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ABSTRACT 

Boiaa irregularis has caused the extinction of several 

native vertebrate species on the island of Guam. 

Information on movement is critical to the management of 

the species. 

B. irregularis is active at night and spends daylight 

hours in secluded refuges (from 10 m up in the forest 

canopy to 1 m underground). There appears to be no 

preferences for any particular refuge type. 

Nighttime movement (distance) was related to distances 

between daytime refugia. The average net movement ranged 

from 26.9-97.7 m/day (N=ll). The maximum distance moved 

from the first daytime location following release to 

subsequent locations ranged from 142.8-1809.4 m. The 

activity area (minimum convex polygon) ranged from 1.9-99 

ha; the cumulative activity area periodically increased and 

did not reach an asymptote. Direction of snake movements 

were random. 

The data suggest that Boiga lacks a defined activity 

area, and moves randomly and continuously searching for 

resources. 
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Figure 1 .  Map of  the is land of  Guam 
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INTRODUCTION 

"The environment of an animal consists of everything 

that might influence its chances to survive and reproduce" 

(Andrewartha and Birch, 1984;p 3). Potentially, any 

changes in the environment of a given organism have either 

positive or negative effects on its survivorship (Ricklefs, 

1973; Andrewartha and Birch, 1984). 

Organisms that evolved in the isolation of oceanic 

islands are particularly sensitive to the effects of 

deliberate or accidental introductions of alien organisms 

(Elton, 1958; Vitousek, 1988). In almost all cases, these 

"biological invasions" are human related (Vitousek, 1988; 

Brockie et al., 1988). The combination of human impacts 

plus effects of the invaders are factors in the extinction 

of native biota of many oceanic islands (Brockie et al., 

1988; Moulton and Pimm, 1986; Olson and James, 1982). The 

repercussions of these biological introductions at the 

ecosystem level are still not completely understood, but 

certainly have the potential to affect the quality of life 

of human societies (Erlich and Mooney, 1983). 

Most deleterious island invasions involve mammals 

(Bourne 1975; Atkinson 1985; Brockie et al., 1988) and 

flowering plants (angiosperms) (Cruz et al., 1986; Hamman, 

1984; Vitousek, 1988; Smith, 1985), and to a lesser degree 



birds (Merton, 1977; Stone, 1985) and invertebrates (Clark 

et al., 1982). The only known reptile invasion with 

documented deleterious effects is the introduction of the 

brown tree snake (Boiga irregularis! to the island of Guam 

(Savidge, 1987) . 

Guam (Figure 1) is the southernmost island of the 

Marianas archipelago, located at 13° 30' N latitude and 144° 

50' E longitude. It is the largest island (total area 556 

sq km) of the archipelago, and is about 45 km long and from 

5 to 13 km wide (Baker, 1946). The northern part of the 

island is a coralline limestone plateau between 90 and 183 

m above sea level; the southern part is basalt volcanic 

material, with a broken mountainous topography and numerous 

streams (Stone, 1970). 

Annual precipitation is above 2000 mm, with monthly 

averages of 117 mm for the dry season (December through 

June) and 324 mm for the rainy season (late June through 

November) (Stone, 1970; Wikramanayake and Dryden, 1988). 

Yearly temperature ranges between a high of 35 and a low of 

15 degrees centigrade (°C) with an average of 30 °C (Stone, 

1970). Relative humidity varies from 65 to 100 percent 

(Stone 1970). 

Stone (1970) reported nine types of vegetation on the 

island and a total of 931 plant species, of which 327 are 

considered to be native. For the most part the introduced 
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plants have an American origin, related to the three 

hundred years of Spanish tenure on the island (Stone, 

1970). The only native plants reported to be threatened or 

endangered are one species of fern (Serianthus nelsonii^ 

and two species of angiosperms (DAWR, 1988b) . A legume 

(Leucaena leucocephala^ introduced at the end of the World 

War II has become widespread over the island and may 

compete with native plants (Savidge, 1987). 

Prior to 1950, the terrestrial vertebrate fauna of 

Guam included 31 native species (3 bats, 11 geckos and 

skinks, 17 forest birds) and 28 introduced species (12 

mammals, 2 amphibians, 7 reptiles and 7 birds) (DAWR, 

1988a). In the last 30 years, 20 native vertebrate species 

(2 bats, 6 geckos and skinks, and 12 birds) have become 

extinct. At least 10 other native and introduced species 

of mammals, lizards, and birds have declined in numbers 

(Savidge, 1984, 1987; DAWR 1988b; Rodda and Fritts, 1992; 

McCoid, 1993). 

The extinctions first became apparent in the 1960*s 

(Conry, 1988) with the decline of the birds in the southern 

part of the island. This decline continued progressively 

through the whole island (Savidge, 1984, 1986, 1987; 

Fritts, 1988). A strong body of evidence (Savidge 1986, 

1987; Conry, 1988; Fritts, 1988; Rodda and Fritts, 1992) 

suggests that the decline of vertebrates is directly 



related to predation pressure from Boiga irregularis. This 

snake probably gained access to Guam as a passive stowaway 

on cargo coming from military bases within its native range 

at the end of World War II (Fritts, 1988). 

The brown tree snake, a rear-fanged colubrid, is one 

of 25 species in the genus Boiga (Greene, 1989). It is 

arboreal and nocturnal. The natural range of Boiga 

irregularis includes northern Australia, New Guinea, the 

Bismarck archipelago, and the Solomon Islands (Greene, 

1989; Cogger, 1975; McCoy, 1980). 

Prior to the identification of the brown tree snake as 

a problem in Guam (Savidge, 1984), published information on 

Boiga irregularis was sparse, mainly taxonomic reviews of 

regional herpetofauna (McDowell, 1984; Cogger, 1975; 

McCoy,1980; Kinghorn, 1964) and a few behavioral studies 

(Johnson, 1975). These papers contain limited but valuable 

life history notes about the species (Greene, 1989). In 

the last five or six years, a great deal of information has 

been published on the biological and economical impact of 

Boiga (Savidge, 1987; Fritts et al., 1987; Fritts and 

McCoid, 1991), population structure (Fritts and Scott, 

1985; Rodda et al., 1992; Savidge, 1991; Shine, 1989), 

feeding ecology (Greene, 1989; Savidge, 1988; Shine, 1989), 

hunting behavior (Chiszar et al., 1985, 1988; Chiszar, 

1990), and reproductive biology (Savidge, 1991). 
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More information is needed about movements, habitat 

use, activity patterns, hunting and reproductive behaviour. 

A better understanding of the key factors controlling 

survival and dispersal of Boiaa irregularis would help us 

develop methods to control or reduce the impact of this 

snake on other species in Guam. Moreover, this information 

would help us to develop an action plan to prevent 

accidental introductions onto other Pacific islands. 

Information about movements and activity patterns of 

tropical snakes is very limited. Of 44 species reviewed, 

movement and home range data were available for only 6 

tropical species of colubrids (Macarney et al., 1988). 

Recent reviews (Gregory et al., 1987; Gibbons and 

Semlitsch, 1987; Macarney et al., 1988) relate this lack of 

information to the typically low densities and secretive 

nature of tropical snakes. These factors usually result in 

low capture and recapture rates and small sample sizes 

(Montgomery and Rand, 1978; Henderson, 1974; Henderson et 

al., 1976; Nickerson et al., 1978). 

The single study using radiotelemetry to follow Boiaa 

irregularis suggested the need for a more detailed study 

with a larger sample size (Wiles, 1985; 1986). Therefore, 

the present study was undertaken during the summer of 1989 

and the summer and fall of 1990 on the island of Guam. The 

present report contains the results of that study. 
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OBJECTIVES 

The basic objectives of the project were to evaluate 

the following aspects of brown tree snake ecology on Guam: 

1) daily movements, 2) sizes of activity areas, 3) 

locations and patterns of nighttime activity, 4) types of 

daytime refuges and 5) habitat use. 



STUDY AREA 

The study was conducted on Andersen Air Force Base, in 

the area called Northwest Field about 3 km southwest of 

Ritidian Point (Figures 1, 2) . The main study area was 

located between 144° 49' 56", and 144° 51' 12" E. longitude, 

and 13° 35' 15" and 13° 38' 34" N. latitude. The area was 

selected because of previous trap and census work there 

(Fritts et al. 1987) and because abandoned roads and trails 

in the area facilitated tracking and provided reference 

points for triangulation. 

Study site: habitat type descriptions 

Stone (1970; p. 12), described the northern part of 

Guam as a coralline "limestone plateau or mesa interrupted 

by a few low hills - these plateaus show several levels 

evident as cliffs with narrow or broad terraces." Four 

topographic profiles of the study area south of Ritidian 

Point: Ache Point, Uruno Point, Falcona Beach and Antenna 

Field are shown in Figures 3a-3d. The substrate of the 

cliff line interior slopes (toward the plateau) and 

exterior slopes (towards the sea) consisted of coralline 

limestone rock divested of soil (Stone, 1970). The 

interior of the plateau contained shallow to deep 

argillaceous limestone soils (Stone, 1970). 
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Figure 2. Map of the study area showing the 
f irst daytime location after release of the eleven 
snakes tracked during more than 35 days. 
® CH1 —89, © CH9-89, ©CH10-89,® CH1-90, 
© CH2I-90, © CH2II —90, © CH3-90, © CH4II-90, 
© CH5-90, © CH6-90, © CH8-90. Adapted 
from 1:24,000 U.S Geological survey map. Map 
projection and grid coordinate system 1963 datum 
for the island of Guam (t icks marks each 500 m). 
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Three basic types of vegetation are reported for the 

study area (Fosberg, 1960 and Stone, 1970): 

1- Elevated Hard Limestone vegetation or "Typhoon Forest," 

subtypes: a) Artocarpus-forest, b) Mixed-forest, c) Mammea-

forest, d) Pandanus-forest, e) Halophytic-Xerophytic scrub. 

2- Coconut Groves and Plantations. 

3- Weed Communities, subtypes: a) Mixed Herb, b) Mixed 

Shrub, c) Pure Stands of Leucaena leucocephala. 

Based on qualitative observations of topography, soil 

characteristics, successional stage, type, and physiognomy 

of vegetation as described by Fosberg (1960) and Stone 

(1970), I defined six different habitat types in the study 

area: 

1) Northwest slopes - cliff line limestone forest (NWCL). 

This forest (elevated hard limestone soils, exposed 

vegetated slopes, subtypes: Mixed-forest, Mammea-forest and 

Halophytic-Xerophytic scrub) covers the exterior slopes of 

the plateau, from the top ridges (145 - 175 m) down to the 

coast line (5 - 10 m) The slopes are very steep, with 

narrow or broad ledges. The soil is very thin or non

existent (often leaf litter over the bare coralline 

limestone rock). Vegetation grows from the crevices of the 

coralline limestone rocks. The canopy is between 5 and 8 m 

in height. On the steepest and most exposed slopes, 

mosses, shrubs and herbaceous vines are present. 



2) Southeast slope - cliff line limestone forest fSECLl. 

This forest (elevated hard limestone soils, interior 

vegetated slopes, subtypes: Artocarpus-forest and 

Halophytic-Xerophytic scrub) covers the interior slopes of 

the plateau, from the cliff-line ridge (145 - 175 m) to the 

interior base of the plateau (135 - 150 m) road. As in the 

NWCLF, there is often no soil; trees grow from the 

limestone coralline rocks. The canopy is between 8 and 10 

m high and is very closed; sunlight does not reach the 

forest floor. Shrubs and herbaceous vines are only present 

in forest gaps or along the border with the road or on the 

cliff line. The interior of the forest has an abundance of 

woody vines that reach the canopy, thereby making it very 

difficult to move across the area. Mosses are also 

abundant. 

3) Roadside vegetated areas (ROAD). The roadsides are 

covered with secondary growth vegetation: grasses, shrubs, 

small trees, and fleshy vines. The grass in areas next to 

the road is periodically cut by the military (every other 

week). There are areas where machines can not reach. 

These areas form edges with three vegetation types (primary 

forest, south-east cliff line forest and secondary growth 

forest). The characteristics of this "edge vegetation" are 

similar to secondary growth forest (see section 5). 



4) Primary forest limestone plateau (PRFR). The primary 

succession forest (elevated hard limestone, plateau 

vegetation, subtype: Artocarpus forest) is distributed in 

patches and pockets between the main road and the runways, 

intermixed with areas of secondary growth. The limestone 

in this forest is more broken up than it is in the forest 

around the cliff-line and leaf litter causes some 

appearance of soil. Trees may reach 15 m, but the canopy 

is generally between 8 and 10 m high. In areas that border 

the roadside and secondary growth vegetation, there are 

lots of vines (herbaceous and woody) entangled among the 

trees and shrubs, from the canopy to the ground. The 

canopy cover varies according to the degree of alteration: 

more altered areas have more open canopy and understory 

vegetation tends to be thick. Conversely areas with little 

or no disturbance have a closed canopy that limit 

understory vegetation and foster the growth of primary 

succession plants such as Cvcas sp. (Stone, 1970). 

5) Secondary forest limestone plateau (SEFR1. This 

vegetation type occurs in areas where humans have removed 

the original vegetation (described as plateau forest) and 

succession has taken place. These areas generally have 

dense growth of shrub, weeds and grasses. There are thick 

clumps of small shrubs and trees (sizes from 0-3 m) . The 

predominant species are Triphasia trifolia, Leucaena 



leucocephala. Hibiscus sp., and Pandanus sp. Shrub-tree 

clumps are very dense, and the ground is completely covered 

by weeds and grasses. Many herbaceous vines grow and are 

coiled all over these clumps. The density of the 

vegetation forms an almost impassable wall from the ground 

to the top of the clump (0 to 1.5 m). There are also more 

open patches within this type that lack thick clumps in the 

understory. The emergent plants are islets of Pandanus. 

and the weeds-grasses of the understory reach up to 0.5 m 

in height. 

6) Coconut beach side groves (COGR). Fosberg (1960) 

pointed out that large coconut groves were planted 

throughout the island mainly for the production of copra. 

These groves were especially prevalent in the sand flats 

behind the beaches. By the 1960's the plantations were 

abandoned, and the undergrowth in these groves had become 

thick with weeds and shrubs. The coconut grove I studied 

was between the beach and the base of the North west slopes 

of the plateau. It extended from Uruno point to Achae 

point. The height of the mature coconut trees ranged 

between 15 to 25 m (Fosberg, 1960). The undergrowth was 

from 0 to 0.5 m high in some areas and from 0 to 2.5 m in 

others (Fosberg 1960). 
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METHODS 

Capture, suraerv. and radiotelemetrv 

Snakes were hand-captured during foot and automobile 

searches during the 1989 (July-August) and 1990 (August-

December) field seasons. After capture, snakes were sexed, 

weighed and measured (snout-vent length [SVL] and total 

length [TL]). Halothane gas was used as an anesthetic. 

Transmitters were surgically implanted in anesthetized 

snakes in the posterior abdominal coelomic cavity behind 

the kidneys; the whip antenna was fitted subcutaneously. 

Surgical procedures followed Reinert and Cundall (1982) as 

modified by D. L. Hardy, M.D., and J. L. Jarchow, D.V.M. 

(pers. comm.). Location-only (model CHP-2P, Telonics, 

Mesa, AZ; and model "Boiga", Custom Electronics 

Consulting, Athens, GA) and Temperature-Location (model 

CHP-2P/S2, Telonics, Mesa, AZ) transmitters were used in 

the frequency band of 164-165 MHz. 

With one exception, transmitters weighed between 5.96 

and 6.42 g and had an operative signal range between 300 

and 500 m. Transmitter CH4-89 was experimental; it weighed 

2.36 g, with an operative range of less than 30 m. Snake 

positions were monitored using a 12 channel receiver and a 

hand-held, three element "Yagi" antenna. 
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Radiotelemetrv - Data gathering 

All snakes were released within 24 h following surgery 

at the exact point of capture; the time between capture and 

release ranged from 48 to 72 h. Snake locations during the 

first night following release were not used in the analysis 

of movements and activity because the stress produced by 

capture, surgery, and release could affect their initial 

movement patterns. 

I used 4 different observation time frames for 

monitoring the snakes: 1) an observation day was the period 

between 173Oh of one day through 1729h of the next, 2) 

night-time observations were made between local sunset and 

sunrise (1730 and 0614h), 3) daytime observations were made 

between local sunrise and sunset (0615 and 1729h), and 4) 

the observation period was from the moment the snake was 

released following implantation of the transmitter to the 

moment that the snake was recaptured, the transmitter 

signal was lost, the snake was killed by a predator or was 

found dead. 

I used two methods to determine geographical positions 

(coordinates). First: locations by triangulation, referred 

to as "triangulation locations," were obtained by taking 

compass bearings on the strongest radio-signal from at 

least 2 known geographical landmarks on the study site. 

Second: locations by homing on the signal, referred to as 



"homing locations," were obtained by following the 

direction of the strongest signal until either the snake 

was seen or until the minimum "gain" level on the receiver 

gave the strongest signal (the snake was less than 3 m from 

the observer). At that point, I placed a marked tape with 

the date, snake channel number, and homing location number. 

Location was defined as the determination of the 

geographical position of snake using either homing or 

triangulation methods. Daytime locations made by 

triangulation were called triangulation sites or 

triangulation locations. Daytime locations made by homing 

were called homing sites, homing locations, or refuge 

locations. Visual contact meant the snake was observed as 

a result of a homing location. 

In 1989, the triangulation method for locations was 

used when it was not feasible to use the homing method 

because the snake was located beyond an inaccessible area 

of cliff line. On each day in 1990, the method of locating 

each snake was randomly determined. There were 48 

occasions in 1990 involving 4 snakes (CH3-90: 11, CH4II-90: 

6, CH5-90: 8, CH6-90: 23) when the snake was located in an 

inaccessible area beyond the cliff line. In those cases 

the position was established by triangulation, even if 

random selection had indicated use of homing. 

At triangulation locations, I recorded the geographic 



point defined by the compass bearings, time of location, 

and snake identity. At homing locations, I recorded 

whether the snake was observed or remained hidden, type of 

activity (moving, resting, or basking), type of substrate 

(log, tree, vine, shrub, grass), height above the ground, 

type of habitat (categories defined by the successional 

stage and structure of the vegetation) and an estimate (to 

the nearest 0.5 m) of the average canopy height and maximum 

vegetation height in a 5 m circle around the location 

point. 

Homing locations and geographical landmarks were 

surveyed from different reference points, using a 50 m 

measuring tape and a Suunto stereoscopic compass. 

Distances were measured to an accuracy of 0.1 m. The X and 

Y coordinates for locations obtained by triangulation and 

homing were calculated using the respective trigonometric 

formulas (Bies and Long, 1983; White and Garrot, 1990). 

The values for the coordinates of the different reference 

points were obtained using 1:12,000 scale aerial 

photographs (Air Survey, Hawaii; dated: 2-8-85) of the 

study area and two reference maps: one with scale 1:4800 

(Asia Mapping Inc., Agana, Guam; sheets 63-65, 69) and the 

other with scale 1:12,000 (Pacific region, U.S. Geological 

Survey; sheets G and H). The coordinate system used was 

based on the projection and grid geodetic triangulation net 
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coordinate system 1963 datum for the island of Guam, that 

defines 1000 m2 quadrants. Using the X and Y coordinates 

of the identified locations, a database was created for 

each snake. These coordinates were used to calculate (by 

respective trigonometric procedures) the straight line 

distance and azimuth angle between different snake 

locations. 

The long term movement pattern of the snakes was 

analyzed using two paired sets of data: first the straight 

line distance plus azimuth angle between consecutive 

daytime locations and, second, the distance plus azimuth 

angle between the first daytime location and the subsequent 

daytime locations over the entire tracking period. 

Nighttime movements were analyzed based on: 1) the 

time of each nighttime location; 2) the straight line 

distance between the previous and subsequent daytime 

locations; 3) the straight line distance between the 

previous daytime location and the nighttime location; 4) 

the straight line distance between the nighttime location 

and the subsequent daytime location. 

Nighttime locations were divided into four groups 

based on time of location. Locations within each time 

period were subdivided into those with small net distances 

(<80 m) and those with large net distances (>80 m) between 

sequential daytime locations. Within each time period I 



compared (Wilcoxon paired-sample test) the straight line 

distances between the nighttime location and the previous 

and subsequent daytime locations. The objective of the 

analysis was to determine whether there were differences in 

the pattern of snake activity during the night. 

Size of the activity area was determined by the 

minimum convex polygon method (Jennrich and Turner, 1969). 

Values were obtained by entering daytime location 

coordinates into the McPAAL home range calculation program 

(Micro-computer Programs for the Analysis of Animal 

Locations, M. Stuwe and C.E. Blohowiak, Smithsonian 

Institute, Washington, DC). 

Snake davtime locations - Types of refuges and habitat 

Since brown tree snakes were nocturnal, the daytime 

homing locations were also the refuges used during daylight 

hours. During homing locations, I recorded the type of 

refuge (tree, vine, log, etc.), type of habitat, number of 

visits (each location was counted as a visit even if the 

snake was in the same daytime refuge on consecutive days), 

and number of successive revisits. 

Effects of transmitter weight 

The possible relationship between the weight of the 

transmitter and the ability of the snake to capture prey 
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was examined by comparing mean percent weight change of the 

snakes with percent of transmitter weight relative to snake 

weight (body weight at capture). Comparisons were made 

only on individuals implanted and tracked during the same 

year because conditions (prey availability) may have 

changed between years. 

Assessment of telemetry error 

To evaluate the potential effect of telemetry error on data 

analysis involving triangulation locations, I compared 

locations for which both homing and triangulation positions 

were available. I calculated the distance between 

sequential homing locations and then calculated the 

distance between the triangulation locations for the same 

snake positions. 

Many of the distances were calculated using one homing 

location and one triangulation location. I repeated the 

exercise described above using data pairs for which two 

sequential homing locations were available, at least one of 

which had a matching triangulation location. The distance 

between the two homing locations represented the true 

distance, and the distance between the triangulation and 

the nonmatching homing location represented the distance 

involving triangulation. 



Analysis 

As a result of the telemetry error assessment, several 

analyses that included triangulation locations were 

performed separately for distances <80 i and distances >80 

m (see Results, Validation of triangulation data). 

Nonparametric statistics were used to analyze data sets 

with small sample sizes or non-normally distributed data. 

We calculated the significance of Spearman rank regression 

using the t test procedure described in Siegel (1956). The 

Watson U2 test (Batschelet, 1981; Zar, 1984) was used to 

determine randomness in the directional (azimuth angles) 

distribution of snake movements: 1) between consecutive 

daytime locations and 2) between the first daytime location 

and subsequent daytime locations over the entire tracking 

period. For those cases with nonuniform and unimodal 

distributions, the Rayleigh test (Zar, 1984) procedure was 

used to determine the significance of the directionality 

(mean azimuth angle) of the movements. Analyses of 

covariance and chi-square tests of independence were 

performed using SAS (SAS Institute Inc., Version 6.08, 

1993). The Wilcoxon paired-sample test was executed using 

Minitab (Minitab Inc., release 9.1 for VAX/VMS,1992). 
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RESULTS 

General observations. 

Number of radio-implanted snakes and capture localities 

A total of 36 snakes were captured. Sixteen (Appendix 

A) were implanted with transmitters; five (four males, one 

female) during 1989 and eleven (six males, five females) in 

1990. In 1989, the first three snakes (males) were 

captured on an old trap grid in the study area. The fourth 

(female) was captured in an area of secondary growth near 

the road side and the fifth (male) was first observed 

crossing the road. In 1990, six (two males, four females) 

were first observed crossing the road; the other five (four 

males, one female) were captured in vegetated areas at the 

side of the road. Capture data for 20 snakes (16 live and 

4 recently run over) that were collected but not radio-

implanted in 1990 are presented in Appendix B. Eighteen 

(11 males, 7 females) of these snakes were collected on the 

road or in vegetated areas at the side of the road. Two 

females were found in daytime refuges that had been 

previously (tree crown) and simultaneously (Pandanus crown) 

used by a radio-tagged snake. 



Capture weights and lengths 

Capture and recapture data, days tracked and 

transmitter weights are presented in Appendices A and B. 

Snakes captured in 1989 were longer (SVL) and heavier than 

those captured in 1990 (Table 1; Mann-Whitney U=7, p<0.0007 

and U=0, p<0.0002, respectively); it must be acknowledged 

that in 1989 there was a bias towards capturing larger 

snakes (because I only attempted to capture those 

individuals that were big enough to hold a transmitter). 

Comparing least squares regressions of log-log 

transformations of snake weights on SVLs for the two years 

revealed a significantly higher intercept in 1989 

(t= -3.019, df=l, p<0.001) than 1990 but no difference in 

slope (F(l,33)=0.34, p=0.5630), indicating that at any 

length, 1989 snakes were heavier than snakes in 1990 

(Figure 4). In 1990, males and females did not differ in 

length (Table 1; t=1.17, df=26, p<0.25) or weight (t=1.22, 

df=28, p<0.23). The SVL of the only female collected in 

1989 (CH4-89) fell inside the 95% confidence interval for 

the four male snakes collected that year (Table 1). 

Weight Changes 

Recapture weights were obtained for 11 (seven males 

and four females) of the 16 radio-implanted snakes (Table 

1, Appendix A). The mean of the percent weight change in 



Table 1. Summary statistics for length and weight data for all Boiaa irregularis 
captured during 1989 and 1990 on Guam. Mean±SE (range, N). 

Year Sex Snout Vent 
Length (mm) 

Capture 
weight (g) 

Recapture 
weight (g) 

Weight 
Change (%) 

1989 male 1266.0±34.3 257.5136.8 294.0±65.2 7.2±5.8 
(1184-1352, 4) (180.0-350.0, 4) (172.0-395. 0,  3) (-4.4 -  13.3, 3) 

female 1157 240.0 236.0 -1.7 
(1157, 1) (240.0, 1) (236.0, 1) (-1.7,  1) 

all  1244.2±34.4 254.0±28.7 279.5±48.3 5.0±4.7 
(1157-1352, 5) (180.0-350.0, 5) (172.0-395. 0,  4) (-1.7 -  13.3, 4) 

1990 male 1061.6±37.7 121.2±10.9 138.5±24.0 -10.8±7.5 
(572-1242, 17) (13.5-210.0, 17) (102.6-207. 9,  4) (-19.8 -  11.5, 4) 

female 990.6±47.6 102.6±10.6 122.2±5.9 -18.7±4.8 
(386-1117, 14) (6.0-154.0, 14) (116.8-134. 0,  3) (-24.2 -  -9.2,  3) 

all  1029.5±30.0 112.8±7.7 131.5±13.4 -14.2±4.7 
(386-1242, 31) (6.0-210.0, 31) (102.6-207. 9,  7) (-24.2 -  11.5, 7) 

89-90 male 1100.0±35.7 147.2±16.1 205.1±41.9 -3.1± 5.9 
(572-1352, 21) (13.5-350.0, 21) (102.6-395. 0, 7) (-19.8 -  13.3, 7) 

female 1001.7±45.6 111.8±13.4 150.6±28.8 -14.5±5.5 
(386-1157, 15) (6.0-240.0, 15) (116.8-236. 0,  4) (-24.2 1.7,  4) 

all  1059.4±29.0 132.4±11.2 185.3±28.8 -7.2±4.4 
(386-1352, 36) (6.0-350.0, 36) (102.6-395. 0,  11) (-24.2 -  13.3, 11) 

•t* 
o 
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Figure 4. Log —Log transformations of capture weight 

versus snout-vent length and regressions of length 
against weight for al l  the snakes captured in 1989 
(n = 5) and 1990 (n = 31); data points are shown for 

the snakes implanted with radio transmitters during 
1989 (5) and 1990 (1 1) 
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1989 differed significantly from that in 1990 (+5.0 ±4.7 % 

VS -14.2 ± 4.4 %, U=2, p<0.012). 

In 1989, two snakes (CH9-89 and CH10-89) gained weight 

during the study period; both ingested large prey items 

(Rattus sp.) between 24 and 48 hours prior to recapture 

(timing based on visual observations of the snakes). For 

the purpose of these calculations, "calculated recapture 

weights" for those two snakes are weights after the prey 

items were regurgitated. Actual recapture weights (584 g 

for CH9-89 and 473 g for CH10-89) included weight of the 

snake plus prey and represented increases of 66.9 and 70.1% 

above the weight of each snake at the previous capture. 

Differences in the weights of the snakes at recapture, 

before and after regurgitation, were used to estimate the 

weight of the prey items (189 g for CH9-89 and 158 g for 

CH10-89). 

The only snake of the 7 recaptured in 1990 that gained 

weight contained prey remnants (Carlia fusca) in the 

digestive tract when recaptured (Appendix A). 

Observation period 

The observation period (Appendix A) varied from 13 to 41 d 

for snakes followed in 1989 and from six to 103 d for those 

in 1990 (Mean±SE = 48.3±8.1 d, n=16). Eleven of 16 snakes 

were tracked longer than 35 d (MeantSE = 64.7±7.6 d). 
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Snakes tracked less than 35 d were captured near the end of 

the field season (2 snakes in 1989), transmitters failed (1 

snake), or snakes were killed by predators (2 snakes). 

Only data from snakes tracked longer than 35 days were 

included in the analysis of movements, activity range, 

refuge use and habitat use. A period of less than 35 days 

may underestimate the snake activity patterns through time 

(Lutterschmidt and Rayburn, 1993). 

Transmitters 

Three of 15 transmitters failed during the study. No 

signal was received from CH1-89 and CH4I-90 after 39 and 15 

days of continuous tracking, respectively. Neither snake 

nor transmitter was located during a thorough search of the 

study area. The signal from CH5-90 lapsed for 24 hours 

after 86 days of continuous transmission. We relocated the 

signal after 24 hours but it was erratic and disappeared 

again; 16 days later the signal inexplicably was received 

with enough clarity to recover the transmitter (see 

Predation and Mortality section, below). 

Transmitter weights varied from 1.0 to 4.7% of capture 

body weights in all but two snakes, whose transmitters were 

5.5% of initial capture weight. Relative transmitter 

weights varied from 1.0 to 5.8% of recapture weights 

(Appendix A). There was no relationship between mean 
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percent weight change and relative percent weight of the 

transmitter, in 1989 (r=-0.2, p>0.05 one-tailed test, n=4) 

or in 1990 (£-,=-0.321, p>0.05 one-tailed test, n=7) . 

Predation and mortality 

Four incidents of mortality (two males, two females) 

were recorded during 1990. Two of those deaths were 

apparently caused by predators. Following 14 days of 

continuous tracking, part of the body of female CH7-90, 

plus the working transmitter, was found on the ground with 

fresh wild pig (Sus scrofa) tracks nearby. In the second 

case, a monitor lizard (Varanus indicus: SVL =470 mm, 

TL=1100 mm, weight=2345 g) ate female CH12-90 after the 

sixth consecutive day of observation; the transmitter was 

recovered from the intestinal tract of the lizard 14 days 

later. 

Two snakes may have died from starvation and/or 

disease. Hale CH2I-90 was found dead after 42 days of 

tracking. The snake had been seen alive on day 38. The 

body was still fresh, with no external signs of injury. 

The snake had lost 19.8% of its initial body weight. 

Transmitter CH5-90 malfunctioned after 86 days of 

tracking (see Transmitter Performance section above). 

Sixteen days later the remains of the snake, an intact 

skeleton (transmitter inside), was found near where the 
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signal was lost at the base of a small (1.5-2.0 m) Leucaena 

tree in an area of dense grass and shrubs 1 to 1.5 m tall. 

The fact that there were no tracks or disturbance around 

the snake and that the skeleton was intact, suggests 

starvation and/or disease as causes of death. 

Validation of trianqulation data 

Triangulation locations were used with homing 

locations to estimated 42% of the daytime consecutive 

distances I analyzed, and triangulation locations alone 

were used to estimate 25% of the distances (Table 2). 

Distances estimated by triangulation alone 

occasionally incorrectly estimated short distances by 

substantial proportions of the true distances (>100% in 

some cases). Large distances were more often 

underestimated than overestimated, and the errors were 

smaller in relation to the true distance (Table 3). 

Distance estimates from mixed triangulation and homing 

data tended to overestimate more often than underestimate 

true distances (Table 3). Distances estimated to be >80 m 

had few large underestimations and fewer large 

overestimations than distances estimated to be <80 m. 

At the 80 m level, the proportion of distances falsely 

believed to be >80 m using mixed data was 13 out of 200 and 

for distances based solely on triangulation 4 out of 71. 



Table 2. Frequency of distances between daytime locations for all snakes followed 
more than 35 days. Distances have been separated according to the method used to 
determine the locations. 

Estimated Distance Moved (ml 
Type of estimation 0 1-49 50-79 80-199 > 200 Total 

Homing-homing 
Homing-triangulation 
Triangulation-triangulation 

79 
1 
4 

67 
160 
97 

29 
47 
17 

37 
59 
37 

7 
14 
12 

219 
281 
167 

Total 84 324 93 133 33 667 

4* 
CF\ 



Table 3. Error matrices for distances estimated using mixed triangulation and homing 
locations (a) and using triangulation locations alone (b). Overestimates are below 
the diagonal, underestimates above. 

(a) Mixed triangulation and homing locations (42% of all data) 

Actual distance moved (m) 
Reported distance moved (m) 0 1-49 50-79 80-199 > 200 Total 

0 0 0 0 0 0 0 
1-49 49 57 4 0 0 110 

50-79 4 7 15 9 0 35 
80-199 1 5 6 33 0 45 
> 200 1 0 0 1 8 10 

Total 55 69 25 43 8 200 

(b) Triangulation locations only (25% of all data) 

Actual distance moved (m) 
Reported distance moved (m) 0 1-49 50-79 80-199 > 200 Total 

0 0 0 0 0 0 0 
1-49 16 22 3 3 0 44 
50-79 1 3 4 4 0 12 

80-199 0 2 1 8 0 11 
> 200 1 0 0 0 3 4 

Total 18 27 8 15 3 71 



Conversely, the proportion of distances truly >80 m that 

were estimated to be <80 m was 9 out of 200 for mixed data 

estimations and 7 out of 71 for triangulation estimations. 

Mixed data accounted for 44% of daytime distances >80 

m and triangulation data accounted for 30% (Table 2). 

Judging from the analyses of telemetry error (Table 3) , I 

may have severely underestimated (estimated distance at <50 

m) 1.1% of distances that were actually >80 m and slightly 

underestimated (estimated distance between 50-79 m) 3.2% of 

such distances. Severe overestimations of distances (true 

distances less than 50 m estimated at >80 m) may have 

included 2.6% of the estimates, while mild overestimates 

(true distances 50-79 m estimated at >80 m) may have 

constituted 1.5% of the estimates. 

Davtime locations 

The amount of daylight was quite consistent throughout 

the study period. During the 1990 study, sunrise changed 

from 0609h on 22 August to 0631h on 7 December. The 11 

snakes tracked for at least 35 days logged a total of 712 

tracking days (Appendix A), out of which 680 daytime 

locations (96% of the tracking-days) were recorded (Table 

4a). In spite of considerable field effort, we did not 

receive any signals from snake CH3-90 from days 37 through 

67 of the tracking period. Snake CH5-90 was not relocated 



Table 4a. Summary of daytime locations for snakes tracked for at least 35 
days. 

Days with Homing Visual Triangulation 
Snake ID locations locations contacts locations 

CH1-89 39 29 0 10 
CH9-89 36 28 10 8 
CH10-89 41 35 7 6 
CHI—90 99 59 13 40 
CH2I-90 42 22 5 20 
CH2II-90 44 19 8 25 
CH3-90 42* 19 7 23 
CH4II—90 75 32 19 43 
CH5-90 85** 43 22 42 
CH6-90 103 45 10 58 
CH8-90 74 39 9 35 

Total 680 370 110 310 
Mean 61.8 33.6 10.0 28.2 
SE 7.8 3.7 1.9 5.1 

*- Located in 42 of the 73 day tracking period. 
**- Located in 85 of the 86 day tracking period. 
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during the 26th consecutive tracking day. 

Of the 680 daytime locations over both years, 370 were 

obtained by homing and 310 by triangulation (Table 4a). In 

1989, homing was used extensively; I had 92 homing 

locations (79%) and 24 triangulation locations. In 1990, 

278 location sites were determined by homing and 286 by 

triangulation. Snakes were visually detected in 30% 

(110/370) of all homing locations. 

Nighttime locations 

During the 1990 study, sunset changed from 1839h on 21 

August to 1753h on 7 December. A total of 528 night time 

locations were recorded (Table 4b). The majority of these 

locations were made by night triangulations (473/528). 

However, there were 55 night homing locations, 21 based on 

visual observations. 

Activity Parameters 

Average net distance moved per dav 

The mean of the net distance moved per day (mean of 

the average net distances recorded for 11 snakes tracked 

more than 35 days) was 54.5±7.7 m/day (Table 5a). Snake 

CH10-89 had the lowest net distance moved per day 

(Mean±SE:24.8±4.6 m/day, N:40) and CH4II-90 had the highest 

net daily movement (MeaniSE: 97.7±11.8 m/day, N:74). 



Table 4b. Summary of nighttime locations for snakes tracked for at least 35 
days. 

Nights with Total number of Number of locations/night 
Snake ID locations locations MeantSE range 

CHI—89 9 14 1.6 + 0.44 — 5) 
CH9-89 23 44 1.9 + 0.20 1 - 5) 
CH10-89 19 37 1.9 + 0.30 1 - 5) 
CH1-90 48 79 1.6 + 0.12 1 - 4) 
CH2I-90 39 85 2.2 + 0.37 1 - 15) 
CH2II-90 4 6 1.5 + 0.29 1 - 2) 
CH3-90 31 50 1.6 + 0.15 1 - 5) 
CH4II-90 26 53 2.0 + 0.44 1 - 11) 
CH5-90 37 57 1.5 + 0.12 1 - 3) 
CH6-90 42 73 1.7 + 0.14 1 - 5) 
CH8-90 20 30 1.5 + 0.15 1 " 3) 

Mean 27.1 48.0 
SE 4.2 7.7 
N 11 11 

ui 
H 



The longest distance moved (CH3-90) between day-time 

locations was 472.4 m (31th observation day). There was 

not a correlation between the magnitude of the tracking 

period and the value of the average net distance moved per 

day (xy=0.245; t=0.758, p>0.20, df=9). 

Maximum straight distance from the first davtime location 

to subsequent davtime locations 

The average maximum straight distance from the first 

daytime location (mean of the values recorded for the 11 

snakes tracked during more than 35 days) was 544.3±146.3 m 

(Table 5a). The shortest and longest distances moved 

corresponded to snake CH1-90 with 142.8 m and snake CH5-90 

with 1809.4 m. There was no correlation between the values 

of this parameter and the length of the snake tracking 

period (rs=0.173; t=0.526, p>0.20, df=9). 

Directionality of movements 

The directions (azimuth angles) of the movements 

between consecutive daytime locations did not show any 

departure from a uniform distribution, either when all the 

consecutive movements were considered (Figures 5a to 15a), 

or when movements >50m between consecutive homing to homing 

locations and movements >80m between triangulation to 

homing or triangulation to triangulation locations were 



Table 5a. Summary activity parameters: distance moved (m) between consecutive day 
locations (average net distance moved per day), maximum straight-line distance (m) 
recorded from the first daytime location to subsequent daytime locations and 
activity area (ha) calculated by the minimum convex polygon method, using the 
positions of the daytime locations. 

Distance moved between Maximum distance (m) 
consecutive day locations from first location Activity 

Snake ID. MeaniSE (range) meters/day Nd following release area (ha) N„ 

CH1-89 44.9 + 6.4 (0.0 - 146.3) 38 225.6 4.3 26 
CH9-89 73.8 + 15.4 (0.0 - 332.8) 35 444.2 5.0 24 
CH10-89 24.8 + 4.6 (0.0 - 157.6) 40 370.5 3.1 30 
CH1-90 60.3 + 5.3 (0.0 - 218.3) 98 142.8 2.3 71 
CH2I-90 32.6 + 5.5 (0.0 - 123.7) 41 245.3 1.9 35 
CH2II-90 26.9 + 6.1 (0.0 - 225.9) 43 400.1 2.4 38 
CH3-90 86.3 + 15.3 (0.0 - 472.4) 40 1039.8 53.0 34 
CH4II-90 97.7 + 11.8 (0.0 - 446.1) 74 624.9 37.5 74 
CH5-90 75.9 + 9.5 (0.0 - 445.0) 83 1809.4 99.0 80 
CH6-90 36.1 + 4.9 (0.0 - 296.0) 102 402.0 15.0 86 
CH8-90 39.3 + 5.9 (0.0 - 282.8) 73 282.8 6.1 56 

Mean 54.5 60.6 544.3 20.9 50.4 
SE 7.7 7.8 146.3 9.3 7.1 
N 11 11 11 11 11 

Nd- Number of consecutive distances used. 
N,- Number of different location point coordinates. 

ui 
OJ 
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considered (Figures 5b to 15b). However, when the 

directions between the first daytime location and the 

subsequent daytime locations were analyzed, a non-random 

pattern was observed in each of 11 snakes (Figures 5c to 

15c) . 

Nonrandom distributions of subsequent locations are 

consistent with random daily movements; such "random walks" 

mimic passive diffusion and move gradually away from the 

point of origin (Goutestad and Mysteroud, 1993)• To the 

extent that a snake using a fixed area was released at some 

point other than the center of that area, normal use of the 

fixed area would also show nonuniform distribution of 

locations around the release point. 

The distributions of the subsequent locations around 

the first daytime location were not consistent among the 11 

individuals (Appendix D, Maps l-ll). Nine snakes exhibited 

directionality in their postrelease movements (unimodal 

distribution) with the directions between the first daytime 

location and the subsequent locations concentrated around a 

mean angle (Table 5b, Figures 5c to 15c). In the other two 

cases, the postrelease locations of snake CH2II90 presented 

a bimodal pattern (Figure 10c, Table 5b), and snake CH190 

showed a rather multimodal distribution for its subsequent 

locations (Figure 8c, table 5b). 
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5c. 180° 

Circular scatter diagrams of directions moved by 
snake CH1—89. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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p > 0.50 p > 0.20 

90° 270° 270° 90° 

180° 

U*= 1.0262 
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Figure 6a-6c. 180° 

Circular scatter diagrams of directions moved by 
snake CH9 — 89. a) all movements between consecutive 
daytime locations, b) all consecutive movements 2: 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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7c. 

Circular scatter diagrams of directions moved by 
snake CH10-89. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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8c. 

Circular scatter diagrams of directions moved by 
snake CH1—90. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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Circular scatter diagrams of directions moved by 
snake CH2I —90. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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0.1506 

p > 0.05 
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U*= 0.0720 
n = 41 
p > 0.20 
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mean 0 

180° Figure 10a-10c. 

Circular scatter diagrams of directions moved by 
snake CH2II —90. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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Circular scatter diagrams of directions moved by 
snake CH3 —90. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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Ci rcu la r  sca t te r  d iagrams o f  d i rec t ions  moved  by  

snake  CH4 I I  — 90 .  a )  a l l  movements  be tween  consecut ive  

day t ime  loca t ions ,  b )  a l l  consecut ive  movements  ^  50m 

between  homing  to  homing  loca t ions  and  consecut ive  

movements  ^  80m between  t r i angu la t ion  to  homing  or  

t r i angu la t ion  to  t r i angu la t ion  loca t ions ,  c )  a l l  d i rec t ions  

be tween  f i rs t  day t ime  loca t ion  and  subsequent  day t ime  

loca t ions .  Watson 's  tes t  U 2  va lues  w i th  the  number  o f  

consecut ive  movements  used  (n )  and  probab i l i t y  l eve l  (p )  

a re  p resented  fo r  each  d iagram.  
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Figure 13a-13c. 

Circular scatter diagrams of directions moved by 
snake CH5-90. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 
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Ci rcu la r  sca t te r  d iagrams o f  d i rec t ions  moved  by  

snake  CH6  —90 .  a )  a l l  movements  be tween  consecut ive  

day t ime  loca t ions ,  b )  a l l  consecut ive  movements  ^  50m 

between  homing  to  homing  loca t ions  and  consecut ive  

movements  ^  80m between  t r i angu la t ion  to  homing  or  

t r i angu la t ion  to  t r i angu la t ion  loca t ions ,  c )  a l l  d i rec t ions  

be tween  f i rs t  day t ime  loca t ion  and  subsequent  day t ime  

loca t ions .  Watson 's  t es t  U 2  va lues  w i th  the  number  o f  

consecut ive  movements  used  (n )  and  probab i l i t y  l eve l  (p )  

a re  p resented  fo r  each  d iagram.  
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Circular scatter diagrams of directions moved by 
snake CH8 —90. a) all movements between consecutive 
daytime locations, b) all consecutive movements ^ 50m 
between homing to homing locations and consecutive 
movements ^ 80m between triangulation to homing or 
triangulation to triangulation locations, c) all directions 
between first daytime location and subsequent daytime 
locations. Watson's test U2 values with the number of 
consecutive movements used (n) and probability level (p) 
are presented for each diagram. 



Table 5b. Rayleigh test results: analysis of the direction (azimuth angle) 
between the first daytime location used by the snakes and their subsequent 
daytime locations (H,,: the azimuth angles are uniformly distributed around 
the circle versus HA: the azimuth angles are not uniformly distributed). 
The mean azimuth angle (0) is reported for each snake, with the 
corresponding values of Rayleigh statistic (Z value), probability (p value) 
and number of directions. 

Direction (azimuth) between the first daytime 
Snake location and subsequent davtime locations 
ID Mean 0 Z value p value n 

CHI—89 95 7.365 <0.001 29 
CH9-89 228 15.428 <0.001 25 
CH10-89 217 14.108 <0.001 34 
CH1-90 294 2.456 >0.05 76 
CH2I-90 359 19.088 <0.001 36 
CH2II-90 83 1.740 >0.10 40 
CH3-90 183 10.546 <0.001 35 
CH4II-90 252 18.754 <0.001 73 
CH5-90 212 33.053 <0.001 79 
CH6-90 248 30.649 <0.001 91 
CH8-90 268 70.023 <0.001 61 
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The dispersal directions were not consistent among the 

snakes. Significant differences were found among the 

directional pattern of the eleven snakes (Contingency table 

with four 90° azimuth categories: X2=351.982, p<0.001, 

df=30), as well as among the nine snakes that exhibited 

directionality in their post release movements (X2=294.275, 

df=24, p<0.001). 

Activity area 

The mean of the activity area for 11 snakes tracked 

more than 35 days was 20.8±9.3 hectares; values ranged from 

1.9 ha (CH2I-90) to 99 ha (CH5-90) (Table 5a). Length of 

observation period was not correlated with size of the 

activity area (^=0.400; t=l.30, p>0.20, df=9); seven snakes 

with activity areas between 1.9 and 6.1 ha had tracking 

periods between 36 and 99 d and four snakes with activity 

areas between 15 and 99 ha had tracking periods between 73 

to 103 d. 

The cumulative activity area (calculated each 5th 

tracking day [Table 5c]) for the 7 snakes with total areas 

<6 ha did not show the dramatic increments reported for the 

4 snakes with large activity areas (Figures 16a and 16b). 

However when expressed as a percentage of total range, 

movements of all snakes showed this pattern of dramatic 



Table 5c. Length of the tracking period versus cumulative activity area (ha) based on 
the positions of daytime locations calculated each fifth tracking day, with the 
respective values of the Spearman rank-order correlation coefficient (r,) and the 
level of significance (p value) for each of the snakes tracked during more than 35 
days. 

Days CH1-89 CH9-89 CH10-89 CH1-90 CH2I-90 CH2II-90 CH3-90 CH4II-90 CH5-90 CH6-90 CH8-90 

5 0.530 0. 145 0.046 0.001 0.005 0.006 0.004 0.109 0.037 0.027 1.341 
10 1.040 1. 444 0.405 0.001 0.211 0.016 0.004 0.171 0.055 0.126 3.973 
15 1.040 4. 535 0.407 0.156 0.630 0.022 0.286 0.171 0.493 0.199 4.091 
20 1.656 4. 544 1.997 0.405 0.769 0.113 2.007 0.920 1.145 0.199 4.989 
25 3.451 4. 988 2.978 1.222 1.682 1.929 7.430 3.560 17.276 0.255 5.206 
30 3.976 4. 988 2.996 1.770 1.805 1.979 19.433 6.428 25.105 0.308 5.453 
35 4.047 5. 035 3.125 1.770 1.827 1.981 34.953 17.701 40.253 0.326 5.453 
40 4.328 3.125 1.770 1.854 2.223 36.556 20.599 51.615 0.326 5.527 
45 1.812 1.854 2.348 20.599 55.877 0.326 5.925 
50 1.870 22.921 56.336 0.326 6.112 
55 1.870 22.921 58.009 0.326 6.112 
60 1.870 22.921 64.450 3.031 6.112 
65 1.870 33.778 79.401 6.561 6.112 
70 1.986 38.764 37.465 92.950 8.174 6.112 
75 2.010 52.935 37.465 95.363 8.337 6.112 
80 2.297 98.556 10.066 
85 2.369 98.940 10.066 
90 2.396 10.066 
95 2.396 14.996 

100 2.396 14.996 
105 14.996 

r. 0.994 0. 991 0.994 0.993 0.996 1.000 0.947 0.994 1.000 0.991 0.967 
P 0.005 0. 005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.05 
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Figure 16a. 

Cumulative activity area (based on the geographical positions 
of the daytime locations, calculated every 5th observation day 

by the minimum convex polygon method) versus the observation 

period for all the snakes tracked during more than 35 days and 
with activity areas smaller than 7 hectares. (J\ 
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Cumulative activity area (based on the geographical positions 

of the daytime locations, calculated every 5th observation day 

by the minimum convex polygon method) versus the observation 

period for all the snakes tracked during more than 35 days and 

with activity areas larger than 7 hectares. 



increases in cumulative activity area (Figures 17a and 

17b). For each of the eleven snakes, the cumulative 

increments of the activity areas were correlated with the 

length of the tracking period (Table 5c). 

Average net movement per dav versus the size of the total 

activity area 

A positive correlation (^=0.718; t=3.09, 0.01<p<0.005, 

one-tailed test, df=9) was found between the average net 

movement per day and the total activity area for 11 snakes 

(Table 5a). 

Nighttime Movements 

There were no significant differences in the magnitude 

of the distances between the night locations and their 

corresponding previous and subsequent day locations, when 

the net movement between the consecutive day locations was 

less than 80 m and when the snakes were located between 

173Oh and 2044h (Table 6a). However, where there were 

long net overnight movements (>80 m), the snakes were 

significantly closer to their previous daytime location 

between 1730h and 2044h than at other times (Table 6a). 

Snakes located between 2045h and 2359h were 

significantly closer to the subsequent than the previous 

day location whether or not they had made short net or long 
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Figure 17a. 

Cumulative percentages of the total activity area 
(based on the geographical positions of the 
daytime locations calculated every 5th 
observation day by the minimum convex polygon 
method) versus the observation period for all 

the snakes tracked during more than 35 days and 
with activity areas smaller than 7 hectares. 
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Figure 17b. 

Cumulative percentages of the total activity area (based on the 

geographical positions of the daytime locations, calculated 

every 5th observation day by the minimum convex polygon method) 

versus the observation period for all the snakes tracked during 

more than 35 days with activity areas larger than 7 hectares. 
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Table 6a. Results for the Wilcoxon paired-sample test over the distances (m) 
between nighttime locations (528 records) and previous and subsequent daytime 
locations as a function of distances between consecutive daytime locations 
(small net movements: <80 m, and large net movements: >80 m) over time. 

Night Net movement Median distance to Median distance to Estimated Hilcoxon 
time between day previous daytime subsequent daytime median of the paired-sample 
periods locations location location differences4 test 
(hours) meters (n) meters (n) meters (n++) p value 

1730-2044 <80 m 15.10 ( 61) 14.00 ( 61) 0.20 ( 49) 0.8540 ns 
>80 m 52.80 ( 22) 116.30 { 22) -76.35 ( 22) 0.0030 **  

2045-2359 <80 m 17.15 (166) 12.25 (166) 4.15 (142) 0.0001 **  

280 m 93.55 ( 56) 48.25 ( 56) 45.78 ( 54) 0.0001 ** 

0000-0259 <80 m 17.90 ( 92) 11.55 ( 92) 4.20 ( 77) 0.0001 **  

>80 m 128.40 ( 23) 63.40 ( 23) 80.20 ( 23) 0.0060 **  

0300-0614 <80 m 21.30 ( 83) 12.70 ( 83) 7.98 ( 73) 0.0001 **  

>80 m 117.40 ( 25) 18.60 ( 25) 100.2 ( 25) 0.0001 **  

+- differences: 
(distance: previous day-night location) minus (distance: night-subsequent day location). 

++- n value used by the test. 



net overnight movements (Table 6a). Snakes located in the 

last 2 periods (0000h-0259h and 0300h-0614h) had the same 

movement pattern as those located between 2045h and 2359h 

(Table 6a). By the last period of the night (0300h-0614h), 

among snakes that had made long net movements, the median 

distance between previous day location and the nighttime 

location was 6.5 times larger than that between the 

nighttime location and subsequent day location (Table 6a). 

Most nighttime locations (375) on short-net-movement 

nights were within an 80 m radius around previous and 

subsequent day locations for all time periods. A smaller 

number of nighttime locations (22) were far (£80 m) from 

both previous and subsequent day locations; fewer still (5) 

were closer to the subsequent day location and farther from 

the previous day location (Table 6b, Figures 18a-18d). 

Sixty eight percent of early nighttime locations 

(1730h-2044h) associated with long net movements were close 

to the previous day location; 27% were close to the 

subsequent day locations and one location was >80 m from 

both previous and subsequent day locations (Table 6b, 

Figure 19a). Of locations between 2045h and 2359h (Table 

6b, Figure 19b), 28% were closer to the previous day 

location and 69% were closer to the subsequent day 

location; one snake was >80 m from both previous and 



Table 6b. Frequency of distances between the night locations (528 records) and 
previous and subsequent day locations as a function of distances between 
consecutive day locations (small net movements: <80 m, and large net movements: 
>80 m) over time. 

Movement Night 
between day time 
locations periods 

Frequency for distances 
from previous day to 
niaht location 

Frequency for distances 
from night to subsequent 
dav location 

<80 m >80 m total <80 m >80 m total 

Small net 1730-2044 59 2 61 59 2 61 
movements 2045-2359 154 12 166 155 11 166 
< 80 m 0000-0259 86 6 92 86 6 92 

0300-0614 76 7 83 80 3 83 

Large net 1730-2044 16 6 22 7 15 22 
movements 2045-2359 16 40 56 39 17 56 
> 80 in 0000-0259 4 19 23 13 10 23 

0300-0614 2 23 25 25 0 25 
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subsequent day locations. Snakes located between OOOOh and 

0259h had a similar movement location to those located 

between 2045h and 2359h. However, only 56% were located 

<80 m from the subsequent day location and 26% were >80 m 

from both previous and subsequent day locations (Table 6b, 

Figure 19c). Finally, for those snakes located between 

0300h and 0614h, 92% were <80 m from the subsequent day 

location, and two locations were <80 m from both previous 

and subsequent day locations (Table 6b, Figure 19d). 

Refuges and Habitat 

Davtime homing locations and refuae types 

I identified 8 different types of daytime refuges: 

I) Tree crown refuges (TC). 

Tree crown refuges were located in secluded places at 

the top or immediately below the top of a tree (any woody 

plant over 2.5m high). I considered cases where the snake 

was in a clump of woody vines in the canopy to fall in this 

category. Among the most typical plant species recorded as 

tree crown refuges were: Ficus sp., Artocarpus sp., 

Eleocarpus sp., Leucaena leucocephala. 

II) Shrub crown refuges (SC). 

Shrub crown refuges were found in the middle and upper 

layers of the understory. These refuges were located at 

the top or inside of a shrub clump (any woody plant with 
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height between 0.5 and 2.5 m) . I considered cases when the 

snake was located in a clump of herbaceous vegetation or 

woody vines entangled in the understory plants to be in 

this category. Some of the most common plant species 

recorded as shrub crown refuges included: Triphasia 

trifolia. Scaevola taccada. Hibiscus tiliaceus. Leucaena 

leucocephala. Flaaellaria indica. 

Ill) Pandanus crown refuges (PC) . 

Physiognomically, the species of the monocotyledonous 

genus Pandanus can be described as "tuft plants," that is a 

"plant with an unbranched trunk which has at its apex a 

tuft of leaves" (Kiichler, 1988; p. 41), the leaves are long 

(1-3 m) and narrow (8 -20 cm) sheathed in cone-like 

structures at the top of the stems (Stone, 1970). Snakes 

were coiled up under the leaves inside the "leaf cone 

tops". 

Stone (1970) recognized two species of Pandanus in 

Guam (P. dubious and P. fragrans) but my data did not show 

any differential use by snakes. Pandanus plants were found 

in all the habitat types of the study area, either as 

isolated stems or as dense clumps with multiple stems 

(covering areas « 25 m2). Diameter of the stems was 5 to 

15 cm and their height from 1 to 10 m. 
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IV) Cycas crown refuges (CC). 

The species Cvcas circinalis (class Gymnospermae) is 

part of the native flora and is common throughout the 

island forested areas, where it sometimes forms dense 

understory stands (Stone, 1970). The plant has a stocky 

woody stem (2.5 to 3.0 m tall), with a terminal crown of 

pinnate leaves. Snakes were observed either coiled in the 

middle or at the base of the less exposed pinnate leaves 

and in the center of the crown. The crown tended to 

accumulate large amounts of dead leaves, making it a very 

moist, secluded refuge. 

V) Fern nest refuges (FN). 

Fern aggregations were found in the forks of the lower 

to middle branches of forest trees. The aggregations were 

often massive (50 = 75 cm in diameter) and represented 

another moist secluded refuge for the snakes. This type of 

refuge was only observed where there was undisturbed forest 

vegetation. 

VI) Grassy ground refuges (GG). 

These sites were associated with grass and weeds in 

the lower layers (from the ground surface up to 1.0 m) of 

the understory; they were generally secluded and located in 

open altered areas (secondary growth, roadside and forested 

areas bordering this habitat) without tree shade. The 

ground was often totally covered by grasses and weeds in 
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such areas (Stone, 1970). Some of the most common genera 

of herbs and grasses in these areas were Pennisetum. 

Passiflora. Ipomoea. and Chrvsopoaon. 

VII) Limestone forest ground refuges (GF). 

These sites were located in limestone forested areas 

where the density of the lower understory vegetation was 

minimal or non-existent. The snakes were found coiled on 

the ground in relatively exposed places, at the base of 

trees or shrubs, on patches of mosses or tree roots. 

VIII) Underground refuges (UN). 

These sites were located inside crevices in the solid 

limestone rock of the cliffline limestone forest or under 

argillaceous limestone substrates under the roadside 

vegetation. 

Davtime homing locations and refuge type: visits and 

revisits 

Of the eight types of daytime refuges used by the 

snakes, the most common daytime refuges were tree crowns 

and pandanus crowns (Table 7). All snakes used pandanus 

crowns as a daytime refuge during the study. Ten of the 

eleven snakes used shrub crowns, nine used tree crowns, 

four were in cycas crowns, eight used fern nests, five were 

on the ground in grass-weed refuges, three were on the 

ground in the forest and three were underground. 



Table 7. Frequency for the types of refuges used by individual Boiaa 
irregularis on Guam, 1989-1990 (frequencies based on number of homing 
locations, regardless of whether the snake remained in the same 
geographical position between relocations). 

TC = Tree Crown. FN = Fern Nest. SC = Shrub Crown. PC = Pandanus Crown. 
GG = Ground Grass. GF = Ground Forest. CC = Cycas Crown. UN = Underground. 

Type of refuae 
Snake ID TC SC PC CC FN GG GF UN Total 

CH1-89 4 1 16 0 7 0 0 0 28 
CH9-89 7 3 9 0 8 0 0 0 27 
CH10-89 4 14 14 0 2 0 0 0 34 
CH1-90 0 5 31 0 0 19 0 3 58 
CH2I-90 5 6 6 1 0 2 0 0 20 
CH2II-90 11 1 6 0 0 1 0 0 19 
CH3-90 10 0 2 2 2 2 0 0 18 
CH4II-90 17 7 3 1 0 0 1 3 32 
CH5-90 0 2 2 2 6 22 10 0 44 
CH6-90 31 4 4 0 4 0 1 0 44 
CH8-90 9 2 5 0 3 0 0 20 39 

Total 98 45 98 6 32 46 12 26 363 
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There were 51 cases where snakes revisited daytime 

refuges that they had previously used (Table 8a-8c). Three 

snakes were responsible for 30 of those revisits. Three 

snakes were not observed to revisit any sites. Twenty 

eight of the sites that were revisited were pandanus crowns 

and twelve were in tree crowns. 

Davtime homing locations and vegetation type (habitats; 

visits and revisits 

Daytime refuges were distributed across all the 

available habitats (Table 9). However, use of the 

northwest cliffline limestone forest and the beach side 

coconut groves may have been under-represented. Snakes 

were located in these two habitats on 29 occasions; but 

there were 48 instances when, because of access 

difficulties, the decision was made not to determine the 

exact locations (see Methods) in these habitats. 

Ten of the eleven snakes used daytime refuges located 

in secondary growth forest at least once, nine snakes used 

primary forest, seven used the southeast cliff forests, six 

used roadside vegetation, five used the northwest cliff 

forests and one used the beachside coconut groves. 

Most (37 of 51) daytime refuges that were revisited by 

snakes were located in primary and secondary forest (Table 

8c). No revisits were recorded from the northwest cliff 



Table 8a. Frequency and number of revisits to homing 
sites for each snake. 

Number of revisits 
Snake ID I II III IV Total 

CH1-89 3 3 1 1 8 
CH9-89 5 2 0 0 7 
CH10-89 3 2 0 0 5 
CH1-90 4 6 1 0 11 
CH2I-90 0 0 0 0 0 
CH2II-90 2 0 0 0 2 
CH3-90 0 0 0 0 0 
CH4II-90 0 0 0 0 0 
CH5-90 1 0 0 0 1 
CH6-90 11 0 0 0 11 
CH8-90 4 2 0 0 6 

Total 33 15 2 1 51 

Table 8b. Frequency and number of revisits to homing 
sites for each refuge type. 

Number of revisits 
Refuge I II III IV Total 

Tree Crown 12 0 0 0 12 
Shrub Crown 1 0 0 0 1 
Pandanus Crown 13 13 1 1 28 
Cycas Crown 0 0 0 0 0 
Fern Nest 1 0 0 0 1 
Ground Grass 3 1 1 0 5 
Ground Forest 0 0 0 0 0 
underground 3 1 0 0 4 

Total 33 15 2 1 51 

Table 8c. Frequency and number of revisits to homing 
sites for each habitat type. 

Number of revisits 
Refuge I II III IV Total 

Primary Forest 14 5 0 0 19 
Secondary Forest 9 7 1 1 18 
Roadside 4 1 1 0 6 
Southeast Cliff 6 2 0 0 8 
Northwest Cliff 0 0 0 0 0 
Coconut Grove 0 0 0 0 0 

Total 33 15 2 1 51 



Table 9. Frequencies for the types of habitats used by individual 
Boiaa irregularis on Guam, 1989-1990 (frequencies based on consecutive 
homing locations). 

PRFR = Primary Forest (limestone plateau). 
SEFR = Secondary Growth Forest (limestone plateau). 
ROAD = Roadside vegetated areas. 
SECL = Southeast slopes - Cliffline Limestone Forest. 
NWCL = Northwest slopes - Cliffline Limestone Forest. 
COGR = Coconut Beachside Groves. 

Type of habitat 
Snake ID PRFR SEFR ROAD SECL NWCL COGR Total 

CHI-89 0 16 0 5 7 0 28 
CH9-89 7 9 0 2 9 0 27 
CH10-89 1 20 0 6 7 0 34 
CH1-90 17 22 19 0 0 0 58 
CH2I-90 5 13 2 0 0 0 20 
CH2II—90 14 4 1 0 0 0 19 
CH3-90 12 4 1 0 0 1 18 
CH4II—90 11 13 0 7 1 0 32 
CH5-90 14 15 9 6 0 0 44 
CH6-90 29 0 3 8 4 0 44 
CH8-90 0 1 0 38 0 0 39 

Total 110 117 35 72 28 1 363 
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forest and the beach side coconut groves. Lack of revisits 

may be another indication that these two habitats were 

under-represented in sampling. 

Habitat: refuge type and vegetation type 

Most (90 of 98) of the tree crown refuges were located 

in primary forest in the northwest or southeast cliffline 

forests (Table 10). Thirty of 45 of the shrub crown 

refuges were located in secondary forest. Most (27 of 44) 

of the daytime refuges on the ground were located in 

roadside habitat. Most of the underground refuges were in 

the southeast cliff forest. Eighty-six of 98 pandanus 

refuges were located in primary and secondary forest. 

Primary forest contained seven of the eight types of 

daytime refuges. Secondary forest contained five of the 

eight, roadsides contained three, the southeast cliffline 

forest contained six, the northwest cliffline forest 

contained four, and the beachside coconut grove contained 

only one. 

Habitat: refuge heights and vegetation height 

Snakes were found in refuges that ranged from 1 m 

underground to 8 m above the ground; the maximum height of 

the forest vegetation was 10 m (Table 11a). The majority 

(197 of 363) of the snakes were located in refuges higher 



Table 10. Frequencies for the types of refuges used by Boiqa irregularis in 
different habitat types on Guam (pooled frequencies of consecutive homing 
locations for all snakes, regardless of whether the location is in the same 
geographical position)• 

PRFR = Primary Forest (limestone plateau). 
SEFR = Secondary Growth Forest (limestone plateau). 
ROAD = Roadside vegetated areas. 
SECL = Southeast slopes - Cliffline Limestone Forest. 
NWCL = Northwest slope - Cliffline Limestone Forest. 
COGR = Coconut Beachside Groves. 

Type of habitat 
Refuge PRFR SEFR ROAD SECL NWCL COGR Total 

Tree crown 66 8 0 20 4 0 98 
Shrub crown 3 30 3 5 4 0 45 
Pandanus crown 24 62 0 12 0 0 98 
Cycas crown 4 2 0 0 0 0 6 
Fern nest 6 0 0 7 19 0 32 
Ground grass 1 15 29 0 0 1 46 
Ground forest 6 0 0 6 0 0 12 
Underground 0 0 3 22 1 0 26 

Total 110 117 35 72 28 1 363 

oo 
09 



Table lla. Vegetation height by type of habitat. 

PRFR = Primary Forest (limestone plateau). 
SEFR = Secondary Growth Forest (limestone plateau). 
ROAD = Roadside vegetated areas. 
SECL = Southeast slopes - Cliffline Limestone Forest. 
NWCL = Northwest slope - CIiffline Limestone Forest. 
COGR = Coconut Beachside Groves. 

Canopy height (m) Maximum vegetation height (ml 
Habitat N Mean ± SE (MIN - MAX) N Mean ± SE (MIN - MAX) 

PRFR 52 5.2 + 0.18 (2.5 - 6.5) 58 7.4 + 0.28 ( 3.0 - 14.5) 
SEFR 51 2.7 + 0.17 (0.5 - 5.5) 75 4.4 + 0.20 ( 1.0 - 7.5) 
ROAD 26 1.5 + 0.15 (0.5 - 3.5) 26 2.4 + 0.25 ( 1.0 - 6.5) 
SECL 35 4.1 + 0.11 (2.5 - 6.0) 48 6.1 + 0.19 ( 3.5 - 10.0) 
NWCL 5 3.5 + 0.45 (2.5 - 4.5) 13 5.7 + 0.57 ( 2.0 - 8.0) 
COGR 1 9.5 (9.5 " 9.5) 1 11.5 (11.5 - 11.5) 

All 170 3.6 + 

*
*
 H
 • 

o
 (0.5 - 9.5) 221 5.5 + 0.16 ( 1.0 - 14.5) 

09 
VO 
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than 2.5 m above the ground (Table lib). Most of these 

refuges were located in tree crowns (91) and Pandanus (81) 

(Table 11c). 

Refuges used bv more than one snake 

Five instances were recorded (all in 1990 field 

season) where a refuge was used by two (and in one instance 

three) different snakes (Appendix C). In one case a radio-

tagged snake (CH7-90) revisited a tree crown refuge about a 

year after it had been used by another radio-tagged snake 

(CH4-89). There were four cases in which non-radio-tagged 

snakes used the same refuge as radio-tagged snakes. In two 

of those cases the non-radio-tagged snake used the refuge 

at the same time as the radio-tagged snake. In the other 

two cases, non-radio-tagged snakes were observed in a 

refuge previously used by a radio-tagged snake. In one of 

those cases, the non-radio-tagged snake was observed in the 

same tree crown refuge (homing site 7, snake CH6-90) for 

six consecutive days. 



Table lib. Frequencies of heights of snake locations and types of refuges 

Height Ranges (ml of snake locations 
All Refuge types •1.0-0.0 0.0-0.5 0. 5-1.0 1.0-2.5 2.5-4.5 4.5-8.5 All 

Tree Crown 0 0 0 7 67 24 98 
Shrub Crown 0 0 6 33 6 0 45 
Pandanus Crown 0 0 5 12 47 34 98 
Cycas Crown 0 0 0 6 0 0 6 
Fern Nest 0 0 0 13 18 1 32 
Ground Grass 0 39 7 0 0 0 46 
Ground Forest 0 10 2 0 0 0 12 
Underground 26 0 0 0 0 0 26 

All 26 49 20 71 138 59 363 

Table 11c. Frequencies of heights of snake locations and types of habitat 

Height Ranges (ml of anake locations 
Habitat -1. 0-0.0 0.0-0.5 

o
 • 

rH in o
 1.0-2.5 2.5-4.5 4.5-8.5 All 

Primary Forest 0 6 3 19 61 21 110 
Secondary Forest 0 15 8 31 31 32 117 
Roadside 3 22 7 2 1 0 35 
Southeast Cliff 22 5 2 11 28 4 72 
Northwest Cliff 1 0 0 8 17 2 28 
Coconut Grove 0 1 0 0 0 0 1 

All 26 49 20 71 138 59 363 
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DISCUSSION 

Snakes: size and weight 

Length-weight relationships gave heavier weights at 

all lengths for snakes captured in 1989 than for snakes in 

1990. Differences in size and weight suggest that either 

the 1989 sample was biased or that the average size of the 

snakes decreased between 1989 and 1990. Published weight-

length regressions for nonurban brown tree snakes collected 

between 1980 and 1987 from across Guam (Savidge, 1988) 

detected a significant difference in the regressions 

between the sexes; our smaller samples showed no such 

effect. Regression weight-length equations in this study 

predict heavier weights for the snakes captured in 1989 and 

lighter weights for the snakes captured in 1990 than either 

Savidge's male or female equations predict. For snakes of 

150 cm SVL, the regression equation for the 1990 snakes 

gives a weight 18% less than Savidge's females and 26% less 

than her males (Table 12). The decline in weight per unit 

length we observed between 1989 and 1990 could be part of 

an ongoing or cyclical trend. 

Snakes fitted with radios in 1990 showed a 14% 

decrease in body weight over the course of the study 

compared to a 5% increase in 1989. These differences may 

indicate less food available for snakes in 1990 compared to 
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Table 12. Predicted weights (g) for hypothetical snakes, 
using regression equations from Savidge (1991; p 297) and 
the current study. Savidge's equations, based on snakes 
collected across Guam from 1980 to 1987, distinguished 
between sex; the current study had no sex effect, but 
distinguished between years. 

Prediction Snake length (snout vent) 
sources: 

50 cm 100 cm 150 cm 

Savidge: 
nonurban male 1 2 . 7  g 1 1 9 . 4  g 4 4 2 . 0  g 

y = 3 . 2 2 7 X - 1 0 . 0 7 8 *  

nonurban female 1 4 . 7  1 1 7 . 6  3 9 7 . 4  
y = 3 . 0 0 2 x - 9 . 0 5 7 *  

Curent study: 
1 9 8 9  ( 5 1 %  male) 1 5 . 6  1 2 8 . 2  4 3 8 . 8  

y = 3  .  0 3 4 X - 6 . 9 9 4 * *  

1 9 9 0  ( 5 5 %  male) 1 1 . 6  9 5 . 1  3 2 5 . 3  
y = 3  .  0 3 4 X - 7 . 1 2 4 * *  

y=natural log of weight (g); x=natural log of SVL (cm) 

y=log10 of weight (g) ; x=log10 of SVL (mm) 
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1989. In 1989, two of three radio-tagged snakes tracked 

for more than 35 days captured large prey (Rattus sp.). In 

1990, only one of eight radio-equipped snakes tracked 

longer than 35 days contained food (remnants of a small 

lizard, Carlia fusca). In addition, two snakes radio-

tagged in 1990 apparently died of starvation and/or 

disease. 

One cannot entirely discount the possibility that 

fitting the snakes with radios in some way interfered with 

their ability to capture prey (Lutterschmidt, 1994). 

However, the same techniques were used in 1990 as in 1989, 

when two of the three snakes tracked for more than 35 days 

successfully captured large prey. In addition, there was 

no relationship between weight change and size of 

transmitter implanted. 

Savidge (1991) hypothesized that size structure of the 

snake population in a given area should reflect prey 

availability. Prey availability is different for snakes of 

different sizes. Savidge (1988) examined stomach contents 

and found that in Guam larger individuals (>1200 mm) were 

more likely to capture larger prey (birds, bird eggs and 

mammals) and smaller snakes (<1200 mm) more likely to 

obtain lizards and lizard eggs (Savidge,1988). 

Furthermore, Greene (1989) examined museum specimens and 

literature records and concluded that snakes equal or less 
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than 750 mm SVL contained primarily ectothermal prey 

(frogs, lizards and snakes) whereas those greater than 750 

mm SVL contained primarily endothermal prey (birds and 

mammals). Differential mortality or large scale movement 

of larger snakes (those more dependent on endothermic prey) 

could explain the differential size of snakes in the study 

area in 1989 and 1990. 

Although I do not have quantitative data on prey 

availability, indirect or circumstantial evidence (such as 

the fact that the individuals in the sample captured in 

1990 on the study area had SVL sizes below 1200 mm, and 

that during the whole 1990 study season not a single rodent 

was observed night or day, dead or alive) suggests that the 

characteristics of localized populations of Boiga may 

change over time in response to prey availability. An 

assessment of prey availability should be made to allow us 

to interpret the observed conditions of the brown tree 

snake population. 

One interpretation of these data leads to the 

hypothesis that availability of prey may strongly affect 

Boiaa populations on Guam. Furthermore, lack of prey may 

stimulate movement of snakes to new areas. Savidge (1991) 

suggested that large males were probably the first ones to 

move towards new habitat in search of better resources. 

If snakes are successful in reaching those areas with 
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available prey they will survive. If they do not, they 

will either succumb or continue to move. This hypothesis 

would explain the observed movement pattern of brown tree 

snakes on Guam. 

Activity parameters 

Trianaulation Error 

Boiaa a nocturnal species, usually remains inactive 

and tightly coiled in secluded refuges during daylight 

hours. Accurately determining the extent of movements at 

night is very difficult. Nighttime radio tracking to 

precisely locate snakes is hazardous in broken terrain, and 

the use of flashlights may affect the behavior of the 

snakes. Triangulation is a less intrusive method of 

obtaining the locations, but the degree of accuracy is less 

certain. The tendency to overestimate movements is the 

major problem, especially when the snakes move short (0 to 

49 m) or medium distances (50 to 79 m). In such cases, 

because of inaccuracies in telemetry, an apparent movement 

between two points may be recorded when in fact the snake 

has not moved. Triangulation estimates contained less 

error when snakes moved large (>80 m) distances. In this 

case, we are more likely to err by not recording an actual 

movement, but at the same time we are less likely to report 

a movement that did not occur. 



Movement and Directionality 

Snake movements between consecutive daytime location 

did not exhibit any particular directional pattern. 

Therefore, on a day-to-day basis, the direction of a 

snake's movements may be random (directions uniformally 

distributed around 360°). However, when the direction of a 

snake's movements are evaluated over the entire tracking 

period in relation to one particular point (the first 

daytime location), a non-uniform distribution was found in 

each of the 11 snakes. Non-random distributions could be 

produced by random day to day snake movements. Random 

movements between consecutive daytime locations, may result 

in passive diffusion from the point of origin, creating a 

spurious directional pattern (Goutestad and Mysteroud, 

1993). Moreover, if the snake movements from the point of 

origin were directional, it seems unlikely that 

corresponding day to day movements (between consecutive 

daytime locations) would be random. At any rate, there is 

strong evidence that snakes do not remain in any given area 

for any great length of time and that the particular 

direction of movement is unpredictable. 

Net Distance Moved Per Dav versus the Size of the Activity 

Area 

The average distance moved per day and size of 
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activity area were near the maximum values reported for 

those parameters in other colubrid species (Macartney et 

al. 1988). Similar magnitudes to those found in this study 

were associated with migrational movements to and from 

hibernacula (Brown and Parker, 1976; Ciofi and Chelazzi, 

1991). Inclusion of short-movement distances based on 

telemetry probably produced a positive bias in the figures 

for average distance moved per day, but is unlikely to have 

had much effect on size of activity area. 

In a previous section, I suggested that Boiaa may move 

in response to prey availability and continue to move until 

they encounter areas with sufficient resources to survive. 

Such a hypothesis implies that abrupt increments in the 

size of the activity area over time may indicate movement 

of the snake towards a new area. Similar patterns of 

periodic increases in range size, have been reported for 

other colubrids (Tiebout and Cary, 1987; Madsen, 1984). In 

the case of water snakes (Nerodia sipedon), the cumulative 

activity area never reached an asymptote because the area 

of use shifted periodically (Tiebout and Cary,1987), and 

in the case of grass snakes (Natrix natrix), the tracking 

time was positively correlated with home range increments 

(Madsen, 1984) as in this study. 

The data for all radiotagged snakes indicate that the 

size of the activity areas of the individual snakes 
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increased as a function of tracking time and that net 

distance moved per day was related to the size of the 

activity area (analogous to home range size). This 

correlation suggests a general movement pattern comprised 

of periods of inactivity, or short local movements, 

punctuated with longer displacements. 

Such a pattern is consistent with a predator that 

makes short hunting forays near a refuge with resting 

periods for digestion, followed by a shift to another area. 

The extent to which such shifts represented movements into 

previously unused areas varied widely among all the snakes: 

CH1-90 used an activity area of only 2.3 ha moved an 

average of 60 m/day for 99 d and revisited refuges 11 

times; CH5-90 moved an average of 76 m/day, covered an area 

of 99 ha in 86 d and never revisited a refuge. 

The rate of increase in the size of the activity area 

differed for each of the snakes, but despite the 

differences in scale, all snakes showed the same pattern of 

increasing activity area as a function of time. In 

contrast, animals which use a fixed home range typically 

have rapidly increasing ranges as initial observations 

accumulate, followed by a levelling-off as the outer bounds 

of the home range are discovered. Subsequent locations are 

mostly within the home range and do not increase its size 

(Mares et al., 1980). 
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In general, predators could maximize their hunting 

success, while at the same time reducing the risk of 

predation, by remaining in a familiar location as long as 

it provided sufficient resources (Krebs, 1978; Lima and 

Dill, 1990). Brown tree snake movements are unreported in 

their native range and I do not know if they use fixed home 

ranges under conditions of adequate prey availability. Nor 

are snake species, as a group, consistent in their use of 

foraging areas (Macartney et al., 1988). While there are 

species that commonly use fixed areas (Stickel et al., 

1980; Brown and Parker, 1976), others show no such 

tendency, but wander continually (Madsen, 1984; Tiebout and 

Cary, 1987; Reinert and Zappalorti, 1987). Perhaps the 

movement patterns of Boiaa irregularis in Guam, are more 

consistent with a species which uses a fixed area when prey 

levels are adequate, but becomes vagrant when prey are 

depleted. 

Rates of movement 

At the population level, Savidge (1987) reported that 

Boiga irregularis dispersed across the island at a rate of 

approximately 1.6 km per year (4.4 m per day). Regarding 

the dispersal capacity of individual Boiga irregularis. the 

parameters (Table 5a) of net distance moved per day (24.8 

to 97.7 m per day) and maximum straight distance recorded 
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from the first daytime location (142.8 to 1809.4 m) provide 

an empirical estimate for the snake's dispersal ability. 

Savidge's estimate may reflect the rate of expansion of a 

population on an island where the resources were originally 

abundant. Conversely, our data refer to dispersal 

estimates for individual snakes probably under conditions 

of low prey availability. Given the disparity of these two 

data sets, they provide a reasonable range of estimates of 

the snake's potential rate of dispersal upon arrival in 

small oceanic islands. 

Nighttime Movements 

Analysis of nighttime movement data suggested that 

patterns deduced from daytime locations were representative 

of both day and night movements. Short net movements from 

one day to the next seemed to co-occur with short net 

movements at night. Longer nighttime movements were paired 

with greater distances between daytime refuges. The 

analysis of the nighttime locations also suggested that the 

movement between the daytime locations occurred during the 

early part of the night, perhaps in the first 4-6 hours 

after sunset. Moreover, in our data set there was little 

indication that snakes tend to make long nocturnal forays 

(>80 m) and then return to the previous daytime location. 



This pattern in overnight movements is consistent with 

the previously stated hypothesis that brown tree snakes are 

not strictly territorial but occupy an area for as long as 

resources are available. The snakes tended to remain near 

closely-clustered refugia for a period, and then shift 

their center of activity to a different area. 

Habitat 

Davtime Refuges and Habitat Use 

Any secluded area where the snake was not exposed 

seemed to provide sufficient security for use as a daytime 

refuge. The behaviour of spending the daylight hours 

tightly coiled in secluded refuges was also reported in 

three nocturnal species of the neotropical genus Imantodes 

(Henderson and Nickerson, 1976). 

There was a tendency for snakes to select refuges 

above ground but snakes also occupied refuges on or under 

ground. Snakes also occupied refuges in the disturbed 

areas of roadside and regularly crossed and recrossed 

roads. 

Snakes found suitable refuges in all types of 

habitats. It appears unlikely that habitat management 

alone would be sufficient to make any area uninhabitable by 

brown tree snakes or provide a barrier to dispersal. 

Nevertheless, it seems reasonable to expect that some type 
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of physical barrier will have to be constructed if we are 

to exclude brown tree snakes from selected areas. 

Rodda (1992) has suggested that Boiaa forage 77% of 

the time within 3 m of the forest floor. However, the fact 

that refuges are located at all heights suggest that the 

snakes are able to forage at all vegetation levels. This 

assumption is supported by the observation that perch 

height is unrelated to snout vent length (Rodda, 1992). 

Snake aggregations in davtime refuges 

Pendleton (1946) reported aggregations of more than 

two brown tree snakes in the same refuge and we have 

observed radio-tagged snakes next to non-radio-tagged 

snakes. Nevertheless, we do not have the data to relate 

those observations with refuge selection, snake density or 

pheromonal attraction. 

Predation on Brown Tree Snakes 

There is little previous information concerning 

predation on Boiga irregularis (Wiles, 1985 and 1986). I 

observed two cases of predation (out of 16 radio-tagged 

snakes) involving feral pigs (Sus scrofa) and monitor 

lizards (Varanus indicus). These data are too limited to 

determine whether these species represent important 

predators on brown tree snakes. 
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A feral pig killed and partially ate one of the radio-

tagged snakes. Feral pigs are abundant and widespread on 

the study area but were seldom observed in close proximity 

to snakes (pers. obs.) 

In 1990, I recorded an atypical daytime movement from 

one of my radio-tagged snakes and determined that the 

signal was coming from a monitor lizard. I sacrificed the 

lizard and documented it had eaten the radio-tagged snake. 

Such monitor lizards fVaranus indicus) are widespread on 

the island of Guam but have not previously been reported as 

a predator on brown tree snakes. Between 1962 and 1964, 86 

varanid lizards were collected around the runways of 

northwest field (the same area as my study); analysis of 

the stomach contents did not show L. irregularis as a prey 

item (Dryden, 1965). More recently, Wiles (1985 and 1986), 

reported varanid lizards killing (but not ingesting) radio-

tagged snakes. 



Appendix A. Capture data and transmitter weights for all snakes implanted with 
transmitters in 1989 and 1990. 

Length Imml Capture Recapture Height Transmitter 
Snout Weight at rec. Change Weight Capture Recapture 

Snake ID Sex Days Vent Total (g) (g) (%) (g) Weight(%) Weight (%) 

CH1-89 M 39 1263 1507 222.0 6.4 2.9 
CH9-89 H 36 1265 1600 350.0 395.0 12.9 6.2 1.8 1.6 
CH10-89 M 41 1352 1647 278.0 315.0 13.3 6.3 2.3 2.0 
CH4-89 F 13 1157 1435 240.0 236.0 -1.7 2.4 1.0 1.0 
CH2-89 H 13 1184 1502 180.0 172.0 -4.4 6.0 3.3 3.5 
CH1-90 F 99 1117 1343 154.0 116.8 -24.2 5.8 3.8 5.0 
CH2I-90 M 42 1090 1430 128.0 102.6 -19.8 6.0 4.7 5.8 
CH2II-90 H 44 1093 1375 138.7 111.3 -19.8 6.0 4.3 5.4 
CH3-90 H 73 1142 1400 155.5 132.1 -15.0 6.0 3.9 4.5 
CH4II-90 F 75 1072 1373 147.5 134.0 -9.2 5.9 4.0 4.4 
CH5-90 M 86* 1056 1342 106.0 5.8 5.5 
CH6-90 F 103 1052 1351 150.0 115.7 -22.9 6.1 4.1 5.3 
CH8-90 M 74 1163 1498 186.4 207.9 11.5 5.9 3.2 2.8 
CH4I-90 F 15 1026 1305 106.0 5.9 5.5 
CH7-90 M 14 1065 1242 134.9 6.1 4.5 
CH12-90 F 6 1034 1435 124.0 5.8 4.7 

*- After 86 days of continuous tracking the signal became erratic and disappeared, 
16 days later the signal was received clear enough to recover the transmitter. 



Appendix B. Capture data from snakes not radio implanted in 1990. 

ID# 
Days/ 
month Hour Sex 

Lenath fmm) 
Snout-vent Total 

Weight 
(g)  Notes 

2 26-28/08 20:25 M 1185 1400 130.5  Moving ** 
3 07-08/09 20:00 M 1100 1304 96.0  Moving 
1 26-27/08 M 972 1004 99.0  Moving 

10 21-22/09 22:00 F 1054 1286 85.0  Road kill-recent* 
11 21-22/09 23:00 F 980 1082 71.0  Moving 
12 24-25/09 20:50 M 854 880 65.0  Moving 
5 15-16/09 20:50 M 572 720 13.5  Moving 
6 15-16/09 20:75 F 990 1262 68.0  Moving 
7 15-16/09 21:25 M 1053 1355 137.0  Road kill-recent* 
8 15-17/09 23:00 M 1130 1444 140.0  Road kill-recent* 
4 14-15/09 20:75 F 386 490 6 .0  Road kill-recent* 
9 21-22/09 21:25 F 1032 1214 100.0  Moving 

13 01-02/10 21:50 M 1012 1140 90.0  Moving 
14 05-06/10 21:00 M 1126 1380 95.0  Moving 
15 05-06/10 21:00 F 1000 1252 97.0  Moving 
17 15-16/10 20:75 M 1193 1506 135.0  Moving 
16 13-14/10 04:00 F 1064 1091 90.0  Moving 
18 23-24/10 09:25 F 1063 1347 132.0  Resting on Hsite 7/CH690 
19 30-31/10 00:50 M 1242 1568 210.0  Moving *** 
20 30-01/11 09:00 F 998 1276 106.5  Resting Hsite 12/CH2II90 

*- All dead snakes were measured within minutes of being killed. 
**- Snake to be implanted with radio, but died of heat exposure. 

***- Snake to be implanted, but died in collecting the bag (no visible injuries). 



Appendix C. Incidence of refuges used by different snakes. 

Case Refuge Type 
No. Date Refuge number/snake ID Notes 

1 ll-12/Sept/90 Tree Crown 
Hsite 7/CH6-90 

Non-tagged snake (Total length 1500 mm) 
observed in same refuge with CH6-90. 

2 18-19/0ct/90 
19-20 
20-21 
21-22 
22-23 
23-24 

Tree Crown 
Hsite 7/CH6-90 

Captured non-tagged snake after six 
consecutive days of observation. 
Similar in size (Total length = 1347 mm) 
to the one observed the 11-12 sep. 1990. 

3 16-17/nov/90 Pandanus crown 
Hsite 13/CH1-90 

Non-tagged snake observed only once in 
the site. 

4 30-1/Nov-Dec 
1990 

Pandanus crown 
Hsite 12/CH2II-90 

Non-tagged snake captured at the same time 
as CH211-90 in the same crown, next to each 
other. 

5 3-4/oct/90 Tree crown 
Hsite 6/ Ch4-89 

Same location for the refuge H3ite 7 used 
by snake CH7-90. 



Appendix D: 

Maps of the geographical posit ions of daytime 

locations for snakes tracked during more than 
35 days, during 1989 and 1990. 

Map Legend.  

0  First  dayt ime locat ion 

O Dayt ime locat ions:  Homing method 

® Dayt ime locat ions:  Tr iangulat ion method 

•  Recapture si te  (or  last  recorded locat ion)  

Movements between consecut ive 

dayt ime locat ions 

Per imeter  of  the act iv i ty  area 

(minimum convex polygon method)  

100 m Maximum recorded distance from 

T the f i rst  dayt ime locat ion 

Map project ion and grid geodetic tr iangulat ion 

coordinate system 1963 datum for the island 

of Guam 
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Figure D— 1. Daytime locations 
for snake CH1 —89. 
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Figure D —3. Daytime locations 
for snake CH10 —89 
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