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Abstract: Detecting the presence of invasive mammalian pests is expensive, particularly where multiple species
of interest are sympatric, yet is key to determining when, where and how much control to do, and the effectiveness
RIWKDWFRQWURO+HUHZHGHVFULEHWKHHI¿FDF\RIDVLPSOHQHZDQGFKHDSGHYLFHWKHFKHZWUDFNFDUG &7& 
both as a potential tool for simultaneously indexing the relative abundance of sympatric small-mammal pests,
DQGIRUFKHDSO\DQGFRPSUHKHQVLYHO\PDSSLQJWKHGLVWULEXWLRQRIWKHVHSHVWVRYHUODUJHUHPRWHDUHDV7KH&7&
is an interference device that can record both tooth impressions and the footprints of animals interacting with it.
6HYHUDOVWXGLHVFRPSDULQJ&7&LQGLFHV &7&,V ZLWKHVWDEOLVKHGLQGLFHVRISRVVXPVDQGURGHQWVDUHUHSRUWHG
3RVVXP&7&,VZHUHSRVLWLYHO\DQGVLJQL¿FDQWO\FRUUHODWHGZLWKHVWDEOLVKHGWUDSFDWFKLQGLFHV 7&, :D[7DJ
DQGIDHFDOSHOOHWLQGLFHVRISRVVXPDEXQGDQFH7KHUHODWLRQVKLSEHWZHHQSRVVXP&7&,DQG7&,LQVHYHQVWXG\
VLWHVZDVDOZD\VSRVLWLYHDQGZLWKDGHTXDWHVDPSOLQJVWDWLVWLFDOO\VLJQL¿FDQWEXWZDVDOVRYDULDEOHSUREDEO\
GXHWRPRQLWRULQJSURWRFROVGLIIHULQJEHWZHHQWULDOV5DW&7&,VZHUHDOVRSRVLWLYHO\FRUUHODWHGWRWUDFNLQJ
WXQQHOLQGLFHVEXWWKHVHWZRLQGLFHVZHUHXQUHODWHGIRUPLFH6WDQGDUGOHJKROGWUDSSLQJFRVWíWLPHV
PRUHSHUSRVVXPGHWHFWLRQWKDQIRU&7&VGXULQJDODUJHVFDOHVXUYH\RIWKH+DXKXQJDURD5DQJH&7&VDUH
a sensitive and cost-effective means of detecting the presence of small mammalian pests, especially possums
DQGURGHQWV7KH\DOVRSRWHQWLDOO\SURYLGHDUREXVWWRROIRULQGH[LQJORZGHQVLW\SRSXODWLRQVRIVXFKSHVWV
SDUWLFXODUO\SRVVXPVDQGUDWVDOWKRXJKIXUWKHUFDOLEUDWLRQRI&7&LQGLFHVRISHVWDEXQGDQFHZLWKVWDQGDUG
LQGLFHVLVUHTXLUHG$OVRWKHFRQVHTXHQFHVRILQWHUDFWLRQEHWZHHQDEXQGDQWSHVWVSDUWLFXODUO\UDWVRQ&7&
detection rates, and means to reduce these interactions, need further investigation.
Keywords: detection; pest abundance indices; possums; rodents; tracking tunnels; trap-catch method;
waxtags

,QWURGXFWLRQ
Detecting the presence of pests after control and more
generally assessing their abundance is crucial for determining
where, when and how much pest control is needed. However,
monitoring to do so is often expensive, or at least uses resources
that might otherwise be available for actual control. Such
costs will be even greater when several species of pests are
targeted during control. Multispecies control is increasingly
common in native forest ecosystems in New Zealand, where
possums (Trichosurus vulpecula), ship rats (Rattus rattus),
stoats (Mustela erminea), and mice (Mus musculus) are all
VLJQL¿FDQW FRQVHUYDWLRQ SHVWV 3D\WRQ  6DGOHLU 
&RZDQ,QQHV.LQJ 0XUSK\ 3RVVXPVDUH
also controlled as agricultural pests because they are vectors
IRUERYLQHWXEHUFXORVLV &ROHPDQ &DOH\ 
Control of some or all of this entire suite of pests is
frequently implemented at large scales by aerially poisoning
WHQVRIWKRXVDQGVRIKHFWDUHVZLWKVRGLXPÀXRURDFHWDWH  
$HULDOSRLVRQLQJRIIRUHVWHGDUHDVZDVGHYHORSHGPDLQO\
IRUSRVVXPFRQWURO 0RUJDQ +LFNOLQJ +RZHYHUVXFK
possum control operations can also reduce rat and stoat numbers
WR YHU\ ORZ OHYHOV ,QQHV HW DO  0XUSK\ HW DO 
6ZHHWDSSOH 1XJHQW $HULDOSRLVRQLQJLV
therefore increasingly being deliberately used for multi-species
FRQWURO HJ2SHUDWLRQ$UN(OOLRWW 6XJJDWH 
Assessing both the effectiveness of multispecies control
and when to reapply such control requires monitoring the
DEXQGDQFHRIPXOWLSOHSHVWV,GHDOO\DVLQJOHPHWKRGZRXOGEH
used for all the species of interest, to minimise costs. However,

possums are usually monitored using leg-hold traps following
DQDWLRQDOO\VWDQGDUGLVHGSURWRFRO 7UDS&DWFK,QGH[ 7&, 
13&$D ZKLOHURGHQWVDQGVWRDWVDUHXVXDOO\PRQLWRUHG
XVLQJWUDFNLQJWXQQHOV HJ,QQHVHWDO%URZQHWDO
 7KHWUDSFDWFKPHWKRGXVHGIRUSRVVXPVUHTXLUHVDW
least four visits and tracking-tunnel assessment of both rodent
and stoat numbers requires at least three visits to each device.
7UDSVDUHKHDY\ FJHDFK DQGERWKGHWHFWLRQGHYLFHV
(traps and tunnels) are bulky, which constrains the number that
can be carried and deployed. Using two different monitoring
systems, based on bulky devices that require more than two
visits, is expensive, prompting efforts to develop a lower-cost
alternative.
One approach has been to use small (lightweight) blocks
of wax that animals bite out of curiosity, with the bite mark
providing the desired evidence of animal presence. Only two
visits are required: one to deploy the device, and the other to
FROOHFWDQGµUHDG¶LW7KHFRQFHSWHYROYHGIURPEDLWLQWHUIHUHQFH
trials in the 1960s and 1970s (Bamford 1970; Jane 1979,
%HOO DQGZDVGHYHORSHGSULPDULO\IRUPRQLWRULQJ
SRVVXP DEXQGDQFH :DUEXUWRQ HW DO  2JLOYLH HW DO
 ,WLVQRZEHHQGHYHORSHGDVDFRPPHUFLDOO\DYDLODEOH
SURGXFW :D[7DJ3HVW&RQWURO5HVHDUFK&KULVWFKXUFK IRU
WKDWSXUSRVH 7KRPDVHWDO2JLOYLHHWDO ZLWKDQ
HVWDEOLVKHGVWDQGDUGLVHGSURWRFRO 13&$E 5DWV DQG
RWKHUVSHFLHV DOVROHDYHGLVWLQFWLYHELWHPDUNV HJ0F.D\
5XVVHOO VRWKHGHYLFHKDVSRWHQWLDODVDPXOWLVSHFLHV
monitoring device. However, the wax block used is small and
can be either totally destroyed by interacting animals (PS
pers. obs.), or may have bite marks of initial visitors obscured
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by the marks left by later visitors. Further, the wax used is
unpalatable, so animals are considered unlikely to bite multiple
devices – a factor considered likely to make it more consistent
DVDVWDQGDUGLVHGPRQLWRULQJWRRO 07KRPDV3HVW&RQWURO
Research, pers. comm.). However, managers are sometimes
DOVRLQWHUHVWHGLQVXUYHLOODQFHWRGH¿QHDQGPDSWKHDUHD V 
occupied by the pest(s), especially at low densities, so that the
occupied areas can be targeted for control. For this, a palatable
device that maximises sensitivity is preferable.
7KHQHHGIRUDORZFRVWGHYLFHWRGHOLPLWUDQJHVDWOHDVW
for possums, has emerged from the extremely low numbers
WKDW FDQ UHPDLQ DIWHU DHULDO  SRLVRQLQJ 0RUJDQ HW DO
2006), and the widespread public antipathy to such poisoning
(Hansford 2009) that has spurred efforts to reduce reliance on
this tool (Parker 2009). One way of doing that is the so-called
µORFDOHOLPLQDWLRQ¶DSSURDFK 1XJHQWHWDO &RQFHSWXDOO\
the aim is to reduce pest densities to near-zero levels by aerial
poisoning, and then prevent population recovery by undertaking
systematic surveillance using a low-cost detection device to
PDSWKHIHZSODFHVZKHUHSHVWVVWLOOUHPDLQ7KHLQWHQWLRQ
is that those few pests are then targeted (mopped up) using
ground methods rather than further aerial poisoning (Nugent
HWDO 7KHIHDVLELOLW\RIWKLVGHWHFWDQGPRSXSVWUDWHJ\
depends on the availability of a suitable low-cost multispecies device that is both highly sensitive (reliably indicates
pest presence wherever pests actually occur, with few false
QHJDWLYHV DQGKLJKO\VSHFL¿F VHOGRPFRQIXVHVZKLFKSHVW
is present, with few false positives).
,QWKLVSDSHUZHGHVFULEHWKHHI¿FDF\RIDQHZGHYLFH
WKH FKHZWUDFNFDUG &7&  ERWK DV D SRWHQWLDO WRRO IRU
monitoring the abundance of multiple small-mammal pests and
for cheaply and comprehensively mapping the distribution of
possums and other small mammalian pests over large tracts of
UHPRWHWHUUDLQ7KH&7&LVDQLQWHUIHUHQFHGHYLFHWKDWUHFRUGV
tooth impressions and (if required) the footprints of animals
LQWHUDFWLQJZLWKLW,WLQFRUSRUDWHVSDODWDEOHEDLWWRPD[LPLVH
VHQVLWLYLW\DVDPDSSLQJWRRO7UDFNLQJLQNFDQEHDGGHGWR
(1) increase sensitivity to individuals that visit but do not
ELWHWKHFDUGDQG  DLGVSHFLHVLGHQWL¿FDWLRQ:HGHVFULEH
WKHUHVXOWVRIDVHULHVRI¿HOGWULDOVXQGHUWDNHQWRDVVHVVWKH
HI¿FDF\RI&7&VIRUGHWHFWLQJDQGPDSSLQJWKHGLVWULEXWLRQ
of possums and rodents.

Methods
Chew-track-cards: design and use
&7&VFRQVLVWRIDUHFWDQJXODUSLHFH îPP RIPP
white twin-walled polypropylene sheet (e.g. Mulford Plastics,
&KULVWFKXUFK1= ZLWKWKHÀXWHV LQWHUQDOFKDQQHOV DOLJQHG
parallel with the 90-mm sides (Fig. 1). Attractant paste (bait)
LVSUHVVHGFPPLQWRWKHÀXWHVDORQJFPPOHQJWKVDW
1–4 corners of the card. A 50-mm slot, cut along the centre-line,
perpendicular to the 90-mm sides, releases airlocks created
ZKHQEDLWVDUHDSSOLHGWRERWKHQGVRIWKHVDPHÀXWH&DUGV
are bent into a right-angled shape, mounted on tree trunks
RU VWDNHV DERXW í PP DERYH WKH JURXQG DQG ZKHQ
GHVLUHG KDYH WUDFNLQJ LQN HJ %ODFN 7UDFN 3HVW &RQWURO
Research, Christchurch, NZ) applied in a 20-mm strip around
the perimeter of the lower inside half of the card (Fig. 1).
Finally some bait is placed in the apex of the fold, above the
LQNHGVXUIDFH7KLVGHVLJQDOORZVIRXURUPRUHGLIIHUHQWEDLWV
to be used, to simultaneously attract multiple species.
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Figure 1. A chew-track-card mounted on a tree. All four corners
RI WKH FDUG FDQ EH EDLWHG LI UHTXLUHG 7KH EUHDWKHU VORWV DUH
necessary only when baits inserted at opposite ends of the same
internal channels.

Early trials used plain smooth peanut butter as a possum
DQGURGHQWDWWUDFWDQWDQGDFKLFNHQÀDYRXUHGMHOO\PHDWFDW
IRRGDVDSUHGDWRUDWWUDFWDQW/DWHUWULDOV í XVHGD
10:2:0.5 mix of smooth peanut butter + icing sugar + ground
lucerne pellets (dried alfalfa (Medicago sativa) pelletized
livestock feed) as the best of a range of possum attractants tested,
LGHQWL¿HG IURP XQSXEOLVKHG SHQ DQG ¿HOG WULDOV  8QEDLWHG
&7&VFRVWFHDFKDQGPDWHULDOVIRUWZRSHDQXWEXWWHU
EDVHGEDLWVFRVWFSHUFDUG
)RU ORJLVWLF FRQYHQLHQFH &7&V DUH W\SLFDOO\ SODFHG DW
regular intervals along transects, but as yet no standardised
spacing, transect length, or interval between deployment and
FKHFNLQJ KDV EHHQ DJUHHG 7KLV LV LQ SDUW EHFDXVH &7&V
were initially developed primarily for detecting pest presence
rather than assessing relative abundance, although they are
increasingly also being used for the latter purpose. However,
&7&V DUH RIWHQ UHWULHYHG DQG DVVHVVHG DIWHU DERXW  GD\V
All retrieved cards were assessed by experienced observers
with access to optical equipment (hand lenses) and reference
materials including cleaned jaws and skulls and cards bitten
E\FDSWLYHDQLPDOVWRPLQLPLVHPLVLGHQWL¿FDWLRQVDQGPLVVHG
detections.
Comparison with other measures of pest abundance
Using data collected incidentally in a number of other projects,
we explored the relationship between the rates of interference
RQ &7&V DQG RWKHU PHDVXUHV RI SHVW DEXQGDQFH 7KH IRXU
measures were trap-catch indices of possum abundance, a
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¶ 6 ¶ (  LQ VSULQJ  7KH GHYLFHV ZHUH
tracking rate measure of rodent and stoat abundance, and a
GHSOR\HGRYHUFKDRIPRQWDQH±VXEDOSLQHJUDVVODQG
Using data collected incidentally in a number of other projects, we explored the
:D[7DJELWHUDWHLQWHUIHUHQFHPHDVXUHRISRVVXPDQGURGHQW
and shrubland, with 44 transects along which 20–23 pairs (one
relationship between the rates of interference on CTCs and other measures of pest
DEXQGDQFH)RUWKLVD&7&,QGH[
&7&,
IRUHDFKVSHFLHVZDV
&7&RQH:D[7DJ RIGHYLFHVZHUHSODFHGDWPLQWHUYDOV
abundance. The four measures were trap-catch indices of possum abundance, a faecal
JHQHUDWHGVLPSO\E\FDOFXODWLQJWKHSHUFHQWDJHRI&7&VRQ
pellet measure of possum abundance, a tracking-tunnel tracking rate measure of rodent7KH &7&V DQG :D[7DJV ERWK FRORXUHG RUDQJH  ZHUH
which interference
(toothbite-rate
impressions,
tracksmeasure
or occasionally
and stoat abundance,
and a WaxTag®
interference
of possum and placed c. 5 m apart and pinned to the ground with aluminium
fur, scratches
faecal
pellets)
recorded
per
sampling
rodent abundance.
For this, or
a CTC
Index
(CTCI)was
for each
species
was
generated simplySHJV&7&VZHUHEDLWHGZLWKWKHSRVVXPEDLWDQGµFDUQLYRUH¶
XQLW
WUDQVHFWRUEORFN
$VVXFKWKH&7&,DUHQRWFRUUHFWHG
by calculating the percentage of CTCs on which interference (tooth impressions, tracksEDLW
or FRPSULVLQJ JURXQG 3XULQD 2QH FKLFNHQÀDYRXUHG FDW
any
difference
between
studies
in the number
of days
they
occasionallyfor
fur,
scratches
or faecal
pellets)
was recorded
per sampling
unit
(transect orfood and canola oil. Pre-control transects were deployed for
werethe
available
thecorrected
pests. Percent
indices usually
block). As such,
CTCI aretonot
for any difference
betweenshow
studiesa in the 44–51 days and post-control transects for 10–20 days, with
number of days
they were
available towith
the pests.
Percent
indices
usually1977)
show a
curvilinear
relationship
animal
density
(Caughley
the long pre-control interval a consequence of delays in the
curvilinear relationship
with animal density (Caughley 1977) so CTCIs were Poisson- poisoning operation. Frequency of possum interference was
VR&7&,VZHUH3RLVVRQWUDQVIRUPHGWRDSSUR[LPDWHDOLQHDU
transformedLQGH[RIGHQVLW\
to approximate a linear
index ofDVIROORZV
density (Hone 1988) as follows:
+RQH
calculated for the two devices on all 44 transects both before
and after poisoning, and was compared between devices using
 ܫܥܶܥ݀݁݉ݎ݂ݏ݊ܽݎݐൌ െ ሺͳ െ ሻ
correlations and paired t-tests.
where
pLVWKHSURSRUWLRQRI&7&VGHWHFWLQJWKHWDUJHWVSHFLHV
where S is the
proportion
of CTCs detecting the target species. Four data points
Utility as a mapping tool
)RXUGDWDSRLQWVFRPSDULQJSRVVXPWUDSFDWFKLQGLFHV

comparing possum trap-catch indices (TCIs) with CTCIs from one study7&,V
(McKerrow;
see
ZLWK
&7&,V
IURP
RQH
VWXG\
0F.HUURZ
VHH
EHORZ

ZHUH
below) were excluded because 100% of CTCs were bitten by possums and therefore 7RDVVHVVWKHSUDFWLFDOLW\HI¿FDF\DQGFRVWHIIHFWLYHQHVVRI
&7&VDVDWRROIRUPDSSLQJWKHGLVWULEXWLRQDQGDEXQGDQFH
could not beH[FOXGHGEHFDXVHRI&7&VZHUHELWWHQE\SRVVXPVDQG
Poisson-transformed.
therefore
not be Landsborough,
Poisson-transformed.
In four
studies could
(Molesworth,
Isolated Hill, and McKerrow), bothRISRVVXPVDQGRWKHUPDPPDOLDQSHVWVDIWHULQWHQVLYH
,QIRXUVWXGLHV
0ROHVZRUWK/DQGVERURXJK,VRODWHG+LOO
CTCIs and standard
TCIs (lines of
10 traps at 20-m intervals set on the ground for threeSRLVRQLQJDVHULHVRI&7&VXUYH\VZHUHFRQGXFWHGLQ
ERWK&7&,VDQGVWDQGDUG7&,V
fine nights, DQG0F.HUURZ
NPCA 2008a) were
determined for 4–20 trial transects OLQHVRI
or blocks. In two ha of podocarp–hardwood forest in the central and southern
further studies
(Whirinaki 2007 and Kumara) CTCIs and a non-standard measure of TCI
+DXKXQJDURD5DQJHFHQWUDO1RUWK,VODQG ¶6¶
OHJKROGWUDSVDWPLQWHUYDOVVHWRQWKHJURXQGIRUWKUHH¿QH
were obtained.
At Whirinaki traps were
set at 40-m intervals and at Kumara traps were( EHWZHHQDQG7KHDUHDZDVDHULDOO\SRLVRQHGLQ
QLJKWV13&$D
ZHUHGHWHUPLQHGIRU±WULDOWUDQVHFWV
placed on boards
70 cm off the ground to prevent
capture of ground birds. The trial ZLQWHUDVSDUWRIDODUJH KD RSHUDWLRQSULPDULO\
RUEORFNV,QWZRIXUWKHUVWXGLHV
:KLULQDNLDQG.XPDUD
blocks varied
in sizeDQG
fromDaQRQVWDQGDUG
few hundred toPHDVXUH
a few thousand
hectares.
CTCIs were
WDUJHWHGDWSRVVXPV &ROHPDQHWDO 7KHRSHUDWLRQZDV
&7&,V
RI7&,
ZHUH REWDLQHG
measured before
TCIs at all sites. Simple linear regression, with CTCI as the dependantKLJKO\HIIHFWLYH,QWKHKDVWXG\DUHDRQO\WZRSRVVXPV
$W:KLULQDNLWUDSVZHUHVHWDWPLQWHUYDOVDQGDW.XPDUD
variable, was
usedwere
to test
whether
was70
a positive
the two ZHUHFDXJKWGXULQJSRVWSRLVRQWUDSFDWFKPRQLWRULQJ 7&,
traps
placed
onthere
boards
cm off relationship
the ground between
to prevent
indices. Sampling units were transects at Kumara and McKerrow, and blocks at the other
= 0.06%, n   WUDSOLQHV  WUDSQLJKWV 6 /LWWOHIDLU
FDSWXUHRIJURXQGELUGV7KHWULDOEORFNVYDULHGLQVL]HIURPD
study sites.
4XDOPRQV 7DXSR SHUV FRPP  6LPXODWLRQ PRGHOOLQJ
IHZKXQGUHGWRDIHZWKRXVDQGKHFWDUHV&7&,VZHUHPHDVXUHG
The relative abundance of faecal pellets has also been used as an index of possum
(Ramsey et al. 2005) suggests that the trap-catch index of
EHIRUH7&,VDWDOOVLWHV6LPSOHOLQHDUUHJUHVVLRQZLWK&7&,
abundance (Baddeley 1985). Before experimental possum control trials in 2007 in two
0.06% (0.06 possums captured per 100 trap-nights) equates
as
the
dependant
variable,
was
used
to
test
whether
there
was
podocarp–tawa forests in the central North Island, – Whirinaki and Mokaihaha– possum
–1
a positive
the two
Sampling
abundance in
36 blocksrelationship
(each 100 ha)between
was monitored
withindices.
CTCs during
winter 2006. to an actual density of 0.01 possum ha .
,Q WKH SHULRG ± PRQWKV DIWHU SRLVRQLQJ &7&V ZHUH
Each block XQLWVZHUHWUDQVHFWVDW.XPDUDDQG0F.HUURZDQGEORFNVDW
was surveyed with 151–170 CTCs placed for c. 2 weeks on four parallel 1XVHGWRVXUYH\FRIWKHVWXG\DUHD FDUGVSODFHG
the other
study
km-long transects
spaced
200sites.
m apart. The presence or absence of possum faecal pellets
at 50-m intervals on 27 parallel transects spaced 1 km apart,
UHODWLYH
DEXQGDQFH
RI IDHFDO
SHOOHWV
KDV DOVR
EHHQ
was recorded on7KH
a circular
(1.14-m
radius) plot
immediately
adjacent
to each
CTC when
total transect length = 150 km). Cards were left for 6–7 nights
XVHG DV DQ LQGH[ RI SRVVXP DEXQGDQFH %DGGHOH\  
EHIRUHEHLQJFKHFNHG7KHVWXG\DUHDZDVGLYLGHGLQWR¿YH
Before experimental possum control trials in 2007 in two
4
sub-blocks,
primarily for logistical purposes.
SRGRFDUS±WDZDIRUHVWVLQWKHFHQWUDO1RUWK,VODQG±:KLULQDNL
)RXURIWKH¿YHEORFNVZHUHUHVXUYH\HG±PRQWKVDIWHU
and Mokaihaha– possum abundance in 36 blocks (each 100
FRQWUROXVLQJ&7&VGHSOR\HGLQDVLPLODUZD\EXWZLWK
KD ZDVPRQLWRUHGZLWK&7&VGXULQJZLQWHU(DFKEORFN
the parallel east–west transects all moved 250 m northward
ZDVVXUYH\HGZLWK±&7&VSODFHGIRUFZHHNVRQ
to target areas not sampled in the initial survey.
IRXU SDUDOOHO NPORQJ WUDQVHFWV VSDFHG  P DSDUW7KH
presence or absence of possum faecal pellets was recorded on
Effect on CTCI of between-species interference
a circular (1.14-m radius) plot immediately adjacent to each
&7&ZKHQFDUGVZHUHUHPRYHG3RLVVRQWUDQVIRUPHG&7&,V
Detection rates of a range of pests were compared on cards
and possum faecal-pellet frequency (FPF; the percentage of
that detected or did not detect a second pest species during the
plots with faecal pellets present) were correlated, using blocks
Hauhungaroa trials to investigate between-species interactions
as sampling units.
at chew-track-cards. For example the ratio of possum detection
7UDFNLQJWXQQHOVZHUHSDLUHGZLWK&7&VLQSRGRFDUS±WDZD
rate on cards with and without rat sign (detection ratio)
IRUHVWDWIRXU1RUWK,VODQGVLWHV .DLPDL0RNDLKDKD:DLPDQD
ZDV FDOFXODWHG 'HWHFWLRQ UDWHV ZHUH FRPSDUHG XVLQJ î
:KLULQDNL LQ2FWREHUWRFRPSDUHVHQVLWLYLW\RI&7&V
FRQWLQJHQF\ WDEOHV 7KH UHODWLRQVKLS EHWZHHQ SRVVXP±UDW
DQGWUDFNLQJWXQQHOVWRURGHQWV7ZRNPWUDQVHFWVDWOHDVW
detection ratios and rat abundance was determined by
1 km apart were established at all sites, each with 36 sets of
UHJUHVVLQJGHWHFWLRQUDWLRVDJDLQVWUDW&7&,VIURPGLIIHUHQW
both devices placed side by side at 200-m intervals and run
blocks and years.
IRUIRXUQLJKWV&7&VZHUHEDLWHGZLWKSHDQXWEXWWHULFLQJ
sugar + lucerne as above and tunnels were baited with peanut
butter and salted rabbit meat. For each species, the percentage
Results
RIWKHWUDFNLQJWXQQHOVWUDFNHGRYHUWKHIRXUQLJKWV 77, ZDV
FRPSDUHGZLWKXQWUDQVIRUPHG&7&,VXVLQJFRUUHODWLRQVDQG
Small-mammal interference sign on chew-track-cards
paired t-tests, with transects as sampling units.
)LQDOO\ZHDOVRFRPSDUHG&7&,VDQGD:D[7DJLQGH[
All of the small-mammal pest species commonly encountered
:7,V XVLQJGDWDREWDLQHGIURPDHULDOSRLVRQLQJWULDOVLQWKH
in New Zealand forests produced distinctive tooth impressions
south-eastern portion of Molesworth Station, Marlborough
RQ&7&V3RVVXPVH[WHQVLYHO\FUXVKHGFDUGPDUJLQVWRDGHSWK

New Zealand Journal of Ecology, Vol. 35, No. 2, 2011

156

RIFíPPDQGRUSURGXFHGFOHDUQDUURZVOLJKWO\FXUYHG
incisor-pair impressions c. 6 mm wide (Fig. 2a, b) but rarely cut
or perforated the card surface. Rats frequently gnawed away
large portions of cards leaving jagged edges and/or incisor-pair
perforations c. 2 mm wide (Fig. 2c, d). Mice cut small nicks or
gnawed away portions of one surface of baited areas, leaving
numerous tiny (c. 0.5 mm wide) tooth impressions along the
chewed edge (Fig. 3a). Mice also cleanly removed c. 5 mm
of bait from the ends of baited channels, sometimes without
leaving tooth impressions. Stoats produced highly variable
QXPEHUVRIPPZLGHFDQLQHSHUIRUDWLRQVZLWKLQFí
mm of the card margins (Fig. 3b) and hedgehogs (Erinaceus
europaeus) left slightly elongated small (1–2 mm wide) canine
perforations on one side of the cards and blunt incisor-pair
impressions c. 4 mm wide on the opposite surface (Fig. 3c,
d). Field staff easily distinguished between possum, rodent
and carnivore tooth impressions. A hand lens was sometimes
required to differentiate between rats and mice when gnawing
was light, but these two species could always be separated by
DQH[SHULHQFHGREVHUYHU,QGLVWLQFWLPSUHVVLRQVZHUHUDUHO\
XQLGHQWL¿DEOH FRIGHWHFWLRQV DQGPD\VRPHWLPHVKDYH
been produced by accidental damage to the cards.
,QNWUDFNVZHUHIUHTXHQWO\VPHDUHGEXWWKHZLGWKRIµWRH
stripes’ (c. 1 or 2 mm wide for mice and rats, respectively)
were diagnostic for rodents. Clear prints were also occasionally
produced by rats, stoats, hedgehogs and, particularly, mice.
Detection was primarily from tooth impressions, or a
combination of ink tracks and tooth impressions, although
some detections were only from ink tracks, particularly for
PLFH 7DEOH   2WKHU IRUHVWGZHOOLQJ YHUWHEUDWH VSHFLHV
occasionally detected were pigs (Sus scrofa), goats (Capra
hircus), cats (Felis catus), kea (Nestor notabilis) and weka
(Gallirallus australis). Rabbits (Oryctolagus cuniculus),
ferrets (Mustela furo) and dogs (Canis familiaris) have also
EHHQ LGHQWL¿HG IURP WRRWK LPSUHVVLRQV RQ &7&V SODFHG LQ
unforested habitats (PS unpubl. data).
1RWDOOSRVVXPVGHWHFWHGE\&7&VOHIWWRRWKLPSUHVVLRQV
or ink footprints. During the two Hauhungaroa Range surveys
(combined total of 125 possum detections), possums were
detected by only fur or scratch marks on two occasions.
Likewise, rodents, particularly rats, frequently left faecal
SHOOHWV RQ WRS RI &7&V ZKLFK DLGHG VSHFLHV GHWHFWLRQ DQG
LGHQWL¿FDWLRQ
Comparison with other measures of pest abundance
3RVVXP &7&,V ZHUH DOZD\V SRVLWLYHO\ FRUUHODWHG WR 7&,V
although only weakly in some of the trials with low samples
VL]HV 7DEOH   7KH UHODWLRQVKLS UHJUHVVLRQ VORSH  YDULHG
PDUNHGO\ EHWZHHQ VWXGLHV EXW WKLV PD\ UHÀHFW YDU\LQJ
PRQLWRULQJSURWRFROVXVHGIRUERWK&7&DQGWUDSV7KHWZR

Figure 2.&KHZWUDFNFDUGVVKRZLQJSRVVXPELWHPDUNV D E 
DQGUDWELWHPDUNV F G 

Figure 3. Chew-track-cards showing mouse gnawing (a), stoat
canine tooth impressions (b) and hedgehog canine (c) and
mandibular incisor (d) impressions.

Table 1. Frequency of detection on chew-track-cards of a range of mammalian pests, and the percentage of those detections that
UHFRUGHGRQO\LQNWUDFNVRUWRRWKLPSUHVVLRQV'DWDDUHIURPWKH+DXKXQJDURDVXUYH\ 7KLVRQHSRVVXPOHIWVFUDWFK
marks
on the inked surface.
__________________________________________________________________________________________________________________________________________________________________
Species

N

Detection
frequency (%)

Percentage of
detections with
only ink tracks

Percentage of
detections with
only tooth impressions

5.5
23.9
2.3*

11.1

45.9
5.9
47.7

62.5

__________________________________________________________________________________________________________________________________________________________________

Hedgehog
Mouse
Possum
5DW
Stoat

2992
2992
2992

2992

2.4
60.1
1.5

0.27

__________________________________________________________________________________________________________________________________________________________________
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Table 2. Possum data from six studies comparing regressions of Poisson-transformed trap-catch index on Poisson-transformed
FKHZWUDFNFDUGLQGH[7KHQDWLRQDOSRVVXPWUDSFDWFKSURWRFRO 13&$D ZDVIROORZHGLQVWXGLHV±RQO\&KHZ
track-card deployment periods varied between studies from 6 to 24 nights as indicated below the study name. Linear
regression line slope (a), y-axis intercept (b), and regression statistics (R2, P-value) are shown. Mean untransformed rat
&7&,UHFRUGHGRQWKHVDPHFDUGVDVSRVVXP&7&,VDUHDOVRVKRZQ:KHUHGDWDLQFOXGHSUHDQGSRVWFRQWUROUHVXOWVIURP
DHULDORSHUDWLRQV
:KLULQDNL0ROHVZRUWK/DQGVERURXJK,VRODWHG+LOO RQO\SUHFRQWUROUDWGDWDDUHVKRZQ
__________________________________________________________________________________________________________________________________________________________________
Study

Lines/blocks
(N 

a


b


R2


P


Mean rat
&7&,
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í
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6

10.27

0.02

0.61

0.066

3.2%
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:KLULQDNL1RUWK
P7&,GD\&7&, 
:KLULQDNL6RXWK
P7&,GD\&7&, 
.XPDUD 5DLVHGVHW
7&,GD\&7&, 
0ROHVZRUWK
±GD\&7&, 
Landsborough 2009
±GD\&7&, 
,VRODWHG+LOO
GD\&7&, 
0F.HUURZ
GD\&7&,

__________________________________________________________________________________________________________________________________________________________________

VWXGLHVZLWKWKHORQJHVW&7&GHSOR\PHQWKDGVWHHSUHJUHVVLRQ
VORSHV DQG +RZHYHUWKHUHJUHVVLRQVORSHIRU
,VRODWHG+LOOZKHUHFDUGVZHUHRXWIRUMXVWGD\VZDVDOVR
high at 12.64, but may be erroneous due to a small sample
size and a limited range of possum abundance encountered
± 57&,  $ PRGHVW UHJUHVVLRQ VORSH RI  DW
:KLULQDNL6RXWKSUREDEO\UHÀHFWVDZLGHUWUDSVSDFLQJWKDQ
LQRWKHUDUHDVUHVXOWLQJLQKLJKHU57&,VWKDQH[SHFWHGXQGHU
VWDQGDUGPVSDFLQJ:KLULQDNL1RUWKZLWKDUHJUHVVLRQ
slope of just 1.32, stands out as markedly different from areas
with comparable survey protocols. Frequent cyanide poisoning
by local possum-fur harvesters in this easily accessible block,
OHDGLQJWRVLJQL¿FDQW&7&VK\QHVVLVWKRXJKWWREHUHVSRQVLEOH
IRUWKLVUHVXOW,QWKHRQO\VWXG\ZLWKDGHTXDWHVDPSOLQJLQ
ZKLFKVWDQGDUG7&,V LHDVSHU13&$D ZHUHFRPSDUHG
ZLWKGD\&7&,V 0F.HUURZ WKHUHJUHVVLRQVORSHZDV
and the relationship strong.
7KH&7&,WR57&,UDWLRIRUSRVVXPVZDVXQUHODWHGWR
WKHDEXQGDQFHRIUDWVDVPHDVXUHGE\&7&V R2 P =
7DEOH +RZHYHUDWULDOUDWUHSHOOHQWEDLWZDVXVHG
LQFRQMXQFWLRQZLWKWKHVWDQGDUGSRVVXPEDLWLQ&7&VLQWKH
RQO\ VWXG\ ZLWK KLJK UDW LQGLFHV .XPDUD  DQG WKHUHIRUH
may have reduced the potential impact of rat interference on
possum detection rates there.
3RVVXP&7&,VDW:KLULQDNLDQG0RNDLKDKDZHUHVWURQJO\
and positively correlated to possum faecal pellets frequency
on 1.14-m-radius plots (R2 P)LJ 
5DWGHWHFWLRQUDWHVRQ&7&VZHUHSRVLWLYHO\FRUUHODWHG
with those from tracking tunnels (R2 = 0.57, P = 0.03; Fig.
D ZLWKZHDNHYLGHQFHWKDWUDWHVZHUHKLJKHURQ&7&VWKDQ
LQ WUDFNLQJ WXQQHOV &7&V   WXQQHOV   SDLUHG
t-test t7 = 2.19, P    0RXVH GHWHFWLRQV RQ &7&V
and in tracking tunnels were not correlated (R2 = 0.004,
P )LJE EXWZHUHUHFRUGHGWLPHVPRUHIUHTXHQWO\
on the former (paired t-test: t7 = 3.69, P  
,QWKH0ROHVZRUWKVWXG\SRVVXP&7&,VZHUHDOVR
positively correlated with the frequency of possum detection
RQ:D[7DJVERWKEHIRUHDQGDIWHUSRVVXPFRQWUROZLWKWKH
relationship strongest before control due to the greater range

of possum abundance sampled then (Fig. 6). After Poisson
transforming the raw data to account for device saturation
DW KLJK GHWHFWLRQ UDWHV SRVVXP &7&,V ZHUH  DQG 
WLPHV KLJKHU WKDQ :7,V EHIRUH DQG DIWHU SRVVXP FRQWURO
respectively (paired t-test before control: t43 = 5.65, P
after control: t43 = 2.64, P = 0.01). Both monitoring devices
occasionally failed to detect possums, as on 6 of 44 transects
possums were detected by one device but not the other during
post-control monitoring. No such examples occurred during
SUHFRQWURO PRQLWRULQJ 7KHVH IDLOXUHWRGHWHFW UDWHV ZHUH
QRWVLJQL¿FDQWO\GLIIHUHQWDWDQGRIOLQHVZKHUH
SRVVXPVZHUHGHWHFWHGIRU&7&VDQG:D[7DJVUHVSHFWLYHO\
îFRQWLQJHQF\WDEOHȤ12 = 0.21, P = 0.65).

Figure 4. Correlation between possum detection frequency on
chew-track-cards and possum faecal pellet frequency on 1.14PUDGLXVSORWVDW:KLULQDNLDQG0RNDLKDKDLQ5DZGDWD
are Poisson-transformed to approximate a linear index (Hone
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9HU\ IHZ PLFH ZHUH GHWHFWHG RQ :D[7DJV  
FRPSDUHGZLWK&7&V  DW0ROHVZRUWK SUHDQGSRVW
FRQWUROUHVXOWVFRPELQHGîFRQWLQJHQF\WDEOHȤ12 = 1366,
P    LQGLFDWLQJ WKDW XQEDLWHG :D[7DJV DUH QRW D
sensitive monitoring tool for mice.
Utility as a mapping tool
3RVVXPV ZHUH UHFRUGHG RQ    RI WKH  &7&V
GHSOR\HGLQWKHLQLWLDO&7&VXUYH\RIWKH+DXKXQJDURD5DQJH
±PRQWKVDIWHUWKHSRLVRQLQJ7KHVHGHWHFWLRQVRFFXUUHG
ZLWKLQFOXVWHUVRIDFWLYLW\DFOXVWHUEHLQJGHVLJQDWHGDV
possum interference or sign detected on a card or group of
cards that were at least 150 m from other possum-positive
FDUGVLQGLFDWLQJWKDWWKHUHZHUHEHWZHHQDQGSRVVXPV
detected (0.19–0.29 possum km–1RIWUDQVHFW 7KLVLVPRUH
than twice the detection rate during the post-control leg-hold
trapping within c. one month of control, with two possums
detected (captures) on a total length of 21.2 km of traplines
(0.09 detection km–1).
Cost of CTC surveys
)LHOGFUHZVZHUHDEOHWRHVWDEOLVK±NPRI&7&WUDQVHFW
each per day, in remote terrain and all seasons, at an onWUDQVHFWUDWHRINPDQGGHYLFHVHYHU\íPLQXWHV$W
DODERXUFRVWRI1=SHUGD\ GROODUVDQGSD\UDWHV 
a factor of 1.2 for travel and other such non-productive time,
SHUNLORPHWUHIRUPDWHULDOVDQGWUDYHOWRWDOFRVWVIRUWKH
&7&VXUYH\ZHUH±SHUNLORPHWUH7KLVJLYHVFRVWV
RI±SHUGHWHFWLRQDQG±SHUGHWHFWHG
cluster for the 2005/06 Hauhungaroa survey.

Figure 5. Correlations between 4-day detection frequency on
chew-track-cards and tracking tunnels for rats and mice.

Figure 6. Correlation between possum detection frequency on
FKHZWUDFNFDUGVDQG:D[WDJVDW0ROHVZRUWK6WDWLRQLQVSULQJ
'DWDDUH3RLVVRQWUDQVIRUPHGWRDSSUR[LPDWHDOLQHDULQGH[
+RQH 

Multiple species detection interactions
,QGLYLGXDO &7& FDUGV IUHTXHQWO\ GHWHFWHG PRUH WKDQ RQH
species; during the 2005/06 Hauhungaroa survey two and
three species were simultaneously detected on 23.6 and 0.5%
RIFDUGVUHVSHFWLYHO\7KHUHDUHVWURQJLQGLFDWLRQVWKDWZKHQ
D&7&LVLQWHUIHUHGZLWKE\RQHVSHFLHV SDUWLFXODUO\UDWV LW
DIIHFWVWKHOLNHOLKRRGWKDWWKDW&7&ZLOOGHWHFWRWKHUVSHFLHV
For example, rat interference on cards at Hauhungaroa was
associated with lower detection rates of other species. During
the 2005/06 Hauhungaroa survey, when rat abundance was
moderate (44% of cards detected rats), hedgehog, mouse and
possum detection rates on cards that also detected rats were only
27–55% of those recorded from cards without rat interference
7DEOH   7KHUH ZHUH QR VLJQL¿FDQW GHWHFWLRQ LQWHUDFWLRQV
between non-rat species, with the possible exception of a
positive interaction between stoats and mice, although there
ZHUHLQVXI¿FLHQWVWRDWGDWDWRWHVWWKLVLQWHUDFWLRQ 7DEOH 
7KHGHJUHHRIQHJDWLYHLQWHUDFWLRQEHWZHHQWKHGHWHFWLRQRI
possums and rats was correlated with overall rat abundance
(Fig. 7). At the highest rat detection rates (c. 90% of cards),
SRVVXPGHWHFWLRQVZHUHFIROGORZHURQUDWGHWHFWLQJ&7&V
WKDQRQ&7&VWKDWGLGQRWGHWHFWUDWV )LJ 
Likewise, as another example, no mice at all were detected
DW,VRODWHG+LOORQ&7&VWKDWKDGEHHQELWWHQE\SRVVXPV
DQGUDWVZKHUHDVWKH\ZHUHGHWHFWHGRQRI&7&VWKDW
GHWHFWHGQHLWKHUUDWVQRUSRVVXPV Ȥ21 = 11.44, P 

Discussion
7KH LGHDO VXUYHLOODQFH RU PRQLWRULQJ WRRO IRU DVVHVVLQJ WKH
abundance of multiple species of small mammals should be
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(1) highly sensitive in its ability to detect all of the species of
LQWHUHVW  KLJKO\VSHFL¿FLQDFFXUDWHO\DQGVLPXOWDQHRXVO\
identifying the presence of particular species, (3) not
prone to major biases, and (4) cheap and easy to deploy.
8QIRUWXQDWHO\ QR VXFK WRRO H[LVWV +RZHYHU &7&V DQG
WKHLUZD[EORFNSUHFXUVRUVKRZSURPLVHLQIXO¿OOLQJVRPH
RIWKHVHUHTXLUHPHQWV7KHGHJUHHWRZKLFKWKH\DUHDEOHWR
do so depends on the context in which they are used, and on
the surveillance or monitoring goals.
&7&VDSSHDUWREHDVHQVLWLYHWRROIRUGHWHFWLQJUDWVDQG
possums, and also mice where rats are rare, compared with other
DYDLODEOHWRROV7KH\FDQDOVRGHWHFWPDQ\RWKHUVSHFLHVEXW
GRVRRQO\UDUHO\,WLVXQFOHDUZKHWKHUWKDWLVDFRQVHTXHQFHRI
the rarity of species such as stoats in most of the areas in which
the trials summarised here were conducted, or low sensitivity
to those species (or both). Several species can be detected
VLPXOWDQHRXVO\RQWKHVDPH&7&7KLVIHDWXUHLVHQKDQFHGE\
the large detection surface area, the two modes of detection,
and the ability to apply at least four different baits to separate
SDUWVRIWKHFDUGHDFKRQHWDUJHWLQJDGLIIHUHQWVSHFLHV7KH
addition of tracking ink was particularly useful for detecting
PLFH 7DEOH 7RGDWHZHKDYHSULPDULO\IRFXVHGRQEDLWVWR
attract possums, which being peanut-butter based are also very
DWWUDFWLYHWRURGHQWV:RUNRQVWDEOHVSHFLHVVSHFL¿FEDLWVLV
QHHGHGWRLQFUHDVHVHQVLWLYLW\RI&7&VWRFDUQLYRUHV

Figure 7. 5HODWLRQVKLS EHWZHHQ SRVVXP &7&, UDWLR SRVVXP
GHWHFWLRQIUHTXHQFLHVRQFKHZWUDFNFDUGV &7&V ZLWKRXWUDWVLJQ
GLYLGHGE\SRVVXPIUHTXHQF\RQ&7&VZLWKUDWVLJQ IRUDUDQJH
of Poisson-transformed rat interference rates. Rat-interference
DQGSRVVXP&7&,UDWLRGDWDZHUHVTXDUHURRWWUDQVIRUPHGSULRU
to regression analysis to normalise residuals. Back-transformed
YDOXHVDUHSORWWHG6DPSOHXQLWVDUHEORFNV ¿YHIURP¿UVWVXUYH\
and four from second survey).
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&7&VDSSHDUWREHDVVHQVLWLYHRUPRUHVRDWGHWHFWLQJ
SRVVXPV DV OHJKROG WUDSV ,Q WKH ¿UVW +DXKXQJDURD &7&
VXUYH\DWOHDVWSRVVXPVZHUHGHWHFWHGDORQJNPRI
&7&WUDQVHFWFRPSDUHGZLWKMXVWWZRDORQJNPRIWUDSOLQH
Adding an assumed mean recapture distance of 160 m (the
¿JXUHUHFRUGHGLQDVWXG\DW3XUHURUDNPWRWKHQRUWK
D. Morgan Landcare Research, Lincoln, pers. comm.) to each
HQGRIHDFKWUDSDQG&7&OLQHLQGLFDWHVDPLQLPXPRI
SRVVXPVZHUHGHWHFWHGSHUNLORPHWUHRI&7&WUDQVHFWFRPSDUHG
ZLWKSRVVXPVGHWHFWHGSHUNLORPHWUHRIWUDSOLQH7KLV
¿YHIROGGLIIHUHQFHDSSHDUVWRRJUHDWWREHH[SODLQHGE\DQ\
bias downward in the trapping estimate as a consequence of
it having being conducted a few weeks rather than months
after the poisoning operation, as observed elsewhere (Nugent
et al. 2010). Accordingly, the per-possum cost of detection
ZLWKOHJKROGWUDSVDW+DXKXQJDURD HVWLPDWHGIURP
FRVWSHUOLQHGDWD6/LWWOHIDLU4XDOPRQV7DXSR ZDVí
WLPHVPRUHWKDQZLWK&7&V í 
,QGHVLJQLQJ&7&VSDODWDEOHEDLWZDVLQFOXGHGVSHFL¿FDOO\
LQ DQ DWWHPSW WR PD[LPLVH GHWHFWLRQ VHQVLWLYLW\ 7KLV LV LQ
FRQWUDVW WR :D[7DJV ZKLFK DUH GHOLEHUDWHO\ PDGH WR EH
unpalatable, to minimise the number of different devices that
DQ LQGLYLGXDO DQLPDO PLJKW ELWH 07KRPDV 3HVW &RQWURO
Research, Christchurch, pers. comm.). Although in the
0ROHVZRUWKVWXG\SRVVXPGHWHFWLRQIUHTXHQF\RQ&7&VZDV
QHDUO\GRXEOHWKDWRI:D[7DJV )LJ LWLVXQFOHDUZKHWKHU
WKDWUHÀHFWVGHWHFWLRQRIPRUHSRVVXPVRUVLPSO\DJUHDWHUPHDQ
number of detections per possum, as levels of false-negatives
(failures to detect) were statistically similar for both devices.
Because multiple detections of the same possum result in more
UDSLG VDWXUDWLRQ RI WKH &7&, DV SRVVXP QXPEHUV LQFUHDVH
&7&VZLOOEHOHVVXVHIXOWKDQ:7VIRUPRQLWRULQJSRVVXP
SRSXODWLRQV ZKHUH QXPEHUV DUH PRGHUDWH RU KLJK :KHUH
SRVVXPQXPEHUVDUHYHU\ORZKRZHYHU&7&VDSSHDUOLNHO\
to be more sensitive. One solution to multiple detection of the
VDPHDQLPDOLVVLPSO\WRVSDFH&7&VPRUHZLGHO\VRWKDWWKH
distance between them is just beyond the normal home-range
GLDPHWHUIRUWKHVSHFLHV FíPGHULYHGIURPKRPH
range sizes in Cowan (2005)), although this is likely to be at
the cost of lower detection probabilities.
'HWHFWLRQ SUREDELOLWLHV XVLQJ &7&V DUH UHTXLUHG WR
determine if the absence of detections provides reliable
HYLGHQFHRISHVWDEVHQFH7KHVHKDYHQRWEHHQPHDVXUHGIRU
any species. However, one study recorded (by DNA extraction
IURP FKHZHG &7&V  WKDW í RI LQGLYLGXDO SRVVXPV
FDSWXUHGLQOHJKROGWUDSVKDGELWWHQ&7&VGHSOR\HGDWWKH
trap sites for 4 nights prior to trapping (PS unpubl. data).

Table 3. Ratio of detection rates for species X on cards that did and did not detect species Y during the 2005/06 Hauhungaroa
survey. Ratios close to one indicate little interaction between the detectability of pairs of species. Numbers in parenthesises
DUHWRWDOQXPEHURIGHWHFWLRQVIURPDOOFDUGV6WDWLVWLFDOVLJQL¿FDQFHLVLQGLFDWHG P P 16QRWVLJQL¿FDQW
at the 95% level), after Bonferonni adjustments for multiple comparisons (multiplying the P-value by the number of tests
LQHDFKFROXPQ IRUîFRQWLQJHQF\WDEOHVRIWKHSUHVHQFHRUDEVHQFHRIVSHFLHV;DQG<LQWHUIHUHQFH,QVXI¿FLHQWGDWD
were available to test comparisons for stoats.
__________________________________________________________________________________________________________________________________________________________________
Species X

Species Y
Hedgehog

Mouse

Possum

Rat

Stoat







0.92
NS

0.27**
0.55**
0.40*

0.0
1.46
0.0
0.49

__________________________________________________________________________________________________________________________________________________________________
NS
NS

+HGJHKRJ  
0RXVH  
Possum (44)
Rat (1356)
Stoat (9)

__________________________________________________________________________________________________________________________________________________________________
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7KLVGHPRQVWUDWHGWKDWPRVWSRVVXPVZRXOGELWHD&7&LI
they encountered one.
&7&VDSSHDUDVVHQVLWLYHRUPRUHVRWRWKHSUHVHQFHRI
URGHQWVDVWUDFNLQJWXQQHOV&7&,VZHUHDVKLJKDVRUKLJKHU
WKDQ77,VLQSRGRFDUSIRUHVW )LJ 0DUNHGO\KLJKHUPRXVH
GHWHFWLRQUDWHVKRZHYHUFOHDUO\LQGLFDWHWKDW&7&VDUHPRUH
sensitive than tracking tunnels to the presence of mice, at least
in the presence of rats, which were ubiquitous across the eight
SRGRFDUS±WDZDVWXG\VLWHV5HODWLYHVHQVLWLYLW\RI&7&VWRPLFH
ZDVHYHQJUHDWHULQFRPSDULVRQWR:D[7DJVDW0ROHVZRUWK
Station. Mice were detected 50 times more frequently on
&7&VWKHUHWKDQRQ:D[7DJV+RZHYHU:D[7DJVPD\
be sensitive to mice in some habitats as high mouse indices
KDYHEHHQUHFRUGHGZLWKWKHPHOVHZKHUH 07KRPDV3HVW
Control Research, Christchurch, pers. comm.).
7KH LQWHUIHUHQFH UHFRUGHG RQ &7&V LV XVXDOO\ UHDGLO\
assigned to a particular species, making them usefully speciesVSHFL¿F 36SHUVREV +RZHYHUWKHUHFDQEHXQFHUWDLQW\
where bite and track marks are faint, or where species with
similar sized teeth and jaws are involved (e.g. young rats and
large mice). A more common problem is that detection of
one species is affected by the detection of a second species
HJSRVVXPVDQGUDWV7DEOH )LJ 7KLVDIIHFWVERWK
VHQVLWLYLW\DQGVSHFL¿FLW\DQGFDQWKHUHIRUHUHVXOWLQELDVLI
WKH&7&,LVEHLQJXVHGDVDPHDVXUHRIDQLPDODEXQGDQFH
:HDUHXQFHUWDLQDVWRWKHPHFKDQLVPRIWKLVLQWHUDFWLRQEXW
UHPRYDORIEDLWE\WKH¿UVWYLVLWRUUHGXFLQJWKHDWWUDFWLYHQHVV
RI&7&VWRVXEVHTXHQWYLVLWRUVLVOLNHO\$VWURQJGHSUHVVLRQ
LQPRXVHGHWHFWDELOLW\GXHWREHKDYLRXUDOPRGL¿FDWLRQLQWKH
presence of abundant rats, as recorded elsewhere (Brown et al.
6ZHHWDSSOH 1XJHQW LVSUREDEO\DOVRLQYROYHG
LQWKHGHWHFWLRQLQWHUDFWLRQRIUDWVDQGPLFHRQ&7&V7KH
H[WHQWRIWKHVHELDVHVFDQEHH[SORUHGE\FRPSDULQJ&7&,V
EHWZHHQVXEVHWVRI&7&V±WKRVHZLWKDQGZLWKRXWLQWHUIHUHQFH
sign of the second species of interest – although this will not
GHWHUPLQHZKLFKVSHFLHVLVH[FOXGLQJZKLFK7KHVLJQL¿FDQW
negative interaction between rats and three other species but
QRWDQ\QRQUDWSDLUVRIVSHFLHV 7DEOH VWURQJO\LPSOLFDWHV
rats as the dominant species in these interactions. Current
work to develop a bait-type unpalatable to rats, for inclusion
RQ&7&VPD\UHPHG\WKLVDSSDUHQWSUREOHP
7KH FRPSOH[LW\ RI WZR RU WKUHHZD\ SHVW LQWHUDFWLRQV
SRWHQWLDOO\XQGHUPLQHVFRQ¿GHQFHLQXVLQJ&7&,VWRDFFXUDWHO\
measure change in pest abundance. However, the lack of
VLJQL¿FDQFHEHWZHHQUDWDEXQGDQFHDQGWKHSRVVXP&7&,
57&,UHODWLRQVKLSVXJJHVWVHLWKHUWKDW  UDWVGRQRWPDUNHGO\
LQÀXHQFH SRVVXP GHWHFWLRQ RQ &7&V UHODWLYH WR WUDSV  
WKH WULDO UDWUHSHOOHQW EDLW XVHG DW .XPDUD ZDV HIIHFWLYH DW
SUHYHQWLQJUDWH[FOXVLRQRISRVVXPVDW&7&V  WKHYDULDEOH
survey protocols across the study sites masked rat-possum
interference, or (4) some combination of all three. Furthermore,
this problem of between-species effects largely disappears
for all species when the abundance of both main obscurers in
IRUHVWV SRVVXPVDQGUDWV LVUHGXFHGWRQHDU]HUROHYHOV7KLV
LVWKHFDVHDIWHU IRUH[DPSOH DHULDOSRLVRQLQJDQGLV
WKHFRQWH[WIRUZKLFK&7&VZHUHGHYHORSHG
8VHRI&7&,VIRUDVVHVVLQJDEXQGDQFHDQGRUFKDQJHV
in abundance of pests rests on the assumption that the index
is somehow related to pest density. At one extreme that must
be true, as (false positives aside) where there are no pests,
WKHUHFDQEHQRGHWHFWLRQ)RUSRVVXPVDQGUDWV&7&,VDUH
positively related to other indices of relative pest abundance,
although our data suggest the relationship may be variable for
SRVVXPV,WLVQRWFOHDUKRZPXFKRIWKDWYDULDELOLW\UHÀHFWV
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VDPSOLQJHUURULQ&7&,VDQGKRZPXFKUHÀHFWVVDPSOLQJHUURU
LQ7&,HVWLPDWHVDVWKHWULDOVWRGDWHKDYHKDGUHODWLYHO\VPDOO
VDPSOHVL]HVDQGGLGQRWXVHFRQVLVWHQWSURWRFROV VHH7DEOH 
7UDSFDWFKLQGLFHVDUHFRQVLGHUHGWREHPRUHRUOHVVOLQHDUO\
UHODWHGWRSRVVXPGHQVLW\XSWRDERXW7&, )RUV\WKHWDO
2005; Ramsey et al. 2005); therefore, further calibration using
VWDQGDUGLVHGSURWRFROVIRUERWK&7&VDQGWUDSVVKRXOGFODULI\
WKH UHOLDELOLW\ RI &7&V IRU LQGH[LQJ SRVVXP DEXQGDQFH DW
least at low possum densities.
0RXVHGHWHFWLRQUDWHVRQ&7&VZHUHXQUHODWHGWRWKRVH
LQWUDFNLQJWXQQHOVEXWZHUHPDUNHGO\KLJKHURQ&7&V )LJ
E 7KHODFNRIFRUUHODWLRQIRUPLFHEHWZHHQWKHWZRGHYLFHV
is not surprising given that mouse tracking in tunnels is
unrelated to measures of absolute mouse abundance (Ruscoe
HWDO )XUWKHUZRUNLVUHTXLUHGWRGHWHUPLQHLI&7&V
provide a reliable index of mouse abundance.
7KHLUDSSDUHQWVHQVLWLYLW\WRSRVVXPVDQGURGHQWVLQGLFDWH
WKHXWLOLW\RI&7&VIRUPRQLWRULQJORZGHQVLW\SRSXODWLRQVRI
these pests, but probably limits their usefulness when these
pests are abundant. A continuous variable, e.g. scoring the
LQWHQVLW\RISHVWLQWHUDFWLRQRQ&7&VLQVWHDGRIWKHVLPSOH
presence/absence score (used in this study), enhances the utility
of an indices for monitoring abundance pests (Engeman 2005).
However, many individually housed captive possums heavily
FKHZHG&7&VRQWKHLU¿UVWHQFRXQWHU 36XQSXEOLVKHGGDWD 
,IVXFKEHKDYLRXULVW\SLFDORIZLOGSRVVXPVWKHQDFRQWLQXRXV
variable will be of limited value for monitoring possums with
&7&V$VKRUWHUGHSOR\PHQWWLPHWKDQXVHGLQWKLVVWXG\ RQH
or two nights) may be a better option for monitoring abundant
SHVWV7ULDOVZKHUHFDUGVDUHDVVHVVHGGDLO\XQGHUDUDQJHRI
pest densities are required to quantify this.
$ PDMRU SURPSW IRU WKH GHYHORSPHQW RI &7&V DQG
:D[WDJV EHIRUH WKHP  ZDV WR UHGXFH WKH FRVW RI SRVVXP
PRQLWRULQJ 6LQFH WKH PLGV 7&,V EDVHG RQ OHJKROG
trapping have been the primary monitoring tool used in
possum management. However, it is expensive, primarily
because the nationally standardised protocol stipulates daily
VHUYLFLQJIRUWKUHH¿QHQLJKWVWKDWLVDWOHDVWIRXUYLVLWVWRHDFK
WUDSVLWH 13&$D $GGLQJWRWKDWWKHWUDSVDUHVSDFHG
closely together (20-m spacing) so that, at very low density,
capture of a possum greatly reduces the likelihood that any
QHLJKERXULQJWUDSVZLOODOVRFDWFKSRVVXPV,QFRQWUDVW&7&V
DQG:D[WDJV UHTXLUHRQO\WZRYLVLWVDQGLQDWOHDVWVRPHRI
WKH&7&,VXUYH\VZLGHUVSDFLQJVZHUHXVHG HJPVSDFLQJ
IRUWKH+DXKXQJDURDVXUYH\V 7&,VWKHUHIRUHFRQWDLQOLWWOH
H[WUDLQIRUPDWLRQDERXWSRVVXPDEXQGDQFHUHODWLYHWR&7&,V
in terms of the effort and cost of collecting it. Adding to this the
&7&VDUHVPDOOHUOLJKWHUDQGLQH[SHQVLYHDQGKDYHSURYHQWR
be easy to deploy (20 devices on 1 km of transect per hour in
XQWUDFNHGIRUHVWHGWHUUDLQ 7KXVLQWKH+DXKXQJDURDVXUYH\V
the cost per possum detection was at least 20 times higher
ZLWKWUDSVWKDQZLWK&7&VDOWKRXJKWKHVXUYH\GHVLJQVZHUH
QRWGLUHFWO\FRPSDUDEOH:HHVWLPDWHIURP¿HOGH[SHULHQFH
that trapping for three nights using a similar protocol to the
+DXKXQJDURDDUHDZLGH&7&VXUYH\V LHWUDSVHYHU\P
along transects spanning the entire area) would cost about
WKUHHWLPHVDVPXFKDV&7&WUDQVHFWV

Conclusions
&7&VVKRZSURPLVHDVDWRROIRUHI¿FLHQWO\PRQLWRULQJWKH
distribution and abundance of possums, rats, and mice in
New Zealand forest when the densities of pests are very low,
SDUWLFXODUO\LQH[WHQVLYHWUDFWVRIUHPRWHDQGGLI¿FXOWWHUUDLQ
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7KH\ DUH ORZ FRVW FRPSDFW OLJKW ZHLJKW HDV\ WR GHSOR\
sensitive to possums and rodents while also capable of detecting
a wide range of other species, and are easy to interpret with
minimal training. High sensitivity undermines their utility
as a tool for monitoring high density pest populations, but
they appear well suited to (1) comparing possum and rodent
densities after large-scale aerial poisoning and (2) identifying
(mapping) areas where pests still occur after control so that
further control can be focused at these site.
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