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1. Executive summary 
 

• Since December 2012, a long-term lizard population monitoring programme has been 
undertaken at Baring Head, East Harbour Regional Park, by the Greater Wellington Regional 
Council (see Herbert & Bell 2012, Herbert et al. 2013, Herbert et al. 2014, and Wiles et al. 2015 for 
previous reports).  

 
• Four lizard species are known to be present at the Baring Head block: Raukawa gecko 

(Woodworthia maculata; Not Threatened), northern grass skink (Oligosoma polychroma Clade 1a; 
Not Threatened), copper skink (Oligosoma aeneum; Not Threatened) and northern spotted skink 
(Oligosoma kokowai; At Risk – Relict). Threat classifications are from Hitchmough et al. 2016. 

 
• During the December 2017 season monitoring, 346 individual northern grass skinks, 56 

individual Raukawa geckos, one spotted skink, and one copper skink were caught in pitfall 
traps. Captures of northern spotted skinks and copper skinks remain low, as in previous years 
of monitoring. 
 

• Catch per unit effort (CPUE) and naïve occupancy rates of both northern grass skinks and 
Raukawa geckos have increased in December 2017 relative to the established baseline levels 
(2012-2014). The increases are 243% for northern grass skinks CPUE with an 117% increase in 
naïve occupancy rates of these skinks in traps; correspondingly, there has also been a 45% 
increase of Raukawa gecko CPUE and 76% increase in naïve occupancy. 

 
• Continued lizard monitoring is recommended, with the next season to be December 2019. This 

is to confirm the continuation of population trends seen to date, and to determine whether 
northern spotted skinks and copper skinks are responding to land management. 
 

• Inclusion of historical and current weather datasets in future data analyses is recommended. 
 

• The preparation of a species-specific conservation management strategy for the northern 
spotted skink population at Baring Head and at nearby Turakirae Head is recommended (Bell 
2018). Activities as part of this conservation management strategy should include the 
commencement of a species-specific monitoring programme at the river escarpment LMU, 
wider surveys at both Baring and Turakirae Heads for the species, intensification of pest 
management efforts at the river escarpment LMU, collection of genetic material from the 
northern spotted skink population, and potential consideration for the establishment of 
insurance populations. 
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2. Introduction 
 
Baring Head is a 284-hectare block of mixed-use land (grazed, retired scrub, and coastal rocky beach) 
on the Wainuiomata coast, owned by Greater Wellington Regional Council (GWRC), and is part of the 
wider East Harbour Regional Park. The site is of regional significance for native lizards (Romijn et al. 
2012), with four species being present: Raukawa gecko (Woodworthia maculata; Not Threatened), 
northern grass skink (Oligosoma polychroma Clade 1a; Not Threatened), copper skink (Oligosoma aeneum; 
Not Threatened), and northern spotted skink (Oligosoma kokowai1; At Risk – Relict, qualifiers: 
conservation dependent, sparse, partial decline). Threat classifications are from Hitchmough et al. 2016. 
 
GWRC considered the removal of stock from some of the grazed areas of Baring Head in 2012, but was  
concerned about the effect that this may have on the lizard community due to subsequent changes in 
habitat structure and/or mammal abundance (Newman 1994, Hoare et al. 2007, Knox et al. 2012, 
Norbury et al. 2013). Due to these concerns, GWRC implemented an occupancy-based lizard study to 
quantify the potential impacts of a change in land management regime (including pest animal control) 
on the lizard community. The sampling design aims to examine trends in distribution and abundance 
of lizard species across the five landscape management units present at the Baring Head block. The unit 
of monitoring is considered to be the relative abundance and distribution of the four lizard species 
present, in terms of superpopulations of each species. The “superpopulation” is defined as the total 
number of lizards of each species whose home range overlaps a pitfall trap, making them available for 
capture (Bell & Herbert 2012, Oppel et al. 2013). As a stratified random sampling scheme was used, 
observed trends in the superpopulation can be used to infer temporal and spatial trends in the total 
lizard population at Baring Head. Three years2 of baseline data on lizard abundance and species 
distributions were completed (2012, 2013, 2014). Following this, pest control on the block commenced 
in January 2014 and the river flats and escarpment to the west of the Wainuiomata river were retired 
from grazing. The data of the three baseline monitoring years, and the data of the December 2017 
monitoring season can be compared with future monitoring seasons to ascertain changes in the trends 
of lizard populations in response to changes in the management regime.   
 
In this report, we: 

(1) Report on the results from the December 2017 season and compare them with the 2012-2014 
seasons. 

(2) Compare the December 2017 results to baselines established for lizard species abundance, 
occupancy, and distribution from the first three years of survey (2012–2014).  

(3) Provide recommendations for the future of the Baring Head lizard monitoring programme.  
 
 
 

                                                        
1  The northern spotted skink was formerly known as Oligosoma lineoocellatum Clade 1a & 1b, until it was described 
by Melzer et al. 2017. 
2  First year: December 2012–January 2013, second year: December 2013, third year: December 2014. 
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3. Methods 
 

3.1. Field methods 
 
In early 2012 we conducted a simulation-based power analysis on northern grass skink and Raukawa 
gecko pitfall trap occupancy data collected over 9 trap-days at Baring Head by Romijn (2011). This 
study (Herbert & Bell 2012) recommended that seven repeat checks of 200 pitfall traps would give 
sufficiently precise occupancy data to allow use of occupancy to track abundance and distribution of 
northern grass skinks and Raukawa geckos over time.  
 
The Baring Head block was divided by GWRC into five broad land management units (LMUs) using a 
REGION Y2010 rural layer colour orthophotos in GIS. LMUs are as follows: (1) coastal platform 
(alternatively; raised beach, CO), (2) coastal escarpment (CE), (3) river escarpment (RE), (4) marine 
terrace (alternatively; terrace farmland, TF), and (5) river flats (RF) (Fig. 1). Within these landform 
strata, they generated 45 random points (40 points for use, plus 5 extra ‘back-up’ points) to place pitfalls 
with the caveat that points must be 25 m apart to ensure traps would be considered spatially 
independent. Traps were considered independent if a lizard could not be caught in two adjacent traps 
during the same monitoring period, an assumption based on what is known about the home ranges of 
the species involved (see Herbert & Bell 2012). Points falling on the areas with the most difficult terrain 
(the river escarpment, and the South Coast escarpment) were ground-truthed in September 2012 to 
determine which points could be safely accessed. During the pitfall trap set up, points were located as 
accurately as possible by use of a hand-held GPS unit (Garmin GPSmap 60CSx). Where the terrain was 
too difficult or unsafe to place the pitfall at the exact GPS location, the pitfall was positioned at the 
closest feasible site within 12.5 m of the original location.  
 
During October and November 2012, 206 pitfall traps were set up (Fig. 2). Their locations were marked 
with flagging tape, and/or yellow plastic triangles were nailed to a wooden peg nearby to make the 
pitfalls easier to find when monitoring. Of these, 202 traps were randomly placed, and a further 4 traps 
were put in areas thought to provide habitat for copper skinks in order to boost their detection. Each 
pitfall trap consisted of a 4-litre plastic bucket with a sealable lid. Pitfalls had drainage holes drilled in 
the bottom. A stick was placed in each pitfall to enable animals to climb out if the lid was displaced 
outside of the monitoring season. A plywood cover or concrete paver (30 x 30 cm) was placed on top 
of each closed pitfall. Plywood covers were pinned to the ground and/or weighted down with rocks to 
prevent them from being blown away. Concrete paver covers were used in pasture areas (marine 
terrace, river flats and some of the coastal escarpment pitfalls) to prevent the pitfalls being trampled by 
stock. Damaged or missing pitfalls and covers were replaced throughout the study on an as-needed 
basis.     
 
Over the four monitoring seasons spanning six years, a number of herpetologists, GWRC staff, 
volunteers, and ecological contractors have participated in the lizard pitfall monitoring. Field workers 
were provided with protocols, and copies of the GWRC ‘Geckos of the Wellington Region’ and ‘Skinks 
of the Wellington Region’ guides (GWRC 2011a & 2011b) to assist with lizard species identification. 



 

 
Lizard monitoring at Baring Head/Ōrua-pouanui, East Harbour Regional Park, Wellington:  
December 2017 season 
 
© EcoGecko Consultants Limited, 2018                                                                             Page 7 of 23 

They were also asked to take photographs of any lizards encountered. Volunteers were accompanied 
by people experienced in lizard field studies until they were confident and sufficiently skilled to work 
alone.  
 
The summer 2012/2013 monitoring period was divided into two blocks; the first four checks were 
carried out between the 14th and 21st of December 2012 and the last three checks between the 10th and 
12th of January 2013 (hereafter, the 2012 season). The summer 2013/2014 monitoring period was 
completed in a single block of eight days spanning between the 6th and 13th of December 2013 (the 2013 
season) and the summer 2014/2015 monitoring period was also completed in a single block from the 6th 
to the 13th of December (the 2014 season). The December 2017 season was undertaken between the 8th 
and 15th of December. Pitfall traps were checked once a day while they were open, as per standard 
practice. On opening each trap, we wiped the sides of the bucket to ensure a clean surface to reduce the 
chance of lizards being able to climb out. The bottom of each bucket was filled with 1-2 cm layer of 
vegetation and soil to provide habitat and shelter for any lizards trapped. Pitfalls were baited with a 
piece of tinned pear. We also placed a piece of wet sponge in the trap to prevent the inside the pitfall 
from becoming too dry for lizards. The pear pieces and wet sponges were refreshed at regular intervals.  
 

Pitfall traps were checked in order according to set routes so that each trap would be checked at roughly 
the same time each day. We recorded the following from each lizard caught: species, snout-vent length 
(SVL), total tail length, length of the regenerated portion of tail (where present), and sex (adult geckos 
only). Dorsal and lateral photographs of northern spotted skinks were also taken. Less experienced 
field workers photographed any lizards where species identification was uncertain. These photographs 
were used by an experienced herpetologist from EcoGecko Consultants to later identify the species.  
 
During the first baseline year, individual lizards were identified by a combination of trap number, 
capture date, measurements, and occasionally by any dorsal and lateral photographs taken. From the 
second baseline year onwards, in addition to measurements and sex being recorded and photographs 
being taken, the first time a lizard was captured the animal was temporarily marked by writing a 
number on the dorsal or ventral surface using a xylene-free marker pen. On recapture the lizard was 
identified by the mark and either cross-checked against their SVL or their photograph to reduce the 
likelihood of mis-identification due to tag loss. 
 
Royle (2004) N-mixture models were used (see Donovan & Hines 2007 for a “plain English” guide to 
implementing these models) to estimate abundance and site occupancy from this years’ lizard count 
data in program PRESENCE version 9.7 (Hines 2006). We did not use weather covariates in our analysis 
to explain time-dependent variation in detection probability. Northern grass skinks of neonate size 
(young of the year; SVL ≤ 30 mm) were excluded from the dataset as the population needed to be 
“closed” to births during monitoring.  
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Figure 1. Map of Baring Head/Ōrua-pouanui showing land management units, location of DOC 200 traps installed 
in August 2013, and small mammal monitoring lines. Note that the stratum ‘Raised Beach’ = Coastal Platform (CO).  
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Figure 2. Map of Baring Head/Ōrua-pouanui showing locations of lizard pitfall traps. Trap strata abbreviations on 
the map Coastal, Coast escrp, River escrp, Tce farm, River flats correspond to the LMU strata: coastal escarpment 
(CE), coastal platform (CO), river escarpment (RE), marine terrace (TF) and river flats (RF), respectively. Pitfall 
traps labelled BO1 – BO4 are additional pitfall traps intentionally placed at the base of escarpments to attempt to 
improve detection of copper skinks.  
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3.2. Statistical methods 
 

Repeated count data was modelled separately as Royle N-mixture models (Royle 2004) in PRESENCE 
v 11.8 (Hines 2006) for each species that appeared to have a sufficiently large (> 50) number of captures. 
These were: northern grass skink (O. polychroma Clade 1a) and Raukawa gecko (W. maculata). 
 

Notation for this section is (following Royle & Dorazio 2008):  
 

i: number of pitfalls  
j: sampling occasions 
N: true abundance across Baring Head block 
E(N): estimated abundance across pitfalls 
λ: Poisson average of abundance per pitfall. Note that E(N) = Poisson(λi) and that λ = 
variance(λ) using this distribution. 
µ: Negative binomial average of abundance per pitfall, where E(N) = µ 
φ: Average occupancy across pitfalls 
r: Individual detection probability 
α: Extra parameter in negative binomial distribution to explain relationship between µ 
and variance(µ), where variance(µ) = µ + µ2/α) and α > 0). 
CE: coastal escarpment land management unit (LMU) 
CO: coastal LMU 
RE: river escarpment LMU 
RF: river flats 
TF: terrace farmland 

 
The global model, which incorporated an effect of land management unit on abundance and a fully 
independent effect of survey date, was initially modelled as three parameterisations of the global model 
(e.g. where µ or λ(CE+CO+RE+RF+TF) and r(time)). Alternative parameterisations, including the null 
model (µ or λ(.), r(.)), of the “best” global model (negative binomial, zero-inflated Poisson, Poisson) 
were trialled for evaluation (Table 1). PRESENCE cannot currently compute goodness of fit (GOF) 
testing for negative binomial or zero-inflated Poisson Royle N-mixture models. Therefore, to 
investigate fit, GOF testing from the global Poisson model was used. 
 
The upper limit for Royle count data was set at 200 (i.e. λ ≤ 200 individuals in effective trapping area of 
a pitfall when r = 1). Model averaged estimates were only generated when ΔAIC < 4 (Burnham & 
Anderson 2002).  
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4. Results 
 

4.1  Summary of trap effort for December 2017 
 
The total survey effort for the December 2017 monitoring season was 1,454 trap-days, with 209 pitfall 
traps run this year (see Table A1 in appendix). There were a low number of broken or damaged pitfalls 
this year, but they were fixed during the monitoring. Pitfall check occasions treated as missing data 
were as follows: 
 

a) CE40 on check days 3 and 4 (12 – 13 December) due to ant infestation of the trap posing a 
potential risk to trapped lizards. Bait was removed from the trap and the trap was closed for 
two days to encourage the ants to leave the trap.  

b) CO01, CO29, RE35 and RE36, RF19,  RF21, TF43 were not found on the first day so were not 
opened until the second check day (10th December). 
 

 

4.2  Lizard capture summaries 
 
The catch per trap-night abundance index (CPUE) for northern grass skinks was much higher than all 
previous monitoring seasons (Fig. 3). Raukawa gecko captures were also relatively high this season, 
being higher than in the 2012 and 2014 monitoring sessions, but not as high as the CPUE in December 
2013 (Fig. 3). CPUE of copper skinks and northern spotted skinks remained low (Fig. 3), with only one 
capture of each species in December 2017. The exact numbers of individuals, captures and CPUE values 
are reported in the appendix (Table A1).   
 
Similar to the CPUE index for abundance, the index for occupied range, naïve occupancy, was much 
higher in December 2017 (47.9%) for northern grass skinks than in previous years, with this species 
being captured in nearly half of the traps this year (Fig. 4, Table 1A). Naïve occupancy of Raukawa 
geckos and ground weta also increased between 2012 and 2017, with these species being caught in 
11.5% and 19.6% of traps in December 2017, respectively (Fig. 4, Table 1A). Naïve occupancy of copper 
skinks and northern spotted skinks has remained consistency low (Fig. 4, Table 1A).  
 
However, it is unclear whether the observed trends in abundance and occupancy indices reflect true 
fluctuations in abundance and distribution of species, or whether individual animals are simply using 
the traps more or less in given years.  
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Figure 3. Trend in population indices (1). Catch per unit effort (CPUE) as number of lizard captures per trap night 
versus date. Vertical dashed lines represent the initiation of conservation management activities at the Baring Head 
block by the Greater Wellington Regional Council in the form of increasing trap effort (Uys 2018). and fencing off 
high value habitats west of the Wainuiomata river to exclude sheep and cattle.  OA = Oligosoma aeneum (copper 
skink), OK = Oligosoma kokowai (northern spotted skink), OP = Oligosoma polychroma Clade 1a (northern grass skink) 
and WM = Woodworthia maculata (Raukawa gecko).  
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Figure 4. Trend in population indices (2). Naïve occupancy as the percentage of traps that caught each lizard and 
ground weta species at least once during a given survey. Vertical dashed lines represents the initiation of 
conservation management activities at the Baring Head block by the Greater Wellington Regional Council in the 
form of increasing trap effort (and fencing off high value habitats west of the Wainuiomata river to exclude sheep 
and cattle.   OA = Oligosoma aeneum (copper skink), OK = Oligosoma kokowai (northern spotted skink), OP = Oligosoma 
polychroma Clade 1a (northern grass skink), WM = Woodworthia maculata (Raukawa gecko) and GW = ground weta. 
 
 

4.3  Northern grass skink and Raukawa gecko pitfall occupancy and 
abundance 
 
 There was a substantial and significant lack of fit for the repeated count data from O. polychroma Clade 
1a (total χ2 25 = 90.49, p << 0.00) but the Poisson model showed adequate fit to the W. maculata data (total 
χ2 14 = 16.83, p = 0.266). However, according to the AIC, in both cases the data was best explained by a 
negative binomial model that included all strata and an independent effect of time on individual 
detection probability, r (Table 1).  
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Table 1. List of models and model selection statistics evaluated for abundance and occupancy of focal species.  
Model AIC ΔAIC AIC weight N par Distribution 
O. polychroma Clade 1a 
µ(CE+CO+RE+RF+TF),α(.),r(time) 3554.08 0.00 1.00 13 Negative binomial 
λ(CE+CO+RE+RF+TF),φ(.),r(time) 3578.78 24.70 0.00 13 Zero-inflated Poisson 
µ(CE+CO+RE+RF+TF),α(.),r(.) 3580.24 26.16 0.00 7 Negative binomial 
µ(.),α(.),r(time) 3608.13 54.05 0.00 9 Negative binomial 
µ(.),α(.),r(.) 3634.26 80.18 0.00 3 Negative binomial (null 

model) 
λ(CE+CO+RE+RF+TF),r(time) 3664.46 110.38 0.00 12 Poisson 
W. maculata 
µ(CE+CO+RE+RF+TF),α(.),r(time) 2213.77 0 0.9994 13 Negative binomial 
µ(CE+CO+RE+RF+TF),α(.),r(.) 2228.64 14.87 0.0006 7 Negative binomial 
λ(CE+CO+RE+RF+TF),φ(.),r(time) 2239.87 26.10 0 13 Zero-inflated Poisson 
µ(.),α(.),r(time) 2240.00 26.23 0 9 Negative binomial 
µ(.),α(.),r(.) 2254.89 41.12 0 3 Negative binomial 
λ(CE+CO+RE+RF+TF),r(time) 2282.96 69.19 0 12 Poisson 

 
 
Northern grass skink abundance showed a generally increasing trend across all LMUs between 2012 
and 2017 (Fig. 5). While the increasing trend in abundance continued to increase (marine terrace - TF) 
or stabilise (coastal platform – CO and coastal escarpment CE) between 2014 and 2017, abundance in 
the river escarpment (RE) and river flat (RF) was noticeable lower in 2017 than in 2014 (Fig. 5). These 
two LMUs are now completely (RE) or partially (RF) fenced off from sheep and cattle, with exclusion 
fencing being completed nine months before the 2017 lizard monitoring season (Fig. 5).  
 
Occupancy of northern grass skinks has also increased across all strata between 2012 and 2017 (Fig. 6). 
Occupancy appeared to have reached saturation within the river escarpment LMU by 2014, and 
appears to be increasing towards saturation in the coastal platform and coastal escarpment LMUs (Fig. 
6). Occupancy in the river flats LMU in 2017 appears to have decreased in comparison to the estimates 
from 2013 and 2014, potentially indicating a range contraction in this unit between 2014 and 2017 (Fig. 
6). 
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Figure 5. Estimated average abundance (as E(µ) for 2013-2017 and E(λ) for 2012) of O. polychroma Clade 1a per 
pitfall trap within each LMU. Error bars are ±1 standard error. Points have been staggered along the x-axis to 
improve clarity of the graph; data from all LMUs was collected at the same time. Vertical dashed lines represent 
the initiation of conservation management at the Baring Head block by the Greater Wellington Regional Council. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Estimated occupancy E(φ) (E(psi)) of O. polychroma Clade 1a across each LMU. Error bars are ±1 standard 
error. Points have been staggered along the x-axis to improve clarity of the graph; data from all LMUs was collected 
at the same time. Vertical dashed lines represent the initiation of conservation management activities at the Baring 
Head block by the Greater Wellington Regional Council.  
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Obtaining reliable estimates of Raukawa gecko occupancy and abundance that account for detection 
probability continues to present a problem as seen in the December 2017 detection history data (Tables 
2 and 3). There have been low, and variable, capture rates between monitoring years (Table A1) and 
very low individual detection probabilities of this species in the Baring Head pitfall network (Fig. 7). 
Royle N-mixture modelling for the December 2017 data for this species suggests that they have similar 
abundance to northern grass skinks in the CE, CO and RE LMUs (Table 2), but lower occupancy rates 
(Table 3). Capture rates appear to be too low in the RF and TF LMUs to reliably estimate occupancy or 
abundance, potentially due to very low occupancy and abundance in these areas.  
 

Table 2. Estimated average abundance per pitfall, E(µ), for the December 2017 lizard survey at Baring Head. LMU 
= Land Management Unit (see Figs 1 and 2), SE = standard error, iLMU = number of pitfalls per LMU, CV = coefficient 
of variation, and CI = confidence interval. A CV value of >50% is considered to have an unacceptably low level of 
precision – these values are indicated in red text.  

LMU iLMU E(µ) SE(µ) CV (%) 95% CI(µ) 
O. polychroma Clade 1a 
CE 45 100.00 5.67 5.67 89.49 – 111.75 
CO 41 82.13 13.57 16.52 59.40 – 113.55 
RE 42 133.06 24.97 18.71 92.11 – 192.21 
RF 40 35.96 8.36 23.25 22.80 – 56.72 
TF 41 46.55 8.82 18.95 32.10 – 67.50 
W. maculata 
CE 45 130.56 61.18 46.86 52.11 - 327.11 
CO 41 100.00 38.35 38.35 47.16 - 212.04 
RE 42 119.16 57.01 47.84 46.65 - 304.35 
RF 40 0.002 9.42 471,000 0 - ∞ 
TF 41 27.36 18.05 65.97 7.51 - 99.67 

 
Table 3. Estimated average occupancy E(φ), for the December 2017 lizard survey at Baring Head. LMU = Land 
Management Unit (see Figs 1 and 2), SE = standard error, iLMU = number of pitfalls per LMU, CV = coefficient of 
variation, and CI = confidence interval. A CV value of >50% is considered to have an unacceptably low level of 
precision – these values are indicated in red text. An upper bound of CI(φ) greater than 1.00 is interpreted as 
equalling 1.00, given that it is impossible for more than 100% of the pitfalls to be occupied. Similarly, a lower bound 
of CI less than 0 is interpreted as 0. 

LMU iLMU E(φ) SE(φ) CV (%) 95% CI(φ) 
O. polychroma Clade 1a 
CE 45 0.9219 0.0378 4.10 0.8479 – 0.9959 
CO 41 0.8318 0.0671 8.07 0.7003 – 0.9633 
RE 42 0.9861 0.0154 1.56 0.9559 – 1.0163 
RF 40 0.3246 0.1005 30.96 0.1277 – 0.5215 
TF 41 0.4680 0.0986 21.07 0.2748 – 0.6612 
W. maculata 
CE 45 0.5958 0.1176 19.74 0.3652 - 0.8263 
CO 41 0.4241 0.1212 28.58 0.1865 - 0.6617 
RE 42 0.5344 0.1314 24.59 0.2769 - 0.7919 
RF 40 0.00 0.00 na 0.00 - 0.00 
TF 41 0.0476 0.0464 97.48 -0.0434 - 0.1386 
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Figure 7. Estimated individual detection probability, r (by the Royle (2004) N-mixture model) in pitfall traps by 
survey day during the December 2017 monitoring season. Error bars represent + 1 standard error.  

 

5. Discussion 
 
In summary, northern grass skinks and Raukawa geckos appear to have increased in abundance and 
occupancy between 2012 and 2017. CPUE rates have increased from an average of 0.093 captures of 
skinks per trap-day in 2012-2014 to 0.319 skinks/trap-day for northern grass skink in 2017 (i.e. a 243% 
increase from 9 skinks to 32 skinks per 100 trap-days). Naïve occupancy rates of these skinks in the 
traps has also doubled from 22.10% of traps to 47.85% (an increase of 117%). The increases in abundance 
and distribution suggested by these index measures for northern grass skinks were supported by the 
Royle N-mixture estimates, indicating that these increases reflect a growing population rather than a 
behavioural response affecting detection probability by the pitfall network. CPUE rates increased 
slightly for Raukawa geckos from 0.031 captures per trap day in 2012-2014 to 0.045 in 2017 (i.e. a 45% 
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increase from 3 geckos to 4.5 geckos per 100 trap-days). Naïve occupancy rates of geckos in pitfall traps 
doubled from 6.5% to 11.48% (76% increase). However, low capture rates each year make more robust 
analysis of the six-year population trend of this species difficult. Captures of northern spotted skink 
and copper skink were low in December 2017, as in previous years of monitoring.  
 
Northern grass skink and Raukawa gecko abundance and occupancy appears to differ between the 
LMUs. The RE (river escarpment), CE (coastal escarpment) and CO (coast) LMUs all have higher 
northern grass skink and Raukawa gecko abundances and occupancy, probably as a result of the 
protective habitat types originally present in these LMUs, while the more highly modified terrace farm 
and river flats have poorer habitat values. The similar abundance estimates in December 2017 for both 
of these species suggest comparable abundance within the RE, CE and CO LMUs, but the occupancy 
estimates suggest that gecko abundance is more aggregated than northern grass skinks. This is 
somewhat expected given that Raukawa and other Woodworthia geckos frequently share territories and 
form aggregations in refugia (Hare & Hoare 2015, Todd 2015).  We have previously referred to the 
December 2012-2014 lizard monitoring seasons as a baseline, but the implementation of predator 
trapping and the apparently increasing response in abundance estimates and indices in northern grass 
skinks and Raukawa geckos between 2012 and 2014 suggest that it is probably more appropriate to use 
the trend in lizard population parameters across all years of the lizard monitoring programme for 
inference of the current state of lizard species at Baring Head.  
 
Abundance estimates of northern grass skinks in the RF and RE LMUs were lower in December 2017 
compared to 2014. Roughly half of the RF pitfalls, and all of the RE pitfalls, are in areas that had stock 
exclusion fencing installed in December 2016-February 2017. Another year of monitoring is required to 
determine whether this is a sustained trend, but it is possible that the stock exclusion fencing had a 
negative impact on northern grass skinks in these areas, even with the established pest trapping 
programme. This may be due to the recurring high peaks in the abundance indices of hedgehogs (40-
90% tracking tunnel rates) and mice (20-70% tracking tunnel rates) across Baring Head between 2012 
and 2018 (Uys 2018). In comparison, detection of mustelids and rats across the block is low (<10%; Uys 
2018).  
 
The potential effect of grazer exclusion, and the large coefficients of variation in both abundance and 
occupancy for O. polychroma Clade 1a on the RF (river flats) LMU (Table A1 in the Appendix, and Tables 
2 & 3) probably indicates that, for the purposes of N-mixture modelling, grazer exclusion should be 
explicitly included in future models . This can be achieved by adding in an additional binary covariate 
for grazer exclusion into the models. Alternatively, one or more continuous or ordinal covariates (such 
as canopy cover at 0-0.5 m above ground level, or average vegetation height) could be added to describe 
the likely change in habitat due to grazer removal.  
 
Obtaining precise estimates of occupancy and abundance for Raukawa geckos continues to be 
problematic. Estimated abundance and occupancy is more difficult to model for Raukawa geckos than 
the data from O. polychroma Clade 1a, presumably because of low individual detection probability 
causing low CPUEs in most years. The relatively low CPUE, and the high variation in this index 
between years, is probably due in large part to variation of weather. These geckos are able to climb out 
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of pitfall traps, and sometimes appear to use the traps as an artificial refuge. Therefore the likelihood 
of geckos present in a trap will be sensitive to environmental conditions (temperature, rainfall and 
wind) in the 24-hour time period prior to and during checking the trap. Without being able to examine 
estimates the incorporate variable detection probability, the possibility that the observed relatively 
linear and sustained increase in gecko naïve occupancy is  due to a behavioural response to the length 
of times that the pitfalls have been in the ground and relatively undisturbed cannot be discounted. It is 
suggested that the next report include a concerted attempt to determine whether a reliable approach 
can be found for estimating gecko population parameters that take variable detection probability into 
account. Potential approaches include: (a) comparing a broader range of modelling approaches 
including single and multi-season occupancy modelling and single-season Royle-Nichols 
heterogeneity models (MacKenzie et al. 2002, Royle and Nichols 2003, Royle et al. 2008, Hines et al. 2014) 
and (b) choosing to focus on estimation of population parameters in core gecko habitat (i.e. excluding 
RF and TF LMU data from the analysis). Despite the uncertainty about true gecko abundance and 
occupancy at Baring Head, both estimated abundance (an average of 100–131 geckos in a pitfall’s 
effective trapping area) and occupancy (42-60% of pitfalls) were high and reasonably precise in the RE, 
CE and CO LMUs in December 2017. Therefore it is probably reasonable to assume that these three 
LMUs probably contain high quality habitat for W. maculata (in terms of both structural aspects of the 
habitat and current pest numbers), along with O. polychroma Clade 1a. Capture data was too sparse in 
the RF and TF LMUs to provide precise estimates of abundance and occupancy in these areas, however 
we assume that both values are low for the TF LMU, and close to zero for the RF LMU.   
 
Both northern spotted skinks (O. kokowai) and copper skinks (O. aeneum) remain in low abundance, 
represented each as single animals during the December 2017 monitoring effort. Neither of these 
species have exhibited a measurable response to the habitat management techniques tried thus far at 
Baring Head. This may be because the management has not affected these species, or because their 
densities are too low to detect a response, or because six years is not a sufficiently long period to detect 
a response in the apparently small populations of these species at Baring Head. This is concerning 
because it is thought that these species may be more sensitive to pest mammal predation than O. 
polychroma Clade 1a and W. maculata, even within apparently high-quality habitat (S. Herbert, S. Hartley 
& N. Nelson, unpub. data.). However, a species-specific survey effort for O. kokowai resulted in 
additional animals, some of which were pregnant females, on the RE (river escarpment) LMU - see Bell 
(2018) for the results of this survey and the recommendations within. The O. kokowai population appears 
to be small and restricted to the base of the RE LMU. It should be noted that O. kokowai are later to 
mature and have much lower fecundity than O. polychroma, which may partly explain the consistently 
low numbers recorded of the former species since 2010, despite intensive lizard monitoring and pest 
control; in contrast, O. polychroma Clade 1a and W. maculata may respond faster to positive changes in 
their environment. Past and present O. aeneum sightings have been restricted to the RE and CE LMUs 
(Wiles et al. 2015, Herbert et al. 2014 & 2013, O. Spearpoint & S. Herbert, pers. obs.).  
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6. Recommendations 
 

• Continued lizard population monitoring should be undertaken in December 2019, to confirm 
observed population trends in northern grass skinks and Raukawa geckos since 2012-2017, and 
to detect any change in the abundance and occupancy of northern spotted skinks and copper 
skinks. It is particularly vital to know whether the latter two species are responding to land 
management. 
 

• The effect of grazer exclusion should be modelled explicitly in data collected after February 
2017, by inclusion of a binary spatial covariate (grazed/not grazed) in modelling. Examination 
of the LMU-specific responses of small mammal tracking tunnel indices would help identify 
whether predation pressure on lizards has increased in the RF and RE LMUs that have been 
subject to partial or full grazer exclusion.  
 

• A concerted effort should be made to determine whether estimation of Raukawa gecko 
abundance and/or occupancy across the LMUs is possible or not. This will involve an increased 
amount of analytical work in the next report, as several different approaches to modelling the 
gecko data from all years will need to be trialled.  

 
• A number of recommendations were prepared specifically for the northern spotted skink by 

Bell (2018). The northern spotted skink is the most significant and ‘At Risk’ species present at 
Baring Head, East Harbour Regional Park. Recommended actions in Bell (2018) include 
preparation of a conservation management plan for the species, a species-specific long-term 
population monitoring programme along with enhanced pest management effort at greater 
intensity on the river escarpment LMU, wider surveys for northern spotted skink populations 
elsewhere at Baring Head and Turakirae Head, collection of genetic material from the northern 
spotted skink population at Baring Head, and consideration of the possibility to establish a 
captive insurance population of northern spotted skinks from Baring Head. 
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Appendix – Supplementary information 
 
Table A1. Summary statistics for the December 2017 lizard monitoring season, compared with previous 
monitoring seasons..  Note that N = ‘number of’, OA = Oligosoma aeneum (copper skink), OK = Oligosoma kokowai 
(northern spotted skink), OP = Oligosoma polychroma Clade 1a (northern grass skink), WM = Woodworthia maculata 
(Raukawa gecko) and GW = ground weta.  
Measure Species Dec 2017 Dec 2014 Dec 2013 Dec 2012 – Jan 2013 
N traps  - 209 202 205 206 

N trap-days  - 1,454 1,401 1,432 1,410 
N missing trap-nights  - 9 13 3 32 
N OA captures OA 1 1 4 1 
N OK captures OK 1 1 0 0 
N OP captures OP 464 95 133 166 
N WM captures WM 65 16 94 16 
N GW captures GW 86 1 0 0 
Captures per trap-day OA 0.001 0.001 0.003 0.001 
Captures per trap-day OK 0.001 0.001 0.000 0.000 
Captures per trap-day OP 0.319 0.068 0.093 0.118 
Captures per trap-day WM 0.045 0.016 0.066 0.011 
N occupied traps OA 1 1 4 1 
N occupied traps OK 1 1 0 0 
N occupied traps OP 100 47 29 55 
N occupied traps WM 24 14 15 11 
N occupied traps GW 41 8 16 NA 
Naïve occupancy OA 0.5% 0.5% 2.0% 0.5% 
Naïve occupancy OK 0.5% 0.5% 0% 0% 
Naïve occupancy OP 47.9% 23.4% 14.1% 27.1% 
Naïve occupancy WM 11.5% 7.0% 7.3% 5.4% 
Naïve occupancy GW 19.6% 4.0% 7.8% N/A 
N individuals OA 1 1 4 1 
N individuals OK 1 1 0 0 
N individuals OP 346 90 112 116 
N individuals WM 56 20 77 16 
N individuals GW N/A N/A N/A N/A 
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