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Abstract: Brown treesnakes (Boiga irregularis) are mildly venomous, exotic snakes that have
the potential to become an invasive species in North America, Hawaii, and the Commonwealth
of the Northern Mariana Islands. The snake is native to northern and eastern Australia,
New Guinea, and other islands of northern and western Melanesia. The snakes were first
found outside their native range on Guam in 1953. The exact date they reached the island
is uncertain, but they are believed to have arrived on military cargo transport vessels some
time during or just after World War Il. During the years that followed, the population of brown
treesnakes increased considerably on Guam. The snakes have extirpated or endangered
many native animal populations, attacked pets and poultry, bitten humans, and caused power
outages resulting in millions of dollars in damage. This snake species has been found on
ships and aircraft, which have transported it to other islands in the Indo-Pacific, as well as
Hawaii and the continental United States (i.e., Texas, Oklahoma, and Alaska) in military cargo.
Because the U.S. military is expanding its bases on Guam, resulting in increased shipments
and military movements from Guam to the United States, there is an increasing risk for brown
treesnake invasion into the United States, as well as other islands in the Pacific. Two-thirds
of the literature concerning brown treesnakes is in gray area publication outlets that can be
difficult to ascertain. A literature review is offered to provide a background of past research
on brown treesnakes. This review of literature elaborates on the native range, morphology,
behavior, biology, ecology, venom, diet, reproduction, habitat, mortality, and control of the
brown treesnakes.
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INVASIVE SPECIES are a serious threat to
ecosystems and are rated second after habitat
loss as the greatest threat to endangered
species (Wilcove et al. 1998, Simberloff et al.
2005). The history of invasive species is a long-
recognized, international problem that can be
linked to people’s movement around the globe
(Westerkov 1952, Craighead and Dasmann
1966). The Invasive Species Specialist Group
(ISSG; 2001) began the Global Invasive Species
Database (GISD) by providing a brief overview
of the most damaging invasive species around
the world, highlighting which species are
the most problematic global invaders. Brown
treesnakes (Boiga irregularis) were among them.

The Office of Technology Assessment (OTA)
report (1993) identified 250,000 invasive species
in the United States, and this number may be
underestimated (Pimental et al. 2005). The
rate of invasion is expanding with increased
global trade and tourism (Pimental et al. 2005,
Simberloff et al. 2005), and the potential for

more species arriving in new ecosystems is a
significant problem.

Already a devastating invader on the island of
Guam, the brown treesnake is considered by the
U.S. government as a potential threat to other
ecosystems, particularly Hawaii (OTA 1993).
It is believed that the brown treesnake arrived
on Guam with returning military equipment
during or just after World War II from the
Admiralty Islands, north of New Guinea (Rodda
1991, Rodda et al. 1992b, Whittier et al. 2000). It
did not achieve an island-wide distribution on
Guam, whose area is 540 sq km, until the early
1980s when the species became a widespread
and recognized problem (Savidge 19874, Rodda
et al. 1992b, Fritts and Rodda 1998). Savidge
(1987a) first identified the brown treesnake as
a major factor in the disappearance of Guam'’s
avifauna. Species that cause the removal or loss
of an entire taxon can have cascading effects
throughout an entire community (Simberloff
1990). A review of literature pertaining to the
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brown treesnake regularly cites problems typical
of most invasive species: it is a major threat to
native wildlife; it causes economic damage; it
poses a threat to human health; and it has the
potential to move to new localities and the
ecosystems therein, with the help of humans
(Elton 1958, Cox 1999). It has also been noted
that damage caused by brown treesnakes on
Guam could occur elsewhere (McCoid 1993).
We conducted a literature search that yielded
>300 citations about brown treesnakes. With
this wealth of information, we have provided
a detailed summary of brown treesnake
information. We found that nearly half (47%) of
the citations were in gray literature, including:
15% in government bulletins, reports, and
conference proceedings; 13% in foreign-based
journals (i.e., Japan, Philippines, Australia,
Micronesia); 15% in books or chapters within
books; 3% in theses and dissertations; and 1%
in state journals. The remaining publications
were located in medical-based journals and
internationally distributed journals. Because
much of the literature concerning brown
treesnakes is difficult to acquire and because
so many references exist, we conducted a
literature review to assist researchers to gain an
understanding of this species without having to
recreate such an extensive list of references.

Geography and morphology

Brown treesnake are a native to Indonesia
and northern and eastern Australia (Rodda
et al. 1999h, Savarie et al. 2001). Analysis
of mitochondrial DNA showed founding
individuals for Guam’s population came from
the Admiralty Islands (Rodda et al. 19920,
Rawlings 1995, Whittier et al. 2000, Rodda
and Savidge 2007). They are a member of the
family Colubridae, sub-family Boiginae whose
members are found throughout tropical Africa
to eastern Asia (Rodda et al. 1999b). Brown
treesnakes are one of 9 species of colubrids
that occur in Australia (the primary location
where specimens have been collected within
the native range) and one of only 3 arboreal
colubrids there (Shine 1991a). Members of the
Boiginae sub-family often are referred to as cat-
eyed snakes due to their large protruding eyes
and vertical pupils, which dilate in darkness
(Reinhard and Vogel 1975). These snakes
are nocturnal, oviparous, and have the long,
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slender body shape typical of arboreal snakes.
All members of the Boiginae sub-family are
arboreal or semi-arboreal, with 1 exception,
Boiga trigonata (Rodda et al. 19990).

Brown treesnake coloration varies throughout
the species’ geographic range. Individual
patterns vary greatly from indistinct markings
to striking banding patterns in parts of Australia
(Shine 19914, Qualls and Fritts 2000). Even with
this wide range of coloration in the native
range, local populations on Guam tend to have
uniform color morphology (Rodda et al. 1999b).
This uniformity is likely a result of substantial
changes in the morphological characteristics of
the snake between the native and introduced
populations (Whittier et al. 2000). Within the
native range, banded forms of Boiga irregularis
are commonly referred to as banded cat snakes
or night tigers and may be recognized as
subspecies B. irregularis ornate (Whittier et al.

2000).
All arboreal snakes, including brown
treesnakes, have distinct morphological

adaptations that enable them to be successful in
their habitat. These include a slim body (i.e., low
body mass:body length ratio), which facilitates
movement on thin branches in the forest
canopy and enables a snake to bridge wide
gaps between branches. The body of the brown
treesnake is dorso-ventrally flattened, and the
long, slender tail often is used as an anchor
(Pough et al. 1998, Rodda et al. 1999b). Brown
treesnakes are large for an arboreal species
(Rodda et al. 1999b). At the peak of population
expansion, specimens from the native range
reach >2 m in snout-to-vent-length (SVL);
specimens on Guam historically attain similar
lengths and in rare cases >3 m (Fritts 1988,
Fritts and McCoid 1991, Rodda et al. 1999b).
Whittier et al. (2000) attribute the larger sizes
on Guam to ecological release, where wider
habitat use and freedom from competition
enable the snakes to develop unhindered.
Brown treesnake have the typical narrow neck
and wide head of an arboreal species, allowing
them to take a wide-ranging size of prey; the
throat region is highly elastic to allow passage
of larger prey items (Rodda et al. 1999a).

Venom
The venom is produced by Duvernoy’s
gland, a modified salivary gland located in the
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temporal region. The gland has a smaller storage
capacity than the venom glands of viperids
(Zalisko and Kardong 1992). Brown treesnakes
deliver venom to prey in a drip form that runs
down the channel present in the 2 posterior
maxillary teeth; venom is not injected via a
hollow fang as in viperids (Hayes et al. 1993).
Kardong and Lavin-Murcio (1993) described
the differences between the 2 delivery systems
as low-pressure (colubrids) and high-pressure
(viperids). Delivery of venom by a constant drip
is inefficient in comparison to injection, and in
brown treesnakes, it can take several minutes to
deliver approximately 50% of its stored venom
to the prey (Hayes et al. 1993, Kardong and
Lavin-Murcio 1993). This has led to speculation
that the venom serves some other purpose than
just a killing agent for capturing prey. Vest et al.
(1991) reported that a LD, (dose that kills half
the victims) of the venom was 80mg/kg body
weight for mice. However, the snake delivers
approximately 174 mg/kg of venom over a
period of minutes, which is considerably more
than necessary to kill (Hayes et al. 1993).
Venom in brown treesnakes aids in prey
capture and quiescence (Lumsden et al. 2004)
and promotes digestion (Hayes et al. 1993, Hill
and Mackessy 2000). Some of the properties
found within the venom indicate digestive
capabilities; Hayes et al. (1993) speculated that
components of the venom may act upon a prey's
integument to degenerate it around the puncture
wounds and allow easier entry of the digestive
enzymes. Weinstein et al. (1991) showed that
the venom is less effective on mammalian tissue
than on bird tissue. In general, larger brown
treesnakes deliver larger volumes of venom than
do smaller individuals (Weinstein et al. 1993).

Biology

Habitat. Browntreesnakesare associated with
humid climates and occupy a variety of habitats
from sea level to >1000 m, with a preference for
dense arboreal foliage (Fritts 1988, Shine 19915,
Rodda et al. 1999b). Overall, habitat preference
is for dense arboreal foliage, although the snake
can be found using most habitat types (Fritts
1988, Shine 19914, Tobin et al. 1999, Rodda et
al. 1999b). On Guam, they use all habitat types
available, including native forest, secondary
growth forests comprised mostly of invasive
plant species, grasslands, and urban areas
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(Savidge 1991, Santana-Bendix 1994, Shivik
and Clark 1999a). Preferred daytime resting
places seem to be dark, cool, narrow areas that
afford protection from the sun and predators.
Brown treesnakes have been observed resting
in a variety of microhabitats during the day,
including treetops, under rocks, and on the
crowns of Pandanus plants (Santana-Bendix
1994, Rodda et al. 1999h, Tobin et al. 1999,
Hetherington et al. 2008). Tobin et al. (1999)
found juveniles more frequently above ground
(>2.5 m high) and adults more frequently on
the ground while resting in daytime refugia.
The species will readily travel on the ground,
particularly if ground cover is dense, and will
also move across open areas, such as lawns and
roads (Savidge 1987b). While brown treesnakes
have prodigious climbing abilities, they have
difficulty negotiating the sheer vertical surfaces
of buildings (Rodda et al. 1999a). They will
readily enter homes and other urban structures
(Fritts 1988, Fritts et al. 1990, Rodda et al. 1997,
Campbell et al. 1999).

Foraging and diet. Brown treesnakes use
both sight and odor to detect prey items during
nocturnal foraging. They may use ambush
tactics with some prey (Shine 19914, Rodda
1992, Rodda et al. 1999b). In their search for
prey, brown treesnakes seemingly will attack
movement, which appears to have led to attacks
on infants and pets, although researchers are
unsure whether or not snakes view the object
of their attack as a prey item (Fritts 1988;
Fritts et al. 1990, 1994). Small prey items are
swallowed whole, and large prey are subdued
by constriction (Rochelle and Kardong 1993,
Kardong 1999).

Brown treesnakes are considered dietary
generalists, eating a wide variety of vertebrate
prey, including reptiles, birds, and small
mammals in both the snakes’ native and
introduced ranges (Savidge 1988, Shine 1991a).
They seem to be opportunistic in their diet,
and proportions of prey items tend to reflect
local availability (Savidge 1988, Shine 19914,
Shivik et al. 2000). Following the drastic drop in
bird and small mammal abundance on Guam
(Savidge 1987b), lizards have become the main
prey for the snakes on the island (Rodda and
Fritts 1992b). Savidge (1988) viewed insect
consumption as incidental, perhaps already
consumed by the prey item. Brown treesnakes
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have been observed consuming carrion and
various discarded human food items (Rodda et
al. 1997, Rodda et al. 19990, Shivik 1999, Jojola-
Elverum et al. 2001).

There do not appear to be any differences
in diet between sexes, only between age and
size classes (Savidge 1988, 1991; Shine 19914;
Caudell et al. 2002). Brown treesnakes shift
their prey selection and preference as they
mature (Fritts 1988; Savidge 1988; Shivik and
Clark 19994, b). Juveniles (i.e., SVL <1,020 mm)
rely exclusively on ectothermic prey (Savidge
1991, Linnell et al. 1997, Rodda et al. 1999b).
Adults (SVL >1,050 mm) rely on endothermic
prey because smaller, ectothermic prey (insects
and lizards) cannot satisfy their physiological
needs. Data collected during the population
expansion period in northern Guam showed
that medium-sized snakes (SVL 1,020 to 1,050
mm) had the most varied diet (Savidge 1988,
1991; Rodda and Fritts 1992b). Brown treesnakes
collected during that time had been found to
consume prey >30% of their body weight (Fritts
1988, Savidge 1988), and, under laboratory
conditions, they have been known to consume
prey <50% of their body weight (Chiszar et al.
1991) and in the wild 70% of their body weight,
which is substantially greater than most non-
viperid species studied (Fritts et al. 1994, Rodda
et al. 1997).

Reproduction. Whittier and Limpus (1996)
reported that brown treesnakes from Australia
become sexually mature at about 70 cm SVL.
However, Shine (19914) showed that the size
of males at maturity within the native range
may vary among populations, and Aldridge et
al. (2010) reported that male brown treesnakes
from the native range reach maturity at smaller
sizes than do snakes on Guam. The amount
of fat reserves, or coelomic fat mass, does not
appear to affect reproductive activity in males
(Mathies et al. 2010). Reproduction in male
brown treesnakes is seasonally restricted to
the warmer, wetter months in Queensland,
Australia, but is continuous with seasonal
spermatogenesis and a brief stage of testicular
regression from January to March in New
Guinea (Bull and Whittier 1996, Bull et al. 1997).
Aldridge and Arackal (2005) disputed this
finding (supported in Mathies et al. 2010), and
deduced that evidence from male specimens
supported highly continuous reproduction in
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New Guinea, as supported by the continuous
synthesis and secretory phases of the sexual
segment of the kidney (Aldridge et al. 2011).
In the southern hemisphere, female brown
treesnakes begin ovulation in the summer
(November and December) and produce
eggs during the next spring (September and
October), while males appear to maintain sperm
throughout the year, with peak testicular volume
in April (Shine 19914, Whittier and Limpus 1996,
Bull et al. 1997). Reproductive cycles appear
to be influenced by climatic conditions, and,
thus, change with latitude. In warmer, wetter
climates, males appear able to inseminate
receptive females throughout the year (Bull
and Whittier 1996, Whittier and Limpus 1996,
Mathies et al. 2010). When in captivity, both
sexes of wild, brown treesnakes from Guam
have exhibited the ability to alternate between
continuous and seasonal reproduction due to
changes in temperature (McCoid 1994, Greene
and Mason 2000, Moore et al. 2005, Mathies
et al. 2010), which potentially increases the
capabilities of brown treesnakes as an invasive
species (Mathies et al. 2010).

Brown treesnakes are an oviparous species,
but fecundity is still poorly known. Clutch size
varies widely within the snake’s native range.
Shine (1991a) reported a clutch size range of
between 3 and 11 eggs (average 5.5), with larger
females laying larger egg masses. Incubation
periods of brown treesnakes in Australia
ranged from 76 to 90 days, depending on
incubation temperature (Shine 1991a). Mathies
et al. (2004), suggesting that brown treesnake
females may be induced ovulators, possibly
requiring coitus for ovulation. Reproductively
active females have been found at all times of
the year (McCoid 1994), though not in large
numbers. There has been no determined clutch
size for brown treesnakes on Guam, and there
is speculation that females could lay >1 clutch
per year (Fritts 1988, Whittier and Limpus 1996,
Savidge et al. 2007). Very few clutches have
been found in the wild on Guam. Rodda et al.
(1999b) speculated that gravid females may be
under-collected (<0.5% of snakes sampled) due
to their secretive behavior before laying a clutch.
The few clutches found on Guam were located
in varying types of substrate, including a tree
hole, a coconut frond, and a solution hole on
a limestone cliff face (Rodda et al. 1999b). The
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clutch sizes found on Guam typically have been
3 to 4 eggs, with up to 8 eggs per clutch (Fritts
1988, Shine 19914, Rodda et al. 1997, Rodda et
al. 1999b). Incubation periods for the clutches
on Guam have been as short as 94 days and as
long as 125 to 126 days (Linnell et al. 1997).
Behaviors exhibited by nocturnal, tropical
snakes may have very few thermal limitations
(Anderson et al. 2005). Mathies and Miller
(2003) found that brown treesnakes respond to
short periods of cool temperatures by increasing
reproductive activity, but potential response to
seasonally cold temperatures is yet unknown.
Sperm storage, a capability shared by many
species of snakes, is speculated to occur in
brown treesnakes, but there is some debate as to
how and by which sex sperm is stored (Whittier
and Limpus 1996, Pough 1998). Bull et al. (1997)
found no special structures to support this
idea and argued that it is the male that stores
sperm for prolonged periods. Savidge et al.
(2007) concluded that although sperm storage
is crucial in certain areas of the native range, it
may be uncalled for by either sex on Guam.
Typical courtship behavior displayed by male
brown treesnakes includes tongue flicking and
head jerking as the most obvious behaviors.
Males and females show slightly different
responses to each other’s courtship behavior
(Greene and Mason 2000). Methyl ketones,
whichhavebeenidentified as sex pheromonesin
Thamnophis sirtalis, have been found in the skin
lipids of brown treesnakes (Murata et al. 1991).
Brown treesnakes rely on sex pheromones for
courtship and combat behaviors (Greene and
Mason 2000, Greene et al. 2001). Greene and
Mason (2003) found that release of female cloacal
secretions prior to copulation may actually
inhibit male courtship in brown treesnakes and
act as a defense mechanism for females. Greene
and Mason (2005) reported that aged cloacal
secretions may elicit defensive behaviors from
male snakes, which could be the cause of stress
and high levels of corticosterone. There has
been limited success in rearing these clutches
in captivity, and resultant surviving hatchlings
were smaller than their wild-born counterparts
(Rodda et al. 1999b). There are only 2 known
cases to date of brown treesnakes reproducing
in captivity (Mathies and Miller 2003). Aldridge
and Arackal (2005) showed that captivity causes
decreased reproductive activity by preventing
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development and shutting down reproductive
processes, possibly due to stress.

Reproductive data for brown treesnakes in
the wild on Guam are scant, but Moore et al.
(2005) gave evidence that the population on
Guam is becoming less reproductively active,
as shown by low proportions of reproductively
active adults; they also reported that high
levels of corticosterone in wild snakes may
suggest that the prey resources on the island
have been overexploited. Waye and Mason
(2008) found lower levels of corticosterone in
brown treesnake specimens collected in 2003
and suggested that the snakes were no longer
experiencing high levels of stress and that few
mature females appeared to be reproductively
active. However, more recent studies suggested
that because coelomic fat mass does not
contribute to or reduce reproductive activity
in male brown treesnakes (Aldridge et al. 2010,
Mathies et al. 2010), high levels of corticosterone
may be due to an increase in male-male
encounters and combat (Aldridge et al. 2010).

Population expansion on Guam. Before
World War II, there were no recorded instances
of brown treesnakes on Guam. The possible
transportation of snakes to the island in
military equipment probably introduced them
in extremely low numbers (Savidge 1987a,
1987b, 1991). Sometime during the 1950s,
reports of snakes were made (Engebring and
Fritts 1988, Fritts 1988), but skepticism and
disbelief of the reports were common until 1955
when specimens were captured (Rodda et al.
1992b). Initial populations appear to have been
concentrated around the main port of Apra
Harbor, with island-wide dispersal occurring
from this point, first south, then north, with
rapid range expansion in the 1960s and 1970s
(Savidge 1987b, Rodda et al. 1992b). The snakes
probably spread with the relative availability
of prey items, and peak population densities
were not reached in the north of the island until
the early 1980s (Savidge 1987b), followed by a
population decline in the northern end of Guam
starting in 1985 (Rodda et al. 1992b). Reasons for
the increased rate of range expansion during the
1970s are still unexplained (Rodda et al. 1992b),
though Vice and Engeman (2000) suggested
that military movements, increases in training
exercises, or response to natural disasters might
have led to increased shipments of goods and
materials around the island.
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In their invaded range, brown treesnakes
have unusually high densities for any snake
species (Fritts 1988). Peak densities of 50 to
100 snakes/ha occurred on Guam in the 1980s,
followed by a decline to persistent densities of
30/ha (Fritts 1988, Rodda et al. 1999b, Rodda et
al. 1999c). The highest densities on Guam were
described as irruptions within the population
(Rodda et al. 1999¢). Densities within parts of
the snakes’ native range are considerably less.
Despite brown treesnakes' depletion of much of
their prey base on Guam, they have proven to
be persistent, with the population remaining at
sufficient densities to warrant a control program
to prevent them from colonizing additional
locations. Despite the high densities recorded
on Guam, brown treesnakes are solitary and
do not generally aggregate, though some small
groups have been observed in the native range
(Pendelton 1947, Bull and Whittier 1996).

The smallest snakes found on Guam have
been <350 mm SVL and retain an umbilical scar,
which suggests that they are recent hatchlings
(Rodda et al. 1999¢). Jordan and Rodda (1994)
classed brown treesnakes as juveniles (SVL <750
mm), sub-adults (SVL 2750 to SVL < 950) and
adults (SVL2950 mm). Savidge (1991) indicated
that the adult population is skewed toward an
abundance of males. This difference between
the numbers of males and females becomes
even more apparent when the snakes increase
to SVL >1,200 mm. Jordan and Rodda (1994)
support this observation, as well as affirming
Savidge’s (1991) finding that there is a ratio of
1:1 (M:F) among sub-adults and juveniles. Rural
snakes rarely grow to SVL >1,300 mm, probably
due to a scarcity of endothermic prey in rural
areas (Savidge 1991). Larger snakes historically
have been found in southern Guam, which has
more savannah-like conditions than the rest of
the island, and a relatively abundant rodant
population (Savidge 1987b, 1991). Rodda et
al. (1999¢) showed that there is limited sexual
dimorphism, as captive females can grow to
sizes comparable to males and much larger
than females in the wild when given a regular
diet. Males were larger than females on Guam
(Jordan 1991, Savidge 1991) and in the native
range (Shine 19914, Trembath and Fearn 2008).

Limiting factors. There are relatively few
studies on brown treesnakes within their native
range. There are 3 arboreal colubrid species
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within the native range of brown treesnakes
(B. irregularis, Dendrelaphis calligastra, and
Dendrelaphis punctulata; Shine 1991a). Shine
(1991a) found that the diet of brown treesnakes
within Australia is much more flexible than
that of the other 2 arboreal snake species.
Brown treesnakes consumed birds and bird
eggs, as well as more mammal species, than
did D. calligastra or D. punctulata. The diet of
brown treesnakes in Australia consists of 36%
bird prey items and 23% mammal prey items,
whereas these items made up <1% of the diets
of Dendrelaphis spp. in the same area (Shine
1994). As adults, brown treesnakes also tend
to be larger than either of the Dendrelaphis spp.
(Shine 1994), which may have some effect on
the types of prey they can consume. One of the
main factors owing to these differences in prey
consumption could be that brown treesnakes
are nocturnal, while the 2 Dendrelaphis spp.
are diurnal in Austrailia (Shine 19914). Brown
treesnakes in their native range and on Guam
seem to lack any significant nocturnal arboreal
competitor (Shine 1991a).

Studies of the Solomon Islands and native
range in Australia show, with 1 exception, little
obvious depredation of the snakes (Rodda et
al. 1999b, Caudell et al. 2002). The mangrove
monitor (Varanus inidicus) does prey on brown
treesnakes, but not enough to significantly
affect populations (Rodda et al. 1999b).

There appears to be few limiting factors for
the brown treesnake population on Guam.
Brown treesnakes have been observed being
killed and eaten by monitor lizards and feral
pigs (Sus scrofa). It has been speculated that
rodent and crab species (Birgus latro) on Guam
may attempt to take brown treesnakes as prey
(Fritts 1988, Santana-Bendix 1994).

Some parasites and fungi have been found to
contribute to captive brown treesnake mortality.
Brown treesnakes in Queensland, Australia,
are highly parasitized by haemogregarine
parasites (Ewers, 1968, Mackerras 1961, Telford
1999), though Caudell et al. (2002) found no
evidence to suggest that these parasites were
regulating the brown treesnake populations.
These parasites do not occur on Guam, and
there is also almost no possibility of brown
treesnakes acquiring parasites from the other
snakes on Guam because the only other species
is fossorial (Telford 1999).
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The only factor thatappears tohave a potential
to significantly impact population densities on
Guam is prey availability. With the extirpation
of avifauna and a low presence of rodents in the
forested regions of Guam, reptiles are the major
prey items of the current population of brown
treesnakes. Lizards are a typical prey item of
brown treesnakes, and Guam is now home to
several introduced species of anurans (Christy
et al. 2007). Brown treesnakes feed frequently
(Jackson and Perry 2000), and the high densities
of reptiles (mean of 13,290 lizards/ha) have
helped to sustain the high density of brown
treesnakes, despite the absence of birds and small
mammals (Savidge 1991, Campbell et al. 1996).

Impacts on Guam

The severity of impact an invasive species has
on any one resource may differ with species
(Office of Technology Assessment [OTA] 1993,
Aquatic Invasive Species 2003, Simberloff et
al. 2005). Guam has suffered from the same
fate as other islands invaded by other species
(Elton 1958). It is difficult to estimate the overall
damage to Guam’s ecosystem, as there was no
ecological monitoring of the environment to
provide baseline data prior to the extensive
research of the brown treesnake (Fritts and
Rodda 1998, Rodda et al. 1999b). Brown
treesnakes pose the same types of threats as
do other invasive species, including impacts to
ecology, economy, and human health.

Ecological. Several endemic species occurred
on Guam, and the entire native fauna evolved
in the absence of major predators. The historic
lack of predators has led to a susceptibility
to depredation, especially from nocturnal,
arboreal predators, such as brown treesnakes.
Brown treesnakes have been implicated in the
extirpation of native and introduced forest,
grassland, pelagic birds, native bat species,
introduced rats, and native lizards on Guam
(Savidge 19874, Rodda and Fritts 19924, b; Rodda
et al. 1999¢; Wiles et al. 2003). Savidge (1987a)
traced the spread of the snake throughout the
island during the disappearance of the native
birds. This, along with a lack of convincing
evidence implicating other potential causes of
the disappearances, has led to the assessment
that brown treesnakes are solely responsible
for the losses (Engebring and Fritts 1988, Rodda
et al. 1997, Fritts and Rodda 1998, Rodda et al.
1999b).
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Wiles et al. (2003) found that brown
treesnakes have extirpated or caused the severe
declines (290%) in the 25 native bird species on
Guam. These declines occurred rapidly, within
an average of <9 years, and species with larger
clutch and body sizes were more persistent
(Wiles et al. 2003). Wiles et al. (2003) recorded
the disappearance of 9 forest species in only
2.1 years at the Pajon Basin; this is the fastest
bird population decline on record. Wiles and
Brooke (2009) observed that medium and
large young bats are rare within native bat
populations on Guam; however, the loss of
Emballonura semicaudata on Guam should not
be attributed to brown treesnakes. By 1990, the
only 3 surviving native vertebrate species in
forested areas of Guam were lizards (Fritts and
Rodda 1998). Surviving native lizard species
are small in size and have high reproductive
rates, thus, strengthening their population
persistence (Rodda and Fritts 1992b). The
success of introduced species on Guam keeps
habitat suitability high for brown treesnakes
(Rodda et al. 1999c¢).

It is highly probable that brown treesnakes
caused the final demise of many of the bird
species on the island, however, several other
factors should be considered, as well. When
research was initiated in the early 1980s, many
of the bird species were already gone, and the
dietary composition of the snakes was mainly
composed of lizards, making it difficult to
estimate the rate of depredation (Savidge
1988). To further compound matters, much
of Guam’s forest consists of second-growth
invasive species, (e.g., Leucaena leucocephla).
There have been several other non-native
species introduced, including feral hogs and
brown skinks (Carlia fusca). DDT use was
extensive during post-World War II, and there
is continued fragmentation of the island forest
habitat by human development (McCoid 1991,
Rodda and Fritts 1992b, Fritts and Rodda 1998,
Wiles et al. 2003). It is reasonable to assume that
these factors played some part in disrupting
the ecosystem, further enabling the snakes to
extirpate the affected bird and mammalian
communities, and reptile species.

While the loss of individual species is
lamentable, it is the likely long-term effects
that brown treesnakes have had as a kestone
predator that should produce the most concern.
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In conjunction with some introduced lizard
species, the basic assemblage of Guam'’s native
lizards has been altered, and the extinction of
bird species has removed pollinators and seed
dispersers that help perpetuate native plant
species (Savidge 19874, McCoid 1991, Rodda
and Fritts 1992b, Mortensen and Dupont 2008).
Additionally, brown treesnakes appear to
have altered the behavior of orb web-spinning
spiders (Argiope appensa) on Guam, where there
are reduced number of webs with stabilimenta,
a silk web structure that may function to defend
the spiders or to attract prey (Kerr 1993). Brown
treesnakes have had effects on Guam that
cascade throughout the island’s ecosystem
(Mortensen and Dupont 2008).

Health. Brown treesnakes are a threat to
human health on Guam primarily because of
their propensity to bite sleeping victims, usually
small children <5 years of age, and infants (Fritts
et al. 1994, Fritts and McCoid 1999). There is a
significant increase in bite frequency during the
wet season in Guam (August to October), which
is probably related to the snakes’ increased
levels of foraging activity (Fritts 1988, Fritts et
al. 1990, 1994, Rodda et al. 19990).

Only speculation exists as to why these snakes
attack infants and small children, especially as
they have no hope of swallowing a child. As
many of the bites occur on the extremities (e.g.,
hands, fingers), it is possible that the snakes
cannot recognize the overall size of their prey
choice, and so the extremities appear to be a
viable prey item (Fritts et al. 1994). Additional
evidence thatindicates snakes perceive children
as a prey item is that those snakes found
attacking were also constricting their intended
target (Fritts et al. 1990). So far, there have been
no fatalities associated with bites from brown
treesnakes. However, bites have induced a
variety of reactions in humans, including
swelling, blistering, respiratory distress, and
lethargy (Fritts et al. 1990, 1994). These were
the most serious symptoms, and they occurred
only after severe envenomation. In general, it
appears that the threat of human mortality from
brown treesnakes is inconsequential. However,
large snakes carry the greatest potential for
causing a human death, as they these snakes
carry the most toxic venom (Weinstein et al.
1991, 1993).

Economic. Brown treesnakes have produced
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3 important economic impacts on Guam: (1)
electrical outages; (2) attacks on domesticated
animals; and (3) increased budgets for their
control.

Because brown treesnakes are excellent
climbers, unprotected power lines are easily
accessible to them. Once a brown treesnake
creates a connection between 2 high-voltage
lines, a short-circuit results. Over a 7-year period
(1991 to 1997) there were 934 electrical outages
on Guam (Fritts 2002). These outages were of
varying lengths and have been estimated to
cost approximately $375,000 per hour during
daytime on Guam, not including the cost of
necessary power line and transformer repairs,
which, together, extrapolates into losses that
equal millions of dollars (Fritts 1988, 2002).
Pimentel et al. (2005) conservatively estimated
costs for power outages associated with brown
treesnakes to be $1 million per year. This
cost does not include all of the possible costs
attributed to each outage due to loss or disruption
of business in stores and online, as well as
disruption of regular community processes,
such as the traffic system (Rodda and Savidge
2007). The frequency of outages varies according
to the season (wet versus dry); also, wet years
produce more snake activity, correlating with
increased number of power outages (Fritts et al.
1987, Fritts 2002). Brown treesnakes on Guam
are responsible for approximately 1 outage
every other day, typically affecting only 1 small
area at a time (Rodda and Savidge 2007), but
the costs add up quickly.

Fritts and McCoid (1991) found that 80%
of respondents who raised chickens suffered
from some form of depredation (dogs, monitor
lizards, brown treesnakes), with 45% of their
losses attributed to brown treesnakes. The
overall economic impacts from these losses
have generally meant that most of their poultry
products have had to be imported, thus, raising
the overall cost of the product to the residents of
Guam (Fritts et al. 1987). Losses of pet puppies,
kittens, and birds due to brown treesnakes have
not been monetarily estimated.

Management for brown treesnakes across
all participating agencies for 2004 cost
approximately $10 million, with funding barely
meeting costs (Brown Treesnake Working
Group 2004). This estimate does not include
any potential increase in shipping costs for
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Guam, or cost of decreases in tourism of up to
$1.5 billion annually that may have resulted
from the snakes (Rodda and Savidge 2007).

Purpose of management

Because brown treesnakes are successful
invaders and are capable of colonizing a
variety of habitat types, it is critical that they be
controlled in some manner (Fritts 1988, Aquatic
Nuisance Species Task Force 1996b). Should
brown treesnakes succeed in establishing in
other areas, they will likely have some effect
on susceptible species in the region where they
colonize; whether there will be the same level of
devastation are found on Guam remains to be
determined. Early studies on brown treesnakes
focused on understanding their ecology but
have now expanded to include control efforts
and public awareness campaigns on the threat
of the snakes (Fritts 1988, Aquatic Nuisance
Species Task Force 19964, Rodda et al. 1998,
Campbell et al. 1999, Burnett et al. 2008). The
main goals of brown treesnake management
are to keep the snakes from adversely affecting
native wildlife restoration programs on Guam
and to prevent their spread to other areas
(Rodda et al. 1998). Rodda et al. (1998) cite 4
objectives, in declining order of importance
for controlling the brown treesnake problem
on Guam: (1) eradicate brown treesnakes; (2)
greatly reduce snake populations permanently;
(3) control snake populations over areas large
enough for endangered species restoration;
and (4) control snakes in small areas (i.e., cargo
areas, transportation craft, etc.) to prevent
further spread.

An organized management plan for the
control of brown treesnakes is a relatively
recent development of the 1990s (Rodda
et al. 1998, Campbell et al. 1999). Research
into a variety of control techniques has been
occurring for a slightly longer period, but
there was no widespread, unified effort
against the snake. With the inclusion of brown
treesnakes in the 1990 Nonindigenous Aquatic
Nuisance Prevention Act, the development of
a cooperative program has progressed to the
point where the control program is a multi-
agency effort involving federal, state, and local
wildlife agencies across islands in the Pacific.

On Guam, the high densities of brown
treesnakes, their willingness to utilize various
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habitat types, and their nocturnal movements
in search of prey often lead them into cargo and
aircraft areas (Fritts 1988, Aquatic Nuisance
Species Task Force 1996b). Cargo and aircraft
already have been sources of off-island
transportation for brown treesnakes and are
still considered the main vectors of dispersal,
primarily because these modes of transport can
provide suitable daytime refugia for snakes
(Engeman and Linnell 1998, Rodda et al. 1998,
Fritts et al. 1999, Engeman and Vice 2002,
Perry 2002). In rural areas, the snakes’ ability
to mimic vines and their lack of reflective eye
shine make them difficult to locate or observe
during nocturnal searches (Rodda et al. 1998).
With their cryptic nature and ability to adapt
to different environments, developing a single
effective management technique is a daunting
proposition.

Management techniques

The various management techniques currently
being used by the agencies can be categorized
into 4 major types of control: biological,
ecological, chemical, and mechanical. Each
of these methods has been attempted in some
way to control the current population of brown
treesnakes on Guam, but each is still under
constant research to determine more effective
methods of control. All techniques being
developed in the control of brown treesnakes
currently are being applied with varying
degrees of success, each depending on goals and
size of the area being treated (Aquatic Nuisance
Species Task Force 1996b, Engeman and Linnell
1998). There are many large-scale control efforts
around the world for various invasive species,
but thereis only 1 other large-scale snake control
program currently in use. This program is in
Japan to control for the highly venomous habu
(Trimeresurus flavoviridis; Office of Technology
Assessment 1993, Rodda et al. 1999b). However,
the techniques applied to the management of
the habu cannot readily be transferred to brown
treesnakes, as the 2 snakes have very different
ecologies (Campbell et al. 1999). The control
efforts surrounding the Burmese pythons in
south Florida are not as large scale as those for
brown treesnakes and the habu (Willson et al.
2011). There are several factors that make the
control of brown treesnakes difficult. Their
ability to climb means that they can scale most
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barriers with ease. Their secretiveness makes
them difficult to track and capture, and their
high mobility makes them difficult to eliminate
onalargescale. Each of the following techniques
has the ability to control numbers with small-
scale application, chemical control having the
greatest promise on a larger scale of application.

Biological

Biological control can be defined as the
management of a pest through the intentional
use of living organisms (Lazarovits et al. 2007).
To date, 2 techniques have been implemented
or considered for biological control of brown
treesnakes: pathogens (i.e, parasites and
disease) and the introduction of a predator
(Hoddle 1999, Nichols et al. 1999, Engeman
and Vice 2002). Most biological controls that
are successfully used for invasive species are
generally used for insect control, and the overall
efficacy is dependent on the characteristics
of the pathogen (Dobson 1988). For brown
treesnakes, research continues to look at the
potential of introducing a biocontrol agent,
but the potential of unintended consequences
(i.e., infection of nontarget species) must be
considered (Dobson 1988, Rodda et al. 1998,
Engeman and Vice 2002).

Although limited knowledge and research
on specific parasites associated with brown
treesnakes is available, we do know that they
carry blood parasites (Hoddle 1999, Telford
1999, Caudell et al. 2002). Additionally,
Nichols et al. (1999) found that captive brown
treesnakes were fatally susceptible to a dermal
fungus, although, its use as a form of control
is unknown. The difficulties associated with
the use of parasites and disease stem from the
overalllackofknowledgeaboutbrowntreesnake
epidemiology and the fact that there has been
limited success in controlling vertebrates with
introduced pathogens (Caughly and Sinclair
1994, Rodda et al. 1998). Successful biological
control has been exhibited in agriculture (van
Lenteren 2007, Wiedenmann et al. 2007), but
only 3 successful forms of vertebrate pest control
have been recorded: myxoma virus, rabbit
hemorrhagic disease for rabbit control (Fenner
and Ratcliffe 1965, Cook and Fenner 2002), and
feline panleucopaenia virus for control of a
small population of feral cats (van Rensburg et
al. 1987, Saunders et al. 2010). The potential for
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successfully introducing a dominant predator
is unlikely because most known predators
are not generally considered effective at
reducing brown treesnake populations, and
the introduction of another potential predator
(e.g., mongoose [Herpestes spp.]) could have
undesired effects on nontarget species or on
general ecosystem function (Fritts 1988, Rodda
etal. 1998, Engeman and Vice 2002). Saunders et
al. (2010) propose that biocontrol for vertebrate
pests is never the final solution to the problem,
and long-term mitigation will remain an
essential component of management.

Ecological

Ecological control can be either a large- or
small-scale endeavor, usually involving the
alteration of habitat. However, ecological
control is potentially limited to restricted areas,
because brown treesnakes show little habitat
preference and are found throughout Guam
(Rodda et al. 1992b). Such methods would
include clearing vegetation either mechanically
or with herbicides (Fritts and Rodda 1999).
This has the advantage of reducing the amount
of habitat that snakes can utilize for cover.
Additionally, the openness of the ground will
increase wariness and perhaps discourage
snake movement (Rodda 1991). Limited areas of
control would include the immediate vicinities
around cargo facilities and airports (Fritts
1988, Rodda et al. 1998). Ecological control
techniques can be applied to urban areas, as
these have surfaces and a vegetation structures
that prove inhospitable to brown treesnakes
(Rodda 1991). The use and placement of bright
lights in snake capture has been considered, as
brown treesnakes are nocturnal and may well
avoid brightly lit areas, thus, detering their
movements away from such areas (Campbell
et al. 1999). Campbell et al. (2008) found in a
laboratory-based study that moonlight affects
microhabitat use by brown treesnakes, which
use open ground more as light decreases and
use the canopy for cover as the light increases.

Manipulation of the prey base of brown
treesnakes has been suggested, although,
difficulties arise when considering secondary
impacts. However, the general belief is that the
removal of a prey item from an area will make
that area less attractive to brown treesnakes
(Engeman and Vice 2002). Additionally, there
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are the problems of cost effectiveness and the
unknown short- and long-term results of such a
method (Campbell et al. 1999, Fritts and Rodda
1999). As with other control methods, ecological
control requires serious consideration as to the
potential to adversely affect nontarget species.

Chemical

Snakes, includingbrowntreesnakes, generally
use odor cues to track their prey (Rodda et al.
19990, Shivik et al. 2000). With this knowledge,
researchers have worked to develop attractants
(for traps), repellents, and lethal toxicants.
Research on attractants has focused on finding
the best odors that attract snakes into traps.
In general, snakes have shown preference for
whole blood and carcasses of preferred prey
(birds and rodents) over synthetic odors (Shivik
and Clark 1997, Shivik 1998, Shivik et al. 2000,
Chiszar et al. 2001, Stark et al. 2002). However,
despite some success in the laboratory, more
research is necessary for application in the field
(Chiszar et al. 1997, Shivik and Clark 19994,
Shivik et al. 2000).

Shiviketal. (2002) examined the aerial delivery
of toxicants by implanting acetaminophen into
dead mice and dropping them into the canopy.
Radiotransmitters were implanted in the bait for
data collection on movement, and the authors
reported that snakes moved from 1 to 70 m
within 5 to 11 days after bait consumption, and
snakes that consumed baits were comparable
in size and body condition to other snakes
captured in the field. This technique is believed
to be the best technique for depopulating brown
treesnakes on Guam (Shivik et al. 2002). Savarie
et al. (2001) conducted a promising study in the
use of acetaminophen as a toxicant, which has
the advantage of being effective, inexpensive
and easily accessible. Savarie and Tope (2004)
found that the best method for aerial delivery is
to drop bait in paper food cups. In comparison
to 4 other types of flotation materials, paper
food cups were easiest for researchers to put
together and deploy into the canopy.

In the search for repellents, research findings
differ in regard to the reactions of brown
treesnakes to carrion. Some experiments with
a synthetic pheromone from monkeys and
components of carrion odors elicited avoidance
behavior in snakes used for the experiments, but
extensive field research is required to overcome
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delivery and human health issues (Chiszar et al.
1997, Clark 1997, Engeman and Vice 2002). In
contrast, Torr and Richards (1996) reported that
brown treesnakes eat carrion. Shivik and Clark
(1997) found that carrion cues attract brown
treesnakes to traps. One issue associated with
both attractants and repellents (primarily to
reduce costs and labor) is longevity (Engeman
and Vice 2002). Clark and Shivik (2002)
examined the effects of natural compounds
and aerosolized oils as chemical irritants for
brown treesnakes as remedial snake repellents
and found several that could be used instead of
harmful organochlorines. Repellents used for
brown treesnake control would potentially be
successful in small, restricted areas, but would
not be effective in completely eradicating the
snake from a more widespread location, such
as Guam.

There are numerous literature sources from
the 1950s, 1960s, and 1970s detailing that
organochlorine chemicals (e.g., DDT) are viable
repellents for snakes (Savarie and Bruggers
1999). Such chemicals acted as repellents, in
addition to being lethal to the target species,
and they can be applied orally (ie. bait)
or dermally (ie., spraying). However, the
difficulty associated with these methods is
finding the appropriate delivery system (Rodda
et al. 1998, Engeman and Vice 2002, Shivik et
al. 2002). The search for toxic chemicals for
eliminating brown treesnakes has found several
potential lethal toxicants, including rotenone,
propoxur, and pyrethrins (Johnston et al
2001, Brooks et al. 1998, Savarie and Bruggers
1999). Different levels of lethality occur when
these chemicals are applied via dermal or oral
doses, independent of application type (Brooks
et al. 1998, Savarie et al. 2000, Johnston et al.
2002, Shivik et al. 2002). Maudlin et al. (2000)
found a simple analytical method using high-
performance liquid chromatography to identify
the residual capacity of rotenone, and possibly
other toxicants, in brown treesnakes.

Several factors must be considered before
there can be widespread use of toxicants. Any
application must consider the potential impact
on nontarget species and the environment
(Rodda et al. 1998, Savarie and Bruggers
1999, Savarie et al. 2001, Johnston et al. 2002).
Commercially available toxicants, such as Dr.
T’s Snake-A-Way, that have been advertised
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on Guam as a product for control of brown
treesnakes, but are ineffective (McCoid et al.
1993). There have been no studies to examine
the residual effects of this type of commercially
available toxicant on nontarget species.

With the many economic and ecological
disadvantages to using chemicals for species
eradication, it is important to consider other
options. Thermal fumigation also has been
examined as a potential alternative to chemical
fumigation of cargo containers leaving Guam.
Perry and Vice (2007) found that passive
thermal fumigation used along with snake
barriers may be an economically advantageous
tool for areas in the Commonwealth of the
Northern Mariana Islands receiving shipments
from Guam. Passive thermal fumigation uses
sunlight and ambient temperatures to warm
cargo boxes beyond the point of snake survival.
Inconsistencies of daylight and heat patterns, as
well as differences in cargo, make this technique
unpredictable (Perry and Vice 2007).

Mechanical and physical

This kind of control involves traps or some
form of barrier. Traps (with lures) have been
used effectively since the beginning of brown
treesnake research, and trap designs continue to
be evaluated for improvement (Savidge 19870,
Fritts et al. 1989, Rodda et al. 19924, Linnell et al.
1998, Engeman and Vice 2002). Engeman and
Vice (2002) cite trapping as central to brown
treesnake control activities on Guam. Funnel
traps have 1-way doors, with a secondary
chamber located inside the trap that contains a
live mouse as a lure (Fritts 1988, Linnell et al.
1998, Engeman and Vice 2002). Early traps may
have allowed 80% of snakes to escape under
certain conditions, but newer designs are more
effective at retaining captured snakes (Rodda et
al. 19924, Linnell et al. 1998, Rodda et al. 19994,
Engeman and Vice 2002) and immigration of
snakes or inadequate trapping effort are likely
the cause of persistence of snakes in long-term
trapping areas (Rodda et al. 20074). Traps can
be valuable tools because they can be placed
in areas that cannot adequately be patrolled
by either people or dogs (Fritts 1988, Rodda
et al. 19924, Vice 1999, Engeman and Vice
2002). Because brown treesnakes respond to
polymodal stimuli, experiments have focused
on how to make traps more attractive and
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reduce the dependence on live mouse lures, a
logistically intensive operation (Rodda et al.
1998, Vice 1999, Lindberg et al. 2000). Mechanical
mouse lures have been experimented with, but
a life-like representation is still under long-term
development (Lindberg et al. 2000).

The most effective form of trap placement has
been on a perimeter around forest edges; this
placement covers a greater area and reduces the
amount of trap maintenance time (Engeman
and Linnell 1998, Engeman and Vice 2002).
Problems do arise, however, when considering
how large an area to cover with traps. Traps
are very effective in small discreet areas.
Increasing the distance between traps both
reduces the chance of a snake encountering a
trap and increases labor time. Capture-rates
are highly dependent on the local density of
snakes, as well as the abundance of the prey
base (Rodda et al. 19924, Engeman and Linnell
1998, Rodda et al. 19994, Engeman and Vice
2002). Engeman et al. (2003) analyzed models
of capture rates for management purposes of
brown treesnakes to predict capture rates over
time, based on the number of snakes captured
per trap-night. Gragg et al. (2007) found that
capture rates of brown treesnakes were higher
in areas with lower rodent abundance, such as
Guam. Brown treesnakes on Guam enter traps
more readily in search of prey than do brown
treesnakes in locations with higher mammalian
prey abundance. This implies that the lowered
rodent abundance may actually enhance brown
treesnake control (Gragg et al. 2007). Rodda et
al. (2007a) and Tyrell et al. (2009) found traps to
be more successful in capturing larger snakes
SVL > 900 mm than smaller snakes SVL <700
mm, and the authors suggest that trapping can
be used to capture sexually mature adults if
used as a continuous management tool.

Because brown treesnakes are adept climbers,
it has been difficult to develop an effective
barrier for this species, but there are some in use.
Rodda et al. (1998) found barriers to be the best
tools for mid-scale control of brown treesnakes
on Guam. Barriers are typically placed in and
around urban areas, government facilities, and
areas that are being used to reintroduce native
wildlife (Rodda 1991; Aguon et al. 1999, 2002).
Problems with barriers are the costs (dependent
on materials used), the amount of area they can
cover, and potential damage from typhoons
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(Rodda et al. 1998, Campbell 1999, Engeman
and Vice 2002). The success of a barrier is
dependent on the material used and the size of
any particular snake (Campbell 1999, Engeman
and Vice 2002, Rodda et al. 2007b). Rodda
(1991) tested the validity of chain-link fences
as a collection point for the snakes (Figure 1).
The fence helped to facilitate their capture due
to brown treesnakes’ willingness to climb the
barrier and the ease with which they could be
spotted and collected. Perry et al. (1998a) found
permanent barriers to be more cost-effective
than temporary barriers and metal mesh
barriers and vinyl seawall barriers to be highly
effective as permanent barriers against brown
treesnakes.

Detection

Humans and dogs are used in inspection
processes, but mainly they are the last line of
defense and are useful in limited areas only
(Orcutt 1997, Engeman and Vice 2002). A rapid-
response team developed in 2002 performs
searches to detect and capture snakes following
credible sightings (Stanford and Rodda 2007).
Human searchers are used in cargo areas,
airports, along fence lines, and transects in forest
areas to locate brown treesnakes (Rodda and
Fritts 19924, Rodda et al. 19924). Spotlighting
perimeter fences at night to find snakes for
hand-capture has become a generally efficient
technique, as well (Vice and Pitzler 2000).

While hand-capture is effective, there are
problems involving time constraints, fatigue,
observation capabilities, and also problems of
overcoming a natural fear of snakes (Rodda and
Fritts 19924, Rodda et al. 1998, Campbell et al.
1999). Dogs (primarily Jack Russell terriers) are
trained to detect snakes by odor and are used
by the U.S. Department of Agriculture (USDA)
to inspect outbound cargo and aircraft wheel
wells. Detection of snakes by dogs may differ by
the form of dog training, such as whether dogs
are trained using pre-handled snakes, which
may affect the odor of the snake that the dog
is trained to detect and may differ from snakes
in the wild (Imamura 1999). This presents the
difficulty with having trained brown treesnake
detector dogs in currently uninhabited locations
for detection and rapid response. In order for
the dogs to continue maintenance training with
the brown treesnake odor, a population would
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Figure 1. Chain-link fences can be used as collec-
tion points for brown treesnakes.

have to be maintained under security for these
training purposes, and this is unacceptable
on all snake-free islands (Imamura 1999).
Costs, time, physical limitations, and protocol
associated with dog-team training and searches
can lead to policy and management issues
(Imamura 1999, Engeman and Vice 2002).
Canine detection for brown treesnakes does
work on Guam, although a 100% inspection
goal for cargo is not realistic due to personnel
and scheduling limitations and overall volume
of inspections (Imamura 1999).

Education and awareness

Getting the public involved in brown
treesnake control and prevention could be one
of the most effective forms of management.
Biocontrol studies have had success when
involving public education systems in pest
management through teacher training,
student research, and outdoor application
(Wiedenmann et al. 2007). Public and military
support and education at transport locations is
critical for brown treesnake prevention and may
increase detection (Engeman and Vice 2002).
Educational materials, such as flyers, posters,
rapid response cards, and general information
for the public are available from different
sources (U.S. Department of Agriculture 1997,
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North American Brown Treesnake Control
Team [NABTSCT] 2008, U.S. Geological Survey
[USGS] 2007). Furthering public education and
awareness could also benefit brown treesnake
control through increases in funding support
from individuals and groups.

The catastrophic results from a long list of
invasive species and the well-documented
results from the study of the brown treesnake
colonization prompted the development of the
Brown Treesnake Working Group (BTSWG)
and the NABTSCT. The latter is a multi-agency
effort to develop a model for prevention of
brown treesnake invasioninto continental North
America through education and awareness, as
well as rapid response assessments of potential
sightings (Henke 2002). The stakeholders
involved include government officials from the
U. S. Fish and Wildlife Service, U.S. Geological
Survey, USDA/APHIS/Wildlife Services, and
various groups from the public, including,
but not limited to, herpetological groups, the
Audubon Society, and the pet industry. These
groups develop a public awareness plan to
alert people to the dangers associated with the
brown treesnake, something that is missing for
a great many invasive species. By developing a
preemptive plan and refining control methods
on Guam, the NABTSCT hopes to prevent
another invasive species from entering the
continental United States (Acquatic Nuisance
Species Task Force 19964).

Future plans

Complete eradication of brown treesnakes
from Guam is probably unrealistic (Rodda
et al. 1998). Thus, preventing further spread,
which is still feasible, should be considered
successful management. Therefore, increased
research opportunities to refine and implement
prevention techniques are necessary. Continued
research is needed, not only on Guam, but also
in regions considered under threat. Because
the invasion success of brown treesnakes are
dependent on ecological preadaptation (Shine
19914), it may be possible to further refine
definitions of areas that are most at risk. This
can be accomplished by focusing research on
pathway analysis, potential species competition,
and resource-use in areas receiving shipments
from Guam, thus, focusing management,
rapid response, and education programs in
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those areas to increase detection probabilities
and jumpstart management to prevent brown
treesnake introduction. Further research is
needed on introduction and transport pathways
and cost-effective control of those pathways,
including ways to enhance technique, speed,
scheduling and management of inspections in
order to increase productivity. Future efforts
should also include the latest research for
management, control, and eradication. Several
studies have been published that have yet to
be widely implemented, such as the use of
acetaminophen-baited mice over large areas
(Savarie et al. 2001, Shivik et al. 2002, Savarie
and Tope 2004), to kill brown treesnakes.

There is, of course, no certainty that
brown treesnakes will be as devastating on a
continental scale as it has been on the island
of Guam. However, on a local scale, new
invasions could be as devastating. Certainly,
brown treesnakes pose a threat to Hawaii
and Florida, 2 geographic areas that are very
hospitable to many other invasive species
(Office of Technology Assessment 1993, Kraus
and Cravalbo 2001). By 2008 there had been 14
credible brown treesnake sightings in Hawaii
and 3 confirmed sightings in the mainland
United States (Perry and Vice 2008), including
one in Texas in May 1993 (McCoid et al. 1994),
one in Anchorage, Alaska (Stanford and Rodda
2007), and one in McAlester, Oklahoma, in
2005 (S. H. Henke, NABTSCT, unpublished
report). The most recent credible sighting on
the mainland was in August, 2011, near San
Antonio, Texas, but the snake was not captured
(S. H. Henke, North America Brown Treesnake
Control Team, personal communication).
The increase in dispersal events has raised
the interest of military authorities on Guam
(McCoid et al. 1994). Management for brown
treesnakes in Hawaii and on other at-risk islands
in the Commonwealth of the Northern Mariana
Islands is difficult due to several uncertainties,
including knowledge of the number of snakes
currently located there and the minimum viable
population size for brown treesnakes (Burnett
2007). Without proper management, islands in
the Pacific are at high risk for receiving brown
treesnakes due to military restructuring and
increased military movements in the region as
Guam increases in strategic importance (Pitt et
al. 2010).



Brown treesnakes ¢ Kahl et al.

Pathway risk assessments and ecological
modeling are the cutting edge in invasive
species prevention (Hulme 2009). Pathway
analysis allows researchers to define the most
likely transport pathways to the most at-risk
locations, providing a focus for management of
those pathways on Guam and giving priority
to inspections of those pathways, thus, making
inspections more cost-effective. Climatically
suitable areas for brown treesnakes within
the U.S. mainland are located in California,
the Southwest, and the Southern Coastal Plain
where temperature and precipitation most
closely match those of the tropics (Rodda et al.
2007c, Wisniewski 2010). San Diego, California,
receives more shipments from Guam than
any other location in the continental United
States, and is, therefore, at relatively high risk
for the potential transfer of brown treesnakes,
especially with the expected increase in
shipments due to military restructuring on
Guam (Wisniewski 2010).

Spread of brown treesnakes from Australia
and New Guinea is much less likely due to
lower densities there (Rodda and Savidge 2007).
Rodder and Lotters (2010) projected climatic
suitability for brown treesnakes in the Pacific
and found that the highest suitability is located
in the Commonwealth of the Northern Mariana
Islands, Hawaiian Islands, Madagascar, New
Caledonia, and the Fiji Islands. The island of
Oahu holds approximately 150,000 ha of brown
treesnake habitat (Burnett et al. 2008). Burnett
et al. (2008) found that it is economically
advantageous to actively search for a potential
population of snakes in Hawaii, rather than to
wait for discovery. Alien species invasions are
one of the most serious problems hindering
conservation programs, and, due to their likely
irreversibility, have the potential to undo other
conservation programs (Howarth 1999).

Acknowledgments

We thank G. Perry (Texas Tech University),
L. Brennan (Caesar Kleberg Wildlife Research
Institute), and M. Tewes (Caesar Kleberg Wildlife
Research Institute) for their professional review
and helpful comments on this manuscript prior
to submission. We thank the U.S. Fish and
Wildlife Service for funding. This is manuscript
number 11-111 of the Caesar Kleberg Wildlife
Research Institute.

195

Literature cited

Aguon C. F, R. E. Beck Jr., and M. W. Ritter. 1999.
A method for protecting nests of the Mariana
crow from brown treesnake predation. Pages
460-468 in G. H. Rodda, Y. Sawai, D. Chiszar,
and H. Tanaka, editors. Problem snake man-
agement: the habu and brown treesnake. Cor-
nell University Press, Ithaca, New York, USA.

Aguon, C. F, E. W. Campbell 1ll, and J. M. Mor-
ton. 2002. Efficacy of electrical barriers used
to protect mariana crow nests. Wildlife Society
Bulletin 30:703-708.

Aldridge, R. D., and A. A. Arackal. 2005. Repro-
ductive biology and stress of captivity in male
brown treesnakes (Boiga irregularis) on Guam.
Australian Journal of Zoology 53:249-256.

Aldridge, R. D., B. C. Jellen, D. S. Siegel, and S.
S. Wisniewski. 2011. The sexual segment of
the kidney. Pages 477-509 in R. D. Aldridge
and D. M. Sever, editors. Reproductive biology
and phylogeny of snakes. Science, Enfield,
New Hampshire, USA.

Aldridge, R. D., D. S. Siegel, A. P. Bufalino, S. S.
Wisniewski, and B. C. Jellen. 2010. A multiyear
comparison of the male reproductive biology of
the brown treesnake (Boiga irregularis) from
Guam and the native range. Australian Journal
of Zoology 58:24-32.

Anderson, N. L., T. E. Hetherington, B. Coupe, G.
Perry, J. B. Williams, and J. Lehman. 2005.
Thermoregulation in a nocturnal, tropical, arbo-
real snake. Journal of Herpetology 39:82-90.

Aquatic Invasive Species. 2003. Aquatic invasive
species management plan, unpublished report.
State of Hawaii, Honolulu, Hawaii, USA.

Aquatic Nuisance Species Task Force (ANS).
1996a. Risk Assessment and Management
Committee: generic nonindigenous aquatic or-
ganisms risk analysis review process. Aquatic
Nuisance Species Task Force, Washington,
D.C., USA.

Aquatic Nuisance Species Task Force. 1996b.
The brown treesnake control committee.
Brown treesnake control plan. Washington,
D.C., USA.

Brooks, J. E., P. J. Savarie, and J. J. Johnston.
1998. The oral and dermal toxicity of selected
chemicals to brown treesnakes. Wildlife Re-
search 25:427-435.

Brown Treesnake Working Group. 2004. Allocation
and spending overview. U.S. Fish and Wildlife
Service, Houston, Texas, USA.



196

Bull, K. H., R. T. Mason, and J. M. Whittier. 1997.
Seasonal testicular development and sperm
storage in tropical and subtropical populations
of the brown treesnake (Boiga irregularis). Aus-
tralian Journal of Zoology 45:479-488.

Bull, K. H., and J. M. Whittier. 1996. Annual pat-
tern of activity of the brown treesnake (Boiga
irregularis) in southeastern Queensland. Mem-
oirs Queensland Museum 39:483-486.

Burnett, K. M. 2007. Optimal prevention and con-
trol of invasive species: the case of the brown
treesnake. Dissertation, University of Hawaii,
Honolulu, Hawaii, USA.

Burnett, K. M., S. D’Evelyn, B. A. Kaiser, P. Nan-
tamanasikarn, and J. A. Roumasset. 2008.
Beyond the lamp post: optimal prevention and
control of the brown treesnake in Hawaii. Eco-
logical Economics 67:66—74.

Campbell, E. W., 1ll. 1999. Barriers to movements
of the brown treesnake (Boiga irregularis).
Pages 306-312 in G. H. Rodda, Y. Sawai,
D. Chiszar, and H. Tanaka, editors. Problem
snake management: the habu and the brown
treesnake. Cornell University Press, Ithaca,
New York, USA.

Campbell, E. W., lll, T. H. Fritts, and G. H. Rodda.
1996. The response of Guam’s lizards to the
elimination of the brown treesnake (Boiga irreg-
ularis) predation. Prodeedings of the American
Society of Ichthyologists and Herpetologists
annual meeting, University of New Orleans,
New Orleans, Louisiana, USA.

Campbell, S. R., S. P. Mackessy, and J. A. Clarke.
2008. Microhabitat use by brown treesnakes
(Boiga irregularis): effects of moonlight and
prey. Journal of Herpetology 42: 246-250.

Campbell, E. W, lll, G. H. Rodda, T. H. Fritts, and
R. L. Bruggers. 1999. An integrated manage-
ment plan for the brown treesnake (Boiga irreg-
ularis) on Pacific islands. Pages 423-435 in G.
H. Rodda, Y. Sawai, D. Chiszar, and H. Tanaka,
editors. Problem snake management: the habu
and brown treesnake. Cornell University Press,
Ithaca, New York, USA.

Caudell, J. N., J. Whittier,and M. R. Conover. 2002.
The effects of haemogregarine-like parasites
on brown treesnakes (Boiga irregularis) and
slatey-grey snakes (Stegonotus cucullatus) in
Queensland, Australia. International Biodete-
rioration and Biodegredation 49:113-119.

Caughley, G., and A. R. E. Sinclair. 1994. Wildlife
ecology and management. Blackwell Scientific
Publications, Oxford, United Kingdom.

Human-Wildlife Interactions 6(2)

Chiszar, D., D. Drew, and H. M. Smith. 1991. Stim-
ulus control of predatory behavior in the brown
treesnake (Boiga irregularis). Mandibular pro-
tractions as a function of prey size. Journal of
Comparative Psychology 105:152—156.

Chiszar, D., T. M. Dunn, P. Stark, and H. M. Smith.
2001. Response of brown treesnakes (Boiga
irregularis) to mammalian blood: whole blood,
serum, and cellular residue. Journal of Chemi-
cal Ecology 27:979-983.

Chiszar, D., G. H. Rodda, and H. M. Smith. 1997.
Experiments on chemical control of behavior in
brown treesnakes. Pages 121-127 in J. R. Ma-
son, editor. Repellents in wildlife management.
National Wildlife Research Center, Fort Collins,
Colorado, USA.

Christy, M. T., J. A. Savidge, and G. H. Rodda.
2007. Multiple pathways for invasion of anurans
on a pacific island. Diversity and Distributions
13:598-607.

Clark, L. 1997. Responsiveness of brown
treesnakes to odors. Pages 129-137 in J. R.
Mason, editor. Repellents in wildlife manage-
ment. National Wildlife Research Center, Fort
Collins, Colorado, USA.

Clark, L., and J. Shivik. 2002. Aerosolized es-
sential oils and individual natural product com-
pounds as brown treesnake repellents. Pest
Management Science 58:775-783.

Cooke, B. D., and F. Fenner. 2002. Rabbit haem-
orrhagic disease and biological control of rab-
bits. Wildlife Research 29:689—-706.

Cox, G. W. 1999. Alien species in North America
and Hawaii: impacts on natural ecosystems. Is-
land Press, Washington, D.C., USA.

Craighead, F. C., Jr., and R. F. Dasmann. 1966.
Exotic big game on public lands. Reportto U.S.
Bureau of Land Management. Washington,
D.C., USA.

Dobson, A. P. 1988. Restoring island ecosystems:
the potential of parasites to control introduced
mammals. Conservation Biology 2:31-39.

Elton, C. S. 1958. The ecology of invasions by ani-
mals and plants. University of Chicago Press,
Chicago, lllinois, USA.

Engbring, J., and T. H. Fritts. 1988. Demise of
an insular avifauna: the brown treesnake on
Guam. Transactions of the Western Section of
The Wildlife Society 24:31-37.

Engeman, R. M., N. P. Groninger, and D. S.
Vice. 2003. A general model for predicting
brown treesnake capture rates. Envirometrics
14:295-305.



Brown treesnakes ¢ Kahl et al.

Engeman, R. M., and M. A. Linnell. 1998. Trapping
strategies for deterring the spread of brown
treesnakes from Guam. Pacific Conservation
Biology 4:348-353.

Engeman, R. M., and D. S. Vice. 2002. Objectives
and integrated approaches for the control of
brown treesnakes. Integrated Pest Manage-
ment Review 6:59-76.

Ewers, W. H. 1968. Blood parasites of some New
Guinea reptiles and amphibians. Journal of
Parasitology. 54:172-174.

Fenner F.,, and F. N. Ratcliffe. 1965. Myxomatosis.
Cambridge University Press, London, United
Kingdom.

Fritts, T. H. 1988. The brown treesnake, Boiga ir-
regularis, a threat to Pacific islands. U.S. Fish
and Wildlife Service, Biological Report 88(31).
Washington, D.C., USA.

Fritts, T. H. 2002. Economic costs of electrical
system instability and power outages caused
by snakes on the island of Guam. International
Biodeterioration and Biodegradation 49:93—
100.

Fritts, T. H, and M. J. McCoid. 1991. Predation
by the brown treesnake on poultry and other
domesticated animals in Guam. The Snake
23:75-80.

Fritts, T. H, and M. J. McCoid. 1999. The threat to
humans from snakebite by snakes of the genus
Boiga based on data from Guam and other ar-
eas. Pages 116-127 in G.H. Rodda, Y. Sawai,
D. Chiszar, and H. Tanaka, editors. Problem
snake management: the habu and the brown
treesnake. Cornell University Press, Ithaca,
New York, USA.

Fritts, T. H, M. J. McCoid, and R. L. Haddock.
1990. Risks to infants on Guam from bites of
the brown treesnake (Boiga irregularis). Ameri-
can Journal of Tropical Medicine and Hygiene
6:607-611.

Fritts, T. H, M. J. McCoid, and R. L. Haddock.
1994. Symptoms and circumstances associ-
ated with bites by the brown treesnake (Colu-
bridae: Boiga irregularis) on Guam. Journal of
Herpetology 28:27-33.

Fritts, T. H, and G. H. Rodda. 1998. The role of
introduced species in the degradation of island
ecosystems: a case history of Guam. Annual
Review of Ecological Systems 29:113-140.

Fritts, T. H, and G. H. Rodda. 1999. Epilogue.
Pages 479-521 in G. H. Rodda, Y. Sawai,
D. Chiszar, and H. Tanaka, editors. Problem

197

snake management: the habu and the brown
treesnake. Cornell University Press, Ithaca,
New York, USA.

Fritts, T. H., N. J. Scott Jr., and B. E. Smith. 1989.
Trapping Boiga irregularis on Guam using bird
odors. Journal of Herpetology 23:189-192.

Gragg, J. E., G. H. Rodda, J. A. Savidge, G. C.
White, K. Dean-Bradley, and A. R. Ellingson.
2007. Response of brown treesnakes to re-
duction of their rodent prey. Journal of Wildlife
Management 71:2311-2317.

Greene, M. J., and R. T. Mason. 2000. Court-
ship, mating, and male combat of the brown
treesnake, Boiga irregularis. Herpetologica
56:166-175.

Greene, M. J., and R. T. Mason. 2003. Pheromon-
al inhibition of male courtship behavior in the
brown treesnake, Boiga irregularis: a mecha-
nism for the rejection of potential mates. Ani-
mal Behaviour 65:905-910.

Greene, M. J., and R. T. Mason. 2005. The ef-
fects of cloacal secretions on brown treesnake
behavior. Pages 49-55 in R. T. Mason, M. P.
LeMaster, and D. Mduller-Schwarze, editors.
Chemical signals in vertebrates. Kluwer Aca-
demic/Plenum, New York, New York, USA.

Greene, M. J., S. L. Stark, and R. T. Mason. 2001.
Pheromone trailing behavior of the brown
treesnake, Boiga irregularis. Journal of Chemi-
cal Ecology 27:2193-2201.

Hayes, W. K., P. A. Lavin-Murcio, and K. V. Kar-
dong. 1993. Delivery of Duvernoy’s secretion
into prey by the brown treesnake, Boiga irregu-
laris (Serpentes: Colubridae). Toxicon 31:881—
887.

Henke, S. E. 2002. Mission statement of the North
American Brown Treesnake Control Team,
<http://www.nabtsct.net>. Accessed July 5,
2012.

Hetherington, T. E., B. Coupe, G. Perry, N. L.
Anderson, and J. B. Williams. 2008. Diurnal
refuge-site selection by brown treesnakes
(Boiga irregularis) on Guam. Amphibia-Reptilia
29:284-287.

Hill, R. E., and S. P. Mackessey. 2000. Character-
ization of venom (Duvernoy’s secretion) from
twelve species of colubrid snakes and partial
sequence of four venom proteins. Toxicon
38:1663-1687.

Hoddle, M. S. 1999. Biological control of verte-
brate pests. Pages 955-974 in T. S. Bellows
and T. W. Fisher, editors. Handbook of biologi-



198

cal control. Academic Press, San Diego, Cali-
fornia, USA.

Howarth, F. G. 1999. Environmental risks of bio-
logical control of vertebrates. Page 399-411
in G. H. Rodda, Y. Sawai, D. Chiszar, and H.
Tanaka, editors. Problem snake management:
the habu and brown treesnake. Cornell Univer-
sity Press, Ithaca, New York, USA.

Hulme, P. E. 2009. Trade, transport and trouble:
managing invasive species pathways in an era
of globalization. Journal of Applied Ecology
46:10-18.

Imamura, C. K. 1999. A preliminary examination of
public policy issues in the use of canine detec-
tion of brown treesnakes. Pages 353-363 in G.
H. Rodda, Y. Sawai, D. Chiszar, and H. Tanaka,
editors. Problem snake management: the habu
and brown treesnake. Cornell University Press,
Ithaca, New York, USA.

Invasive Species Specialist Group. 2001. 100 of
the world’s worst invasive species: a selec-
tion from the world invasive species database.
Species Survival Commission, Auckland, New
Zealand.

Jackson, K., and G. Perry. 2000. Changes in intes-
tinal morphology following feeding in the brown
treesnake, Boiga irregularis. Journal of Herpe-
tology 34:459-462.

Johnson, C. R. 1975. Thermoregulation in the
Papuan-New Guinean boid and colubrid
snakes Candoia carinata, Candoia aspera and
Boiga irregularis. Zoological Journal of the Lin-
nean Society 56:283-290.

Johnston, J. J., R. E. Maudlin, P. J. Savarie, J.
E. Brooks, and T. M. Primus. 2001. Ecotoxi-
cological risks of potential toxicants for brown
treesnake control on Guam. Pages 212-224 in
J. J. Johnston, editor. Pesticides and Wildlife
Congresses. American Chemical Society, Fort
Collins, Colorado, USA.

Johnston, J. J., P. J. Savarie, T. M. Primus, J.
D. Eisemann, J. C. Hurley, and D. J. Kohler.
2002. Risk assessment of an acetaminophen
baiting program for chemical control of brown
treesnakes on Guam: evaluation of baits, snake
residues, and potential primary and secondary
hazards. Environmental Science and Technol-
ogy 36:3827-3833.

Jojola-Elverum, S. M., J. A. Shivik, and L. Clark.
2001. Importance of bacterial decomposi-
tion and carrion substrate to foraging brown
treesnakes. Journal of Chemical Ecology
27:1315-1331.

Human-Wildlife Interactions 6(2)

Jordan, M. A. 1991. Determination of sex and its
relation to the biology of the brown treesnake
(Boiga irregularis). R. A. thesis, Luther College,
Decorah, lowa, USA.

Jordan, M. A., and G. H. Rodda. 1994. Identifica-
tion of sex in Boiga irregularis: implications for
understanding population dynamics in Guam.
Journal of Herpetology 3:381-384.

Kardong, K. V. 1999. Venom delivery by the brown
treesnake (Boiga irregularis) and the habu
(Trimeresurus flavoviridis). Pages 128-139
in G. H. Rodda, Y. Sawai, D. Chiszar, and H.
Tanaka, editors. Problem snake management:
the habu and brown treesnake. Cornell Univer-
sity Press, Ithaca, New York, USA.

Kardong, K. V., and P. A. Lavin-Murcio. 1993. Ven-
om delivery of snakes as high-pressure and
low-pressure systems. Copeia 1993:644-650.

Kerr, A. M. 1993. Low frequency of stabilimenta
in orb webs of Argiope appensa (Araneae:
Araneidae) from Guam: an indirect effect of
an introduced avian predator? Pacific Science
47:328-337.

Kraus, F., and D. Cravalbo. 2001. The risk to
Hawai'i from snakes. Pacific Science 55:409—
417.

Lazarovits, G., M. S. Goettel, and C. Vincent.
2007. Adventures in biocontrol. Pages 1-6 in
C. Vincent, M. S. Goettel, and G. Lazarovits,
editors. Biological control a global perspective.
CAB International/AAFC 2007. Cambridge,
Massachusetts, USA.

Lindberg, A. C., J. A. Shivik, and L. Clark. 2000.
Mechanical mouse lure for brown treesnakes.
Copeia 2000:886—888.

Linnell, M. A., R. M. Engeman, M. E. Pitzler, M.
O. Watten, G. F. Whitehead, and R. C. Miller.
1998. An evaluation of two designs of stamped
metal trap flaps for use in operational trapping
of brown treesnakes (Boiga irregularis). The
Snake 28:14-18.

Linnell, M. A., D. V. Rodriquez, R. E. Mauldin, and
R. M. Engeman. 1997. Boiga irregularis (brown
treesnake) incubation and diet. Herpetological
Review 28:153.

Lumsden, N. G., B. G. Fry, R. Manjunatha Kini, and
W. C. Hodgson. 2004. In vitro neuromuscular
activity of “colubrid” venoms: clinical and evolu-
tionary implications. Toxicon 43:819-827.

Mackerras, M. J. 1961. The haematozoa of Aus-
tralian reptiles. Australian Journal of Zoology
9:61-122.



Brown treesnakes ¢ Kahl et al.

Mathies, T., J. A. Cruz, V. A. Lance, and J. A.
Savidge. 2010. Reproductive biology of male
brown treesnakes (Boiga irregularis) on Guam.
Journal of Herpetology 44:209-221.

Mathies, T., E. A. Franklin, and L. A. Miller. 2004.
Proximate cues for ovarian recrudescence and
ovulation in the brown treesnake (Boiga irregu-
laris) under laboratory conditions. Herpetologi-
cal Review 35:46-39.

Mathies, T., and L. A. Miller. 2003. Cool tempera-
tures elicit reproduction in a biologically inva-
sive predator, the brown treesnake (Boiga ir-
regularis). Zoo Biology 22:227-238.

Maudlin, R. E., C. A. Furcolow, J. J. Johnston, and
B. A. Kimball. 2000. Determination of whole-
body rotenone residues in the brown treesnake
(Boiga irregularis). Journal of Agricultural and
Food Chemistry 48:2240-2243.

McCoid, M. J. 1991. Brown treesnake (Boiga ir-
regularis) on Guam: a worst case scenario of
an introduced predator. Micronesica Supple-
ment 3:63-69.

McCoid, M. J. 1993. The “new” herpetofauna of
Guam, Mariana Islands. Herpetological Re-
view 24:16-17.

McCoid, M. J. 1994. Boiga irregularis (brown
treesnake) reproduction. Herpetological Re-
view 25:69-70.

McCoid, M. J., E. W. Campbell, and B. C. Alokoa.
1993. Efficacy of a chemical repellant for the
brown treesnake (Boiga irregularis). The Snake
25:115-119.

McCoid, M. J., T. H. Fritts, and E. W. Campbell.
1994. A brown treesnake (colubridae: Boiga ir-
regularis) sighting in Texas. Texas Journal of
Science 46:365-368.

Moore, I. T., M. J. Greene, , D. T. Lerner, C. E.
Asher, R. W. Krohmer, D. L. Hess, J. Whittier,
and R. T. Mason. 2005. Physiological evidence
for reproductive suppression in the introduced
population of brown treesnakes (Boiga ir-
regularis) on Guam. Biological Conservation
121:91-98.

Mortensen, H. S., and Y. L. Dupont. 2008. A snake
in paradise: disturbance of plant reproduction
following extirpation of bird flower-visitors on
Guam. Biological Conservation 141:2146—
2154.

Murata, Y., H. J. C. Yeh, and L. K. Pannell. 1991.
New ketodienes from the integumental lipids of
the Guam brown treesnake, Boiga irregularis.
Journal of Natural Products 54:233-240.

199

Nichols, D. K., R. S. Weyant, E. W. Lamirande, L.
Sigler, and R. T. Mason. 1999. Fatal mycotic
dermatitis in captive brown treesnakes (Boiga
irregularis). Journal of Zoo and Wildlife Medi-
cine 30:111-118.

North America Brown Treesnake Control Team.
2008. Keep America free of brown treesnakes.
Educational identification card. U.S. Fish and
Wildlife Service, Kingsville, Texas, USA.

Office of Technology Assessment. 1993. Harmful
nonindigenous species in the United States.
Washington, D.C., USA.

Orcutt, R. 1997. Canines, humans and traps.
Koko’s Call 14:2.

Pendleton, R. C. 1947. A snake “den” tree on Gua-
dalcanal Island. Herpetologica 3:189-190.
Perry, G. 2002. Wheel-well and cargo compart-
ment temperatures of large aircraft in flight: im-
plications for stowaways. Aviation, Space, and

Environmental Medicine 73:673-676.

Perry, G., E. W. Campbell, G. H. Rodda, and
T. H. Fritts. 1998a. Managing island biotas:
brown treesnake control using barrier technol-
ogy. Pages 138-143 in R. O. Baker and A. C.
Crabb, editors. Proceedings of the Vertebrate
Pest Conference. University of California, Da-
vis, California, USA.

Perry, G., G. H. Rodda, T. H. Fritts, and T. R. Sharp.
1998b. The lizard fauna of Guam'’s fringing is-
lets: island biogeography, phylogenetic history,
and conservation implications. Global Ecology
and Biogeography Letters 7:353—-365.

Perry, G., and D. Vice. 2007. An evaluation of pas-
sive thermal fumigation for brown treesnake
control in surface transportation from Guam.
Pages 224-233 in G. W. Witmer, W. C. Pitt,
and K. A. Fagerstone, editors. Managing ver-
tebrate invasive species: proceedings of an
international symposium USDA/APHIS/WS,
National Wildlife Research Center, Fort Collins,
Colorado, USA.

Perry, G., and D. Vice. 2008. Forecasting the risk
of brown treesnake dispersal from Guam: a
mixed transport-establishment model. Conser-
vation Biology 23:992-1000.

Pimentel, D., R. Zuniga, and D. Morrison. 2005.
Update on the environmental and economic
costs associated with alien-invasive species
in the United States. Ecological Economics
52:273-288.

Pitt, W. C., R. Stahl, and C. Yoder. 2010. Emerging
challenges of managing island invasive spe-



200

cies: potential invasive species unintentionally
spread from military restructuring. Proceedings
of the Vertebrate Pest Conference 24:5-8.

Pough, F. H., editor. 1998. Herpetology. Prentice-
Hall, Upper Saddle River, New Jersey, USA.

Pough, F. H., R.M. Andrews, J. E. Cadle, M. L.
Crump, A. H. Savitzky, and K. D. Wells. 1998.
Body support and locomotion. Pages 235-266
in F. H. Pough, editor. Herpetology. Prentice-
Hall, Upper Saddle River, New Jersey, USA.

Qualls, F., and T. H. Fritts. 2000. Dispersal of
brown treesnakes (Boiga irregularis) to oce-
anic islands and continental landmasses. Pag-
es 13-25 in R. W. Pittman, editor. The brown
treesnake conference: preventing spread
through partnerships. Brown Treesnake Work-
shop. U.S. Fish and Wildlife Service, Houston,
Texas, USA.

Rawlings, L. H. 1995. Phylogeography of the
brown treesnake, Boiga irregularis, particularly
relating to populations in Guam. R.Sc. (Hon-
ours) thesis, University of Adelaide, Adelaide,
Australia.

Reinhard, W., and Z. Vogel. 1975. Reptiles: colu-
brids. Page 481 in R. Grzimek, editor. Animal
life ecyclopedia. Volume 6. Van Nostrand Rein-
hold Company, New York, New York, USA.

Rochelle, M. J., and K. V. Kardong. 1993. Constric-
tion versus envenomation in prey capture by
the brown treesnake, Boiga irregularis (Squa-
mata: Colubridae). Herpetologica 49:301-304.

Rodda, G. H. 1991. Fence climbing by the arbore-
al snake Bioga irregularis. The Snake 23:101—
103.

Rodda, G. H. 1992. Foraging behaviour of the
brown treesnake, Boiga irregularis. Herpeto-
logical Journal 2:110-114.

Rodda, G. H., K. Dean-Bradley, J. A. Savidge, M.
T. Christy, and C. L. Tyrell. 2008. Post-coloni-
zation reversal of selection pressure on disper-
sal behavior of the brown treesnake, Boiga ir-
regularis, on Guam. South American Journal of
Herpetology 3:123-134.

Rodda, G. H., J. L. Farley, R. Bischof, and R. N.
Reed. 2007b. New developments in snake bar-
rier technology: fly-ash covered wall offers a
feasible alternative for permanent barriers to
brown treesnakes (Boiga irregularis). Herpeto-
logical Conservation and Biology 2:157-163.

Rodda, G. H., and T. H. Fritts. 1992a. Sampling
techniques for an arboreal snake, Boiga irregu-
laris. Micronesica 25:23-40.

Human-Wildlife Interactions 6(2)

Rodda, G. H., and T. H. Fritts. 1992b. The impact
of the introduction of the colubrid snake Boiga
irregularis on Guam’s lizards. Herpetological
Journal 26:166-174.

Rodda, G. H., T. H. Fritts, and D. Chiszar. 1997.
The disappearance of Guam’s wildlife; new
insights for herpetology, evolutionary ecology,
and conservation. BioScience 47:565-574.

Rodda, G. H., T. H. Fritts, C. S. Clark, S. W. Gotte,
and D. Chiszar. 1999b. A state-of-the-art trap
for the brown treesnake. Pages 268-305 in G.
H. Rodda, Y. Sawai, D. Chiszar, and H. Tanaka,
editors. Problem snake management: the habu
and the brown treesnake. Cornell University
Press, Ithaca, New York, USA.

Rodda, G. H., T. H. Fritts, and P. J. Conry. 1992b.
Origin and population growth of the brown
treesnake Boiga irregularis, on Guam. Pacific
Science 1:46-57.

Rodda, G. H., T. H. Fritts, M. J. McCoid, and E. W.
Campbell, Ill. 1999a. An overview of the biolo-
gy of the brown treesnake (Boiga irregularis), a
costly introduced pest on Pacific islands. Pag-
es 44-80in G. H. Rodda, Y. Sawai, D. Chiszar,
and H. Tanaka, editors. Problem snake man-
agement: the habu and brown treesnake. Cor-
nell University Press, Ithaca, New York, USA.

Rodda, G. H., T. H. Fritts, G. Perry, and E. W.
Campbell 1ll. 1998. Managing island biotas:
can indigenous species be protected from intro-
duced predators such as the brown treesnake?
Transaction of the North American Wildlife and
Natural Resources Conference 63:96—108.

Rodda, G. H., M. J. McCoid, T. H. Fritts, and E. W.
Campbell. 1999c. Population trends and limit-
ing factors in Boiga irregularis. Pages 236-253
in G. H. Rodda, Y. Sawai, D. Chiszar, and H.
Tanaka, editors. Problem snake management:
the habu and brown treesnake. Cornell Univer-
sity Press, Ithaca, New York, USA.

Rodda, G. H., R. N. Reed, and C. S. Jarnevich.
2007c. Climate matching as a tool for predict-
ing potential North American spread of brown
treesnakes. Pages 138-145 in G. W. Witmer,
W. C. Pitt, and K. A. Fagerstone, editors. Man-
aging vertebrate invasive species: proceedings
of an international symposium. USDA/APHIS
Wildlife Services, National Wildlife Research
Center, Fort Collins, Colorado, USA., <http://
www.aphis.usda.gov/wildlife_damage/nwrc/
symposia/invasive_symposium/nwrc_TOC _in-
dex.shtml>. Accessed August 16, 2012.



Brown treesnakes ¢ Kahl et al.

Rodda, G. H., R. J. Rondeau, T. H. Fritts, and O. E.
Maughan. 1992a. Trapping the arboreal snake
Boiga irregularis. Amphibia-Reptilia 13:47-56.

Rodda, G. H., and J. A. Savidge. 2007. Biology
and impacts of Pacific island invasive species.
Boiga irregularis, the brown treesnake (Rep-
tilia: Colubridae). Pacific Science 61:307-324.

Rodda, G. H., J. A. Savidge, C. L. Tyrell, M. T.
Christy, and A. R. Ellington. 2007a. Size bias
in visual searches and trapping of brown
treesnakes on Guam. Journal of Wildlife Man-
agement 71:656-661.

Rodder, D., and S. Lotters. 2010. Potential distri-
bution of the alien invasive brown treesnake,
Boiga irregularis (Reptilia: Colubridae). Pacific
Science 64:11-22.

Santana-Bendix, M. A. 1994. Movements, activ-
ity patterns and habitat use of Boiga irregularis
(Colubridae), an introduced predator in the is-
land of Guam. Thesis, University of Arizona,
Tucson, Arizona, USA.

Saunders, G., B. Cooke, K. McColl, R. Shine, and
T. Peacock. 2010. Modern approaches for the
biological control of vertebrate pests: an Aus-
tralian perspective. Biological Control 52:288—
295,

Savarie, P. J., and R. L. Bruggers. 1999. Candi-
date repellents, oral and dennal toxicants, and
fumigants for brown treesnake control. Pages
417-423 in G. H. Rodda, Y. Sawai, D. Chiszar,
and H. Tanaka, editors. Problem snake man-
agement: the habu and brown treesnake. Cor-
nell University Press, Ithaca, New York, USA.

Savarie, P. J., J. A. Shivik, G. C. White, J. C. Hur-
ley, and L. Clark. 2001. Use of acetaminophen
for large-scale control of brown treesnakes.
Journal of Wildlife Management 65:356—365.

Savarie, P. J., and K. L. Tope. 2004. Potential flota-
tion devices for aerial delivery of baits to brown
treesnakes. Pages 27-30 in R. M. Timm and
W. P. Gorenzel, editors. USDA National Wildlife
Research Center—staff publications. Proceed-
ings of the Vertebrate Pest Conference. Uni-
versity of California, Davis, California, USA.

Savarie, P. J., D. L. York, J. C. Hurley, S. A. Volz,
and J. E. Brooks. 2000. Testing the dennal and
oral toxicity of selected chemicals to brown
treesnakes. Pages 139-145 in T. P. Salmon,
and A. C. Crabb, editors. Proceedings of the
Vertebrate Pest Conference, University of Cali-
fornia, Davis, California, USA.

Savidge, J. A. 1987a. Extinction of an island for-

201

est avifauna by an introduced snake. Ecology
68:660—668.

Savidge, J. A. 1987b. The ecological and econom-
ic impacts of an introduced snake on Guam
and its threat to other Pacific islands. Pacific
Life and Environmental Studies 3:29-34.

Savidge, J. A. 1988. Food habits of Boiga irregu-
laris, an introduced predator on Guam. Journal
of Herpetology 22:275-282.

Savidge, J. A. 1991. Population characteristics of
the introduced brown treesnake, Boiga irregu-
laris. Biotropica 23:294-300.

Savidge, J. A., F. J. Qualls, and G. H. Rodda. 2007.
Reproductive biology of the brown treesnake,
Boiga irregularis (Reptilia: Colubridae), during
colonization of Guam and comparison with that
in their native range. Pacific Science 61:191—
199.

Shine, R. 1991a. Strangers in a strange land:
ecology of Australian colubrid snakes. Copeia
1991:120-131.

Shine, R. 1991b. Intersexual dietary divergence
and the evolution of sexual dimorphism in
shakes. American Naturalist 138:103-122.

Shine, R. 1994. Allometric patterns in the ecology
of Australian snakes. Copeia 4:851-867.

Shivik, J. A. 1998. Brown treesnake response to
visual and olfactory cues. Journal of Wildlife
Management 62:105-111.

Shivik, J. A. 1999. Carrion, context, and lure de-
velopment: the relative importance of sensory
modalities to foraging brown treesnakes (Boiga
irregularis). Dissertation, Colorado State Uni-
versity, Fort Collins, Colorado, USA.

Shivik, J. A., J. Bourassa, and S. N. Donnigan.
2000. Elicitation of brown treesnake predatory
behavior using polymodal stimuli. Journal of
Wildlife Management 64:969-975.

Shivik, J. A., and L. Clark. 1997. Carrion seeking
in brown treesnakes: importance of olfactory
and visual cues. Journal of Experimental Zool-
ogy 270:549-553.

Shivik, J. A., and L. Clark. 1999a. Ontogenet-
ic shifts in carrion attractiveness to brown
treesnakes (Boiga irregularis). Journal of Her-
petology 33:334-336.

Shivik, J. A., and L. Clark. 1999b. The develop-
ment of chemosensory attractants for brown
treesnakes. Pages 649-654 in R. E. Johnson,
D. Muller-Schwarze, and P. W. Sorensen, edi-
tors. Advances in chemical signals in verte-
brates. Kluwer Academic-Plenum, New York,
New York, USA.



202

Shivik, J. A., P. J. Savarie, and L. Clark. 2002.
Aerial delivery of baits to brown treesnakes.
Wildlife Society Bulletin 30:1062—-1067.

Simberloff, D. S. 1990. Community effects of bio-
logical introductions and their implications for
restoration. Pages 128-136 in D. R. Towns,
C. H. Daugherty, and I. A. E. Atkinson, edi-
tors. Conservation Sciences Publication No. 2:
ecological restoration of New Zealand islands.
New Zealand Department of Conservation,
Wellington, New Zealand.

Simberloff, D., I. M. Parker, and P. N. Windle.
2005. Introduced species policy, management,
and future research needs. Frontiers in Ecol-
ogy and the Environment 3:12-20.

Stanford, J. W., and G. H. Rodda. 2007. The
brown treesnake rapid response team. Pages
175-217 in Witmer, G. W., W. C. Pitt, and K.
A. Fagerstone, editors. 2007. Managing ver-
tebrate invasive species: proceedings of an
international symposium. USDA/APHIS Wild-
life Services, National Wildlife Research Cen-
ter, Fort Collins, Colorado, USA, <http://www.
aphis.usda.gov/wildlife_damage/nwrc/sympo-
sia/invasive_symposium/nwrc_TOC_index.
shtml>. Accessed August 22, 2012.

Stark, C. P, D. Chiszar, K. Stiles, and H. M. Smith.
2002. A laboratory situation for studying the
effects of chemical and visual cues on prey
trailing in brown treesnakes (Boiga irregularis).
Journal of Herpetology 36:57—-62.

Telford, S. R., Jr. 1999. The possible use of hae-
mogregarine parasites in biological control of
the brown treesnake (Boiga irregularis) and the
habu (Trimeresurus avoviridis). Pages 384-390
in G. H. Rodda, Y. Sawai, D. Chiszar, and H.
Tanaka, editors. Problem snake management:
the habu and the brown treesnake. Cornell
University Press, Ithaca, New York, USA.

Tobin, M. E., R. T. Sugihara, P. A. Pochop, and M.
A. Linnell. 1999. Nightly and seasonal move-
ments of Boiga irregularis on Guam. Journal of
Herpetology 33:281-291.

Torr, G. A., and S. J. Richards. 1996. Boiga irregu-
laris (brown treesnake) diet. Herpetological
Review 27:22.

Trembath, D. F,, and S. Fearn. 2008. Body sizes,
activity times, food habits and reproduction
of brown treesnakes (Boiga irregularis) (Ser-
pentes: Colubridae) from tropical north Queen-
sland, Australia. Australian Journal of Zoology
56:173-178.

Human-Wildlife Interactions 6(2)

Tyrell, C. L., M. T. Christy, G. H. Rodda, A. A.
Yackel Adams, A. R. Ellington, J. A. Savidge, K.
Dean-Bradley, and R. Bischof. 2009. Evolution
of trap capture in a geographically closed pop-
ulation of brown treesnakes on Guam. Journal
of Applied Ecology 46:128-135.

U.S. Department of Agriculture. 1998. No escape
from Guam: stopping the spread of the brown
treesnake. Program Aid No. 1636, unpublished
report. Washington, D.C., USA.

U. S. Department of Agriculture. 1997. The brown
treesnake: a destructive stowaway. Videotape.
Maheras Communications, Hawaii Department
of Agriculture and USDA/APHIS, Honolulu, Ha-
waii, USA.

U.S. Geological Survey. 2007. How do | know if
I've seen a brown treesnake? Educational
Poster, <http:/www.usgs.gov/stalkingsnakes/
poster.asp>, U.S. Geological Survey, Washing-
ton, D.C., USA. Accessed April 2, 2012.

van Lenteren, J. C. 2007. Biological control for
insect pests in greenhouses: an unexpected
success. Pages 105-117 in C. Vincent, M. S.
Goettel, and G. Lazarovits, editors. Biological
control a global perspective. CAB International/
AAFC. Cambridge, Massachusetts, USA.

van Rensburg, P. J. J., J. D. Skinner, and R. J. van
Aarde. 1987. Effects of feline panleucopae-
nia on population characteristics of feral cats
on Marion Island. Journal of Applied Ecology
24:63-73.

Vest, D. K., S. P. Mackessy, and K. V. Kardong.
1991. The unique Duvernoy’s secretion of the
brown treesnake (Boiga irregularis). Toxicon
29:532-535.

Vice, D. 1999. Trapping the brown treesnake.
Koko's Call 16:2.

Vice, D., and R. M. Engeman. 2000. Brown
treesnake discoveries during detector dog in-
spections following Supertyphoon Paka. Micro-
nesica 33:105-110.

Vice, D., and M. E. Pitzler. 2000. Brown treesnake
control: economy of scales. Pages 127-130 in
L. Clark, J. Hone, J. A. Shivik, R. A. Watkins,
K. C. VerCauteren, and J. K. Yoder, editors.
Proceedings of the National Wildlife Research
Center special symposium: human conflicts
with wildlife, economic considerations. Fort
Collins, Colorado, USA.

Waye, H. L., and R. T. Mason. 2008. A combina-
tion of body condition measurements is more
informative than conventional condition indi-



Brown treesnakes ¢ Kahl et al.

ces: temporal variation in body condition and
corticosterone in brown treesnakes (Boiga ir-
regularis). General and Comparative Endocri-
nology 155:607-612.

Weinstein, S. A., D. Chiszar, R. C. Bell, and L.
A. Smith. 1991. Lethal potency and fraction-
ation of Duvernoy’s secretion from the brown
treesnake, Boiga irregularis. Toxicon 29:401—
407.

Weinstein, S. A., B. G. Stiles, M. J. McCoid, L.
A. Smith, and K. V. Kardong. 1993. Variation
of lethal potencies and acetylcholine receptor
binding activity of Duvernoy’s secretions from
the brown treesnake Boiga irregularis Merrem.
Journal of Natural Toxins 2:187-198.

Westerskov, K. 1952. Acclimatization of new game
species. New Zealand Fishing and Shooting
19:4-8.

Whittier, J. M., and D. Limpus. 1996. Reproductive
patterns of a biologically invasive species: the
brown treesnake (Boiga irregularis) in eastern
Australia. Journal of Zoology 238:591-597.

Whittier, J. M., C. Macrokanis, and R. T. Mason.
2000. Morphology of the brown treesnake,
Boiga irregularis, with a comparison of native
and extralimital populations. Australian Journal
of Zoology 48:357-367.

Wiedenmann, R. N., S. L. Post, M. R. Jeffords, and
D. J. Voegtlin. 2007. Biocontrol for everyman:
public participation in a weed project. Pages
92-104 in C. Vincent, M. S. Goettel, and G.
Lazarovits, editors. Biological control a global
perspective. CAB International/ AAFC 2007.
Cambridge, Massachusetts, USA.

Wilcove, D. S., D. Rothstein, J. Dubow, A. Phil-
lips, and E. Losos. 1998. Quantifying threats to
imperiled species in the United States. Biosci-
ence 48:607-615.

Wiles, G. J., J. Bart, R. E. Beck Jr., and C. F.
Aguon. 2003. Impacts of the brown treesnake:
patterns of decline and species persistence
in Guam’s avifauna. Conservation Biology
17:1350-1360.

Wiles, G. J., and A. P. Brooke. 2009. Conservation
treats to bats in the tropical Pacific islands and
insular Southeast Asia. Pages 405-459 in T. H.
Fleming and P. A. Racey, editors. Island bats:
evolution, ecology, and conservation. Univer-
sity of Chicago Press. Chicago, lllinois, USA.

Willson, J. D., M. E. Dorcas, and R. W. Snow.
2011. Identifying plausible scenarios for the
establishment of invasive Burmese pythons

203

(Python molurus) in southern Florida. Biologi-
cal Invasions 13:1493-1504.

Wisniewski, S. S. 2010. Preventing brown tree-
snake introduction to the continental United
States through education, awareness, and
risk assessment modeling. Dissertation, Texas
A&M University, Kingsville, Texas, USA.

Zalisko, E. J., and K. V. Kardong. 1992. Histology
and histochemistry of the Duvernoy’s gland of
the brown treesnake Boiga irregularis (Colubri-
dae). Copeia 1992:791-799.

SAMANTHA S. KAHL currently is a post-doc-
toral research associate at the University of Tennes-
see in Knoxville. She earned
her B.A. degree from Black-
burn College in 2005, her M.S.
degree from Saint Louis Uni-
versity in 2007, and her Ph.D.
degree in wildlife science from
Texas A&M University—Kings-
ville in 2010. Some of her in-
terests include ecological risk
assessment, amphibian and
reptile conservation and ecol-
ogy, invasive species management, and St. Louis
Cardinal’'s baseball.

ScoTT E. HENKE (photo unavailable) is a re-
gents professor and chair of the Animal, Rangeland
and Wildlife Sciences Department at Texas A&M Uni-
versity—Kingsville and a research scientist with the
Caesar Kleberg Wildlife Research Institute. His re-
search interests include wildlife disease and human—
wildlife conflicts.

Marc A. HALL (photo unavailable) is a su-
pervisory wildlife biologist with USDA/APHIS/Wildlife
Services on Andersen Air Force Base on Guam.

Davib K. BRITTON is the southwest regional
aquatic nuisance species coordinator for the U.S.
Fish and Wildlife Service.
He helps protect our na-
tion's fisheries and con-
serve aquatic resources by
coordinating invasive-spe-
cies prevention and control
strategies across state and
regional boundaries. He
has been a participating
member of the North Amer-
ica Brown Tree Snake Control Team since 2007. He
earned his Ph.D. degree in quantitative biology from
the University of Texas—Arlington in 2005.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


