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ABSTRACT 
The assessment of fruit abundance is critical for studies of frugivore ecology. A variety of methods have been used 
to estimate habitat-wide fruit abundance. However, since the methods have not been calibrated with each other, it 
is difficult to compare results of different studies. Here we compare three methods used simultaneously to collect 
fruit abundance data in the Kibale Forest, Uganda. Estimates of fruit abundance derived from fruit traps were not 
correlated with estimates derived from either systematic transect sampling or estimates obtained from observing 
fruiting phenology of key species on a fruit trail. However, estimates based on fruit trail data and transect data were 
correlated. We review the advantages and disadvantages of methods that have been used to assess habitat-wide fruit 
abundance. 
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MOST TROPICAL RAIN FOREST TREES produce fruit that 
are consumed by animals and rely on frugivores for 
their seed dispersal (Frankie et al. 1974, Howe 
1986, Dowsett-Lemaire 1988). Concomitantly, a 
large proportion of the vertebrates in tropical forests 
are frugivorous (Terborgh 1980, 1986; Willis 1980; 
Fleming et al. 1987). The numerical strength of 
this guild of consumers highlights the importance 
of investigating their ecology, and the quantification 
of fruit abundance is an important component of 
such studies. Although a variety of methods have 
been employed to provide estimates of fruit abun- 
dance, calibration of the different methods has been 
neglected (Blake et al. 1990). Consequently, it is 
difficult to assess whether reported differences among 
studies are due to methodological differences or to 
other factors of biological significance, such as dif- 
ferences between seasons, habitats, or species. 

In this paper, we first compare three different 
methods of assessing fruit abundance in the Kibale 
Forest, Uganda: fruit traps, a fruit trail system which 
monitored key species, and a systematic phenology 
transect system that determined the phenophase of 
all trees within a series of dispersed plots. We then 
review the literature for methods used to determine 

habitat-wide fruit abundance and compare the po- 
tential biases of different methods and the effort 
they require. 

METHODS 
Kibale Forest consists of a mosaic of habitat types, 
including forest, swamp, grassland, and regenerat- 
ing forest (Struhsaker 1975, Skorupa 1988). Fruit 
production was assessed in relatively pristine areas, 
and in areas which had been logged to varying 
intensities in the 1960s (Skorupa 1988). 

FRUIT TRAPS.-Fruit traps consisted of a square frame 
(collecting area 0.08 m2) with a plastic bag sus- 
pended from its top, raised 0.4 m off the ground. 
Water drained out the bottom of the trap through 
small holes punctured through the plastic. The holes 
would have permitted small seeds, such as fig seeds, 
to be flushed through the trap, however small fruits 
(-5 mm) would have remained. Following Ter- 
borgh (1983), the traps were set at 20 m intervals, 
1 m off the side of existing trails (Fig. 1). Trails 
were selected so that they were dispersed throughout 
the existing system of trails. By setting the traps 20 
m apart, we assume that the collections from se- 
quential traps are independent (Terborgh 1983). 
Fruits, seeds, and leaves were collected from the 
traps every week (typically on Monday and Tues- 
day), and returned to camp where fruit type was 
assigned (fleshy fruit. wind dispersed, and husked). 

I Received 20 November 1992; revision accepted 30 Au- 
gust 1993. 
2 Present address: Department of Zoology, University of 
Florida, Gainesville, Florida 32611. 
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FIGURE 1. The location of the phenology transects (small dotted lines), the fruit trail (dashed lines), and the fruit 
traps (large dotted lines) used to estimate habitat-wide levels of fruit abundance in the Kibale Forest Reserve, Uganda. 
Solid lines represent major trails in the study area. 

The total wet weight (?O.05 g) of the fruits was 
determined that day, after which the fruits wete 
dried for approximately one week, and weighed 
again. In July 1988 150 traps were set along 3 km 
of trails, and an additional 150 traps were set out 
in December 1988. During every sampling period, 

estimates of the total area sampled were corrected 
for nonfunctioning traps (e.g., those stepped on by 
an elephant). 

FRUIT TRAIL.-A 12 km fruit trail was established 
in November of 1987 and sampled every second 
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week until June 1991. A total of 228 trees be- 
longing to 17 species (9 fig and 8 nonfig) were 
tagged, the fruits of which were considered the most 
important arboreal food sources for chimpanzees 
(Wrangham et al. 1992). The nonfig fruiting trees 
on the fruit trail included 20 Celtis durandii, 20 
Tabernaemontana holstii, 20 Chaetacme aristata, 9 
Cordia abyssinica, 7 Monodora myristica, 11 Mi- 
musops bagshawei, 12 Pseudospondias microcarpa, 
20 Teclea nobilis, and 20 Uvariopsis congensis. The 
fig trees that we monitored included 14 Ficus san- 
sibarica, 4 F. saussureana, 1 F. cyathistipula, 20 
F. exasperata, 9 F. natalensis, 5 F. conraui, and 15 
F. aspernfolia (fig nomenclature follows Berg & Hij- 
man 1989). Trails were monitored every 2 weeks, 
the presence of fruit on all trees was noted, and 
their abundance ranked on a relative scale of zero 
to four. Monitoring this fruit trail required two days. 
Estimates of fruit abundance were based on the 
number of trees that were fruiting along the trail. 

PHENOLOGY TRANSECTS.-In December 1989, 26 
transects were built along the existing trail system 
(> 155 km of trails) in randomly selected locations 
which were stratified by logging history. Each tran- 
sect was 200 m x 10 m, providing a total area of 
5.2 ha. Each tree greater than 10 cm diameter at 
breast height (DBH) within 5 m of each side of 
the trail was individually marked with a numbered 
aluminum tag and measured (DBH). A total of 
2111 trees were marked on 26 transects. Transects 
were monitored during the first ten days of every 
month. The presence of fruit on all marked trees 
was determined, and their abundance was ranked 
on a relative scale of zero to four. We indexed 
habitat-wide levels of fruit abundance from the tran- 
sects by two methods: by scoring the number of 
trees that contained ripe fruit and by summing the 
DBH of all trees producing fruit. The two estimates 
were highly correlated (r = 0.970, P < 0.0001; 
Table 1). In November and December of 1990, 

the estimates were not available for the phenology 
transects and trail; these are treated as missing values 
in the analyses and expressed as means of the pre- 
ceding and subsequent months in the plots. 

LITERATURE REVIEW.-We reviewed studies that as- 
sess habitat-wide fruit availability in tropical hab- 
itats. The search was directed toward studies that 
attempted to relate the behavior of frugivores to the 
amount of fruit available across an area equivalent 
to the study animal's home range (habitat-wide). 
Thus, studies monitoring the phenology of a single 
plant species or botanical studies not linked (directly 
by the author or by subsequent publications) to the 
behavior of frugivores were not included. We con- 
sider studies of forest phenology that are commonly 
used by behavioral ecologists, but do not review 
studies concerned solely with measures of forest pro- 
ductivity. For a review of problems of data com- 
parisons in such studies see Proctor (1983). We 
examined all articles published since 1980 in Bio- 
tropica, American Journal of Pri matology, Journal of 
Tropical Ecology, Folia Primatologica, and the In- 
ternational Journal of Primatology. These journals 
are major sources of information on tropical forests, 
or more importantly for this review, sources of typ- 
ical descriptions of the behavioral responses of fru- 
givores to changes in fruit availability. In addition, 
we included any other study known to the authors. 
We used the best description of a method if it 
appeared in sequential papers from the same site. 
We recognize that the selection of journals leads to 
an overrepresentation of primate studies, however 
primatologists are frequently concerned with testing 
predictions relating frugivore behavior and fruit 
abundance. 

RESULTS AND DISCUSSION 
To date, the phenology transects have been sampled 
once a month for 17 months (February 1990 to 

TABLE 1. The relationship between the different methods used to assess habitat-wide fruit abundance in Kibale Forest, 
Uganda (Pearson correlation values and probabilities are given). 

Transect Transect Traps 
number DBH Trail Wet Dry 

Transect (# of fruiting trees) 
Transect (sum of DBH) 0.970*** 
Trail 0.647** 0.608* 
Fruit traps (wet weight) 0.259 0.228 -0.432 
Fruit traps (dry weight) -0.222 -0.157 -0.172 0.009 

* P < 0.10; ** P < 0.05; *** P < 0.001. 
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June 1991) and the fruit trail every two weeks since 
December 1987 (N = 84 sampling periods; De- 
cember 1987 to June 1991). Monthly estimates 
derived from the fruit trail were correlated with 
those derived from the transects during the period 
of overlap (Table 1; Fig. 2). The correlation may 
have been improved by accounting for the relative 
density of the trees on the phenology trail. For 
example, during the months when the trail pro- 
duced an estimate that was much lower than that 
derived from the transects, Uvariopsis congensis was 
fruiting. This species occurs at a high density in 
Kibale (35.6 individuals/ha). Since we monitored 
only 20 U. congensis trees on the trail, their contri- 
bution to the total trail estimate underrepresents 
their abundance in the habitat. 

The fruit trail was monitored twice a month. 
It is conceivable that once a month would have been 
adequate. With the available data we examined the 
effect of less intensive sampling. Of the 228 trees 
monitored each month, 6.85 were fruiting on av- 
erage during any given month. The average differ- 
ence between the two sampling periods within a 
month was 2.8 trees (SD 4.38; N = 43 mo). The 
average difference for the first sample of the month 
and the mean for the month was 1.28 trees (SD 
2.38; N = 43 mo). Considering that an average of 
6.85 trees were fruiting per month, such within 
month variability may represent a significant change 
to some frugivores. 

To examine the effect of reducing the number 
of species sampled, we randomly removed different 
numbers of species from the total number sampled. 
This was performed ten times for each number of 
species removed and we report the average corre- 
lation between the new trail value and the transect 
estimate (N = 16 mo) and between the original 
and new trail estimates. When we reduced the num- 
ber of species sampled by one, the new trail estimate 
was correlated with the original trail estimate 90 
percent of the time (average r = 0.454), but only 
correlated with the transect estimate in 40 percent 
of the runs (average r = 0.311). When 4 species 
were randomly removed from the trail, the reduced 
trail estimate was correlated with the original esti- 
mate 50 percent of the time (average r = 0.377), 
and with the transect estimate 20 percent of the 
time (average r = 0.197). When we removed 8 
species from the trail, the reduced estimate was 
correlated with the original estimate only 40 percent 
of the time (average r = 0.269), and was correlated 
with the transect estimates only 30 percent of the 
time (average r = 0.160). 

Transects and trail estimates were not related 
to estimates derived from the fruit traps. The dif- 

ference between the fruit traps and the other meth- 
ods was particularly great during periods when the 
transect and trail methods indicated high fruit abun- 
dance (Table 1; Fig. 2). 

It is typically assumed that traps catch fruit 
from the overhanging trees when they fruit, and 
thus this method should reflect fruit production in 
the trees above the traps. Data from this study 
demonstrate that this may not be the case. In our 
study, on average 1.66 species of fruits or seeds 
were collected from each trap, suggesting that we 
were monitoring the fruit production from -497 
trees (300 traps x 1.66 species/trap). Those species 
of trees that were directly over a trap or which had 
a trunk within 10 m of the trap were identified. 
Interestingly, only 19 percent of the species of seeds 
or fruits in the traps were of those species identified 
as being overhead. We did not collect data on the 
weight of each species per trap, so we cannot eval- 
uate this in terms of biomass. 

LITERATURE REVIEW.-The literature review had the 
following objectives: to review the methodology and 
potential biases of the different approaches, and to 
provide descriptive statistics of the effort required 
for each method (see Blake et al. 1990 for a similar 
review). 

FRUIT TRAPS.-Fruit traps are usually placed at reg- 
ular intervals, often just off existing trails. The dis- 
tance between traps is set so that sequential traps 
do not collect the fruit falling from the same tree 
(Terborgh 1983-20 m; Goldizen et al. 1988- 
50 m). Fruit traps are typically placed at regular 
intervals along trails which can cause biases if en- 
vironmental heterogeneity matches the spacing (i.e., 
geological strata, stream beds). Further, the lines 
that are established are often along natural edges 
(e.g., Terborgh 1983 along a lake edge) or along 
convenient trails (this study). Since such nonrandom 
placement can potentially lead to a biased estimate, 
a random placement would be desirable. 

A potential criticism of fruit traps is that rodents 
or other frugivores or seed predators systematically 
remove fruit or seeds from the traps. Data collected 
by Goldizen et al. (1988) and from this study 
suggest that this is not the case. On seven occasions 
over 11 months Goldizen et al. (1988) placed five 
to eight fruits of a variety of species in 12 traps and 
checked them 1 week later. They found that less 
than 3 percent of the fruits disappeared. In Kibale, 
for six species we placed five fruits (range in size 
3.1 cm to 0.66 cm) in each of ten traps (N = 400 
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fruits, some species monitored repeatedly) and 
checked them one week later. Less than 1 percent 
of the fruits disappeared. 

Fruit traps measure fruit fall, not fruit produc- 
tion. Terborgh (1983) points out a number of re- 
lated biases inherent in the fruit trap method. Fruit 
production is potentially underestimated during pe- 
riods of fruit scarcity when frugivores consume a 
greater proportion of the available fruit than during 
periods of fruit abundance. Fruit traps are biased 
against more preferred fruits which are removed by 
frugivores and do not fall into the traps in the same 
proportion as less preferred fruits. Fruit traps may 
contain a high proportion of fruits that have been 
aborted by the parent trees, for example as a result 
of insect damage (Janzen 1983). Finally, fruit traps 
may be biased against plant species that produce 
fruits that ripen over a long period, since it is prob- 
able that a greater proportion of the fruits of slow 
ripening species are eaten and therefore do not fall 
into the traps. More generally, measures of fruit fall 
are insensitive to species with seasonal differences in 
the proportion of fruits that fall. 

The construction, maintenance, and monitoring 
of a system of fruit traps is time-consuming. Con- 
sequently, sampling is often limited to a small pro- 
portion of the habitat used by the study animal. In 
previous studies the area directly sampled by the 
fruit traps has constituted an average of 0.004 per- 
cent of the area used by the study animal (range 
0.00003-0.017%; N = 6 studies; Table 2). The 
average number of fruit traps used in the studies 
reviewed was 192 (range 75-312; N = 6 studies; 
Table 2), and they were generally sampled once a 
week. 

The fact that fruit traps cover only a small 
proportion of the total area of interest can lead to 
biases. Depending on fruit trap placement, traps 
may be less likely to detect the fruiting of species 
with clumped distributions than methods that sam- 
ple a greater area. Similarly, if traps are placed under 
a rare tree species, which produces many fruits and/ 
or large fruits, fruit traps may overestimate habitat- 
wide fruit abundance when this tree species fruits. 
Such biases are likely exaggerated by nonrandom 
placement of fruit traps. Given this type of bias, 
fruit traps may be more suitable for studies that are 
comparing habitats, study areas, home ranges, sea- 
sons, or individual plant species. In such studies, 
fruit collected from the traps can be averaged over 
entire annual cycles or seasons. 

PHENOLOGY TRANSECT OR QUADRATS.-Generally, 
monitoring phenology transects involves the estab- 
lishment of areas in which trees are routinely mon- 

itored for the presence of fruit (Table 3). Typically, 
a subset of all trees within the sampling areas is 
selected for phenological monitoring (e.g., >3 m 
high; > 10 cm DBH). Since a number of transects 
or quadrats can be established in different areas, 
sample stratification by habitat is feasible, with tran- 
sects placed randomly within the habitat. Ideally 
each quadrat or transect includes only one type of 
habitat. 

A variety of methods have been used to assess 
the size of the fruit crop on individual trees (Chap- 
man et al. 1992; Table 3) along the transects. The 
most common method was to visually assess fruit 
crop size and assign a relative rank, typically on a 
scale of zero to four. The very simple approach of 
noting the presence or absence of fruit on a tree has 
also been frequently used. Alternatively, researchers 
have visually estimated the total number of fruits 
on a tree through counts of small subsections of the 
canopy that are multiplied by the proportion of the 
total canopy area the subsections are estimated to 
represent (Chapman et al. 1992). In some studies 
measurements are made of tree size (DBH or crown 
volume) and it is assumed that the size of the tree 
reflects the tree's ability to produce fruit. If an index 
of fruit crop size is to be used to weight the density 
estimate of fruiting trees, the period between suc- 
cessive monitorings of the transects must be on a 
short enough temporal scale that a realistic assess- 
ment of the crop size of all individuals of all species 
can be made. In areas or for species where fruits 
ripen quickly or stay on the tree for a relatively short 
period of time, this may necessitate a short inter- 
sample period. 

In forests in which lianas are producing a large 
component of the fruit productivity, phenology 
transects may underrepresent fruit productivity. In- 
dividual lianas often span the crowns of many trees 
and send stems to the ground in many places. In 
such forests, the use of DBH to scale fruit produc- 
tion may be inappropriate. In Kibale, lianas are not 
common, and were unlikely to have biased the 
previous analyses. For methodologies to assess li- 
anas, see Castellanos et al. (1992). 

Transect studies require a large time commit- 
ment. In tropical forests, the upper canopy is often 
obscured. It may take an observer ten minutes to 
assess whether a tree has fruit and to estimate crop 
size. Investigations using this approach are usually 
of a long duration (mean of 26 studies in Table 3 
= 15 mo; range 1 to 72 mo). 

TOTAL AREA OF INTEREST AND PHENOLOGICAL 

STUDIES.-Some frugivores have a home range suf- 
ficiently small to allow all trees in the range to be 
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TABLE 4. The characteristics of studies that sampled the total area of interest or conducted strictly phenological studies. 
the results of which were not related specifically to frugivore hehavior (P/A = presence/ahsence). 

Num- Prop Freq of # Indiv. Dura- 
Size ber of area sampling Measure or species tion Source 

100 x 100 m 51 100% Once 8 Chapman 1985, 1987b, 
et al. 1988 

250 m2 36 100% 1/month Crown Index 26 sp/430 ind 25 Marsh 1981a 
- - 100% I/week - 96 sp/1699 ind 12 Glander 1978 

100% 1/month P/A 107 sp 27 Koptur et al. 1988 
- - - 1/month Rank 185 sp/468 ind 24 Frankie et al. 1974 
- - - 1/6 weeks Rank 154 sp 36 Opler et al. 1976, 1980a 

100% 1/month Rank 95 sp 36 Opler et al. 1980b 
- - 100% 1/10 days P/A 79 sp 29 Lieberman 1982 
20 x 20 m 360 100% Once 135 sp - Hubbell 1979b 
- - 100% 1/week P/A 13 sp 12 Daubenmire 1972 

- - - 1/2 weeks P/A 44 sp/61 ind 108 Medway 1972 

a Phenology was recorded on all trees over 10 m in height. 
b All trees >2 cm DBH. 

monitored (Table 4). This method removes many 
sources of sampling bias and error and is therefore 
useful for a variety of studies (e.g., range use anal- 
ysis, or quantifying dietary selection). However, for 
many animals that range widely, this method is not 
feasible. 

The results of phenological studies initially in- 
tended as botanical investigations have been applied 
in some studies to understand frugivore behavior. 
Although such studies may provide information on 
when the greatest number of species are fruiting, 
actual densities are not usually determined. Relating 
phenological data to frugivore behavior without 

knowing tree densities is difficult, since it will appear 
that more food is available during periods when 
many rare species fruit, than during periods when 
a single species, occurring at high density, fruits. 

OTHER MEASURES OF FRUIT ABUNDANCE.-A variety 
of other methods have been used to provide relative 
measures of habitat-wide fruit abundance that can 
be compared between periods at one locality (Table 
5). Such methods usually involve a sampling design 
that does not necessitate the estimation of fruiting 
tree density. For example, all the fruits falling to 
the ground along a set system of trails can be rou- 

TABLE 5. Characteristics of the methods used by studies employing nonsystematic methods, subsampling species of interest, 
and including fruit counts along trails. 

Individ- Prop of 
Spe- uals per Freq of area Dura- 
cies species sampling Length trail sampled tion Source 

52 10-30 1/month Visual x WT 200 m 18 Dinerstein 1986a' 
20 25 1/month Visual/rank (0-5) 11 Lawes et al. 1990b 
21 10 1/2 weeks Visual/actual # - - 12 Worthington 1982abe 
21 -6 1/monthly Visual/rank (0-4) - 14 Robinson 1986b, 
- 145 1/monthly Visual/rank (0-4) - 37 van Schaik 1986&b 
- - 1/monthly Count 4610 34 van Schaik 1986d 
- - 1/monthly Count 4.7-17.4 km variable 28 Butynksi 1990d 
122 - 1/2 weeks Collect/weight 6 km x 70 cm 0.2 1% 12 Gautier-Hion et al. 1985d 
17 x = 13 1/2 weeks Visual/rank (0-4) 12 km 36+ Wrangham et al. 

199 Ia, bcb 

a No standard placement of trails or transects reported. 
b Criteria for selection of individual trees not reported. 
c Collected phenology data of marked individuals along trails or viewpoints. 
d Fruit on trail count. 
e Select species samples, but density of those species determined quantitatively. 
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tinely censused (biased by frugivores that feed on 
the ground; Butynski 1990). 

CONCLUSIONS 
A researcher's decision concerning the type of meth- 
od to use in estimating habitat-wide fruit abundance 
will depend on the accuracy of the method and the 
amount of time available to determine fruit abun- 
dance. We have no "true" measure of habitat-wide 
fruit abundance, thus we cannot assess accuracy. 
However, it seems probable that accuracy will in- 
crease when a greater proportion of the study ani- 
mal's home range is sampled. This will be partic- 
ularly true when fruiting resources occur in a dumped 
distribution pattern. Fruit trap construction and 
monitoring is time-consuming, and in our study, 
produced results that show little concordance on a 
monthly scale with those derived from phenology 
transects or from a fruit trail. In our study, the 
sampling of the fruit traps took two 7-hr days for 
two people every week. In addition, because of their 
small size and the difficulty of constructing a large 
number of fruit traps, only a small proportion of 
the area used by most frugivores is sampled. 

Selecting between a systematic regime, such as 
transects, or a nonsystematic regime, such as a fruit 

trail, will depend upon the amount of time the 
investigator has available for sampling. However, 
it is valuable for investigators to calibrate the esti- 
mates derived from methods such as fruit trails, by 
determining the actual density of the trees. Thus, 
the nonsystematic regime could be done repeatedly 
to determine phenology and the proportion of the 
population of each species fruiting, while a system- 
atic sampling regime could be conducted once dur- 
ing the study to determine the actual density of 
each tree species. 
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