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Abstract 

The small-scaled skink (Oligosoma microlepis) is a small (~67 mm SVL) endemic 

New Zealand lizard that is currently listed as vulnerable by the IUCN (1994). The 

species is diurnal and heliothermic, inhabiting rock outcrops and piles scattered 

throughout the central North Island. All of the ca. 17 populations are small, isolated 

and confined to private land. The Oligosoma spp. Recovery Plan (2002) outlines the 

need to obtain basic biological data on the species, determine threats and to conduct 

advocacy with landowners. 

The first part of my study was to obtain an understanding of the factors affecting 0. 

microlepis' habitat use . This was achieved by using the programme PRESENCE to 

model site occupancy of the species as a function of site covariates, as well as 

detection probability as a function of sampling covariates. A total of 45 sites were 

used, spanning 25 km2
, on three stations in the Inland Patea district. Presence

absence data and sampling and site covariates were recorded using an active search 

method for lizards at each site. Results showed that detection probability of small

scaled skink was most affected by rock temperature, the time of day and month 

surveying was carried out. Site occupancy was correlated with three site covariates. 

The first important site covariate was distance to the nearest stock route. Probability 

of site occupancy decreased as the distance to the nearest stock route increased, 

suggesting that grazing may mamtain lizard habitat by keeping rocks clear of 

vegetation. The second important site covariate was the presence of a tree on the site. 

No 0. microlepis were found when a tree was present on the site, probably due to 

shade and predation by birds. Lastly, rock piles had a significantly higher occupancy 

than rock outcrops. This difference could be due to a number of factors, including 

competitive exclusion by common gecko (Hoplodactylus maculatus), which were 

abundant on rock outcrops as well as the biophysical nature of outcrops inhibiting 

thermoregulation. 

The second part of my study was to conduct more extensive habitat analysis using 

ordination plots and a classification tree, and this analysis expanded on these site 
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covariates affecting occupancy. Sites were more likely to be occupied if the 

herbaceous plant Gingidia montana was absent, if the site was not in a gully, if the 

site had a north-northwest aspect, and the site was close to a public road. This 

information can potentially increase the efficiency in surveying new sites for 0. 

microlepis. 

The third part of my study was to conduct environmental education with the farming 

community to create awareness of 0. microlepis and conservation issues in the 

district. I did this by the sharing of knowledge, the application of skills and 

subsequent steps towards conservation management on their land. This study 

demonstrates how environmental education at a local community level is a 

worthwhile activity in any research on private land. 

Future research is still needed on current threats to 0. micro!epis (e.g., introduced 

predators), the long-term impact of farming, metapopulation dynamics, and 

effectiveness of management techniques for conserving the species. 



v 

Acknowledgements 

I wanted to design my thesis around my love for lizards, conservation and 

environmental education, but I was aware that it was potentially an impossible task to 

incorporate all three into a Masters, particularly since the majority of rare lizards are 

confined to offshore islands away from the general public. After meeting a friend by 

chance one day, he asked me about potential thesis topics, and when I told him about 

my problem he informed me of the small-scaled skink which had only ever been 

found on private land - and that was the conception of my Masters. 

Travelling to Moawhango for the first time and meeting all the genuine people there I 

quickly realised why the lizards choose to live in that area! The country is ruggedly 

beautiful, the weather is pleasantly sweltering in summer months, and the people are 

very welcoming. I want to thank everyone at Moawhango for allowing me to be a 

part of the community over the last two years and for all the good times such as 

countless BBQs by the river, dog trials, horse sports, and parties, but I especially want 

to thank those at Otupae, Kelly Land Company and Erewhon stations and all the 

Oruamatua Marae Trustees. l also wish to thank my beautiful (adopted) family 

Caroline, James, Ella and Charlotte at Erewhon who opened their home and hearts to 

me during the two summers of my fieldwork; l can never begin to express my love 

and gratitude to them. 

My thesis also would not have been possible without the help and support from my 

long-suffering supervisors Dr. Doug Armstrong, Dr. Mike Joy and David Chapman. 

As well as my volunteers Phil Dawson, Carol Nicholson, Kiryn Weaver, Clare 

Browne, Ian Johnston, Scott Carver, Kat Armstrong, Richard Steedman and Hamish 

Mead for their long hours and boring jobs when the weather was cold and the lizards 

were AWOL. To you all I say a BIG thank you. 

I want to thank everyone at the Ecology Group for making life bearable during the 

months of writing, by sharing many jokes and an abundance of food. Especially Barb 

who helped me beyond measure with the logistics of fieldwork, my fellow office 

buddies, Charlotte and Logan who have seen me at my worst, and Sacha, Peter, Jase, 



VI 

Hamish, Carol, ItiRach, Mark F., Suzie, Troy, Joce, Sarah, Wendy and my darling 

fiance Andrew for a multitude of coffees and associated ramblings. 

l wish to thank Tony Whitaker for the use of his photos in this thesis and much valued 

information regarding the small-scaled skink, and also Nie Peet at the Wanganui 

Department of Conservation and Halema Jamieson for answering many emails about 

my skinks. And a special thank you to the JS Watson Trust at Forest and Bird, and 

the Julie Alley Bursary at Massey University for funding the bulk of my fieldwork. 

Lastly and most importantly 1 want to thank God for his continued love, support and 

guidance throughout my life . 



Contents 

Frontispiece 

Abstract 

Acknowledgements 

Contents 

List of Figures 

List of Tables 

List of Plates 

Chapter one: General introduction 

LI New Zealand reptiles 

1.2 Human impacts 

1.2.1 Introduced predators 
1.2.2 Habitat loss 

1.3 New Zealand lizard conservation 

1.3 .1 Importance of lizard conservation 

1.4 Environmental education in conservation 

1.5 Small-scaled skink ( Oligosoma microlepis) 

1.5.1 Species description 
1.5.2 History 
1.5.3 Current conservation status 
1.5.4 Inland Patea district 
1.5.5 Eco logy 
1.5.6 Threats 

1.6 Thesis aims and organisation 

11 

lll 

v 

Vll 

x 

Xll 

XIII 

2 
3 

4 

5 

6 

6 

6 
7 
8 
9 

11 
12 

13 

VII 



Chapter two: Detection probability and site occupancy of 0. microlepis 

2.1 Introduction 

2.1.1 Presence-absence data 
2.1.2 Nondetection error 
2.1.3 Observer bias 
2.1.4 Environmental variables 
2.1.5 Modelling detection probability in PRESENCE 
2.1.6 Sites 
2.1.7 Assumptions 
2.1.8 Allocation effort 
2.1.9 Seasons 
2.1.10 Modelling detection probabilities of 0. microlepis 

2.2 Methods 

2.2.1 Study area 
2.2.2 Site selection 
2.2.3 Pilot study 
2.2.4 Survey period 
2.2.5 Active search method 
2.2.6 Sampling covariates 
2.2 .7 Site covariates 
2.2.8 Analysis 

2.3 Results 

2.3.1 Comparison of study regions 
2.3.2 Comparison of months 
2.3.3 Detection and site occupancy probability 

2.4 Discuss ion 

2.4.1 Detection probabilities 
2.4.2 Site occupancy 

2.5 Conclusion 

Chapter three: Habitat analysis of 0. microlepis 

3.1 Introduction 

3.1.1 Habitat selection 
3.1.2 Lizard habitat selection 
3.1.3 Habitat selection and conservation 
3.1.4 Habitat selection and 0. microlepis 

17 

18 
19 
19 
20 
21 
22 
22 
22 
23 
24 

24 

24 
26 
29 
29 
29 
30 
31 
34 

36 

37 
38 
39 

45 

45 
47 

50 

52 

52 
52 
53 
54 

VIII 



3.2 Methods 

3.3 Results 

3.4 Discussion 

3.5 Conclusion 

3.2.1 Study sites 
3.2.2 Habitat data collection 
3.2.3 Statistical analysis 

3.3.1 Ordination of sites and habitat variables 
3.3.2 Classification tree 

3.4.1 Habitat selection 
3.4.2 Explanatory variables - tree, Gingidia montana, aspect, 

55 

55 
55 
56 

58 

59 
64 

65 

65 

gully 65 
3.4.3 Explanatory variables - distance to the nearest stock track 

and public road 67 

68 

Chapter four: Environmental education on private land 

4.1 Introduction 70 

4.1.1 Biodiversity on private land 71 
4.1.2 Conservation on private land, through environmental 

education 73 

4.2 Case study: 0. microlepis on private land 75 

4.2.1 Farmers 76 
4.2 .2 School children 79 
4.2.3 Local Maori 80 

4.3 Outcomes 82 

4.4 Summary 83 

Chapter five: Conservation of 0. microlepis: summary and recommendations 

5.1 Summary 
5.2 Recommendations 

References 

86 
87 

89 

IX 



x 

List of Figures 

1.1 Map of Springvale Bridge, Rangitikei River in the Inland Patea 

district, 30 km east along the Napier-Taihape Road. 10 

2.1 Map of Inland Patea district, 30 km east along the Napier-Taihape 

Road showing study regions. 25 

2.2 Mean measurements for air and rock temperatures (°C), air and rock 

humidity (%), cloud cover (%), and wind speed (kph) at the six 

different study regions, KLC (Kelly Land Co. station), Quarry, Huts 

(Erewhon station), Gully, Ridge and Track (Otupae station). 37 

2.3 Mean measurements for air and rock temperature (0 C), air and rock 

humidity (%), cloud cover (%) and wind speed (kph) over the four 

months of sampling, December - March. 38 

2.4 Relationship between rock temperature and probability of detecting 

0. microlepis . 41 

2.5 The proportion of occupied sites where 0. microlepis were detected 

at least once in each of the six study regions. 43 

2.6 Estimated site occupancy probability for 0. microlepis on rock piles 

and rock outcrops as a function of distance from nearest stock track 

and presence or absence of a tree on the site based on the model 

'I' (tree, stock track, outcrop) p (rock temperature) . 44 

3.1 The scree plot comparing the stress of the real data (40 runs) with 

randomised data (50 runs) using a Monte Carlo (P = 0.00196). 58 

3.2 Ordination of sites based on 34 habitat variables using non-metric 

Multidimensional Scaling (NMS). 59 



3.3 Ordination plot of correlations between rock habitat variables and 

ordination axes scores. 

3.4 Ordination plot of correlations between native plant species habitat 

variables and ordination axes scores. 

3.5 Classification tree revealing environmental variables relating to the 

presence-absence of 0. microlepis. 

XI 

62 

63 

64 



List of Tables 

2.1 

2.2 

2.3 

2.4 

GPS coordinates of each study region at each of the three stations. 

Sampling covariates measured at each site. 

Site covariates measured at each site. 

Environmental measurements (min-max) at each station, over each 

month of sampling. 

2.5 Comparison of models for the relationship between detection 

probability and rock temperature using data from 8 surveys for 0. 

microlepis at 23 sites where the species was known to occur. 

2.6 Comparison of site occupancy models based on modified data 

collected for 0. microlepis during 8 sampling occasions at each of 

27 

30 

31 

36 

40 

the 45 sites. 42 

2.7 Parametric bootstrap test (a 'goodness of fit ' test) to assess modP. 1 

fits. 42 

3.1 Pearson con-elation coefficients between the first 2 NMS ordination 

axes and habitat variables. 60 

4.1 Study objectives and outcomes based on the intentions of 

environmental education in the Tbilisi Declaration ( 1978). 82 

XII 



List of Plates 

1.1 Picture of 0. microlepis . 

1.2 Mt. Ruapehu and Kaimanawa Ranges, at Napier-Taihape Road 

intersection to Otupae. 

1.3 Picture of basking 0. microlepis. 

2.1 Track site at Otupae station containing rock outcrops. 

2.2 Gully site at Otupae station containing two rock piles in pasture. 

2.3 A visible 'stock track' near a rock outcrop. 

2.4 A cabbage tree (Cordyline australis) at the Huts sites on Erewhon 

15 

15 

16 

25 

26 

32 

station. A tree was defined as a 'perchable' tree, taller than 2 m. 33 

4.1 Wharenui (meeting house) at Oruamatua marae. 85 

4.2 Whakairo (carving) of the giant lizard, Pohokura. 85 

XIII 




