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Abstract—The brown tree snake (Boiga irregularis) is an exotic pest species
on Pacific islands, most notably on Guam where it has caused considerable
ecological and economic damage. On Guam, the snake commonly associates
with people and can be found near or in human habitations. Bites are com-
mon, approximately 1 of 1200 emergency room visits to Guam hospitals were
reported to be the result of B. irregularis bites; 80% of these victims were at-
tacked while sleeping. Most of the attacks occurred on fingers and hands and the
attacks appeared to be predatory, rather than defensive, in nature. In order to
characterize the mechanism releasing this unusual behavior, we measured the
predatory response of B. irregularis to chemical stimuli from humans and con-
trols using a lab population that originated from Guam and a wild population
from the species’ native range in Queensland, Australia. To quantify behavior
we measured the proportion of snakes displaying predatory behavior to each of
the stimuli, the latency to attack, and the number of tongue-flicks displayed. We
quantified predatory behavior using the tongue-flick attack score for repeated
measures [TFAS(R)], a common method for quantifying predatory behavior in
squamate reptiles. Captive brown tree snakes responded to human skin stimuli
with feeding behavior, including predatory attacks, at the same frequency as
they did to prey stimuli derived from mice, while never responding to controls
with such behavior. Captive snakes also responded to human skin stimuli and
prey stimuli with significantly higher TFAS(R) scores than to controls, although
there were no differences between the human and mouse stimuli. Wild-caught
animals in Australia also responded with predatory attacks to human skin stim-
uli, while not showing predatory behavior to a blank control and with higher
TFAS(R) scores to human skin stimuli than to the control. As B. irregularis is
a generalized predator that relies heavily on chemical signals to recognize prey,
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we hypothesize that the snakes recognize compounds on human skin that may
be shared with other prey.

Key Words—Brown tree snake, Boiga irregularis, invasive pest species, preda-
tory behavior, feeding stimulus.

INTRODUCTION

The brown tree snake (Boiga irregularis) has caused significant ecological and
economic damage on the Pacific island of Guam where it was accidentally in-
troduced during or shortly after World War II (Rodda et al., 1992, 1997). The
snake flourished on the island, reaching estimated densities of up to 100 snakes
per hectare (Rodda et al., 1992). Pest damage includes power outages caused by
snakes climbing onto power lines and short-circuiting the system while searching
for prey that result in revenue and equipment losses (Fritts et al., 1987).

A gencralist predator, brown tree snakes have caused the extinction or ex-
tirpation of 9 of 12 mative forest birds from the island of Guam, three of which
were endemic (Savidge, 1987). In addition, the snakes have negatively affected
domestic animals and pets, rodents, lizards, and the endangered Marianas fruit
bat, Pteropus mariannas (Wiles, 1987; Savidge, 1988; Greene, 1989; Fritts and
McCoid, 1991; Rodda and Fritts, 1992). They feed on carrion in the field (R. T.
Mason, personal observation; Shivik and Clark, 1997) and also attempt to ingest
their own bodies, cage walls, and items in their cage if prey odors or blood are
present (M. J. Greene, personal observation). Incidences of cannibalism have been
reported on Guam (Engeman et al., 1996). Noteworthy is the fact that they have
been reported to attack and kill animals much larger than they can swallow, such
as chickens, newborn pigs, and puppies (Fritts, 1988; Fritts et al., 1994).

The brown tree snake associates with humans, and bites are common; approx-
imately 1 of 1200 visits to Guam hospital emergency rooms were reported to be
for brown tree snake bites (Fritts, 1988; Fritts and McCoid, 1999). Eighty percent
of bite victims surveyed after being treated at medical facilities were bitten while
sleeping (Fritts et al., 1994). Of these victims, 52% were younger than 5 years of
age, all of whom were bitten while sleeping (Fritts et al., 1994). Fifty-three percent
of the victims 5 years of age and older were bitten while sleeping (Fritts etal., 1994).

Fifty percent of all victims attacked while sleeping were bitten on the fingers
and hands while the remaining victims were bitten on the arms, legs, neck, back, and
face (Fritts et al., 1994). The bite pattemns suggest that the snakes were attempting
to ingest the fingers and hands of these victims in the same manner they would
a prey item (Fritts et al., 1990). Several cases have been reported where parents
have found brown tree snakes chewing on the limbs of their children while coiled
around the necks and bodies of the children (Fritts et al., 1990; Fritts and McCoid,
1999).
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The brown tree snake is a rear-fanged colubrid containing venom of low tox-
icity to humans (Weinstein et al., 1991; Vest et al., 1991). The venom is delivered
through grooved rear fangs when the snake is making deliberate chewing motions
on the body of a prey item (Kardong and Lavin-Murcio, 1993). Envenomation is
difficult during defensive strikes because the snakes normally respond to provo-
cation with lunging strikes and quick bites (Johnson, 1975). Defensive strikes are
quick and involve the front of the jaw, while predatory bites require slower, more
deliberate use of the rear fangs in the posterior of the buccal cavity. Envenomation
has been reported when snakes attacked sleeping humans (Fritts et al., 1990, 1994).

No deaths have resulted from brown tree snake bites, although many symp-
toms requiring medical attention have been reported (Fritts et al., 1990, 1994).
The most common were discoloration, swelling, and blebs at the bite location.
In addition, high pulse, respiratory arrest, lethargy, and droopy eyelids have been
described in several cases (Fritts et al., 1990, 1994). 1t is rare for snakes to at-
tack humans in a predatory manner; aside from a few large constrictors, kraits
(Bungaris spp) are the only other snakes reported to attack humans in such a way
(Minton and Minton, 1980; Fritts et al., 1990).

Initial observations made with captive brown tree snakes in our laboratory
showed that they were attracted to objects touched by human hands. In many
instances, tongue-flicking behavior displayed to the human odors on these objects
was similar to that displayed when feeding on dead prey items, including short,
directed tongue-flicks to the objects. Tongue-flicking in snakes serves to transfer
chemicals from the environment to the snake’s vomeronasal organ, which detects
primarily nonvolatile chemical cues (Halpern, 1992). The experiments presented
here were designed to measure the feeding response of B. irregularis to human
skin chemical stimuli and controls by using a bioassay that is sensitive to, and
accounts for, both tongue-flicking behavior and predatory behavior.

METHODS AND MATERIALS

Laboratory Snake Bioassay. Ten adult brown tree snakes (3 females and
7 males) were randomly selected from our captive colony for use. The snakes
were originally collected on Guam and housed in our laboratory colony for over
6 years before the experiment (Greene et al.,, 1997). They were fed a diet of
thawed frozen mice and chicks every 2-3 weeks, but were not fed 2 weeks prior
to the experiment. Ambient room temperature was 23-30°C (mean: 25°C), and
relative humidity was 75-80% in the snake room, simulating conditions on Guam.
Lighting (14L:10D) was provided by overhead fluorescent lights and by natural
sunlight entering the room through windows.

Four treatments were tested in the experiment: (1) a blank control (untreated
cotton swab), (2) a general lipid control (a mixture of 100 m vegetable oil in 5 ml
hexane), (3) a mouse treatment (positive control), and (4) a human skin treatment.
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The mouse treatment was produced by rubbing a swab on the fur and skin of
a thawed house mouse (Mus musculus) 10 times. The human skin treatment was
created by rubbing a single cotton swab on the skin of the arms of four adult humans
(2 females and 2 males) five times each. All swabs were used immediately after
preparation. The general lipid control was produced by applying 0.5 ml of the
dilute lipid to a swab and allowing the solvent to evaporate.

Experiments were conducted during scotophase when the snakes were nor-
mally active following methods patterned after earlier studies by Burghardt (1970,
1975; Burghardt et al., 1988). Snakes were tested in their home cages by placing
treated or control cotton swabs in the cage approximately 2-cm from the snake’s
snout. Treatments were presented in a randomized sequential order in a single
session with 15 min between tests. The order of snakes tested was random. In
all trials, snakes tongue-flicked the swabs within 2 min, making it unnecessary to
stimulate a response by lightly touching the swab to the snouts. Trials in which the
snake displayed defensive behaviors to the presence of the swab, such as defen-
sive striking or head-hiding (Johnson, 1975), were suspended and redone during
a subsequent session.

Trials began when the focal snake tongue-flicked the swab for the first time.
Subsequently, the number of tongue-flicks that made direct contact with the swab
was counted for 180 sec or until the snake attempted to ingest the cotton swab
(in preliminary observations, the latency to attack dead mice ranged from 7 to
288 sec). The feeding behaviors measured were: (1) close-contact tongue-flicking
and (2) attacks. We have only observed close-contact tongue-flicking by B. irreg-
ularis during feeding events on dead prey items, never during predation on live
prey or during defensive attacks (M. J. Greene, unpublished data). The behavior
consists of short, directed tongue-flicks at the dead prey item with the snout po-
sitioned a few millimeters away in which only the bifurcated tips of the tongue
protrude from the mouth.

The tongue-flick attack score for repeated measures [TFAS(R)] was used
to quantify the predatory response to the swabs (Cooper and Burghardt, 1990).
TFAS(R) s a composite measure (combining tongue-flick frequency and latency to
attack data) that weighs trials in which snakes attack the stimulus more heavily
than trials in which no attacks occur. TFAS(R) = TF + (TL — latency), where TF
is the maximum number of tongue-flicks directed at the swabs for any treatment
by the focal snake, TL is the trial length in seconds, and latency is the time in
seconds to attack the swab from the start of the trial. Higher scores indicate a
greater predatory response (Cooper and Burghardt, 1990).

Wild-Caught Snake Bioassay. This experiment was conducted using brown
tree snakes collected from their native range in Queensland, Australia. Immedi-
ately after capture, snakes were brought back to a laboratory at the University of
Queensland where they were housed and tested. Snakes were housed in captivity
for less than 7 days, and all interactions with humans were minimized before
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testing. Eight snakes (3 males and 5 females) were tested in their home cages us-
ing the same protocol as the laboratory study except that only the human odor and
blank control treatments were tested (the mouse and general lipid controls were
not conducted with the wild snakes because neither were available in the field at
the time of the study). Snakes were tested by using a switchback method; on the
first night, snakes were randomly chosen to receive either the control or human
odor treatment while receiving the other treatment on the second night.

RESULTS

Laboratory Snake Bioassay. The snakes displayed predatory behaviors more
often to the mouse and human skin stimuli swabs than to the control swabs
(Cochran’s Qtest: @ = 26.2;df = 3; P < 0.001; Figure 1A). They responded with
predatory behavior in 8 of 10 trials (6 attacks) to human skin stimuli and in 10
of 10 trials (6 attacks) to mouse odor, while never displaying predatory behaviors
to either control. TFAS(R) scores were higher for the mouse and human treat-
ments than for the controls (Friedman ANOVA: Fr = 13.6;df = 3; P < 0.004;
Figure 2A); however, the response to the human stimulus did not differ from the
response to the mouse stimulus (Fr = 0.001; df = 1; P < 0.999). There were no
sex differences in TFAS(R) scores for any of the stimuli (Mann-Whitney U test:
P > 0.05 for all comparisons).

Wild-Caught Snake Bioassay. The results were consistent with laboratory
data; the snakes responded to the human skin swabs with predatory behavior in
6 of 7 trials (4 attacks) while never displaying predatory behavior to the control
(Q = 6.00;df = 1, P < 0.014; Figure 1B). The snakes had a higher TFAS(R) to
human skin stimuli than to the control (Fr = 7.00; df = 1; P < 0.008; Figure 2B).
There were no sex differences in TFAS(R) scores for any of the stimuli (Mann-
Whitney U test: P > 0.05 for all comparisons).

DISCUSSION

Captive brown tree snakes collected on Guam and wild-caught snakes from
their native habitat in Australia responded to human skin stimuli with predatory
behavior. Specifically, close-contact tongue-flicking and deliberate predatory at-
tacks were displayed to both the human- and mouse-treated swabs (a positive
control), while never to the negative controls. These data confirm earlier observa-
tions in our laboratory of brown tree snakes investigating items touched by human
skin, and they may provide a mechanism to explain why the snakes attack sleeping
humans on Guam.

‘We propose that foraging brown tree snakes accidentally make contact with
sleeping humans when searching for natural prey in and around homes on Guam.
By tongue-flicking the skin of sleeping humans, the snakes may detect
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FIG. 1. The proportion of trials in which snakes displayed predatory behavior (close contact
tongue-flicks or attacks) to the stimuli for (A) captive snakes originally caught on Guam
and for (B) wild-caught snakes from Queensland, Australia. Letters indicate statistical
significance between experimental treatments.

semiochemicals that release stereotypical feeding behavior even though the snakes
could not ingest the person being attacked. It is unclear if snakes would be attracted
to homes specifically because of the presence of human odor, or if the snakes may
make accidental contact with humans while searching for prey. This is not the first
study to document a predatory response to human stimuli; Chiszar et al. (1993)
demonstrated that brown tree snakes show a strong predatory response to human
postpartum and menstrual blood.

It appears that the compounds that release feeding behavior from human
skin and mice are relatively nonvolatile in nature (for example, the experimental
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FIG. 2. Tongue-flick attack scores [TFAS(R)] displayed by focal snakes for (A) captive
snakes and for (B) wild-caught snakes. Higher TFAS(R) indicate a greater predatory
response. Letters indicate statistical significance.

treatments elicited feeding behavior from the snakes several weeks after being
stored in a refrigerator). Mammalian skin is covered in a thin film of lipids, com-
posed mainly of sebaceous lipids. Sebaceous glands, associated primarily with
hair follicles, secrete a mixture of lipids called sebum onto the skin surface and
hair of mammals, while other skin lipids are derived from epidermal cells (Strauss
etal., 1991). We hypothesize that this lipid film is a source for the semiochemicals
that release feeding behavior in the brown tree snake (Strauss et al., 1991). Hu-
man skin lipids are composed of triglycerides (57%), wax esters (26%), squalene
(12%), sterol esters (3%), and free sterols (2%) (Greene et al., 1970; Strauss et al.,
1991). In mice, the lipid layer is composed mainly of wax diesters (65%), free
sterols (13%), sterol esters (10%), and free fatty alcohols (6%) (Wilkinson and
Karasek, 1966; Strauss et al., 1991).

The overlap in lipid compounds (or in other types of compounds) between
mice and humans might provide an explanation as to why brown tree snakes attempt
to prey upon humans. The brown tree snake is known to feed on a diversity of
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vertebrate prey, including many species of mammals. We hypothesize that brown
tree snakes recognize mammalian prey versus prey of other vertebrate taxa by
detecting some skin component common to many mammalian species. Future
experiments will examine this in depth; chemical studies will be conducted to
determine the chemical structures of compounds that elicit predatory behavior. It
would be useful to determine if brown tree snakes respond to specific compounds,
or to a broad array of compounds that might be common to their vertebrate prey.
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