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SUMMARY  
 
In New Zealand, invasive non-native mammals threaten the survival of native species such as the 
North Island brown kiwi (Apteryx mantelli). At Whangarei Heads, in northern New Zealand, 
community groups are working with local and national government agencies to protect kiwi 
populations. The abundance of kiwi there has been monitored since 2001 using annual counts of calls. 
Trapping of invasive mammals began in 2002, and their relative abundance is assessed from annual 
capture rates. Capture rates of stoats (Mustela erminea), weasels (M. nivalis), cats (Felis catus), rats 
(Rattus spp.) and possums (Trichosurus vulpecula) have declined significantly since trapping began, 
suggesting their abundance has been suppressed. Ferrets (Mustela furo) were already scarce when 
trapping began, and have been reduced to undetectable levels in most years. Numbers of hedgehogs 
(Erinaceus europaeus) have shown little response to trapping. Kiwi populations were apparently in 
decline before pest control began, but have since increased. Kiwi call rates in 2011 were the highest so 
far recorded at Whangarei Heads. Stoats are considered one of the main threats to kiwi, and our data 
suggest that kiwi numbers remain low unless stoat abundance is reduced below a catch per unit effort 
threshold of ~0.1 stoat per trap per year. 
 
BACKGROUND 
 
Invasive non-native mammals (here termed 
‘pests’) have deleteriously impacted many of 
New Zealand’s endemic plants and animals 
(Simberloff 2010), including the endangered 
North Island brown kiwi (Apteryx mantelli) 
(McLennan et al. 1996). While vertebrate pest 
control is often carried out by government 
agencies on public conservation estate, many 
of the remaining populations of kiwi occur on 
privately owned land. However, community 
groups are increasingly taking responsibility 
for conserving and restoring threatened 
biodiversity in New Zealand (e.g. Ogden & 
Gilbert 2009, McClelland et al. 2011, Shaw et 
al. 2011). The Whangarei Heads Landcare 
Forum (WHLF) - a partnership between 
several      community     groups,      Northland 

 
 
Regional  Council and the New Zealand 
Department of Conservation - controls a range 
of pests on public and private land to protect 
kiwi and other native biodiversity. The 
primary rationale for community  engagement  
is that they literally have kiwi in their 
backyards. Efforts for the past decade have 
focused on ensuring people know this, that 
they understand how special that is, and what 
they can do to ensure their grandchildren still 
have kiwi in their backyards. An engaging web 
site (www.backyardkiwi.org.nz) provides 
information on the importance of pest control 
to protect kiwi, as well as other background 
information. The WHLF also organises an 
annual kiwi listening night, giving members of 
the public an opportunity to hear kiwi in their 
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local area. Through such measures, volunteers 
are recruited from the local community for the 
annual kiwi call count. Pest trapping and 
public liaison are conducted by the Project 
Manager  (T. Hamilton) with  support  from 
funding organisations and public donations. In 
addition to pest control, the WHLF monitors 
the abundance of pests and kiwi. We used 
these data to investigate whether (1) trapping 
has reduced the abundance of targeted pests at 
Whangarei Heads and (2) kiwi populations 
have responded to pest control. 
 
 
ACTION 
 
Whangarei Heads is a peninsula around 150 
km NNW of Auckland, North Island, New 
Zealand (35° 48’ S, 174° 31’ E). The area of 
~6000 ha has various land uses including 
livestock grazing, small rural holdings and 
coastal settlements. At the extremity of the 
peninsula is a publicly-owned conservation 
reserve. Despite habitat clearance and 
residential development, Whangarei Heads 
retains significant native biodiversity, 
including indigenous forest remnants and 
populations of endangered North Island brown 
kiwi, but this is threatened by invasive plants 
and animals. Of particular concern for kiwi 
conservation are invasive non-native 
mammalian predators. 
 
Pest populations: Trapping of invasive 
mammals began in October 2002. Stoats 
(Mustela erminea), weasels (M. nivalis), 
ferrets (M. furo), rats (Rattus rattus and R. 
norvegicus) and hedgehogs (Erinaceus 
europaeus) are trapped in kill-traps, 
comprising Mark 6 Fenn traps (FHT Works, 
Redditch, England), DOC 200 and DOC 250 
traps (Department of Conservation, 
Wellington, NZ). These are permanently set in 
plastic tunnels or wooden boxes to exclude 
non-target species, baited with salted rabbit 
(Oryctolagus cuniculus) or possum 
(Trichosurus vulpecula) meat, and checked 
once each month. Feral cats (Felis catus) and 
possums are captured using SA Conibear-type 
kill traps (Steve Allan, Northland, NZ) baited 
with a variety of lures such as peanut butter, 
cat biscuits and minced rabbit. Occasionally 
where stray or feral cats are reported 
frequenting a particular area, small numbers of 
cage traps are deployed. These are checked 
daily and captured animals are checked to 
ensure that they are not owned (no collar or 
microchip) before being humanely dispatched. 
The number of traps used increased gradually 
from about  200 in  2002 to  300  in 2011.  We  
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Figure 1. Annual capture rates of invasive 
mammals at Whangarei Heads, Northland, New 
Zealand: (a) ferrets (Mustela furo), stoats (M. 
erminea) and weasels (M. nivalis); (b) hedgehogs 
(Erinaceus europaeus), rats (Rattus spp.), cats 
(Felis catus) and possums (Trichosurus vulpecula) 
 
 
therefore use annual catch per unit effort 
(CPUE) as an index of pest abundance. This 
was calculated as the number of captures 
divided by the number of traps deployed in 
any given year. Although some possums were 
trapped in the first two years, their numbers 
were not recorded consistently until 2005 
(Hamilton 2005). We therefore used 2005 as 
the start year for our analysis of possum 
captures.  
 
To determine whether differences in capture 
rates between the first and last year of trapping 
were statistically significant, we calculated the 
capture rate ratio and associated 95% 
confidence intervals (Kirkwood & Sterne 
1988). A rate ratio > 1 indicates an increase in 
CPUE, while < 1 indicates a decrease. Where 
the 95% confidence interval does not overlap 
1, we infer a statistically significant difference.  
 
Kiwi populations: Monitoring of kiwi 
populations has taken place annually since 
2001, the year before pest control began. 
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Figure 2. Rate ratios < 1 show that capture rates of most pest species at Whangarei 
Heads have fallen since trapping began. Where the 95% confidence interval (CI) 
does not overlap 1, the reduction in capture rate is statistically significant.  

 
Experienced volunteers record the number of 
kiwi calls heard per hour at 12 listening 
stations across Whangarei Heads. Although 
more listening stations have been established 
over time, for consistency we have restricted 
our comparisons to the original 12 stations. 
Call rates are recorded over 8 hours (four 2-
hour periods commencing at dusk on separate 
nights) by one or two observers at each 
listening station. Call counts are conducted in 
May-June during the kiwi breeding season, 
coinciding with the dark phase of the moon. 
The number of calls recorded per hour is used 
as an index of kiwi abundance (BNZ Save the 
Kiwi Trust 2012). We used abundance 
indices from consecutive years to estimate the 
population’s exponential rate of change over 
each 12-month period, using the formula r = 
ln(nt) – ln(nt-1), where r = exponential rate of 
change, nt = abundance at time t, and nt-1 = 
abundance in the preceding year. Positive 
values of r indicate population growth, 
negative values indicate decline, and a value 
of zero denotes a stable population (Caughley 
1977). Since stoats are considered a severe 
threat to kiwi populations (McLennan et al. 
2004), we plotted the relationship between 
stoat CPUE and kiwi call rates, which we 
interpret visually. 
 
 
CONSEQUENCES 
 
Pest populations: Capture rates of stoats and 
weasels declined rapidly following the first 
year of trapping and have remained 
substantially lower than starting levels (Fig. 
1a). Ferrets were already scarce before 

trapping began. No ferrets had been recorded 
since 2004/05 until a single individual was 
trapped in 2010/11 (Fig. 1a). Capture rates of 
possums, rats and cats have decreased since 
trapping began, while capture rates of 
hedgehogs have remained relatively constant 
(Fig. 1b). 
 
Capture rate ratios less than 1 confirm that 
reductions in CPUE between the first and last 
year of trapping were statistically significant 
for all pest species except ferrets (for which 
there were too few captures for analysis) and 
hedgehogs (Fig. 2). 
 
The effectiveness of the trapping programme 
is further illustrated by the fact that recent 
stoat captures have occurred mainly on the 
landward side of the peninsula (T. Hamilton, 
unpublished data). This is likely due to 
reinvasion from adjacent areas, rather than 
the continued presence of large numbers of 
stoats on the peninsula itself. This is 
important because, of all the invasive 
mammals being controlled at Whangarei 
Heads, stoats are likely to present the greatest 
threat to kiwi populations (McLennan et al. 
2004). 
 
Kiwi populations: Mean indices of kiwi 
abundance declined from 3.6 calls per hour in 
2001 to a low of 2.7 calls per hour in 2007 
(Fig. 3). However, call rates have since 
recovered, reaching a peak of 5.6 calls per 
hour in 2011. The population’s estimated 
exponential rate of change (Fig. 4) has been 
positive (indicating population growth) or 
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Figure 3. Mean kiwi abundance (with 95% confidence intervals) as indexed 
by hourly call rates at 12 listening stations on Whangarei Heads. 
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Figure 4. Annual exponential rate of change (r) of the kiwi population at 
Whangarei Heads. The population was in decline (r < 0) during the first year 
of monitoring, but has since stabilised and begun to increase (r  > 0). 
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Figure 5. When stoats at Whangarei Heads are relatively abundant, kiwi call 
rates are consistently around 3 per hour. At lower stoat densities (catch per 
unit effort < ~0.1 stoat per trap per yr), kiwi call rates range from 3.8 to 5.6 
per hour. 
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close to zero (indicating a stable population) 
for the four years since 2008.  
 
Predator - prey relationships: Visual 
interpretation of our data suggests a strong 
negative relationship between the abundances 
of kiwi and stoats (Fig. 5). The relationship is 
not linear, but suggests that kiwi numbers 
remain low unless stoat abundance is reduced 
below a certain threshold (CPUE < ~0.1 stoat 
per trap per year). Similarly, fledging success 
of endangered kokako (Callaeas cinerea) 
increased dramatically when abundances of 
invasive possums and rats were reduced 
below critical thresholds (Innes et al. 1999). 
 
Conclusions: Kiwi populations at Whangarei 
Heads were apparently in decline before pest 
control commenced in 2002, but have 
increased substantially in recent years. Some 
caution is required in interpreting our results 
as only one year’s data are available before 
pest control began. In addition, without data 
from a non-treatment site for comparison, we 
cannot say with certainty that the observed 
changes were caused by trapping. However, 
the relationship between stoat and kiwi 
abundance is consistent with expectations 
that stoat control aids kiwi recovery 
(McLennan et al. 2004). At relatively high 
stoat abundances, kiwi call rates are 
consistently about 3 per hour. When stoat 
abundance is low, kiwi call rates are more 
variable, but can approach 6 per hour. This 
pattern suggests that stoat abundance must be 
below a critical threshold in order for kiwi 
populations to recover. Additional years of 
trapping and monitoring are required to 
confirm this pattern, but the results from the 
first decade suggest that community-led pest 
control has reversed the trend of the kiwi 
population at Whangarei Heads from one of 
decline to one of strong growth. Because kiwi 
do not commence calling until they reach 
maturity, there is a lag of approximately 2 
years before increased survival of kiwi chicks 
leads to increases in call rates. This may help 
to explain why call rates did not increase for 
some years after trapping began, and also 
gives cause for optimism that further 
increases in call rates can be expected as 
recently fledged chicks reach maturity. 
 
Pest control and monitoring at Whangarei 
Heads are continuing. The success of the 
project relies on the ability of the WHLF to 
continue to secure funding for a professional 
trapper, as well as engagement, training and 
commitment of local volunteers. In addition, 
the WHLF runs a public outreach campaign 

encouraging dog owners to keep their animals 
restrained to prevent predation on kiwi. 
Unlike smaller predators such as stoats, dogs 
kill both adult and juvenile kiwi, posing an 
even greater threat to kiwi populations. With 
continued control of invasive mammals, and 
effective restraint of dogs, there is potential 
for kiwi populations to grow considerably. 
For example, elsewhere in Northland where 
stoats and other pests are controlled to low 
levels, even higher kiwi call rates have been 
recorded (Blunden 2009). The success of 
these operations illustrates the importance of 
community-led conservation in New Zealand. 
Such initiatives achieve important 
conservation benefits on privately owned 
land outside the jurisdiction of government 
conservation agencies. As well as the benefits 
to kiwi reported here, pest control is likely to 
benefit other native species and ecological 
processes. Organisations such as the WHLF 
also play an important role in raising 
community awareness and engaging the 
public in active conservation. Community-led 
pest control is therefore an important addition 
to similar measures conducted by government 
agencies on public land. 
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