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AbstractAbstract. Three species of flying foxes occur in the U.S. Pacific island territories: P. samoensis and Pteropus tonganus in 
American Samoa, and P. mariannus in the Commonwealth of the Northern Mariana Islands (CNMI) and Guam. Population 
assessments for these species have been underway for the last 20–25 years, although early efforts often resulted in erroneous 
estimates. Population abundances of colonial species have been determined primarily through direct counts at colonies or counts 
of individuals dispersing from colonies. Largely solitary species or populations were sampled primarily diurnally, and indices of 
abundance were derived from counts. Survey approaches and protocols have undergone historical revisions, precluding long-term 
statistical analyses of population trends. However, the data have yielded a descriptive profile of temporal trajectories in popula-
tion sizes. Currently, populations of P. samoensis and P. tonganus in American Samoa are stable after recovering from hunting and 
successive hurricanes in 1990 and 1991. Populations of P. mariannus in the CNMI (primarily Sarigan Island) and Guam are likewise 
stable, albeit at levels lower than historically recorded. Although flying foxes in Guam are under federal protection, those in the 
CNMI are still threatened by hunting. At present, methodological options for monitoring are logistically limited by the unique 
topographic and geographic properties of island territories. Moreover, behavioral and ecological characteristics of the species do 
not lend themselves to application of standard population estimation techniques. We summarize the approaches used for monitor-
ing the three species and discuss the relative virtues of each approach. 
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Introduction 

The three species of pteropodid bats (genus 
Pteropus) found in the U.S. Pacific territories of American 
Samoa, the Commonwealth of the Northern Mariana Is-
lands (CNMI), and Guam historically have been subjected 
to both natural (e.g., hurricanes and predators) and an-
thropogenic (e.g., hunting) pressures (Wiles, 1987a; Wil-
son and Graham, 1992; Craig and others, 1994; Grant and 
Banack, 1995; Pierson and others, 1996; Rainey, 1998). 
The geographic isolation and relatively depauperate fauna 
of these islands enhance the ecological importance of 
flying fox populations to island ecosystems (Cox and oth-
ers, 1992; Rainey and others, 1995; Webb and Fa’aumu, 
1999; Webb and others, 1999). Moreover, this isolation 
implies limits to inter-island movements as a means of 
naturally reconstituting severely depressed populations 
of bats. Continuous regular monitoring of these species 
of Pacific flying foxes is, therefore, crucial for document-
ing population trajectories and detecting variables that 
may be affecting numbers and population trends [see 
Utzurrum and Seamon (2001) for a recent discussion]. In 
turn, such information may be useful for developing mea-
sures to aid in the recovery of declining populations. 

We present recent trends in the populations of the 
Samoan fruit bat (Pteropus samoensis) and the white- 
naped fruit bat (P. tonganus) on American Samoa (Fig. 1), 
and of the Mariana fruit bat (P. mariannus) in the CNMI 
and Guam. We also review the various methods for sur-
veying the different populations, especially addressing 
attendant methodological problems and logistical diffi-
culties. Flying fox surveys have been conducted else-
where in the Pacific (Engbring, 1984: Yap; Wiles and others, 
1991, 1997: Ulithi, Palau; Bowen-Jones and others, 1997: 
Solomon Islands; Grant, 1998: Tonga), but none of these 
constitute a monitoring program. 

Study AreasAreas 

American Samoa 

The U.S. Territory of American Samoa is comprised 
of five volcanic islands (Aunu’u, Ofu, Olosega, Ta’u, and 
Tutuila) located from 170o 50' to 169o 25' W and 14o 23' to 
14o 10' S and two remote atolls (Rose, centered at 168o W, 
15o S, and Swains, at 171o W, 11o S) (Fig. 2). The climate in 
the region is tropical and the islands are subject to peri-
odic hurricanes and tropical storms (Elmqvist and others, 
1994). 

Resident populations of both P. samoensis and P. 
tonganus occur on four of the islands (i.e., Ofu, Olosega, 
Tutuila, and Ta’u; Fig. 2). Tutuila, the largest of these 

islands, sustains about 96% of the estimated total human 
population of 61,000. The terrain is characteristically bi-
sected and steep, with slopes ranging from 15% to >100% 
(Nakamura, 1984; Webb and others, 1999). A significant 
portion of the island is forested (an estimated 53% as of 
1985: Cole and others, 1988), and largely inaccessible by 

Fig. 1Fig. 1Fig. 1Fig. 1Fig. 1. Fruit bats of American Samoa: (top) the Samoan 
fruit bat, Pteropus samoensis, and (bottom) the white- 
naped fruit bat, Pteropus tonganus. 
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road or even from sea. The three other islands (Ofu, 
Olosega, and Ta’u) are similarly rugged and difficult to 
access. 

The Mariana Islands 

The Mariana Islands, which include the United States 
territories of the CNMI and Guam, extend 750 km from 13o 
14' N, 144o 45' E to 20o 3' N, 144o 54' E and are approximately 
1,500 km east of the Philippines Islands (Fig. 2). The 10 
northernmost islands are volcanic in origin, whereas the 
remaining five islands are largely uplifted coralline 
plateaus. Mariana fruit bats have been known to occur 
on all of these islands at one time or another. The largest 
southern islands [Guam, Rota, Tinian, and Saipan; 
(Fig. 2)] are inhabited by approximately 225,000 people. 
Islands north of Saipan are either unoccupied or support 
just a few families. The climate is tropical, with daily mean 

temperatures of 24o to 32 oC, high humidity, and an average 
annual rainfall of 200 to 260 cm. 

Monitoring ConsiderationsMonitoring ConsiderationsMonitoring ConsiderationsMonitoring ConsiderationsMonitoring Considerations 

Monitoring Pacific island flying foxes requires meth-
odologies that differ significantly from those used for 
North American microchiropteran bats. Surveys must be 
designed to count both colonial and spatially dispersed 
or solitary components of Pteropus populations. Varia-
tion in the degree of coloniality in a species, as well as 
temporal variation in activity patterns among populations 
on different islands, require that biologists be familiar 
with the specific characteristics of each population and 
island that will be surveyed. 

Studies are needed to determine factors influencing 
behavioral variation (e.g., degree of sociality, diel activity 

Fig. 2.Fig. 2.Fig. 2.Fig. 2.Fig. 2. The southwestern Pacific islands, with emphasis on the U.S. territories of Guam, the Commonwealth of the 
Northern Mariana Islands, and American Samoa. 
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patterns) in the three species found in the territories. 
Changes in population size, reproductive activities, preda-
tor pressure, disturbance regimes, and spatio-temporal 
patterns in food availability within and among islands or 
localities are among suggested correlates of such varia-
tion (e.g., Pierson and Rainey, 1992; Speakman, 1995; Grant 
and others, 1997). Monitoring protocols must, therefore, 
account for and adjust for the variability that such intrin-
sic and extrinsic influences contribute to survey results. 

Conditions such as wind speed, cloud cover, and 
observation distance vary in time and space, thus possibly 
affecting count accuracy. Logistical challenges are also 
often immense, and transportation and personnel 
requirements can make surveys expensive and difficult 
to conduct on some islands. Species characteristics and 
island traits, which affect survey efforts, are described 
below. 

Species Characteristics 

All three species are large in size (wingspans of 90– 
120 cm), making them visible in flight at distances of up to 
1 km. Pteropus mariannus and P. tonganus are primarily 
nocturnal, but can also be active in the daytime, espe-
cially in the early morning and late afternoon (Wilson and 
Engbring, 1992; Banack, 1996; A.P. Brooke, R.C.B. 
Utzurrum, and G.J. Wiles, unpub. data, 1999). Both spe-
cies are highly colonial, with smaller portions of popula-
tions living solitarily, but this can vary greatly among 
islands. For example, P. mariannus are generally colonial, 
as on Guam. On Ulithi (Caroline Islands), however, a sub-
stantial portion of the population occurs as individuals 
(Wiles and others, 1991). Pteropus samoensis are prima-
rily active in the late afternoon and night, but can be seen 
throughout the day, and are generally solitary (Cox, 1983; 
Thomson and others, 1998; Brooke, 2001). Difficulties in 
conducting counts of this species are compounded by 
overlaps in size, morphology, and activity pattern with P. 
tonganus (Banack,  1996, 1998; but see Wilson and 
Engbring, 1992). The colonies or individuals of all three 
species roost in treetops or within forest canopies. Colo-
nies vary in size from a few individuals to rarely up to 100 
animals in P. samoensis, 2,000 animals in P. mariannus, 
and 4,000 or more animals in P. tonganus. 

Flying foxes are strong fliers and have the potential 
to cover an entire island in a single night, as well as move 
distances of up to 100 km between islands (Wiles and 
Glass, 1990; Banack, 1996; Richmond and others, 1998). 
Colonies may shift locations over short periods of time in 
response to changing food availability and human and 
natural disturbances (Banack, 1996; Grant and others, 
1997; Richmond and others, 1998; Brooke and others, 
2000). Bats are hunted on all islands; such disturbance 
can force them into using the roughest terrain and 

possibly into becoming more nocturnal (Brooke and 
others, 2000). 

Island Characteristics 

Aside from Guam, which is 540 km2, most of the 
Pacific islands in the U.S. territories with populations of 
flying foxes range in size from about 5 km2 to 142 km2. 
Severe topography, rugged shorelines, and relatively 
undeveloped road or trail systems can make access to 
count sites difficult on some islands, such as in the remote 
northern Marianas (Fig. 3) and the northern coast of 
Tutuila on American Samoa. In such cases, surveys are 
conducted from a boat or areas accessed from a helicopter 
or boat. Rough seas, heat and humidity, high rainfall, and 
the annual typhoon season can result in harsh and 
unpredictable field conditions that often hamper efforts 
to conduct regularly scheduled surveys. 

Count Count Count Count Count TTTTechniquesechniquesechniquesechniquesTechniques 

Several methods have been employed to count the 
three species, with most surveys to date using a combi-
nation of the techniques described below. 

Fig. 3.Fig. 3.Fig. 3.Fig. 3.Fig. 3. The southwest coast of the island of Pagan in the 
Commonwealth of the Northern Mariana Islands. Steep 
hillsides (elevation is about 550 m on the ridge tops), 
deep ravines, and thick swordgrass complicate attempts 
to survey and monitor fruit bat populations. 
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Direct Counts at Colonies 

Flying foxes in aggregations are best counted when 
their roosting trees can be viewed at relatively close dis-
tances (100–300 m) from suitable overlooks or vantage 
points. Observers use binoculars or spotting scopes to 
enumerate visible animals. In locations where bats are 
sensitive to human presence, viewpoints are placed down-
wind of colonies and set back at least 150 m. At densely 
populated roosts, observers may use visual reference 
points (e.g., individual trees) to break aggregates into 
smaller and more manageable counting units. 

Under anything other than ideal viewing conditions, 
direct colony counts do not represent complete censuses. 
For example, under very good viewing conditions, sample 
counts of a P. tonganus colony from a distance of 50 m 
differed by 10–40% depending on whether a Questar spot-
ting scope or high quality 10x binoculars were used. For 
this reason, count totals have been increased by 5–10% 
in several studies (Wiles, 1987a; Stinson and others, 1992; 
Worthington and others, 2001) to account for animals hid-
den from sight by foliage or roost mates. When applied, 
the magnitude of the correction factor was site-specific 
depending on roosting patterns, foliage density of roost 
trees, and the distance of the observer from the colony. 
However, the accuracy of such correction factors has not 
been tested by any study. 

Counts from boats are more problematic. Counts from 
boats are subject to most of the problems of land-based 
surveys, as well as the effects of boat motion. Given these 
circumstances, surveys typically involve conducting an 
“ample” count (e.g., by trees or portions of trees) or 
categorical scoring (i.e., enumerating clumps or trees by 
estimated group size categories) from which an overall 
estimate can be generated. Often, a single experienced 
observer conducted the counts. There are advantages, 
however, to simultaneous independent counts (by 2–4 
observers) of the same colonies. First, multiple 
independent counts of a colony constitute a form of 
sampling that lends robustness to the resulting estimate. 
Second, it reduces the likelihood of missing individuals, 
especially when counting large colonies. Observer fatigue, 
especially when conducting a series of counts during one 
day or when count conditions are marginal (e.g., counting 
from a boat in rough seas), can compound counting 
problems. This situation can be remedied by having 
several experienced observers alternate among counts of 
successive colonies. 

Counts of Bats Dispersing from Colonies 

Exit or departure counts (described below) are used 
to estimate the sizes of remote colonies when accurate 

direct counts are not possible. These may include colo-
nies of known general location that are obscured from 
view, or when direct count conditions are marginal (e.g., 
when seas are very rough during counts from boats). 
Observers typically position themselves at vantage 
points where bats departing colonies are silhouetted 
against the sky (Fig. 4). Ideally, counts begin at the first 
indication of individuals leaving the colony, possibly 
shortly before dusk, and continue until darkness. Al-
though night vision equipment can extend hours of ob-
servation, most currently available models have limited 
ranges and are of limited suitability for long-distance use. 

Nightly differences in emergence patterns of the bats 
and viewing conditions (e.g., changes in cloud cover, or 
seasonal changes in day length) can create considerable 
variability in count results. Because some individuals 
depart unseen or remain in the roost until nightfall, counts 
of bats dispersing from colonies represent a subset of 
the total colony size. Thus, some researchers have multi-
plied their count results by some factor to arrive at an 
estimate of colony size (Wiles and others, 1989; Stinson 
and others, 1992; Worthington and others, 2001). How-
ever, such corrections were generally determined arbi-
trarily. Clearly, validation, through comparison with direct 
counts of colonies, needs to be done if correction fac-
tors are to be used. 

Station Counts of Non-Colonial Bats 

To assess the abundance of solitary flying foxes, 
researchers have relied on daytime (i.e., early morning or 
late afternoon) station counts conducted from vantage 
points with clear views of the nearby landscape. Observ-
ers typically scanned the horizon and intervening terrain 
with binoculars to count the numbers of bats (usually 
flying) seen. Count areas typically covered 15–100 ha. 

Fig. 4.Fig. 4.Fig. 4.Fig. 4.Fig. 4. View of Nuusetoga Island from Tutuila, American 
Samoa. This vantage point is used during surveys to 
count fruit bats as they fly to the mainland. 
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Since 1993, counts in the morning in American Samoa 
were standardized to start at dawn and continue for 2 
hours thereafter (Craig and others, 1994; Brooke, 2001). 
Late afternoon counts, on the other hand, usually lasted 
2 hours and extended until darkness or until dispersing 
colonial animals began to intermingle with solitary indi-
viduals. Results were based on the total number of bats 
active per unit area per unit time. Numbers obtained were 
used to index abundance, for example, as the number of 
bats per km2 per 10 min. Some converted these counts to 
density estimates for an area or island (e.g., Craig and 
others, 1994; Brooke, 1997). The estimates were derived 
on the assumption that bat activity at a counting station 
was representative of the total number of solitary animals 
in all similar habitats on an island. The use of indices for 
population monitoring has been criticized (e.g., Lancia 
and others, 1994; Link and Sauer, 1998), as has the prac-
tice of converting indices to population size estimates 
(Nichols and Conroy, 1996). However, problems atten-
dant to index methods for detecting trends in abundances 
are not entirely intractable (Bart and others, 1998; Conroy, 
1996). 

The diurnal station count (described above) suffers 
from methodological problems. The difficulty in distin-
guishing between sympatric P. tonganus and P. samoensis 
has consistently been a problem in American Samoa, even 
for experienced observers (Craig, 1992). Additionally, the 
presence of large numbers of bats increases the likeli-
hood of double-counting the same individuals. Because 
difficulty in tracking individual bats can increase with 
count duration, determining an appropriate interval length 
is important. Finally, some animals may not be active dur-
ing count periods and can go unrecorded (Brooke, 2001). 

Substantial variation in diurnal station counts has 
been noted in American Samoa. In the past, this problem 
arose in part from the use of multiple observers of vary-
ing degree of expertise spread across multiple (>10) count-
ing sites. Morrell and Craig (1995) conducted a series of 
randomized counts and concluded that 10 replicated 
counts (i.e., visits) were needed per site to stabilize mean 
estimates. No surveys in the Marianas have incorporated 
such replications. 

In American Samoa, changes to the counting protocol 
for P. samoensis have been made to address some of the 
conceptual and practical problems discussed above. 
These include: (1) reducing the number of monitoring sites 
from >20 to 6; (2) limiting the number of observers to 1–3 
competent individuals, often working in tandem; 
(3) shortening individual count periods from 30 to 10 
minutes; (4) increasing the number of count replicates 
within a survey from a single 30-minute to eight 10-minute 
counts; and (5) increasing the frequency of surveys from 
annually to monthly. Because of these changes, statistical 

analysis of long-term trends in indices compiled since 
1987 is impossible. However, we believe the measures 
were necessary to reduce variance in counts among 
observers (changes 1 and 2 above) and within counts (4), 
to minimize errors in identification (2), to avoid double 
counting of individuals across space (1), and in time (4), 
and to account for inter-habitat and intra-annual variation 
in numbers (1 and 5). 

Opposition to the use of indices for monitoring of popu-
lation changes remains strong (see Workshop Group A 
report, this volume). Presently, however, these counts 
constitute the only practical option for monitoring soli-
tary pteropodids in the U.S. Pacific island territories [see 
Working Group A, Pacific Islands Fruit Bat Subgroup 
Report in Part II of this volume; Conroy and Nichols (1996) 
discuss practical limitations in estimating populations in 
mammals]. The number of survey sites (7), their geo-
graphic representation (along an east-west continuum), 
frequency of sampling (monthly), and intensity of counts 
(eight 10-minute counts per visit per site) currently em-
ployed in P. samoensis surveys suffice for examining 
population changes across various spatial and temporal 
scales [see DeSante and Rosenberg (1998) for criteria and 
a discussion on sampling design and scale]. 

Variable Circular Plot Technique 

Flying foxes have been counted on one island in the 
Marianas using the variable circular plot (VCP) technique 
(Fancy and others, 1999), a method widely used for forest 
birds. An observer records all bats seen and estimates 
distances during a standardized time period (usually 8 
minutes) at multiple stations along a series of transects. 
A density estimate is then computed for each habitat us-
ing count and distance values. Flying foxes violate sev-
eral important assumptions of the technique because: 
(1) animals clumped in colonies are not evenly distrib-
uted across the landscape, (2) roosting individuals may 
frequently go undetected because they rarely vocalize 
and are less active during the daytime when counts are 
conducted, and (3) flying individuals may be recorded 
more than once as they move back and forth through a 
count area. 

Population Population Population Population Population TTTTrendsrendsrendsTrendsrends 

Following is a synopsis of trends in populations of 
P. mariannus, P. samoensis, and P. tonganus. Accounts 
are descriptive because changes in survey protocol over 
the years preclude statistical detection of long-term 
changes. 
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American Samoa 

Most survey work has been done on the largest island 
of Tutuila (142 km2), with minimal effort spent in the three 
islands of the Manu’a group (5–45 km2). Amerson and 
others (1982) made the first estimates of bat populations 
in 1975–1976 by converting counts of bats in 0.3 ha survey 
plots to absolute numbers as follows: total estimated 
numbers = mean number of bats per 0.3 ha of a specific 
vegetation type x estimated total area occupied by 
vegetation type on island. Amerson and others, (1982) 
did not specify the duration of the counts, and observers 
did not distinguish between P. tonganus and P. 
samoensis. Their combined estimates for both species 
were 75,000 bats on Tutuila and 65,000 bats in the Manu’a 
Islands, but these were undoubtedly overestimates. 

Pteropus samoensis 

Projecting a trend in numbers of P. samoensis in 
American Samoa is impossible because methods used for 
its survey have undergone numerous changes since 
counts were conducted in the 1980’s. In most cases, the 
surveys generate an index of abundance (bats/unit time 
or bats/unit time/unit area). However, there have been 
instances when these indices were converted to popula-
tion estimates as discussed in preceding sections. The 
following is our attempt to summarize the data available 
from records at the Department of Marine and Wildlife 
Resources (DMWR) and from various publications. 

In the early 1980’s, Cox (1983) reported extremely low 
numbers of P. samoensis in American Samoa following 
limited sightings of bats on Tutuila (a breeding pair) and 
Ta’u (one individual). Cox and Tuttle (1986) estimated 
that 300 individuals remained on Tutuila and petitioned 
the U.S. Fish and Wildlife Service (USFWS) for endan-
gered status. This petition did not receive much local 
support, but it did result in a memorandum of agreement 
between the Office of Marine and Wildlife Resources and 
the U.S. Fish and Wildlife Service to commission system-
atic surveys. Multiple non-replicated 20- to 30-minute 
counts were subsequently conducted between 1986 and 
1989 by Wilson and Engbring (1992) and by staff of the 
DMWR of American Samoa. Although no estimates of 
population size were generated, the survey data were sta-
tistically compared among years and results indicated 
that populations were stable on both Tutuila and Manu’a 
during this period (Wilson and Engbring, 1992). 

The population of P. samoensis on Tutuila declined 
in the aftermath of two hurricanes in the early 1990’s. 
Prior to Hurricane Ofa in 1990, the population was 
estimated at 700 individuals (Pierson and others, 1992). 

Surveys in 1992 (shortly after Hurricane Val in December 
1991) placed the population at 200–400 bats. The decrease 
in estimated numbers was attributed largely to 
opportunistic and extensive take of weakened and exposed 
(due to habitat damage) individuals by hunters (Craig 
and others, 1994). Since 1995, the estimated number of P. 
samoensis based on dawn (station) counts on Tutuila 
has remained roughly the same at about 900 animals 
(Brooke, 1997). The Manu’a Islands’ collective population 
was estimated at 100 bats in 1996 (Brooke, 1997). Although 
station counts using the survey protocol instituted in 
1995 have been conducted since 1996 on Tutuila and all 
three Manu’a islands, the practice of converting the 
resulting indices to estimates was discontinued. Results 
from the 1997 to 2000 surveys indicate that: (1) the Tutuila 
population, based on relative indices (i.e., number of bats 
sighted per 10 minutes per km2), appears stable at levels 
found since 1995; and (2) the Manu’a populations remain 
low, with counts generally averaging less than one bat 
per 10 minutes at a station (Department of Marine and 
Wildlife Resources annual reports: 1997–2000). 

Pteropus tonganus 

Results of direct and indirect counts of colonies of P. 
tonganus since 1987 on Tutuila are summarized from data 
compiled in the DMWR and as published in Craig and 
others (1994), Brooke (1997), and Utzurrum and Seamon 
(2001) (Table 1). Between 1987–1989, surveys yielded 
estimates of 12,750–28,000 bats island-wide. An export 
ban and a seasonal hunting program instituted in 1986 
were apparently ineffective and the population appeared 
to be in slow decline (Craig and others, 1994; Utzurrum 
and Seamon, 2001). The population declined dramatically 
in the wake of Hurricane Ofa in 1990 to about 4,500 bats 
(Craig and others, 1994). It dropped further to about 1,700 
bats in early 1992 after Hurricane Val hit the island in 
December 1991 (Brooke, 1997). An executive order insti-
tuting a total hunting ban was enacted shortly thereafter. 

Two to four island-wide roost surveys of P. tonganus 
on Tutuila have been conducted annually since 1992. 
Counts increased to about 5,000 bats in 1996 (Brooke and 
others, 2000). Although estimates were lower in the two 
subsequent years (i.e., 3,265–4,000 bats in 1997 and 1998), 
the average estimate from surveys in 1999 suggests a 
population of approximately 6,000 bats (DMWR 1999 an-
nual report). 

Single annual surveys of the Manu’a islands (i.e., 
Ofu, Olosega, and Ta’u) in 1990–1994 gave estimates of 
33–390 bats (Department of Marine and Wildlife Re-
sources annual reports). In 1996, two colonial roosts were 
located and numbers estimated at 1,770 bats (Brooke, 
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1997). Combined estimates for 1998 from all three islands 
put the number at approximately 1,500 individuals that 
were largely concentrated in three colonies, one on each 
of the islands. 

Assessment of Current Status 

Two main legislative measures to protect populations 
of both P. samoensis and P. tonganus in American Samoa 
have been instituted. The first measure was passed in 
1986. It completely banned exportation and commercial 
hunting and restricted subsistence hunting by limiting 
the period of hunting, imposing bag limits, banning 
hunting at roosts, prohibiting daytime hunting, and 
rendering local sale and barter of bats illegal (Craig and 
Syron, 1992). An executive order calling for a total ban on 
hunting was subsequently passed in 1992 and amended 
in 1995 to aid in the recovery of populations decimated 
by Hurricanes Ofa and Val (American Samoa Code 
Annotated, 1995). This order made the capture, 
harassment, and possession of bats punishable by law, 

rendered illegal all forms of trade in bats, and provided 
for permitting of collections for scientific purposes. 

Survey results indicate that the total ban on hunting 
may have been instrumental in the recovery of the bat 
populations on Tutuila (Brooke, 2001; Utzurrum and 
Seamon, 2001). Manu’a populations of P. tonganus also 
appear stable since the ban. However, the rarity of 
sightings of P. samoensis in the Manu’a Islands in recent 
years indicate poor recovery or even a possible decline 
in local numbers. 

The institution of protective measures (i.e., the hunt-
ing ban) and concomitant recovery of the fruit bat popu-
lations (on Tutuila) through the 1990’s have put into focus 
the need to re-examine the objectives of and approaches 
to population monitoring. First, the difference in predicted 
and observed trajectory of populations of fruit bats on 
Tutuila since the 1990–1991 hurricanes demonstrate, in 
part, the need to go beyond tracking numbers for conser-
vation and management purposes. In this instance, sur-
veys indicate that populations of both species of fruit 
bats on Tutuila have recovered faster than was predicted 
by the theoretical models [see Pierson and Rainey (1992), 
and Craig and others (1994) for model simulations, and 
Brooke (1998) for comparisons]. The lack of congruence 
between observed and theoretical changes in population 
size may be due to differences between actual and as-
sumed values of parameters used in the models, particu-
larly survivorship and years to sexual maturity. For 
example, simulations by Pierson and Rainey (1992) used 
2 years time to sexual maturity as a constant parameter. 
However, females of other pteropodid species have been 
found to be reproductively active within a year of birth 
(e.g., Heideman, 1987: free-ranging Philippine fruit bats; 
Tidemann, 1992: Pteropus melanotis in Australia; Center 
for Tropical Studies [Silliman University, Dumaguete City, 
Philippines]: captive Pteropus leucopterus and P. pumilus). 
It is apparent that demographic studies are needed if 
management programs are to maximize the benefits of 
modeling [see Levins and Puccia (1988) for a discussion 
on the need to shift the emphasis of studies from popula-
tion abundance to parameters influencing population 
growth]. 

Second, although history shows that hunting has been 
a legitimate threat to populations of fruit bats in the Pacific, 
managed take of animals may actually open opportunities 
for devising improved population estimation protocols 
for detecting trends and may provide realistic 
demographic information needed for management (Conroy 
and Nichols, 1996; Pacific Islands Fruit Bat Subgroup 
Report, this volume). The largely successful application 
of regulatory measures (e.g., the hunting ban) for 
managing fruit bat populations in American Samoa 
suggests that regulated hunting should be given a 
second look as an aid to monitoring. 

TTTTTable 1able 1able 1able 1able 1. Annual estimates of Pteropus tonganus popu-
lation on Tutuila Island, American Samoa. Estimates 
are based on a combination of direct counts and exit 
(dispersal) counts of colonies. [Sources: Brooke (1997) 
for 1987 to 1995, except 1989; Utzurrum and Seamon 
(2001) for 1997–1998; Department of Marine and Wild-
life Resources records for 1989, 1996, and 1999–2000.] 

                          Estimated                         Number of 
Year                       total                      colonies surveyed1 

1987 12,750 11 
1988 13,000 14 
1989 9,300 11 
1990 4,300 8 
1991 4,400 11 
1992 1,700 13 
1993 3,330 5 
1994 4,150 8 
1995 4,300 6 
1996 4,770 7–10 
1997 3,264 7–9 
1998 3,541 7–12 
1999 5,941 8–14 
2000 6,366 10–11 

1Ranges are provided when estimate represents the mean 
of 2–4 surveys within a year. The total number of colonies 
located and counted varied among surveys, although the 
area covered (i.e., island-wide) was the same among 
surveys. 
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Commonwealth  of  the 
Northern Mariana Islands 

The CNMI is comprised of 14 islands ranging in size 
from 1–123 km2. The first counts of P. mariannus on each 
of these islands occurred in the late 1970’s or early 1980’s. 
All surveys conducted since 1987 were incomplete (i.e., 
did not encompass all 14 islands). Results are, therefore, 
summarized by island (Table 2). 

Rota’s (85 km2) population held about 2,400 animals 
from 1986–1988, but declined to about 1,000 animals soon 
after Typhoon Roy in 1988 (Stinson and others, 1992). 
Numbers have been relatively stable since then (Table 2). 
Counts on Aguiguan (7 km2), Tinian (102 km2), and Saipan 
(123 km2) have each numbered only 25–125 bats since the 
late 1970’s (Wheeler, 1980; Wiles and others, 1989, 1990; 

Krueger and O’Daniel, 1999), although there is evidence 
that numbers on Saipan have increased since 1995 
(Table 2). The nine uninhabited islands north of Saipan 
have been surveyed as a group only once, with a total 
minimum estimate of 7,450 bats made in 1983 (Wiles and 
others, 1989). Only two islands have been resurveyed 
since then. Anatahan’s (32 km2) population decreased 
from an estimated 2,500–3,000 bats in 1983 to about 1,900– 
2,150 in 1995 (Worthington and others, 2001). Three sur-
veys of Sarigan (5 km2) from 1983–1999 have found bat 
abundance to be fairly stable at about 125–200 animals 
(Wiles and others, 1989; Fancy and others, 1999) (Table 2). 

Hunting for local consumption and export (principally 
to Guam) has historically been the major threat to 
populations of P. mariannus in CNMI (Lemke, 1992). Local 
efforts to curtail hunting (e.g., observing hunting seasons) 

TTTTTable 2able 2able 2able 2able 2. Recent population estimates of Mariana fruit bats in the Mariana Islands. An x denotes that bats were present 
but not counted; dashes indicate that the respective islands were not surveyed. Numerical supercripts indicate 
count methods; letter superscripts indicate sources of information. 

                                   Size 
Island                        (km2)               1983–1984                    1987              1990                   1995                     1997–1999 

Guam 540 5001,a 5502,b 4502,c 3252,d 2252,e 
Rota 85 2,000?3,f 2,6004,g,h 1,0674,h 1,0003,i - 
Aguiguan 7 <105,f 40–602,g,5 02,h 100–1252,d - 
Tinian 102 <255,6,f,j <505,g <255,h <256,k - 
Saipan 123 <506,f 100–2005,g <405,h - 100–2005,l 
F. de Medinilla 1 05,f - - - <55,m 
Anatahan 32 3,0003,f - - 2,0001,n - 
Sarigan 5 1253,f - - - 150–2001,7,e,o 
Guguan 4 4003,f 4003,g - - - 
Alamagan 11 06,f - x5,p - - 
Pagan 48 2,5003,f - - - - 
Agrihan 48 1,0003,f - - - - 
Asuncion 7 4003,f 5003,g - - - 
Maug 2 <253,f 25–503,g - - - 
Uracus 2 05,f 05,g - - - 
Total 1,017 10,000z - - - - 

Methods for deriving estimates: 1direct counts at colonies and station counts; 2direct counts at colonies and miscel-
laneous sightings; 3departure and station counts; 4direct counts at colonies, departure and station counts; 5miscella-
neous sightings; 6station counts; and 7variable circular plot survey. 

Sources of information: aWiles (1987a), bWiles (1987b), cWiles (1990), dWiles (1995), eWiles (1999), fWiles et al. (1989), 
gGlass and Taisacan (1988), hStinson and others (1992), iWorthington and Taisacan (1995), jWiles and others,  (1990), 
kKrueger and O’Daniel (1999), lWorthington (unpubl. data, 1999), mM. Lusk (U.S. Fish and Wildlife Service, Cabeza 
Prieta National Wildlife Refuge, Ajo, Arizona, oral commun., 1999), nWorthington and others (2001), oFancy and others 
(1999), pJ.D. Reichel (CNMI Division of Fish and Wildlife, Department of Lands and Natural Resources, Saipan, oral 
commun., 1999). 
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were instituted independently by some islands in the early 
1970’s but enforcement of regulations was poor. A nominal 
territory-wide hunting moratorium (1 year for islands north 
of Saipan and 2 years for the remaining southern islands) 
enacted in 1977 has since been regularly reauthorized 
(Lemke, 1992), but illegal hunting continues to be the 
most serious threat to local bat populations. Commercial 
trade of bats declined when the P. mariannus population 
on Guam gained endangered status in the 1980’s (see 
following section). However, illegal exportation to Guam 
is believed to continue. Local (CNMI) and regional (e.g., 
Guam) statutes constitute the only protective measures 
presently in effect. It is uncertain whether these measures 
are sufficient to stave off further decline and/or stimulate 
recovery of decimated populations. A formal proposal to 
list fruit bat populations on CNMI as threatened (U.S. 
Fish and Wildlife Service, 1998) needs to progress beyond 
the “proposed” stage. Official listing of this species could 
have a salutary effect on populations of P. mariannus by 
enabling additional funding and creating a more favorable 
climate for protection and conservation enforcement. 

Guam 

Woodside (1958) estimated that a maximum of 3,000 
P. mariannus remained on Guam (540 km2) in the late 1950’s. 
Although it was unclear how this estimate was derived, it 
was assumed that it was based in part on direct counts at 
colonies. Bat abundance declined greatly through the 
late 1970’s, when less than 50 bats were estimated for the 
entire island and no colonies were known (Wheeler and 
Aguon, 1978). A colony of 200–300 bats reappeared in 
northern Guam in 1980 and increased to about 800 bats 
by 1982 (Wiles, 1987a). Since the late 1980’s, it has typi-
cally held 150–350 bats during most months of the year, 
with numbers increasing by 100–600 bats during the win-
ter months due to apparent migration from Rota 60 km to 
the north (Wiles and others, 1995). Guam’s population 
also contains small numbers (50–75) of solitary animals 
scattered throughout the island. 

Hunting was the primary cause of historical declines 
in the numbers of P. mariannus on Guam. Hence, this 
local population was placed on the endangered species 
list, first under local statutes in 1981 and then under the 
U.S. Endangered Species Act in 1984 (Lemke, 1992). Re-
cent surveys indicate that the population remains small 
(Table 2). Extreme predation on juvenile bats by intro-
duced brown tree snakes (Boiga irregularis) is believed 
to be the major problem preventing recovery of the popu-
lation (Wiles, 1987a). 

ConclusionsConclusionsConclusionsConclusionsConclusions
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Effective conservation and management of 
populations of flying foxes in the U.S. territories depend 
in part on the availability of reliable estimates or indices 
of population sizes. Analysis of much of the data collected 
has been confounded by methods that fail to account for 
temporal and spatial factors that influence population 
sizes both seasonally and circ-annually. There are inherent 
difficulties posed by surveying species that are primarily 
nocturnal, behaviorally and ecologically complex, and 
occur in unpredictable and rugged environments. These 
multi-faceted constraints on surveys have resulted (albeit 
primarily out of necessity) in the use of sundry counting 
and survey methods, thus hampering accurate assessment 
of population trends. However, it is possible to design 
efficacious protocols that can generate data that are 
comparable over time and that permit statistical analysis. 
Recommendations for achieving more standardized 
protocols for counts and for the field evaluation of the 
applicability of true estimation techniques (e.g., distance 
sampling) are discussed in greater detail in the Pacific 
islands fruit bat subgroup report of Working Group A in 
Part II of this volume. 
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