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THE GENUS 

The species of the genus Boiga (Colubridae, Boiginae) range from tropical 
Africa through southern Asia to Melanesia and Australia (Leviton, 1968). Collec­
tively, they are known as catsnakes, mangrove snakes, or treesnakes (Obst et al., 
1988; Greene, 1989). The common name “catsnakes” is sometimesused for snakes 
in the genus as well (Obst et 1,1988). 

Members of the genus are nocturnal, oviparous, opisthoglyphic, 
phagic, and slender; they have vertical elliptical pupils (thus “cat” snakes) set in 
large eyes, and short, blunt heads that are noticeablylarger than their necks. With 
one exception they are arboreal or semiarboreal (Obst et al., but they are 
found on the ground more frequently than some other arboreal snakes. Most 
inhabit forested areas, although the one terrestrial species, Boiga 
ranges into the steppes of central Asia (Obst et al., 1988). 

Little is known about the catsnakes. Not much has been published about most 
species other than basic descriptions (Leviton, 1968) and scattered natural 
history notes Jones, 196 Rosevear, 1965). Boiga 
is sold commonly as a pet and zoo animal;its venom and habits have been stud­
ied, as have those of several other species (especially B. cyanea and B. 
mostly in captivity (Barach, 1952; F. Groves, 1973; J. D. Groves, 1974; Burger, 1975; 
Sakai et al., 1984; R. D. Howard, 1984; C. J. Howard, 1987; and 
1978). The gut contents of Boiga museum specimens were tabulated by Greene 
(1989) and Shine (1991). Intensive field studies of snakes of the genus Boiga have 
been conducted only on B. irregularis 100 papers). 

We follow H. W. Greene, Snakes: The Evolution of Mystery in Nature (University of 
California Press, in using single words for groups of snakes such as 
snakes and rattlesnakes. 
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of the Treesnake 

THE SPECIES 

Boiga irregularis is the easternmost and southernmost Boiga, and it appears to 
have spread southward and eastward fairly recently in evolutionary time (Shine, 
1991). Its range excludesthe Lesser but includes the Moluccas and extends 
from Wallace's Line west of through New Guinea and the humid 
northern and eastern r i m s  of Australia to the Santa Islands (Solomon 
Islands, but not known from San Cristobal; Fig. 2.1). 

The Brown Treesnake is the most abundant arboreal snake in many parts of 
its range in Australia, probably because there are few nocturnal arboreal com­
petitors (Shine, 1991). The nominal speaes B. irregularis includes a wide variety 
of color range vague to distinct darkblotches on a back-
ground of brown to through blue-and-whiteor red-and-white banding in 

1992).parts of AlthoughAustralia the coloration of B. irregularis varies 
the aresnake's range, relativelycoloration and constant at 

a Boigaindividual localities (Rodda et al., described1992). Boiga from 

irregularis complexFigure 2.1 CrosshatchedRange of the areas of northern 
the rightAustralia are sometimes treated as -being inhabited by B. hatched 

areas by f
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by Dumkril and Bibron (in Dumkril et al., is considered by 
modern authors 1985) to be a variant of B. irregularis. 

How Many Species of Occur in Australia? 

Gow Greene Shine and Cogger (1992) rec­
ognized only one species of in Australia: B. irregularis. Kinghorn 
Storr et al. and Ehmann (1992) divided the Australian forms into 
species: and B. irregularis. The two are believed to be parapatric. With the 
exception of Kinghorn, however, those arguing for two species have not specified 
how the two are to be distinguished (Storr et al., 1986; Ehmann, and there 
is disagreement among the three proponents of the two-species concept regard­
ing which species is found Australia and the distributional limits within 

could be 
distinguished from B. irregularison the basis of the relative size of the anterior 
palatine teeth (subequal to posterior palatine teeth in B. enlarged in 
B. irregularis). Kinghorn additionally distinguished the two species in Australia 
on the basis of contact between the preocular and frontal head shields (separated 
in B. touching in B. irregularis). Contact between these is variable in 
B. irregularis outside Australia (see below).Kinghorn classified the form ranging 
from Western Australia to New SouthWales as B. and the form found near 
Cape York at the northern tip of Queensland as irregularis. Even though Storr 
et al. did not define B. irregularis or characterize its distribution,they divided B. 

into two subspecies: B. in Western Australia and nearby parts of 
Northern Territory; and in northern Northern Territory, north and east 
Queensland, and New South Wales. Ehmann agreed with Storr et al. in describ­
ing the range of B. but the range of asbeing north-
ern Northern northwestern Queensland, and New Guinea. 
Ehmann considered the form occurring from Cape York to New South Wales to 
be B. irregularis. The various taxonomic rearrangements that have been suggested 
by the Australians and others are complicatedby the lack of the type specimen of 
B. irregularis and the absence of a type locality (Welch, 1988). A modem taxo­
nomic review is needed. 

Australia. Boulenger (1896) and Kinghorn (1964) specified that B. fusca

Ehmann called B. the Northern Brown Treesnake (although it is found 
farther south than are most other “Brown Treesnakes”); this form is also known 
as the Banded Catsnake (Storr et al., 1986) and the Doll’s Eye or Brown Treesnake 
(Kinghorn, 1964). In addition to being called the Brown Treesnake, B. irregularis 
is known as the Eastern Brown Treesnake (Ehmann, Red-banded 
snake, Snake, Bandana Snake, Night Tiger, Housesnake, 
Salmon Snake (Worrell, Philippine Ratsnake (Jenkins, and Brown 
Catsnake 1990). The name Philippine Ratsnake is a misnomer widely 
used on Guam.The does not in the Philippines, although its arrival 
in Guam coincided with an influx of Filipino immigrants. 



Biology of Treesnake 47 

MORPHOLOGY 

A snake that forages in vegetation has greater mobility if it can minimize its mass 
and distribute that mass over many support points. A slender body form also fa­
cilitates cantilever movements, in which a snake extends its body to bridge gaps 
in the vegetation. A thin body reduces problems associated with 
blood pooling when the snake is vertical 1987). Thus it is not sur­
prising that arboreal snakes are universally slender in build (Guyer and Donnelly, 

and Henderson, 1993). The semiarboreal 
or Habu, is relatively slender for a viper, but the Brown Treesnake has 

an even lower relative to its length (Fig. 2.2). This extreme morphology 
indicatesthat the Brown Treesnake is well adapted for an arboreal existence. 

The Brown Treesnake attains an unusually large size for an arboreal 
up to total length females, up to in males. Most large Brown 
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Figure 2.2 Mass-length relationships for a sample of snakes. To minimize overlap of 
regression lines, only three points are shown for each species: size at hatching, typical 
size, and size ( data do not hatchlings). The regression for 
Boiga that it is lower in relative mass than all species shown except 

and Opheodrys are also arboreal. (From 1982; 
1985; et al., 1988; Nishimura and Kamura, 1989; R Henderson, 

1995.) 
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Treesnakes are found on the ground,probably because snakes near the maximum 
size are too heavy for arboreal foraging (Rodda, 1992). Sexual dimorphism is 
expressed only as a difference in maximum attained (Roddaet al., the 
sexes do not in proportions. 

Arboreal snakes tend to have long tails(Guyer and Donnelly, although 
the evolutionaryadvantage accrued by elongation of the tail rather than the body 
is not known and Henderson, 1993). However, the Brown Treesnake 
exhibits neither an especially long tail nor any sexualdimorphism in tail length 
(Fig. 2.3). The tip of the tail is missing in about 8% of the specimens captured in 
Guam.The relative length of the Brown tail is less than those of 13 
arboreal and semiarboreal snakes a lowland site in Costa (Guyer and 

In addition to being short,the tail is slender. 
A slender tail may limit the size of those of the Brown Treesnake are 

and relatively small. 
Although the of most arboreal snakes exhibits evolutionary 

the head usually does not, presumably because reduction in head size would 
limit the size range of potential prey. The Brown Treesnake conforms to this 
pattern: the head is conspicuouslylarger than the neck, especiallyamong the more 

Species 
Figure 2.3 Proportionaltail for a sample of snakes.The two long-tailed speciesand 

are arboreal; is and 
the and are (From 
1972; and 1975; and 1976; and 1989.) 
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gape-limited juveniles (Fig. 2.4). Gape in the Brown Treesnake is expanded by 
exceptionally large quadrate bones (Chiszar et al., 1991). Many arboreal snakes, 

the Brown Treesnake,make up for their slender neck and anterior body 
with extremely elastic tissues to allow passage of large prey. To enable can­
tilever movements without relying on the support of inelastic skin,the Brown 
Treesnake has developed muscular enlargement of the anterior body in the 
dorsoventral plane. When threatened, the Brown Treesnake exaggerates its profile 
by highlighting its large dorsoventralaspect with lateral compression of the body. 
This defensive behavior is exhibited by several species of arboreal snakes. Arbo­
real snakes develop scales that are transversely enlarged and 
tightly attached to underlying tissue, presumably an additional adap­
tation to assist in cantilever movements and Henderson, 1993); th is  
trait evident in some but not all Brown Treesnakes and is not pronounced in 
snakes from Guam. 

Relativetoother snakes, arboreal snakes tend to have a relatively anterior place­
andment of theythe heart generally have large eyes and pre­

with theirhensile tails,as does B. irregularis. massiveUnlike the prehensile 
can use itstails, slender tail to grip thinbranches. Brown treesnakes may 

anchor the tail with a half hitch when they are threatened with being shaken 
from trees.or 

Figure 2.4 Head shapes in relaxed juvenile (a) and adult (b) Boigu irregularis. 
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The Brown Treesnake has the pupil characteristic of both its genus 
and most other nocturnal snakes,but it lacks the reflective layer in the retina pos­
sessed by some nocturnal to enhance vision in dim light (Henderson, 
1993); thus, it has no eye shine. In contrast to diurnal which are charac­
terized by attenuate snouts and frequently have binocular vision, nocturnal 
arboreal snakes tend to have blunt snouts and laterally directed eyes 
and Henderson, 1993). The head shape of the Brown Treesnake conforms to the 
nocturnal arboreal archetype (Fig. 2.4). 

Lillywhite and Henderson noted that nocturnal arboreal species tend 
to have a blotched color pattern, which disrupts the otherwise conspicuous ser­
pentine form. This would be especially beneficial to Brown which 
sometimesrest in exposed sites during daylight hours. may pro-
vide further in that they resemble the dapples of moonlight and 
that penetrate the forest canopy. 

The venom apparatus of the Brown Treesnake is associated with the snake's 
phylogeny rather than with its ecology. As is characteristic of the subfamily 

the dentition of the Brown Treesnake's two or three 
posteriormost teeth with conspicuous which conduct se­
cretion into the tissue of the prey (see thisvolume, Chap. 7). 

All of the 120 specimenswe examined from throughout the snake's range had one 
although Brown Treesnakes with two are found occasion-

ally in the Solomon Islands 1980). There are two Contact 
between the and is variable in B. irregularis in the Solomons 
(McCoy, although Kinghorn (1964) used this trait to distinguish B. 
from irregularis in Australia.The frontal is about as long as it is distant from 
the tip of the snout. There are one to four temporals,8-12 and 

A loreal separates the nasal the Dorsal scales lack 
but have two apical scale pits whichvary in size and conspicuousness. There 

are 17-25 scale rows around the middle of the body and fewer rows around the 
body elsewhere. The anal scale is undivided, except perhaps in Brown Treesnakes 
inhabiting New Guinea, where both divided and undivided have been 
reported (Parker, 1982; Mengden and The number of subcaudals 
varies from 65 to 130, although Kinghorn (1964) B. has fewer than 
104 and irregularis has more than 102. Using thiscriterion, both speaes are 
present in the Solomons, New Guinea, the Moluccas, and but not in 
Guam (Guam range, 110-125). The subcaudals are uniformly divided in Brown 
Treesnakes inhabiting the Solomon Islands (McCoy, 1980) and, according to most 
reports, Australia (Worrell,1963; 1976; Storr 1986, for 
Kinghorn (1964) specifiedthat subcaudalsin someAustralian B. irregularis lacked 
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divisions, as is reported for the species in New Guinea (Parker, 1982; Mengden 
and 

BEHAVIOR 

Like other members of the genus, is nocturnal. Although most of 
Guam’s snake-caused power outages occur at night (Fritts et al., 1987; Fritts and 
Chiszar, this volume, Chap. 4), some outages occur during the day, especially in 
the morning hours (see below). Radiotelemeteredsnakes are occasionallydetected 
moving in the early hours of the day (M. pers. comm.,1992);we 
have seen a few snakes moving in the vicinity of traps in the morning, and labo­
ratory studies show Brown Treesnakes to be alert and responsive during the day 
(Chiszar et al., 1985; Chiszar and Kandler, 1986). Most movement, however, 
occurs at night. 

The distribution of electrical power outages through the night suggests that 
Brown Treesnakesdo not terminate their activity partway through the night as do 

(Henderson, 1993). Outages peak at midnight and taper off 
in the morning hours (see Fritts and Chiszar,this volume, Chap. 4). We investi­
gated Brown activity during the first half of the night by 
comparing the number of sightings at various times of night along a single 
sect that was surveyed repeatedly (Rodda, 1989).Although this method can be 
biased by progressive searcher fatigue,we found that mean sighting rates increased 
in each of four one-hour time blocks 0.91, and in a pattern 
similar to the pattern of electrical outages. 

A folk wisdom staple on Guam is that Brown are active primarily 
or exclusively during rainstorms (rainstorms,which are usuallybrief in duration, 

in all seasonson Guam). Ourvisualcensusdata do not support this belief; 
our sighting rates were (but not so)when it was raining; and 
surveys conducted in the six hours following a rainstorm did not show elevated 
numbers of snake comparedwith surveys during dryperiods 0.03, 

0.87). We attribute the folk wisdom about snake activity during rainstorms 
to the seasonality of Brown Treesnake activity (discussed below) and to a pos­
sible disinclination of snakes to cross roads except when nocturnal illumination 
is low, such as during heavy rainstorms. 

Thermoregulation 

Thermal data are available for only two individuals, both from Papua New Guinea 
(Johnson, The snakes were implanted with head andbody ther­
mocouples and subjected to natural and artificial heating. Both snakes selected 
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temperatures of and tolerated slightly higher temperatures in their 
bodies than in their heads. The temperatures selected by these captive snakes are 
about 5°C warmer than the snakes can attain when they are active in nature 
(Eldredge, 1983).This may be a case in which thermal preferences are evolu­
tionarily conserved (Rosen, or perhaps the snakes in Johnson's 
were exhibiting behavioral fever in response to their surgery (Lutterschmidt and 

1990; and 1993). No experiments have been 
conducted to determine the critical thermal limits of the Brown Treesnake. 

Locomotion 

Studies on the exceptional locomotor abilities of Brown Treesnakes are summa­
rized by Fritts and in thisvolume (Chap. 4). 

Seasonality 

In Australia, Brown Treesnakes limit their activity to the warmer and wetter 
summer months and 1973;Hoser, 1980;Armstrong and 

1991;Shine, 1991). A relatively humid atmosphere may be a physiological 
necessity for Brown Treesnake activity, as our captive snakes are unable to shed 
properly when the relative humidity fallsbelow 60%. In nature, they probably take 
shelter in damper underground, in limestone crevices, and 
inside tree holes) to endure short periods of low humidity. Brown Treesnakes do 
not inhabit environments with chronic low humidity. 

On Guam, some Brown Treesnake activity occurs in all months (Fritts, 1988). 
There are three sources of information on the seasonality of Brown Treesnake 
activity on Guam:power outages, envenomation reports provided by hospitals, 
and sighting rates from visual surveys (Fig. 2.5). Mean on Guam 
vary only a little more than 1°C annually (Fig. and rainfall is thus consid­
ered the more important climatic factor. Brown Treesnakes appear to be more 
sensitive to the seasonal trend in rainfall changes than to the absolute amount. 
Division of the year into quarters of low, rising, high, and falling rainfall revealed 
a mild seasonal (F = 3.35, 3,274, = 0.0196) or monthly (F = 1.96, 

= 11,266, = 0.032) change in with greater activity during 
quarters of and high rainfall (Fig. 2.5). Snakebite reports showed essentially 
the same pattern (the two measures were significantly correlated r 0.72, 

with higher numbers reported during the rising and high rainfall 
periods of the year. The bite averages for the months of rising and high rainfall 
were significantly greater than those for the rest of the year 6.37, = 10, 
P but power outages did not between seasons in that comparison 

1.987, 10, = 0.075).Overall, then, the seasonalityof Brown Treesnake 
activity seems to be tied to rainfall. This is consistent with the limitation of the 
snake to wetter localities (see below). The high surface-to-volume ratio dictated 
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Figure 2.5 Phenology of activity based on sightings, power outages, and hospital 
visits by bite victims. The top graph shows the variable rainfall and nearly constant tem­
peratures on Guam (Stanley, The other graphs show monthly (solidline) and quar­
terly (dashed line) rate averages for sightings, power outages, and snakebites. The sighting 
rates are adjusted for searcher, site, and year (data collected 1988-1990). The 
sighting values are relative to an arbitrary annual average of a monthly average of 0.5 
does not denote a sighting rate one-half as great as a value of scale.1.0 on The power 
outage Januaryrates are based on the 13 year 1990.period 19 January The bite 
records cover 6 years, 21 September 1986-20 September 1992. Bites reported to hospitals 

in theon Guam earlierwere probably years of this period; thus the averages 
samples areshould not be undoubtedlytaken literally as monthly totals. 

of the total number of bites and power outages that transpired. 
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by the snake’s extremely slender morphology may promote a moisture deficit 
during dry periods. 

Habitat Requirements 

In Australia, moisture and temperature appear to limit the Brown Treesnake’s dis­
tribution to the warmer and wetter regions (Cogger and 1981; see also 
Sweeney, 1971;Henderson al., 1978);they do not occur in the arid interior, and 
their southern limit roughly coincides with the frost line, near Sydney (Cogger, 
1992). In Papua New Guinea, the Brown Treesnake occurs at elevations up to 
1375m aboutthe where occasional are reported. 

The habitat preferences of the Brown have quantifiedthrough 
visual surveys and radiotelemetry 1986, 1988; Rodda, 1992; 

Snakes should more often in preferred habitats. 
Unfortunately,using sightingdata for describinghabitat preferences canbias one’s 
conclusions. The snake may be common in dense foliage or grass but relatively 

to see. Conversely, the snake’s putative association with areas 
(Ehmann,1992) may be due primarily to the paucity of cover in that habitat and 
the tendency for shed (noticeable evidence of presence) to accumulate on 
protected walls. An analysis of 398 snake from Guam indicated that 
the highest sighting ratesoccurred in tangantangan trees 
but this apparent association may be just a function of foliage type. At best, the 
tangantangan tree’s small leaflets, which fold up at night, poor conceal­
ment, thus allowing searchers to detect the snakes more readily (Rodda, 1992). 
Visual sighting rates have been sampled from most terrestrial habitats within the 

range, and the differences in sighting rates among habitat types could be 
the result of variation in visibility (Rodda and 

We Brown Treesnakes prefer foliated arboreal habitats, al­
though there is no evidence that they are limited to such places. To date, radio-

data are available only for snakes inhabiting primarily forest areas. The 
radiotelemetry data show that Brown Treesnakes habitually travel through all 
types of forested and nonforested habitats. Within forested habitats they may 
travel on the ground. They also make extensive use of grasslands and 
(M. pers. 1991). The fact that they are sometimes 
by lawn mowers indicates that they use short-grass habitats. It seems probable, 
however, that they are less abundant in short-grass habitats than in forested 
habitats, especially during the day. We have marginally evidence 

0.077) that Brown Treesnakes are reluctant to venture into short grass or 
other exposed locations on bright moonlit nights (Rodda and Fritts, In 
short-grass habitats, Brown Treesnakes will seek safety by climbing any type of 
structure (tree, power pole, building, climbing is less frequent when dense 
ground vegetation provides cover (Rodda,1991). The radiotelemetry data show 
that Brown Treesnakes will cross substantial expansesof asphalt on a regular basis 
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and without apparent hesitation. In addition,there are anecdotal reports of Brown 
Treesnakes swimming at night on the ocean surface above relatively deep water 

G. Davis, pers. comm., but we have no practical way of estimat­
ing the frequency of thisbehavior. Brown Treesnakes do not appear to be habitat 
limited. 

Refugia 

Radiotelemetry studies 1988; Santana-Bendix, indicate 
that Brown Treesnakes spend their inactive daytime periods in all parts of the 
landscape. They have been observed in the tops of trees, among branches at high 
and low positions in the vegetation, in shrubs, on the ground, under rocks, and 
deep in subterraneancrevices. 

Movements 

Data regarding the movements of Brown Treesnakes come from two sources:the 
studies discussed above and recaptures of marked animals.Both 

methods are sensitiveto samplingfrequency. For example,the radio-trackingdata 
showed home ranges of ha after 25 days of data collection, but much greater 
areas (10-30 ha) additional months of monitoring. Single-night movements 
of up to 410m were observed. The mean distance between daytime refugia was 
about 45m. Snakes rarely occupied the same refugium on sequential but 
sometimeswere in the same general area for several days. They were not observed 
to return to a regularly used after more distant forays. The movements 
reported are greater in magnitude thanany a recent review of 
migrating snakes et al., 1988). The Brown Treesnake’s movements 
appear to be comparable in scale with those of the Sidewinder, 

although data are not yet available for an exact comparison. 
Trap captures of marked animalsprovide movement histories that can be mod­

eled using open population models (Rodda et al., this volume, Chap. 17) to esti­
mate the percentage of the population that moves out of the sampled area over 

trapping arraysthe trapping interval. We used to estimate the nightly 
immigration rates of snakes at two locations over three 40 day sampling periods. 
At our trap site on Orote Peninsula, Guam, 4.5% (SE = 1.4%) of the population 
immigrated per night in 1990 and 6.8% (SE = 1.5%) in 1991. At our Northwest 
Field site in 1992 the comparable value was 5.7% (SE = 3.3%). These high rates 
of daily population turnover indicate that either the snakes’ home ranges were 
much larger than our trapping arrays, or the snakes had no home ranges and 
wandered continuously. Both hypotheses are somewhat supported by the 
telemetry data, perhaps indicating that some snakes wander and some remain 
withinvery large home ranges. Recent recaptures of snakes marked 8-10 months 
earlier suggest that the recaptured individuals had large home ranges. This infer­

* 
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ence based on the unexpectedly large number of recaptures. If about 5% of the 
snakes had the area "permanently"each night, as indicated by the short-term 
mark-recapture data, a number have remained in 
the study area 8-10 months later. Yet with only a modest recapture effort,we cap­
tured 13 of 80 (16%) snakes marked in the same area almost a year previously. 
This suggests that Brown Treesnakes do have home ranges, although these must 
be unusually large, indeed much larger than the trapping arrays we used. This 
evidence does not disprove the possibility that some of the snakes that were not 
recaptured wandered rather than having large home ranges. 

Social Interactions 

Although snakes are not usually considered social, they may react to each other 
at a distance by avoiding each other or areas where other snakes have been, or 
they may be attracted to especially for mating or suitable 

(Pendleton, 1947; and 1973; Hoser, 1980). The anec­
dotal evidence from Guam and the native range suggests that Brown Treesnakes 
tolerate and may even seek out others to find suitable however, aggrega­
tions of Brown Treesnakesin trees and rock crevices on Guam Savidge, 1986) 
exhibited no apparent social structure. Snakes of all sizes, sexes,and maturation 
stages cohabited apparently randomly. 

We also tested for social responses by analyzing the composition of groups 
of snakes found in single traps. The frequency distribution of group sizes closely 
approximated a Poisson = 7.38, 4, indicating 
that snakeswere neither avoiding nor seekingto enter traps that already contained 
a snake (Fig. 2.6). It possible, however, that this test misleading because it 
pools snakes of both sexes.For example, a male snake might seek to enter a trap 
with a female but avoid entering a trap already occupied by a male. This was not 
the case (Fig. 2.7); the sexual composition of groups did not differ statistically 
from random when comparing either the sex ratios of groups of different sizes 

3.047, 3, 0.38) or the specific makeup of pairs = 1.32, 
2, = 0.52) or trios = 6.03, df= 3, 0.11). In all cases,the 

deviation observed was opposite in direction from that predicted by 
a social interaction hypothesis. That there were numerically (but not statisti­
cally) fewer heterosexual combinationsand more homosexual combinations than 
expected by chance. These data were collected in October and November, and it 

possible that social attraction occurs at other times of year. Nonetheless,we have 
seen no other evidence to indicate that interactions are an important com­
ponent of Brown Treesnake behavior. 

Defensive Behaviors 

The Brown first line of defense against predators to avoid detection 
by or concealment, or to cease movement in response to a distant 
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Figure 2.6 Distribution 
of snake group sizes 
captured in traps 
at Orote Point, Guam, 

The square 
markers indicate 

frequencies 
under the assumption 
of randomness 

Number of Snakes in a Trap (Poissondistribution). 

dator. It spends most daylight hours motionless, concealed by its cryptic col­
oration and the cover of natural vegetation. Although it may bask at the top of 
the canopy on some days, it often basks just under the first layer of leaves, 
where it will be warmed by the sun but not exposed directly to sunlight or visual 
predators. When discovered and closely approached, Brown Treesnakes usually 
crawl away rapidly and if drop from the tree to avoid capture. Gener­
ally, only when cornered or held does a Brown coil and defend itself 

The Brown Treesnake has gained a degree of notorietybecause of the dramatic 
and protracted coiling and striking behavior it exhibits when cornered (Johnson, 

1992).Recently captured snakes sometimes maintain an elevated 
strike pose for more than an hour after a human has passed the cage. For an 
arboreal species, the Brown Treesnake may be exceptionally willing to strike, yet 
the form of its display is similar to that of many other arboreal snakes (Greene, 
1979).The defensive display involves increasing the dorsoventral dimension by 
laterally compressing the anterior part of the body while drawing it into an ex­
aggerated S-shaped coil, spreading the posterior part of the head, and sometimes 
opening the mouth. Particularly noticeable in the Brown Treesnake is the flaring 
of the quadrate bones when the snake is aroused (Chiszar, 1990).This may in-
crease the apparent size of the snake's head and cause it to resemble the triangu­
lar head of a viper. Only on the island of Sulawesi,however, does the range of the 
Brown Treesnake overlap with any viper models in a putative mimicry complex 

with The distributions of other 
species overlap broadly with vipers, and any mimetic relationship with 

vipers could be a phylogenetic carryover. 
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Figure 2.7 Gender composition of snakegroups captured in traps at Orote Point, Guam, 
The top graph indicates that the sex ratio of solitarycaptures did not become pro­

gressively more male- wouldbiased in larger aggregationsof besnakes, expected if 
shownmales were attracted parenthetically).by trapped females (sample Expected 

distributionsof the sexes in the lower graphs were based on random entrance of individ­
sex ratiouals exhibitedbased on the by the marginal totals. 
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DIET 

Snakes of the genus eat a wide variety of vertebrates. The smaller catsnakes 
usually focus on frogs and the larger ones eat more mammals and birds 
(Greene, 1989). The consumption of endotherms is relatively rare in tropical 
snakes. (1990) reviewed the diets of 106 speciesof colubrid snakes from 

sites and found that mammalswere included in the diets of only 14% 
of the species, and birds were included in the diets of only 9%. The larger 
species often exhibit an ontogenetic dietary ectotherms to endotherms, 
most clearly documented in the Brown Treesnake (Savidge, 1988; Greene, 1989). 
On Guam this ontogenetic or size shift is more or less mandatory because the 
available prey of a size suitable for a small snake are ectotherms, and most large 
prey are endotherms. Before the introduction of the tiny frog Litoria 

this volume, Chap. all appropriate ectothermic prey for the 
Brown Treesnakeon Guam were lizards.Frogs have not been found in significant 
numbers of snake stomachs on Guam,but frogs are regularly eaten by Brown 
Treesnakes in Queensland, Australia (Shine, 1991). 

Greene (1989) noted a tendency for large Brown Treesnakes on large islands 
New Guinea) to eat mammals, whereas those on smaller islands consume 

primarily birds. This may be due to the relative of prey in these habi­
tats.Nowhere, however, are Brown Treesnakesdietaryspecialists.In the wild, small 
Brown on Guam eat primarily lizards,but in captivity they unhesitat­
ingly consume small mammals. They eat not only a fullspectrum of the available 
live vertebrates on Guam, including eggs, young, and adults (Savidge, they 
also ingest or attempt to ingest a wide variety of items not normally sought by 
snakes. We have of eating or to swallow dog food, 
chicken bones, raw hamburger, rabbits, paper towels, spareribs, 
rotting lizards,ornamental betel nuts, larger human babies, dog 

and soiled feminine hygiene products (see also Fritts and this 
volume, Chap. 6; 1990). 

Although Brown Treesnakesmay feed on almost any protein 
source, some items may be preferred or more easily captured. The best data were 
obtained by B. E. Smith and T. H. Fritts, who found anoles in the stomachs of 
snakes with much greater frequency than the were collected by herpeto­
logists sampling the same area (Fig. 2.8). The is now rare on Guam except 
in limited urban areas (Rodda et al., possibly as a result of its vulnerability 
to the snake. lizardssleeping at night in exposed sites in the foliage are 
especially vulnerable to the systematic arboreal technique of foraging 
Brown Treesnakes (Rodda, and in Guam only anoles exhibit such sleeping 
behavior. In most of the Brown native range, lizards sleep 
exposed in foliage, a habit that may account for the disproportionate occurrence 
of these lizards in the digestive tracts of Australian Brown Treesnakes (Shine, 
1991). 
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Figure 2.8 of potential and lizard prey taken by snakes Northwest 
Field, Guam,1985 (From B. E. Smith and T. H. data). denote 

0.05) the among lizardpopulations and 
predator stomachs.Potentialprey were by the frequencyof in a 
topic hand collection of 494 actual prey of 108 food
from 168 snakes (of which 84 had stomachs).Each food item was counted asa unit. 

On Guam,the diet of Brown varies among sites 1988) and 
appears to have changed in years in response to the of 
endothermicprey (Fig. 2.9). Although native birds have disappeared Guam’s 
forests, introduced and domestic birds are found in urban areas and rats are 
common, near and domestic In contrast to the richness 
and variety of prey available in these altered habitats (Fig. forested areas on 
Guam during the sample period provided relatively fewprey species 
for Brown Treesnakes. In samplescollected on Guam since 1989,small lizardshave 
constitutedthe bulkof the Brown diet (Fig. 2.9). Any Brown Treesnake 
we collect while it is foraging arboreally is classified as a “tree snake.” These tend 
to be juveniles, and in recent samples they have eaten approximately equal 
numbers of and Snakes collected while they are foraging on the 
ground (“ground snakes”) are usually large adults that subsist almost exclusively 
on terrestrial especially the introduced cf. (Fig. 2.9). In 
previous decades, large Brown Treesnakes on Guam probably fed on the large 

and but large have now been 
extirpated from most areas of Guam (Rodda and Fritts, The dietary 
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Figure 2.9 Summary of 
our data and those from 
other Guam studies detail­
ing major dietary groups 
represented in analyses of 
B. digestive 
tracts. Most "other"mater­
ial was reptile eggs or 
unidentified pieces of 
reptile skin. reptiles 
constitutedthe majority of 
prey items in samples 
except the 1980-1985 
urban sample. The number 
of snakesexamined for 
each was substan­
tially than the num­
ber of food items listed 
parenthetically as the 
sample size. In addition to 
our own studies we have 
included those of J. A. 
Savidge (1988) for urban 
and forest areas 
1985) and those of T. H. 

and B. E. Smith for 
forest 1985 (Fig. 2.8). 

variation seen in Brown Treesnakes from different Guam venues (Fig. 2.9) is an 
example of the opportunistichabits of thisspecies. 

The Brown Treesnake feeds on both nocturnally active geckos) and 
inactive prey sleepingdiurnal lizards,eggs). It appears to capture and 
rats using ambushing tactics, whereas eggs and inactive prey are obtained by slow, 
systematic searching (Rodda, 1992). One terrestrial foraging mode not exhibited 
by the Brown Treesnake is fast pursuit of fleeing prey. 

Prey recognition is described in 1990.Venom is not used to prey 
(Kardong, thisvolume, Chap. 7); instead, small prey items are swallowed 
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and larger prey are by constriction (Chiszar, 1990). The Brown Treesnake 
is exceptional for a in occasionally consuming meals as large as 70% of 
its mass 1990). We have no measure of the cumulative amount of food 
normally ingested by wild snakes, but captive Brown Treesnakes will maintain a 
monthly level of consumption equal to 40% of their body mass (Collins,1992); 
thisis consistent with the 450% per year estimated for rattlesnakes that are active 
year-round 1972). 

REPRODUCTION AND DEVELOPMENT 
Seasonality 

Despite the relatively constant climatic conditions in tropical areas, many if not 
most snakes produce young more or less synchronously at a particular 
season (Fitch, 1982; and Ford, 1987). In the highly seasonal environments 
of Australia, Brown Treesnake reproduction occurs during the wetter, warmer 
summer months (Shine, 1991). The seasonality of reproduction in the Brown 
Treesnake on Guam is not known. Females with enlarged follicles or 
eggs have been found in January, February, April, May, June, July, and October 

suggesting that reproduction may occur at any time on Guam. 
Reproduction may be synchronousat a particular Guam venue but dependent on 
rainfall, and may vary seasonally from year to year. Detection of sea­
sonal reproductive cycles on is hampered by the conspicuous rarity of 
gravid females of snakes sampled), presumably because gravid females 
are less active or more secretive (Fitch, 1960,1987). J. D. Groves (1974) noted that 
a captive female left her normal arboreal perch and went to the 
bottom of the cage, where she remained without eating for six to eight weeks 
prior to This suggests that gravid Brown Treesnakes be 
lected because they become reclusiveand inactive in that condition. 

Hatchling snakesappear throughout the year (Fig. 2.10). Variation in percent-
ages of hatchlings is for both bimonthly = 9.125, = 5, 
P 0.10) and quarterly comparisons (G = 5.25, 3, P 0.16). We tentatively 
conclude that some reproductive activity occurs under appropriate conditions at 
all times of year. 

Courtship and Mating 

Neither courtship nor mating has been observed in the wild. D. (pers. 
1995) described the courtship of captive Brown Treesnakes as being 

similarto that of most with the male mounting the 
female, rubbing her bodywith hischin,and progressing in a jerky motion toward 
her head while attemptingto lifther tailwith histail.Copulation has not yet been 
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Attempts to stimulate courtship in captive snakes have 
this volume, Chap. 13). 

 are renowned for their abilityto store sperm (Saint Girons, 1975); some 
ve produced viable young after being in isolation for six years (Haines, 
is phenomenon has not been investigated systematically in but 
 reports seem to affirm the phenomenon for B. (J. D. Groves, 
 B. (Kopstein, 1938). We presume that any adult female 
ated could potentially start a new population. 

e abundance of Brown Treesnakes on Guam (Rodda et al., this volume, 
we have found few clutches of eggs in the field. Guam's Division of 

Resourceshasd a file record of a clutch of eggs found in a tree 
report ofe is aalso an clutch of snake eggs found in the 

 coconut frond. One nest was found in a solution hole on a limestone 
n Guam. Perhaps most eggs are laid underground, ashas been reported 

case in Australia (Ehmann, 1992). 
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Zwinenberg (1978)reported clutch sizes of 4-12eggs. Parker (1982)reported 
that most gravid females in New Guinea held 7 eggs, occasionally 8.Based on 
museum specimens with enlarged follicles or oviductal eggs, Shine (1991)esti­
mated the average clutch size among 21 gravid females from Australia to be 5.5 
eggs = 2.2).There was a correlation between maternal size and 
number of eggs = 0.69, 0.05) in the Australian specimens. There is 
evidence of multiple clutches per reproductive season in B. (F. Groves, 
1973).The numbers of enlarged follicles in Boiga in Guam frequently exceed the 
clutch sizes expected on the basis of size, it is possible that some of the 
smaller follicles contribute to a second clutch. Except for snakes in Australia, 
where females appear to lay once annually (Shine, nothing is known about 
the frequency of egg laying in Brown 

We know the dimensionsand hatching conditionsof eight eggs from Australia 
(two Shine, 1991) and eight from Guam (one clutch; 
1994).The Australian eggs were longer (52-56 and narrower 
23mm) the Guam eggs. The dimensions given for Brown Treesnake eggs 

from New Guinea (Parker, 1982)match the Guam eggs in length but are 
intermediate in width. 

The Australian eggs hatched after 76 days (incubated at 30°C)and days 
(incubated at while the Guam clutch produced one live hatchling after 94 
days (daily range without controlling temperature). These data on in­
cubation periods are similar to the few data for other species (Kopstein, 
1938; F. Groves, 1973; J. D. Groves, 1974; Cox, although incubation 
periods for B. are reportedly shorter, ranging from 60days (Cox, 
1991)to days (Kopstein, 1938).The Guam embryos (seven full term, all 
female) were smaller and weighed less than any hatchlings that have been found 
in the wild on Guam. More data are needed to assess the reproductive biology of 
the Brown Treesnake. 

Size 

On Guam, the snout-vent lengths (SVL)of the smallest snakes found in the wild 
were 330-350mm.One juvenile of 430 exhibited an umbilicus that had 
not yet closed. The lengths of these putative hatchlings are larger than compa­
rable measurements taken Australian snakes (Gow, 1976;Shine, 1991).We 
collected data on lengths and umbilical scar condition (ordinal) for 36 snakes 
bearing umbilical marks. The average size of those with a “conspicuous scar” was 
572mm (range 350-690). snakes with “faint”scarsaveraged 
SVL (range As the scars grow over they become in appear­
ance, and eight snakes with notched scarsaveraged (range 590-705). 
Taken together, these data suggest that most hatchlings smaller than about 

show evidence of their therefore, we use as 
the length that distinguishes hatchlings among Guam snakes. 
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Brown Treesnakes on Guam exhibit larger hatchling, maturation, and 
maximum than those reported the native range. Although 
(1963) stated that Brown Treesnakes in Australia sometimes exceed 7 feet, all 
recent authorities have listed the maximum length of Australian Boiga as 6 feet or 
2m Gow, 1976;Storr et al., 1986; 1992; 1992). 

(1992) stated that Boiga a n  reach in length, but Boiga 
can grow to only (although Shine, 1991, a 

specimen the range,of that probably exceeded 2 m in 
total length). Brown in New attain lengths of at least 
(Parker, 1982). Guam specimens reach at least 3.1 m. 

Growth 

Information on the growth rates of wild snakes is limited to data gathered from 
36 medium-sized snakes that were recaptured on Guam 8.8-16.3 months 
their initial capture (Fig. 2.11). The males exhibited marginally insignificantly 
greater and significantly more variable growth than the females (mean male 
growth rate = 13.1 [SD = 3.31; tfor unequal vari­
ances = 1.96, = 30.9, = 0.059). The absolute growth rate is generally 
highest for young reptiles (Andrews, but a in growth rate at larger 

l5
1 

5 I 
O - I  

I I I 

400 600 1000 1200 1400 

Snout-Vent Length 1992 

* 
Figure 2.1 1 Growth rates for 36 Brown Treesnakes in relation to their original snout-vent 
length reflect growth rates from time of initialcapture to time of recapture, 
a period of 8.8-16.6 months (Guam,1992-1993). 
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sizes is not evident in thissmall sample. Data on a wider range of snake sizes are 
needed to characterize the growth of on Guam. 

Maturation 

In its native range (excluding Australia) the Brown Treesnake is reported to 
mature at around 750mm (Greene, 1989).For Australian Shine (1991) 
reported minimummaturation sizes of 624 (males) and SVL (females); 
the highest minimum maturation size was SVL for males from the 
Northern Territory. These sizes are substantially smaller than those of Guam 
snakes with a mature internal anatomy. We examined 783 to determine 
gonad mass, sperm presence and location, and convolutions of the vas deferens 
or thickening of the oviducts. Based on the distribution of conditions in snakes 
of varying sizes, we chose the following criteria as indications of males, 
mature if testis mass or sperm present and deferens convoluted, or, if 
information was lacking on sperm presence, vas deferens convoluted and testis 
mass females, maximum size mm, oviduct showing devel­
opment, and ovary g, or ovary mass g. According to these cri­
teria, some males maturing at around 850mm with the average male 

at SVL and all males maturing by Females 
mature overa smaller range of sizes 120);half of the females we examined 
had matured on attaining a length of SVL (Fig. 2.12). These lengths are 
substantially greater than those reported for maturing snakes from the snake's 
native range. It is not known if the size is phenotypic or based on 
lineage 

If the growth rates shown in Fig. 2.11 characterize initial growth of the Brown 
on Guam, sexualmaturation would be reached during a snake's second 

or third year, as suggested by and Scott (1985).Investigations to determine 
the age of captive snakes using bone growth markers in the lingual lamina of the 
mandible have been initiated (Collins, 1992;Collins and Rodda, 
1994). 

In laboratory snakes, growth marks were associated with ecdysis. Laboratory 
snakesshed an average of 4.3 times per year, an average of once per 85days.Com-
parable values on shedding or age relationships are not for wild B. 

Captive B. juveniles shed at 22-78 day intervals (F. Groves, 
1973).Although food intake may be higher in captives, shedding is not neces­
sarily more frequent. (1926)reported six sheddings in 11 months for a 
captive that was not fed. Several anecdotes based on snakes 
tracked with radiotelemetry suggest that Brown Treesnakes become relatively 
inactive for 8-10days before ecdysis. 
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Figure 2.12 Percentages of mature male and female Brown Treesnakes in a sample col­
lected from Guam, 1983-1987.Each 2cm SVL size class included about 20 snakes of each 
sex. These were scored as mature (see text for maturity criteria), maturing, or immature 
(no evidence of maturation).The mature and immature fractions of the total are shown. 

DISEASES AND PARASITES 

A small sample of snakes from Guam was examined for internal parasites by a 
veterinarian at the National Institutes of Health (D. Nichols, pers. comm., 1992), 
but no parasites were found. It is not unusual for an extralimital population to 
lack the intermediate hosts necessary for the transmission of most parasites. Two 
Brown Treesnakes from New Guinea were cultured for oral parasites (Ross and 
Marzec, 1984); one of these showed no bacteria and the other exhibited only the 
ubiquitous Escherichia coli. Neither snake showed any clinical signs of disease.An 
attempt to induce health impairment in captive snakes using mites failed (Fritts 
and Scott, 1985). Experiments are under way to test the resistance of Brown 
Treesnakes to ophidian paramyxovirus (D. Nichols, in litt., 1994). 

THE EFFECT O F  THE BROWN TREESNAKE ON GUAM 
Species Extirpated 

Since the arrival of the Brown Treesnake on Guam around 1950 (Savidge, 1987; 
Rodda et al., 1992), most of Guam’s indigenous forest vertebrates have been 
extirpated (Fig. 2.13; Table 2.1). Too few baseline data are available to determine 
unequivocally the degree to which the snake is responsible for these losses, but 
several lines of evidence create a very strong case for the snake’s role in the 



68 Campbell 

Figure 2.13 Status of Guam’s forest vertebrates (those present in with esti­
mates of the to which decline (black segments) was due to introduction of the 
Brown The pie graph representsthe vertebrates,and the small pie graphs 

the of responsibility the declines by mammals (upper right), 
lizards(lower right), and birds (left); heavy linesdelineate those major taxa in the central 

extirpation of many bird species (Savidge, 1987; 1988;Engbring and Fritts, 
1988) and several lizard species and 

There is some evidence that the snake played a role in the decline and disap­
pearance of Guam’s native mammals (three species of bats; Wiles, Unfor­
tunately, there is no direct information about the two bat species that disappeared 
before 1980 and Pteropus In the case of 
pus (the one surviving native mammal), poaching may have con­
tributed to the population’s decline. Since the late little poaching 
has come to light and the bat population has continued to show a failure of 

The primary datum indicating the snake’s involvement in this
of recruitment is the disappearanceof young bats only after the age at which they 
ceaseaccompanying their mothers on all flights.The solitary,nonvolant juveniles 
are probably easy prey for the snake (Wiles, 

Evidence that the snake played a role in Guam’s extirpations includes the 
following: (1) the geographic pattern of bird losses mirrored the simultaneous 
population expansions of the snake; (2) Brown Treesnakes prey on the vertebrate 
species that declined or disappeared (in most cases the snake is the only predator); 
(3) there is no evidence of habitat destruction, disease, pesticides, environmental 
contaminants, or other factors that would account for the losses; (4) all species 
were affected, including native and nonnative prey species; (5) Brown Treesnake 
densities on Guam were extraordinarilyhigh at the time of most extirpations (see 
Rodda et al., this volume, Chap. 17); and (6) no comparable extirpations were 
observed on nearby islands that lacked the snake (Savidge, 1987). 
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Table 2.1 of native terrestrial vertebrates on Guam. Extirpated (no longer breeding on 
ore by asterisks. 

Surviving Extirpated by 

Birds 

Pelagic Oof4 3 


Booby not attributable to snake) 

Noddy 

of I 0 

Reef Heron 

(loss not attributable to snake) 
*White-browed (loss not to snake) 

Forest 3 of 13 
Island 

Starling 
*Bridled 

Flycatcher 
*Guam Rail 

Fruit-Dove 
“Micronesian Honeyeater 
*Micronesian 

(loss not attributable to 

Fantail 
*White-throated Ground-Dove 

? 
Fruit Bat 


Mariana Fruit Bat (loss not to snake) 

*insectivorousbat (loss not attributable to 

6 of 10-12 3-5 

Lipinia 

(loss not attributable to snake?) 

(loss not attributable to 

(loss not attributable to snake?) 
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The pattern of extirpations for all the species followed a size gradient consis­
tent with the dietary habits. Small birds, small mammals,and 
large lizardsdisappeared first and seem to have been affected most. An exception 
is the island’s one very large lizard, which declined after the 

of the snake, but possibly as a result of poisoning by the introduced toad 
(Gressitt,1952; 1965; Uchida, 1967; and Archer, 

1975). The surviving native species all exhibit some trait that has minimized their 
vulnerability to the snake; for example, the large size of 
(MarianasFruit Bat) and (MarianasCrow); the urban of 

(Micronesian Starling), (Mourning 
and (Mutilating the cave ceiling roosts of 

(Island and the extremely small size of 
(Moth and (Blue-tailed (Engbring and 
1988). Of the surviving native forest-dwelling 

bats, starlings, and than 500 individuals remain, and their long-
term population viabilities are in doubt. The small  are much more 
numerous and have better long-term prospects. 

Secondary Ecological Impacts 

Along with the disappearance of most of Guam’s native vertebrates, ecological 
processes that are important to the remaining components of the ecosystem have 
been undermined. For example, flying foxes are important for the pollination 
(Fujita and 1991) and seed dispersal of tropical trees (Cox et al., 1991). 
Wiles estimated that flying foxes disperse the seeds of 40% of the tree species on 
Guam (Brautigam, 1988). Many of the trees are economicallyimportant to island 
residents and Fujita, 1992). One introduced shrub, Lantana has 
been shown to be in apparent response to the loss of native avian seed 
dispersers 1988; et 1991). 
Most of the extirpated species ate insects either primarily or opportunistically. 

The loss of these insectivores will presumably have an effect on the inverte­
brate communities of Guam and Roughgarden, 1984; and 

but to date that effect has not been investigated. An increase in 
the abundance of insects, especially of species able to feed on 
formerly consumed by the extirpated vertebrate frugivores, could have a major 
economic impact on agriculture on Guam, and this possibility has not yet 
been evaluated either. Spiders seem unusually abundant on Guam; perhaps they 
are the beneficiaries of increased insect prey and reduced predation by birds 
and lizards. 

In addition to the loss of native forestbirds (Fig. sea birds have not nested 
on Guam since 1980 (with rare exceptions). In the outer islands, 

Micronesians rely on seabirds for locating schools of pelagic and finding 
distant islands. 
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Other Adverse Effects of Brown Treesnake’s Presence on Guam 

The snake is a formidable predator on neonatal domestic mammals and fowl 
(Fritts and 1991). Eating fruit bats is an important part of rituals and 
celebrations conducted by the indigenous peoples of the Mariana Islands. The 
decline of bat populations on Guam has limited this cultural practice, and the 

demand for bats on Guam has stimulated excessive bat harvests in other 
areas of the Pacific (Wilson and Graham, 1992). 

The numerous power outages caused by the snake are discussed by Fritts and 
in Chapter 4 of thisvolume. Frequent power outages are an impediment 

to Guam’s rapidly expanding tourist trade. The prospect that tourists may 
encounter large venomous snakes that strike repeatedly when cornered is a 
deterrent to Guam’s tourism industry as well. 

The multiple adverse effects of the snake on Guam are a grave concern to other 
islanders in areas presently devoid of Brown Treesnakes. The snake has 

been found on several Pacific and Indian Ocean islands with transportation 
to Guam (Fritts, 1987; and 1991; Fritts et al., thisvolume, Chap. 
14). Saipan 1992) and Oahu (Anon.,1991) seem to be most at risk (Fritts 
et this volume, Chap. 14). Saipan experienced almost one snake sighting per 
month in the period As yet, no established extralimital 
outside Guam has been documented. 

Efforts have been initiated to reduce the number of snakes in cargo and 
vessels traveling from Guam (Campbell et al., t h i s  volume, Chap. 35). These con­
trol activities unavoidably complicate exportation and raise costs for both civil­
ian and militaryactionsbased in Guam. Preventive measures result in higher costs 
to consumers. The Brown Treesnake affects militaryand business activities on 
Guam that require electrical power or depend on tourist visitation, all farmprac­
tice that use domestic animals or raise crops sensitive to pest insects, all activi-

andties that rely on or benefit from natural vertebrate communities (Fritts, 
everyone’s personal safety or tranquillity in the home and out-of-doors. It is 

to identify another introduced species anywhere on Earth that has had 
such a comprehensive impact. 

Why Such an Extreme Effect? 

Four of factors have been suggested as being responsible for the magni­
tude of the Brown Treesnake’s impacts: (1) the snake is an exceptional predator, 
(2) Guam had an exceptionally vulnerable fauna, (3) Guam’s food web had a 
vulnerable structure, and (4) the new predator and its prey on Guam had not 
coevolved. 

Is the Brown Treesnake an exceptional predator? Unlike more familiar pest 
species, such as the rat, snakes do not need to eat regularly (Habu can survive 
several years without food, et al., 1981). This means that a snake can 
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hide in cargo and be transported for weeks or months without starving or 
exposing itself to discovery by emergingto feed et al., 1994). The Brown 
Treesnake can subsist on virtually any small or medium-sized vertebrate prey, and 
it can find suitable food in almost any tropical environment. 

The Brown is an extraordinary climber, so few areas of the natural 
environment are inaccessible to it (Fritts and this volume, Chap. 4). The 
snake is also well adapted to disturbed habitats. This implies that it can be found 
in close proximity to humans and cargo. 

The Brown Treesnake has no eye shine; it is cryptic, secretive, and 
takes advantage of its thin body to conceal itself in spaces that are 
unsuitable for most animals (we once found 11 snakes, 2 of which were much 
larger than 1.2 m withina shortpiece of pipe). The 
snake is highly at avoiding These traits all contribute to the 
undetected transport of the snaketo new localities.Note, however, that these traits 
are common among snakes and nearly universalamong species of the genus 
Had B. not been introduced to Guam, B. or any 

arboreal snake have been (Greene, 1989). 
Was Guam an especiallyvulnerable environment?The climate of Guam is suit-

able for most of the world's animals.There are no periods of severe cold or dry­
ness to limit dispersalof an species. Before the snake arrived, Guam 
had high densitiesof many prey species(Rodda et thisvolume, Chap. 17). Fur­
thermore, the Brown Treesnakedid not have to competewith other predators for 
food. Being a remote island, Guam had endemic species vulnerable to extinction 
because they in a limited area. The geographic limitsof Guam are 
confining that a population would not have time to recover from a predator 
irruption on one part of the island before the effects of the irruption spread 
throughout the island. This would not have been the case on a large island such 
as New Britain. The distance from Guam to the islands also ensured that 
most prey species would be unable to Guam to habitats. 
These factors all  contributed to the of the Brown on 
Guam's fauna, but they are not unique to Guam. These vulnerabilitiesare shared 
by most oceanic islands and many other areas of discontinuous habitat. 

Guam received a great deal of post-World War related to disposal of 
militarysurplus, and thisprovided a dispersalopportunityfor the snake and other 
vertebrate species; all populations of introduced species increased, and other 
introduced species formed an expanding prey base. The widespread destruction 
on Guam during the war and revegetation formed large areas of intro­
duced secondary growth, a habitat the snake was able to exploit, and may have 
contributed to the expansion of other introduced species such as the MuskShrew 

and the 
Was the Guam food web especially vulnerable to disruption by the Brown 

Treesnake? Because the snake is a dietary generalist, its numbers did not 
in response to the extirpation of avian prey (Pimm,1987; Savidge, 1987). When 
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birds scarce, large snakes switched to lizards (Fig. 2.9). Had the snakebeen 
specialized to feed on birds, it probably would have extirpated fewer bird species 
and its population would have to lower levels. 

Was the lack of coevolution between predator and prey the key missing ingre­
dient on Guam?Guam’s native birds lacked the defenses needed to protect them-
selves and their progeny snake predation. This trait is shared by many island 
species that show “island tameness.” Consistent with this idea is the observation 
that 200 of 217 recent bird extinctions have occurred on islands (Brockie et al., 
1988). We believe the lack of coevolved predator defenses is the central factor 
responsible for Guam’s collapse. Whenever a species is introduced, 
coevolution will be lacking and indigenous species will be threatened with extir­
pation. This phenomenon is not unique to either the Brown Treesnake or Guam. 

Why Was the Response of Wildlife Managers Ineffective? 

The Brown Treesnake lived on Guam for about 35 years before its presence was 
with the demise of the island’s native birds (Engbring, 1983; Jenkins, 

1983; Engbring and 1984; 1984; Marshall, 1985). Until 1985, 
efforts to discover the reasons for the disappearance of Guam’s were limited 
to those by ornithologists,who used the misleading extinction models that had 
been developed for Hawaii. The insights of herpetologists were not available. 

Nor was the physical absence of herpetologists the only missing ingredient. 
Herpetology was and is almost exclusively a pure science focused on continental 
ecosystems near major universities. Unfortunately, the continental viewpoint can 
be misleading. Smith and Kohler (1978) reviewed continental introductions of 
reptiles and concluded they were benign. These authors made a rare foray into 
the realm of applied forherpetology, but this is not whicha academic 
herpetologists are rewarded. Applied research in herpetology is not a pathway to 
tenure, publications, or grant money. There are no accredited training programs 
for applied herpetologists, and to our knowledge there are no academic courses 
in applied herpetology. 

The factors described above all  played a role in limiting the effectiveness of 
wildlife managers’ responses to the disappearance of Guam’swildlife, although 
the biggest problem was simply that there was and is no known way to eradicate 
a well-established snake population. With the technology and information avail-
able today, prevention is the only viable tool for avoiding extirpations caused by 
introduced reptiles. 
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