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ABSTRACT

Forests worldwide are experiencing rapid environmental change due to human activity. We aimed to increase understanding of anthropo-
genic impacts on community composition and species interactions. In a natural experiment, we asked whether subsistence human land
use has altered the community composition of a Neotropical rain forest on the island of Tobago, in the West Indies. We surveyed fruit-
ing plants and birds in three adjacent habitat types that varied in level of disturbance, and used multivariate analyses to determine
whether changes in the plant community were associated with differences in avifauna composition. The three forest habitats had similar
plant and bird diversities, yet markedly different species compositions and abundances. Primary forest had the most diverse plant com-
munity, while disturbed habitats had a more homogeneous plant composition. Primary and disturbed forest had distinct community
compositions, with canopy cover and the relative abundance of plant types explaining 83 percent of the variation in bird species assem-
blages. Seemingly moderate human disturbance has led to substantial changes in the plant and bird assemblages of Tobago’s rain forest,
outside of a protected reserve. Our study highlights the direct links between human disturbance and the structure of rain forests, under-
scoring the impact of even moderate activity on community composition.

Abstract in Spanish is available in the online version of this article.
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ANTHROPOGENIC DISTURBANCE IS CHANGING NATURAL SYSTEMS AT

AN ACCELERATING RATE causing habitat loss and degradation that
is a primary threat to global biodiversity (Orians et al. 1996, Jen-
kins 2003). Tropical forests merit particular concern because they
are so biologically diverse and their complex species interactions
can make them especially vulnerable to human perturbation
(Howe 1984, Terborgh 1995). While it is well established that
habitat disturbance can alter plant and animal populations, ramifi-
cations at higher levels of biological organization are less well
understood (Orians et al. 1996, Tilman 1999), and the relation-
ship between biodiversity change and ecosystem functioning
remain unclear (Hooper et al. 2005, Balvanera et al. 2006).

A common outcome of forest use by people is canopy
reduction, allowing more light to the forest floor, which alters the
understory’s microclimate and affects organismal diversity (Saun-
ders et al. 1991, Thiollay 1992, Vellend 2004). Plants are particu-
larly vulnerable when involved in symbiotic interactions with
other species that are also impacted by disturbance. For example,
habitat change often alters pollinator communities, and hence
pollen transfer and plant sexual reproduction; less‐studied stages
in plant life cycles (e.g., seed dispersal) are also likely to be
affected (Aguilar et al. 2006). We therefore focused on avian
frugivory to investigate consequences of human disturbance in
tropical rain forest on seed dispersing bird communities.

While birds have an important seed‐dispersal role for many
woody plants in rain forests, they may be especially vulnerable to
human disturbance because of simultaneous changes to food
availability and landscape structure (Stouffer & Bierregaard 1995,
Villard 1998, Levey et al. 2002, Lampila et al. 2005, Kissling et al.
2007). A few studies of tropical birds have noted shifts in species
assemblages (Johns 1991, Lambert 1992, Thiollay 1999, Dale
et al. 2000, Stouffer et al. 2006), and reduced avian breeding suc-
cess (Sekercioglu et al. 2007). However, generalizations about
tropical avian responses to disturbance are not yet possible (Hill
& Hamer 2004), because of high species and habitat diversity in
the tropics and the limited numbers of studies.

Most research about disturbance impacts on tropical forest
composition and functioning has emphasized severe habitat loss
or fragmentation (Karr & Freemark 1985, Fahrig 2003). Less
attention has been paid to moderate disturbance, where habitat
remains albeit in a degraded state (Lens et al. 2002). Studies of
such landscapes are needed as: (1) they represent an increasingly
large area of the tropics, due to common, less intensive distur-
bances such as selective logging or shifting agriculture; and (2)
resulting changes in species’ abundances could be significant for
altering the ecological structure and function of tropical forests
(Gray et al. 2007).

Here, we ask whether moderate levels of anthropogenic dis-
turbance in tropical rain forest have a measurable impact on the
community structure of fruiting plants and frugivorous birds. We
identified a range of adjacent forest habitats that represented an
increasing gradient of disturbance (primary, intermediate, and
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disturbed). We chose a location where disturbed areas were close
(within 1 km) to protected habitat that provides a reservoir of
primary forest plants and birds, enabling us to ask whether we
could detect a signal of disturbance even under these especially
favorable conditions. Along the disturbance gradient, we investi-
gated whether human activity was related to differences in plant
and bird assemblages in terms of their diversity, abundance, spe-
cies composition, and ecology (light requirements of plants, and
feeding guilds of birds). We then asked whether disturbance‐
related variation in bird community composition is explained by
changes in plant community composition.

METHODS

STUDY AREA AND DESIGN.—Research was conducted in and adja-
cent to the Main Ridge Forest Reserve on Tobago (11�170 N,
60�370 W, Trinidad and Tobago, West Indies), a small continental
island off Venezuela. The reserve protects � 3500 ha of lower
montane rain forest at the island’s highest elevations (� 250–
575 m). Its interior and adjacent Crown Lands have no history
of cultivation, due to inaccessibility, consisting of relatively natural
vegetation without much human alteration. The forest is charac-
terized by a 15–30 m canopy with abundant lianas and epiphytes,
described extensively in prior studies (Beard 1944, Keeler‐Wolf
1982). The region’s main form of natural disturbance is hurri-
canes (ffrench 1991). There is a dry season from roughly January
to May and a wet season from June to December. Observations
were conducted in two successive dry seasons, from February to
May in 2003 and 2004, coinciding with peak fruit diversity (Snow
1965).

Our study was a ‘natural experiment’ (sensuGotelli & Ellison
2004), with the location of forest treatments determined by exist-
ing habitat use and the area’s history of land use practices.
Accordingly we defined three habitats that represented increasing
levels of disturbance—primary, intermediate, and disturbed for-
est—and established four 0.75 ha study plots in each for plant
and bird community surveys. The 12 study plots were located
within and on either edge of the reserve, spanning � 8 km. The
minimum distance between plots was 500 m, with locations
based on the availability/accessibility of suitable habitat and sam-
pling effort required to conduct repeated censuses at each site,
common constraints in landscape‐scale studies (Scheiner &
Gurevitch 2001).

The habitats are described fully in Lefevre and Rodd (2009)
and are characterized as follows: (1) control plots were located in
Primary forest in the reserve’s interior, where the canopy was
dominated by large, buttressed trees, with an understory of
shrubs and small trees. The only known human disturbance was
due to walking trails and possibly some wildlife poaching. (2) Dis-
turbed forest was within 1 km of the reserve boundary on
Crown Land with scattered pockets of private holdings. It had
visibly less canopy cover than primary forest, with a mix of some
large trees, secondary forest, and gaps dominated by pioneer
plants. These areas experienced subsistence use by locals for fruit
harvesting, livestock grazing, and foot travel. For comparison

with other studies, we suggest this is ‘moderate’ habitat distur-
bance (low‐intensity activities, e.g., selective logging and shifting
agriculture; Gray et al. 2007), compared with the more severe dis-
turbance of canopy clearing or habitat conversion. (3) Intermedi-
ate forest was located between the reserve boundary and the
disturbed forest beyond, so Intermediate and Disturbed areas
were closer to each other (< 1 km) than they were to Primary
plots (within � 2 km). These areas of rain forest have not expe-
rienced the same subsistence use as disturbed areas, nor are they
legally protected. Both their location and level of disturbance was
intermediate between the two other habitat types. Many large,
possibly old growth trees were present in the intermediate forest
habitat.

PLANT SURVEYS.—Plants that provide food for frugivorous birds
were the focus of this study, so we quantified only those that
fruited during our observation periods (Levey 1988b). We sur-
veyed plants in each plot along a monthly transect walk, the most
effective approach for the phenological study of fruiting (Howe
1984). We noted all individuals in fruit and, for each species, esti-
mated the total fruit abundance per plant as low (< 103 fruits) or
high (� 103 fruits). In 2004, for more precise measures of fruit
available to birds, we established three 10 9 10 m quadrats in
each plot (Blake et al. 1990), spaced evenly (i.e., one per end and
one in the middle of the plot, � 75 m apart), to enable detailed
surveys of a larger area. Each month we identified all fruiting
individuals and counted the number of ripe and unripe fruits,
extrapolating for large fruit crops when counting was not possible
(i.e., counting one distinct portion of a tree’s fruit crop, and esti-
mating the total based on the area in fruit). We included both
ripe and unripe fruits because even unripe fruits can be eaten by
birds and they provide an estimate of upcoming food availability
(Blake et al. 1990). Plants were identified with a reference collec-
tion developed with help from local botanists and published
resources (see Appendix S1). Unidentified species were included
in analyses because we could distinguish them by morphotype
even when taxonomy was unknown. In the analyses, we used the
mean abundance of the three quadrats in each plot’s monthly sur-
vey, with the study plot as our independent unit of replication.

We measured canopy cover because it determines how much
sunlight penetrates into the forest interior; in tropical forests, tree
cover influences plant and animal species occurrences, fruit abun-
dance and quality, and plant–animal interactions ( Jordano 2000,
Thery 2001, Harvey et al. 2006). Two observers made indepen-
dent estimates of canopy cover to the nearest ten percent at three
locations per quadrat, using a hand‐held, 11 9 7 cm mirror
marked with a grid (adapted from Engelbrecht & Herz 2001). In
analyses, we used the average of the two values in each location,
resulting in 36 canopy cover estimates for each habitat (three
locations per quadrat 9 12 quadrats per habitat).

Only plant species whose fruits are eaten by birds were
included in analyses; we classified bird‐dispersed species as those
observed in bird diets in our study, or likely to be eaten by birds
based on other studies (Appendix S1). We also categorized plant
species according to their degree of gap dependence—an impor-
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tant determinant of plant growth strategies (Popma et al. 1992,
Hammond & Brown 1995)—to compare how disturbance influ-
enced plants with different ecological requirements. We used the
tropical botany literature (Appendix S1) to classify plants, inde-
pendent of where they grew in our plots: large gap species are
pioneer plants that grow in full light environments (= ‘gap obli-
gates’); small gap species tolerate shade, but require small gaps at
some stage of their life cycle (= ‘gap dependent’); and zero gap
species complete their entire life cycle in the shade (= ‘shade tol-
erant’). Only one truly shade‐tolerant species was found in our
quadrats, so we combined this with small gap species. Thus,
plants were classified either as ‘light’ (large gap) or ‘shade’ (small
gap) species. Two uncommon species, with uncertain growth
strategies, were excluded from analyses about gap dependence.

BIRD SURVEYS.—We used a combination of two standard methods
to survey forest birds, as each method has advantages and biases
(Karr 1981). Plots were sampled monthly from February to May
using both methods, on different days, with two plots sampled
on a given day.

Point counts are censuses by sight and sound, providing an
efficient measure of relative bird abundance from all forest can-
opy layers (Ralph et al. 1993; Greenberg et al. 2000). In each plot,
on one morning/mo between sunrise and 1100 h, we conducted
10‐min surveys at two points per plot, spaced 150 m apart for
an intensive survey (Ralph et al. 1993). Point order was alternated
monthly to avoid temporal bias. We counted all birds detected
within a 25 m radius, keeping track of individuals so they were
counted only once in a survey. In analyses we used the average
abundance of the two points per count, to be certain that data
were independent, expressed as the number of birds per species
detected in a 10‐min interval. One person (KLL) conducted all
point counts, to avoid inter‐observer bias.

Mist netting provides a sample of birds in the forest under-
story and avoids some potential observer and detection biases of
point counts (Levey 1988a, b). Netting is influenced by the size,
placement, and monitoring frequency of nets (Larsen et al. 2007),
and can under‐represent species such as canopy foragers, large,
and less mobile birds (Karr 1981a, Estades et al. 2006). We sam-
pled all plots approximately once per month, with two plots sam-
pled on a given day. Our surveys used standard protocol (Ralph
et al. 1993): we placed three nets (2.5 9 12 m, 36 mm mesh) in
line at the plot centre and monitored them every 20–30 min
from sunrise to � 1200 EST. Netting occurred in the same loca-
tion as point counts (different days), along existing trails and for-
est openings where possible. Birds were measured and held in
cloth bags for fecal collections (Lefevre 2008). Abundances are
expressed here as capture rate per 10 mist‐net h (1 net h = 1
net open for 1 h of sampling; Levey 1988a), to standardize sam-
pling effort among study plots (Stouffer et al. 2006).

We classified birds into four broad feeding guilds to investi-
gate how disturbance influenced avian trophic structure. Classifi-
cation was based on our field observations of foraging and diet
composition and on published reports (Karr et al. 1990, Stotz
et al. 1996, Stouffer et al. 2006). Insectivores fed exclusively on

insects. Nectarivores fed mainly on nectar with some insects/fruit.
Frugivores fed mainly on fruit, with >50 percent of dried fecal vol-
ume consisting of fruit/seeds (no species ate fruit exclusively,
and all included some insects in their diets). Finally, omnivores ate
a mix of food items including some fruit (<50 percent of dried
fecal volume). We classified the Scrub Greenlet (Hylophilus flavipes,
with >50 percent fruit in its feces) as an omnivore because it ate
more insects than other frugivores, and we wanted to be consis-
tent with classification by other studies. We analyzed guilds sepa-
rately, to measure among‐habitat changes in total abundance per
guild. We calculated the total individuals per guild, for every sur-
vey. In analyses we used the mean abundance per guild per plot
(among all repeated surveys), because raw and transformed distri-
butions were not normal and did not meet the assumptions of
repeated measures analysis. We tested for between‐year effects
with repeated measures analysis and found a significant effect
only for bird species richness, which increased over the 2 yr. This
was likely due to more comprehensive surveys in the second year
(more experience and mist nets); it should affect the three habitat
treatments equally.

DATA ANALYSES.—To test for disturbance‐related differences
among forest habitats, we used three measures to quantify the
fruiting plant and bird communities: species diversity, total abun-
dance, and species composition. The unit of replication for all
analyses was the study plot (N = 4 per habitat); plants were sur-
veyed in three quadrats per plot, but we used the mean of the
three quadrat values in analyses.

SPECIES DIVERSITY.—To estimate diversity, in each plot we first
determined species richness (number of species encountered) for
fruiting plants and birds. In addition we calculated Shannon Diver-
sity (H = ‐

P
Pi x ln Pi), because this index accounts for both

species richness and evenness, i.e., the equitability of species
abundances (Magurran 2004).

TOTAL ABUNDANCE.—To test for differences in plant and bird
abundances among forest types, for each survey we calculated
the total individuals in each plot (plants bearing fruit in quadrats,
and total birds in point counts and mist net surveys). We used
total plant abundance as a response variable because fruiting
plant density affects the distribution of frugivores (Levey 1988b).
We also calculated abundances of our ecological groups to deter-
mine whether organisms’ responses to disturbance depended on
their ecology (the two growth strategies for plants, and the four
feeding guilds for birds).

Repeated measures analyses of variance were used to test
for habitat differences in diversity and abundance—for bird‐dis-
persed plant species, and for all bird species. Data were first
checked for normality, and non‐normal distributions were trans-
formed where possible (log transformations for point counts and
fruit abundance; square‐root transformations for mist netting).
When data could not be normalized (e.g., for guild analyses), we
calculated the mean response per plot, and then used ANOVA if
the resulting distributions were normal, or non‐parametric Krus-

Rain Forest Disturbance Alters Community Composition 429



kal‐Wallis tests, as reported in ‘Results’. These analyses were con-
ducted with the statistical software JMP v.5.0.1a (SAS 2002).

COMMUNITY COMPOSITION.—We next asked whether disturbance
influenced the fruiting plant and bird species compositions of
our forest types. To examine patterns of species composition, we
used multivariate statistical methods to characterize the fruiting
plant and bird communities in each habitat, based on species
assemblages (i.e., species occurrences: Jackson et al. 2001). We
used presence–absence data to combine information from multi-
ple census methods for a more comprehensive representation of
communities (for plants, only quadrat data were used; transect
data could not be used in this analysis because they were based
on a different sampling unit). We summarized plant and bird
communities separately using correspondence analysis.

Next, we used Canonical Correspondence Analysis (CCA) to
ask whether bird community structure was related to plant com-
munity structure. We used the presence–absence matrix of bird
species, and constrained the CCA by three habitat variables cho-
sen to represent forest structure and the fruiting plant community:
(1) percent canopy cover; and the abundance of individuals in
each plant category; (2) light; and (3) shade species. Monte Carlo
tests of significance were conducted on all canonical eigenvalues
using 1000 permutations. Ordinations were computed using the
software program CANOCO v.4.5A (ter Braak 2003). A potential
bias in our results is that structural differences among forest types
may have influenced our survey data, due to differing detectability
of birds and plants. For example, it can be more difficult to see
birds and fruits in dense understory or in the forest canopy; we
aimed to minimize these biases by combining varied survey meth-
ods for more comprehensive measures of the community.

RESULTS

PLANT COMMUNITY STRUCTURE.—The three habitat types differed
in canopy structure, with percent cover inversely related to forest
disturbance, and we observed a corresponding influence of dis-
turbance on fruiting plant assemblages (Table 1). Primary forest,
with a more intact canopy, had significantly more shade plants

than light‐demanding plants. In contrast, disturbed forest with its
more open canopy contained more light‐demanding plants that
grow in large gaps. Intermediate forest was not statistically differ-
ent from disturbed forest with respect to the abundance of the
two plant types.

In transect and quadrat censuses, we recorded 73 fruiting
plant species during the dry season, 66 of which were bird‐dis-
persed (Appendix S1). The diversity of bird‐dispersed plants was
not influenced by disturbance, as neither species richness nor
Shannon diversity differed significantly among forest types (Table
2). Richness along transects changed over time, with the number
of fruiting species increasing over the dry season in 2003, but
not in 2004. Most variance in species richness (83.8%) was
explained by differences among replicate study plots within a
habitat type.

Primary forest had significantly more fruiting individuals than
the other habitats (Fig. 1A), but there was no habitat difference in
total fruit abundance (Fig. 1B; Table S1). Correlation analyses of
the same data (with percent canopy cover as the dependent variable
instead of habitat type) produced similar results; there was a trend
for a positive relationship between canopy cover and number of
fruiting individuals (r = 0.52, P = 0.08, N = 12), but no relation-
ship between canopy cover and number of fruits (r = �0.43,
P = 0.16, N = 12). Based on transect walks, there was also no dif-
ference among habitats in the number of species bearing low
(<103) or high amounts of fruit (� 103) (Fig. 1C). Combined, these
results characterize primary forest as having more individual plants
in fruit, while disturbed forest had fewer fruiting plants, which
possibly bore larger fruit crops.

The species assemblage of bird‐dispersed, fruiting plants in
primary forest was different from that of intermediate and dis-
turbed forest; the four study plots in primary forest were located
on the positive end of CA axis 1 (Fig. S1). In contrast, study
plots in the intermediate and disturbed forest habitats were
located together on the negative end of CA axis 1; their co‐
occurrence indicates considerable overlap in their plant species
composition. There was an overlap among all three habitats on
CA axis 2, and the study plots of each habitat were spread along
both ends of the axis. Thus, while CA axis 1 captured variation

TABLE 1. Estimated amount of canopy cover in three types of rain forest habitat, and the corresponding number of individual plants bearing fruit, categorized by plant growth strategy

(light vs. shade). Observations were made in 12 study plots (N = 4 per forest habitat): plants were surveyed in three quadrats per plot, and we used the plot means in

analyses. Reported values are means ± SE. Significant effects have bold, italicized P‐values; means that share a letter are not significantly different.

Rain forest

habitat

Relative

disturbance level

Canopy cover

mean % ± 2.1 (range)

Abundance of shade plants

(mean ± 1.3/quadrat)

Abundance of light plants

(mean ± 0.5/quadrat)

Primary (P) Low 66.0 (a) (25–90) 7.1 (a) 0.4 (a)

Intermediate (I) Medium 53.4 (ab) (10–85) 0.8 (b) 2.6 (b)

Disturbed (D) High 43.1 (b) (5–85) 0.6 (b) 3.0 (b)

Habitat comparisonsa ANOVA

F2, 9 = 6.60, P = 0.017

Kruskal‐Wallis tes

v2 = 7.79, df = 2, P = 0.02

Kruskal‐Wallis test

v2 = 7.56, df = 2, P = 0.02

aStatistical tests refer to the response variable reported in the same column.
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in species composition among habitats, CA axis 2 explained more
of the intra‐habitat variation among plots of the same forest type.
Plots closer together in our study site fell closer together in the
ordination, indicating that spatial location also influenced plant
community composition. Thirty‐five percent of the variation in
plant species composition among study plots was summarized by
the first two CA axes; axis 1 and 2 explained approximately 20.2
percent and 14.9 percent of the variation, respectively.

BIRD COMMUNITY STRUCTURE.—As we found for fruiting plants,
the species assemblage of Tobago’s rain forest birds was also
affected by human disturbance. Each forest type had a noticeably
different avifauna, with disturbed and primary forest diverging
most. We detected 54 forest bird species using combined data
from our two survey methods (Appendix S2): 6 nectarivore spe-
cies, 13 frugivores, 12 insectivores, 22 omnivores, and 1 carnivore
that was excluded from analysis.

TABLE 2. The diversity of 66 bird‐dispersed plant species fruiting in Tobago’s rain forest during the dry season did not change significantly with disturbance. Monthly surveys were

conducted along transect walks (six routes: N = 2 per habitat 9 6 mo) and in plant quadrats (for analyses, we used the mean of three quads per plot: N = 4 plots 9 3

habitats 9 3 mo). Reported values are means ± SE; bold, italicized P‐value indicates a significant effect.

Forest habitat Total plant species

Species richness per survey
Shannon diversity

Transects (mean ± 0.7) Quadrats (mean ± 0.5) Quadrats (mean ± 0.2)

Primary 30 7.2 3.8 0.76

Intermediate 30 6.1 4.5 1.22

Disturbed 34 8.2 4.3 1.24

Habitat comparisonsa

Repeated neasures ANOVA (df ), F, P (df ), F, P Kruskal‐Wallis test

forest (2,3), 1.91, 0.29 (2,9), 0.03, 0.97 v2=0.27, df=2,

time (5,15), 2.84, 0.05 (2,18), 0.05, 0.95 P=0.87

forest*time (10,15), 0.54, 0.84 (4,18), 1.5, 0.25

aStatistical tests refer to the response variable reported in the same column.
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Significantly more bird species were captured in disturbed
than in intermediate forest, but we detected no difference
between disturbed and primary forest, and there were no signifi-
cant habitat differences in species richness based on point counts
(Table 3A). The cumulative number of species documented per
habitat increased with disturbance (both survey methods com-
bined), based on similar sampling efforts per habitat. Point
counts detected 30 species in primary forest, 37 in intermediate
and 39 in disturbed, based on 36 surveys per habitat. Mist net-
ting detected 28 species in primary forest, 25 in intermediate and
34 in disturbed, based on a sample size of � 360 net h per habi-
tat. Similar to the result for fruiting plants, the level of Shannon
diversity detected in bird surveys was not influenced greatly by
disturbance. The similar diversity among forest types for both
survey methods indicated that the evenness of species abun-
dances was relatively similar among habitats (Table 3B). All mea-
sures of avian species diversity differed significantly over time,
with more species detected in 2004 than in 2003, possibly
because of our enhanced sampling capabilities.

In terms of individuals, significantly more birds were cap-
tured per survey in disturbed forest than in other habitats, but
there were no significant habitat differences in the numbers of
birds detected during point counts (Table 4). Relative abundances
of all four feeding guilds changed significantly with disturbance—
that is, the total bird abundance within each guild (number of
individuals surveyed, all species combined) varied with habitat
type, and the direction of change with disturbance depended on
the guild (Fig. 2). With results from both survey methods consid-
ered together, insectivores and frugivores were more common in
primary forest, while nectarivores and omnivores guilds were
more common outside the reserve in disturbed and intermediate
forest. For each guild, the pattern of change in abundance among
habitats was similar in point counts and mist net surveys, even
though some tests were not statistically significant (Table S2).

Bird community composition (i.e., species presence/absence
based on point counts and netting combined) differed among all

forest habitats. Species composition of plots was similar within
each habitat, as plots from the same habitat were associated on
CA axis 1 (Fig. S2). Furthermore, primary and disturbed forest
types were found on opposite ends of the first CA axis, illustrat-
ing that the bird communities of these habitats were dissimilar.
CA axis 2 represented variation in bird species composition
within habitats. Disturbed study plots were spread widely along
this axis, indicating much more variation in the bird community
composition of disturbed forest compared to other habitats.
Forty‐six percent of variation in the occurrence of bird species
was summarized by the first two CA axes—the first and second
axes explained approximately 27 percent and 18.7 percent of the
variation, respectively.

PLANT‐BIRD ASSOCIATIONS.—There was a strong association
between the fruiting plant and bird assemblages of Tobago’s rain
forest habitats (Fig. S3). The first two canonical axes explained
83 percent of variation in the bird species‐environment relation-
ship, and CCA axis 1 alone explained approximately 60 percent

TABLE 3. Measures of bird diversity (means ± SE) in Tobago’s rain forest habitats. Point count and mist net surveys were conducted about once a month in each study plot (12 plots:

N = 4 per habitat 9 6 mo). Note that disturbed forest had the highest value for all measures. Significant effects have bold, italicized P‐values; means that share a letter are

not significantly different.

Forest habitat

(a) Species richness (b) Shannon diversity

Counts spp./survey (± 0.4)

Nets total spp./plot

(± 1.4)

Nets Spp./10 mist‐net h

(± 0.5)

Counts index/survey

(± 0.6)

Nets index/survey

(± 0.1)

Primary 10.4 15.3 (ab) 4.5 (ab) 2.24 1.19

Intermediate 9.2 12.8 (b) 4.2 (b) 2.15 1.13

Disturbed 10.5 18.5 (a) 5.9 (a) 2.25 1.32

Habitat comparisonsa

Repeated measures ANOVA (df ), F, P (df ), F, P (df ), F, P (df ), F, P Kruskal‐Wallis test

Forest (2,9), 2.52, 0.13 (2,9), 4.64, 0.04 (2,9), 3.65, 0.07 (2,9), 1.21, 0.34 v2=1.88, df=2,

Time (5,45), 3.58, <0.01 — (8,71), 2.90, <0.01 (5,45), 17.7, <0.01 P=0.39

Forest* time (10,45), 1.60, 0.14 — (16,71), 0.48, 0.95 (10,45), 1.52, 0.17

aStatistical tests refer to the response variable reported in the same column.

TABLE 4. Measures of bird abundance (mean ± SE) from point count and mist net

surveys conducted about once a month in each study plot (12 plots: N = 4

per habitat 9 6 mo). Significant tests have bold, italicized P‐values; means

that share a letter are not significantly different.

Forest habitat Birds/point count (± 1.1) Birds/10 mist‐net h (± 0.8)

Primary 22.4 6.0 (a)

Intermediate 19.7 6.3 (a)

Disturbed 23.1 10.2 (b)

Repeated Measures ANOVAa: (df ), F, P

Forest (2,9), 1.33, 0.31 (2,9), 4.09, 0.05

Time (5,45), 1.63, 0.17 (8,71), 1.85, 0.08

Forest* time (10,45), 1.43, 0.20 (16,71), 0.58, 0.89

aStatistical tests refer to the response variable reported in the same column.
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(P = 0.02). This first axis was positively correlated with the
abundance of plants that grow in small gaps, and negatively cor-
related with canopy cover and the abundance of plants that
grow in large gaps (Fig. S3A). Primary forest plots were located
on the negative end of CCA axis 1, and contained a predomi-
nance of bird species associated with the presence of shade
plants, including the birds Platyrinchus mystaceus (wp, White‐
throated Spadebill) and Platycichla flavipes (yt, Yellow‐legged
Thrush) (Fig. S3B). In contrast, disturbed plots were located on
the positive end of axis 1, along with those bird species associ-
ated with light‐demanding plants, such as Turdus nudigenis (bt,
Bare‐eyed Thrush) and Thraupis palmarum (pt, Palm Tanager).
Intermediate forest plots and ubiquitous species were clustered
closer to the centre of ordination space, but these study plots
were more similar to disturbed than primary forest. The similar
length of all three arrows shows that the environmental variables
(canopy cover, shade plants, and light plants) had equally strong
relationships with bird species composition. The strong positive
correlation between canopy cover and the abundance of shade
plants (canonical correlation = 0.72), indicated by the similar
direction of these two vectors, is intuitive. Overall, the strong
relationship between plants and birds along the gradient of dis-
turbance showed that human activity has had an important
influence on the community structure of fruiting plants and
birds in this rain forest ecosystem.

DISCUSSION

Our objective was to determine if there was a signal of anthropo-
genic disturbance effects on the community structure of fruiting
plants and birds in Tobago’s lower montane rain forest. We
found clear differences in the species assemblages of three rain
forest habitats, consistent with increasing human activity. The
adjacent habitats that we compared once formed continuous rain
forest. Now, their plant and bird communities differ markedly.
More human disturbance was associated with a decline in canopy
cover and a corresponding increase in the ratio of light:shade
plants, similar to increases in the abundance of early successional
plants that occur after selective logging (Aleixo 1999). Our analy-
sis of the plant community also showed that disturbed and inter-

mediate forest were more homogeneous in composition,
compared with the greater diversity inherent in primary forest
(Fig. S1). Similar results have been found for rain forests in Wes-
tern Polynesia (Franklin et al. 2006). Further, we found that bird
species occurrences were significantly associated with the differ-
ences in plant communities, which in turn explained much of the
variation in bird community composition. Other studies have
detected an association between industrial activity, vegetation/
landscape structure, and avian community composition (Drapeau
et al. 2000, Sekercioglu 2002). Because our study was compara-
tive, not manipulative, we cannot distinguish the influence of
direct disturbance on the bird community from indirect effects
due to changes in the plant community. Also, as level of human
disturbance and distance from continuous forest were intertwined
in the landscape we studied—due to the forest reserve—we can-
not entirely disentangle the effects of these factors. We do con-
clude that changes in bird community structure were strongly
associated with human disturbance of the rain forest ecosystem,
along with the extent of openings in the forest canopy and
related differences in plant abundances.

Bird species composition differed among the three habitats,
with disturbed and primary forest being least similar. In fact,
human disturbance led to an increase in bird species richness.
Interestingly, while plant species composition was most diverse in
primary forest, bird species composition was most diverse in dis-
turbed forest. Other studies of tropical forests have found both
increased and decreased bird diversity following disturbance (Hill
& Hamer 2004). Changes in species composition can result from
both the disappearance of species sensitive to disturbance, and
the appearance of others that benefit (Johns 1996, Renjifo 1999,
Meehan et al. 2002, Sekercioglu 2002). This underscored that spe-
cies differ in their ecological traits, and that species composition
is a major determinant of ecosystem properties and functioning
(Tilman 1999, Maas et al. 2009).

We found that the total birds present increased with distur-
bance in net surveys, but there was no detectable difference
based on point counts. The two methods have different sampling
biases, so we cannot comment with certainty on how disturbance
affected bird abundance. We did find, however, that species
responded differently to disturbance depending on their feeding
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FIGURE 2. Changes in the abundance of four avian feeding guilds. Data are the mean abundance of each guild in (a) point count surveys, expressed as number

of birds per count, and (b) mist net surveys, expressed as number of birds per 10 mist‐net h (mnh). Forest habitat types represent increasing levels of disturbance

(N = 4 study plots per habitat): P, primary; I, intermediate; D, disturbed.
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habits: frugivore abundance declined with disturbance, but insec-
tivores declined only in intermediate forest. In contrast, nectari-
vore and omnivore abundance increased with disturbance. These
results are consistent with other studies of tropical bird responses
to moderate disturbance, which collectively suggest that feeding
habits are a good predictor of a species’ vulnerability (Gray et al.
2007, Tscharntke et al. 2008). Terrestrial insectivores are generally
most sensitive to forest disturbance (Stouffer et al. 2006), while
responses for other guilds vary more among studies. Like us,
Renjifo (1999) found that nectarivores increased, and large frugi-
vores were extinction prone while small frugivores were resilient
to fragmentation. In Indonesian agroforestry landscapes, Clough
et al. (2009) found a lower diversity of frugivores and nectarivores
with an increasing distance from forest, while granivore diversity
increased.

Interestingly, frugivores in our study declined even though
overall fruit abundance tended to increase with disturbance. Many
factors that we did not measure, however, can influence the avail-
ability and attractiveness of fruit resources to frugivores. These
include fruit size, nutritional content, density, inter‐plant distances,
and other habitat characteristics (Sargent 1990, McCarty et al.
2002, Saracco et al. 2005).

In the ecosystem we studied, we infer that changes in plant
and bird community composition must influence plant‐bird species
interactions. Primary forest in the reserve represents a source of
propagules that birds could move to disturbed areas, potentially
enhancing forest recovery (Medellin & Gaona 1999, Chazdon et al.
2003). But rain forest plants with fruits adapted for bird dispersal
could be particularly vulnerable to ongoing human disturbance, so
the maintenance and recovery of primary forest vegetation could
be compromised. Population increases of birds that prefer open
habitats might also be enhancing dispersal of light‐demanding, pio-
neer plants. Thus, the changes documented here in the compara-
tive abundances of plant types, and several fruit‐eating bird
species, could manifest as altered patterns of frugivory, seed dis-
persal, and plant demography in Tobago’s rain forest.

Many dynamics in our system remain to be investigated: as
in any comparative study, we do not know what portion of
observed shifts in species assemblages were due to direct, human
habitat alteration, vs. compounded temporal changes due to
altered biotic interactions after disturbance, such as seed deposi-
tion or forest succession. Also, we studied an island rain forest
so it is difficult to know whether results are representative of dis-
turbance dynamics; Tobago is a relatively small island that has
been separated from the mainland for millennia (ffrench 1991)
and is subject to hurricanes, so its avifauna is likely comprised of
species capable of surviving some disturbance. If so, the impact
of human disturbance on Tobago’s biota might be dampened
compared to mainland tropical rain forests that have not experi-
enced the same degree of natural disturbance.

Generalization about disturbance effects at the ecosystem
level—and incorporation of this knowledge into biodiversity con-
servation—requires observations from studies of diverse habitats
and scenarios. Studies across a gradient of protected forest and
areas used for subsistence, such as ours, are highly relevant

because unprotected, moderately disturbed landscapes support a
large and growing share of global biodiversity, and they have sig-
nificant conservation potential if managed wisely (Power & Flec-
ker 1996, Luck & Daily 2003). Our results give further insight
into the ecosystem impacts of anthropogenic activity, by showing
that plants and birds in rain forest communities can be sensitive
to even low‐level human disturbance.
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