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Abstract 

Seasonal variation in the diets of live wild adult male, adult female (snout-vent length; 

SVL <': 180mm) and juvenile (SVL = 100-l70mm) tuatara (Sphenodon punctatus) 

from Keeper's Bush (Stephens Island, New Zealand) were described following analyses 

of faecal and stomach contents. In addition, the diets of post-hatchling tuatara (SVL = 
50-lOOmm) were described from faecal analysis. The diets of tuatara of unknown life 

history stage were described following the collection and analyses of field-collected 

faeces (scats). 

Stomach contents and faeces were examined and the contents were categorised as 

being: "darkling beetle", "tree weta", "giant weta", "other invertebrates", "seabird 

remains", "seabird egg", "reptile", "plant/dirt" and "unidentified material". The 

frequency of occurrence (%) and proportion by volume (%) of each food item in the 

stomach contents and scats was recorded and compared among seasons and tuatara life 

history stages. 

The results confirm that adult and juvenile tuatara are opportunistic feeders, feeding on 

a range of invertebrates, especially beetles. Seabirds are found in the diet of tuatara, 

being found almost only during summer. "Other invertebrates" (70-77%) and 

"darkling beetles" (14-71 %) were the most frequently occurring food items in stomach 

contents and scats. "Plant/dirt" was also frequently occurring found in between 58-

80% of scats and stomach contents . The representation of each food item in the diet 

of tuatara is primarily dependent on the availability of the food item, with prey size and 

mobility also being important. 

There was little difference between the diets of adult and juvenile tuatara, whereas the 

diet of post-hatchling tuatara was significantly different from the larger tuatara. Post

hatchling tuatara feed exclusively on small invertebrates including snails. 

Seabirds, specifically fairy prions ( Pachyptila turtur), breed on Stephens Island in large 

numbers during summer; it was only during this time that they were found in the diets 

of tuatara of known life history stage. Adult and juvenile tuatara were found to have 

eaten fairy prions. Growth curves were constructed for five fairy prion chicks from 

hatching to fledging. Using these growth curves and the presence/absence of down in 

the "seabird remains" from tuatara stomach contents and scats, I was able to determine 

that most predation events involved chicks and fledglings. I was unable to determine 
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whether any part of the seabird body was selectively eaten. Episodes of juvenile and 

adult tuatara scavenging on fairy ption carcasses were observed. 

There were differences in the proportion by volume and frequency of occunence of 

food items represented in stomach contents and scats. Soft-bodied invertebrates 

constituted a greater proportion of stomach contents volume, whereas the remains of 

larger and indigestible food items were more frequently occulTing in scats. 

The proportion of tuatara with food in their stomachs at the time of stomach-pumping 

shows that there is no seasonal difference or difference among life history stages. 

There was also no difference in the volume of food recovered among seasons or life 

history stages. Expetiments examining the rate of gasttic evacuation in adult males 

show that there is seasonal variation in the rate of evacuation, with food remaining in 

the stomach for at least 48h duting November, but only 20h duting January. Further 

studies examining the energy content of food eaten by wild tuatara are required. 

It is hoped that the results of this study will be used in conjunction with previous diet 

studies to improve the health of captive tuatara. 
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Chapter 1. Introduction. 

Tuatara (Sphenodon) are a group of medium sized-reptiles that are the only surviving 

members of the Order Sphenodontida. Sphenodontids are an ancient lineage and, 

excepting tuatara, only occnr as fossils (Fraser, 1988). 

Tuatara were once widespread throughout New Zealand (Buller, 1894) but due to 

competition, habitat destruction and predation are now found on only about 30 

offshore islands representing about 0.5% of their original range (Cree, 1990). Tuatara 

are the top-order terrestrial predators in these reptile-seabird communities and 

therefore have the potential to play an important role in community structure and 

energy flow (Cree, 1990). Although tuatara are relatively secure on some of the 

islands they continue to decline in both numbers and distributional range (Daugherty et 

al., 1991). Pacific rats (Rattus exulans) co-occur with tuatara on eight islands and are 

thought to compete with and predate on tuatara (Crook, 1973; Cree and Thompson, 

1988; Newman, 1988; Newman and McFadden, 1991; Towns, 1991). 

Tuatara have been classified as "rare" by the 1988 IUCN Red List (IUCN, 1988). In 

1988 the Threatened Species Unit of the Department of Conservation called for the 

creation of a tuatara recovery plan. The Draft Tuatara Recovery Plan (Cree, 1990) set 

out a recovery strategy for the northern tuatara (Sphenot:Wn punctatus punctatus), 

Little Barrier tuatara (Sphenot:Wn punctatus reischeki), Cook Strait tuatara 

(Sphenot:Wn punctatus) and the Brothers tuatara (Sphenodon guntheri). Subsequent 

morphometric and genetic analysis found S. punctatus reischeki to be indistinguishable 

from other northern tuatara and it is now considered as another population of S. 

punctatus punctatus (Whitaker and Daugherty, 1991). Integral to the Draft Tuatara 

Recovery Plan is the establishment of self-maintaining captive populations and the 

rearing of juvenile tuatara from eggs collected from the wild ("head-started" juveniles). 

It is anticipated that "head-started" juveniles could be released on to islands that are 

inhabited by tuatara, islands that had tuatara in the past, or islands that are considered 

suitable tuatara habitat. 

Although the Draft Tuatara Recovery Plan highlighted the need for captive breeding, 

as of the time of writing, no tuatara has successfully been raised to maturity from 

captive -laid eggs. Of added concern are the growth deformities experienced by some 

captive juvenile tuatara (Cree et al., 1992). Low productivity in crocodilians (Joanen 

and McNease, 1987; Lance, 1987) and growth deformities in birds (Kepler, 1977) have 
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been related to inadequate diets, but as yet no study has investigated tbis link in 

tuatara. 

2 

There have been few detailed studies oftuatara diet Walls (1981) analysed the 

contents of randomly collected faeces (scats) from tuatara on Stephens Island. This 

was the first comprehensive study, which recognised seasonal changes in tuatara diet 

Walls' study showed tbat insects, mainly darkling beetles (Mimopeus spp.), were found 

in 54% of tuatara scats. Otber major dietary items were invertebrate species (otber 

tban Mimopeus spp.) (in 20% of scats analysed) and seabirds (in 10% of scats 

analysed). Walls also recorded a difference in food item availability among seasons 

and habitats. However, the methods employed in his study (random collection of 

scats) meant that the diet of tuatara of different ages (inferred by size) and sexes could 

not be differentiated. It is most likely tbat larger and more visible scats were collected 

and by doing so Walls may have biased more for adults (as tbey deposit larger scats) 

and have under-represented juveniles. Walls (1981) recognised tbe difficulty in 

quantifying tbe amount of soft-bodied animals, such as earthworms and motbs, eaten 

by tuatara, highlighting the deficiencies of a dietary study based solely on tbe analysis 

of scat contents. 

A study of tbe diet of adult tuatara from which only a brief abstract is available, used 

stomach flushing and faecal analysis to show there was a significant difference in the 

diet between tuatara from two different habitats on Stephens Island (Carmichael et al., 

1989). Carmichael's study was conducted during February 1988, and used stomach 

contents from 82 (58:24; male:female) tuatara from the forest (Keeper's Bush) and 87 

(51:36) from tbe pasture, ranging in snout-vent length (SVL) from 120-310 mm 

(Carmichael pers. comm. Michigan State University); tbis size range includes both 

adults and juveniles (Castanet et al., 1988) as tuatara reach sexual maturity at 

approximately 180mm SVL. The contents of 60 scats showed tbat tbe remains of 

hard-bodied food items were more frequently occurring in scats than in stomach 

contents. Carmichael et al. (1989) reported that tuatara from tbe bush habitat ate 

mainly tree weta (Hemideina crassidens) and darkling beetles (Mimopeus spp.), 

whereas the tuatara from tbe pasture ate mainly isopods and craneflies (0. Tipulidae). 

The differences between tbe diets of tuatara from the two habitats are thought to 

reflect the difference in densities of prey items between tbe two habitats (Carmichael 

pers. comm.). 
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These studies, along with many observations oftuatara feeding (Buller, 1876; Falla, 

1935; Dawbin, 1949; Newman, 1977; Newman et al., 1979; Reischek, 1881; Reischek, 

1885) indicate that tuatara feed on a variety of items including beetles, weta, geckos, 

skinks, grasshoppers, spiders and the chicks of seabirds. 

Movement along with shape are the prime stimuli for the feeding response (Buller, 

1878; Falla, 1935; Dawbin, 1953; Walls, 1981), whereas the availability of prey is 

thought to be the main factor determining the frequency of particular food items in the 

diet (Walls, 1981; Carmichael pers. comm.). Cave weta, grasshoppers and reptiles are 

seldom represented in tuatara scats; this may indicate that their rapid movement is a 

successful defence against predation by tuatara (Walls, 1981). 

Many of the dietary studies have concentrated on adult tuatara (SVL > 180 mm). This 

gap in knowledge is critical for two reasons. Firstly, of the 281 tuatara in captivity, 

216 are juvenile (Cree et al., 1992). In captivity these tuatara are fed a variety of items 

including locusts, mealworms and wax moth larvae. This diet does not reflect the 

natural diet of these tuatara. Secondly, the recommendation made in the Draft Tuatara 

Recovery Plan for head-started juveniles relies on the captive-breeding institutions 

being able to successfully raise post-hatchling animals (SVL = 50-100 mm). As a good 

diet is necessary for healthy growth, the holders of post-hatchlings must have 

knowledge of a natural diet so they can attempt to replicate this in captivity. 

Because of its large tuatara population and relative accessibility, Stephens Island is 

ideal for the study of tuatara. Stephens Island is a 150 ha island in northern Cook 

Strait (40°40'S, 174°00'E; Moller, 1985). Cliffs completely surround the island, which 

has a summit of 283m. Since the establishment of a lighthouse in 1894, the vegetation 

on the island has undergone extensive changes. Much of the bush was cleared for the 

farming of sheep and cattle; the remaining bush at present is remnant or regenerating. 

Three areas of remnant forest remain: Ruston Bush, Keeper's Bush and Frog Bank 

Bush (Fig. !.1). The remaining area is regenerating native low scrub and vine-land, or 

introduced and native grasses grazed by sheep. 

Stephens Island supports an abundant and diverse herpetofauna including tuatara, the 

striped gecko (Hoplodactylus stephensi), green gecko (Naultinus manukanus), 

common gecko (Hoplodactylus maculatus), common skink (Leiolopisma nigriplantare 

polychroma), speckled skink ( L. infrapunctatum), green-spotted skink ( L. 

lineocellatum), southern brown skink (L. zelandicum) and Hamilton's frog (Leiopelma 
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hamiltoni). The tuatara population on Stephens Island has been estimated as at least 

30,000 (Newman, 1982b). Like all the islands supporting large populations of tuatara, 

Stephens Island has large populations of breeding seabirds including sooty shearwaters 

(Puffinus grise us), diving petrels (Pelecanoides urinatrix), fairy prions (Pachyptila 

turtur) and fluttering shearwaters ( Puffinus gavia) (Brown pers. comm., Department 

of Conservation, Havelock). By far the most numerous seabird on Stephens Island is 

the fairy prion, which has a population estimated at over one million birds (Harper, 

1985). 

Fairy prions are a medium-sized seabird measuring about 280 mm in total body length 

and weighing up to 130 g (Harper, 1976). On Stephens Island the fairy prion density 

is estimated at up to 41m2 in some areas (Crook, 1975). Single or multiple burrows of 

between 60 and 200 em in length lead to a single nesting chamber (Walls, 1978). 

Although fairy prions are present on Stephens Island throughout the year they are most 

numerous during the breeding season. Eggs are laid during November and December 

with the chicks hatching approximately 55 days later. The chicks depart from 

Stephens Island during January and February approximately 60 days after hatching 

(Walls, 1978). 

The relationship between fairy prions and tuatara was frrst thought to be an example of 

commensalism (Dawbin, 1949). However, it is now known that tuatara benefit far 

more from the relationship than do fairy prions. Fairy prions create soil conditions that 

encourage the ground-dwelling insects on which tuatara feed (Crook, 1974; Dawbin, 

1962; Walls, 1978, 1981). Tuatara are known to kill and eat seabirds (Crook, 1975; 

Sutherland, 1952; Walls, 1978, 1981) causing the failure of 28% of all fairy prion eggs 

and chicks on Stephens Island by predation and interference (Walls, 1978). Walls 

(1981) found seabird remains in 10% of tuatara scats he analysed from Stephens 

Island, with the largest number occurring in scats produced in summer. It is thought 

that adult prions are eaten less often than chicks by tuatara because of their size and 

ability to escape (Walls, 1978). Anecdotal evidence suggests that tuatara prey mostly 

on chicks, perhaps eating only the head and wings as many decapitated chicks can be 

found on the forest floor on Stephens Island in summer (A Cree, pers. comm. 

University of Otago; D. Rees, pers. comm. DoC, Havelock; Sutherland, 1952). If 

tuatara are selectively feeding on these body parts it may furnish a particular dietary 

requirement as suggested by Walls (1981). The size and sex of tuatara feeding on 

seabirds has also never been investigated. When the life history stage and sex of 

tuatara seen feeding on chicks is known it has always been adult males (A. Cree, pers. 
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comm.). The seabird component of the tuatara diet may be necessary for successful 

tuatara breeding (Walls, 1981). 

It was recognised by the Draft Tuatara Recovery Plan (Cree, 1990) and Cree et al. 

(1992) that the diet and nutrition of tuatara were areas needing research. In particular, 

the diets of juvenile tuatara, and the importance of seabirds in the diets of all tuatara 

were recognised as needing research. Therefore, a research programme was carTied 

out by students and staff from the University of Otago on wild tuatara from Stephens 

Island and on captive tuatara in New Zealand zoos to achieve these and other aims. 

The aims of this research programme were to: 1.) To describe the seasonal variation in 

the diets of wild adult male, adult female and juvenile tuatara, including the importance 

of seabirds in the diet (carried out by me). 2.) To describe the seasonal var-iation in 

plasma lipid compositions of wild and captive tuatara, and the lipid composition of 

different seabird body parts (carried out by Ms Linda Cartland). 3.) To describe the 

effects of stress on plasma corticosterone (stress hormone) concentrations in captive 

and wild tuatar-a (carried out by Ms Claudine Tyrrell). 4.) To determine techniques 

for the identification of sex in juveniles (Dr Alison Cree). During the programme we 

all studied the same wild animals during field trips to Stephens Island from February 

1992 to January 1993. After negotiations, permits were gained from the Department 

of Conservation and Ngati Koata to allow entry to Stephens Island and the study of 

tuatara during the period of the programme. 

The major aims of my study are: 

1. To quantify the seasonal variation in the diets of juvenile (SVL = 100-

170mm) and adult female and adult male tuatara (SVL 2': 180 mm) 

(Chapter 2). 

2. To describe the diet of post-hatchling tuatara (SVL = 50-100 mm) 

(Chapter 2). 

3. To describe the seabird component of the tuatat·a diet, determining the 

seabird size (and inferred age) at the time of predation and whether any 

part of the bird is preferentially eaten (Chapter 3). 
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From the results of these major aims it is possible to answer the following minor aims: 

4. To determine the relative feeding frequency of tuatara (Chapter 4). 

5. To make recommendations to the Department of Conservation, Ngati 

Koata and the holders of captive tuatara on appropriate diets and 

feeding frequencies for juvenile, adult male and adult female tuatara 

(Chapter 5). 
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Chapter 2. Seasonal variation in the diets of wild adult 
male, adult female, juvenile and post-hatchling tuatara on 
Stephens Island. 

2.1. Introduction. 

For the successful management of a threatened species it is important to gain 

knowledge about aspects of basic ecology, such as diet. There have been two previous 

detailed studies of the diet of tuatara (Sphenodon punctatus) on Stephens Island. 

Walls (1981) described seasonal variation in the diet of tuatara by collecting and 

analysing scats from a range of habitats. The scats had been deposited by tuatara of 

unknown size and sex. Carmichael (1989 and pers. comm.) described the diets of 

tuatara from different habitats by analysing stomach contents and scats from a single 

month. None of these studies specifically examined the diet of juvenile tuatara. 

However, as of 1990, 216 juvenile tuatara were being held in captivity in New Zealand 

(Cree et al., 1992), and are often fed the same foods as captive adult tuatara. The 

Draft Tuatara Recovery Plan (Cree, 1990) made the recommendation that more 

knowledge on the diets of tuatara of different life history stages would be helpful to 

successfully breed and raise tuatara in captivity. 

The major aim of this chapter is to describe seasonal variation in the diets of adult 

male, adult female, juvenile and post-hatchling tuatara on Stephens Island using faecal 

and stomach content analysis of animals of known life history stages. The observed 

and expected seasonal variations in the abundance of some tuatara food items (Wails, 

1981) dictated the need to investigate the possible seasonal variations in diets of 

tuatara. In addition, field-collected scats were also examined to provide further 

information on seasonality of tuatara diets and the range of food items consumed. The 

efficiency of stomach pumping in recovering large food items was tested. In an 

attempt to estimate the size of tuatara producing field-collected scats, the correlation 

between tuatara snout-vent length (SVL) and the size of scats they produced was 

examined with the aim of inferring the SVL of tuatara producing field-collected scats. 
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2.2. Methods. 

2.2.1. Collection of tuatara. 

Five trips were made to Stephens Island (February 2-18, May 11-20, August 5-14, 

November 6-16 1992 and January 18-29 1993). These trips represented the four 

seasons of the year, with two trips being made in summer to provide a wider coverage 

of the seabird breeding season. Unless otherwise stated the January and February 

results were pooled and are hereafter referred to as the "summer" season. Material 

from May is referred to as the "autumn" season, August as the "winter" season, and 

November as the "spring" season. 

Permission was obtained from the Department of Conservation (Nelson/Malborough 

Conservancy) and Ngati Koata to collect faecal and stomach samples from up to 15 

adult males (SVL) = 184-287mm), 20 adult females (SVL = !80-240mm) and 15 

juveniles (SVL = I 02-179mm) during each trip. On some trips the number of animals 

collected was less than maximum number of tuatara allowed (Table 2.1.). This was 

because in some cases an adequate number of gravid females was collected before 20 

females had been sampled, and because the correct number of juveniles of each sex 

was collected within the maximum number allowed, or because we had difficulty in 

finding juveniles. The permit was extended from the August trip onwards to allow the 

collection of faecal samples from 10 post-hatchlings (SVL = 50-100mm). No stomach 

samples were collected from these animals as it was felt that the procedure would over 

stress them. The adult male, adult female and juvenile tuatara were also used in 

concurrent studies by Cartland and Tyrrell (see General Introduction). 

Adult and juvenile tuatara were collected during the first three hours after dark. Only 

tuatara that had emerged from burrows were collected. The site of capture of each 

tuatara was marked with a plastic peg so that each animal could be returned to the 

same location. Tuatara were blood-sampled upon capture for studies by Cartland and 

Tyrrell, and then numbered on the flank using a waterproof marker pen. They were 

then taken to the field station on Stephens Island where snout-vent length (SVL), vent

taillength (VT), tail regeneration length and weight were recorded. Adult and juvenile 

tuatara were then stomach pumped following the methods in section 2.2.2. Adult 

tuatara are sexually dimorphic and were sexed using criteria such as spine shape, 

abdomen shape and throat colour. Most juveniles are not sexually dimorphic. 

However, as Cartland and Tyrrell needed to know the sex of the juvenile tuatara they 
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were sexed dming the next six days using laparoscopy if their sex could not be 

determined from external appearance. 

10 

After the adult male, adult female and juvenile tuatara had produced a scat or after 

seven days (whichever carne first) (see section 2.2.3.), they were released at night at 

the site of capture. Juvenile and female tuatara were toe-clipped prior to release to 

prevent re-sarnpling of the same animals on subsequent trips. Adult male tuatara were 

not toe-clipped as their digits often bleed excessively. Adult male tuatara were 

collected from different areas during each trip to avoid the possibility of re-sampling 

the same animals. 

Post-hatchling tuatara were collected during the day in the pasture land from under 

stones, wood and other debris. They were collected from the pasture land as they are 

most numerous in this habitat (Mcintyre, 1988). As they were not required for other 

studies they were not blood-sampled. After six days or production of a scat, 

(whichever came first), they were toe-clipped and returned to the place of captme. All 

tuatara were released without apparent harm at their capture sites, and many were seen 

on subsequent trips. 

2.2.2. Collection and analysis of stomach contents from tuatara of known size 

and life history stage (known tuatara). 

Tuatara have a simple sac-like stomach. This means that food in the stomach can 

easily be recovered by pumping the stomach with water, a technique used frequently in 

dietary studies of birds (Gales, 1985; Montague and Cullen, 1985). Tuatara smaller 

than 125mm SVL were not stomach pumped as it was felt that smaller tuatara would 

become overly stressed by the procedure. 

The pumping device was a 10 litre "Cambrian" garden sprayer capable of flows of up 

to 2.4 !Jmin. The spray nozzle was removed and replaced with a section of flexible 

plastic tubing with an external diameter of 5mm for adults, or 4.5mm for juveniles. At 

lOOmm (85mm for juveniles) from the open end a mark was made, corresponding with 

the approximate distance from mouth to stomach. This was determined by preliminary 

trials and the dissection of two preserved specimens and helped ensure that the pipe 

was inserted to the correct depth. 
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When stomach-pumping, the mouth of the tuatara was held open with a small block of 

wood, This ensured that the tuatara could not clamp down on the pipe and thus stop 

the flow of water, The pipe was then slipped down the throat of the tuatara to the 

point of the mark or just past the resistance offered by the pyloric sphincter. The 

pressurised water was turned on, to a level where it was strong enough to be effective 

in pumping the stomach but not so strong as to cause major discomfort to the tuatara, 

The stomach-contents were collected in a 0.25mm sieve and stored in 70% ethanol for 

analysis. 

After the tuatara had been stomach-pumped they were each placed in separate 

cardboard boxes. The boxes were placed in an unheated room away from direct 

sunlight. 

The preserved stomach contents were later examined at the University of Otago under 

a variable power stereo microscope. Food items were identified and categorised as: 

"darkling beetle" (which included Mimopeus and Artystona species), "tree weta" 

(Hemideina crassidens), "giant weta" (Deinacrida rugosa), "other invertebrates", 

"seabird remains" (feathers, bones and tissue), "seabird egg", "reptile", "plan1idirt" and 

"unidentified material". The presence of parasitic worms was recorded. 

The amount of each ingested item in each sample was estimated by eye to the nearest 

10% by volume of the stomach contents. The total volume of the material in each 

stomach sample was measured in a measuring cylinder to within 0.2 ml. Where the 

parts were intact, the head size, tibia length and ovipositor length of weta were 

measured. "Seabird remains" were examined and where possible, the body part was 

identified. Bill length, bill width at tip and base, and the length of any quills of seabird 

remains were measured to the nearest O.lmm to help determine the size and infetTed 

age at which the seabird was eaten. The results from these measurements of seabird 

body parts will be discussed in detail in Chapter 3. The stomach contents are held at 

the University of Otago by Dr. A Cree. 

An experiment was carried out during the November 1992 and January 1993 field trips 

to assess the efficiency of the stomach-pumping technique at recovering large food 

items. During each of these field trips, two adult male tuatara were collected from the 

field, measured and stomach pumped. Each tuatara was then placed in a separate box 

with an adult tree weta. If the tuatara ate the tree weta, it was stomach pumped 
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approximately 10 hours after it had eaten the weta. The presence or absence of the 

weta in the stomach contents was recorded. 

2.2.3. Collection and analysis of scats from tuatara of known size and life 

history stage (known tuatara). 

The boxes containing the tuatara (see Methods section 3 above) were inspected every 

morning and evening for a scat. Scats deposited by the animals at the field station 

were removed from the animal's box and measured using a vernier caliper to the 

nearest O.lmm (width and length). The state of the scat (intact or broken) was 

recorded. The scats were air-dried and later examined at the University of Otago. 

The air-dried scats were carefully broken apart by hand and examined under a variable 

power binocular microscope. Food items were categorised as: "darkling beetle", "tree 

weta", "giant weta", "other invertebrates", "seabird remains" (feathers, bones and 

tissue), "seabird egg", "reptile", "plant/dirt" or "unidentified material". The amount of 

each food item in the scat was estimated, by eye, to the nearest 10% of the total scat 

volume. 

The invertebrate material was identified using reference material collected from 

Stephens Island during November (see Methods section 2.2.6.), assistance from 

Anthony Harris (Otago Museum), material from the New Zealand Arthropod 

Collection and taxonomic books. Where the parts were present and intact, the head 

size, tibia length and ovipositor length of weta remains were measured. Where 

possible, the body part of any "seabird remains" was identified. Bill length, bill width 

at tip and the length of any quills of "seabird remains" were measured. 

2.2.4. Collection of scats from tuatara of unknown size and life history stage 

(unknown tuatara). 

Tuatara scats can be found in large numbers in the bush and pasture land. Recently 

deposited fresh (showing no signs of decomposition) scats from unknown tuatara were 

collected to provide additional information on the seasonality of tuatara diet. At the 

beginning and end of each field trip, scats were collected from the Keeper's Bush track 

and from the Ruston Bush fence-line (field-collected scats). These scats were 
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measured with a vernier caliper to the nearest O.lmm (width and length) and air-dried 

before analysis of their contents at the University of Otago. Contents were categorised 

as for faeces produced by known tuatara (see Methods section 2.2.3. above). 

It was necessary to ascertain whether a scat of a particular composition persists longer 

than another, and is therefore more likely to be seen and collected. During the May 

1992 trip, six scats were collected, of which three contained mainly Mimopeus spp. 

remains and three contained mainly seabird feathers. One of each type of scat was 

placed in the field station garden, in the paddock adjacent to Ruston Bush, and in 

Keeper's Bush on Stephens Island. During the August 1992 trip, the presence and 

state of decay of these scats was checked. 

2.2.5. Relationship between tuatara scat volume and SVL 

To help infer the size of tuatara producing the field-collected scats , the relationship 

between scat volume and SVL of known tuatara was quantified. It was hoped that 

from this relationship it would be possible to estimate the minimum SVL of tuatara 

that feed on a particular food item. 

The shape of a tuatara scat approximates that of an ellipsoid. The volume of each scat 

was calculated by applying the length and width of each scat to the equation below: 

scat volume (mm3) = 4/3 na2b 

where: a= 112 width (mm) 

b = l/2length (mm) 

The volume of intact scats from known tuatara were examined for correlation with the 

SVL of the tuatara that produced the scat. To increase sample size but still retain the 

option of testing for size-independent seasonal differences in scat volume, scats 

produced during spring were pooled with those from summer, whereas autumn scats 

were pooled with winter scats. The regression equations resulting from these lines 

were used to help determine the size of the tuatara producing the field-collected scats. 
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2.2.6. Collection of insects for reference. 

To assist in the identification of insect material found in the scats and stomachs of 

tuatara, insects were collected from Stephens Island during the November 1992 field 

trip. Six pitfall traps were placed in Keeper's Bush. The traps consisted of two plastic 

pots. One, with lOmm drainage holes cut in the bottom, was dug into the soil. The 

second container, with 0.5mm drainage holes in the bottom and containing 1 em of 

soil, was placed inside the other so that the top rim was level with the soil of the bush 

floor. This design ensured that any rain collected could drain away. These traps were 

emptied every second day for lOd. Insects were also collected from the bark and 

leaves of trees and shrubs, and a five litre sample of leaf litter was collected from 

Keeper's Bush. The insects were extracted from the leaf litter at the Otago Museum 

using a tullgren extractor. 

Care was taken not to over-collect live insects. No endangered insects such as 
Stephens Island giant weta (Deinacrida rugosa), Stephens Island carabid beetle 

(Mecodema costellum) or Stephens Island click beetle (Amychus granulatus) were 

collected. The insects collected from Stephens Island during November 1992 as part 

of the reference collection, are now held by the New Zealand Arthropod Collection 

(Landcare Research, Mt Albert). 

2.2.7. Weather records. 

The 1800h dry bulb air temperature and humidity records from Stephens Island were 

obtained from the National Institute of Water and Attnospheric Research Ltd (NIW A), 

Wellington. 

2.2.8. Statistical analyses. 

Data were analysed using the Systat statistical package (Systat Inc, illinois). Unless 

otherwise stated, data for juvenile males and juvenile females were pooled and referred 

to as "juveniles". The data from the stomach and faecal contents were expressed in 

two ways. Firstly, the proportion that each food item constituted of the total scat 

volume was averaged for each life history stage during each season, this is referred to 

as the proportion by volume (% ). Secondly, the total number of tuatara of each life 
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history stage during each season having the food item was expressed as a percentage 

of the total number of tuatara in that cohort producing a scat or stomach contents, is 

referred to as the frequency of occurrence (% ). The effects of life history stage and 

season on the composition by volume (%) of food items in scats and stomach contents 

were examined following arcsine transformation of the data. One-way ANOV As were 

performed to find if any relationships existed. Where significant relationships were 

found, post-hoc Tukey tests were performed to further describe the relationships. 

The effects of sex and date on the frequency of occurrence of food items in scats and 

stomach contents was calculated by using the absolute values and performing x2 tests 

and likelihood ratio x2 tests when expected values were low. 

The differences in the correlation between SVL and scat volume during each season 

were calculated using ANCOV A. The relationship between SVL and scat volume and 

the calculation of unknown tuatara SVL from scat volume of field-collected scats were 

calculated using the prediction intervals set out in Zar (1984). 

2.3. Results 

2.3.1. Stomach contents from known tuatara. 

Of the 222 tuatara sampled, 146 (54%) provided stomach samples containing food 

items. Table 2.1. shows the number of stomach contents collected from tuatara of 

each life history stage during each season. Parasitic worms (hookworms and 

threadworms) were found in 67% (155/222) of tuatara that were stomach pumped. 

The recovery of parasitic worms from the stomach provides evidence that the stomach 

pumping pipe had been inserted into the stomach. There was no significant difference 

in the frequency occurrence of parasitic worms among seasons (X2 = 7.349, df = 3, p = 
0.062). As parasitic worms are not food items, they were not analysed further. No 

"giant weta" were found in any of the stomach contents, and are therefore not analysed 

further. 
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Table 2.1. Numbers of stomach samples collected from known tuatara. Values in 

parentheses are the total number of animals sampled. 

Spting Summer Autumn Winter 

Life history stage (Nov (Jan 1993 (May (Aug 

1992) Feb 1992) 1992) 1992) 

Adult Male 15 (25) 23 (34) 7 (11) 4 (11) 

Adult Female 11 (15) 24 (33) 10 (14) 9 (18) 

Juvenile 11 (15) 24 (28) 4 (10) 4 (8) 

2.3.1.1 Composition by volume(%) of stomach contents. 

Adult males: "Other invertebrates" and "plant/dirt" constituted the greatest 

proportion by volume of male tuatara stomach contents throughout each of the 

seasons (Fig. 2.1.). There was a significant difference in the proportion by volume of 

"other invertebrates" in the stomach contents among the seasons (F 3.43 = 3.085, p = 
0.037) with the greatest proportion (71%) recorded during spring (Fig. 2.l.c ). 

"Plant/dirt" constituted between 17-60% of mean proportion by volume of stomach 

contents (Fig. 2.1.f), but there was no significant difference among seasons (F 3,43 = 
2.246, p = 0.097). There was no significant difference in the proportion by volume of 

"darkling beetles" in the stomach contents among the seasons (F 3,43 = 0.922, p = 
0.438). The proportion by volume of "darkling beetles" was always low (1-14%), and 

none was found in the stomach contents in winter (Fig. 2.l.a). "Tree weta" (Fig. 

2.l.b), "seabird remains" (Fig. 2.l.d) and "reptiles" (Fig. 2.l.e) constituted small 

proportions by volume (:S: 10%), with these food items only being recovered during 

spring and summer. 

Adult females: As in adult males, "other invertebrates" and "plant/dirt" constituted 

the greatest proportion by volume of adult female tuatara stomach contents throughout 

each of the seasons (Fig. 2.1.). "Other invertebrates" constituted a large proportion by 

volume of adult female stomach contents (33-55%), but there was no significant 

difference in the proportion by volume among seasons (F 3 52 = 0.809, p = 0.495; Fig. 

2.l.c). There was a significant difference in the proportion by volume of "plant/dit1" in 

the stomach contents among seasons (F 3,52 = 5.548, p = 0.002), with the greatest 

proportion (63%) recorded in autumn (Fig. 2.1.f). "Darkling beetles" were not found 

in the stomach contents duting winter and constituted only a small (:S: 15%) proportion 
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by volume in other seasons (Fig. 2.l.a). There was no significant difference in the 

proportion by volume of "darkling beetles" in the stomach contents among the seasons 

(F 3,S2 = 0.936, p = 0.430). "Tree weta" were found only in stomach samples 

recovered during summer and then only in a very small proportion by volume (2%; Fig. 

2.l.b). "Seabird remains" (Fig. 2.l.d) and "reptiles" (Fig. 2.l.e) were absent from 

stomach samples from adult females. 

Juveniles: As in adult males and females, "otber invertebrates" and "plant/dirt" 

constituted tbe greatest proportion by volume of juvenile stomach contents throughout 

each of the seasons (Fig. 2.1.). "Otber invertebrates" always constituted a large 

proportion by volume of stomach contents (54-70% ), but there was no significant 

difference among seasons (F 3,39 = 0.644, p = 0.592; Fig. 2.1.c). "Plant/dirt" 

constituted up to 30% by volume of stomach contents (Fig. 2.1.f), but there was no 

significant variation among seasons (F 3,39 = 0.931, p = 0.435). "Darkling beetles" 

were not found in the stomach contents during winter and constituted a maximum of 

18% by volume (Fig. 2.l.a). However, tbere was no significant seasonal variation in 

this component (F 3,39 = 0.821, p = 0.430). "Tree weta" (Fig. 2.l.b) and "seabird 

remains" (Fig. 2.l.d) were found only during summer and then only in very small 

proportions (4% and 1% respectively). 'Reptiles" (Fig. 2.l.e) were absent from the 

stomach contents of juveniles. 

Variation among life history stages of tuatara: The differences in proportion by 

volume of the three major food items in the stomach contents among the life history 

stages during each season were examined. In all tbree life history stages "otber 

invertebrates", "plant/dirt" and "darkling beetles" were the items contributing the 

greatest proportion by volume (Fig. 2.1.). "Other invertebrates" and "plant/dirt" were 

present in all seasons for all life history stages, but there was no significant difference 

in the proportion by volume of either component among life history stages in any of 

the seasons (F 2 18 ::; 2.288,p = ~ 0.130). In all life history stages, "darkling beetles" 

were present in spring and summer (and sometimes in autumn) but not in winter (Fig. 

2.1.a). There was no significant difference among life history stages in the proportion 

by volume of "darkling beetles" in any season (F 2 34::; !.!41, p ~ 0.331). 

The "darkling beetle" component of the tuatara stomach contents was examined to 

determine whether the smaller and more arboreal Artysona spp. or tbe larger and 

mostly ground-dwelling Minwpeus spp. are found in a greater proportion by volume in 

tbe stomach contents of a particular life history stage or during one season. Examining 
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only those stomach contents that contained darkling beetles (n = 34) and combining 

the seasonal data because of small sample sizes, there was no significant difference in 

proportion by volume of either Artystona spp. (F 2,31 = 0.996, p = 0.381) or 

Minwpeus spp. (F 2,31 = 0.296, p = 0.7 46) among the life history stages. Combining 

proportion by volume from the tuatara life history stages, there was no significant 

difference in either Artystona spp. (F 2,3 1 = 2.095, p = 0.140) or Minwpeus spp. (F 

2,31 = 0.699, p = 0.505) among the seasons. 

The "other invertebrates" found in the stomach contents were mostly smaller 

coleopterans and soft-bodied invertebrates including craneflies, insect pupae and 

larvae, slugs and earthworms. 

2.3.1.2 Frequency of occurrence(%) of stomach contents. 

Adult males: "Other invertebrates" and "plant!dirt" were the most frequently 

occurring food items in adult male tuatara stomach contents throughout each of the 

seasons (Fig. 2.2.). "Other invertebrates" occmTed in up to 81% of stomach contents, 

but there was no significant seasonal variation (X2 = 8.499, df = 3, p = 0.331; Fig. 

2.2.c). "Plant! dirt" occurred in between 25-71% of stomach contents, but showed no 

significant seasonal variation (X2 = 7 .526, df = 3, p = 0.056; Fig. 2.2.f). "Darkling 

beetles" were not found in the stomach contents of adult male tuatara during winter 

but occurred in 24% of stomach contents during summer (Fig. 2.2.a). However, there 

was no significant seasonal variation (X2 = 3.419, df = 3, p = 0.331). "Tree weta" 

(Fig. 2.2.b), "seabird remains" (Fig 3d) and "reptiles" (Fig 3e) were found in only a few 

of the stomach contents of adult male tuatara, with these food items only being 

observed in stomach contents collected during spring and summer. 

Adult females: "Other invertebrates" and "plant! dirt" were the most frequently 

occurring food items in the stomach contents of female tuatara throughout each of the 

seasons (Fig. 2.2.). "Other invertebrates" occurred frequently in female stomach 

contents during summer (81 %) (Fig. 2.2.c), but there was no significant seasonal 

variation (X2 = 2.833, df= 3, p = 0.418). There was a significant difference in the 

frequency of occurrence of "plant!dirt" in stomach contents among the seasons (X2 = 

14.310, df = 3, p = 0.003), with the greatest frequency (90%) recorded in autumn (Fig. 

2.2.f). There was no significant difference in the frequency of occurrence of" darkling 

beetles" in the stomach contents among the seasons (X2 = 3.544, df = 3, p = 0.315; 

Fig. 2.2.a). "Tree weta" (Fig. 2.2.b) were found in a small number of the stomach 
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contents, only being found in female tuatara stomach-pumped during summer. 

"Seabird remains" (Fig. 2.2.d) and "reptiles" (Fig. 2.2.e) were not found in the stomach 

contents of female tuatara. 

Juveniles: "Other invertebrates" and "plant/dirt" were the most frequently occurring 

food items in the stomach contents of juvenile tuatara throughout each of the seasons 

(Fig. 2.2.). "Other invertebrates" occurred with the maximum possible frequency 

during autumn (100%; Fig. 2.2.c), but there was no significant seasonal variation (X2 = 
2.443, df = 3, p = 0.486). "Plant/dirt" showed a significant difference in the frequency 

of occmTence among seasons (X2 = 10.979, df = 3, p = 0.012), with the greatest 

frequency of occurrence occurring in summer (87%; Fig. 2.2.f). There was no 

significant difference in the frequency of occurrence of "darkling beetles" in the 

stomach contents among the seasons (X2 = 4.715, df = 3, p = 0.194). "Tree weta" 

(Fig. 2.2.b) and "seabird remains" (Fig. 2.2.d) were found in only a few of the stomach 

contents of juvenile tuatara, only being found in tuatara stomach-pumped during 

summer. "Reptiles" (Fig. 2.2.e) were not found in the stomach contents of juveniles. 

Variation among life history stages of tuatara: The frequency of occunence of the 

three major food items in the stomach contents among the life history stages was 

compared. There was a significant difference in the frequency of occunence of "other 

invertebrates" in the stomach contents among life history stages during spring (X2 = 
10.219, df = 2, p = 0.006), with juveniles having the greatest frequency of occunence 

of "other invertebrates" followed by adult males and then adult females (Fig. 2.2.c). 

There was no significant difference in the frequency of occurrence of "plant/dirt" in the 

stomach contents among life history stages in any of the seasons (X2 :s; 3.055, df = 2, p 

2 0.217). In the three months that "darkling beetles" were found in the diet of tuatara 

there was no significant difference in the frequency of occurrence among the life 

history stages (X2 :s; 4.962, df = 2, p 2 0.084). 

The frequency of occurrence of the "darkling beetle" component in the tuatara stomach 

contents was examined to detennine whether Artystona spp. or Minwpeus spp. was 

more frequently occuning in the stomach contents of a particular life history stage or 

during a particular season. Examining only those stomach contents that contained 

darkling beetles (n = 34) and combining data from the seasons, there was no significant 

difference in frequency of occunence of either Artystona spp. (X2 = 2.551, df = 2, p = 
0.279) or Minwpeus spp. (X2 = 2.123, df = 2, p = 0.346) among the life history stages. 

Combining the data from the tuatara life history stages, there was no significant 
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difference in frequency of occmTence of Mimopeus spp. (X2 =3.590. df = 2, p = 0.166) 

or Artystona spp. (X2 = 5.220, df = 2, p = 0.073) among the seasons. 

2.3.1.3 Efficiency of the stomach-pumping technique. 

All four of the tuatara that were offered tree weta as part of the stomach-pumping 

efficiency experiment ate the weta. In every case, the weta was recovered during 

subsequent stomach-pumping of the tuatara. However, in one case the tuatara had to 

be stomach-pumped twice before the weta was recovered. 

2.3.2. Faecal contents from known tuatara. 

A total of 269 known tuatara were sampled from which 118 scats were obtained. 

Table 2.2. shows the number of scats collected from tuatara of each life history stage 

during each season. No "giant weta" were found in the scats of known tuatara, and are 

not included in the following analyses. 

Table 2.2. Numbers of scats collected from known tuatara. Values in parentheses are 

the total number of animals sampled. 

Spring Summer Autumn Winter 

Life history stage (Nov (Jan 1993 (May (Aug 

1992) Feb 1992) 1992) 1992) 

Adult Male 11 (25) 11 (31) 4 (13) 4 (11) 

Adult Female 13 (15) 15 (30) 6 (18) 9 (18) 

Juvenile 13 (16) 19 (40) 8 (14) 5 (12) 

2.3.2.1 Composition by volume(%) in scats. 

Adult males: "Darkling beetles", "tree wet a", "other invertebrates" and "plant/dirt" 

constituted the greatest proportion by volume of scats from male tuatara throughout 

each of the seasons (Fig. 2.3.). "Darkling beetles" accounted for up to 31% by volume 

and there was no significant variation among the seasons (F 3,36 = 0.733, p = 0.542; 

Fig. 2.3.a). "Tree weta" constituted up to 23% by volume of scats and there was also 
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no significant seasonal variation in this component (F 3 36 = 0.320, p = 0.811; Fig. 

2.3.b). "Other invertebrates" accounted for up to 32% by volume and showed no 

significant seasonal variation (F 3,36 = 0.372, p = 0.774; Fig. 2.3.c). "Plant/dirt" 

constituted up to 25% by volume and showed no significant seasonal variation (F 3,36 

= 0.542, p = 0.658; Fig. 2.3.f). "Seabird remains" (Fig. 2.3.d) were only found in the 

scats during summer and then in a small proportion by volume (16%). "Reptiles" were 

absent from the scats of adult males (Fig. 2.3.e). 

Adult females: As in adult males, "darkling beetles", "tree weta", "other 

invertebrates" and "plant/dirt" constituted the greatest proportion by volume of scats 

from female tuatara throughout each of the seasons (Fig. 2.3.). There was a significant 

difference in the proportion by volume of "darkling beetles" in the scats among the 

seasons (F 3,52 = 5.062, p = 0.005), with the greatest proportion recorded in summer 

(53%; Fig. 2.3.a). There was also a significant seasonal variation in the proportion by 

volume of "tree weta" (F 3,52 = 6.305, p = 0.001), with the greatest proportion being 

recorded in summer (43%; Fig. 2.3.b). "Other invertebrates" accounted for up to 43% 

by volume but showed no significant seasonal variation (F 3 52 = 0.999, p = 0.403; Fig. 

2.3.c). "Plant/dirt" constituted the greatest proportion by volume of scats during 

autumn (28%) and showed significant seasonal variation (F 3,52 = 5.548, p = 0.002; 

Fig. 2.3.f). "Seabird remains" (Fig. 2.3.d) were only found in scats collected during 

summer and then only in a small proportion by volume (4%). "Reptiles" (Fig. 2.3.e) 

were absent from scats collected from females. 

Juveniles: "Darkling beetles", "other invertebrates" and "plant/dirt" constituted the 

greatest proportion by volume of juvenile scats throughout each of the seasons (Fig. 

2.3.). "Darkling beetles" accounted for up to 45% by volume of scats but showed no 

significant variation among seasons (F 3 41 = 1.395, p = 0.257; Fig. 2.3.a). There was 

no significant difference in the proportion by volume of "other invertebrates" in the 

scats among seasons (F 3,41 = 2.620, p = 0.064); this food item accounted for up to 

42% by volume (Fig. 2.3.c). "Plant/dirt" constituted up to 36% by volume, but 

showed no significant seasonal variation (F 3 41 = 0.903, p = 0.448; Fig. 2.3.f). "Tree 

weta" constituted 13% by volume of scats during summer, but the percentage was 

lower in all other seasons (Fig. 2.3.b). "Seabird remains" (Fig. 2.3.d) and "reptiles" 

(Fig. 2.3.e) were found only in scats recovered during summer and then only in a small 

proportion by volume (6% and 2% respectively). 
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Variation among life history stages of tuatara: The differences in propmtion by 

volume of the four major food items in the scats among the life history stages were 

examined. There was no significant difference in the proportion by volume of 

"darkling beetles" (F 2,42 :s; 2.577, p 2: 0.088) and "plant/dirt" (F 2,15 :s; 2.174, p 2: 

0.148) in the scats among life history stages during any of the seasons. However, there 

was a significant difference in the proportion of "tree weta" in the scats of different life 

history stages during spring (F 2,34 = 7.881, p = 0.002) with the scats of adult males 

having a greater proportion than those of juveniles. There were no "tree weta" found 

in female scats during this season. There was a significant difference in the proportion 

of "other invertebrates" in the scats of different life history stages during spring (F 2,34 
= 4.225, p = 0.022), with scats of juveniles having the greatest proportion (42%). 

The "darkling beetle" component of the tuatara scats was examined to determine 

whether Artysona spp. or Mirrwpeus spp. are found in greater proportion by volume in 

the scats of a particular life history stage or season. Examining only those scats that 

had darkling beetles (n = 89) and combining the data from tuatara of all life history 

stages because of small sample sizes, there was no significant difference in proportion 

by volume of Artystona spp. (F 3,85 = 1.002, p = 0.396) among the seasons. However, 

there was a significant difference in the proportion by volume of Mimopeus spp. (F 3,85 

= 3.6, p = 0.017) in scats among the seasons, with scats collected during spting having 

the greatest proportion by volume ( 45% ). Combining data from all seasons, there was 

no significant difference in proportion by volume of Mimopeus spp. (F 2,85 = 0.798, p 

= 0.454) among life history stages. However, there was a significant difference in the 

proportion by volume of Artystona spp. (F 2,85 = 3.095, p = 0.05) among the life 

history stages, with the greatest proportion occurring in scats from juveniles (18% ). 

The "other invertebrates" found in the scats were mostly coleopteran smaller than 

Artystona spp. and other hard-bodied invertebrates such as weevils. 

2.3.2.2 Frequency of occurrence (%) in scats. 

Adult males: "Darkling beetles", "other invertebrates, "plant/dirt" and "tree weta'"' 

were the most frequently occurring food items in the scats of male tuatara throughout 

each of the seasons (Fig. 2.4.). "Darkling beetles" occurred in 100% of male scats 

during winter, but there was no significant seasonal variation (X2 = 2.203, df = 3, p = 
0.531; Fig. 2.4.a). "Other invertebrates" occurred frequently in summer (up to 82% ), 
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but there was no significant seasonal variation (X2 = 2.203, df = 3, p = 0.214; Fig. 

2.4.c). "Plant!dirt" most frequently occurred in up to 82% of scats, but showed no 

significant seasonal vruiation (X2 = 0.277, df = 3, p = 0.964; Fig. 2.4.f). There was no 

significant difference in the frequency of occun-ence of "tree weta" runong seasons (X2 

= 1.070, df = 3, p = 0.784), with this food item occumng in up to 55% of scats (Fig. 

2.4.b). "Seabird remains" were found in scats from males only dming the summer, 

when they were found in 45% of scats (Fig. 2.4.d). "Reptiles" (Fig. 2.4.e) were absent 

from scats of male tuatara. 

Adult females: "Darkling beetles", "other invertebrates" and "plant!dirt" were the 

most frequently occurring food items in scats of females throughout each of the 

seasons, with frequencies of occun-ence vru·ying from 33-100% (Fig. 2.4.). However, 

there was no seasonal variation in the frequency of occun-ence of any of these food 

items runong the seasons (X2 s; 3.443, df = 3, p ;:: 0.328). "Tree weta" showed a 

significant difference in frequency of occun-ence runong seasons (X2 = 13.887, df = 3, p 

= 0.003), with the highest frequency of occun-ence (67%) occumng in autumn (Fig. 

2.4.b). "Seabird remains" (Fig. 2.4.d) occun·ed in only a small number of scats from 

females, and then only in summer. "Reptiles" (Fig. 2.4.e) were not found in the scats 

of female tuatara. 

Juveniles: "Darkling beetles", "other invertebrates", "plant! dirt" and "tree weta" were 

the most frequently occumng food items in scats of juveniles throughout each of the 

seasons (Fig. 2.4.). "Darkling beetles" occun-ed in 40-79% of scats in each season, 

and there was there was no significant difference in frequency runong seasons (X2 = 
5.672, df = 3, p = 0.129). There was a significant difference in the frequency of 

occurrence of "other invertebrates" in juvenile scats runong the seasons (X2 = 10.197, 

df = 3, p = 0.017), with the highest frequency (100%) occumng in spring and autumn 

(Fig. 2.4.c). "Plant!dirt" occun-ed in 50-85% of juvenile scats, but there was no 

significant seasonal variation (X2 = 3.005, df = 3, p = 0.386; Fig. 2.4.f). "Tree weta" 

occurred in 8-40% of juvenile scats, and there was no significant seasonal variation (X2 

= 2.701, df = 3, p = 0.440; Fig. 2.4.b). "Seabird remains" (Fig. 2.4.d) and "reptiles" 

(Fig. 2.4.e) occurred in only a small number of scats from juveniles, and then only in 

summer. 

Variation among life history stages of tuatara: The differences in frequency of 

occurrence of the four major food items in the scats among the life history stages 

during each season was examined. There was no significant difference in the frequency 
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of occun·ence of "darkling beetles" or "plant/dirt" in the scats among life history stages 

in any of the seasons (X2 ~ 4.962, df = 2, p 2: 0.084). However, there was a significant 

difference in the occurrence of "tree weta" in the scats of different life stages during 

spring (X2 = 10.590, df = 2, p = 0.005), with adult males having a higher frequency of 

occurrence than juveniles; there were no "tree weta" found in scats of females during 

this season. There was also a significant difference in the frequency of occurrence of 

"other invertebrates" in the scats among life history stages during spring (X2 = 10.219, 

df = 2, p = 0.006), when juveniles had the greatest frequency of occurrence followed 

by males and then females. 

The frequency of occurrence of the "darkling beetle" component of the scat was 

examined to detennine whether Artystona spp. or Mimopeus spp. was more frequently 

occurring in the scats of tuatara of a p311icular life history stage or during a particular 

season. Examining only those tuatara that had darkling beetles in their scats (n = 89) 

and grouping data from the seasons, there was no significant difference in frequency of 

occurrence of either Artystona spp. (X2 = 2.196, df = 2, p = 0.334) or Mimopeus spp. 

(X2 = 3.087, df = 2, p = 0.408) among the life history stages. Grouping data from the 

life history stages to increase sample size there was also no significant difference in 

frequency of occurrence of Minwpeus spp. (X2 = 7 .688, df = 3, p = 0.053) or 

Artystona spp. (X2 = 1.215, df = 3, p = 0.750) among the seasons. 

"Tree weta" were found in 35 (30%) of the scats examined. Adult tree weta were 

identified from tibia length(> 24mm; Moller, 1985), head length in males(> 30mm; 

Moller, 1985) and/or presence of eggs. Of the weta remains found, 46% were 

positively identified as being adults. The remains of adult weta were found in 8 (53%) 

of the 15 scats from adult male tuatara that contained weta. Adult females contained 

46% of adult weta and juveniles had 43%. However there was no signilicant 

difference in the proportion of scats containing adult weta among tuatara life history 

stage (X2 = 0.258, df = 2, p = 0.879). 

2.3.3. Faecal contents from post-hatchling tuatara (SVL = 50-lOOmm). 

"Other invertebrates" and "plant/dirt" were found in 86.7% and 73.3% respectively of 

scats from post-hatchling tuatara. The "other invertebrates" component comprised a 

small unidentified coleopteran, which occurred in live scats, a small unidentified weevil 

that occurred in four scats, a unidentilied native harvestman in two scats and a small 
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unidentified snail from two scats. Also present was Artystona spp. in two scats. The 

proportion by volume and frequency of occurrence of the food items found in the scats 

from post-hatchlings were compared with those from scats all larger tuatara (2 lOOmm 

SVL; ie. adult males, adult females and juveniles combined). In order to retain 

adequate sample sizes of post-hatchlings for statistical analyses seasonal data were 

pooled, as were the different life history stages for larger tuatara (juvenile, adult female 

and adult male tuatara). 

Composition by volume (% ). Scats from larger tuatara had a significantly greater 

proportion by volume of "darkling beetle" (F 1,131 = 18.617, p = 0.0001) and "tree 

weta" (F 1,131 = 4.930, p = 0.031) than did scats from post-hatchling tuatara (Fig. 

2.5.a). Post-hatchling tuatara had a significantly greater proportion by volume of 

"other invertebrates" than did the larger tuatara (F 1,13 1 = 20.694, p = 0.0001; Fig. 

2.5.a). There was no significant difference in the proportion by volume of "plant/dirt" 

between post-hatchling and the larger tuatara (F 1,131 = 0.001, p = 0.975; Fig. 2.5.a). 

Frequency of occurrence(%). Scats from larger tuatara had significantly more 

"darkling beetle" (X2 = 10.224 df =I, p = 0.001) and "tree weta" (X2 = 4.605, df = 1, p 

= 0.011) than did scats from post-hatchling tuatara (Fig. 2.5.b). There was no 

significant difference in the frequency of occurrence of "plant/dirt" (X2 = 0.053, df = 1, 

p = 0.519) or "other invertebrates" (X2 = 0.262, df = 1, p = 0.522) between post

hatchling tuatara and tuatara of larger life history stages (Fig. 2.5.b ). 

2.3.4. Comparison of results from stomach contents and faecal analysis. 

A comparison of tuatara that produced both scats and stomach contents showed that 

there was a significant difference between the proportion by volume of food items 

found in stomach contents and scats. One-way ANOV As showed no significant 

differences in the proportion by volume of any food item among life history stages (F 

2 142::; 1.645, 2 0.197); therefore, data from tuatara life history stages were combined. 

Two-way ANOV As showed there to be significant differences in proportion by volume 

of "darkling beetles" (F 3,141 = 5.320, p = 0.002), "other invertebrates" (F 3,141 = 
6.021, p = 0.001), "seabird remains" (F 3,141 = 2.995, p = 0.033) and "plant/dirt" (F 

3,141 = 4.869, p = 0.003) among seasons and data collection methods. "Darkling 

beetles", "tree weta" and "seabird remains" constitute significantly more of scats than 

in stomach contents, whereas "other invertebrates" and "plant/dirt" constitute more in 
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stomach contents than scats. These results suggest that although season has an effect 

on propm1ion by volume of some food items (one -way ANOVAs showed significant 

seasonal differences in proportion of "other invet1ebrates" (F 3 141 = 4.057, p = 0.008) 

and "plant/dirt" (F 3,141 = 7.332, p = 0.0001)), a combination of season and data 

collection methods will increase the level of significance in all cases. 

For comparisons of frequency of occun·ence of food items in the stomach contents and 

scats, the data from seasonal and life history stages were combined to increase sample 

sizes. "Darkling beetles" (X2 = 59.189, df = 1, p = 0.0001), "tree weta" (X2 = 11.381, 

df = 1, p = 0.001) and "plant/dirt" (X2 = 10.604, df = 1, p = 0.001) were found 

significantly more frequently in scats than stomach contents. There was no 

significance difference in the frequency of occurrence of either "other invet1ebrates" 

(X2 = 0.154, df = 1, p = 0.695) or "seabird remains" (X2 = 3.754, df = 1, p = 0.053) 

between scats and stomach contents. 

These results suggest that "darkling beetles" and "tree weta" are both more frequent in 

and constitute a greater proportion by volume in scats than stomach contents. "Other 

invertebrates" constitute a greater proportion of stomach contents volume but are not 

more frequently occurring than in scats. "Plant/dirt" is more frequently occmTing in 

scats but does not constitute a greater proportion of volume than in stomach contents. 

2.3.5. Longevity of scats in the field. 

Of the pairs of scats of different compositions that had been placed in rank grass, 

pasture-land and Keeper's Bush to compare longevity, only the scat that was placed in 

Keeper's Bush and consisted mainly of seabird feathers persisted from August 1992 to 

November 1992; however, this scat showed signs of decomposition. 

2.3.6. Scats from unknown tuatara. 

In total, 189 scats from unknown tuatara were collected from Keeper's Bush or the 

bush margin; 31 scats were collected in spring, 91 in summer, 58 in autumn and nine in 

winter. 
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Composition by volume(%). "Darkling beetles". "other invertebrates". "plant/dirt" 

and "tree weta" constituted the greatest proportion by volume of unknown tuatara 

scats throughout each season, except in summer when seabirds were consumed (Fig. 

2.6.). "Darkling beetles" accounted for between 26-39% by volume, but showed no 

significant seasonal variation (F 3,!8! = 1.935, p = 0.126; Fig. 2.6.a). The proportion 

by volume of "tree weta" ranged from between 5-24% and there was no significant 

difference among seasons (F 3,18! = 2.039, p = 0.110; Fig. 2.6.b). "Other 

invertebrates" accounted for 19-31% by volume and there was no significant difference 

among seasons (F 3,!8l = 2.465, p = 0.064; Fig. 2.6.c). There was a significant 

difference in the proportion by volume of "plant/dirt" among seasons (F 3,181 = 3.899, 

p = 0.0 10), with the greatest proportion (29%) occurring in spring (Fig. 2.6.f). 

Frequency of occurrence (% ). "Darkling beetles", "tree weta", "other invertebrates" 

and "plant/dirt" were the most frequently occurring food items in the scats from 

unknown tuatara throughout each season, except in summer when seabirds were eaten 

(Fig. 2.7.). There was a significant difference in the frequency of occurrence of 

"darkling beetles" among seasons (X2 = 8.238, df = 3, p = 0.041), with the highest 

frequency (83%) occurring in spring (Fig. 2.7.a). "Tree weta" occurred in 17-33% of 

scats but showed no significant seasonal variation (X2 = 1.503, df = 3, p = 0.682; Fig. 

2.7.b). "Other invertebrates" occurred in 73-86% of scats but there was no significant 

difference in frequency among seasons (X2 = 3.208, df = 3, p = 0.361; Fig. 2.7.c). 

There was a significant difference in the frequency of occurrence of "plant/dirt" among 

seasons (X2 = 16.946, df = 3, p = 0.001), with the greatest frequency (96%) being 

recorded in spring (Fig. 2.7 .f). 

2.3.7. Relationship between tuatara scat volume and SVL. 

The correlations between known tuatara SVL (mm)(y) and scat volume (mm3)(x) 

dming November and January were not significantly different from each other (F 1 98 = 
0.005, p = 0.944); therefore, the data from both seasons were plotted on the same 

graph (Fig. 2.8.c) and the resulting regression equation ( y = 121.437 + 0.02x) was 

used, in conjunction with prediction intervals, to infer the SVL of tuatara producing 

field-collected scats during these seasons. The correlations between SVL and scat 

volume during May (Fig. 2.8.a) ( y = 168.997 + 0.01x) and August (Fig. 2.8.b) ( y = 

107.225 + 0.01x) were significantly different from each other (F !,2S = 6.404, p = 
0.019); therefore, the equations from each line were used to infer the SVL of tuatara 
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producing field collected scats during that particular season. The correlations for 

spring and summer (p = 0.0001; Fig. 2.8.c) and winter (p = 0.033; Fig. 2.8.b) were 

significant showing that in these seasons larger tuatara produce scats of a greater 

volume than smaller tuatara. The correlation for autumn was not significant (p = 
0.204; Fig. 2.8.a). However, the range of measurements determined by the prediction 

intervals were too large to accurately infer SVL of the tuatara producing field

collected scats and estimate the minimum size of tuatara feeding on particular food 

items. 

2.3.8. Weather recordings. 

The 1800 hr dry bulb air temperatures and humidity record supplied by NIW A showed 

a significant difference in air temperatures on Stephens Island among the seasons (F 

3,86 = 104.390, p = 0.0001). The highest mean temperature was recorded during the 

summer trips (16.0 ± 0.2 °C; mean± SE) followed by spring (13.5 ± 0.3 °C), autumn 

(10.1 ± 0.4 °C) and winter (9.2 ± 0.4 °C). There was a significant difference in the air 

temperatures between every season (p > 0.05). 

There was no significant difference among mean humidities during the tiips (F 4,85 = 
2.452, p = 0.064). 

2.4. Discussion 

Tuatara on Stephens Island are opportunist feeders. The range of food items that are 

eaten is primarily dependent on food item availability with prey size and prey mobility 

also having an effect. In this respect the findings from my study do not differ from 

others who have worked on tuatara diet (Walls, 1981; Carmichael pers. comm.) or the 

diets of other carnivorous reptiles (Brown, 1991; Webb et al., 1991). 

There are differences in the proportion by volume and frequency of occurrence of food 

items represented by faecal and stomach contents analysis. Many more of the "other 

invertebrates" found in the stomach samples were soft-bodied compared with those 

from scats. These were also the findings of Floyd and Jenssen (1984) who found that 

soft-bodied invertebrates were more commonly occurring in the stomach than in the 

hindgut of the lizard Anolis opalinus. In general, the remains of larger and less 
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digestible food items ("seabird remains", "tree weta" and Minwpeus spp.) are more 

frequently occurring in scat contents, while smaller food items ("otl1er invertebrates") 

constitute more of stomach contents. 

There are at least two possible explanations for this observation. Firstly, although the 

stomach pumping technique was found to be effective in recovering freshly-consumed 

weta in trials, it is still possible iliat some food items may be obstructed by the 

pumping pipe and not be recovered. This problem was encountered by Montague and 

Cullen (1985), who found that it was difficult to recover large undigested fish from the 

stomachs of adelie penguins (Pygoscelis adeliae) using stomach-pumping techniques. 

Fitzgerald (1989) found stomach pumping to be ilie least effective of three stomach

flushing techniques when trialed on the spectacled caiman (Caiman crocodilus). 

Fitzgerald (1989) also trialed the scoop and pump method, where a scoop is inserted 

into the stomach of ilie animal, water is poured into ilie stomach and food items are 

scooped out. The other meiliod trialed was to fill the animal's stomach with water and 

ilien perform Heimlich manoeuvres to remove ilie stomach contents. It is unlikely that 

ilie scoop and pump method would be successful on smaller tuatara, but may be 

effective on larger anin1als; whereas, flushing and Heimlich manoeuvres would not be 

able to be employed on tuatara for risk of damaging or breaking the ribs. 

The second possible explanation for larger and less digestible food items being over

represented in scats is based on the following observation, when on one occasion, a 

large adult male tuatara iliat had previously been seen at or near its burrow entrance 

every day and night for a week, was seen dragging a partially-eaten juvenile tuatara 

into the burrow. The hind-quarters of the dead juvenile tuatara were recovered and 

measured; the VT length of ll5mm implies a SVL of approximately 120mm 

(extrapolation from SVL-VT correlation; unpublished data). The bun-ow of the adult 

tuatara was observed sporadically over four days and nights after iliis feeding 

observation during which time the adult tuatara was only seen at the bottom of the 

butTOW and not emerged. If retreating to the burrow to consume and digest large food 

items is typical feeding behaviour, my sampling meiliod of collecting only tuatara on 

ilie forest floor would have biased for tuatara with empty or partially full stomachs that 

had eaten small food items. 

Soft-bodied invertebrates are detectable in the stomach contents but are almost 

completely digested and undetectable by the time their remains pass through the 

digestive system; this is in contrast to chitinous remains, which are detectable in both 
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the stomach and scat contents. So, although both types of remains are easily detected 

in the stomach contents, it is only chitinous or other indigestible remains that appear to 

remain in the scats causing an over-representation of food items having chitin. 

From the results it appears that in most cases there is little seasonal difference in the 

diets of tuatara of each life-history stage. "Seabird remains" and to a lesser extent 

"other invertebrates" are the only food items that showed seasonal differences in their 

occurrence in the tuatara diet. The seabird component of the tuatara diet is dealt with 

more fully in Chapter 3. 

As tuatara are opportunistic feeders, the presence of the food item in their diet is 

primarily dictated by the availability of that food item. Mobility of the food items also 

plays a role, although less important than availability. Walls (1981) suggested that 

some food items, such as carabid beetles were not found in the diet and were rejected 

if fed to tuatara. Carabid beetles were found in tuatara scats during this study and one 

tuatara was seen eating a carabid without any apparent distaste; therefore, the 

suggestion made by Walls was not confirmed in this study. The more numerous a food 

item is in the tuatara feeding habitat the more commonly occurring that food item will 

be in the scats and stomach contents. Studies of insect emergence and activity in the 

Orongorongo Valley showed that although many invertebrates were present 

throughout the year, catches were significantly higher in the warmer months, with a 

significant positive CO!Telation between air temperature and insect activity (Mooed and 

Meads, 1985, 1986, 1987). Walls reported that insect abundance increased with 

increasing temperature on Stephens Island (1981). There was a significant difference 

in the recorded air temperatures on Stephens Island among the field trips with the 

highest temperatures being recorded during spring and summer; this most probably 

resulted in a rise in insect activity during this time. This was confirmed by personal 

observations and the observed frequency of "other invertebrates" in the diets of tuatara 

of some life history stages. 

There are major differences between the diets of post-hatchling tuatara and larger 

tuatara (SVL > 100mm). Tuatara hatch mainly in the pasture and disperse until they 

find cover such as rocks, wood and debris in the pasture (Mcintyre, 1988) and 

therefore have a different range of food items available to them. However, larger 

tuatara sampled here were from the bush or bush margins, which contain a different 

community of invertebrates and vertebrates. Post-hatchlings were found to feed 

almost exclusively on small invertebrates, including snails. The snail intake in the post-
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hatchling diet may be necessary for the uptake of calcium. Webb et al. (1991) found 

that juvenile saltwater crocodiles (Crocodylus porosus) have a high calcium intake 

obtained from feeding on crabs; calcium is needed for physiological processes and is 

therefore an essential food component. 

There are smaller differences between the diets of juvenile and adult tuatara. Juvenile 

and adult tuatara tend to inhabit different areas. Adults were found and collected from 

both the bush and bush margins, with juveniles being found and collected mainly from 

the "edge strip" between the pasture and bush margin (Mcintyre, 1988). However, 

there is an overlap in habitats used while feeding with juveniles and adults feeding in 

the pasture and in the bush (pers. obs.). During spring and summer, the juvenile diet 

had a greater frequency of occurrence of "other invertebrates" than did adults. This 

suggests that during these seasons adult tuatara are getting their nutritional 

requirements from another food source. In summer this source is most probably 

seabirds, while in spring it may be a combination of "darkling beetles" and "tree weta". 

It was expected prior to my study that there would be differences between the diets of 

juveniles and adults due to the differences in gape size and strength between the two 

life history groups; however, the results of my study do not confirm this. A possible 

reason why there are little differences between the diets of adults and juveniles is that 

tuatara are known to feed on carrion (Walls, 1981). During my study juvenile and 

adult tuatara were observed on two occasions feeding on the remains of fairy prion 

that had been dead for at least 24h. By doing this juvenile tuatara are able to consume 

the remains of food items that would be otherwise be unavailable to them if the food 

item were alive. This is particularly true for seabirds, but may also apply to large tree 

weta. 

"Darkling beetles, "tree weta", "other invertebrates" and plant/dirt" were common in 

the scats from unknown tuatara. These food items were also the most common in the 

scats from known tuatara. The frequency of occurrence and proportion by volume of 

each food item differed very little between the known and unknown tuatara. The most 

outstanding difference was the occurrence of seabirds in the scats of unknown tuatara 

during summer and winter, whereas they only occurred during summer in the scats of 

known tuatara. Only freshly deposited scats were collected, therefore it is unlikely that 

these scats had been deposited three months earlier; as experiments to describe the 

longevity of scats demonstrated that scats containing mainly feathers could last for at 

least three months, but showed signs of decomposition. 
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Two previous published studies have examined the contents of scats from unknown 

tuatara. Walls (1981) examined 392 scats collected during 13 trips that covered every 

month from four habitats (including Keeper's Bush) on Stephens Island, and Moller 

(1985) examined 21 scats collected during January from Keepers Bush. Walls (1981) 

found beetles (54%; this study 71 %), tree weta (at least 14%; this study 30%), other 

invertebrates (20%; this study 77%) and plant/dirt material (90%; this study 80%) to 

be major food components represented and that seabird remains present were in the 

scats in every season except winter. Moller (1985) found that tree weta (14%), other 

invertebrates (95%), seabird remains (67%) and vegetation (57%) were the main items 

represented in the scats that he analysed. The major difference between the frequency 

of occurrence of food items in the scats examined in my study and Walls' (1981) was 

that Walls found less scats with other invertebrates while more had seabird remains. 

The scats examined by Moller (1985) contained a greater frequency occurrence of 

other invertebrates and seabirds remains. The differences in frequency of occurrence 

of food items in the scats examined in my study and those of Walls and Moller may be 

due to a number of reasons. The major difference between my study and that of Walls 

is that Walls collected scats from different habitats. As there are differences in the 

food items available in each habitat (Carmichael et al., 1989) the diets of tuatara from 

different habitats are not able to be directly compared. Although Walls collected some 

scats at the same time of the year as my study, many of the scats he collected were at 

different times; this is tum will have affected the frequency of occurrence of the food 

items. The effect of temperature is critical in the emergence and activity of 

invertebrates, particularly insects (Mooed and Meads, 1985, 1986, 1987), and affects 

the representation of that item in the tuatara diet (Walls, 1981). Therefore, any 

temperature differences between the studies may have resulted in different frequencies 

of occurrence and proportions by volume of any food items in the tuatara diet. The 

difference in sample sizes between the studies, particularly Moller's (n = 21 scats) may 

have resulted in a chance collection of scats containing more of one food type. 

As in my study, Moller (1985) and Walls (1981) recorded plant and dirt material in the 

diet of tuatara (57 and 90% respectively). In previous studies, the consumption of this 

material was attributed to accidental uptake while feeding on ground-dwelling food 

items (Walls, 1981). Plant/dirt material has also been recorded in the diets of other 

carnivorous reptiles (Brown, 1991; Shine and Lambeck, 1989) but not in the large 

proportional volumes that are found in tuatara. While it is most probable that soil and 

plant material is ingested accidentally, the intentional intake of these materials cannot 

be disproved. 
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In conclusion, there is little difference between the diets of juvenile and adult tuaw·a 

on Stephens Island. There is an overlap in feeding habitats of the two life history 

groups and therefore they have the same food items available to them. Any difference 

between their diets is probably due to different gape size and strength. 

Post-hatchling tuatara have a significantly different diet from any other life history 

stage of tuatara, feeding exclusively on small invertebrates. This difference is because 

of the different habitat and size of the post-hatchling tuatara from other tuatara. It 

appears that seabirds and to a lesser extent "other invertebrates" are the only food 

items that are truly seasonal in their occurrence both in availability as food items and as 

a component of the tuatara diet. 
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Chapter 3. The seabird component of the tuatara diet. 

3.1 Introduction. 

All the islands with healthy populations of tuatara also have a large seabird population. 

On Stephens Island there is an estimated population of one million fairy prions 

(Pachyptila turtur) (Harper, 1985). Tuatara are known to kill and eat seabirds 

(Crook, 1975; Sutherland, 1953; Walls, 1978, 1981) causing the failure of 28% of all 

fairy prion eggs and chicks on Stephens Island by predation and interference (Wails, 

1978). It is thought that adult prions are eaten less often than chicks by tuatara 

because of their size and ability to escape (Walls, 1978). 

Anecdotal evidence suggests that tuatara may be selectively feeding on the heads of 

fairy prions (A. Cree, DRees pers. comm; Moller, 1985; Newman, 1978; Sutherland, 

1952; Walls, 1978; Wright, 1961) and may furnish a ctitical nutritional need, especially 

for breeding tuatara (Walls, 1981). 

The major aim of this chapter was to describe the seabird component of the tuatara 

diet, determining the seabird size (and inferred age) at the time of predation, and 

whether any part of the seabird is preferentially eaten, and to describe the life-history 

class of tuatara feeding on seabirds. 

3.2. Methods. 

The study site and the methods for obtaining faecal and stomach samples from tuatara 

were described in Chapter 2. The faecal and stomach material collected and analysed 

in Chapter 2 is the same material as that used in this chapter. 

3.2.1. Measurements of live fairy prion chicks. 

To help determine the age at death of the seabirds whose remains were found in 

tuatara scats or stomach contents, I examined the extent of correlation between the age 

of live fairy prion chicks on Stephens Island and the size of chick body parts. Richdale 

(1943) made measurements of fairy prion chicks on the Titi Islands (Foveaux Strait) 

from hatching to fledging and noted differences in the size of fairy prions from different 
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islands. Therefore, size measurements made by Richdale (1943) and Harper (on the 

Poor Knights Islands; 1976) are not necessarily applicable to the Stephens Island 

population. To my knowledge nobody has made the appropriate measurements of 

fairy prion chicks from Stephens Island. Because of this, measurements were taken 

from fairy prion chicks on Stephens Island, from the time of hatching to fledging. 

In order to later measure fairy prion chicks, wooden observation hatches were first 

installed over the nesting chamber of 19 active nests in Keeper's Bush during August 

1992. Active nests were determined by fresh scratch marks or by observations of 

adults entering burrows. On request from the Department of Conservation (DoC), 

only nests within 2m of the track through Keeper's Bush were used. The nesting 

chamber was located by probing through the soil with a length of wire and following 

along the burrow until it widened into the nesting chamber. A small vertical shaft was 

dug down into the chamber. A mechanic's mirror and flexible torch were used to 

check whether the nest contained nesting material and if the shaft had been dug in the 

correct position to allow removal of the chick for measuring. If the nest was suitable 

for observation the shaft was enlarged to a diameter of approximately 20cm. The shaft 

was then covered with a piece of 40 x 40 x 2.5cm tanalised pine. A fairy prion nest 

that was found under a sheet of corrugated iron was also used as a observation nest. A 

total of 20 fairy prion nests were prepared for observation. 

Nests were inspected once weekly from the beginning of November 1992, until the egg 

hatched. Measurements were made by Graham Ure (resident DoC officer on Stephens 

Island) and myself. After hatching, the chick was removed every 2 wk from the 

burrow and measured (width of bill at tip and base, length of bill and length of the 

longest wing primary) with vernier calipers to the nearest O.Olmm. Measurements 

were made following the methods of Baldwin et at. (1931). Also noted was the 

presence/absence of the egg tooth, and coverage of down expressed as a percentage of 

body surface area (estimated by eye). 

3.2.2. Measurements of live fairy prion adults. 

For comparison with those of chicks, measurements were also taken from adult fairy 

prions. In November 1992, the bill width at tip of 15 adult fairy prions was measured. 

The adult fairy prions were captured at night in Keeper's Bush while they were on the 
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bush floor. In January 1993, the longest wing primary of eight adult fairy prions was 

measured. 

3.3.3. Measurements of fairy prion carcasses, 

During January 1993 dead fairy prions found on the floor of Keeper's Bush that 

showed some evidence of predation were collected and measured in order to assess 

their age at predation. If the head was still present, the bill width at tip and base and 

the bill length were measured. Also measured was the length of the longest wing 

primary. The percentage cover of down and the state of the carcass was recorded 

(decapitated/intact). 

3.3.4. Statistical analyses. 

Data were analysed using the Systat statistical package (Systat Inc, lllinois). The 

effects of life history stage and season on the percentage composition by volume of 

seabirds in scats and stomach contents (data collection described in Chapter 2) was 

calculated following arcsine transformation of the data. One way ANOV As were 

performed to find if any relationships existed. Where significant effects were found, 

post -hoc Tukey tests were performed to further describe the relationships. 

The effects of life history stage and season on the frequency of occurrence of food 

items in scats and stomach contents were calculated by performing x2 tests on the 

absolute frequencies of occurrence. When expected values were low, likelihood ratio 

x2 tests were performed instead of x2 tests. Unless otherwise specified, the alpha level 

for significance was set at 0.05. 

The relationship between SVL and scat volume and the calculation of unknown tuatara 

SVL from scat volume of field collected scats were calculated using the prediction 

intervals set out in Zar ( 1984). The growth curves of live chicks and the calculation of 

the age of seabird remains from the size of body parts found in scats and stomach 

contents were calculated using the prediction intervals set out in Zar (1984). 
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3.4 Results. 

3.4.1. Seabird remains from known tuatara stomach contents and scats. 

All of the seabird remains, both from scats and stomach contents from known tuatara, 

and from field collected scats were confirmed as being fairy plions from feathers or 

size of body parts. Fairy plion remains were found in 10 of the 118 (8%) scats from 

known tuatara, all being deposited in summer (10/45 = 22% of summer scats). Two of 

the scats containing fairy prion remains were collected from tuatara in February 1992; 

both were from adult males. The remaining eight scats containing fairy plion remains 

were collected in January 1993; three were from adult males, two from adult females 

and three from juveniles. There is no statistical difference in the proportion of scats 

deposited duling summer containing seabird remains among the life-history stages (X2 

= 4.576 df = 2, p = 0.101). The relationship between season and the proportion by 

scat volume(%) of seabird remains was significant (F 3,lll = 5.346, p = 0.002), with 

scats collected in summer having a greater proponion of seabird remains by volume 

than in any other season. 

Fairy plion remains were found in three of the 146 tuatara that were stomach pumped 

(2%), with all being in stomach contents collected during January 1993. The seabird 

remains were observed in the stomach contents of two adult males and one juvenile 

tuatara. 

Wing bones were found in three of the scats from known tuatara; two from adult males 

and the other one from a juvenile tuatara. Wing feathers were found in the scats of 

three juveniles and one adult male, and in the stomach contents of two adult male and 

one juvenile tuatara. Down was found in scats from two adult males and one adult 

female. Other feathers, bill and cranial bones were each found in one scat and all were 

from adult males (Figs. 3.1.a, 3.1.b ). 

The smallest tuatara of known size with fairy prion remains in either scats or stomach 

contents was 124mm SVL. 
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scats from known (b) and unknown tuatara (c) in which particular 

body parts of seabirds were present 
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3.4.2. Seabird remains from unknown tuatara scats. 

Fairy prion remains were found in 23% (411178) of scats collected from Keeper's Bush 

and the Ruston Bush fence line (Fig. 1.1.). This percentage was highest in summer 

(39/90 = 43%). Surprisingly, two scats collected in winter were found to contain fairy 

prion remains. The relationship between season and the proportion by volume (%) of 

seabird remains in the scats was highly significant (F = 18.647 3,1g1, p = 0.0001), with 

scats collected in summer having a greater percentage of seabird remains than in any 

other season. 

Down was found in 56% (23/41) and other feathers were found in 53% (22/41) of the 

unknown tuatara scats containing seabird remains. Wing feathers (9/41 = 22%), wing 

bones (4/41 = 10%), bills (7/41 = 17%) and cranial bones (3/41 = 7%) were found in a 

smaller number of the unknown tuatara scats examined (Fig. 3.1.c). 

The relationship between known tuatara scat volume and SVL and the calculation of 

inferred SVL from field-collected scats is described in Chapter 2. Using the 

correlation equation and the prediction intervals the smallest field collected-scat, of 

952mm3 collected in August, containing seabird remains equates to an infe11'ed tuatara 

SVL of between 7mm and 245mm. 

3.4.3. Size of fairy prion chicks. 

The timing of the fairy prion breeding season on Stephens Island during this study was 

comparable with dates observed by Walls (1978) with eggs being laid before 7 

November 1992 (probably between 18 October and 13 November), eggs hatching 

between 6 December and 15 December 1992 and chicks departing from late December 

1992 onwards, approximately 60 days after hatching. 

Twelve of the observation nests contained eggs, with each nest containing one egg. 

The remaining seven nests never contained eggs. Two of the eggs went missing from 

their nests approximately one to two weeks before hatching, and were replaced by 

tuatara. Five of the chicks died (n = 2) or went missing (n = 3) within three weeks of 

hatching. The two that died had been preyed upon or scavenged; one was found 

decapitated outside the burrow entrance and the other had been masticated about the 

neck. 
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The five faity ption chicks that survived from hatching to fledging were measured 

every two weeks to construct growth curves. Figures 3.2.a, 3.2.b and 3.2.c show the 

growth curves of the length of bill, the width of the bill at the tip and the longest wing 

primary respectively (mm) (x) for the chicks against age (d) (y). The correlations for 

bill width at tip (y = 18.75x-33.75, r = 0.87), bill length (y = 3.65x-38.37, r = 0.90) and 

longest wing primary (y = 0.17x + 29.8, r = 0.64) against age are all significant (p < 

0.05) with the body parts getting bigger with increasing age. As the bill width at tip 

was thought to be the most reliable of the measurements, the correlation equation for 

the bill width at tip against age was used, where possible, to estimate seabird age at the 

time of predation. Prediction intervals at the 95% confidence level were calculated for 

the correlations following the methods of Zar (1984). Down was present on all the 

chicks immediately prior to their departure from the island, with the coverage at this 

time ranging from 60-90% of body area. Birds that had left their burrows but still had 

some down coverage were referred to as fledglings, whereas birds with no down were 

considered adults. 

The mean (± S.E) width of the bill at the tip of 15 adult fairy prions was 4.4 ± 0.06mm, 

this compares with a mean of 4.4 ± O.llmm for chicks just prior to fledging (Fig. 

3.2.b) (t = 0.424, df = 18, p = 0.677). The average length of the longest primary of 

seven adult fairy prions was 123.6 ± 1.17mm, again this was not significantly longer 

than the mean for fledging chicks (118.6 ± 2.21mm) (t= 2.155, df = 10, p = 0.057) 

(Fig. 3.2.c). It appears that the fledging fairy prion chicks on islands in Foveaux Strait 

have smaller wing primaries (mean = 11 Omm) (Rich dale, 1943) than the same age 

chicks on Stephens Island . Therefore, the fairy prion growth measurements made by 

Richdale (1943) on Titi Island are not applicable to faity prions on Stephens Island. 

3.4.4. Age of seabird at the time of predation. 

In total, fairy prion remains were found in the scats or stomach contents of 54 tuatara; 

this includes scats from both known and unknown tuatara. Three fairy prion bills were 

found, measuring 2.6mm and 3.0mm in width at the tip. These bill widths correspond 

to approximate ages of between 0-33 days and 4-40 days (from regression in Fig. 

3.2.b). Down was found in scats or stomach contents from 26 tuatara. As down is 

present on some fairy prion chicks right to the time of fledging on Stephens Island (this 

study), Titi Island (Rich dale, 1943) and Poor Knights Islands (Harper, 1976), and is 
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lost sometime thereafter, their age at the time of predation may have been sometime 

between hatching and after they had fledged. Wing feathers were found in 16 scats 

and stomach contents with the longest being 54.0mm. Assuming that this feather was 

a wing primary, the age of the fairy prion would have been between 27-51 days (from 

regression equation) at death. It is therefore most likely that the fairy prion remains 

occurring in the tuatara scats or stomach-pumpings that could be aged were ti·om 

chicks or fledglings rather than from adults. 

3.4.5. Measurements of fairy prion carcasses. 

Measurements were made during January 1993 of twelve fairy prions that had been 

preyed upon or scavenged in Keepers Bush. Dead birds that lay under overhead wires 

were not included as it was likely that they had been killed by flying into the wires 

rather than as a result of tuatara predation. Six of the fairy prions were decapitated, 

and another two showed evidence of having been masticated in the head region. The 

remaining birds showed other signs of having been preyed upon or scavenged by 

tuatara, such as broken limbs and open wounds. Ten of the birds (83%) had patches of 

down, ranging from 5-100% of body coverage; of these birds five had bills suft1ciently 

intact to measure, with bill widths at tip ranging between 3.0 and 4.3mm. These 

widths correspond to ages of between 5-65 days, with four of the five bill 

measurements corresponding to maximum ages of less than 60 days. The other five 

birds that had down but not intact bills were aged using primary length, giving ages 

between 26 and 63 days, with two being a maximum of less than 60 days. Of the two 

birds that had no down, one had a bill width at tip equating to between 8-44 days and 

the other had a longest primary length corresponding to between 35-60 days. 

Therefore of the twelve birds found dead in Keepers Bush, ten were most likely chicks 

or fledglings and the remainder may have been either fledglings or adults. 

3.5. Discussion. 

In chapter 2 it was shown that seabirds were mostly eaten in the summer months when 

they are found in large numbers on the island. Some evidence of seabird predation or 

scavenging was also recorded in August. Adult fairy prions are present on Stephens 

Island year-round, albeit in low numbers during winter (Walls, 1978), so it is possible 

that tuatara could prey on fairy prions at that time. This observation and the results of 
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seabird age at the time of death suggests that tuatara are capable of killing adult fairy 

prions. It would appear that limited availability of the seabirds, and especially seabird 

chicks, as a prey item during the winter months is the main reason for seabird remains 

not being found in the tuatara scats in as high numbers during winter as in summer. 

It is unlikely that small juvenile tuatara, being weaker and having a smaller gape than 

adults, could successfully attack and kill a fairy prion. Observations confirm that 

tuatara will feed on fairy prion carcasses for up to two weeks after the death of the 

bird (Walls, 1981; pers. obs.); therefore, it is probable that the fairy prion remains 

found in the scats of small juvenile tuatara were a result of scavenging episodes. 

Fairy prion remains were found in 22% of the scats from known tuatara and 43% of 

the scats from unknown tuatara during February 1992 and January 1993. Wails (1981) 

found fairy prion remains in 27% of scats collected during December, January and 

February. Moller (1985) found seabird remains in 67% of the scats that he analysed 

from a January trip. Results from this study and those of Walls (1981) and Moller 

(1985) are not directly comparable for a number of reasons. The differences observed 

between the frequency of tuatara scats containing seabird remains among each study 

may simply be an indicator of seabird breeding success and subsequent availability of 

the seabird chicks as a prey item to the tuatara. In addition, Wails ( 1981) utilised 

tuatara scats from a number of habitats including scrub and pasture, whereas this study 

examined scats from only the forest and forest margin. Fairy prions are most 

numerous in the forest and on the forest margins and are therefore more available as 

prey items to tuatara in these habitats. The difference between the percentage of scats 

containing fairy prion remains in Walls' (1981) study and this study may be an 

indication of habitat preference by the fairy prion and a difference in diet of tuatara 

inhabiting different areas, as shown by Carmichael et al. (1989). The over-riding trend 

from both Wails' study (1981) and the present study is that fairy prion remains are 

present in a greater percentage of scats collected during summer than during any other 

time of year. 

An unexpected finding of this study was that fairy prion remains were found in only a 

small proportion of stomach contents (2% ). The significant difference between the 

proportion of scats and stomach contents having fairy prion remains indicates a 

difference in food item representation obtained by the two different techniques. This 

difference of food item representation from the two techniques and the theory that 
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tuatara with full stomachs are unavailable for sampling by my methods may have a 

major effect on the results of this study and has been discussed more fully in Chapter 2. 

Due to the large width of the prediction intervals at the 95% confidence level the 

estimates of inferred tuatara SVL from the volume of field-collected scats were very 

broad. The minimum inferred SVL of a tuatara with fairy prion remains in a scat was 

77mm. If this was indeed the size of the tuatara it would definitely be a case of 

scavenging rather than predation, as a tuatara of this size would not have the size or 

strength to carry out a successful attack on a live fairy prion of any age. 

The difficulties of accurately estimating the age of fairy prions at death from the size of 

the remains found in tuatara scats and stomach contents are evident. The large width 

of the prediction intervals meant that the age of faity prions from bill width at tip, bill 

length and primary length remains could not be accurately inferred. Accurate aging of 

the bird from the presence of down is particularly unreliable as down is found on birds 

from hatching to after fledging. In most cases the age range infetTed from the remains 

was that of both chicks and adults. The aging of chicks at death, and differentiating 

between adults and chicks from remains found in scats and stomach contents is made 

more difficult because in 50% of cases predation of chicks occurs immediately before 

Hedging (Walls, 1978) and the size of chicks at this age is very close to that of adults. 

The most reliable way of ascertaining the age of the fairy prions at the time of 

predation is to take measurements of the whole carcasses of birds that had been killed 

by tuatara and compare these measurements with those of adults; however, this 

method assumes that one can identify birds that have been killed by tuatara and have 

not been killed or died from another cause. 

It is likely that in many of the cases the chicks were preyed upon just prior to leaving 

the island. Walls (1978) noted that 50% of the predation on fairy prions occurred 

during a two week period immediately before the chicks left the island. Certainly, 

chicks found above ground just before departure from the island are less co-ordinated 

and would be less capable than adults of warding off attacks by tuatara. This is in 

keeping with the observations made by Walls (1978) that adult fairy prions were 

probably too strong and pugnacious to be killed by tuatara, although the findings of 

prion remains in the tuatara scats at a time of year when only adult prions are present 

suggests that adult fairy prions may be killed and eaten by tuatara. 
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From the stomach contents and scats there is no evidence to suggest that tuatara are 

actively selecting for the head of the fairy ption, as only 15% (8/53) of the tuatara 

having fairy prion remains had bills or cranial bones. However, 50% (6112) of dead 

fairy ption carcasses that were measured were missing heads. This difference can be 

explained in three ways. Firstly, tuatara may be able to regurgitate hard indigestible 

matetial, although there is no evidence to substantiate this. AB discussed previously in 

this and the previous chapter, the tuatara collection method used throughout this study 

may have biased for tuatara with empty or partially full stomachs and as a result may 

not have given a full representation of the fairy ption component in the diet of known 

tuatara. Finally, the small number of scats produced by tuatara of known size and life 

history stage that contained seabird remains may have failed to reveal whether tuatara 

preferentially select the head of the seabird over any other body part 

None of the scats or stomach contents analysed showed signs of tuatara having fed on 

seabird eggs. This contrasts with results from previous studies. Newman (1978) 

observed two tuatara consuming egg contents, Walls (1981) found egg shell in 29 

tuatara faeces and recorded that tuatara ate 15% of all eggs laid, and Moller (1985) 

recorded egg shell in 10% of the scats that he analysed. Newman (1978) felt that it 

was unlikely that tuatara deliberately broke eggs to consume the contents, and rather 

they unintentionally broke the eggs while entering unattended fairy prion bmTows and 

then consumed the egg contents. The egg shell found in tuatara faeces by Moller 

(1985) and Walls (1981) may have been eaten accidentally while consuming the egg 

contents. If this is correct, it is possible that tuatara had consumed egg contents during 

the course of this study without it having been detected. 

In this study of 12 nests observed, tuatara were directly responsible for the failure of 

31% of fairy prion nests, 16% due to egg loss (either disertion or predation) and 15% 

were through predation on chicks. This compares with Walls (1978) who recorded a 

failure of 28% of all eggs laid with 19% due to egg predation and desertion caused by 

tuatara and 9% due to predation on chicks. The results obtained during my study at 

Walls' study are comparable, and confirm that tuatara are directly responsible for the 

loss of a large number of tuatara eggs and chicks. 

No scats from tuatara of one life history stage had proportionately more seabirds than 

any other life history stage. This finding disproves the hypothesis that tuatara of one 

life history stage eat significantly more fairy prions than tuatara of other life history 

stages. One of the hypotheses of this research was that the seabird component would 
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form a greater percentage in the diet of adult females than for any other life history 

stage of tuatara. This hypothesis was fmmulated because it was thought that female 

tuatara, especially those that were gravid or vitellogenic, would require the extra 

nutrition. Walls (1981) suggested that seabird chicks and eggs may provide a solution 

to a critical dietary need, especially for breeding tuatara. That this hypothesis has been 

disproved suggests that although female tuatara, especially breeding females, may 

require different nutritional needs which are met by feeding on seabirds, tuatara of 

other life history stages have similar frequencies of occurrence of fairy prions in their 

diets. 

The results of this research confirm the findings of other research that tuatar·a are 

responsible for the failure of a large propmtion of fairy prion nests either through 

causing desertion or through predation of the eggs or chicks. It is mostly likely that 

adult tuatara of both sexes are capable of killing fairy prions. Juvenile tuatara are also 

capable of seabird predation although it seems probable that in most cases juvenile 

tuatara will scavenge on already dead birds. The age of the fairy prions at the time of 

predation is difficult to establish, although it seems likely that chicks and fledglings that 

come above ground prior to leaving the island are most vulnerable to predation by 

tuatara. 
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Chapter 4. Relative feeding frequency of wild tuatara on 
Stephens Island. 

4.1. Introduction. 

In conjunction with infonnation on the diets of tuatara of different life history stages, it 

is necessary to obtain infonnation on how often tuatara feed and the volume of food 

ingested during each feeding bout. This infonnation would assist holders of captive 

tuatara detennine feeding regimes and the amount of food to be fed at each feeding 

time. Captive reared whooping cranes (Crus americana) experienced leg 

abnonnalities when fed too much and became susceptible to disease when fed too little 

(Kepler, 1977). The infonnation in previous chapters may assist the holders of captive 

tuatara devise diets which replicate the content of diets of wild tuatara; however, it is 

also important to know the relative seasonal feeding frequency and volumes of food 

ingested. Noone has previously estimated the seasonal variation in feeding rates in 

wild tuatara. 

In this chapter I examined an index of relative seasonal feeding frequency of the 

proportion of tuatara stomach-pumped in each season that had food in their stomachs. 

I also carried out experiments to detennine the length of time a food item remains in 

the stomach of adult male tuatara before passing into the hind-gut. These data provide 

the first stepping stone in obtaining infonnation on the seasonal calorific intake of 

tuatara. The energy value of food ingested was not examined in this in this study but is 

an area of research needing attention. 

4.2. Methods. 

4.2.1. Relative seasonal feeding frequencies of tuatara. 

To help detennine the relative feeding frequencies of tuatara among seasons, the 

proportions of randomly-collected tuatara producing food items when stomach

pumped were compared among seasons. These data were obtained from those tuatara 

stomach pumped as part of the seasonal variation in tuatara diets study (Chapter 2). 

The tuatara were collected at night when they were emerged from their burrows, and 

all were stomach pumped the same night within four hours of capture. 
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4.2.2. Rate of gastric evacuation in adult male tuatara. 

Experiments were carried out in November 1992 and January 1993 to help dete1mine 

tbe length of time that food items remained in the stomach after ingestion before 

passing into the intestine. To achieve this, tuatara with empty (stomach-pumped) 

stomachs were fed a food item and then stomach-pumped at timed intervals after 

ingestion. 

During tbe November 1992 trip, 17 adult male tuatara were collected from Keeper's 

Bush at night and stomach-pumped following the methods described in chapter 2. 

After the tuatara had been stomach-pumped each was placed in a cardboard box and 

fed a Minwpeus beetle. Half an hour after the tuatara had been fed, the box was 

inspected to confirm tbat the beetle had been eaten. If the beetle hadn't been eaten, the 

tuatara was offered another beetle and checked 30 min later to confirm ingestion. 

Each tuatara was then stomach-pumped at a set time after ingestion of the beetle, and 

the presence/absence of the beetle in tbe stomach contents was recorded. The time 

periods between ingestion and stomach-pumping of tbe tuatara for the pilot study in 

November 1992 were 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 36 and 48 h. 

At each time interval one tuatara was stomach-pumped. 

The results of the pilot study indicated that in November, food was still present in the 

stomach at 48 h after ingestion. Therefore, longer intervals for the stomach-pumping 

of the 20 adult male tuatara during the January 1993 trip were planned (48, 51, 54, 57, 

60 and 63 h after ingestion ofthe Minwpeus beetle). However, a surprising result was 

obtained in that the beetle was not recovered after the three shortest time intervals. 

Trials witb the longer time intervals (57-63 h) were therefore abandoned and tbe 

intervals were shortened to 38, 36, 24, and 20 h, when two tuatara were stomach

pumped to provide replication. 

During these experiments (November 1992 and January 1993) the tuatara were housed 

in cardboard boxes and placed in a shaded, unheated room in the field station. After 

completion of tbe experiments the tuatara were released unharmed at the site of 

capture. 
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4.2.3. Statistical analyses. 

Chi-square tests were performed on the proportion of tuatara having food in their 

stomachs to test for differences between seasons and life history stages. Differences 

between mean SVL of the adult male tuatara used during each season were described 

using unpaired t-tests. One-way ANOV As were performed to test for statistical 

differences in the amount of food recovered from tuatara among life history stages and 

among seasons. Analyses were performed using the Systat computer package (Systat 

Inc, illinois). Unless otherwise specified, the alpha level for significance was set at 

0.05. 

4.3. Results. 

4.3.1. Relative seasonal feeding frequency of tuatara. 

There was no significant difference in the proportion of tuatara having food among the 

three life history stages (adult male, adult female, juvenile) during any of the seasons 

(X2 $2.944 df = 3, p;::: 0.294; Fig. 4.1.). Therefore, data from the three life history 

stages were pooled to examine seasonal variation. There was a significant difference in 

the total proportion of tuatara having food among seasons (X2 = 10.424 df = 3, p = 
0.015; Fig. 4.1.). 

One-way ANOV As showed there to be no significant difference in the volume of 

stomach contents among different life history stages (F 2,134 = 2.340, p = 0.100) or 

seasons (F 3,134 = 0.760, p = 0.518; Table 4.1). 

Table 4.1. The mean and standard error (Mean±SE) of volume (cm3)of stomach 

contents recovered from tuatara of different life history stage during each season. 

Spring Summer Autumn Winter 

Life history stage (Nov (Jan 1993 (May (Aug 

1992) Feb 1992) 1992) 1992) 

Adult Male 0.61±0.61 0.67±0.17 0.22±0.10 0.34±0.61 

Adult Female 0.99±0.33 0.70±0.16 0.28±0.66 0.83±0.33 

Juvenile 0.93±0.40 0.71±0.17 0.96±0.29 1.2±0.77 
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Figure 4.1. Proportion of randomly-collected tuatara 

(Sphenodon punctatus) on Stephens Island with 
food in their stomachs (% ). 

Values on the x axis indicate numbers of tuatara 
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stomach contents of tuatara (Sphenodon punctatus) 
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4.3.2. Rate of gastric evacuation in adult male tuatara. 

The mean SVL of the adult male tuatara stomach-pumped as part of the gastric 

evacuation experiment was 242 ± 8 mm (mean± SE; n = 15) duling November 1992 

and 235 ± 7 mm (n = 11) during Janumy 1993. There was no significant difference in 

mean SVL between tbe two groups of tuatara (t = 0.626, df = 24, p = 0.537). 

During the pilot study in November 1992, 15 of the 17 tuatara ate the Minwpeus 

beetle. The two tuatara that didn't eat tbe beetle were to be stomach-pumped at 26 

and 30 h, and no data are available for these times. Fourteen of the 15 tuatara that ate 

the Minwpeus beetle still had the beetle in their stomachs at the time of pumping (Fig. 

4.2.). One tuatara didn't produce the beetle when stomach pumped at 14 h. The 

tuatara tbat were stomach-pumped from 16 h to 48 h after ingestion all had tbe beetle 

in tbeir stomachs (Fig. 4.2.). 

Dming Janumy 1993, the first six tuatara were stomach-pumped at 48, 51 and 54 h 

after ingestion of the Mimopeus beetle, but these failed to produce the beetle (Fig. 

4.2.). Two tuatara were therefore stomach pumped at 38 hand again both failed to 

produce the Mimopeus beetle (Fig. 4.2.). Tuatara were also stomach-pumped at a 

shorter time interval (36 h) after ingestion of the beetle and both failed to produce the 

beetle. Two tuatara were then stomach-pumped at 20 hand both produced the beetle. 

At 24 h, one of two tuatara produced the beetle when stomach-pumped (Fig. 4.2.). 

In summary, it appears that during November food usually remained in the stomach for 

at least 48 h after ingestion, whereas during January food was not found in the 

stomach at this time. This surprising result caused a modification of the time intervals, 

finally revealing that food passed into the hind-gut between 20-24 h after ingestion. 

4.4. Discussion. 

Tuatara that were randomly collected for stomach-pumping showed a significant 

seasonal variation in tbe proportion containing food in the stomach. The proportion 

was highest in summer ( 75%) and lowest in winter ( 46% ). This trend was expected as 

prey items are thought to be more numerous during this time because of seabird 

breeding (Walls, 1981) and tbe warmer temperatures resulting in increased insect 

activity and numbers (Mooed and Meads, 1985, 1986, 1987, Walls, 1981). However, 
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it is surprising that a such large proportion of tuatara stomach-pumped during winter 

had food. Early researchers had suggested that tuatara hibernated during winter 

(Buller, 1878). My findings further dispel this suggestion and reinforce that tuatara are 

active at very low temperatures. 

There is no significant difference in the total volume of stomach contents recovered 

from tuatara among different life history stages and seasons. The result that there was 

no difference in volume of stomach contents among seasons suggests that although 

tuatara are feeding less frequently during winter, they are ingesting the same volume of 

food during each feeding bout during every season. However, these observations may 

be under-estimates of the proportion of tuatara with food in their stomach and the 

volume of food recovered. The suggestion made in Chapter 2 that tuatara with food in 

their stomachs may retire into burrows to digest food would unintentionally lead to a 

bias towards tuatara with empty or partially full stomachs. 

An unexpected and surprising result was the large time difference in the rate of gastric 

evacuation in November and January. There was no significant difference between the 

mean size of tuatara used, and the same species of prey item was used throughout. It 

is unlikely that the difference was a result of any change in efficiency at stomach

pumping, as the technique was identical in the two trips. It would appear that the 

difference in time of gastric evacuation was as a result of increased metabolism of the 

tuatara during January. Metabolism in ectotherms such as tuatara increases with 

increasing temperature (Werner and Whitaker, 1978), although nothing is known about 

the rate of digestion at different temperatures. Windell and Sarokon (1976) recorded 

that a decrease in temperature from 32°C to 25°C can slow the passage of food 

through the digestive system of the iguanid lizard Anolis carolinensis from 32h to 

longer than 48h. If this trend is the same in tuatara the significantly colder 

temperatures experienced during the November trip (16.0 ± 0.2 °C; mean± SE) 

(compared with the January trip (13.5 ± 0.3 °); from Chapter 2) may have caused the 

difference in gastric evacuation rates between seasons. 

From the proportion of tuatara stomach -pumped that had food and the rate of gastric 

evacuation the relative feeding frequencies of tuatara can be estimated. My results 

suggest that of the tuatara stomach pumped during November, 56% of the tuatara had 

eaten within the previous 48 hours, while 27% of those stomach pumped during 

January had eaten within the last 24 hours. However, if the feeding rate remained 
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constant during each season the this result would suggest that there is little seasonal 

difference in relative feeding frequencies. 

The limitations of these conclusions must be recognised. These results only consider 

feeding bouts rather than the amount of energy gained from the prey items. Only a 

calorific examination of the food items consumed by tuatara in the wild, and stomach

pumping of tuatara from above and below ground will reveal seasonal differences in 

energy uptake. 
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Chapter 5. General discussion 

The results of my study confiim the findings of Walls (1981) and Carmichael et al. 

(1989), that tuatara are opportunist feeders. What tuatara eat appears to be primarily 

dependent on the availability and number of each food item; generally the more 

numerous the food item in the tuatara feeding habitat, the more of that food item will 

be present in the scat and stomach contents. Prey mobility and size most probably play 

roles in determining the amount of a food item eaten. Highly mobile and large food 

items were absent or rare in the diets of tuatara, although the remains of one skink 

were identified. Large food items such as adult tuatara or sooty shearwaters (Puffinus 

griseus) were absent; however, it is possible that these items could be found in the diet 

of tuatara if scavenging occurred. 

This study showed that there were few large differences among the diets of adult male, 

adult female and juvenile tuatara throughout the year. Initially it was thought that only 

adult tuatara would be capable of eating large food items, because adults have a larger 

gape and more strength than juveniles. However, fairy prions which are the largest 

prey items eaten by tuatara, were found in the scats from both adults and juveniles. 

The observation of juvenile and adult tuatara scavenging on already dead seabird 

remains suggests that some of the seabird remains observed in the tuatara diet could be 

as a result of scavenging. Although there were some small differences between the 

diets of tuatara of different life history stages, the differences were not consistent and 

did not suggest that smaller tuatara were unable to eat some items which were 

available to larger tuatara. The overlap of feeding habitats of juvenile and adult tuatara 

and scavenging by tuatara make this result likely. The large differences in diet were 

observed between post-hatchling and the larger tuatara. Post-hatchling tuatara are 

smaller and also inhabit different feeding habitats from the other tuatara sampled. The 

diet of post-hatchlings was composed solely of small "other invertebrates". 

Seabirds were the only food item that were truly seasonal in the diets of tuatara. Fairy 

prions are most numerous on Stephens Island during the summer and this was reflected 

in the diet of tuatara. Seabird remains were found in the scats and stomach samples of 

known tuatara only during summer; although two scats from unknown tuatara 

collected during winter contained seabird remains. There was no difference in either 

the proportion by volume or frequency of occurrence of seabird remains in the diets of 

adult female, adult male or juvenile tuatara. One of the initial hypotheses of my 

research was that adult female tuatara would have proportionately more seabird 
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remains in their diet than adult males. This was because it was thought that adult 

female tuatara would need the additional nutrition gained from eating seabirds for egg 

production. This may still be correct; however, adult male tuatara are consuming 

equal proportions of seabirds as are females. There was no evidence from this study to 

support that the heads of seabirds are more numerous in the diets of tuatara than are 

other seabird body parts. It appears from the results that chicks and fledglings are 

more vulnerable to predation by tuatara than are adult fairy prions; however, some 

remains of adult fairy prions were found in tuatara scats. 

Evidence of cannibalism among tuatara was observed on two separate occasions. One 

was a feeding observation of an adult male that was dragging a half-eaten juvenile 

tuatara into a burrow, and the second was part of a juvenile in the stomach contents of 

an adult male. Walls (1981) concluded that cannibalism was rare, and the results from 

my study would support his conclusion. Cannibalism is rare among tuatara most 

probably because, although there is an overlap in their feeding habitats juveniles are 

most common in the edge strip or margins of the bush (pers. obs; Mcintyre, 1988) 

whereas adults are most numerous in the bush. 

Walls (1981) also recorded tuatara scavenging in his study. My study confirmed that 

juvenile tuatara as well as adult tuatara will scavenge, meaning that some prey items 

previously thought too large for juveniles when alive are able to be eaten when dead. 

For the first time this study used a combination of stomach-pumping and faecal 

collection from the same known tuatara to describe their diets. Walls (pers. comm. 

DoC, Napier)and Carmichael (pers. comm.) recognised the shortfalls of a diet study 

using only one of the methods. The differences in food representation on the stomach 

and hind-gut had been documented by Floyd and Jenssen (1984) in the lizard, Anolis 

opalinus. The results of my study suggest that the remains of larger and hard-bodied 

food items are generally more frequently occurring and constitute a greater proportion 

by volume in scats than stomach contents. Smaller and soft-bodied invertebrates 

constitute a greater proportion of stomach contents than scats. Only by analysing the 

stomach and scat contents of the same animal or cohort of animals can their diet be 

fully described. 

If stomach-pumping can be verified as recovering all food items from the tuatara 

stomach, and if the state of fullness of tuatara stomachs was the same for tuatara on 

the ground as for tuatara in burrows, then it would be possible to describe the tuatara 
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diet from stomach-pumping alone. Trials of the efficiency of different techniques 

should be conducted. The trials are necessary as the ability to fully describe the diet 

from stomach-pumping is dependent on the efficiency of the technique to recover all 

food from the stomach (Fitzgerald, 1989). In the past these trials have resulted in the 

death of the animal (Fitzgerald, 1989; Gales, 1985); however, by inserting an 

endoscope down the animal's throat the state of the stomach after it had been stomach

pumped would reveal the ability of the technique to recover food items. 

To describe the diet using only stomach-pumping, it must be confirmed that the tuatara 

on the ground have the same volume and food items in their stomachs as those in 

burrows. The conclusion of one feeding observation was that tuatara with full 

stomachs may retreat to their burrows to digest the food. This conclusion needs to be 

tested; it could be easily done by the establishment of observation hatches on tuatara 

burrows. The tuatara could be removed through these hatches and stomach-pumped, 

and then the stomach contents of these animals could be compared with animals of the 

same life history stage from the same area. If the conclusion that tuatara retreat in to 

burrows to digest food can be proved false and stomach-pumping could recover all 

food then the diet of tuatara could be described by using only stomach-pumping. This 

would result in a quick and efficient method to describe the diets of tuatara. From this 

the differences in the diets of tuatara from islands with healthy and unhealthy tuatara 

populations could be described and may help reveal if competition for food with rats 

(Newman and McFadden, 1990) is a causal factor in the decline of tuatara populations 

on some islands. Any differences in the diets may also help establish base-lines of 

ecological restoration to be met before tuatara are re-released on islands. 

When maintaining or breeding animals in captivity, a decision has to be made whether 

to feed the animals a diet which mimics that of the animals in the wild or feed them an 

artificial diet In general, those tuatara held in captivity are fed an artificial diet 

consisting mainly oflarvae and pupae of invertebrates (Hazley, pers. comm.; Southland 

Museum). The failure of captive bred tuatara to produce offspring that breed shows 

that some aspect or aspects of their ecological requirements are not met. It has been 

shown overseas on that incorrect diet can result in low productivity in crocodilians 

(Joanen and McNease, 1987; Lance, 1987) and growth deformities in birds (Kepler, 

1977). 

I suggest that the holders of captive tuatara should make an effort to feed their tuatara 

a diet replicating (as far as possible) the diet of wild tuatara. This could be done by 
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using the fmdings of my study and that of Walls (1981). My study shows that apart 

from the seabird component there are few items that display seasonality in their 

occurrence in the diet of tuatara. Adult males, adult females and juveniles share the 

same diet and therefore can be fed the same food items. Some tuatara held in captivity 

are not fed during winter (Hazley, pers. comm.; Southland Museum); however, the 

results from my study suggest that tuatara feed at approximately the same frequency 

throughout the year and that the volume of food eaten is the same for all animals in 

every season. The small volumes of food recovered from the stomachs of tuatara 

suggest that during each feeding bout the intake of food is small (usually less than one 

cm3). The diets of post-hatchling tuatara differ from the larger tuatara. Post

hatchlings feed on only small invertebrates, including snails; these snails may provide 

an essential source of calcium. By attempting to mimic the diets of wild tuatara, the 

holders of captive tuatara may have greater success in breeding and raising tuatara. 
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