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Abstract.  The technique most widely used to control the stoat, an introduced predator in New Zealand, is to set
Fenn (kill) traps, usually in lines or (less often) in grids. There has been no analysis of trap response in stoats, nor
of the extent of potential variation in probability of capture. We report the results of an analysis of mark-recapture
data recorded from stoats observed during a period of high stoat and mouse density in January 1980 in the Eglinton
and Hollyford Valleys (northern Fiordland), using livetraps set in lines at one per 400 m over 14 km in each valley.
Over 8 days of trapping (111 January), &9 stoats were tagged. The daily probability of first capture for all ages,
both sexes, was (.14 (with 95% confidence intervals (.07-0.25) and of recapture 0.10 (0.07-0.14).

We also analysed a new set of mark—recapture data collected during a period of very low mouse density in the
Grebe Valley (southern Fiordland) in December 2000, using 19 live-traps set in a line at one per kilometre over 22
km. In this study 21 adult stoats and no young of year were tagged. The daily probability of first capture for adult
males was 0.12 (0.04-0.31), and of recapturing them, 0.15 (0.10-0.23). A month later, in late January 2001, 68 Fenn
traps set at four per kilometre caught 48 previously unmarked stoats, plus 12 of the 21 marked stoats released alive.

Heterogeneity in probability of recapture was investigated by taking a longer subset of the 1980 data (1-17
January) and grouping individuals by sex and age. In the best closed-captures models, ranked using AIC,,
first-capture probability was similar for all stoats (0.17 (0.12-0.24)), and evidence of variation in the probability of
recapture between age and sex classes was present but weak. The confidence limits around the recapture
probabilities for adult males and females overlapped completely. Recapture probabilities for young-of-the-year
males remained about the same (0.14 (0.11-0.19)), while the recapture probability of young-of-the-year females
halved after first capture (0.07 (0.04-0.11}).

Pledger’s finite-mixture models demonstrating individual heterogeneity in trappability produced lower AIC,
values than the closed-captures models partitioning variation in recapture probability by age and sex alone. The
observed heterogeneity in trap response is therefore not due only to variable individual response to traps, but is also
to opportunity, as might be expected in data collected from a line of traps where the edge effect on trap-encounter
rate is high. However, the extent to which trap-encounter rate helps to explain the observed heterogeneity is
unknown. Indeed, there may be other sources of individual heterogeneity that are not related to age/sex or to
trap-encounter rate, and this is a potential problem for wildlife managers using conventional trap lines to remove
stoats to protect native species.
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Introduction

Stoats were introduced into New Zealand by European
settlers over the 20 or so years after 1884, as an unsuccessful
attempt to implement biological control over damaging
populations of rabbits (Oryctolagus curiculus). Stoats were
the last of a series of mammalian predators to enter native
communities that still contained many endemic species
ill-prepared to compensate for any drastically increased
mortality rate (King 1990; Holdaway 1999). The full extent
of the damage due to these introductions has only recently
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become clear (Dowding and Murphy 2001). New techniques
capable of accounting for the productivity and mortality of
threatened native fauna in the field have shown that
continuing declines in kiwi (dpteryx spp.), kaka (Mestor
meridionalis) and mohua (yellowhead) (Mohoua ochro-
cephala) are due mainly to stoats (Elliott 1996; McLennan ef
al. 1996; Wilson er al. 1998; Basse er al. 1999).
Conservation managers want to know how many stoats are
in a given area, how many are removed by a given control
strategy and what is the relationship between stoat density and
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predation on threatened native fauna. These simple questions
require accurate monitoring of the wild populations, before
and after control, which is not simple. Monitoring the
distributions and numbers of animals must allow for
individual variation in detectability {Macdonald et al. 1998;
Yoccozeral. 2001), Statistical methods are now available that
can use mark—recapture data to estimate individual variation
in the probability of capture or detection among animals
{(Chao 1988; Pollock et af. 1990; Pledger 2000).

All presently available methods used to monitor and
manage stoat populations use traps, tracking tunnels or
poison bait stations, mostly set inside a tunnel to protect
non-target species (King er al. 1994; Brown and Miller
1998). The active compaonents of these devices are made to
various designs, but all require that a stoat encountering one
will interact with it, by entering the tunnel and then springing
the trap, or leaving footprints, or eating a toxic bait.
Video-recordings suggest that some unknown proportion of
individual stoats will not enter any control device, and that
some will only look in or enter part way without leaving any
evidence of their visit. One study documented 8 of 45
occasions (18%) on which a stoat approached a poison-egg
tunnel but did not enter (Dilks and Lawrence 2000).

Modelling of control strategies for stoats, and design of
cost-efficient field technology, both need to make realistic
assumptions about the capture probability of the target
species and the extent of variation in it under different
circumstances, preferably based on field measurements.
This paper addresses that need.

Live-trapping studies of stoats in New Zealand

Live-trapping is an extremely labour-intensive and poten-
tially disruptive study technique, because traps must be
inspected at least once a day, and captured animals are
prevented from going about their normal activities for up to
24 h ata time. Active predators with high metabolic demands
do not easily survive detention in live-traps for several days
running, especially during a period of food shortage.
Systematic live-trapping studies run for a length of time
sufficient to calculate capture probability of low-density
predators such as stoats have therefore always been scarce.
The longest one carried out in New Zealand is that of King
and McMillan (1982).

Since the development of radio-telemetry, live-trapping
has been used mainly to capture animals for radio-tagging,
which gives better information and disturbs the animals less.
The live-capture records thereby collected are seen as less
important than the radio-locations, and are less amenable to
statistical analysis of capture probability. Radio-tracking
studies on stoats in New Zealand are usually designed to
assist the increasingly urgent campaign to control stoats in
areas that still support vulnerable endemic species (Murphy
and Dowding 1994, 1995; Alterio 1998; Alterio ef al. 1998;
Moller and Alterio 1999; Miller er af, 2001). The primary

C. M. King et al.

concern has been to estimate home-range size in different
habitats and circumstances in order to decide the minimum
cost-effective trap spacing. A cost-effective trap array is
usually assumed to have the widest distance between traps,
to save inspection effort, which also puts at least one trap in
every home range (Young 1998, Moller and Alterio 1999,
Miller et al. 2001).

None of these radio-tracking studies could evaluate the
probability of capture or detection, but the need to estimate
capture probability/detection rates for stoats before
designing new control strategies remains (Moller and Alterio
1999; Hinds et @l 2000). For example, if the average
probability of capture is low, a trap array that puts only one

trap in each home range may not remove enough stoats to

achieve a useful level of protection for threatened fauna, This
may happen in practice more often than might be expected.
After a series of experiments, King (1980) hazarded the
guess that lines of Fenn (kill} traps at 400-m spacing, set for
sampling rather than control, did not remove more than about
half the stoats present in any short period (10-14 days).
Alterio et al. (1999) suggested a correlation between periods
of high density of favoured prey, particularly rodents, and
reduced trappability over periods of 16-17 days.

Methods and Material

In this study we evaluate two sets of live-trapping data from Fiordland
National Park, southern New Zealand, collected as follows.

Live-trapping: Eglinton/Hollvford

The first dataset came from the Eglinton and Hollyford Valleys in
northern Fiordland (King and McMillan 1982). In each valley, 35
live-traps were set at 400-m intervals along a 14-km line (total 70 fraps,
28 km) from 20 November 1979 to 1 February 1980, excluding 15-3]
December 1979, and checked four days a week (traps opened on
Monday, closed on Friday). The two lines both ran roughly north—-south,
and the last trap of the Eglinton line was 9.6 km south of the first trap
of the Hollyford line, across a forested pass at 530 m elevation. The
live-traps used were all wooden Edgar traps, handmade according to the
instructions given by King and Edgar (1977). The trap comprised a
wooden tunnel with a glass window at the far end and a door that
dropped behind any animal heavy enough to trip a footplate insidc.
When set, the trap appeared clear to run through, like the simple
wooden covers placed over Fenn traps, while a dry nest bex attached at
one side offered a warm dark shelter to captured animals.

There had becn a heavy beech seedfall in autumn 1979, and the
November mouse density indices in the Eglinton and Hollyford Valleys
were 12,8 captures per 100 trap-nights {93% confidence intervals
8.4-18.3) and 21.4 captures per 100 trap-nights (15.7-28.0),
respectively (King 1983 and unpublished). Also, 18 rats were caught in
the live-traps between 20 November 1979 and | February 1980 (0.67
captures per 100 trap-nights (0.29-1.3) in the Eglinton Valley, 0.85
captures per 100 trap-pights (0.41-1.5) in the Hellyford Valley).
Altogether, 134 stoats (86% young of the year) were caught a total of
302 times in 2362 available trap-nights. Trap sites were the same as
those used in previous and following Fenn trapping operations in the
same valleys, both using one trap per site throughout (King 1980,
1983).

King and McMillan (1982) used Leslie’s test of equal trappability to
show that there was heterogeneity in recapture probability among a
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subset of 21 stoats known to be present between 15 and 25 January
1980. They could not apply the same test 1o the total dataset, but
suggested that the source of this heterogeneity could be variation in
trappability between males and females and between young of the year
and adults.

Live-trapping: Grebe Valley

The second dataset was collected by Purdey {2002) in the Grebe Valley
in southern Fiordland. Purdey marked out 19 trap stations at nominal
1000-m intervals atong 22 km in the Grebe Valley from the top of the
Borland Pass (950 m, above treeline) to the shore of Lake Manapouri.
At each station there were two trap sites [0-20 m apart, one with a
live-trap (alternating Edgar livetraps and aluminium Elliot traps with
nestboxes attached at one end) and the other with a tracking tunnel, all
baited with a piece of beef. Some variation in trap placing was
demanded by the steep topography near the pass, but on the flat floor of
the Grebe Valley where most stoats lived, and where the habitat was
similar to that in the Eglinton, regular 10{}0-m spacing was achieved.
The live-traps were set from 12 to 23 December 2000 and checked
daily.

There had been a heavy beech seedfall in southern Fiordland in
autumn and winter §999, followed by a population irruption of mice (P.
Jamieson, unpublished). Afier the end of the next winter, the mice had
virtually disappeared from the Grebe {density index 0.49 (0.01-2.7) in
December 2000), although a few survived in patches distant from the
mouse trapline. From 12 to 23 December 2000, Purdey (2002) caught
21 stoats {all adults) a total of 39 times in 199 available trap-nights.
From 1628 January 2001, both live-traps and tracking tunnels were
replaced by double Fenn trap tunnels to recapture marked stoats, i.e.
four traps per station. No rats were caught in either the rodent traps in
December or the Fenn traps in January (data in Purdey 2002). This
much smaller dataset is different from the first in varicus ways but is of
interest primarily because it used a different trap array across a
comparable total distance during a period of very low mouse density at
a later phase of the beech eycle.

For further details and maps of both study areas, see King and
McMillan (1982) and Purdey {2002).

Analysis

Capture  histories of individual stoats were generated from
mark-recapture data collected over the two summers {1979-80,
2000-01) by treating each night as an encounter occasion, For the
purposes of estimating trappability it must be assumed that all
populations are closed (Pollock et af. 1990). The validity of this
assumption for these data depends on the length of the period over
which capture histories are generated. For example, in the Eglinton and
Hollyford Valleys the trapping was conducted during a peried of rapid
influx of young stoats into the trappable population. In the first week of
trapping (20~23 November 1979) only one stoat (an adult male) was
trapped, but in the fifth week (I-4 January 1980), 53 different
individuals (of which 46 were young of the year) appeared in the
livetraps. Therefore, mid-way through the study there were large
numbers of young stoats available for capture that were not available
when trapping began. Clearly, it would be wrong to assume that this
population was closed over the six weeks between the first and fifth
week of trapping. We therefore generated capture histories from two
subsets of the total mark-recapture data from the study in 1979/80, both
representing much shorter time intervals (Table 1). In contrast, there
was no recruitment of young during the period sampled in 2000/2001
(King et al. 2003} in the Grebe valley, where all the stoats captured were
adults.

To compare trappability and trap response of stoats between the two
surmmers, we analysed mark-—tecapture data collected over two
comparable perjods: 1-11 January 1980 and 12-23 December 2000
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(Table 1). These periods represent approximately equal lengths of time,
at the same season of the year. Capture and recapture probabilities were
estimated using the simplest of the closed-captures models in Program
MARK ver.3.] (White and Burnham 1999).

As a separate excrcise, we analysed the Eglinton and Hollyford
mark-recapture data over a slightly longer period, 1-17 January 1980,
by dividing the population into four groups: young-of-year males,
young-of-year females, adult males and adult females (Table 1). We
used these data to test the suggestion of King and McMillan (1982} that
heterogeneity in capture probability could be correlated with sex or age.
Program MARK was used to rank medels that did and did not include this
group structure. The same procedure could not be applied to the
mark-recapture data collected from the Grebe study area because only
2 of the 21 stoats caught were female and none were young of the year.
For this exercise we could use a larger subset of the 1979/80
mark—recapture data because we were not making a direct comparison
with the dataset from December 2000. Finally, we used the Pledger
models in Program MARK ver. 3.1 to investigate further the extent to
which the individual heterogeneity in the data can be explained by age
and sex differences in recapture probability.

Three young males marked in the Eglinton Valley were later
recaptured in the Hollyford Valley {12, 20 and 23 km away), and
presumably others also moved that far but were not detected. Since
these stoats were using both valleys, the data for both were pooled. No
stoats marked in the Grebe Valley were detected moving over the pass
into the adjacent Borland Valley or vice versa. Capture histories of
animals that died in traps during the period concerned were removed.

Results
Frequency distribution of captures and recaptures

The total numbers of captures and recaptures of each sex and
age class recorded in the periods analysed are shown in
Table 1. The contrast in age structure between the two
samples arises because they represent different points in the
cycle of events following a beech seedfall (Murphy and
Dowding 1994, 1995; King 2002).

The average trap-revealed range lengths of adults in the
Eglinton/Hollyford Valleys in summer 1979/80 was 0.7 km
{range 0.4-1.6 km, n = 7) for females and 0.9 km (range
0.4-2.4 km, n = 12) for males (King and McMillan 1982;
C. M. King, unpublished). In the Grebe Valley in summer
2000401 the range lengths for mailes calculated by Purdey
{2002) averaged 2.9 km (n = 8) using radio-tracking data, 3.1
km (n=35) from livetrapping data, and 2.6 km + 1.4 (s.d.)
(n = 15) using all data including Fenn trap recoveries. The
two females radio-tracked in the Grebe Valley travelled 6 km
and 2.2 km.

Comparisons of capture and recapture probability
Eglinton/Hollyford Valleys

During the eight nights of trapping of 1-11 January, 89
individual stoats were live-captured at least once (Table 2).

The estimated daily probability of first capture (all ages,
both sexes: sample sizes in Table 1), was 0.14 (with 25%
confidence interval {0.07, 0.25)), and the probability of
recapture was 0.10 (with 95% confidence interval (0.07,
0.14)).
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Table 1.

Distribution of capture records available for this analysis, excluding the capture histories of individuals known to have died
during the period analysed

C. M. King et al.

In 2000, no young of the year were caught. Datasets A and C were used to compare capture probability between years. Dataset B was used to
analyse heterogeneity of capture among the four population groups in 1980. The shorter period analysed in row A matches that in row C and
minimises the population change through the period, but reduces the sample size. E/H, Eglinton/Hollyford Valleys

Datasct Study area and date Number of first captures Number of recaptures
Adult Adult  Young Young Adult Adult Young Young
males females males females males females males females
A E/H, 1-11 January 1980 8 3 41 27 2 1 26 3
Capture probability (95% CI) 0.14° 0.10
{0.07-0.25) (0.07-0.14)
B E/H, 1-17 January 1980 9 3 46 32 5 2 44 14
Capture probability (95% CI} 0.17 0.1¢ 0.08 0.14 0.07
(0.12-0.24) (0.04-0.22) (0.05-0.27) (0.11-0.19) (0.04-0.11)
C Grebe, 12-23 December 2000 19 P 0 0 13 0 0 0
Capture probability (95% CI) 0.12 - - - 0.15 - - -
(0.04-0.31) (0.10-0.23)

Table 2.

Comparison between standard density indices for stoats (captures per 100 trap-nights (C/100TN) with

exact binomial 95% confidence limits) and the actual numbers of stoats caught
The Eglinton/Hollyford Valleys data were pooled for this analysis, the Grebe Valley data were treated separately. TN:

number of corrected trap-nights available. Study areas: E, Eglinton Valley; H, Hollyford Valley; G, Grebe Valley

Year Date Trap spacing Study N Density index Actual
area C/100TN  95% C1 catch
1980 1-11 January 1 per 400 m E 341 13.5% 10.0-17.5
1-11 Jannary 1 per 400 m H 261 16.44 12.1-21.5 } 8
2000 12-23 December | per 1000 m G 199 10,54 6.6-15.6 21
2001 16-28 January 4 per 1000 m G 808 7.48 5794 60

ACalculated from first captures in live-traps.
BCalculated from Fenn traps.

Over the following 18 months, varying numbers of Fenin
traps set at the same and other sites caught 54 stoats,
including 11 of the 107 that were marked and potentially still
available to be recaptured.

Grebe Valley

During the 12 nights of trapping between 12 and 23
December 2000, 21 stoats were live-captured at least once
(Table 2).

The estimated daily probability of first capture, for adult
males only, was 0.12 (with 95% confidence interval (0.04,
0.31)), and the probability of recapture was 0.15 (with 95%
confidence interval (0.10, 0.23)).

A month after the live-trapping concluded, between 16
and 28 January 2001, the 19 live-traps in the Grebe Valley
(one per station} were replaced with 68 Fenn traps (two
double sets per station). In 12 days, the carcases of 60 adult
stoats were collected (25 untagged and 10 tagged males, plus
23 untagged and 2 tagged females) over 808 trap-nights. The
radio-collar and one leg were recovered from an additional
tagged male that had been scavenged in the trap, presumably
by other stoats. Conventional density indices based on

calculations of capture per unit effort show that the
population had not increased between December and
January (Table 2).

The carcases recovered included 12 of the (at most) 20
stoats eartagged in the Grebe Valley up to 36 days previously
and potentially still available to be recaptured (4 on the first
day of Fenn trapping, 3 on the second, 3 on the third and one
each on the fifth and sixth of the 12 days of trapping). They
included 7 of 9 stoats radio-collared in the Grebe Valley (5
of 7 males plus both females) and 4 of 12 ear-tagged but not
radio-collared males. Eight more marked males (2 collared,
6 not) were never recovered, and another died in a live-trap
before the Fenns were set.

Evidence and source of heterogeneity in trappability

King and McMillan (1982) detected individual hetero-
geneity in recapture probability by considering the capture
frequencies in a subset of 21 animals that had been caught
once and were known to be still living in the area. We
followed this up by first looking for further evidence of
individual heterogeneity, using the model-selection
procedure in Program cAPTURE (Otis ef al. 1978). The
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procedure was applied to the capture histories for the
Eglinton/Hollyford Valleys that were generated from the data
for 1-17 January 1980 (Table 1, row B}, and all the capture
histories for the Grebe Valley from December 2000. The
procedure invariably recommended either (or both) the null
model, A, or the heterogeneity model, M, (see Pollock et al.
1990), which 15 weak evidence of individual heterogeneity in
either, or both, first-capture probability and recapture
probability.

First captures: closed-capture models

When the capture histories for the Eglinton/Hollyford
Valleys were allocated to one of four groups (young-of-year
males, young-of-year females, adult males and adult
fernales) then Program Mark ranked closed-capture models
with this group structure above those that did not (Table 3,
Models 5-10). Program MARK gave the greatest and most
consistent support to Model 5, with daily first-capture
probability constant across all four groups but recapture
probability varying by group. Models with time variation in
probability of first capture, probability of recapture and both
failed to converge and were not included.

Recaptures

The estimated daily recapture probabilities, and their 95%
confidence intervals, are detailed in Table 1. The confidence
intervals for estimates of recapture probability by age and
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sex are large (Fig. 1), and only the confidence intervals for
young-of-year males and young-of-year females do not
overlap (though they have a common boundary). When
individuals are grouped only by sex, then males are roughly
twice as likely to be recaptured as females, and confidence
intervals do not overlap. When individuals are grouped only
by age, the recapture probability estimate for adults is less
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Fig. 1. Estimated recapture probabilitics of the four groups of stoats
live-trapped in the Eglinton and Hollyford Valleys, 1-17 January 1980
(for sample sizes see Table 1).

Table 3. Ranking by AIC, value of a basic set of models describing the Eglinton/Hollyford Valleys data that
include group structure (Program MARK ver. 3.1: White and Burnham 1999)

Recapture histories were taken from trapping conducted between 1 and 17 January [980. Four groups were defined
{adult males and females; young-of-year males and females). » = number of parameters. The first four models are
finite-mixture models (Pledger 2000) with just two groups of animals. Heterogenegity in capture is modelled as a
dichotomy of animals with each group having a single capture probability, i.e. the probability of first capture and
probability of recapture are the same, The remaining models are closed-capture models in which probability of first
capture and probability of recapture is allowed to differ

Ne. Model® AlC, AAIC, Model weight n Deviance
i 1pi() p() N(g)} 359.996 0.00 1.0000 7 293.415
2 1pi(e) p(.) N(g)} 361.945 1.95 0.3773 10 249,254
3 (pi() p(g) N(g)} 365.923 5.93 00516 13 287.083
4 {pi(e) p(e) N(2)} 370.024 10.03 0.0066 15 287.064
5 {p{.) c{g) Nig)} 380.915 2092 0.0000 9 310.264
6 £p0) o) N(g)} 382.741 2275 0.0000 6 318.189
7 {p-EQ.c(g) Ni(g)} 383.331 23,33 0.0000 8 314.717
8 £p.FQ.c(.) N(g)} 384,314 24.32 0.0000 5 321.786
9 §p(g) clz) N(2)} 384,792 24.80 0.0000 12 308.006

10 {pig) cl.) Nig)} 386.582 26.59 0.0000 9 315.031

Aln this column, indicating the parameter structure of each model, pi (which features only in the finite-mixture models)
represents the proportion of the animals belonging to group 1, p represents first-capture probability, ¢ represents
recapture probability (not estimated in the finite-mixture models) and N represents abundance. All are of the form f{.)
or f(g). The former indicates that the estimated parameter was set to a constant for all age and sex classes, the latter
indicates that the parameter was allowed to vary between the four groups based on age and sex. For example, Model §
indicates that a single first-capture probability was estimated, recapture probability was allowed to vary between the
four groups and abundance was estimated for the four groups. Models with p.EQ.c indicate that first-capture
probability and recapture probability were constrained to be equal.
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than that for young of the year, but there is a high degree of
overlap between the confidence intervals. Overall, this
procedure demonstrated rather little difference in the
recapture probabilities of the four age/sex groups, yet the
empirical results suggest that there is still individual
heterogeneity of capture probability within the population.

First captures: finite-mixture models

The question was further examined using the simplest of
the finite-mixture models of Pledger (2000) within Program
MARK (Table 3, Models 1—4). These models analyse the
mark-recapture data as if the population being trapped were
a mixture of two groups. In this case, there are four
parameters to he estimated: the proportion of one group
relative to the other (pi), the capture probabilities for each
group (p) and the population size (N). The simplest models
assume that first-capture probability is the same as recapture
probability. In the Pledger models in Table 3 we treat cach age
and sex class as a different population, so four sets of AIC,
data are estimated. Model | of this form performed best of
all, confirming that there is more individual heterogeneity in
the data than was explained by the variation in recapture
probability due to age and sex, detected by the closed-capture
models. This further unexplained individual heterogeneity in
trappability within the population sampled is presumably
correlated with variables not included in this analysis.

Discussion
Comparing the two datasets

Capture rate is reduced in widely spaced traps: in an
experimental array of Fenn traps in the Eglinton and
Hollyford Valleys set at 100-, 200-, 400- and 800-m
spacings, stoats were caught at the rate of 7.8 km™, 6.3 km™,
4.5km ™" and 4.1 km™' respectively (King 1980). Presumably,
this is because the chances of a stoat passing close by a trap
must diminish with increasing trap spacing and decreasmg
number of traps per home range.

A priori, one would therefore expect that, if the different
trap array in the Grebe Valley (Table 2) allowed for fewer
traps per home range, the probability of first capture there
would be substantially lower than in the Eglinton/Hollyford
Valleys, and that those captured would be more likely to be
recaptured only in the same trap or not at all. Qur resuits do
not support that expectation, at least not for adult males. On
the contrary, the probability of first capture was almost the
same in both datasets, and the probability of recapture for
adult males tended to be slightly higher in the Grebe Valley.

The trap stations in both the Grebe and Borland Valleys
were spaced at intervals of at least 1000 m, rather than 400
m, because we wanted the comparisons between the two sites
at each station to be independent of the others {Brown and
Miller 1998). In fact, the stations were not independent,
because the results showed that 9 of the 21 stoats marked in
the Grebe Valley visited more than one station before the end
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of January, and all 8 males plus 1 of the 2 females
radio-collared in the Grebe Valley had range widths greater
than the distance between stations (Purdey 2002). It 15 well
known that small mustelids adjust the sizes of their home
ranges to food supplies (King 1989; Jedrzejewski er al.
1995). In the Eglinton Valley in 1991/92, Murphy and
Dowding (1994, 1995), found that stoats travelled further
over larger home ranges when mice were scarce compared
with 1990/91 when mice were abundant. Qur data suggest
that the larger home ranges we observed in the Grebe Valley
at least partially compensated for the difference in trap
layout, so that most individuals encountered more than one
trap station in both studies.

Probability of first capture

The data for the Eglinton/Hollyford Valleys were collected
during a period of dispersal of a large peak-year cohort of
young stoats (King and McMillan 1982), so our analyses
could not avoid including additional recruits arriving on the
scene and violating the closed population assumption. We
minimised this error as far as possible, but there is always a
tension between the need to set traps over a time interval long
enough to obtain estimates with good confidence intervals but
short enough that the closed-population assumption holds.

There was no such problem in the Grebe Valley data
collected in a non-peak vear, when there was no recruitment
during the trapping period. Nevertheless, the accumulated
probability of first capture over the sample period in the
Grebe Valley was significantly less than 1 (assuming a
first-capture probability of 0.12, then the probability of
avoiding capture for 11 nights is 0.245), implying that there
were stoats present in the second half of December 2000 that
were not caught in our live-traps. Indeed, when the live-traps
were replaced by almost four times as many Fenn traps a
month later (Table 2), 48 previously unmarked stoats
(including 23 females) were caught,

it seems likely that our array of live-traps in the Grebe
Valley (one per trap site) was saturated, i.e. it sampled a
smaller propertion of the stoats present in December than did
the Fenn traps (four per trap site) set in the same positions a
month later. While the live-traps could be regularly visited by
those stoats on whose home ranges they were placed, the
Fenns became available to neighbouring stoats as soon as the
residents were removed or died naturally. Twelve resident
adult stoats tagged in December were killed in the first half
of the 12 days of Fenn trapping in January, and a 13th was
found dead before Fenn trapping began. These losses
presumably allowed incursions by neighbouring territory
owners or transients during the second half of Fenn trapping.

Probability of recapture

In the Eglinton/Hollyford Valleys in January 1980, the
results showed a consistent drop in trappability after a given
stoat was caught once. For all groups of stoats over any time
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interval during that season, the probability of first capture
was always higher than recapture probability, although the
confidence intervals overlap for three of the four groups (the
exception was young females: see Table 1). This agrees with
the simple calculations reported from the same data by King
and McMillan {1982): 9 of 21 (43%) marked stoats were not
recaptured during 7 days of live-trapping in January 1980
although they were known to be present in the area both
before and after that period. Natural mortality and
emigration could be ruled out as explanations for the failure
of the other 12 stoats to reappear in the traps, which leaves
only trap avoidance or temporary absence. Qur figures are
consistent with the reasonable assumption that being held in
a live-trap is a bad experience for a stoat, which at least some
learn quickly to aveid repeating, Field observers have often
reported that stoats once caught can learn to avoid further
traps {Cahn 1936; Murphy and Dowding 1993), especially
females.

This low recovery rate of marked animals is consistent
with the low daily probability of recapture we have
documented here, However, because the models assume a
closed population of animals, they cannot distinguish
between natural mortality, emigration and trap avoidance as
explanations for reduced recapture probability. Natural
mortality was very high in the post-seedfall stoat populations
sampled by kill-trapping and analysed by Poweli and King
(1997). Mortality rates calculated from harvested
populations probably overestimate the natural death rate, but
not by much: stoats disappeared from live-traps at rates of
0.40-0.78 (adult males, varying with season and year) in
Sweden (Erlinge 1983) and 0.68 (general average) in
Switzerland (Debrot 1984).

Heterogeneity in trap response: implications for control
operations

Individual heterogeneity in first-capture probability 1s
tmportant when traps are used to manage stoat populations to
protect threatened species. It implies that there is a range of
trap responses over which selection can operate, and that
management operations will favour the survival of stoats
having a low first-capture probability. It also suggests that
management strategies that aim to reduce costs by placing
only one trap in every home range will miss some stoats,
especially females. Even where traps are closely spaced,
such as on British game estates, females avoid them more
often than males: in the samples supplied by gamekeepers to
McDonald and Harris (2002), the sex ratio of trapped stoats
was still biased against females, while that of shot stoats did
not differ from parity.

From the viewpeint of population management, it is a
concern that the strongest model found by this analysis
confirmed a substantial ievel of individual heterogeneity
(Table 3, Model 1). Even though the numbers of stoats
live-trapped were larger than expected in both studies, the
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relatively low daily capture probabilities imply that there
were others that were present but were never caught
throughout the periods analysed. Our estimates of capture
probability are imprecise, but supported well enough to infer
the presence of untrapped individuals.

The edge effect associated with transect sampling is likely
to be one source of the observed individual heterogeneity in
our data, but we cannot tell how important it might be
compared with other sources of heterogeneity. However, our
results are consistent with the practical experience of field
managers: for example, see the detailed description of the
difficulty of catching all the stoats known to have reached
Maud Island given by Crouchley (1994).

Trap-shy individuals would be much less likely than
others to be affected by a short-term control operation, or
detected by brief post-control monitoring, causing managers
to conclude that an operation was more successful than it
really was. Such a Type | error can have serious conse-
quences for the protection of threatened species (Brown and
Miller 1998). On the other hand, even individuals with low
first-capture probabilities may eventually be caught if they
are continually exposed to traps, so the practical
management problem becomes one of keeping the traps or
monitoring devices well maintained, always attractive and
constantly ready to respond.

The behaviour of real animals includes more variants than
the models based on these datasets supply. Because MARK
has no spatial component, it cannot allow for individual
heterogeneity in trap response due to the position of the
animal relative to the nearest trap, or conversely, position of
the trap relative to the animal’s regular runways.
Snow-tracking and radio-tracking routinely show that
animals never use parts of the areas nominally described as
inciuded within their home range (Musgrove 1951; Erlinge
1977, 1979; Murphy and Dowding 1995).

Capture probability may also be affected by hunger,
which in Nothofagus forests probably varies with the stage of
the beech cycle. That raises the question of whether Purdey’s
(2002} provision of meat and eggs in live-traps in the Grebe
Valley during a period of very low mouse density could have
improved capture probability, but we have no evidence of
that from these data, at least not in adult males (Table ).
Conversely, we agree with Alterio er al. (1999) that
conventional density indices may underestimate the summer
peak in numbers of stoats, especially when prey are
superabundant (C. M. Kingand P. C. L. White, unpublished}.

Conclusions

In conventional live-traps set in long (14-20 km) transect
lines through Nothofagus forests in southern New Zealand,
the probability of first capture of stoats of all ages and both
sexes was low, ~10-20% per day. Almost certainly there
were stoats present that were not caught during the short
periods analysed (812 days), although the proportion of the






