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agricultural fruits for the Samoan fruit bat
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The Samoan fruit bat Pteropus samoensis Peale, an endemic flying fox that inhabits
the Samoan archipelago, prefers to forage on native fruit species. This species has
recently been subjected to extreme population threats including hunting and severe
storms, as well as large-scale habitat degradation. If habitat destruction continues at
its present rate, P. samoensis may be forced to forage more within an agricultural
matrix. In this study, we analyzed sixteen species of native fruits and four species of
agricultural fruits for five organic components and eight minerals to test whether
native fruits provided a higher quality diet or more varied diet than agricultural
fruits. Within native fruits, we also focused on four species of figs, because these
fruits are often considered an important food item for tropical frugivores. Overall,
native fruits provided more variation and had higher average values for several
nutrients than agricultural fruits. Native fruits were especially high in biologically
important minerals (calcium, iron, and sodium), and provided up to 5 times more
calcium, 10.5 times more iron, and 8 times more sodium than agricultural fruits. Figs
were found to be an especially rich source of many nutrients, particularly for calcium.
Thus, P. samoensis, a sequential specialist, may be better able to adjust its diet to
obtain higher levels of minerals when consuming a variety of native fruits than when
restricted to the consumption of only agricultural fruits. These findings suggest a
need to preserve native habitat and to create parks to sustain the long term health
and viability of P. samoensis.
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Pteropus samoensis is an endangered and endemic spe-
cies of flying fox that is restricted to South Pacific
islands extending from Samoa to Fiji (Wilson and
Engbring 1992, Nowak 1994). Pteropus samoensis is
diurnal, solitary or resides in small groups, roosts in
native forest, and prefers to forage in primary forest or
well-developed secondary forest, rarely venturing into
agricultural areas (Cox 1983, Wilson and Engbring
1992, Craig et al. 1994, Banack 1998).

Recently, populations of P. samoensis have under-
gone a rapid population decline due to the cumulative
effects of human population expansion, habitat loss,
hurricanes, tropical storms, and hunting pressures. The
human population in American Samoa is expanding at
a rate of 3.7% per year and the current population on
Tutuila, the largest island, is expected to double to
100000 in 19 yr (Craig and Syron 1992, Craig et al.
1994). This exponential increase in the human popula-
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tion growth is coupled with a substantial increase in
habitat loss. Most of the accessible area is cleared for
agriculture, leaving only the more inaccessible montane
areas in the center of the island as habitat in which the
flying foxes can forage (Wilson and Engbring 1992). As
this primary forest is often the only habitat used by P.
samoensis, their numbers may be severely limited by
both the loss of habitat and the degradation of mar-
ginal habitat near areas currently being converted to an
agricultural matrix.

Additionally, P. samoensis is extremely important to
the forests of the area because it may occupy a keystone
role in maintaining plant diversity (Cox et al. 1992,
Elmqvist et al. 1992). Following the recurrent tropical
storms that batter the island, fruit bat activity may
greatly increase the number of seeds dispersed into
newly disturbed areas and through time, the bats may
have pronounced effects on the ability of plant species
to recolonize disturbed habitats (Cox et al. 1992,
Elmqvist et al. 1992, 1994).

Foraging habits

Pteropodids are often described as being catholic in
their foraging habits. They are largely phytophagus,
consuming fruits, flowers, leaves and nectar (Marshall
1985, Pierson and Rainey 1992, Nowak 1994, Kunz
and Diaz 1995). On Pacific islands, plant parts con-
sumed included fruits of 65 species, flowers of 35 spe-
cies, leaves of 5 species and nectar of 1 species (Wiles
and Fujita 1992). Fruit bats feed primarily in large
canopy or emergent trees with large fruit crops (Nowak
1994, Fleming and Sosa 1994, Utzurrum 1995) and are
mostly attracted to conspicuous, spatially and tempo-
rally clumped food resources that are easily harvested
(Marshall 1983, 1985). Their principal food is fruit and
fruit juices. The ingestion of fruit and leaf juices and
soft fruit matter results in a food transit time as low as
20 min (Thomas 1984, Tedman and Hall 1985, Kunz
and Ingalls 1994). The advantage of this foraging strat-
egy to a flying mammal is a reduction in bulk and
associated wing loading to the animal, resulting in a
reduction in energy expenditure traveling to and from
foraging areas (Tedman and Hall 1985).

Fig consumption

Figs Ficus spp. appear often in descriptions of the
foraging ecology and diet of fruit bats (see Morrison
1978, Milton 1991, Fujita and Tuttle 1991, Parry-Jones
and Augee 1991, Utzurrum 1995). The presence of fig
seeds in \80% of fecal samples indicates that figs often
constitute a very important part and high volume of the
diet of pteropodids (Marshall 1985). Even during sea-

sons when other fruits were much more abundant than
Ficus, bats continue to ingest figs as the majority of the
diet (Morrison 1978, Fujita and Tuttle 1991). In
Samoa, four of the five available fig species are con-
sumed by resident flying foxes (Trail 1994). Addition-
ally, consumption of figs is very wide-spread among the
Megachiropterans, and at least five genera (Pteropus,
Rousettus, Eidolon, Cynopterus, and Epomophorous)
have been documented consuming them (Marshall
1985, Kunz and Diaz 1995). Flying foxes may consume
figs because of their appreciable abundance, and/or
because they are available asynchronously. Milton
(1991) found that annual fruit production in five fig
species was intraspecifically asynchronous, and even
within species, individuals tended to alter the time of
fruit initiation during the year. This irregular phenol-
ogy tends to make figs available to consumers for most
or all of an annual cycle (Milton 1991). Alternately, figs
may provide a good source of important nutrients.
Currently, levels of nutrients in native figs compared to
those in other native fruits are unknown.

The primary objective of our study was to compare
the nutritional composition of native and agricultural
fruits. As native foods continue to decrease due to
habitat loss and alteration, P. samoensis may be forced
to increasingly forage in agricultural areas rather than
the preferred habitat of primary or well-developed sec-
ondary growth forest. If agricultural fruits do not
provide a diet as rich in important nutrients and miner-
als as native fruits, this could add additional stress to
populations of P. samoensis. Additionally, we com-
pared the nutritional composition of figs to that of
other native fruits.

Study area

The Samoan islands are a biogeographical unit politi-
cally divided into American Samoa, an unincorporated
territory of the United States, and Western Samoa, an
independent country. They lie in the South Pacific
Ocean (14°S, 170°W), 4200 km southwest of Hawaii.
The largest island in American Samoa is Tutuila, which
is 142 km2 in area, supports 90% of the human popula-
tion, and contains the capital village of Pago Pago
(Craig and Syron 1992). The islands are characterized
by their steep and rugged topography. The flora of
American Samoa includes \800 species of an-
giosperms that are pollinated by 11 species of wasps, 9
species of nectarivorous birds, and 2 species of phy-
tophagus bats (Cox et al. 1992). Pacific island
archipelagos also exhibit high levels of endemism; typi-
cally, 30%–50% of the plants occur nowhere else
(Brautigam and Elmqvist 1990, Cox et al. 1992). Rain-
forest is the natural vegetation of Samoa (Whistler
1994). Three decades ago, Samoa had the highest per-
centage of intact native vegetation of any Polynesian
archipelago (Whistler 1994). However, due to extensive
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deforestation and habitat alteration, cultivated land
now accounts for 40% of the vegetation, secondary
(disturbed) forest represents 20%, and primary rain-
forest and ridge forest now comprise only 26% (Wilson
and Engbring 1992), much of which is found within the
Tutuila area of the National Park of American Samoa.
Cultivated land consists mainly of local plots of co-
conuts, bananas, taro, papaya, mango, breadfruit, and
guava and are often partially overgrown by secondary
forest.

Materials and methods

Collection of fruit samples

Samples of 16 species of native fruits and four species
of agricultural fruits were collected in March and April
of 1995 and in May through July of 1996 on Tutuila
and Aunu’u Island, American Samoa. These 16 species
of native fruits were selected for analysis because they
represent preferred fruits of P. samoensis (Trail 1994,
Banack 1998) and the four agricultural fruits were
selected because they are the most commonly grown in
the agricultural areas. We collected fruits from eight
sites: Fagamalo, Mt. Alava, Olo Ridge, Sauma Ridge,
Fagatogo, Matafau, Maupusaga, and Aunu’u Island
(Fig. 1). Fruit was collected directly from the tree, or
directly under the tree. Samples were collected with
latex gloves and the pulp was removed from the seeds
and the seeds discarded. All samples were frozen within
8 h of collection following identification.

Analysis of samples

The fruit samples were analyzed in the Animal Sciences
nutrition laboratories at the Univ. of Illinois at Ur-
bana-Champaign. They were weighed to determine wet

weight and then dried at 55°C for 12 h. After re-weigh-
ing, they were ground through a 2 mm mesh screen in
a Wiley mill. All samples of the same species were
uniformly mixed and a 20 g subsample was removed
from the composite sample and used for all analyses
thereafter. Subsamples of each species were incinerated
in a muffle furnace at 500°C for 12 h to determine ash
content (Anon. 1975), as a crude approximation of
mineral composition. Nitrogen content was determined
using the macro-Kjeldahl procedure (Bradstreet 1965).
Values then were multiplied by 4.4 to determine %
protein in samples, according to Milton and Dintzis
(1981). Caloric values were determined using a bomb
calorimeter (Parr c1563). Percent fat was determined
using the acid hydrolysis method (Anon. 1983). Ashed
samples were dissolved in 20% HCl (Fly 1991) and
further analyzed using an atomic absorption spec-
trophotometer to determine concentrations of iron, cal-
cium, sodium, potassium, magnesium, manganese,
copper, and zinc in the samples. We chose to focus on
these five organic components and eight minerals be-
cause they are typical of what is most often measured in
nutritional analyses of forage. Materials for carbohy-
drate analysis were not available. All samples were
analyzed in duplicate and analyses were repeated if the
error value between duplicates exceeded 5%. All per-
centages were calculated on a dry matter basis (DMB).

Statistical analysis

All values were entered into a principal components
analysis (PCA; Anon. 1983) to examine the pattern of
variation in nutrients among native and agricultural
fruits. We used PCA instead of a discriminate function
analysis (DFA) because our analysis was largely ex-
ploratory, and because DFA requires a larger sample
size. Differences between native and agricultural fruits
in mean scores for factors identified by the PCA (eigen-

Fig. 1. Map of Tutuila
and A’unuu Islands in
American Samoa, with
locations of study sites.
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Table 1. Factor loadings for minerals.

Factor 2Factor 1

Eigenvalues 1.412.33
Percent of variation 46.50 28.20
Calories 0.88 0.27
Dry matter 0.000.88

−0.83Fat 0.40
Nitrogen −0.35 0.64
Organic matter −0.490.71

and agricultural fruits (Hotelling’s T2=0.265, 2 DF,
p=0.14).

Mean levels of organic components also did not
differ significantly between native and agricultural
fruits (Hotelling’s T2=0.42, 5 DF, p=0.37). The
amount of calories in the fruit sampled showed little
variation among species, and mean values for native
fruits and agricultural fruits were similar (Table 2). In
contrast, percent fat was highly variable among species.
All four species of agricultural fruit had relatively low
levels of fat, but native fruits ranged from the lowest
level sampled (Syzygium inophylloides, 1.39%) to the
highest (Palaquium stehlinii, wild avocado, 14.28%),
including four species with particularly high values (P.
stehlinii, Fagrae berteroana, Planchonella samoensis, and
Ficus tinctoria, Table 2). Levels of nitrogen measured in
the fruit species sampled were similar to those reported
in a previous study (Herbst 1986). Again, a few species
of native fruits had relatively high levels of nitrogen
(Barringtonia samoensis, P. samoensis, Ficus uniraunicu-
lata, Inocarpus fagifer, Planchonella garberi, and Ficus
scabra, Table 2), indicating that these species were good
sources of protein. Dry matter, the amount of dried
fruit pulp that remained after dessication, was variable
among species, but agricultural fruits (with the excep-
tion of breadfruit) tended to be more succulent than
most native fruits (Table 2). Organic matter was slightly
higher for native species than agricultural species
(Table 2).

The PCA of the mineral components identified three
factors with eigenvalues \1 that together explained
69.7% of the variation (Table 3). Factor 1 loaded
heavily and positively for Mg, Ca, and K, factor 2
loaded heavily and positively for Cu and Na, and factor
3 loaded heavily and positively for Fe, Na and Mn.
Plots of the factor scores for each fruit species indicated
that agricultural fruits generally had lower scores than

values \1) were tested using Hotelling’s T2 test (Noru-
sis 1993). Lilliefor’s test was used to examine the as-
sumption of normality for each variable, and Levene’s
statistic was used to examine the assumption of homo-
geneity of variances between test groups (Norusis
1993); all assumptions were met by the factor scores.
When a significant difference was detected in the Ho-
telling’s T2, univariate F-tests were used to identify the
factor(s) with scores that differed significantly between
groups. Separate analyses were conducted on the or-
ganic components (nitrogen, dry matter, calories, fat,
and organic matter) and the mineral components (iron,
sodium, calcium, manganese, magnesium, potassium,
copper, and zinc).

We also used Hotelling’s T2 to test for differences
between native and agricultural fruits in their mean
levels of nutrients. The assumption of normality was
not met for raw data on fat and calcium, and the
assumption of homogeneity of variances was not met
for fat, calcium, nitrogen, and sodium. After loge-trans-
formation of the raw data for fat and reciprocal-trans-
formation of the raw data for calcium, nitrogen, and
sodium, all assumptions of normality were met with
one exception: because raw data for calcium were bi-
modally distributed, no transformation of the data
could produce normality. Reciprocal-transformed val-
ues for calcium were included in the Hotelling’s T2

because of the biological importance of this nutrient.
When a significant difference was detected, univariate
F-tests were used to identify the nutrients that differed
significantly between test groups.

Results

The PCA of the organic components identified two
factors with eigenvalues \1 that explained 74.7% of
the variation (Table 1). Factor 1 loaded heavily and
positively for calories, dry matter and organic matter,
and factor 2 loaded heavily and positively for nitrogen,
and heavily and negatively for fat. A plot of the factor
scores for each species of fruit sampled did not reveal
any separation of native and agricultural fruits along
either axis, although figs tended to score high and
agricultural fruits low on factor 2 (Fig. 2). Overall,
factor scores did not differ significantly between native

Fig. 2. Results of the PCA analysis for organic components
comparing figs, native and agricultural fruits for factor 1 and
factor 2.
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Table 2. Amount of organic nutrients found in 16 species of native fruit and four species of agricultural fruits from American
Samoa.

Species Family % nitrogen % fat % dry mattercalories % organic matter
(kcal g−1)

Native fruits
Ficus unirauniculata 90.8Moraceae 1.86 5.67 4.22 13.89
Ficus tinctoria Moraceae 1.57 8.96 89.64.27 17.27
Ficus obliqua Moraceae 1.18 93.34.65 4.91 23.10
Ficus scabra Moraceae 1.72 6.66 4.33 13.68 89.6
Faradaya amicorum Verbenaceae 1.15 6.38 4.80 32.96 95.5
Cananga odorata Annonaceae 1.38 95.64.88 4.67 29.04
Inocarpus fagifer Fabaceae 1.83 4.71 95.74.41 14.93
Barringtonia samonesis Barringtonaceae 2.05 94.86.27 4.20 19.90
Planchonella samoensis Sapotaceae 1.96 10.86 4.51 33.75 94.1
Callophyllum inophyllum Sapotaceae 0.76 4.19 4.49 25.19 96.1
Planchonella garberi Sapotaceae 1.74 95.12.74 4.68 23.43
Palaquium stehlinii Sapotaceae 0.93 95.214.29 5.07 24.21
Terminalia catappa Combretaceae 0.73 93.53.11 4.02 17.04
Syzygium inophylloides Myrtaceae 0.45 1.39 4.65 26.76 97.7
Elaeocarpus ulianus Elaeocarpaceae 0.96 2.29 4.40 23.07 96.1
Fagrae berteroana Fabaceae 0.78 95.513.20 5.44 28.49

Average (SD) 1.32(0.51) 6.26(3.78) 4.20(0.36) 94.26(2.37)22.9(6.16)

Agricultural fruits
Breadfruit Artocarpus 25.56 96.2Moraceae 0.97 3.71 4.46

alitlus
Papaya Carica papaya Caricaceae 0.85 3.88 4.02 88.113.58
Banana Musa paradisica Musaceae 0.72 2.81 4.15 17.89 95.4
Guava Psidium guaja6a Myrtaceae 1.37 94.85.49 4.16 13.67

Average (SD) 0.98(0.28) 3.97(1.12) 93.63(3.73)4.20(0.10) 17.68(5.63)

native fruits for factors 2 and 3 (Fig. 3A, B, C). Native
figs had higher scores for factor 1 than all other fruits
(Fig. 3A, B). Overall, factor scores differed significantly
between native and agricultural fruits (Hotelling’s T2=
1.92, 3 DF, p=0.001). Univariate tests indicated that
mean values for both factor 2 (F=7.88, DF=1,18,
p=0.01) and factor 3 (F=7.05, DF=1,18, p=0.02)
differed significantly between native and agricultural
fruits, but those for factor 1 did not (F=1.40, DF=
1,18, p=0.25).

Mean levels of minerals also differed significantly
between native and agricultural fruits (Hotelling’s T2=
3.42, 8 DF, p=0.01, Table 4). Native fruit differed
significantly from agricultural fruit in mean levels of
copper (F=4.33, DF=1,18, p=0.05), iron (F=5.92,
DF=1,18, p=0.03), sodium (F=23.08, DF=1,18,
pB0.001) and calcium (F=18.32, DF=1,18, p=
0.001). The mean level of calcium in native fruits was 5
times higher than that in agricultural fruits, and a few
species of native fruits were extremely rich sources of
calcium (Planchonella samoensis and all four species of
Ficus). Levels of iron were extremely variable among
species, but the mean level in native fruits was 10.5
times that of agricultural fruits. Again, a few species of
native fruits were extremely rich in iron content (Syzy-
gium inophylloides, Palaquium stehlinii, Terminalia cat-
appa, and Ficus unirauniculata). The mean level of
sodium in native fruits was over 8 times that in agricul-
tural fruits, with P. samoensis, B. samoensis, Fagrae
berteroana, P. stehlinii and several other species of

native fruits providing rich sources of sodium. Mean
levels of copper were only ca 1.8 times higher in native
than agricultural fruits, although three species of native
fruits (Faradaya amicorum, B. samoensis, Cananga
odorata) had exceptionally high levels. Although mean
levels of the other four minerals sampled did not differ
significantly between native and agricultural fruits, indi-
vidual species of native fruits contained the highest
levels detected in each case, with at least some native
species providing extremely rich sources for each
nutrient.

Discussion

The 16 species of native fruits we sampled provided
higher mean levels of several important nutrients than a

Table 3. Factor loadings for minerals.

Factor 2Factor 1 Factor 3

2.93Eigenvalues 1.44 1.21
Percent of variation 36.60 18.00 15.10

0.26−0.080.84Calcuim
Copper 0.25 0.79 −0.28
Iron 0.02 0.18 0.71
Potassium 0.78 −0.21 −0.21
Magnesium 0.93 0.13 0.01

0.47−0.340.52Manganese
Sodium −0.17 −0.70 0.46
Zinc 0.63 0.33 −0.27
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Fig. 3. A) Results of the PCA analysis for minerals comparing
figs, native and agricultural fruits for factor 1 and factor 2. B)
Results of the PCA analysis for minerals comparing figs,
native and agricultural fruits for factor 1 and factor 3. C)
Results of the PCA analysis for minerals comparing figs,
native and agricultural fruits for factor 2 and factor 3.

the subject of much debate. Mattson (1980) suggested
that nitrogen content is the most important indicator of
preference among types of food and that animals often
exhibit compensatory actions such as over-ingestion of
a food type to meet their requirements for nitrogen.
Thomas (1984) reported that fruits typically consumed
by flying foxes Epomops buettikoferi and Micropteropus
pusillus in West Africa were low in nitrogen and they
over-ingested carbohydrates to compensate for low
protein content. The fruits examined in our study had
levels of nitrogen similar to those reported by Herbst
(1986) for five species of neotropical fruits. Although
mean levels of nitrogen did not differ significantly
between native and agricultural fruits in our study,
several of the native fruits provided considerably higher
levels of nitrogen than did any of the agricultural fruits.
The caloric content was relatively homogeneous among
species and levels were similar between native and
agricultural fruits. Thus, caloric content alone should
not determine preferences for native versus agricultural
fruits. Surprisingly, percent fat did not correspond well
with levels of calories, indicating that much of the
caloric content was due to other compounds such as
carbohydrates. Agricultural fruits were generally low in
fat, whereas some species of native fruits such as the
wild avocado, P. stehlinii, were extremely rich sources
of fat. The metabolic requirements of P. samoensis for
fat and nitrogen are unknown. However, it is clear that
a Samoan flying fox could best maximize its fat or
nitrogen intake by specializing on certain native fruits
when these are available (see Banack 1998).

Native fruits, as compared with agricultural fruits,
provided, on average, a rich source of several biologi-
cally important minerals such as sodium, iron and most
notably, calcium. Batzli (1986) found that low levels of
calcium in the forage of the prairie vole, Microtus
ochrogaster, resulted in a summer decline in breeding,
and that females that consumed a diet high in calcium
had significantly more litters, more young per litter, and
the young had a higher survival rate. Calcium also was
found to be scarce in the extended metabolism trials of
Studier et al. (1991) on big brown bats Eptesicus fuscus.
Female big brown bats were extremely stressed for
calcium, and often sacrificed their own bone calcium
for fetal development. Barclay (1994, 1995) postulated
that bats may be calcium limited and this could affect
their fecundity. Studier and Kunz (1995) reported that
calcium was a limiting nutritional factor in the milk of
Myotis 6elifer and Tadarida brasiliensis.

Similarly, concentrations of sodium in the diet were
found to affect number and frequency of litters, as well
as survivorship of Microtus ochrogaster young by Batzli
(1986). Studier et al. (1991) also demonstrated that
female big brown bats were stressed for iron due to
poor assimilation of this mineral. Thus, low levels of
these important nutrients could affect the condition of
populations of P. samoensis, particularly affecting the

sample of four species of agricultural fruits. In addition,
a few species of native fruits were the richest individual
sources for each nutrient examined; the identity of these
species varied with different nutrients. Native fruits also
provided considerable variation among fruit species in
levels of nutrients, as indicated by the large standard
deviations associated with mean values (Tables 2 and
4). This variation is important because it implies that
the Samoan flying foxes may be better able to adjust
their diet to obtain higher levels of particular nutrients
when consuming a variety of native fruits than if they
were restricted to consuming agricultural fruits.

The importance of organic nutrient components, in-
cluding fat, calories, and particularly nitrogen, has been
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fecundity of reproducing females. Again, Samoan flying
foxes stressed for these minerals could best maximize
their intake by consuming certain native fruits.

No single species of fruit provided the highest levels
of all important nutrients. For example, Syzygium
inophylloides (Myrtaceae), which is a highly preferred
food item (Banack 1998), occurs in large quantities, is
seasonally available, and is extremely rich in iron rela-
tive to other native species of fruit (Table 4). However,
it contains only average levels of potassium and below-
average levels of nitrogen, fat, and calcium.

Figs are often important diet items for tropical frugi-
vores (Milton 1991, O’Brien et al. 1998) including the
Samoan fruit bat (Trail 1994, Banack 1998). Figs were
exceptionally rich sources of calcium, and provided
average to high levels of most other important nutri-
ents. For example, Ficus tinctoria was a rich source of
calcium, potassium, and manganese, and provided av-
erage to high levels of nitrogen, zinc, magnesium, and
iron (Table 4) but was low in levels of sodium. Thus,
the high levels of nutrients in figs implies that these
fruits are a particularly important source of these im-
portant nutrients and are not just consumed because
they are widespread, abundant, and fruit asyn-
chronously (O’Brien et al. 1998).

Marshall (1985: 364) described a sequential specialist
as a species ‘‘favoring at any one time and place one or
a few plant species amongst the group of potential food
plants available that season.’’ Other species of flying
foxes, including Pteropus poliocephalus in Australia
(Steller 1986, Parry-Jones and Augee 1991) and Ptero-

pus mariannus in Palau (Wiles et al. 1997), forage as
sequential specialists (see also Utzurrum 1995 and
Richards 1995). Pteropus samoensis also may be a
sequential specialist, specializing on certain food such
as S. inophylloides as a rich source of iron or Ficus
species as a rich source of calcium or potassium in
times of seasonal nutrient stress such as reproduction
or lactation for females. The seasonal reproductive
cycle of the Samoan flying fox is not well known
(Wilson and Engbring 1992). Pierson and Rainey (1992)
assert that most species of Pteropus have clearly defined
breeding seasons, with females giving birth to one or
two young per year. Many fruit bats, including
pteropodids, match their reproductive cycles to corre-
spond with abundant environmental resources (Bonac-
corso and Humphrey 1978, Bonaccorso 1979, Fleming
1988, O’Brien 1993) The relationship between nutrient
availability in preferred fruits and the reproductive
cycle of P. samonesis can only be examined once more
information becomes available.

Agricultural fruits could compensate in abundance
for what they lack in levels of some nutrients. However,
due to the loss of native habitat, bats will find it more
difficult to meet their nutritional and energy needs due
to the low quality of the food and that they will have to
travel greater distances (and expend more energy) to
find the food. This may force the bats to eat more
agricultural foods to meet nutrient requirements and
will hence increase the ‘‘pest’’ status of these bats, a
problem which will certainly lead to their demise.

Table 4. Mineral concentrations of 16 species of native fruit and four species of agricultural fruits from American Samoa.

Species Fe Cu KNa MnCa Zn Mg
(mg g−1)(mg g−1) (mg g−1)(mg g−1)(mg g−1)(mg g−1) (mg g−1)(mg g−1)

Native fruits
0.49 4.15118.69Ficus unirauniculata 32.0015.5120.749.977.41

Ficus tinctoria 90.97 0.59 12.28 8.36 15.0037.79 19.37 5.83
20.88 12.26Ficus obliqua 3.6783.56 1.03 10.67 6.74 25.06

9.40 38.02 4.74 17.57 5.2965.41 1.10Ficus scabra 10.30
3.32 14.05Faradaya amicorum 3.2820.60 1.76 2.03 20.11 22.66

3.4815.8318.8818.7710.834.791.0441.70Cananga odorata
17.7218.1518.009.20 3.043.220.2395.89Inocarpus fagifer

12.32 20.13 9.10 19.52 3.7982.46 2.92Barringtonia samonesis 1.21
Planchonella samoensis 19.73 3.48 9.12 5.69 12.34 11.94 13.32 3.74

2.5112.230.5210.246.165.021.894.58Callophyllum inophyllum
7.6019.4317.004.65 2.324.661.5246.40Planchonella garberi

Palaquium stehlinii 194.99 2.19 3.27 7.33 18.96 12.92 7.51 2.32
5.35 12.85 2.09Terminalia catappa 176.90 0.79 2.24 7.28 28.37

Syzygium inophylloides 221.86 1.92 2.13 7.04 6.11 8.44 7.14 2.20
Elaeocarpus ulianus 70.05 0.41 2.57 8.53 14.95 10.40 7.20 2.30
Fagrae berteroana 57.37 2.27 1.06 19.73 11.48 0.39 14.19 2.07

Average (SD) 86.95(63.31) 1.48(0.94) 5.12(3.68) 8.96(3.58) 20.04(8.96) 10.58(6.44) 14.12(6.62) 3.32(1.28)

Agricultural fruits
18.014.440.910.230.18Breadfruit 2.005.680.76

Papaya 15.28 0.28 2.46 6.86 20.45 13.91 19.04 3.23
0.047.63Banana 2.9010.027.4719.872.360.55

9.97 1.9815.1211.9424.95Guava 6.440.840.16

Average (SD) 8.27(6.26) 0.18(0.11) 1.19(0.01) 5.03(2.07) 20.82(2.93) 8.52(2.94) 12.47(5.84) 2.53(0.64)
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Pteropus samoensis naturally avoids agricultural ar-
eas and prefers primary and well developed secondary
native forest. Parry-Jones and Augee (1991) found in
their study of Pteropus poliocephalus that despite the
year-round availability of cultivated orchard fruits,
these fruits were only taken by the bats when there was
a shortage of preferred fruits or when the native fruit
crop failed. Preference for native habitat by P. samoen-
sis may also be explained by the high level of noise and
disturbance, as well as anthropogenic predation, which
accompanies venturing into agricultural areas.

It would therefore be valuable to better document
food choice by P. samoensis when presented with a
variety of types of native and agricultural food in a
series of controlled preference trials, and to measure
assimilation efficiencies using metabolism trials. How-
ever, even without these data, it is clear that a diet
restricted to agricultural fruits, or even one from which
certain species of native fruits has been eliminated,
could restrict the ability of P. samoensis to maximize
intake of critical nutrients through sequential special-
ization in foraging.

Our findings suggest a need to preserve native habitat
to provide for the long term health and viability of P.
samoensis. If the bats are, in fact, foraging as sequential
specialists, they will require large tracts of primary
forest in which to find all of the complementary types
of fruit trees as well as enough trees to provide a
sufficient volume of food to maintain the current bat
population or to provide for a growing population. The
need for space by the growing human population,
coupled with the associated degradation of land and the
increased demand to convert remaining pristine areas to
agricultural fields, will provide the greatest threat and
challenge to the population of Samoan flying foxes.
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