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Abstract

The brown tree snake introduction to Guam has had serious environmental, economic and social consequences. Trapping
brown tree snakes in the vicinities of ports and other cargo staging facilities is central to a program implemented to deter its
dispersal from Guam. Trapping forested plots on their perimeters has been an e�cient and e�ective trap placement strategy for

removing brown tree snakes from plots up to 8.4 ha. Here we examined whether this trap placement strategy was e�ective on a
17.8 ha plot, over twice the size of plot for which there was solid evidence of perimeter trapping's e�cacy. We found that brown
tree snakes were removed according to an exponential decay function. From 7 weeks on of trapping, snake captures had
declined to low steady state levels that may best re¯ect population recruitment in the plot. After 22 weeks of trapping, both the

plot interior and perimeter were trapped in a second phase designed to determine if the central portion of the plot contained
reservoirs of brown tree snake populations. The second trapping phase lasted for 8 weeks and produced the same low, steady
state capture rates as the ®nal 16 weeks of the ®rst phase that used only perimeter trapping. Only ®ve snakes were captured in

the plot interior in the second phase. We concluded that perimeter trapping removed brown tree snakes throughout the plot and
the strategy could be applied to larger plots than demonstrated previously. Published by Elsevier Science Ltd.

1. Introduction

The brown tree snake (Boiga irregularis ) on Guam
is a severe example of the negative e�ects that an
introduced predator can have on insular populations
of native fauna (Savidge, 1987). The brown tree snake
was brought to Guam accidentally through post
World War II shipments from New Guinea (Rodda et
al., 1992) and its populations have attained extraordi-
nary densities (Rodda et al., 1992). They have deci-
mated the native fauna. Currently, only three of the 12
species of forest birds survive in the wild, with one of
those on the verge of elimination (National Research
Council, 1997). Bat populations declined along with
the bird populations. Guam populations of Mariana
fruit bat (Pteropus mariannus ), already impacted by

hunting, were further decimated by snake predation.
Two other bat species disappeared by the early 1970's
due to unidenti®ed causes (Wiles et al., 1995). Only
one of the 12 native species of lizards on Guam occur
in densities similar to nearby snake-free islands
(Rodda and Fritts, 1992).

Guam has also su�ered economic and social conse-
quences of the brown tree snake introduction. Brown
tree snakes prey on poultry and other small domesti-
cated animals (Fritts and McCoid, 1991). They climb
utility poles and wires, causing frequent power failures
that result in millions of dollars of damaged equip-
ment, loss of productivity, and repair cost (Fritts et
al., 1987). Furthermore, the brown tree snake is mildly
venomous and readily enters buildings where it is a
health hazard to small children, who are less able to
defend themselves and have been the subjects of life-
threatening snake bite incidents (Fritts et al., 1990).

The brown tree snake is well-suited for transport to,
and establishment at, other locations. They are agile
climbers that seek refuge from heat and light during
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daylight. Cargo, shipping containers, and transport
vessels may o�er ready daytime refugia. These snakes
are opportunistic feeders that consume a highly varied
diet (Savidge, 1987; Rodda et al., 1997; Linnell et al.,
1997). These elements, coupled with Guam's position
as a focal point for commercial and military shipments
of cargo and passengers throughout the Paci®c, pre-
sent an acute and chronic likelihood for further disper-
sal of brown tree snake from Guam. Sightings have
been documented on many Paci®c islands, with an
incipient population speculated to exist on Saipan in
the Commonwealth of the Northern Mariana Islands
(CNMI) (McCoid et al., 1994).

Three control methods (Engeman et al., 1998b) are
employed to minimize brown tree snake dispersal: (1)
detector dog searches of outbound cargo, and (2) trap-
ping and (3) night-time spotlight searches of fence
lines to create low population bu�er areas in the vicin-
ities of cargo staging areas. Habitat adjacent to port,
cargo packing and cargo staging areas is largely com-
prised of remnant plots of forested vegetation, frag-
mented by commercial, industrial or military
development. Trapping these forested plots around
cargo staging areas is central to this integrated wildlife
damage management program.

Capture records from the federal program aimed at
controlling brown tree snakes indicated that trapping
on the forest perimeter was an e�ective, labor-e�cient
means for snake removal from plots as large as 8.4 ha
(Engeman et al., 1998c). In that same paper, an 18.2
ha plot showed large ¯uctuations in brown tree snake
capture rates over time, rather than a consistent trend
of diminishing capture rates that would indicate steady
population removal. However, the snake capture rates
never rebounded to more than about half of the initial
capture rates, implying some level of sustained e�cacy,
and there was a large amount of variability in the trap-
ping e�ort (number of traps) applied to that plot,
allowing for varying levels of recruitment to the snake
population.

Ensuing studies on plots ranging in size from 3.6 to
6.5 ha have con®rmed that a perimeter trap placement
strategy is highly e�ective for snake removal from
forested plots in this size range (Engeman and Linnell,
1998). Perhaps the e�cacy of this trapping strategy de-
rives from the tendency of snakes encountering the for-
est edge to stay along its perimeter, thus resulting in a
higher probability of snakes encountering traps on the
forest perimeter (Engeman et al., 1998c).

An assumption of perimeter trapping is that the size
of the area trapped can a�ect its e�cacy. At some
point, perimeter trapping is no longer e�ective at
removing brown tree snakes from the plot, but this
size limit has yet to be determined. In particular, we
seek to demonstrate that perimeter trapping can e�ec-
tively remove the snake population in a plot much lar-

ger than 8.4 ha in a reasonable amount of time (a
minimum of 4 months typically is used for operational
control purposes). This information would serve to
optimize the use of personnel and resources devoted to
trapping, while maximizing the extent of trapping
e�orts.

2. Methods

The study was conducted in 1997 over a 7 month
period in the Naval Magazine facility in south-central
Guam. The Naval Magazine has a network of roads
that produce well-de®ned plots of forested land in a
variety of shapes and sizes. This presents a similar situ-
ation to that where trapping for snake control takes
place: developed areas with the forest habitat fragmen-
ted into well-de®ned plots, such as around air and sea
ports and other cargo staging facilities. We also chose
to use the Naval Magazine because of the high security
associated with this munitions storage facility, greatly
decreasing the prospects of trap tampering during the
study.

We selected a forested 17.8 ha plot, roughly trape-
zoidal in shape, in the Naval Magazine for study
because it was of similar size to the 18.2 ha plot that
provided inconclusive results in the study of Engeman
et al. (1998c). Trapping was conducted in two phases.
In Phase 1, removal trapping was applied to the entire
perimeter of the plot using the operational standard of
a 20 m spacing between traps (150 traps total). The
traps were of a funnel design (i.e., minnow or cray®sh
traps), with one-way doors installed at the entrances
(e.g., Linnell et al., 1998). A live mouse, protected in
an interior cage, served as an attractant. Brown tree
snake and nontarget animal captures were monitored
and recorded weekly.

After captures had dropped to a low, steady state
level (< 0.01 snakes/trap-night) for 4 months, Phase 2
of trapping was implemented. In this phase, removal
trapping was maintained at the same intensity on the
plot perimeter and an additional 48 traps were placed
through the plot interior (> 30 m from plot perimeter)
to determine if snakes remained there in consequential
numbers. To thoroughly sample the plot interior, traps
were placed through the interior in two parallel lines
bisected by a third line. Trapping in the interior, in ad-
dition to the perimeter, was conducted for another 8
weeks.

3. Results

Phase 1 of trapping lasted for 22 weeks, but the cap-
ture rate for brown tree snakes rapidly declined to low
levels, dropping from 0.0533 to 0.0043 snakes/trap-
night at 7 weeks, and remained in a low steady state,
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ranging only from 0.0018 to 0.0074 snakes/trap-night
during the following 15 weeks of Phase 1 trapping.

We modeled the decline in captures as an exponen-
tial decay function. We used the ®rst 9 weeks of cap-
ture data to insure that captures had reached the
steady state level. The following model �R2 � 0:88,
p � 0:0002� resulted (Fig. 1):

captures � 0:092eÿ0:381 week:

The capture rates for the weeks in Phase 1 following
the modeled data averaged only 0.0047 snakes/trap-
night and, with R2 � 0:01, showed no time trend up
or down.

During Phase 2 (8 weeks beyond Phase 1), only ®ve
of the brown tree snakes were captured from interior
traps, all in the ®rst 3 weeks. The weekly capture rates
for perimeter and interior traps combined remained at
low levels similar to the capture rates for the ®nal 16
weeks of Phase 1, ranging from 0.0010 to 0.0095
snakes/trap-night. This additional trapping averaged
0.0060 snakes/trap-night and continued to show no
time trend up or down with an R2 of only 0.18 with
time (weeks). No di�erences in weekly brown tree
snake capture rates were detected between Phase 2 and
the period following the initial decline (®rst 6 weeks)
in capture rates in Phase 1 (Wilcoxon rank sum,

p � 0:4618). Rats (Rattus spp.) were the only nontarget
animals captured in snake traps and they appeared
with increasing frequency as trapping progressed
through Phase 1 and 2 (Table 1).

4. Discussion

The rapid decline in capture rates to a low, relatively
constant level has been demonstrated for other appli-
cations (Engeman and Linnell, 1998; Engeman et al.,
1998c). That there were no time trends evident after
the initial decline in Phase 1 and throughout Phase 2
suggests that the capture rate was in equilibrium with
natural processes. This result, combined with very few
captures in the interior and the fact that no di�erence
was detected between the low-level steady state capture
rates for Phase 1 and 2, leads us to conclude it is

Table 1

Capture summaries for two phases of trapping brown tree snakes

from a 17.8 ha forested plot on Guama,b

Week Date Snake captures Rate captures Snakes/TN

Phase 1:

1 4/7±13 8 0 0.0533

2 4/14±20 29 0 0.0314

3 4/21±27 31 0 0.0318

4 4/28±5/4 19 0 0.0204

5 5/5±11 25 0 0.0214

6 5/12±18 17 1 0.0162

7 5/19±25 5 0 0.0043

8 5/26±6/1 5 0 0.0060

9 6/2±/8 2 0 0.0018

10 6/9±15 7 0 0.0071

11 6/16±22 4 0 0.0043

12 6/23±29 5 0 0.0047

13 6/30±7/6 4 0 0.0039

14 7/7±13 4 0 0.0031

15 7/14±20 3 0 0.0037

16 7/21±27 6 0 0.0048

17 7/28±8/3 3 0 0.0048

18 8/4±10 8 0 0.0053

19 8/11±17 7 0 0.0054

20 8/18±24 8 1 0.0074

21 8/25±31 3 1 0.0026

22 9/1±7 4 1 0.0037

Phase 2:

23 9/8±14 8 2 0.0078

24 9/15±21 10 0 0.0095

25 9/22±28 8c 3 0.0046

26 9/29±10/5 10 0 0.0095

27 10/6±12 4 0 0.0038

28 10/13±19 1 0 0.0010

29 10/20±26 7 4 0.0037

30 10/27±31 7 0 0.0050

a Phase 1 placed traps only on the plot perimeter.
b Phase 2 had traps placed on the perimeter and interior of the for-

est.
c Five of these eight snakes were taken in interior traps and were

the only snakes captured in interior traps.

Fig. 1. Exponential decay model describing the brown tree snake

capture rate (snakes/trap-night) by perimeter trapping from a 17.8

ha forested plot on Guam.
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highly unlikely that a signi®cant untrapped reservoir
of brown tree snakes remained in the plot interior
after the plot had been trapped on its perimeter. This
is supported by results from smaller plots where
trapping essentially removed the brown tree snake
population without leaving behind a substantial
untrappable population (Engeman et al., 1998a). The
low level capture rate of brown tree snakes that
remained from week 7 of Phase 1 for the following 23
weeks till the completion of the study likely represent
recruitment to the plot population, probably mostly
through re-invasion and, to a lesser degree in this time
frame, from maturation of resident adolescent snakes
to a trappable size. The increasing appearance of rats
as nontarget captures served as an additional, but
indirect, indication of a decrease in their primary pre-
dator, brown tree snakes.

Some important management implications obtain
from the results of this study. First, although this 7
month study monitored a single large plot, the results
paralleled those from many other plots of varying sizes
from 3.6 to 8.4 ha. This study demonstrated that
brown tree snake populations can be substantially
reduced in a nearly 18 ha plot through perimeter trap-
ping, similar to the reductions observed for much
smaller plots. Trapping larger plots only on the per-
imeter presents a savings in labor because plots of this
size no longer need to be subdivided by cutting trails
through them for trap lines, and trapping only on the
perimeter allows for vehicle access to maintain traps.
Personnel and trapping materials can be extended
further to cover more and larger plots only on the per-
imeter. This could be especially valuable when prepar-
ing larger areas of land for reintroduction of native
species.

Also, a number of chemically contaminated sites can
be found adjacent to some port areas on Guam. They
have been considered too hazardous to trap on their
interiors, but their proximity to cargo creates a risk
for their snake populations to enter the transportation
¯ow from Guam. Perimeter trapping can now be
applied with greater con®dence that the snake popu-
lations throughout the plot will be removed.

Fitting an exponential decay model to describe the
decline in capture rates also has implications for man-
agement (Engeman and Linnell, 1998). The supply of
traps available for control work and the personnel
required to tend them are limited resources. E�cient
long-term planning for the use of control resources
would be bene®tted if the removal rate of brown tree
snakes could be predicted. As data from multiple plots
are examined for their ®t to the same functional
model, a general random coe�cient model (Laird and
Ware, 1982; Littell et al., 1996) might be developed to
describe snake removal from a generic plot, giving
managers predictive capability.
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