Report on Hochstetter’s frog abundance and habitat
surveying for the Windy Hill Rosalie Bay Catchment
Trust, Great Barrier Island

Group of three adult Hochstetter’s frogs, Te Paparahi, Great Barrier Island. Photo: Sabine Melzer.
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Background
EcoGecko Consultants Ltd and Halema Jamieson were contracted by the
Windy Hill Rosalie Bay Catchment Trust to investigate the feasibility of
translocating Hochstetter’s frogs (Leiopelma hochstetteri) from Te Paparahi in
the north of Aotea/Great Barrier Island (GBI) to the Windy Hill Rosalie Bay
Catchment Trust Pest Management Area (hereafter, ‘Windy Hill’) at the southern
end of GBI. This work included preparation of a draft translocation proposal for
feedback from the Department of Conservation (DOC) and the New Zealand
Native Frog Recovery Group (hereafter, the ‘Native Frog RG’).
Hochstetter’s frogs are one of four extant species of frog endemic to New
Zealand. While they are the most widespread and least threatened of the
remaining New Zealand species, their range has become considerably reduced
due to habitat destruction and the introduction of mammalian pests such as rats,
mustelids, goats, pigs and cats that are suspected to predate on frogs and/or
degrade their fragile bush stream habitats (Worthy 1987, Towns and Daugherty
1994, Bishop et al. in prep). In the most recent published New Zealand threat
status rankings for NZ frogs (Newman et al. 2010) Hochstetter’s frog is classified
as an “At Risk” species, as it is considered to be declining in number. The
Hochstetter’s frogs on GBI represent the only island population for this species
and are genetically distinct from mainland populations (Fouquet et al. 2010,
Green 1994).
Ecological restoration and conservation are core objectives of the Windy
Hill-Rosalie Bay Catchment Trust, and the potential re-introduction of
Hochstetter’s frog to Windy Hill form part of an overall ecological restoration
and species re-introduction programme. At Windy Hill, management comprises
of on-going pest animal control including intensive poisoning and/or trapping of
kiore, ship rats, mice, cats and pigs; threatened species management and the
restoration of locally extinct flora and fauna species.
A previous survey of 20 stream sites at Windy Hill in 2010 suggested that
Hochstetter’s frogs are not present at the sanctuary, despite the apparent
presence of suitable habitat (Bell et al. 2010). Previous surveys of GBI have
confirmed the presence of these frogs in the northern and central areas of the
island, but none have been found south of Mt Hobson / Hirakimata suggesting
that these frogs may have become extinct from the southern half of the island
(Newman & Towns 1985, Jamieson 2004, Puig 2009). The status (increasing,
decreasing or stable) of the remaining Hochstetter’s frog populations on GBI is
currently unknown. However, potential threats still exist from feral pigs,
wandering stock, cats and ship rats. In the absence of timely in situ predator
control, translocation of these frogs to a pest managed area offers potential
benefit to the long term security of this species on GBI.
A draft translocation proposal was submitted to DOC and the Native Frog RG
for comment in September 2012. Ngati Rehua were consulted and have
indicated their initial support of a potential translocation pending the
development of a Memorandum of Understanding (MOU) for the project. While
the translocation proposal was not accepted by DOC in its current form it was

deemed that it could be acceptable with the collection and provision of further
information on the current size and viability of the Hochstetter’s frog population
on GBI and robust assessment of the habitat suitability at Windy Hill.
The feedback received was very valuable, with the main points to be
addressed being as follows:


Current uncertainty that the source population will remain viable after
individuals are harvested for translocation needs to be addressed. Robust
data from the source population was not available at the time of the draft
translocation proposal submission, and pre-translocation monitoring of
the source population(s) is required to determine numbers and current
population trend (stable, declining, increasing).



Uncertainty whether the habitat at the release site can support a selfsustaining population of Hochstetter’s frogs. Specifically, information is
lacking on stream stability and flooding, abundance of native predators
and the availability of surrounding habitats for the frogs to move into
during floods at Windy Hill.



A need to set SMART1 operational targets to define the critical steps that
will indicate translocation success, and also define which attributes of the
post-translocated populations need to be measured to indicate whether
these targets have been met.



A need to define a process for deciding whether a supplementary
translocation is necessary (after the initial 70 frogs are translocated).

Here, we report on the major actions required at this stage to assess whether a
translocation of Hochstetter’s frogs to Windy Hill is feasible;
(1) assessment of current numbers and population trend of GBI
Hochstetter’s frogs; and,
(2) assessment of habitat suitability of Windy Hill to support a selfsustaining population of Hochstetter’s frogs.

Methods
Frog abundance and habitat surveys, Te Paparahi
A pilot survey of streams in the Te Paparahi Conservation Area, in the
north of GBI, was carried out between the 26th November and 7th December to
investigate Hochstetter’s frog numbers and habitat requirements. Over ten days,
SMART = Specific, Measurable, Achievable, Result-orientated, Time-bound. A
separate discussion document detailing SMART operational targets for assessing
translocation success and a decision-making framework for supplementary
translocations have been provided to Windy Hill.
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a team of five surveyors (consisting of herpetologists and Windy Hill staff)
established and surveyed fifteen 100 metre transects (100 m transect = 1 ‘site’)
of streambed and banks across five catchments around the Tataweka summit
and Burrill Route areas: A: Aloha Stream, B: Waterfall stream, C; Miner’s Cove
stream, D: Wreck Bay stream, E: Motairehe stream, ranging in altitude between
143 m and 467m. Each transect was marked with flagging tape and the GPS
position of the start and end recorded. Due to accessibility issues and time
constraints, site selection was necessarily opportunistic rather than random.
Search protocol. Hochstetter’s frogs are nocturnal and seek refuge during
the day in damp spaces underneath rocks, logs and leaf litter; in dry weather
they are typically found within and around stream beds and banks although they
can also be found away from streams under bush canopies. Therefore, we used
the daytime search procedures outlined in Bell (1996). Briefly, these methods
involved systematic searching underneath rocks and plant debris within the
streambed, and stream banks for up to 1m above the water level, being careful to
replace searched refugia to the original position (Fig. 1). Surveying was carried
out in an upstream direction. Each section of streambed was searched by two
people; the 100m transect was split into two halves, 0 – 50m and 50 – 100m, and
each searcher searching each half simultaneously, then swapping over to resurvey the other half. To maintain independence of searches, surveyors did not
discuss survey results until after both searches had been completed. All repeat
searches were completed within 20 minutes to 3 hours 9 minutes of each other.
Search times varied between sites depending on the complexity of the habitat
(i.e. stream width and number of refugia available to search). Each surveyor’s
boots and gear were cleaned prior to entering the Te Paparahi area, and boots
were sprayed with TrigeneTM disinfectant between catchments to minimize the
risk of spreading disease.
Frog morphology and microhabitat preference measures. For each frog
seen, we recorded their position in the transect, whether it jumped away when
encountered, and an estimate of body length (snout-to-vent length, or SVL) by
placing a plastic ruler next to the frog. We also took the following measures to
examine frog habitat preferences: refuge type, refuge size, substrate, habitat it
was found in (in the stream, streambed, stream banks, or seepage), stream
condition at the point it was seen, moisture under refuge (dry, damp, wet,
submerged), and the substrate temperature.
Stream habitat & survey-specific measures. The habitat available for frogs
within each 100m transect was profiled, with the following measures and
photographs being taken at the 0 m, 20 m, 40 m, 60 m, 80 m and 100 m marks: a
visual estimate of canopy cover (scored as 1, 2 or 3, with 1 (open canopy): <60%,
2 (partial canopy): 60 – 80%, 3 (closed canopy): 80-100%), stream condition
(presence or absence of: waterfalls, pools, flowing water, no water), stream
substrate (presence or absence of bedrock, boulders, cobbles, gravel 2, soil),
stream bed width, and the canopy, subcanopy and undergrowth plant species
present. Streambed width was converted to an average value for the whole
transect. Canopy cover was converted to an average score for each transect, and
Boulders were defined as rocks larger than basketball size, cobbles as rocks between fist and
basketball size, and gravel smaller than fist size.
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stream condition and stream substrate characteristics were expressed as the
proportion of measuring points that had a particular characteristic (e.g. if
boulders were present at 4/6 of the points, the boulder score for the transect
was 0.67). The same approach was used for each plant species recorded (e.g. if
kanuka was present at 3/6 points, then the kanuka score for the transect was
0.5). We also recorded the surveyor names and measured the number of refugia
searched, wind intensity at the time of survey, rain in the past 24 hours, stream
width, water and air temperature. Stream width was converted to a measure of
how flooded the stream was, by dividing the average stream width by the
average stream bank width.
Habitat profiling at Windy Hill.
Six 100 m sections of stream were profiled between the 5th and 12th of
February 2013. We only selected transects that appeared to be reasonable frog
habitat, with the exception of transect RB1 which was considered marginal. RB1
provided a useful test of our own ability to discriminate between suitable and
unsuitable frog habitat. Habitat data collection at Windy Hill followed the same
procedure as Te Paparahi, but with the additional habitat measures: stream
incline, bank incline, canopy height, presence of supplejack (Rhipogonum
scandens), forest and undergrowth density and the number of debris dams per
100 m. These additional measures provided extra information about forest
maturity and stream stability but are not comparable to this years’ Te Paparahi
habitat data and are therefore not included in the habitat analysis.
Statistical analysis
Re-sighting criteria and frog relative abundance. A re-sight of a frog was
considered to have occurred if the snout-vent length and position of the frog in a
transect matched that of a previous sighting. To account for a small amount of
movement and measurement error, frogs were considered to be the same if the
recorded SVL was within ±5 mm (as in Puig 2009), and if the position was within
±30 cm. When the frog did not move, the size and type of refuge it was found
under was also used to determine re-sight. Apart from frogs jumping away when
disturbed, it is unlikely that they moved far between repeat searches. This is
because Hochstetter’s frogs are sedentary during the daytime, and because of the
short time frame between repeat surveys. In cases where it was not clear if a frog
was re-sighted, we took a conservative approach and called it a re-sight;
therefore the number of frogs present was likely underestimated rather than
overestimated. Relative abundance of frogs is expressed as the number of
individual frogs per 100 m. For the purpose of grouping transects into classes of
frog abundance, we considered transects with more than 25 frogs per 100 m to
have high abundance, transects with 10 to 25 frogs per 100 m to have moderate
abundance, and transects with less than 10 frogs to have low abundance,
following Puig (2009). Transects where no frogs were found were classed
separately as ‘no frogs’, however in reality frogs could be present at low
densities but not detected. We also trialed the application of a simple Chapman

abundance estimator3 (Chapman 1951) for two sampling occasions from each
transect. Relative abundance could not be calculated from transect A1, as this
transect was used to train novice frog surveyors and it was surveyed only once.

Figure 1. (top left) Typical ‘good’ frog habitat at transect A1, (top right) field staff searching a
transect for frogs, (bottom left) juvenile Hochstetter’s frog, (bottom right) photo of adult frog in
the area where it was found, showing how well these frogs are camouflaged. Photos: Sabine
Melzer.

Habitat analysis. Transect A1 was not used in the habitat analysis.
Because our Te Paparahi sample size is small (N = 14), we could not confidently
model frog relative abundance as a series of interacting explanatory factors.
Instead, we chose to identify which habitat variables were correlated with frog
relative abundance in the Te Paparahi transects using Spearman rank

‘Closed’ means no births, deaths, immigrations to, or emigrations from a site. The Chapman
estimator is: Nc = (n1+1)(n2+1)/m2+1-1, where n1 = number of frogs seen during survey 1, n2 =
number of frogs seen during survey 2, m2 = number of re-sighted frogs.
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correlations4. We then used hierarchical cluster analyses to assess whether
values that correlated with relative abundance, ρ > 0.3, > 0.4 and > 0.5 could
adequately group transects by frog abundance and by presence of juvenile frogs.
Using habitat variables with ρ > 0.5 resulted in good grouping, therefore we used
another hierarchical cluster analysis 5 on this set of variables to assess the
similarity (or conversely, dissimilarity) of habitat in Windy Hill transects with
habitat in Te Paparahi transects that contained (1) high, moderate, low and zero
abundances of frogs and (2) juvenile frogs.

Results
Frog abundance and demography
A minimum of 253 individual Hochstetter’s frogs were found during the
survey of 1.5 km of stream habitat over 69.126 person hours of intensive
searching, and an at least 10 additional frogs found during opportunistic
surveying. At least one frog was found at 13 of the 15 sites surveyed, and up to
55 frogs were found per 100 m transect (table 1). Chapman estimates of absolute
abundance per 100 m ranged between 0 and 112, however the standard errors
of these estimates are very large, indicating that the present Chapman estimates
lack precision (table 1).
Frogs of all age classes were seen, ranging from young-of-the-year
measuring as small as 8 mm from snout-to-vent (SVL; the body length of the
frog) to adult female frogs measuring up to 45 mm (fig. 1). Using the age-class
classification of Whitaker and Alspach (1999), 37% of all frogs caught were
considered to be juveniles (year 0-1, SVL < 18mm), 26% sub-adults (year 1-2,
SVL 18-24mm), and 58% adults (year 2+ SVL > 24mm), with 8% of these being
fully mature adult females7 (SVL > 39mm). While adult or sub-adult frogs were
found in all catchments, we only found juvenile frogs in catchments A, B and C
(Fig. 2). Notably, transects in catchments A, B and C were higher in altitude (277
to 477 m above sea level) than those in catchments D and E (136 to 228 m above
sea level), suggesting that higher altitudes could be important for frog breeding
in GBI Hochstetter’s frog populations.

4

The test statistic, the Greek letter rho (), for the Spearman’s test indicates how closely related
two variables are; a value of 0 indicates no relationship, 1 indicates a perfectly correlated
positive relationship and -1 a perfectly correlated negative relationship. Ecological data is
typically ‘messy’, therefore we consider a value of at least  0.3 to be ‘pretty good’.
5 Using the hclust function in R, by which pairs of transects were grouped iteratively by the
degree of dissimilarity between the candidate set of habitat characteristics which is expressed as
Euclidean distance.
6 Total search time minus time taken to measure each frog.
7 It is uncertain what minimum size females need to reach to be sexually mature, but we know
that all frogs above 39 mm represent females, since they typically grow to a larger size than
males.

Table 1. Frog abundance at each site (frogs per 100 m), expressed as the number of individuals
found and as a Chapman estimate of absolute abundance (frogs per 100 m).
Site / transect

No. frogs seen

A1*
A2
A3
A4***
B1
B2
B3
B4
C1
C2**
C3***
D1
D2
E1
E2

33*
41
55
22
30
15
10
0
20
23
4
3
0
1
1

Chapman abundance estimate
(± 1 approx. standard error)
N/A
50 (91.9)
112 (252.7)
40 (59.5)
50 (90.3)
38 (51.0)
15 (17.9)
0 (0)
64 (92.6)
55 (59.2)
7 (6.9)
3 (0)
0 (0)
1 (0)
1 (0)

* Since A1 was only surveyed once this season, this value is added for completeness but shouldn’t be
compared to the other values.
** 20 m of this transect wasn’t searchable due to a large waterfall, therefore the values presented here
have been adjusted to frogs per 100 m. 18 frogs were found in this transect.
***Both these transects were searched during the second day of continuous rainfall, meaning that these
may be underestimates of numbers, since Hochstetter’s frogs tend to move out of streams during rainy
periods.

Figure 2. Body size (snout-vent length, SVL) in mm of all Hochstetter’s frogs found during the
November-December 2012 Te Paparahi survey.

Figure 3. Number of juvenile, sub-adult, adult and adult female frogs found at each site. Size
classes are after Whitaker and Alspach (1999).

Survey specific effects on number of frogs encountered
The number of frogs found appeared to decrease with increasing wind (
= -0.51). The number of frogs found per transect was not strongly related to the
degree of flooding ( = 0.27).
Frog use of habitat in Te Paparahi and comparison with Windy Hill
The vast majority of frogs (96%) were found sheltering under rocks
(range of recorded sizes: 7 to 55 cm maximum diameter), with only 6 frogs being
found under leaf litter, dead nikau fronds or logs. Generally, a wet substrate
under refugia was preferred (78.4% of frogs), with some frogs being entirely or
partially submerged in water (6.7%). Both adult and juvenile frogs were found
under rocks as small as between 7 and 10 cm in diameter 8. Most (91.5%) frogs
were found in the streambed or in the stream itself, with a further 6% being
found on the stream banks, and 3% in seepages.
We considered factors that explained more than 50% of the variation in
frogs per 100m to be important. An initial exploration of the relationship
The maximum rock size that a frog was found under was 55 cm, however this is more an
indication of the size of rock that could be lifted by searchers rather than frog preference.
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between stream and forest habitat variables and the number of frogs found
suggested that the number of frogs found in a transect increased with more
frequent presence of waterfalls, boulders, the shrub seven finger Scheffleria
digitata and small tree kanono Coprosma grandifolia in both the subcanopy and
undergrowth (as a seedling), and the tree fern Cyathea smithii (Table 2). The full
list of correlations is in Appendix 1.
Using only those habitat variables that were more than 50% correlated
with frog relative abundance, we get a reasonably good grouping of frog
abundance and presence of juvenile frogs (Fig. 4). However, the grouping is not
perfect, as ideally transects A3 and A4 should be more closely grouped with the
other transects with moderate to high frog abundance. Windy Hill transects were
grouped closest to Te Paparahi transects that contained low (< 10 frogs per 100
m) or zero relative abundances of frogs, and also closest to Te Paparahi transects
where no juvenile were found.
Table 2. Habitat variables with Spearman’s rank correlation test9  > 0.5.

Category
Stream

Variable
Waterfall

Sediment
Gravel
Mud
Boulders
Canopy /
Seven finger, Schefflera digitata
subcanopy
Kanono, Coprosma grandifolia
Cyathea smithii
Taraire, Beilschemedia taraire
Kanuka, Kunzea ericoides
Undergrowth Seven finger, S. digitata, undergrowth
Taraire, B. taraire, seedling
Kanono, C. grandifolia

Spearman’s 
0.69
-0.68
-0.65
-0.62
0.58
0.77
0.69
0.59
-0.58
-0.55
0.75
-0.63
0.65

The test statistic, , for the Spearman’s test indicates how closely related two variables are; a
value of 0 indicates no relationship, 1 indicates a perfectly correlated positive relationship and -1
a perfectly correlated negative relationship. In this instance, we consider a value of at least  0.4
to indicate a moderate correlation.
9

Figure 4. Dendrogram of hierarchical cluster analysis of Te Paparahi transects surveyed for Hochstetter’s frogs by the 13 habitat variables that captured more than
50% of the variation in relative frog abundance. In the left-hand graph, each transect is labeled by its name and relative abundance of Hochstetter’s frogs, following
Puig (2009); high > 25 frogs per 100m, moderate = 10-25 frogs per 100m, low < 10 frogs per 100m and none = no frogs found during the transect search. In the righthand graph, each transect is labeled by the presence or absence of juvenile frogs (frogs with SVL < 18 mm).

Figure 5. Dendrogram of hierarchical cluster analysis of Te Paparahi and Windy Hill transects surveyed for Hochstetter’s frogs using the same 13 habitat variables as in
Fig. 4. In the left-hand graph, each transect is labeled by its name and relative abundance of Hochstetter’s frogs, following Puig (2009); high > 25 frogs per 100m,
moderate = 10-25 frogs per 100m, low < 10 frogs per 100m and none = no frogs found during the transect search. In the right-hand graph, each transect is labeled by
the presence or absence of juvenile frogs (frogs with SVL < 18 mm) and Windy Hill transects are labeled as ‘WH’.

Conclusions
Our recent survey of Te Paparahi indicates that Hochstetter’s frogs
appear to still be abundant in parts of Te Paparahi, with high relative
abundances (defined as > 25 frogs / 100 m, after Puig 2009) being found in
transects A1, A2, A3 and B1. We were able to confirm the continued presence of
Hochstetter’s frogs in the headwaters of Aloha, Waterfall, Miner’s Cove and
Motairehe streams. In the cases of Waterfall stream and in transects A2, A3, A4
(Aloha) and C1 and C2 (Miner’s Cove), the last recorded sighting of Hochstetter’s
was during Newman and Towns’ survey in 1985. The frogs found in transect D2
represent a new record for Te Paparahi as there are no previous sightings from
that catchment. The last survey of the Aloha (30 m surveyed, same location as
transect A1) and Motairehe (same location as E1 and E2 but 460 m surveyed)
headwaters was in 2009; at that time, streams were searched by 2-3 people at
once (i.e. not double-surveyed), and relative abundances of 70 and 3 frogs per
100 m were recorded, respectively (Puig 2009). Our relative abundances were
lower in both cases, 33 frogs per 100 m for A1, 22 – 55 frogs per 100 m for A2A4, and 1 frog per 100 m for both transects E1 and E2 in the Motairehe stream
headwaters. This was surprising since we used a double-observer method which
would be expected to yield more frogs. These previous surveys were however
conducted at a different time of the year, which may have influenced frog
detection probability.
We found 253 individual frogs during the survey of 1.5 km of stream
habitat, which represents about 1/20th of the total stream habitat in which
Hochstetter’s frogs have been recorded in Te Paparahi. Because of the cryptic
nature of Hochstetter’s frogs, typically surveyors do not see all the frogs present
at a site, therefore counts of frog numbers are usually an underestimation; in our
case the Chapman estimates of true abundance suggest that between 31% and
100% of the actual number of frogs in a transect were seen during the survey
period (although we criticize the quality of these estimates later in this report).
Using a rough calculation (253 × 20), this suggests that there could be at
least 5,060 frogs across Te Paparahi assuming that the variation in their density
in our sample is a good approximation of variation across Te Paparahi. This
suggests that the population could handle a harvest of 70 frogs for translocation.
Ideally, frogs would be harvested from across at least three catchments, in
proportion to their relative abundance to ensure the source populations are not
overharvested. Harvesting frogs across different catchments would also assist in
obtaining a genetically diverse founder population. We suggest that catchments
A, B and C are suitable for harvesting frogs, with a minimum number of frogs
known alive of 151, 55 and 42, respectively. Juvenile and subadult frogs are
present at these three sites, indicating that frogs are breeding in these areas thus
would be able to eventually replace any losses. Whether the population will be
able to sustain the loss of 70 frogs remains to be seen; to judge this we would
need to instigate a longer-term monitoring programme to estimate the trend in
frog abundance over time (i.e. we can only justify harvesting from a stable or
increasing population). The frog relative abundance data collected from
November 2012 was collected in a rigorous manner, so can serve as a baseline
for comparison with subsequent years.

Our estimates of relative abundance (individual frogs per 100 m) can be
considered to be relatively good since (1) we used repeated sampling to count
individual frogs (thus the abundances recorded are probably less biased by
observer effect and closer to the true abundance than single-survey estimates),
and (2) relative abundance of Hochstetter’s frogs are typically expressed as frogs
per 100 m therefore using 100 m transects allows us to gain a more precise
estimate since we capture the actual variation in abundance over 100 m.
However, estimation of true abundance is worth considering since all indexbased methods, such as our frog relative abundance, are subject to bias. We
trialed a Chapman estimator for the rough estimation of the true abundance of
frogs from two surveys of each site, however while the estimates appeared to be
reasonable, they had very high errors. This suggests our estimates are very
imprecise (table 1). To get a more robust estimate of true frog abundance, we
would need to use mark-recapture methods, which usually require at least four
repeat surveys. Feedback from Tony Beauchamp (DOC, Native Frog RG), suggests
that the natural markings of Hochstetter’s frogs could be used to identify
individuals over a longer time-frame.
We did not find juvenile frogs at altitudes lower than 250 m above sea
level (asl). This was of concern since the highest point within the Windy Hill
Sanctuary is 361 m asl. However, in Te Paparahi, the lower altitude transects
were typically in more disturbed and sediment laden streams than those at the
higher altitudes; therefore this result could have been a function of habitat
quality across the transects, rather than altitude per se. Juvenile Hochstetter’s
frogs have been found as low as 40.5 m asl in other surveys in the Waitakere
Ranges and Te Paparahi (table 3). While the possibility of juvenile frogs being
washed downstream from higher altitudes cannot be ruled out, presence of
juveniles at low altitudes may indicate that breeding populations can exist below
250 m asl. Therefore, the lower altitudinal range found at Windy Hill Sanctuary
may not be a barrier for population establishment.
We identified several habitat characteristics that were at least moderately
correlated with Hochstetter’s frog abundance in Te Paparahi; namely, that
Hochstetter’s frogs appear to be more abundant in streams with a lot of
waterfalls and boulders, and not as abundant in streams that have more
sedimentation, have finer substrates (namely, gravel and soil/mud), or a kanukadominant canopy. The habitat variables kanuka, sedimentation and soil
substrate probably indicate current or past habitat degradation, and were
positively correlated with each other and with the presence of bank erosion (all
Spearman’s  > 0.53). These variables of interest are similar to that from habitat
research done in the Waitakere Ranges by Najera-Hillman et al. (2009), where it
was found that Hochstetter’s frogs preferred non-silted steeply sloping streams
with coarse substrates (i.e. boulders and cobbles) surrounded by mature forest.
The moderate to high correlation of other plant species (taraire, seven finger, C.
smithii and kanono) with frog abundance is less clear and is discussed in the
following paragraph.

Table 3. List of Hochstetter’s frog surveys that include survey locations lower than 200 m above sea level.

Location

Altitudinal
range
surveyed
(m asl)

Altitudinal
range of
frogs (m
asl)

Search
effort
(person
hours)

Total number
of individual
frogs recorded

Lowest altitude
juvenile frogs found
(m asl)

Source

143 – 477

Juvenile
(<18mm)
frogs
below 200
m asl?
No

Te
Paparahi,
Great
Barrier
Island
Te
Paparahi,
Great
Barrier
Island
Waitakere
Ranges
Waitakere
Ranges

143 – 477

69.12

253

288 m asl

This study

23 – 468

23 – 468

Yes

35.7 +

63

40.5 m asl

Puig 2009

20 – 313

31 – 313

Yes

177.1

184

61 m asl

Puig 2009

16 – c. 320

40 to 320

No

c. 600

241

c. 210-220 m asl

Najera-Hillman
2009

The comparison of habitat similarity between Te Paparahi and Windy Hill
transects suggests that while all Windy Hill transects, with the exception of RB1,
could support Hochstetter’s frogs, it appears that the habitat is not sufficient to
support moderate to high abundance of frogs. The dissimilarity from Te Paparahi
transects where juvenile frogs were encountered, which presumably indicates
within-site recruitment, suggests that none of the Windy Hill transects is
sufficient for frogs to breed in. However, we know that frog relative abundance
and presence of juvenile frogs decreased with altitude, as did dominance of
kanono and C. smithii. Indeed, presence of C. smithii was only noted in catchment
A, so it is unlikely to be an important driving factor of frog abundance.
Conversely, dominance of taraire in the canopy increased with decreasing
altitude. It is thus unclear whether these habitat elements are important for
determining the effect of frog abundance, or whether they are simply an artifact
associated with the effect of altitude and/or the catchments we chose for survey.
Survey of more frog populations and habitat characteristics at lower altitude
sites across Te Paparahi should help resolve this problem. We are reasonably
confident that the habitat characteristics did an adequate job of grouping the Te
Paparahi transects by frog abundance since transects from within the same
catchment are not necessarily grouped together. It was not surprising that
transect C3 is grouped with transects with ‘high’ and ‘moderate’ frog relative
abundance (fig. 5), since abundance was likely underestimated in this transect
given it was surveyed in heavy rain (along with A4), which has been shown to
negatively affect detection probability of frogs (Whitaker and Alspach 1999).
While the sorting by our final selection of a set of habitat characteristics seemed
reasonable, it is imperfect. This could indicate that the variables we collected
were not sufficient to fully explain Hochstetter’s frog habitat preferences, or that
Hochstetter’s frogs are not overly specialized in their habitat preference within
the range of native forest stream habitats available (i.e. they can persist in a
range of forest stream habitat types).
In summary, Hochstetter’s frogs appear to be numerous enough within Te
Paparahi to act as a source population. Further, we were able to confirm that
juvenile and adult Hochstetter’s frogs are present at lower altitudes in Te
Paparahi that are similar to the altitudinal range at Windy Hill Sanctuary.
However, the habitat analysis suggests that while transects within Windy Hill are
suitable for persistence of Hochstetter’s frogs at low densities, it is dissimilar
from habitats in Te Paparahi that support frogs in moderate to high relative
abundances and juvenile frogs. This, however, may be confounded by an
apparent altitudinal effect in both the occurrence of certain plant species and
frog abundance. We recommend the survey of relative frog abundance and
habitat in sections of Te Paparahi that are less than 200 m asl in elevation to
solve this problem. At this stage we do not feel that the evidence collected is
strong enough to merit Windy Hill as a high quality release site for a
conservation translocation of Hochstetter’s frogs, therefore we have decided to
take a conservative approach and not proceed further with the translocation
proposal at this stage. Because this action is strongly evidence-based, it
contributes towards the intelligent prioritization of the Windy Hill Sanctuaries’
resources for continued conservation gains.

If translocation is not a viable option, then the conservation of this species
on Great Barrier Island will need to remain in situ. If this is the case, we strongly
recommend (1) sustained long-term monitoring of Hochstetter’s frog abundance
in Te Paparahi to determine population trends in the presence of the current
suite of mammalian pests, and if a declining trend is observed during monitoring,
then (2) control or eradication of mammalian pests (including rats and mice)
from Te Paparahi should be undertaken. This is because Te Paparahi forms the
current stronghold of this species on Great Barrier Island. Through our work, we
successfully piloted a repeatable and systematic method that enabled the
relative abundance of these frogs to be monitored in Te Paparahi. This work (a)
improved our understanding of the habitat requirements of this species on Great
Barrier Island, (b) informed decisions about frog management, and (c)
established transects and a baseline relative abundance by which data collected
in subsequent years can be compared over time. While we did not get the
preferred result (strong support for a translocation to Windy Hill), we feel that it
has been a very valuable study. The frogs currently appear to persist in
reasonable numbers in at Te Paparahi, suggesting that if a monitoring
programme is continued, the population status of the frogs over time can be
assessed, allowing for decision making on conservation management
requirements for the frogs.
Recommendations
Sustained source population monitoring


Long-term monitoring of frog populations at the 15 transects established
at Te Paparahi will be needed to assess population trends over time (i.e.
whether the frog population is stable, declining, or increasing). Due to the
reasonable numbers of frogs found in Aloha, Waterfall and Miner’s Cove
stream transects, we believe that an open population capture-markrecapture estimate of absolute frog abundance should be possible for
some transects. If long-term monitoring is to be carried out, then a markrecapture study of frog abundance should be used at four or more of the
sites per sampling year. A modification of the current DOC survey permit
to handle and photograph frogs would need to be sought. At least three
repeat sampling years would be needed to gain data on population trend.
While a closed population abundance estimator would provide a better
estimate of abundance, we do not recommend its use since we would be
required to do at least three repeat surveys per site within a short time
period per monitoring year, which we believe would be too damaging to
the habitat.



Due to the fragility of the streambed habitats and the apparent negative
effect of bank disturbance on frog numbers, we recommend that
monitoring sessions be carried out at least two years apart to allow the
habitats to recover from disturbance caused to the habitat by surveyors
lifting rocks and walking around.



We also recommend that surveys be carried out only on dry days for a
number of reasons; (a) frogs were observed to be less active on dry days

thus identification of individuals by position, measuring and capture will
be easier, (b) surveyors are more sure-footed leading to a lower level of
habitat disturbance, and (c) frogs are expected to be more likely to use
stream areas during dry periods (T. Beauchamp pers. comm.). We also
note that surveyor safety and search quality are compromised on very
rainy days. Whitaker and Alspach (1999) found a strong negative
correlation between rain (on the day and previous day) and the number
of frogs found. We recommend that rainfall should be measured at the
survey site each day of the surveys, as the other weather covariates we
recorded seemed too coarse-scale to pick up on day-to-day changes of
frog abundance.
Closing the outstanding habitat uncertainties


Analysis of long-term temperature data from data loggers put out at
Windy Hill (Big Windy and Waterfall Gully streams) and Te Paparahi
(Aloha and Miner’s Cove Streams) to determine if the streams at Windy
Hill are cool enough for Hochstetter’s frog populations to persist and
breed.



Collection of frog abundance, age structure and habitat quality data from
stream sections below 200 m asl within Te Paparahi (for example, the
bottom of the Miner’s Cove catchment which is accessible by boat). This is
likely to be necessary in order to tease out whether frog abundance in the
habitat analysis is a true reflection of the effect of the chosen set of habitat
variables on frog relative abundance, or whether it is confounded by colinearity between the apparent response of some of the habitat variables
and frog relative abundance to changes in altitude.
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Appendix 1. Table of habitat variables collected from Te Paparahi transects
and their correlation (Spearman’s ρ) with relative abundance of
Hochstetter’s frogs
Category
Stream

Canopy /
sub canopy

Undergrowth

Habitat variable
Sediment
Average canopy cover
Stream bed width
Waterfall
Fast flowing water
Pool
No water
Slow flowing water
Cobbles
Boulders
Rock sheet
Gravel
Mud
Pig
Erosion
Taraire, Beilschmiedia tarairi
Tawa, Beilschmiedia tawa
Pukatea, Laurelia novae-zelandiae
Northern rata, Metrosideros robusta
Puriri, Vitex lucens
Rewarewa, Knightia excelsa
Kanuka, Kunzea ericoides
Matai, Prumnopitys taxifolia
Kohekohe, Dysoxylum spectabile
Mahoe, Melicytus ramiflorus
Kanono, Coprosma grandifolia
Lancewood, Pseudopanax crassifolius
Tree fuschia, Fuchsia excortica
Wineberry, Aristotelia serrata
Seven finger, Schefflera digitata
Rangiora, Brachyglottis repanda
Whe, Cyathea smithii
Mamaku, Cyathea medullaris
Supplejack, Rhipogonum scandens
Climbing rata, Metrosideros sp.
Nikau, Rhopalostylis sapida
Silver fern, Cyathea dealbata
Gully fern, Pneumatopteris sp.
Hen & chicken fern, Asplenium bulbiferum
Hound’s tongue fern, Microsorum pustulatum
Asplenuim sp.

Spearman’s p
-0.68309488
0.13454132
0.19404737
0.68805475
-0.29207693
-0.12983692
-0.06610911
-0.28669588
-0.36803197
0.5836419
0.09267673
-0.64533994
-0.6235483
0
-0.39353177
-0.58190549
0.1026892
0.20709012
-0.02268499
-0.39357081
-0.36152615
-0.55463187
-0.41418024
-0.20117631
0.05164029
0.69100949
-0.27612016
-0.12914338
-0.41418024
0.7679587
0.39140484
0.58637929
-0.40643787
0.20321893
-0.4052336
0.45615513
-0.25126994
-0.10434085
0.08087631
-0.27612016
0.02540237

Kiokio, Blechnum novae-zelandiae
Filmy ferns, Hymenophyllum spp.
Silver fern, Cyathea dealbata
Maindenhair fern, Adiantum sp.
Blechnum filiforme
Unidentified fern species
Bush rice grass, Microlaena avenacea
Hookgrass, Uncinia spp.
Bush ladder grass, Oplismenus hirtellus
Carex sp.
Kanono seedling, Coprosma grandifolia
Nikau seedings, Rhopalostylis sapida
Tree fuschia, Fuchsia excortica
Rewarewa, Knightia excelsa
Lancewood, Pseudopanax crassifolius
Mahoe seedling, Melicytus ramiflorus
Lacebark seedling, Hoheria populnea
Wineberry, Aristotelia serrata
Tairaire seedling, Beilschmiedia tarairi
Coastal maire seedling, Nestegis apetala
Kohekohe.seedlings, Dysoxylum spectabile
Hangehange, Geniostoma rupestre
Pigeonwood, Hedycarya arborea
Seven finger, Schefflera digitata
Unidentified Coprosma spp.
Coprosma rhamnoides
Coprosma spathulata
Rangiora, Brachyglottis repanda
Red mapou, Myrsine australis
Olearia sp.
Kiekie, Freycinetia banksii
Supplejack, Rhipogonum scandens

-0.04612264
0.29514883
-0.4052336
-0.27612016
0.45850056
0.33680361
-0.47746352
-0.3223615
-0.27612016
0.25402367
0.65176604
-0.18984334
0.44869526
0
-0.27612016
0.05697259
0.1949689
-0.03451502
-0.62823635
-0.27612016
-0.33515782
-0.30986279
0.02364105
0.75396216
-0.10354506
-0.27612016
-0.2876435
0.20615737
-0.27612016
0.44869526
0.16093153
-0.40643787

