ltd, Southbrook), and dog biscuits 

(Doggies®, D.H. Brown and Son Ltd, Christchurch). This diet was later 

changed to apples infested with vestigial wing fruit flies (Drosophila 
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sp.), and freshly killed locust (Loausta migpatoriaJ cut into two 

longitudinal halves. Dissection of the crops of several wetas maintained 

in the laboratory revealed that in addition to this diet, they also ate 

a large number of small invertebrates which were introduced to the cage 

with the soil and leaf litter. Following this discovery, leaf litter 

was changed every 4-6 weeks to replenish this alternative food source. 

At the time food was provided, decaying material was removed and tap 

water sprayed into the cage if the moisture level seemed low. 

3.3 EGG AND LARVAL DEVELOPMENT 

3.3.1 The Egg 

(a) Methods: Care and incubation. Eggs from field and 

laboratory-reared wetas initially were incubated on sterilised soil in 

plastic petri dishes kept in a dark cupboard (Wahid, 1978). This method 

was discontinued after a few weeks because of problems with fungal 

contamination. Instead, eggs were kept partially imbedded in the root 

system of overturned pieces of moss placed in plastic lunch boxes, and 

stored in a dark cupboard. Here they were subject to daily and seasonal 

temperature fluctuations and underwent normal development without fungal 

contamination. Eggs were examined at weekly intervals to monitor 

development, measure size and weight, remove any decaying eggs, and 

moisten the moss. 

(b) Results: 

(i) External structure, size, shape, and weight. The eggs of Z. gpaaiZis 

are strongly sculptured (Plate 3.1 A, B), the pattern of sculpturing most 

likely being species specific. In freshly laid eggs, the external ridges 

of the chorion are very close together, their proximity probably serving 

to keep a constant layer of water around the egg during both wet and dry 

weather. When the egg is first laid, it is thin and oval, but by the time 

its development is complete, the egg has swollen quite considerably and 

become somewhat more rounded. Egg weight, length, and width all increased 

considerably over the incubation period (Table 3.1). Weight increases 

were probably due to uptake of surface water which in turn caused the eggs 

to swell. 

(ii) Egg development. Results: From oviposition to eclosion, the 

egg passes through three recognisable stages of development. 
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A 

B 

Plate 3.1 (A) SEM photograph showing pattern of external ridges in 

eggs of Z. gracilis (X 200); (B) high power of ridges at 

anterior end of egg (X 500). 

In the first stage, the egg retains its newly laid appearance. 

The chorion is very hard and translucent, and there is very little, if 

any, increase in weight and size through the uptake of surface water. 

The precise length of time that an egg remains in this stage is not known, 

although it is probably several months. Eggs collected after oviposition 

in the laboratory on 1 and 15 August 197 9 , remained in this stage until 

June 1980, a period of t e n months. 



Table 3.1 

Egg stage 

Freshly 
oviposited 

13 

Average length, weight, and width of freshly oviposited and 

pre-ec1osion eggs of Z. graaitis. 

Weight Length Width 

N x(mg) range x(mm) range x(mm) range 

24 1.9 1.8- 2.5 1.0 3.0 - 3.2 1.0 1.0-1.2 

Pre-ec1osion 8 4.5 4.1- 5.6 3.6 3.6-3.7 1.5 

In the second stage of development, the egg shows the first 

indication that it is actually viable. Swelling from the uptake of 

surface water begins and a milky white substance appears within the egg. 

The chorion remains very hard, and by the end of stage 2, the egg is 

filled with the milky white substance. There is no precise time period 

spent in this stage, but again it is probably several months as eggs 

collected from Middle Bush on 23 April 1980 which appeared to be entering 

stage 2, were just showing signs of entering stage 3 on 6 September 1980, 

i.e., stage 2 lasted 4 - 6 months. However, on two occasions eggs 

collected from galleries in the field where the female was still present 

(i.e., the eggs were assumed to be freshly laid), stayed in stages 1 and 

2 for only seven and nine weeks respectively. In the first instance, 

14 eggs were collected on 11 June' 1980 and returned to the laboratory for 

incubation. When examining the eggs on 8 September 1980, faint ~yespots 

were noticed in 11 of the 14 eggs (the other three were infertile). 

These eggs continued normal development through stage 3 and hatched 6 - 7 

weeks after first appearance of the eyespots. In the second instance, 

eggs which were collected on 18 September 1980 (with the female present) 

were noticed to have faint eyespots when examined on 3 November 1980. 

These eggs had not hatched at the time of writing (8 December 1980) but 

appeared to be following the normal path of development in stage 3. 

Thus, it appears that in certain instances, development through stages 

1 and 2 may be much shorter in the field than in the laboratory. 

The third and final stage of development can be distinguished 

from stage 2 by the appearance of developing embryonic features. The 

first to appear are the two eyespots which are slightly pigmented, but 

within three weeks they become dark and well defined. At the same time, 

the beginning of trunk segmentation can normally be seen. Approximately 
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4 - 5 weeks after the first appearance of eye pigments, the antennae appear 

and they gradually darken. Their appearance is followed by sclerotization 

in the head region and mandibles (now visible through the chorion). 

Finally, 7 - 8 weeks after the appearance of the first eye pigment, the 

young fully formed weta can be seen clearly through the now brittle 

chorion and is ready to hatch (Plate 3.2). 

Plate 3.2 Fully developed (pre-eclosion) egg of Z. gracilis showing 

prominent eye spot, antenna, and mandible. 

Discussion: The egg incubation period of 12 - 18 months obtained 

for z. gracilis under laboratory conditions is anomalous when compared 

with incubation periods obtained by various authors for other members of 

Stenopelmatidae and Rhaphidophoridae. Ramsay (1955) found the eggs of 

D. rugosa had an incubation period of nine to ten months, whereas the 

incubation period for D. heteracantha and D. fal lai was almost five 

months (141 and 147 days respectively) (Richards, 1973). In the same 

study, Richards (1973) found some eggs of D. heteracantha to have an 

incubation period of 228 - 258 days and she suggested a possible winter 

diapause for some eggs. Wahid (1978) stated that the eggs of Hemiandrus 

sp. had an incubation period of 50 days. By com~arison, observations I 

conducted on this species of Hemiandrus showed the average minimum 

incubation of eggs collected in the field to be 100 days. This discrepancy 

probably resulted from the eggs being collected at different stages of 

development since in both studies the same incubation procedures were used. 
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Two similar studies with eggs of Rhaphidophoridae have also given 

varying results. Richards (1953) did not determine the incubation 

period of P. fasaifer eggs, but noted that apparently viable eggs could 

be kept for over one year without any apparent development, or signs of 

decay. In a later paper, Richards (1961) stated the peak oviposition 

period for P. waitomoensis and P. turneri·was between April and June 

while most first ins tar nymphs were observed from January to March, 

indicating an egg incubation period of approximately eight months. 

The period during which eggs of Z. graailis remained in stages 2 

and 3 have been well documented, with the combined incubation period 

being 6-8 months. This value is in close agreement with egg incubation 

periods given for other members of Stenopelmatidae and Rhaphidophoridae. 

However, the time spent in stage 1 must also be considered. At present, 

several things suggest that the development period in stage 1 is variable, 

and that the time spent in this stage must be dependent upon some 

environmental factor, most likely low temperatures. Slifer (1931) 

demonstrated that the eggs of Melanoplus sp. entered diapause if incubated 

at or above 25°C. Browning (1952) was able to induce development in eggs 

of Gryllus aommodus by giving them cold temperature treatment «10°C) 

followed by incubation at a higher temperature (>15°C). Ramsay (1955) 

also showed that eggs of D. rugosa which were subject to temperatures 

2.9°C (on average) lower than control eggs over the winter months, and 

then incubated at warmer laboratory temperatures, developed faster than 

eggs incubated entirely at laboratory temperatures. 

Further evidence supporting the hypothesis of an environmental 

factor triggering development is the synchrony with which a batch of 

eggs will hatch. From data collected on female Z. graailis ovariole and 

egg counts (section 3.4) and numbers of eggs found in the walls of galleries, 

it appears that females may take several days (possibly a month or more) 

to oviposit a batch of eggs. If an environmental factor was not 

necessary to trigger development, then one might expect asynchronous 

hatching of a batch of eggs over a similar period of time. Instead, 

whenever egg development was completed, all eggs in a clutch hatched 

within four days. Further supporting evidence is provided by the 

instance where eggs in stage 1 of development were collected with the 

female present in the gallery (therefore it was assumed the eggs were 

oviposited within the previous month) on 11 June 1980. At this time 

the eggs had been subjected to several severe frosts and snowfalls which 
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at one point had frozen the leaf litter of Middle Bush to a depth of 

8 cm. The 14 eggs were taken to the laboratory for incubation. Three 

weeks later, 11 of the eggs entered stage 2 (three were infertile) and 

nine weeks later, eyespots were noticed indicating the eggs were in 

stage III. First instar nymphs subsequently hatched between 4 and 7 

November 1980, only 147 - 150 days after the start of incubation. This 

is in line with Ramsay's (1955) observations on egg development in 

D. rugosa. 

In conclusion, although it has not been shown experimentally, it 

appears that the egg incubation period for Z. gracilis is variable, 

particularly with respect to the time spent in stage 1 of development. 

Low temperatures are probably required to trigger development beyond 

this stage. Once development has begun, the embryo completes the 

normal stage 2 and 3 developmental sequence, assuming that other 

environmental factors (temperature and moisture) remain within the 

tolerance limits of the embryo. If these limits are exceeded, as in 

periods of extreme drought or high temperature, the embryo may enter a 

quiescent state (cf. Slifer, 1931) and remain so until conditions again 

are favourable for development. Therefore, from laboratory incubation 

data, it appears the time required for active development (i.e., after 

any quiescent stage) is from 6 - 8 months. 

(iii) Eclosion. Results: The process of eclosion in Z. gracilis 

takes place at night and has not been observed in its entirety. However, 

observations were made on two wetas which were unable to free themselves 

from the egg until late in the morning. Observations indicate a pattern 

of eclosion very similar to that described by Richards (1973) for 

Deinacrida fallai and D. heteracantha. In both cases where eclosion was 

observed, the wetas were already partially out of the egg when observations 

began. The head is the first to emerge followed sequentially by the 

thorax, fore and mid legs, the abdomen, hind femora, and finally the hind 

tibiae and tarsi, as well as the tips of the antennae. At completion 

of eclosion, the weta has turned 180 0 so that the head is at the posterior 

end of the egg. The critical point in the emergence of the weta seems 

to be the freeing of the hind tibiae and tarsi. Of 55 attempted 

laboratory hatchings, seven (12.7%) failed because the weta was not able 

to free the tibiae or tarsi after turning the body 180 0 in relation to 

the egg. 
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3.3.2 Larval Development 

(a) Methods: Number of instars and growth rate. The number of 

instars and growth rate of Z. graciLis were investigated using both field 

and laboratory reared wetas. .Measurements of hind, mid, and fore femoral 

and tarsal length, pronotal length, maximum head width, and interocular 

width were taken from 175 individuals and their size-frequency 

distributions were plotted to separate male and female instars. Monitoring 

individual growth rates of wetas in lunch boxes enabled the poorly 

distinguished ins tars such as female instars three and four, and male 

instars two and three to be separated. 

Dyar (1890) found that with lepidopteran larvae, the increase in 

size of sclerotized structures followed a geometric progression through 

each moult, and if the natural logarithm of each of these measurements 

was plotted against the appropriate instar, a straight line resulted. 

Any deviation away from a straight line indicates that either instars 

have been overlooked, or that the instar groupings are incorrect. Dyar's 

law was used to check the instar groupings for male and female Z. graciLis 

by plotting mean hind femur length against the appropriate instar. 

Crosby (1974), working with a New Zealand simuliid, formulated a 

"growth ratio rule" which tested the significance of any deviation from 

straight line relationships. He concluded that if any two successive 

ratios differed by more than 10%, the deviation was significant, and 

there was likely to be an incorrect grouping of instars. He also stated 

that the percentages used to determine significance were likely to vary 

with different species and that any significant (i.e., >10%) values should 

be checked using other methods. 

Results: The size-frequency distribution of hind femoral lengths 

(Fig. 3.1) indicates there are seven larval instars in males and nine in 

females. The straight line obtained by plotting the natural logarithm 

of mean hind femur length versus the appropriate instar (Dyar's law) 

(Fig. 3.2) indicates these instar groupings are likely to be correct. 

Crosby's "growth ratio rule" was used to test the significance of 

deviations away from the fitted regression lines to Dyar's law (Table 3.2), 

Only the ratios between male instar one and two, two and three, and 

female instars one and two differed by more than the critical value of 

10% used by Crosby. However, each of these instar groupings were shown 

to be correct by monitoring the growth patterns of isolated laboratory 

individuals. 



Fig. 3.1 Size frequency distribution of male and female hind femoral 

length measurements, showing separation into instars. 
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Fig. 3.2 Fit of Dyar's law to the mean hind femur length (rom) for 

instars of male (closed circle) and female (open circle) 

Z. graaiZis. (Males: correlation coefficient = 0.999; 

Y = 1.107 + O. 087X) (Females: correlation coefficient = 
0.994; Y = 1.143 + O.072X). 
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Table 3.2 Growth ratios at each moult calculated using hind femoral 

length for male and female z. gracilis. Percentage 

differences between ratios are shown. 

Instar (N) x Length of Growth ratio Difference between 
hind femur ratios (%) 

(rom) 

Males 

1 11 2.6 

2 11 3.4 
1. 30 

1.15 
-13.9 

3 13 3.9 
11. 3 

4 4 5.0 
1.28 

- 8.5 
5 4 5.8 

1.18 
2.5 

6 9 7.0 
1.21 

1.22 
0.8 

7 4 8.6 
1.26 

3.3 
8 20 10.8 

Females 

1 12 2.5 

2 4 3.3 
1.35 

-10.7 
3 8 4.1 

1.22 
- 7.0 

4 7 4.6 
1.14 

7.0 
5 8 5.6 

1.22 
- 3.4 

6 4 6.7 
1.18 

- 3.5 
7 14 7.6 

1.14 
0.0 

8 4 8.7 
1.14 

- 0.9 
9 8 9.8 

1.13 

1.20 
6.2 

10 98 11.8 

All attempts to rear individuals from first instar to adult were 

unsuccessful. Therefore, the time required for total larval development 

could be estimated only from a composite of developmental times obtained 

for several individuals combined as one. This indicated the minimum-

maximum developmental period from first instar to adult under laboratory 

conditions (Table 3.3), but is likely to be different under field 

conditions because of colder temperatures and differences in diet. As 

shown in Table 3.3, females not only pass through more ins tars , but also 

require more time to develop. The minimum-maximum range of 173 - 420 days 



Table 3.3 

Instar 

Males 

1 

2 

3 

4 

5 

6 

7 

TOTAL 

Females 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TOTAL 

21 

Minimum-maximum development time for male instars (1 - 7) and 

female instars (l - 9) reared in the laboratory and subject 

to natural daily and seasonal temperature fluctuations 

[* indicates exact development period (days), all others are 

minimum values as it was not possible to ascertain entire 

ins tar duration for field collected wetas] . 

(N) observed Instar duration (days) 

Individual wetas Range Mean 

5 22* 44* 16 16 28 16-44* 26 

8 35 28 29 16* 22 15 19 8-35 22 

6 22 10 28 34* 34 7 7-34* 23 

3 7 14 22 7-22 14 

6 20 23 34 22 31 80 20-80 35 

3 41 44 48* 41-48* 44 

2 25 45* 25-45* 35 

124-308 199 

5 24* 44* 16 16 28 16-44* 26 

1 28* 28* 28 

1 28* 28* 28 

8 28 31 31* 20 20 7 7 7 7-31* 19 

8 28 30 25 7* 27* 42 37 60 7*-60 32 

7 38 22 61 31 14 21 45 14-61 33 

5 7 17 49 59 43* 7-59 35 

3 59 16* 8* 8*-59 27 

1 50 50 50 

173-420 278 

required by females for' development is substantially longer (although not 

tested statistically) than the 124-308 days required by males. The 

slower developmental rate for females is also apparent from the slope of 

the fitted regression lines (Fig. 3.2) which have significantly different 

slopes (F = value = 14.826; P < 0.01; 1 and 14 D.F.), indicating that males 

not only have fewer instars, but a larger growth increment between instars 

than females. 
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Increases in the mean sizes of body structures measured to 

determine the number of instars are shown in Figs 3.3 and 3.4. Standard 

errors are not included because of large overlaps between instars, but 

for the hind femur length, they ranged from 1.8- 17.9% of the mean. 

Males were approximately the same size as females in the first to third 

instars, but in ins tars 4-8, male structures were slightly larger than 

those of females. 

Discussion: The number of instars possessed by Z. graailis is 

similar to that reported for other stenopelmatids and in fact 

orthopterans in general. Ramsay (1964A) indicated that the number of 

moults in orthopteran species known at that time, ranged from four to 

15, although it was most often between four and seven, with five most 

frequently reported. Within the Ensifera, the range is usually five to 

nine although for Gryllacridoidea, which includes Stenopelmatidae and 

Rhaphidophoridae, the number of mOUlts commonly lies between six and 11. 

Ramsay (1955) reported that both male and female D. rugosa had ten 

instars whereas Richards (1973) found D. fallai and D. heteraaantha had 

ten and 11 instars respectively. Finally, Wahid (1978) reported that 

both sexes of Hemiandrus sp. had eight instars. 

It is not uncommon for the sexes of Orthoptera, especially 

Acridoidea, to have different numbers of instars. However, within the 

Ensifera, only the rhaphidophorids exhibited such differences, and then, 

males had more instars than females (Hubble, 1936; Richards, 1961). 

Thus, Z. graailis is the only species in which more instars have been 

reported for females. 

A sexually dimorphic growth pattern for this species may have 

some reproductive advantages. By minimising their development, males 

may be able to mate with more females over a longer period. Females, 

on the other hand, may utilise the two extra instars to meet added 

nutrient requirements for ovarian and egg development. 

Variability in ins tar duration shown by Z. graailis under 

laboratory conditions has also been reported for other Stenopelmatidae 

and commonly in other laboratory-reared insects (Thomas, 1968; Singh, 

1974). Ramsay (1955) found that after 11 months of development, the 

11 surviving nymphs (apparently from the same brood) of D. rugosa had 

reached five different instars. Richards (1973) also found that the 

length of time spent in anyone ins tar varied considerably in both 



Fig. 3.3 Changes in the sizes of body structures between instars for 

male Z. graaiZis (HF = hind femur; HT = hind tibia; MF = mid 

femur; FF = fore femur; PL = pronotum length; MHW = maximum 

head width; IEW = inter-eye width. 
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Fig. 3.4 Changes in the sizes of body structures between ins tars for 

female Z. graoiZis (HF = hind femur; HT = hind tibia; 

MF = mid femur; FF = fore femur; PL = pronotum length; 

MHW = maximum head width; lEW = inter-eye width. 
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D. fallai and D. heteraaantha. The "normal" duration of each ins tar in 

both species ranged between two and 13 weeks with five to six weeks being 

about average. However, it was also noted that D. heteraaantha spent 

up to 23 weeks in the tenth instar. Similarly, Wahid (1978) found 

the time period spent in various ins tars by Hemiandrus sp. ranged from 

two to 13 weeks. The variation in the length of the period of each 

ins tar of Z. graoilis (one to 21 weeks with six to eight weeks being most 

common) is much greater than that reported for any other species of 

Stenopelmatidae. 

(b) Development of external genitalia 

(i) Methods: The sex of first instar Z. graailis cannot be 

identified by examining the rudimentary external genitalia. However, 

slight changes occur during the first moult which allow positive 

identification of the sexes from the second ins tar onwards. Thus, the 

description of first instar external genitalia will be given only once. 

Each specimen selected for study in this section was dissected, 

the abdomen cleared of all fat and muscle tissue, and mounted and 

stained in lactophenol-PVA containing Lignin pink. Drawings were 

prepared with the aid of a camera lucida, with each being a composite 

drawn from at least two specimens. Dorsal and lateral views of whole 

specimens were also drawn using the camera lucida. 

(ii) Results: Female - development of the ovipositor. 

Instar I (Fig. 3.5A) - subgenital plate not yet developed. Coxites 

(third valvulae) of the ninth sternite each bearing a conical style 

which is equal in length to the coxite, and which bears 4 - 6 trichoid 

sensillae. Cerci long (0.7 mm) in relation to the coxite and bear 

numerous trichoid sensillae. 

Instar II (Fig. 3.5S) - subgenital plate not yet developed. Coxites 

(third valvulae) and styli longer, but still approximately equal in 

length. Medial base of coxites give rise to a p~ir of subconical lobes 

(gonaphophysis or second valvulae) separated by a distinct groove. Two 

broadly conical lobes (first valvulae) arise from the eighth abdominal 

sternite. Cerci as in Instar I; 0.85 mm long. 

Instar III (Fig. 3.6A) - subgenital plate not yet developed. Coxites 

(third valvulae) are larger than in Instar II, being about twice as long 

as styli. Second valvulae extend nearly three-fourths the length of 



Fig. 3.5 Development of female genitalia. Abbreviations used are 

consistent for each figure and are defined only the first 

time they are used. A. Instar 1 (COX = coxite; STY = 

style; CER = cercus). B. Instar 2 (lst VL = first valvulae; 

2nd VL = second valvulae) . 
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the third coxite. First valvulae twice as long as in Instar I~ broadly 

conical, and overlapping second valvulae. Cerci only slightly larger 

than in Instar II. Trichoid sensi11ae present on styli and cerci. 

Instar IV (Fig. 3.GB) - subgenita1 plate now a rounded outgrowth from 

the posterior margin of abdominal sternite 8, but still separated from 

it by a suture. First, second, and third valvulae grown together to 

form the beginning of a distinct ovipositor, approximately 0.85 rom long. 

Third valvulae approximately twice as long as in Instar III. Styli are 

greatly reduced to less than one-fifth the length of the third valvulae. 

Second valvulae extending to the bases of the styli. First valvulae 

more elongate than before and now overlapping two-thirds of the first 

valvulae. Trichoid sensi11ae present on the styli and cerci. 

Instar V (Fig. 3.7A) - subgenita1 plate remains much the same as in 

Instar IV, but now extending over the base of the first valvulae. The 

three pairs of valvulae form a distinct ovipositor (1.5 rom long) which 

extends beyond the tip of the abdomen. Although not illustrated, the 

third valvulae still bear styli which are greatly reduced. The second 

valvulae have become completely enclosed by the first and third pair 

with the first valvulae equal in length to the third. Trichoid 

sensi11ae are present on the styli and cerci. 

Instar VI (Fig. 3.7B) - subgenita1 plate distinctly separated from the 

seventh abdominal sternite by a membranous zone. The plate is 

triangular rather than rounded and greatly broadened anteriorly. The 

posterior tip of the subgenita1 plate overlaps the first valvulae and 

nearly touches the deep groove separating each half of the first 

valvulae. Terminal styli on the third now extremely reduced and 

appear as mere buds, but still possess trichoid sensi11ae. First and 

second valvulae longer, but otherwise unchanged from the condition in 

Instar V. ovipositor length approximately 2.2 rom. 

Instar VII (Fig. 3.8A) - Subgenita1 plate larger, less broadened 

anteriorly, and extending slightly further over the first valvulae than 

in Instar VI, its' lateral edge somewhat rounded. Third valvulae 

extending slightly further than the first. Styli absent, having been 

incorporated into the third valvulae. First,and second valvulae (not 

visible) as in previous instars: ovipositor length approximately 4.2 rom. 

Cerci bearing numerous trichoid sensi11ae. 



Fig. 3.6 Development of female genitalia. A. Instar 3. B. Instar 4 

3rd VL= third valvulae; SbGP = subgenital plate. 
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Fig. 3.7 Development of female genitalia. A. Instar 5. B. Instar 6. 
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Instar VIII (Fig. 3.8B) - subgenital plate now forming an almost 

equilateral triangle with the posterior point extending well over the 

first valvulae and touching the groove separating the pair. Its 

lateral edge is much more rounded than in Instar VII. ovipositor about 

8.1 rom long; its tip beginning to curve upwards. Cerci unchanged. 

Instar IX (Fig. 3.9A,B) 

Instar VIII but larger. 

subgenital plate much the same shape as in 

ovipositor also longer (9.8 rom), its base much 

broader than before and the tip more curved. 

size. 

Cerci unchanged except in 

Instar X, Adult (Fig. 3.l0A,B) - subgenital plate triangular, slightly 

longer than wide, and extending well on to the base of the ovipositor. 

Ovipositor strongly sclerotized with a broad base that tapers posteriorly 

into a fine point. Viewed ventrally, the third valvulae are visible only 

in the anterior one-third of the ovipositor, but the first valvulae are 

visible along its entire length. With the increased length (approximately 

12.0 rom) of the ovipositor, the curve is also greater so that the tip 

of the ovipositor is now held well above the body. 

Male genitalia 

Instar I - refer to "Female Genitalia, Instar I" for description. 

Instar II (Fig. 3.llA) - coxites of the ninth sternum fused together to 

form the subgenital plate, which is divided distally into two lobes by 

an evagination, and is broadened posteriorly to be slightly wider than 

long. Each lobe of the subgenital plate bear an apical style. Styli 

and cerci with trichoid sensillae. 

Instar III (Fig. 3.llB) - subgenital plate larger, with the evagination 

separating the two lobes less pronounced. The beginning of the penis 

(phallus) may be seen as two lobes (ventral phallic lobes) through the 

subgenital plate. Paraprocts appear as two small lobes positioned 

ventral to cerci and dorsal to subgenital plate. 

present on styli and cerci. 

Trichoid sensillae 

Instar IV (Fig. 3.l2A,B)-subgenital plate larger, but much the same shape 

as in Instar III. Ventral phallic lobes larger and more easily 

recognised. Dorsally, the ninth tergite is notched medially to form 

two small posterior lobes. Tenth tergite much more deeply notched than 

the ninth and therefore with two distinct posterior lobes. Paraprocts 



Fig. 3.8 Development of female genitalia. A. Instar 7. B. Instar 8. 
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Fig. 3.9 Development of female genitalia: Instar 9. A. ventral view; 

B. lateral view (9th TG = ninth tergite; lOthTG= tenth tergite). 
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Fig. 3.10 Development of female genitalia: Instar 10 Adult. 

view; B. lateral view. 
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Fig. 3.11 Development of male genitalia. 

(VPL = ventral phallic lobe). 

A. Instar 2. B. Instar 3 
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Fig. 3.12 Development of male genitalia: Instar 4. A. ventral view; 

B. dorsal view. 
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slightly larger but otherwise unchanged. 

on the styli and cerci. 

Trichoid sensillae present 

Instar V (Fig. 3.13A~,C) - the evagination separating the lobes of the 

subgenital plate much less pronounced than in Instar IV. Ventral 

phallic lobes larger, with the dorsal phallic lobes appearing for the 

first time. Subgenital plate still wider than long, the styli 

remaining proportionally equal in size to the subgenital plate. 

Dorsally, the posterior lobes of the ninth tergite are more easily seen, 

although still quite small. Tenth tergite much the same as in Instar IV. 

Trichoid sensillae present on the styli and cerci. 

Instar VI (Fig. 3.14A~,C) - dorsal and ventral phallic lobes now easily 

distinguished beneath the subgenital plate as clearly separated pairs. 

Paraprocts each with a posterior lobe. Dorsally, the two posterior 

projections of the ninth tergite larger and more rounded than before, 

those of the tenth tergite more distinct and separated by a deep wide 

groove. Trichoid sensillae present on styli and cerci. 

Instar VII (Fig. 3.15A,B,C) - subgenital plate much more elongate, almost 

rectangular and increasingly sclerotized, hiding the dorsal and ventral 

phallic lobes. The evagination separating the two posterior lobes of 

the subgenital plate extremely weak. Paraprocts elongate, their 

posterior lobes clearly visible. Dorsally, the notch which separates 

the posterior lobes of the ninth tergite deeper and separating the two 

very distinct lobes. Tenth tergite modified into two distinct portions 

which are separated at the midline by a strong suture. The extent of 

elongation of the subgenital plate may be seen in the dorsal view with 

the subgenital plate extending well beyond the tenth tergite. 

Instar VIII, Adult (Fig. 3.16A~) - subgenital plate elongate as in 

Instar VII, but broadened anteriorly. Posterior lobes of paraprocts 

larger, and curved more in the dorsal direction than in Instar VII. 

Tenth abdominal tergite greatly modified to form two anteriorly pointing, 

heavily sclerotized hooks. The hooks fit in and project above the now 

deepened groove forming the posterior tips of the ninth tergite. Viewed 

laterally, the phallus appears as a set of soft fleshy lobes protruding 

from the dorsal cavity. In this view (Fig. 3.16A) the dorsal, ventral, 

and lateral lobes which make up the phallus are only partially everted. 

When fully everted, the titillator can be seen extending from the dorsal 

cavity. Cerci now more rounded at their tips. 



Fig. 3.13 Development of male genitalia: Instar 5. A. lateral view 

(PP = paraproct: DPL = dorsal phallic lobe); B. ventral 

view; C. dorsal view. 
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Fig. 3.14 Development of male genitalia: Instar 6. A. lateral view; 

B. ventral view (8th ST= eighth sternite); C. dorsal view. 
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Fig. 3.15 Development of male genitalia: Instar 7. 

B. ventral view; C. dorsal view. 

A. lateral view; 
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Fig. 3.16 Development of male genitalia: Instar 8 Adult. A. lateral 

view (MOD lOthTG = modification of tenth tergite; LPL = lateral 

phallic lobe); B. dorsal view. 
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(c) Seasonality 

(i) Results: The occurrence of life history stages of Z. gracilis 

present in Middle Bush and Craigieburn Cutting Bush, as indicated by 

pitfall trapping and hand collecting was recorded monthly for 27 months. 

Adults were taken in every month of the year (Fig. 3.17) and first instar 

Z. gracilis also were collected in all months except January and February. 

The only larval instars not collected over a long period of time were 

instars three and four. These were not found from April to September, 

but I feel this was probably due to collecting difficulties rather than 

their absence from the population. 

Because the number of wetas obtained each month was so variable, 

it was not possible to accurately calculate what percentage each instar 

represented in the total population. Therefore, I was unable to obtain 

an accurate estimate of the number of generations present in the 

population at anyone time. However, it is likely that at least two 

generations occur since adults, nymphs, and eggs were all collected each 

month. A third generation may also occur in the population depending 

on the adult life span which in some other Stenopelmatidae is over two 

years (Wahid, 1978). 

(ii) Discussion: Life history data (Fig. 3.17) indicate that 

the developmental cycle of Z. gracilis is poorly, if at all, synchronised 

with the seasons and that virtually all instars can be recorded in every 

month of the year. Dumbleton (1967) attributed the lack of diapause in 

terrestrial New Zealand insects to the insular climate which caused the 

glaciation period to be less severe than in other areas at the same 

latitude. In addition, heavy snowfalls can occur at any time of the 

year in southern regions of New Zealand and in these same regions, warm 

spells can occur during winter months causing intermittant thawing. 

Therefore, selective advantages of a diapause stage is not high, and 

the ability of all ins tars to take advantage of favourable periods of 

weather when they occur could well be a distinct advantage in a highly 

variable climate. Nevertheless, many terrestrial New Zealand insects 

do display periods of quiescence which are closely associated with the 

seasons, causing most to have at least weakly seasonal life cycles. 

Previous work with Stenopelmatidae and Rhaphidophoridae has shown 

that life cycles mayor may not be seasonal within both families. 

Ramsay (1955) suggested that the life cycle of D. rugosa (a northern 

New Zealand species) was seasonal with adults emerging in the spring-



Fig. 3.17 Occurrence of male and female Z. graailis in Middle Bush and 

Craigieburn Cutting Bush (pooled data from pitfall trapping 

and hand collecting over 27 months) . 
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summer, and with copulation, oviposition, etc. following thereafter. 

Richards (1973) reported that the life cycles of D. fallai and 

D. heteracantha (both northern New Zealand species) were not tied rigidly 

to the seasons. Wahid (1978) found the life cycle of Hemiandrus sp. 

(a southern species) was seasonal with eggs hatching in the spring, 

nymphs developing to the sixth or seventh instar, overwintering, and then 

maturing the following spring-summer. In the Rhaphidophoridae, Richards 

(1953) reported that the life cycle of P. fascifer was closely associated 

with the seasons. Similarly, Richards (1961) found that the life cycle 

of P. waitomoensis was also seasonal whereas that of P. turneri was not 

and that breeding occurred throughout the year. 

The patterns of seasonality exhibited by species of Stenopelmatidae 

and Rhaphidophoridae are rather confusing when considered in relation to 

habitats of each species. One might expect that those species living 

in habitats with predictable temperate climates would have life cycles 

very much in tune with the seasons. On the other hand, species living 

in habitats with tropical-subtropical climates might be expected not to 

have seasonal life cycles. However, it is also possible that food 

availability plays at least some part in determining the seasonality of 

certain insects. The life cycles of many insects are centred around 

the availability of a preferred food type (Borror et al., 1976) or host 

in the case of a parasitic relationship (Askew, 1971). This may apply 

to the wetas in New Zealand. 

Deinacrida rugosa3 Hemiandrus 

For example, seasonal species such as 

sp., and Pachyrhamma fascifer3 could have 

a high degree of food specificity, whereas the non-seasonal D. fallai~ 

D. heteracantha3 and P. turneri~ which inhabit the same regions may have 

more varied and flexible diets. 

Of all the wetas whose life cycles and seasonal patterns are 

known, Z. gracilis inhabits regions which have the greatest variation in 

climate (see Chapter II). Z. gracilis is also the only weta known to 

have a completely carnivorous.diet (consisting of leaf ,litter 

invertebrates) which is readily available and diverse throughout the 

year. Therefore, since favourable periods for development can occur at 

any time of year, and food is always abundant, there would appear to be 

no obvious selective advantage for this species to have a seasonal life 

cycle. 
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3.4 ASPECTS OF ADULT BIOLOGY 

3.4.1 Habitat 

Z. graciZis was collected from several areas of beech forest 

throughout the Arthurs Pass region. All ins tars of both sexes commonly 

occurred within patches of moss which covered areas of fine dark soil, 

but were uncommon within mosses covering rocky or clay substrates. Wetas 

were also collected from beneath rotting logs, within deep beds of leaf 

litter, and on one occasion, beneath a large rock. Galleries were 

constructed to a maximum depth of 10 cm below the surface of the soil or 

moss. When found under rotting logs, the gallery most often was 

constructed so that the log was incorporated into one side of the gallery. 

The size of the gallery varied, depending on the instar, but usually its 

diameter was only slightly larger than the body length (including 

ovipositor in females) of the weta. Galleries of first and second 

instars normally were less than 1.5 cm in diameter whereas those of adult 

females could be up to 5.0 cm in diameter. Conditions within a gallery 

are assumed to be those of total darkness, high humidity, and relatively 

constant temperature over periods of a few days. Monthly soil and 

litter temperatures obtained in Sugarloaf Bush, Cass, by Dr C.J. Burrows 

(Botany Department, University of Canterbury) for the period January to 

September 1980 provided an indication of probable conditions in Middle 

Bush because of the close proximity (approximately 1 km) and similar 

altitudes (about 200 m) of the two areas. Minimum monthly temperatures 

recorded during this period at the soil-leaf litter interface ranged 

from 1 0 
- 9°C, whereas monthly maxima were between 5° and 16°C. However, 

during June and July 1980, leaf litter in areas of Middle Bush which did 

not receive direct sunlight were frozen to a depth of about 9 cm, 

suggesting temperatures remained below 1°C. 

In these months, most instars of both sexes were found in frozen 

galleries. Some remained reasonably active although sluggish, while 

others appeared to be in a state of quiescence with their bodies remaining 

rigid even when handled. 

3.4.2 Courtship 

Males were seen stridulating only in the laboratory, but this never 

resulted in the attraction of a female to the male. However, on a number 

of occasions this activity attracted other males from their galleries and 

within minutes they in turn began walking around the rearing cage 

stridulating. This activity continued for 5 - 10 minutes after which 

most males slowly returned to their galleries and stridulation stopped. 
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Sexual recognition appears to be by touch alone. When male and 

female wetas came into contact with each other in the rearing cage, their 

most common response was for both to turn around and flee. However, on 

four occasions which ultimately led to attempted copulations, the male 

and female remained in contact with their antennae. This was followed 

rapidly by contact with the palps, and the pair began to copulate. No 

other behaviour was observed which suggested recognition was achieved by 

some other means although it is possible that an undetected pheromone 

could be present. 

3.4.3 Copulation 

Copulation in which genital contact was achieved was observed 

once in Z. graciZis. Several other attempted matings were seen but these 

did not result in genital contact either because the female was apparently 

uncooperative, or because the pair were disturbed by a second male. In 

all cases, whether genital contact was achieved or not, the same 

behavioural sequence occurred. All observed mating activity occurred 

between four and six hours after darkness (in a reverse light cycle, 

laboratory situation). The behaviour began with the male and female 

coming into antennal contact and assuming a "face to face" position. 

If the female was receptive to the male, contact was made with the 

maxillary palps, but if she was unreceptive, an aggressive response 

resulted and the male (the smaller of the two) usually fled. With 

receptive females, contact with the maxillary palps lasted less than a 

minute. The male then turned to face the same direction as the female, 

and began to back under the female. Once beneath the female, the male 

began arching his abdomen upwards while the female arched hers downwards 

until genital contact was achieved. In the one observed instance when 

copulation was undisturbed, the pair remained in contact for over two 

hours. 

3.4.4 Female Reproductive Parameters 

(a) Results 

Reproductive parameters of adults and sub-adult females (Instar IX) 

were ascertained by examining freshly killed specimens bathed in locust 

Ringer. 

Dissection of sub-adult females showed that their ovaries were in 

an immature state of development with no indication that eggs within 

ovarioles were beginning to form a chorion. The number of ovarioles per 
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ovary was slightly higher than in adult females, but not significantly so. 

The mean number of ovarioles per ovary in sub-adult females was 26 (N = 4, 

range = 23-28), the mean number of eggs per ovariole was 9.5 (N = 102, range 

= 9 - 11), and the total egg count equalled 474 (N = 3, range = 453 - 512) • 

These values were slightly higher than in adult females. 

Similar counts were made on adult females which gave a mean of 22 

ovarioles per ovary (N = 12, range = 17-26), a mean of 8.6 eggs per ovariole 

(N = 258, range = 7-10) and a mean egg count of 357 (N = 10, range = 281-470). 

Adult females also contained an average of 7.0 mature eggs within the 

calyx (N = 33, range 0-14), but of the 33 females examined, only one 

contained eggs only in the ovarioles. The remainder had a combination 

of mature and developing eggs in both the calyx and ovarioles. 

Whenever an adult female was found inhabiting a gallery, the walls 

of the gallery were examined to determine the number of eggs which had 

been oviposited. The mean number of eggs found ~ithin gallery walls was 

19.8 (N = II, range = 5-56), presumably all laid by the same weta. In one 

instance, eggs were found in an advanced state of development suggesting 

the female had remained in the same gallery for a considerable period of 

time, possibly several months (again assuming no interchange or 

reoccupation). 

(b) Discussion 

In general, the female reproductive capacity of Z. gracilis is 

similar to that of other Orthoptera if allowance is made for variations 

in size between species. 

Dissection of sub-adult females indicated that no pre-adult 

maturation of ovaries occurs. The observation that ninth instar females 

had slightly (although not significantly) more ovarioles per ovary than 

adults corresponds to what has been reported for Locusta migratoria 

manilensis in which fifth instar hoppers had significantly more ovarioles 

per ovary than adults (Viado, 1950). Roonwal (1946) reported a similar 

situation in the desert locust Schistocerca gregaria and considered the 

reason for this was that nutrition and competition for space at maturation 

resulted in complete resorption of some ovarioles. 

The total mean fecundity (as a measure of the female reproductive 

capacity) of 474 undeveloped eggs counted within ovarioles of ninth 

instar females was almost identical to the 449 undeveloped eggs counted 

within the ovaries of a virgin D. heteracantha (Richards, 1973). 
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However, the calculated fecundity of Z. gracilis may be a little too high 

if some ovarioles or parts thereo·f are resorbed during maturation. 

The number of ovarioles per ovary found in adult Z. gracilis was 

substantially lower than that recorded for other Orthoptera. Roonwall 

(1946) noted an average of 57 in Schistocerca gregaria while Viado (1950) 

reported an average of 33 -40 in Locusta migratoria manilensis for 

different years. Similarly, Moller (1978A) and Meads and Moller (1978) 

found the average number of ovarioles per ovary in H. crassidens to be 

44 for specimens from Stephens Island and 29 for others from Maud Island, 

Cook Strait. 

Differences in the number of eggs contained in the ovarioles of 

adults and in the total fecundity of ninth instar females suggest that 

adult females are capable of ovipositing 100 eggs or more if they survive 

throughout their adult life span (probably over one year). 

Present knowledge of the reproductive capacity of stenopelmatids 

indicates there is much variation in the number of mature eggs contained 

in the calyx of adult females. Ramsay (1955) reported that one adult 

D. rugosa contained 236 mature eggs in the calyx while Richards (1973) 

found one D. fallai contained 373 eggs and two D. heteracantha contained 

135 and 366 eggs respectively. From 33 adult female Z. <gracilis, the 

average number of eggs in the calyx was only seven with a maximum of 14. 

A possible explanation for the differences between species is that in 

Deinacrida spp., females must leave the safety of their galleries (in 

trees or on the ground) in search of suitable oviposition sites. The 

longer it takes a female to complete this task, the greater the possibility 

that it will be detected by predators such as harriers (Circus approximans) , 

moreporks (Ninox novaeseelandiae) , rats (Rattus rattus) , tuataras 

(Sphenodon punctatus) or feral cats (Felis catis) (Richards, 1973). 

Therefore, it should be an advantage for a female to store eggs 

in the calyx before leaving the gallery in search of a suitable oviposition 

site, and then make a concentrated effort to oviposit as many eggs as 

possible before returning to the safety of the gallery. On the other 

hand, Z. gracilis does not face the same dangers during oviposition since 

their preferred oviposition sites are in the walls of the gallery itself. 

Therefore, it is sufficient for females to oviposit eggs as they mature 

without storing them in the calyx. 

3.4.5 oviposition 

The process of oviposition normally occurs within the gallery, but 
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was observed in its entirety once in the laboratory. The female raised 

her body up on all six legs, arched her abdomen ventrally so that it was 

at right angles to the body axis (or slightly further forward) and then 

lowered herself so that the distal half of the ovipositor was inserted 

in the soil. In Z. gracilis initial probing with the ovipositor was 

always completed with a series of several insertions, the ovipositor 

peing thrust into the soil in a different place each time. When a 

suitable spot is found, almost the entire length of the ovipositor is 

inserted into the soil, and in the case of the complete laboratory 

observation, the female remained in this position for just over ten 

minutes. 

On four to five occasions when a female was foraging about the 

rearing cage away from her gallery site, she suddenly raised her body 

and arched her abdomen as if to oviposit. However, the ovipositor was 

not inserted into the soil and the weta moved quickly back to the gallery 

with the abdomen remaining arched and the tip of the ovipositor dragging 

along the soil. On reaching the gallery, the female entered it, 

presumably oviposited, and did not exit again during the observation 

period. 

Adult females carrying mature eggs were recorded during every 

month of the year and eggs which appeared to be freshly laid (6ften with 

the female present) were found within galleries throughout the year. 

Therefore, it was concluded that the ovipositon period for Z. gracilis 

extends throughout the year. 

The method of oviposition used by Z. gracilis (as stated above) is 

similar to that reported for other Stenopelmatidae (Ramsay, 19551 Richards, 

1973; Moller, 1978A) (except Hemiandrus sp.) and will not be discussed 

further. 

3.4.6 Sex Ratio 

(a) Results 

The sex ratio of Z. gracilis was determined using: (1) wetas 

captured in pitfall traps positioned along a transect line in Middle 

Bush from August 1978 to November 1979 inclusive; (2) wetas captured in 

pitfall traps within enclosures (see Chapter V) from August 1979 to July 

1980; and (3) wetas collected by hand in Middle Bush over the summer of 

1979 and 1980. Sex ratios differed depending upon which set of data 

was used. In the case of the pitfall traps which were along a transect 
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line, the sex ratio for all instars combined (excluding Instar I which 

could not be sexed) was 1. ad : 3.579 (N: 160) • However, for wetas 

collected in pitfall traps wi thin enclosures, it was 1. ad : 1. 369 (N = 54) , 

and for hand collected specimens the sex ratio was 1. ad : 0.939 (N = 125) • 

Using Chi-squared analysis, the male to female sex ratio of 1.0 : 3.57 for 

the transect traps deviated significantly (X 2 = 50.63; P < 0.05 = 3.841) 

from the expected 1:1 ratio. However, the sex ratios obtained from 

pitfall traps within the enclosures and from hand sampling were not 

significantly different from 1:1 (X 2
: 0.09; 0.37 respectively; P < 0.05: 

3.841) . Of the three different sex ratios obtained, I feel that the ratio 

of 1:1 obtained by hand collections to be least biased and most representa

tive of the field population. 

(b) Discussion 

The sex ratio calculated for Z. graaiZis is in close agreement to 

that reported for other Stenopelmatidae and Rhaphidophoridae where females 

slightly outnumber males. 

Richards (1961) reported that for P. waitomoensis, more females 

were present in the population than males with the combined sex ratio for 

two sampling periods being 1.0:1.25, male: female. Again, Richards (1973) 

found more females present in laboratory populations of D. faZZai and 

D. heteraaantha, the sex ratios at the third instar (first stage when 

nymphs could be sexed) being 1.0:1.33 and 1.0:1.25 male:female 

respectively. Asher (1977) reported the sex ratio of H. arassidens from 

Whitemans Valley, Upper Hutt to be 1.0:1.47 male:female. Similarly, 

Moller (1978A) and Meads and Moller (1978) reported sex ratios of 

H. arassidens to be 1.0:0.85 and 1.0:1.58 male:female for Stephens 

Island and Maud Island populations respectively. It should be noted that 

the only sex ratio to vary significantly from unity was that given by 

Meads and Moller (1978) for H. arassidens of Maud Island. 

3.4.7 Stridulation 

(a) Results 

As previously stated, stridulation was observed only in adult 

laboratory males, and never in the field. The type of stridulation 

exhibited by males of Z. graaiZis has not been described for other 

Stenopelmatidae, and is achieved by a series of extremely fast up and 

down movements of one hind femur. The speed of this movement causes 

the hind femur to appear blurred while the other femur remains in contact 

with the substratum. The duration of anyone stridulatory bout may vary 
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from one to three seconds, after which the male may stridulate again, or 

move to a different part of the cage before resuming. 

Stridulations produce no sound audible to the human ear. Scanning 

Electron Microscopy (SEM) was used to study the surface morphology of the 

sound producing organs (Plates 3.2 A,B,e,D,E). Male Z. graciZis possess 

a series of small pegs on abdominal tergites I -IV and on the uppermost 

inside surfaces of the hind femora. A comparison of several specimens 

showed that the number of pegs on each tergite and hind femur varied 

between individuals and between sides of the same animal. Also, the 

pegs on each tergite or femur are not distributed in any set pattern. 

The pegs are arranged on each tergite to point postero-dorsally, while 

those on each hind femur point in both the distal and dorsal direction. 

Some pegs on each tergite had setae at or near their bases (Plate 3.2F) 

indicating perhaps that not all pegs are used during stridulation since 

the setae would likely have been broken or worn away from the peg if they 

had been used. 

Females also had an arrangement of pegs similar to that of males, 

but there were few pegs on abdominal tergite III and more present on 

tergite II. Females were never observed stridulating, and it is not 

known if they do. 

(b) Discussion 

The mode of stridulation employed by Z. graciZis in which only 

one hind femur is used at a time in a series of extremely fast dorso

ventral movements has not been recorded for other Stenopelmatidae. 

Richards (1973) reported D. faZZai and D. heteracantha used two types of 

sound producing mechanisms. The first involved abdomino-femoral 

stridulatory apparatus where the hind legs are raised above the body and 

then brought down in a fast motion so the pegs of the hind femur scrape 

across the ridges of tergite II. The second involves an abdominal 

stridulatory apparatus where pegs located on tergites II and III are 

rubbed against each other by a series of telescopic movements of the 

abdomen. Field (1978) also recorded the use of abdomino-femoral 

stridulatory apparatus by several species of Hemideina. 

In the same paper, Field (1978) reported the pegs on the hind 

femur of Hemideina spp. were oriented so that during stridulatory 

movement, the pegs would meet opposing ridges of tergite II head on •. 

The orientation of pegs on the hind femora and corresponding tergites 

of Z. graciZis are such that during these movements, the opposing pegs 



Plate 3.3 SEM photographs showing the arrangement of stridulatory pegs 

of Z. graaiZis: A) uppermost inside surface of hind femur 

(XlOO) i B) tergite I (XlOO)i C) tergite II (XlOO)i 

D) tergite III (XlOO) i E) tergite IV (XlOO)i F) high power 

(X2000) of setae and peg on tergite II. 
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do not meet head on and thus may be responsible for the lack of audible 

sound production. However, Borror et al. (1976) states that the 

principal frequency of stridulations produced by orthopterans is 

between 10,000 and 20,000 hertz, and may be inaudible to the human ear. 

Thus, high frequency recordings are needed to determine if Z. gracilis 

actually produces a sound during stridulation. 

It is very likely that no sounds are produced by Z. gracilis 

during stridulations since members of the Henicinae possess no auditory 

structures. However, communication via vibrations through the substrate 

may be possible when the hind tibia hits the soil during stridulatory 

movements. This would be in line with findings of Dumortier (1963) who 

stated that various Acrididae tap the substrate with their hind tarsi as 

a means of sexual or aggressive communication, and that the signal may 

be perceived through sound, visual display, or vibrations through the 

substrate. 

3.4.8 Cannibalism 

Cannibalism was observed on numerous occasions in laboratory-reared 

wetas, and occurred most often when the population density was unnaturally 

high. Cannibalism occurred in all instars and when several ins tars were 

placed in the same container, smaller or injured individual~ were the 

first to be attacked. However, when individuals of the same instar were 

placed in the same container, the one most likely to suffer was that which 

most frequently lost aggressive encounters. 

also occurred. 

Cannibalism after ~cdysis 

Mortality by cannibalism was eliminated within the laboratory 

population by either rearing specimens individually in small containers, 

or providing enough ground cover in large rearing boxes to reduce 

competition for gallery sites, or escape aggressive encounters. 

No evidence was obtained from field observations or gut analyses 

to suggest cannibalism occurred under field situations. In a small 

number of cases, the chewed remains of Z. gracilis were found within 

galleries, but it was not apparent what animal may have eaten the wetas. 

It is highly unlikely that two wetas would fight to the death over a 

gallery site. G. Sandlant (pers. corom.) found that no deaths resulted 

from aggression between conspecifics for gallery sites in over 900 

observations made of H. femorata. 

Thus it appears that in Z. gracilis, cannibalism occurs only in 

unnatural overcrowded situations or when an inadequate diet is provided. 
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3.4.9 Regeneration of Appendages 

(a) Results 

Regenerated appendages were observed on some specimens collected 

in pitfall traps and by hand. Tibiae and/or tarsi gave the best 

evidence that regeneration had occurred although regeneration of antennae 

was also found. When a tibia and/or tarsus undergoes rapid development 

to replace those portions which have broken off, the resulting limb is 

frequently malformed, lacks the appropriate spination, and is smaller than 

the corresponding normal limb. The regenerated right mid tibia and tarsus 

of one adult female examined were of normal shape, but the tibia lacked 

all spines and was substantially smaller than the corresponding left mid 

tibia. The tarsus was of approximately normal size and shape although 

the pretarsus had regenerated only two of four segments which were la~ger 

than normal. Also the distal segment bore two tarsal claws of equal 

length but only two-thirds normal size. 

Two cases of wetas with entire limbs regenerated below the coxite 

were recorded during the study. The first involved an adult right fore 

limb (Fig. 3.l8A). The resulting limb developed into a very short three

segmented peg, the segments bearing no resemblance to a normal femur, 

tibia or tarsus. The limb lacked all spination or the tarsal claws 

which are normally associated with the fore limb. Because of its small 

size, there would be very little chance that the regenerated limb would 

have any value for locomotion. However, it would have sealed off the 

coxite and so prevented possible invasions by pathogens. In the second 

instance, an eighth ins tar female regenerated an entire left fore limb 

(Fig. 3.l8B). This again was smaller than normal, and the ventral 

surface of the femur was not flattened. The tibia was the normal shape 

except that it lacked all but two apical spines which were of an unequal 

size and shape. Finally, the pre tarsus had only three instead of four 

segments, the tarsus was reduced in size and bore two small tarsal claws. 

Unlike the previous example, this regenerated limb would have been 

functional in locomotion, although it is unlikely that the limb would 

have reached normal size in the remaining two moults. 

(b) Discussion 

The pattern of regeneration of appendages observed in Z. gracilis 

is typical of orthopterans, such that the new limb was most often 

malformed and smaller than the corresponding limb. However, it appears 



Fig. 3.18 Regeneration of appendages: 

A. normal left fore limb (above) and corresponding 

regenerated limb (below) of an adult female. 

B. normal right fore limb (above) and corresponding 

regenerated limb (below) of an eighth instar female. 
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that from the limited literature, regenerated appendages may be more 

common in Z. graciZis than most other orthopterans thus far studied. 

Chopard (1938) reported that regeneration of appendages was very common 

in Mantoidea, B1attoidea, and Phasmoidea, but was rare within Orthoptera. 

Megusar (1910) and Griffini (1911) (in Ramsay, 1964B) described the 

regeneration of 18 species of orthopterans, but Megusar (1910) also 

considered regeneration to be rare. Ramsay (1964B) described five 

examples of regeneration of appendages from three species of New Zealand 

wetas, but considered the phenomenon to be rare, as several hundred 

specimens were examined. 

The two observations of Z. graciZis which had regenerated entire 

limbs are the first to be recorded for the wetas of New Zealand, and 

possibly orthopterans in general. The significance of such regeneration 

is not entirely understood, as the limb would only become useful in 

locomotion if lost at an early instar, since 2- 3 instars must pass 

before regeneration begins (Ramsay, 1964B). At least 2 - 3 more instars 

are required before the limb attains a size where it can aid in locomotion. 
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CHAPTER IV 

ANALYSES OF CROP CONTENTS 

4.1 INTRODUCTION 

Food preferences of Orthoptera have been well studied with much 

attention being placed on groups of economic importance. The largest 

number of economic pests within the Orthoptera are contained in the 

superfamily Acridoidea, the most notable being the locusts and 

grasshoppers (Mackerras, 1973). All are phytophagous, feeding primarily 

on the foliage of higher plants, and to a lesser extent on roots. Other 

members of the Orthoptera, such as those in the superfamily Blattoidea, 

are omnivorous scavengers (Borror, Delong, Triplehorn, 1976) whereas still 

others are carnivores, including species in the subfamily Gryllacridinae 

or leaf-rolling grasshoppers which are nocturnal and feed on aphids 

(Imms, 1957; Chapman, 1975). 

Investigations into the feeding habits of wetas have shown species 

of Rhaphidophoridae and Stenopelmatidae to be either phytophagous or 

omnivorous. Hesse (1929) found that the South African rhaphidophorid 

Speleiaaris tabulae mainly ate lichens. Remy (1931) reported that some 

European Rhaphidophoridae ate equal amounts of plant and animal material 

and considered that they probably ate most kinds of organic matter. 

Hubbell (1936) reported that species of Ceuthophilus (a North American 

rhaphidophorid) commonly ate fungal material while Richards (1962) found 

that the New Zealand rhaphidophorids Pallidopleatron waitomoensis and 

P. turneri were omnivorous, consuming approximately equal amounts of 

plant and animal matter. 

Studies which have considered the food preferences of 

Stenopelmatidae have shown that most species are herbivorous. Maskell 

(1926) was able to rear Hemideina thoraaiaa on a diet of apples and 

sugar while Ramsay (1955) reported that Deinaarida rugosa was primarily 

a plant feeder although it would readily accept raw meat in the 

laboratory. Mirams (1957) reported H. thoraaiaa fed on kauri (Agathis 

australis) seeds and Beveridge (1964) found this species ate rimu 

(Daarydium aupressinum) seeds and the foliage of Griselinia in podocarp 

forests. D. heteraaantha and D. fallai were reported to be primarily 

vegetarian and normally fed on leaves (Richards, 1973). However, both 

species showed a marked preference for lettuce in the laboratory rather 

than their natural diet. Wahid (1978) showed that male and female 
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Hemiandrus sp. had different diets, with females eating mainly fruit 

and some insect material whereas males ate primarily foliage of green 

plants. More recently, Little (1980) reported that the diet of 

H. femorata taken from forests at Hanmer Springs, North Canterbury was 

predominantly Leptospermum ericoides and Nothofagus solandri foliage 

(the principal trees present) but included a few insects, whereas 

H. maori, which inhabits alpine screes in the Hanmer area, was omnivorous 

and fed predominantly on coleopteran larvae and dipterans as well as 

foliage of Dracophyllum uniflorum, Podocarpus nivalis, and L. scoparium. 

The aim of my work described in this chapter was to determine the 

composition of the diet of Z. gracilis from Middle Bush, to determine 

if males and females have different diets, and whether diet changes with 

instar, or at different times of the year. 

4.2 METHODS AND MATERIALS 

Specimens used for crop content analyses were collected in pitfall 

traps between 6 July 1978 and 15 March 1980 and were stored in 70% 

alcohol. 

Up to ten males and ten females from each ins tar were examined, 

and the specimens were selected from collections taken in as many months 

of the year as possible. 

The crop was dissected from each weta, placed on a slide in water, 

and cleared of all fat and muscle tissue. The crop membrane was slit 

longitudinally with microshears, the contents teased out, and spread 

evenly over the slide with insect pins. After air drying, lactophenol

PVA containing Lignin pink was placed over the contents and spread using 

the weight of a coverslip. Slides were labelled and placed in a drying 

oven at 37°C for two weeks before being examined. 

Various invertebrates that were considered to be possible food 

sources of Z. gracilis were taken from pitfall trap collections, 

identified to order or in some cases to family or genus, and stored in 

70% alcohol. Subsequently, they were boiled in 10% KOH, rinsed 

thoroughly in distilled water and mounted in lactophenol-PVA containing 

Lignin pink as described above. These slides were later used to help 

identify invertebrate fragments found in crops. 

All slides were examined under a compound stereoscopic microscope 

at X16 magnification. They were first scanned to note the presence or 

absence of plant material, and when it was present, five eyepiece grid 
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patterns were chosen at random and examined to determine the total area 

covered by plant and animal material. From this, the percentage of 

plant material contained within the crop was calculated. All slides 

were· then examined carefully and as many fragments of animal material as 

possible were identified. 

4.3 RESULTS 

Of 67 male and female Z. graailis examined, only 14 contained 

plant material, and of these, the crop contents of only two contained 

over 50% plant material. Eight of the remaining 12 contained less than 

1% and the other four contained less than 10% plant material. Therefore, 

Z. graailis was considered to be essentially carnivorous, and in the 14 

cases in which plant material was present in the crop, it was suspected 

that prey gut contents and accidental ingestion when consuming animal 

prey may have been its origin. 

There was no obvious change in diet between seasons of the year. 

Z. graailis ate leaf litter invertebrates throughout the year but because 

of the size of particles ingested, precise identification of prey species 

below order could not be made to indicate changes in prey types with the 

seasons. 

There were no obvious differences in the diets of males and females. 

All instars of both sexes contained roughly the same proportions and 

types of larval material, although late instar females contained a wider 

range of adult invertebrates (especially winged forms such as Diptera 

and Hymenoptera) than males. By comparison, the crop contents of late 

instar males contained very few pieces of sclerotised exoskeleton, which 

indicates the consumption of few adult and to a lesser extent nymphal stages. 

Instead, virtually all the contents were insect larvae. 

There was little change in the diet of wetas with an increase in 

their size (Table 4.1). Early and late instars of both sexes fed 

pr~marily on slower moving soft-bodied prey such as coleopteran and 

lepidoptera larvae although later instars also took a greater variety 

of prey including larger more active invertebrates such as adult Diptera, 

Coleoptera, and Arachnida. 

4.4 DISCUSSION 

Gut analysis clearly indicates Z. graailis to be primarily 

carnivorous, a mode of feeding which is not common in Orthoptera. 
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Table 4.1 Frequency and types of identifiable food material found in 

the crop contents of Z. graaiZis. 

INSTAR 1 « 2 3 4 5 6 7 8 9 10 0 2 3 4 5 6 

NUMBER 
10 2 1 2 2 3 10 1 4 9 1 2 5 2 5 

EXAMINED 

Coleoptera 
2 2 1 1 4 1 3 5 1 1 2 1 2 larvae 

Coleoptera 
adult 1 3 

Staphylinidae 
1 3 1 1 

larvae 

Staphylinidae 
1 

adult 

Curculionidae 1 

Coccinellidae 1 

Hemiptera 1 

Heteroptera 1 1 
(M. heZmsi) 

Lepidoptera 
7 2 2 2 8 1 3 5 1 1 2 1 3 

larvae 

Lepidoptera 
1 

adult 

Diptera 1 1 1 1 1 

Mycetophylidae 3 6 1 

Tipulidae 
1 

adults 

Tipulidae 
1 1 1 

larvae 

Diapriidae 1 1 1 2 

Acarina 1 

Diplopoda 1 

Blue Green 
2 1 1 1 1 1 

Algae 

Miscellaneous 
1 5 1 1 1 1 1 

plant 

7 8 

2 7 

4 

1 

1 

2 4 

1 

1 

2 

1 2 
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Predatory Orthoptera are recorded only in the Tettigonioidea and 

Gryllacridoidea and comprise approximately 10% of the Australian members 

of these two superfamilies (Mackerras, 1973). Previously, predatory 

Orthoptera had not been recorded from New Zealand and all records of the 

foods of New Zealand Stenopelmatidae indicate that they are primarily 

herbivorous (Ramsay, 1955; Mirams, 1957; Beveridge, 1964; Richards, 1973; 

Wahid, 1978; Little, 1980) feeding on leaves and seeds of surrounding 

vegetation and only occasionally eating animal material. Little (1980) 

reported H. maori was omnivorous, feeding mainly on coleopteran and 

lepidoptera larvae and the foliage of the surrounding scree vegetation 

but in no way did the relative quantities of invertebrate material taken 

by H. maori compare with that taken by Z. gpaailis. 

Results of this investigation showed that the diet of Z. graailis 

did not change dramatically at different times of the year; the only 

change which may have occurred being in the relative abundance of each 

prey species captured in different seasons. This would presumably 

reflect temporal changes in the relative abundance and availability of 

leaf litter invertebrates. 

My finding, that there was no difference in the diets of males 

and females, differs from that of Wahid (1978) who reported the males and 

females of Hemiandrus sp. had slightly different diets, although both 

were primarily herbivorous. On the other hand, observations made by 

other authors do not suggest dietary differences between the sexes in 

other Stenopelmatidae or Rhaphidophoridae (Remy, 1931, Ramsay, 1955; 

Richards, 1953, 1962, 1973; Little, 1980). 

The lack of change in diet between successive ins tars is typical 

of most hemimetabolous insects, and the inclusion of larger more active 

prey in the diet at the sixth or seventh instar probably reflects the 

stage of development where Z. graailis becomes large enough to subdue 

such larger forms. The miscellaneous Diptera and Diapriidae taken by 

two early ins tar Z. graailis (one first instar, two third instar males) 

may have been found dead as I consider such young wetas are unlikely to 

.be able to capture liVe prey ~tems of this size. 
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CHAPTER V 

ANALYSIS OF POPULATION DENSITY WITH REFERENCE 

TO THE USE OF PITFALL TRAPS 

5.1 INTRODUCTION 

The primary aims of this investigation were to determine the 

density of Z. gracilis in Middle Bush and to investigate whether the 

density varied in areas with different understorey vegetation. 

I decided to examine the population density in Middle Bush for 

three main reasons. Firstly, in conjunction with life history data, 

it might enable inferences to be drawn concerning aspects of the 

population dynamics of Z. gracilis. 

Secondly, as previously mentioned, it was not known whether the 

population of Z. gracilis in Middle Bush could withstand continual 

pitfall trapping pressure. 

Finally, only two workers (Asher, 1977; Moller, 1978A) have 

investigated the population densities of wetas in natural conditions 

and both considered tree dwelling Stenopelmatidae. By knowing the 

density of Z. gracilis in Middle Bush, a comparison could be made with 

. tree dwelling species. 

Salmon (1950) reported that Z. gracilis commonly occurred under 

old rotting logs and stones. Preliminary observations in Middle Bush 

and Craigieburn Cutting Bush indicated that gallery sites of Z. gracilis 

were predominantly in or under mosses covering a soil substrate, that 

few weta galleries occurred under logs and even fewer occurred under 

large stones. Therefore, part of this investigation attempted to 

closely define this apparent selection of gallery sites by Z. gracilis. 

Since pitfall traps were used extensively to collect Z. gracilis 

throughout this investigation, a separate laboratory study was used to 

test the efficiency of pitfall traps for their collection. 

pitfall traps have been used widely for collecting surface 

dwelling invertebrates, especially Coleoptera and Arachnida, although 

the technique is not without problems (Mitchell, 1963; Greenslade, 1964). 

pitfall traps have several disadvantages in that catches depend upon 

the density, locomotory activity, and behaviour of the species involved 
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and these factors, in addition to environmental heterogeneity (Hayes, 

1970), bias natural catches. Greenslade (1964) for example, demonstrated 

that numbers and species of carabid beetles trapped can vary with the 

amount of vegetation around the trap, and the height of the trap mouth 

within the vegetation layer. In spite of their limitations, pitfall 

traps provide an inexpensive and easily maintained method of monitoring 

invertebrate populations throughout the year. 

Other authors have investigated factors influencing the efficiency 

of pitfall traps. .These factors include the use of baits and 

preservatives which can attract or repel some species (Luff, 1968; 

Greenslade and Greenslade, 1971), weather (Mitchell, 1963; Dempster, 1967) 

and temperature (Briggs, 1961; Greenslade, 1961), but only Luff (1975) 

has investigated the efficiency of pitfall traps by comparing numbers of 

trap encounters to the number of captures. 

Therefore, observations were conducted to determine the behaviour 

of Z. gpaaiZis when encountering pitfall traps with and without the metal 

rim exposed, and what percentage of wetas which encountered a pitfall 

trap were actually captured. 

For clarity, the laboratory and field studies will be treated 

separately in this chapter. 

5.2 ANALYSIS OF POPULATION DENSITY 

5.2.1 Methods and Materials 

Middle Bush was arbitrarily divided into four generalised areas 

based on the dominant understorey vegetation. Area 1 was a 10 - 15 m 

wide strip around the edge of Middle Bush where there was no under storey 

vegetation. Ground cover consisted of leaf litter and fallen logs of 

N. soZandri. Area 2 consisted of regenerating N. soZandri saplings 

(1- 3 m high) with a ground cover of leaf litter and patches of moss 

while the third area was the same as area 2 but regeneration was 

exclusively young saplings « 1 m high). The fourth area comprised those 

parts of Middle Bush where the ground was covered in dense blankets of 

moss, each greater than 1 m2
• 

Enclosures encompassing 23.96 m , 23.89 m , and 20.22 m (Plate 

5.1 A, B, C) respectively were constructed in areas I, 2, and 3. Each 

enclosure was built from strips of corrugated roofing iron bolted 

together. The strips were dug into the soil to a depth of 10 cm, 

leaving approximately 30 cm above the soil surface. It was believed 



Plate 5.1 Under storey vegetation in A) Area 1 B) Area 2 C) Area 3; 

with enclosures I, 2, and 3 respectively. Stakes within 

enclosures support broken limbs to prevent direct entry of 

rainwater into traps. 
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that these walls would prevent immigration and emigration from each area. 

Eight pitfall traps were arranged within each enclosure and examined at 

2- 3 week intervals as previously described (Chapter III). 

Details of accumulated numbers of wetas captured were kept for 

each enclosure. In this manner, an asymptote of the numbers trapped 

should have been reached, indicating that the enclosures had been trapped 

to extinction. Records were also kept of the weta instars, and sex in 

relation to the position of traps in which captures were made. 

Results obtained by P.M. Johns in earlier pitfall trapping in 

Middle Bush (unpublished data) indicated that a maximum of three months 

should have been sufficient to trap each area to extinction. However, 

after four months wetas were still being captured in each enclosure. 

Therefore, to test the rate of removal of wetas from the enclosures, 

five late ins tar males and five females were captured from outside the 

enclosures and marked on the pronotum and hind femora using nitrocellulose 

lacquer and by amputating the right fore tarsus. Five wetas were 

released into each of enclosures 2 and 3. After approximately nine 

weeks (incorporating four sampling periods), none of the marked wetas 

had been captured, indicating that the capturing efficiency of the eight 

pitfall traps in each enclosure was very low. Subsequently, eight 

additional pitfall traps were placed in each enclosure in an attempt to 

improve the efficiency of the trapping process. 

After 11 months, wetas were still being captured from all 

enclosures, which were then destructively sampled and the walls 

dismantled. All Z. gpaaiZis captured during the destructive sampling 

were taken to the laboratory where they were sexed, assigned to an instar 

class, and added to the cumulative total for each appropriate enclosure. 

To determine the density of Z. gpaaiZis in area 4, 40 0.25 m2 

sites were randomly chosen and destructively sampled. All wetas 

captured were taken to the laboratory and treated as stated above. 

5.2.2 Results 

The density estimate obtained for Z. gpaaiZis from the three 

enclosures and destructive sampling areas of moss indicated that weta 

distribution was related to the type of understorey vegetation (Fig. 5.1). 

Enclosure 2 which contained older saplings (1- 3 m) with patches of moss 

and leaf litter covering the soil contained the highest density of 

Z. gpaaiZis (1.67/m 2
) while enclosure 3 which contained younger saplings 



Fig. 5.1 Cumulative number of wetas captured from enclosures 1 (closed 

triangles), 2 (closed circles), 3 (open circles), and obtained 

by destructive sampling of 40 0.25 m2 areas of moss (closed 

square). The last point shown for enclosures 1, 2, and 3 

includes numbers captured after each area had been 

destructively sampled. 
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« 1m), moss and leaf litter, had the second highest density (1.14/m2 ). 

Densities calculated by destructive sampling areas of moss (0.74/m2
) 

were only slightly higher than those in enclosure 1 which contained leaf 

litter and fallen logs, but no regenerating trees (0.7l/m 2
). 

Of the ten wetas which were marked and released into enclosures 

2 and 3, none was recaptured. This suggested the possibi~ity of 

emigration and immigration over or under the walls. A laboratory 

investigation to test this hypothesis showed Z. gracilis would not climb 

over or dig under a 25 cm wall of corrugated roofing iron, inserted to 

5 cm below the soil surface, even when subjected to a lack of adequate 

food and habitat space. The fate of the ten marked wetas is not known 

since none was captured when each enclosure was destructively sampled. 

Comparison of trapping rates for enclosures containing 8 and 16 

pitfall traps showed that the efficiency of the trapping rate was 

increased when the eight additional traps were added to each enclosure, 

even though the density of wetas within each enclosure was continually 

declining (Fig. 5.2). The combined capture rate for all enclosures 

containing eight pitfall traps (0.24 wetas/day) was only slightly lower 

than the combined mean for enclosures with 16 traps (0.26 wetas/day). 

The increased trapping rate for enclosures with 16 pitfall traps 

primarily resulted from a higher capturing efficiency of the eight new 

traps. During the seven sampling periods when enclosures 1, 2 and 3 

had additional traps, the eight new pitfall traps captured wetas at a 

rate of 2.1:1.0 over the old traps (Table 5.1) 

Table 5.1 Comparison of the capture rate between old and new pitfall 

traps in Enclosures 1, 2, and 3, Middle Bush. 

Sampling Length of Old New 
period sampling period (days) traps Traps 

1 37 3 5 

2 13 3 0 

3 20 1 6 

4 25 3 7 

5 34 3 8 

6 24 0 2 

7 39 3 6 

TOTAL 192 16 34 



Fig. 5.2 combined capture rate for enclosures with eight (open bars) 

and 16 (shaded bars) pitfall traps. The eight additional 

traps were installed on day 117. Day 0 = 24 August 1979. 
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Because of the small numbers of wetas trapped, no attempt was made 

to construct age specific life tables or otherwise analyse population 

dynamics. 

5.2.3 Discussion 

Results of this investigation indicate differences in the density 

of Z. graaiZis depending upon the under storey vegetation. However, care 

must be exercised in interpreting these results since no replicate 

samples could be taken due to the unexpectedly long time required to 

trap out the enclosed areas. 

The estimated densities of Z. graaiZis (0.71 to 1.67/m2
) in 

Middle Bush are comparable with those of Moller (1978A) who calculated 

a density of 0.90/m2 for the H. arassidens (reported as H. arassiaruris 

by Moller) population of Stephens Island. However, Moller's (1978A) 

estimate is a minimal one since 13% of the 270 wetas he captured were 

too small to be properly marked for use in his mark-recapture programme. 

The period of at least eleven months required to deplete each 

enclosure of wetas shows Z. graaiZis is not easily captured by pitfall 

trapping and that the wetas probably have a very limited home range; 

possibly only coming out of their gallery to feed and in search of a mate. 

This contention is supported by laboratory observations. Wetas would 

frequently remain in their galleries for several days and upon leaving 

the gallery site would either forage about, up to 0.5 m away (presumably 

in search of food), or remain motionless near the gallery entrance. 

Further evidence is provided from pitfall trap data. After the second 

set of eight pitfall traps was placed in each enclosure, the majority of 

wetas captured were taken from the new traps (2.1:1.0 ratio as above). 

This suggests that the first set of pitfall traps had trapped out the 

areas within a small radius of them, but failed to capture wetas in 

areas where new traps were placed even though these were, in most cases, 

less than a metre away. 

The possibility that the time required to trap out the enclosures 

partly resulted from the hatching of successive generations is unlikely 

although small numbers of early instar Z. graaiZis were appearing 

throughout the entire 11 month sampling period. 

Although general hand collecting suggested that Z. graaiZis 

preferred areas of moss for gallery sites, the destructive sampling of 

areas of moss yielded one of the lowest weta counts. The probable 

reason for this discrepancy lies in the type of substrate covered by the 
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moss. In regions of Middle Bush that were covered by large blankets 

of moss (> I m2
) as opposed to very small isolated patches, the substrate 

was almost exclusively clay or shingle which is rarely used by Z. gracilis 

for the construction of gallery sites. The preferred areas are those 

where moss covers a fine dark loamy soil. Such soil is commonly 

associated with N. solandri regeneration, and possibly explains the 

higher density of Z. gracilis in enclosures with beech seedlings. 

5.3 ANALYSIS OF PITFALL TRAP EFFICIENCY 

5.3.1 Methods and Materials 

Observations were conducted using 10 late ins tar male and female 

Z. gracilis in a 0.49 m2 observation cage [constructed as previously 

described for rearing cages (Chapter III)] and maintained at a constant 

temperature of 20° ± 2°C and a reverse light cycle of eight hours dark, 

16 hours light. Two pitfall traps (see Chapter III for description) 

were placed equidistant from the centre of the cage (Fig. 5.3) with leaf 

litter being used to bring the soil surface flush with the rims of the 

traps. Pieces of moss were placed in the cage to provide gallery and 

oviposition sites. A 60 watt, red light bulb connected to a "dimmer" 

switch, was suspended above the centre of the cage to provide even 

illumination. Light intensities at the leaf litter surface were 

maintained at minimal levels to provide sufficient light for viewing 

while keeping the cage as dark as possible. 

Observations were divided into two kinds, with daily observations 

in each lasting for periods of four hours, unless there was little or 

no weta activity. The first set of observations involved partially 

disguising the metal rim of the pitfall traps with leaf litter, as was 

done whenever traps were set up in Middle Bush and Craigieburn Cutting 

Bush. The second set involved removing all the leaf litter from the 

rims of the pitfall , simulating condition of traps in the bush 

when wind had blown the cover away, as occurred on frequent occasions. 

For purposes of this investigation, an encounter was defined as 

any instance when a weta came in contact with the 2.5 cm wide metal rim 

of the pitfall trap so that all six legs were on the rim. An encounter 

finished when the weta walked completely off the rim of the trap. Two 

encounters could (and sometimes did) occur in rapid succession if the 

weta walked onto the rim, off, then back on again. 



Fig. 5.3 Arrangement of observation cage with pitfall traps (circles) 

and moss pieces (shaded areas) (drawn to scale). 
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Wetas which fell into traps (which contained no preservative) were 

removed by hand and released in a corner of the cage. 

At the completion of each sampling period, a 500 ml Agee jar lid 

was placed over each trap to prevent the wetas from being captured 

between observation periods. 

5.3.2 Results 

The total number of encounters and captures in pitfall traps 

having disguised and exposed metal rims are shown in Table 5.2 along 

with the percentage of encounters resulting in captures. 

Table 5.2 The number of encounters, captures, and percentage of 

encounters resulting in captures for pitfall traps with 

disguised and exposed rims. 

Disguised rim 

Exposed rim 

Total number 
of 

encounters 

55 

28 

Number captured 

18 

1 

Capture 
percentage 

32.7 

3.6 

Differences in the capture efficiency of pitfall traps having 

disguised metal rims (32.7% efficient) and those having exposed metal 

rims (3.6% efficient) were highly significant (X2=7.36; P < 0.01), 

indicating that pitfall traps which were disguised with leaf litter, 

were more efficient in capturing Z. graaiZis than those with exposed 

metal rims. 

When encountering a pitfall trap, Z. graaiZis acted in one of 

four ways (Table 5.3), and responses to disguised and non-disguised 

pitfall traps were very different. The percentage captured and the 

proportion which encountered the rim of the trap, but did not go near the 

inner edge was much higher for traps with exposed rims. Also apparent, 

although not recorded, were differences in the numbers of wetas that 

approached the rim of the pitfall trap but would shy away before 

actually encountering it. This behaviour was most prevelant when the 

metal rim of the trap was exposed. 



72 

Table 5.3 Behavioural responses of Z. gracilis when encountering a 

pitfall trap. 
encounters. 

Numbers of 
wetas 

captured 

Disguised rim 18 
(32. 7) 

Exposed rim 1 
(3.6) 

Numbers in brackets are percentages of 

Walked to inner 
edge of trap 

then off 

19 
(34.5) 

11 
(39.3) 

Encountered rim 
but did not go 
near inner edge 

11 
(20) 

11 
(39.3) 

Fell into trap 
but hung onto 

edge & climbed 
out 

7 
(12.7) 

5 
(17.9) 

Of the 19 wetas captured during the two sets of observations, 16 

(84.2%) walked blindly into the trap, apparently taking no notice of the 

metal rim, two (10.5%) were captured while trying to avoid the inner edge 

of the trap, but were unable to stop in time, and one (5.3%) fell into the 

trap but hung on to the inner edge with two legs while trying to climb out, 

finally falling in completely. 

5.3.3 Discussion 

Results of this investigation clearly indicate that pitfall traps 

capture Z. gracilis very inefficiently and the observed capture rates of 

32.7% and 3.6% for disguised and non-disguised rims are substantially 

lower than the 75% capturing efficiency obtained in a similar study of 

carabid beetles (Luff, 1975). 

My observation that more wetas tended to shy away from exposed 

metal rims than disguised ones suggests that light intensities within 

the cage, although minimal, were still bright enough to allow Z. gracilis 

to detect the bare metal surface. This factor may have caused a reduction 

in numbers of encounters with pitfall traps during laboratory observations, 

but it is felt that it would not have reduced the pitfall trapping 

efficiency significantly since an increase in the number of encounters 

would not necessarily have increased the number of captures. 

The observed capture efficiency of pitfall traps provides further 

strong evidence as to why the trapping to extinction programme (section 5.2) 
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failed to work as anticipated. As previously mentioned, the efficiency 

of pitfall traps depends upon locomotory activity, density, and behaviour 

of the species in question and, it is now apparent, that in the field 

programme (section 5.2) all three of these factors were working against 

effective trapping. Thus, Z. graaiZis apparently has a limited home 

range and therefore exhibits limited locomotory activity, was present in 

the enclosures at low and continually decreasing numbers, and is wary of 

pitfall traps. 
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CHAPTER VI 

INTERNAL, EXTERNAL, AND EGG PARASITES OF Z. GRACILIS 

6.1 INTRODUCTION 

The Rbaphidophoridae and the Stenopelmatidae are known to harbour 

several types of parasites. Buller (1867) was the first to note the 

presence of a weta parasite when he described the emergence of a gordian 

worm from the abdomen of H. thoracica (reported as Deinacrida thoracica 

by Buller, 1867). Since then, other authors have reported the presence 

of further gordian worms (Richards,· 1953; Miller, 1971), nematodes 

(Maskell, 1926; Dale, 1967; Andrews, 1974), fungi (Cunningham, 1923; 

Ramsay, 1955), mites (Maskell, 1926; Sharell, 1971; Miller, 1971; 

Ramsay, 1975) and gregarines (Maskell, 1926; Dale, 1967) which also 

parasitise wetas. In most instances, however, reports of weta parasites 

are given as notes in publications which concentrate on systematics, 

biology, or morphology of wetas and therefore do not include any details 

of the parasites themselves. 

The aims of this section of my work were to examine live field 

specimens of Z. gracilis for external and internal parasites, identify 

the parasites as far as possible, present a general description of them 

including notes on the incidence of parasitism, numbers of parasites per 

host, and assess where possible what affect the parasites had on the 

condition of the hosts. 

6.2 METHODS AND MATERIALS 

Live specimens taken from the field were anaesthetised with carbon 

dioxide and examined under a binocular stereoscopic microscope (X16) for 

external parasites before being used for other laboratory work. At the 

completion of laboratory experiments, wetas were again anaesthetised 

with carbon dioxide, bathed in locust Ringer, dissected, and the haemocoel, 

reproductive organs, and digestive tract examined for internal parasites. 

Since the preparation of each parasite involved quite different techniques, 

specific methods are dealt with separately in each section. 

6.3 RESULTS AND DISCUSSION 

6.3.1 External Parasites 

A. Mites - Of 91 male and female Z. gracilis examined for external 

parasites, only two (2.2%) had mite parasites. One, a sixth instar 

female had a single mite (identification unknown; lost in preparation) 
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on the flattened ventral surface of the hind femur, near the coxite. 

The second, a ninth instar female, had a mite (also lost in preparation) 

on the pleural membrane separating the abdominal sternites and tergites. 

Both wetas appeared to be in good condition and recovered from 

anaesthetisation very quickly, suggesting the mites had a negligible 

effect on the health of each specimen. 

Laboratory specimens were not as resistant to attack by mites as 

the field specimens, however. On several occasions, wetas in rearing 

cages were found to be weak and lethargic, and upon examination, these 

wetas were found to have 20- 30 mites attached to their bodies. As 

the wetas weakened, the numbers of mites increased until their bodies 

were entirely covered by them. This situation persisted until the 

weta died. Within two to three hours of death, all mites had left the 

weta, leaving no indication of their former presence. Richards (1953) 

reported a similar situation with Paahyrhamma fasaifer, but noted that 

the build-up of mites occurred after death of the weta and that within 

4- 5 hours, the mites also died. Richards (1953) suggested the mites 

may inhabit the intersegmental membranes of P. fasaifer, but that after 

the weta's death, they were forced to leave and were unable to survive 

in the external environment. I suspect that the mites found on dying 

Z. graaiZis in the laboratory did not come from the intersegmental 

membranes, but were present in leaf litter placed in their cages. When 

the wetas became too weak to clean themselves, the mites invaded the 

body, possibly to feed on secretions or fungal hyphae. The body ceases 

to produce secretions at death, and the hyphae also die which would 

explain why mites leave the weta at that time (3-5 hours after death 

occurs). 

B. Fungi - Of the 91 wetas taken from the field and examined for external 

parasites, none was infected with fungal hyphae. Mortality due to fungae 

was, however, quite high amongst laboratory-held wetas. Wetas affected 

with fungi showed the same pattern of events described by Ramsay (1955) 

for D. rugosa. Each weta developed dark patches on the thorax and 

pleural membranes of the abdomen. As the patches darkened and spread 

over the body, the weta became lethargic, moving slowly and in a 

disorganised manner. At this stage, the wetas would not eat, and they 

subsequently became emaciated and died within a few days. 

Factors causing the high mortality from fungal contamination in 

the laboratory are probably associated with poor temperature and humidity 

regulation. The galleries of Z. graaiZis in the field probably provide 

a fairly constant microclimate, with temperature and humidity levels near 
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optimal, whereas in the laboratory, wetas were continually exposed to 

higher and more variable temperatures and humidities. These conditions 

are much more favourable for fungal growth than those in the field and 

also initiate behavioural and physiological stress within the weta. 

These conditions and stresses enable fungi to overcome the defences of 

the weta and establish a permanent infection which ultimately leads to 

the host's death. 

6.3.2 Internal Parasites 

Gregarina sp. (Sporozoa: Gregarinidae) (Fig. 6.1A) was the only 

internal parasite to be found in Z. gracilis. Of 17 adult and subadult 

males and females dissected, six (35.3%) were parasitised. In each 

case, the gregarines were found in the midgut and midgut caecae (Fig. 6.1B). 

The numbers of parasites (trophozoites) and gametocysts found per host are 

given in Table 6.1. 

Table 6.1 

Sex 

9 

d 

d 

9 

9 

9 

The number of trophozoites and gametocysts of Gregarina sp. 

found in six infected Z. gracilis. 

Instar Date Number of Number of 
dissected Gregarina sp. Gametocysts 

10 16.8.80 4 0 

8 16.8.80 9 0 

8 10.2.81 26 2 

10 10.2.81 5 1 

10 10.2.81 19 0 

10 10.2.81 4 1 

Gregarina sp. found in the midgut and midgut caecae were fixed in 

AFA, stained with Delafields haemotoxylin, dehydrated through a standard 

alcohol series, cl~ared in xylene, and mounted on a slide in Perrnount. 

The health of the hosts seemed to vary considerably. Those wetas 

which had light infections (4-5 gregarines) appeared to be unaffected by 

the presence of the parasite. However, the two specimens with heavy 

infections (19 and 26 gregarines per host) were noticeably less active 

and slower in their movements than healthy individuals. These wetas also 



Fig. 6.1 A. Trophozoites of Gregarina sp. showing attached pair and 

nuclei. 

B. Digestive tract of Z. graciZis showing site inhabited by 

Gregarina sp. in the gut (shaded area) (OES = oesophagus; 

CR = crop; PVT = proventriculus; MC = mesenteric caecum; 

MAL = malpighian tubules; IL = ileum; HG = hind gut; 

REC rectum. 
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failed to recover from anaesthetisation after more than two hours whereas 

uninfected wetas (anaesthetised at the same time) recovered in a matter 

of minutes. These observations correspond with findings of Harry (1967) 

who studied the effect of Gpegarina polymoppha on larvae of the mealworm 

Tenebpio molitop. He found that if the host was maintained at optimal 

temperature and humidity, and with an adequate diet, the parasite had little 

or no effect on the host. However, if the host was maintained under 

suboptimal conditions, the gregarines had a considerable effect on the 

weight attained at pupation and on the ability of the larvae to complete 

development. It seems likely that under field conditions, Gpegarina sp. 

would have little effect on the health of Z. gpaailis, but when subjected 

to suboptimal laboratory conditions, the gregarines can become pathogenic. 

6.3.3 Egg Parasites 

A. Of 22S eggs of Z. gpaailis which were taken to the laboratory 

for incubation, 36 (15.S%) were parasitised by an undescribed genus and 

species of Scelionidae belonging to the tribe Psilanteridini (Hymenoptera) 

(Fig. 6.2). This is the first positive recording of hymenopteran egg 

parasites in any New Zealand weta (Stenopelmatidae or Rhaphidophoridae) • 

The rate of parasitism for individual clutches of eggs (Table 6.2) varied 

considerably, and in some instances the rate approached 50%. As with 

other hymenopteran egg parasites, the embryo of Z. gpaailis is killed by 

the developing scelionid larva. 

Table 6.2 Number of Scelionidae found per clutch of Z. gpaailis eggs. 

Date collected Number of Number of 
eggs collected Scelionidae 

lS.2.79 11 2 
20.6.79 1 0 
20.6.79 7 0 
7.9.79 20 2 

10.10.79 25 3 
7.11. 79 1 0 
31.1.S0 13 6 
31.1. SO 5 0 
31.1. SO IS 0 
lS.2.S0 14 0 
15.3.80 IS 0 
23.4.S0 56 10 
22.1.81 39 13 

TOTAL 228 36 



Fig. 6.2 Adult female of the undescribed genus of Scelionidae 

(Hymenoptera: Proctotrupoidea) hatched from a Z. graaiZis 

egg. 
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Z. gracilis eggs which are parasitised by Scelionidae can be easily 

distinguished from normal eggs by their distinctive colouration. Eggs 

which have just been parasitised appear normal, but after 3 - 4 weeks 

incubation, the egg chorion begins to turn amber brown. As development 

of the parasite progresses through its larval and pupal stages, the 

chorion gradually becomes dark brown and a polar cap forms at the posterior 

end (Plate 6.1). The change in colouration of the chorion possibly 

results from a change in, or an accumulation of chemicals in the embryonic 

fluid. At this stage, body structures and large eyes of the adult 

scelionid can be seen through the chorion. Body structures steadily 

become more sclerotised and the eyes become a very dark brown. 

Plate 6.1 Z. gracilis eggsparasitised by Scelionidae, showing the 

brown colouration and polar cap. 

Hatching of the parasite is very rapid, with the entire process 

taking about two hours. The emerging scelionid uses its mandibles to 

chew a round hole in the chorion at the anterior end of the egg. Once 

the hole is large enough, the parasite forces its head, antennae, and 

legs out of the egg, then uses its legs to pull the thorax and abdomen 

free. The parasite is actively moving about within minutes of leaving 

the egg, presumably in search of freshly oviposited Z. gracilis eggs. 
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Noble (1938) reported that Scelio fulgidus readily parasitised eggs of 

Chortiocetes terminifera up to 48 hours after oviposition but the 

parasitism rate quickly dropped off after this two-day period, and no 

parasitism occurred seven days after oviposition. 

Of 36 scelionid eggs collected from the field, 18 had hatched at 

the time of writing, all of them females. In contrast, Noble (1938) 

found 60.2% to 85.6% of S. fulgidus were females depending on the area 

collected. The absence of males emerging from parasitised eggs of 

Z. gracilis suggests this species of Scelionidae may be parthenogenetic. 

B. Platypatasson sp. (Hymenoptera: Mymaridae) (Fig. 6.3) was 

found parasitising two « 1%) of the 228 Z. gracilis eggs collected from 

the field. This again represents a new record for a hymenopteran egg 

parasite of wetas. Platypatasson sp. also kills the parasitised embryo 

of Z. gracilis, but unlike the scelionid, more than one parasite develops 

within an egg. Of the two eggs which were successfully incubated, the 

first produced 12 parasites whereas the second produced ten. 

Z. gracilis eggs that were parasitised by Platypatasson sp. were 

easily distinguished from normal eggs and those parasitised by Scelionidae. 

Both eggs found with developing Platypatasson sp. were dark grey 

(Plate 6.2) and resembled dead or decaying eggs. However, movement 

could be seen through the chorion. The hatching process occurred in 

Plate 6.2 Z. gracilis eggs parasitised by Platypatasson sp. 



Fig. 6.3 Adult female PZatypatasson sp. (Hymenoptera: Mymaridae) 

hatched from a Z. graoiZis egg. 

omitted. ) 

(Appendages of left side 
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much the same manner as for the scelionid parasite. Several individuals 

within the egg used their mandibles to chew small holes in the chorion, 

and as each opening became large enough, individuals began leaving the 

egg. Once outside, the parasites spent a few minutes cleaning their 

wings and bodies and then dispersed within the plastic container where 

the eggs were kept. When all individuals had left the egg, 4-5 holes 

had been chewed in the chorion for the emergence of 10-12 individuals 

respectively. Thus, the type of exit hole made by Z. graaiZis 

(longitudinal slit from the anterior pole to the centre of the egg), 

Scelionidae (large round hole at the anterior end), and PZatypatasson sp. 

(4- 5 small round holes allover the egg) are distinct enough to enable 

one to tell which of the three species had hatched from old egg cases 

found near galleries. 

The discovery of a species of PZatypatasson in New Zealand is very 

interesting when we consider the disjunctive distribution of the genus. 

Ogloblin (1946) characterised the genus PZatypatasson for the species 

fransseni that was reared from a locust egg in Java. Ogloblin (1959) 

later ascribed to the genus two new species (terebrator~ vagatus) from 

Argentina. There have been no further published descriptions of species 

of PZatypatasson, but Mr E. Valentine (pers. comm.) believes that 

specimens of another, larger New Zealand mymarid held in the collection 

at Entomology Division, D.S.I.R., Auckland, belong to this genus. 
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