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While there is no substitute for undisturbed forest, secondary forests and agroforests are increasingly
common in tropical areas and may be critical to conservation plans. We compared the diversity and
abundance of birds and the characteristics of mixed-species bird flocks in forests inside protected
reserves to ‘‘buffer’’ areas, consisting of degraded forests and non-native timber plantations at reserve
boundaries, and to agricultural areas. We monitored a network of 57 transects placed over an altitudinal
gradient (90–2180 masl) in Sri Lanka and southern India, collecting 398 complete flock observations and
35,686 observations of birds inside and outside of flocks over two years. Flocks were rarely found in agri-
cultural areas. However, the density of flocks in buffer areas was similar to that in forests, although buffer
flocks were smaller in average flock size and differed significantly in composition, as measured by the
proportion of species that were classified, from the literature, as forest interior or open-landscape species.
While flock composition was distinct between agricultural, buffer and forest areas, the differences in the
composition of flocks was not as great as the differences between the overall communities in these
different habitats. Considering buffer transects alone, pine plantations retained fewer forest interior
species in flocks than did forests, and small areas of agriculture and abandoned agriculture attracted
open-landscape species. Though clearly not equivalent to protected forests, degraded forests and
agroforests in buffer areas still hold some conservation value, with forest species found particularly in
mixed-species flocks in these human-modified habitats.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Biodiversity loss is a global problem (Butchart et al., 2010),
particularly in the tropics where biodiversity is highest. While rel-
atively undisturbed forests are essential for conservation (Gibson
et al., 2011), they are not sufficient given that protected areas cover
less than 10% of the world’s forests globally (Schmitt et al., 2009).
The study of how animals live and reproduce in landscapes of
human-modified ecosystems, including agricultural areas (Daily
et al., 2001), agroforests (Bhagwat et al., 2008) and secondary
forests (Chazdon et al., 2009), is thus essential to conservation
(Gardner et al., 2009).

Birds are useful taxa to study for understanding the response of
animals to anthropogenic disturbance because, besides being pre-
dominantly diurnal and readily identified, they are quite sensitive
to disturbance, especially for highly mobile animals (Chazdon
et al., 2009; Gibson et al., 2011). Birds also extensively interact
with other taxa, providing important ecosystem benefits, such as
insect control, seed dispersal and pollination (Sekercioglu, 2006).
Besides studying the total bird community, it is useful to investi-
gate mixed-species flocks of birds, which incorporate a large
proportion of the avifauna in the tropics (Powell, 1985; Greenberg,
2000). Birds that participate in such flocks have been reported to
be more vulnerable to anthropogenic disturbance (Stouffer and
Bierregaard, 1995; Van Houtan et al., 2006).

Here we investigate how mixed-species flocks, and the total
bird community, respond to different land-use types in Sri Lanka
and the Western Ghats. Sri Lanka and the Western Ghats represent
one of the earth’s biodiversity hotspots (Myers et al., 2000;
Gunawardene et al., 2007), and of all the hotspots, have the most
dense human population (Cincotta et al., 2000). Although mixed-
species bird flocks have been extensively studied in the region
(Goodale et al., 2009), most of these studies were inside protected
reserves, and did not quantitatively relate flock characteristics to
land-use. In the present study, we sampled birds inside and outside
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of flocks in three ‘broad’ land-use types: inside protected forests, in
buffer areas containing degraded forest or tree plantations, and in
agricultural areas. Transects were also mapped as to the ‘specific’
land-use types (e.g., Eucalyptus plantation) found nearby them.
Here we report how flock characteristics such as density, size
and composition (by which we specifically mean the proportion
of forest interior and open-landscape species) were affected by
(1) the broad land-uses (the comparison between forest, buffer,
and agriculture) and (2) the specific types of land-use, focusing
on those found on buffer transects. Further, we look at the re-
sponse of the overall bird community to these same types of
land-uses, in terms of species richness, bird abundance and compo-
sition, to trace the implications of differing types of land-use for
tropical bird conservation in countryside landscapes.
2. Materials and methods

2.1. Study area

We worked in areas of moist evergreen forest in Sri Lanka and
southern India (Fig. 1). The reserves that we sampled in these areas
have either not been systematically logged during the last half cen-
tury (although roads may have been cut through them, n = 15 tran-
sects), or were selectively logged during the 1970s (n = 4 transects)
and 1980s (n = 2); they are currently relatively well protected,
although some small-scale extraction (e.g., polewood and fire-
wood) occurs in some areas. Forests are largely confined to pro-
tected areas, but fragments do exist in areas of intensive
agriculture (Anand et al., 2010). The Forest Departments of the
respective countries, and to a lesser extent private agencies, have
planted land bordering forests with timber crops, including
Fig. 1. Transects (n = 57) from which observations were made in Sri Lanka and India ove
(degraded forests or plantations) at the border of forests are red, and those in agricultura
brown above that and green and blue below. The width of the transect is not to scale. T
Center for Tropical Agriculture (CIAT), available from the CGIAR-CSI SRTM 90 m databa
Reserve; (B) eastern sector of Sinharaja; (C) Nuwara Eliya region; (D) Thattekad Reserve
Eucalyptus sp. in montane Sri Lanka and mid-elevation India, Pinus
caribaea in lowland and mid-elevation Sri Lanka, and Tectona gran-
dis and Swietenia sp. in lowland India.
2.2. Sampling

Between December 2006 and December 2007, we sampled
three sites in Sri Lanka: the Sinharaja World Heritage Reserve,
western sector (300–500 masl), Sinharaja eastern sector (900–
1100 m), and the Nuwara Eliya region (1800–2000 m). For each
site, we laid down eight 2-km transects: three transects were
placed in relatively undisturbed forest inside protected reserves,
three transects in ‘‘buffer zones’’ near the borders of protected re-
serves, and two transects in areas of intensive agriculture (Fig. 1,
sites A–C). Between April 2007 and June 2008, we sampled two
sites in southern India: the Thattekad Reserve in Kerala (40–
80 m) and the Anamalai Hills in Tamil Nadu (850–1000 m). At each
site, we laid down eight 2-km transects following the same meth-
odology as in Sri Lanka (Fig. 1, sites D and E). Finally, between Jan-
uary 2008 and January 2009, we sampled the altitudinal gradient
from the Gillimalle Forest Reserve (90 m) to the Horton Plains Re-
serve (2180 m) in Sri Lanka. Seventeen 1-km transects were placed
over this gradient, again attempting to match transects of one type
of land-use with nearby transects of the other types, although for
logistical reasons such matching was not perfect (Fig. 1, these tran-
sects are between the A, B and C sites).

For transects we chose pre-existing paths or small roads that
were relatively straight, and ensured that transects were at least
250 m away from each other at all points. Detailed maps were
constructed for the area 25 m to each side of each transect, classi-
fying the specific land-use type that was the majority of that area
r an altitudinal gradient. Transects through forests are blue, those in ‘‘buffer’’ lands
l lands are yellow. Beige colored areas are between 1000 and 1500 masl, with dark
opographical data are void-filled seamless SRTM data V1, 2004, from International
se at_http://srtm.csi.cgiar.org. (A) Western sector of the Sinharaja World Heritage
; and (E) Anamalai Hills.



Table 1
Classification of specific land-use types. Only buffer transects in Sri Lanka were used
in this analysis (see text). The number of such transects for specific land-use types
with complete flocks, or with more than five hectares sampled, is shown; we only
included a specific land-type in the analysis if there it was found in complete flocks on
more than three transects, or sampled more than five hectares on three transects.

Major
type

Minor
type

Description # Buffer
transects
with
complete
flocks

# Buffer
transects with
5 hectare or
more sampled

I Relatively undisturbed forest 4 5

II Relatively disturbed forest
a Forest heavily

disturbed for firewood
or for enrichment (e.g.,
cardamom)

5 5

b Forest completely cut,
but regenerated for
>20 yrs

7 6

III Plantations
a Pine plantation 8 9
b Eucalyptus plantation 8 8

IV Agriculture
a Tea 2a 6
b Home gardens 2a 4

V Abandoned agriculture
a Shrubland

(regenerated <20 yrs)
8 7

Total
analyzed

40 50

a Found on too few transects for analysis.

386 E. Goodale et al. / Forest Ecology and Management 329 (2014) 384–392
(see Table 1 for classification scheme). Visits to the transects were
rotated throughout the year. Each day the observers conducted one
transect in the morning (8:00–10:00), and another in the afternoon
(15:00–17:00). The average transect was visited 7.2 times over a
year (SD = 4.0).

When walking a transect, two observers took records on every
bird encountered and how far it was from the transect. The bird
was recorded as being inside or outside of a flock, defined as two
or more species definitively moving the same direction (Goodale
et al., 2009). When a flock was encountered, we stopped to record
its composition for a minimum of 5 min and a maximum of 15 min,
and noted the distance from the transect to the closest member of
the flock. If the composition of the flock was observed well, the
flock was considered complete. For complete flocks, we believe
that 80–100% of the individuals were counted, with canopy species
being the most difficult to detect. We also noted the presence of
flocks not seen well (incomplete flocks). Additional flock records
were taken when walking back on the transect, if a flock had not
been seen previously that day within 500 m.

We took records on all birds and mammals observed, but ana-
lyze only birds, as they accounted for 98% of observations within
25 m of the transect (see Appendix 1; Funambulus squirrels were
the only mammals seen in flocks, Kotagama and Goodale, 2004).
Bird taxonomy follows Gill and Donsker (2013).

2.3. Analysis

We used DISTANCE software to calculate detection functions for
flocks and for individuals outside of flocks, and thereby estimate
densities (Buckland et al., 2001). For flocks, land-use was included
as a co-variate in the models, as well as the presence of a noisy
leading species, the Sri Lankan endemic Orange-billed Babbler
(Turdoides rufescens), which significantly increased detection rates.
Following Buckland et al. (2001) recommendations, we only ran
analyses on individuals outside of flocks if there were at least 40
observations per species. Land-use was included as a covariate if
the species had at least 40 observations in all three land-use types.
Distance-adjusted data was used in the analysis of flock density,
and in all the analyses of the total bird community.

We conducted two major kinds of analyses of the effect of land-
use. Broad land-use analyses investigated differences between for-
est, buffer and agricultural transects. Here the transect was the
unit of replication and response variables (e.g. flock size) were
averaged for all observations on a transect. Specific land-use anal-
yses investigated how birds were affected by different specific
kinds of land-uses (see Table 1) in the buffer transects. Since all
buffer transects were placed at the boundaries of reserves, they
tended to be at similar distances from the forest, and thus different
specific land-uses on buffer transects were comparable to each
other (in contrast, specific land-uses on agricultural transects were
not comparable to those on buffer transects, because they tended
to be much further away from the forest). In these analyses, the
transect/specific land-use combination was the unit of replication,
and thus response variables like flock size were averaged for all
observations in the specific land-use in question on a transect.
For both broad and specific land-use analyses, we investigated
the effects of land-use separately on mixed-species flocks and on
the total bird community, and hence we present four analyses in
the ‘‘Results’’ section (broad land-use/flocks, broad land-use/total
community, specific land-use/flocks, specific land-use/total
community).

For each of these four analyses, we looked at both summary sta-
tistics for the flock system or community as a whole and the com-
position of that community (which species were where). Summary
statistics investigated for flocks included flock density (using infor-
mation from complete and incomplete flocks), and flock size
(in terms of species and individuals, using information from com-
plete flocks only). Summary statistics for the total bird community
included species richness and the total number of individual obser-
vations, a measure of bird abundance. To adjust for differences be-
tween transects in their sampling, we divided the total number of
individual observations by sampling effort (calculated in hectares,
incorporating both the length and 50 m width of the transect and
the number of times the transect was walked). For species, we used
the rarefaction program rrarefy in the vegan package of R (Oksanen
et al., 2008) to estimate how many species would have been found
if the number of individual observations made on a transect was
the minimum number of individual observations made on any
one transect. To investigate species composition, we first classified
‘forest interior’ and ‘open-landscape’ species from the literature,
and then determined what proportion of species in complete flocks
belonged to these different groups. We used Ali and Ripley (1987)
and Grimmett et al. (1999) to make these classifications; if a spe-
cies did not fall clearly into either of the two groups, it was not
used in the analysis.

Statistical models for broad land-use analyses included the
three fixed factors of land-use (forest, buffer, agriculture), elevation
(coded as low = 0–500 m; medium = 800–1300 m; and high =
1500–2180 m), and country. For the specific land-use analyses,
we only used data from Sri Lanka, as it was most consistent in
the land-use categorization system. Statistical models for the spe-
cific land-use analyses were mixed models, with land-use and ele-
vation as fixed factors, and transect as a random factor. For most
response variables, we used general linear models (the function
aov in R, or, for mixed models, the function lmer in the package
lme4, Bates et al., 2011). For the variables of the proportion of spe-
cies that were forest interior or open-landscape, we used general-
ized linear models with a binomial distribution (the function glm,
or, for mixed models, the function glmer). Response variables were
transformed to improve normality and homoscedasticity. All
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models were progressively simplified, dropping interaction terms
and factors that did not significantly (a = 0.05) explain the vari-
ance. The final reduced model was followed by multiple compari-
sons, reducing the alpha level for the number of tests made by the
Tukey procedure, and using the package multcomp (Bretz et al.,
2010). All analyses were conducted using R, version 2.12.2.

In preparing for the specific land-use analyses, we summed to-
gether different stretches of the same specific land-use on a tran-
sect to calculate the total amount of that land-use type within
25 m of the transect. We then calculated a sampling effort in hect-
ares for that specific land-use type, incorporating both the size of
the specific land-use type and the number of times that the tran-
sect was walked. The total number of individual observations
was divided by sampling effort and the number of species observed
was estimated by rarefaction analysis, as above, to estimate the
number of species that would have been observed had the number
of individual observations been the same as the minimum number
of individual observations made on any one transect/specific land-
use combination. For the analysis of the effect of specific land-use
on flock size and the proportion of forest interior and open-land-
scape species in flocks, we analyzed only specific land-use types
that had complete flocks seen in them on at least three transects.
For all other analyses, we used those specific land-use types that
had at least five hectares sampled on at least three transects. When
multiple comparisons between a forest category and a non-forest
category were significant or close to significant, we conducted an
additional analysis in which all forest categories (I, II-a, II-b; see
Table 1) were lumped together, to better compare the non-forest
specific land type to ‘‘remnant forests’’ in these buffer areas.
3. Results

3.1. Data collected

We collected 35,686 observations of birds over the sampling
period, inside and outside of flocks. We encountered 206 bird spe-
cies, with 57 species classified as forest interior species and 52 as
open-landscape species (the rest were classified as both; Appendix
S1). There were 21 bird species listed as Near Threatened or more
endangered on the IUCN Red List (IUCN, 2013). For flocks, we col-
lected 329 complete and 159 incomplete observations while walk-
ing transects, and an additional 69 complete observations that
were made on transects, but not while walking a transect.

3.2. Broad land-use type analysis (forests, buffer, agriculture) for flocks

Land-use strongly affected flock density (Fig. 2A). Flock density
was much higher in forest and buffer transects than in agricultural
ones (Table 2A). A land-use/country interaction was due to buffer
transects in India having higher flock densities than forest ones,
while in Sri Lanka, the opposite was true. Buffer flocks were smal-
ler than forest flocks in terms of species (Fig. 2B, Table 2B) and agri-
cultural flocks tended to be smaller than forest flocks in terms of
individuals (Fig. 2C, Table 2C).

The percentage of interior forest species that participated in
flocks was significantly higher in forest transects than in buffer
or agricultural transects (Fig. 3, Table 2D). In contrast, the percent-
age of open-landscape species participating in flocks increased
from forest to buffer to agricultural transects (Table 2E).

3.3. Broad land-use type analysis (forests, buffer, agriculture) for the
total bird community

Land-use was not a strong influence on the species richness of a
transect (Table 3A), or the bird abundance (Table 3B). A land-use
country interaction for both these factors was caused by agricul-
tural transects in Sri Lanka having similar levels of species or indi-
vidual observations with the other treatments, but agricultural
transects in India having significantly fewer species than other
land-uses (less than buffers or forests, Z-scores > 3.40, P < 0.013),
and lower bird abundance (Z-scores > 2.87, P < 0.033).

Unsurprisingly, in the total community analysis, forest interior
species were most abundant in the forest (Fig. 3, Table 3C), and
open-landscape species were most abundant in agriculture
(Table 3D). These differences among the broad categories were
much more striking for the total community analysis than for flocks
(for forest interior species, total bird community X2

2 ¼ 90:45,
whereas for flocks it was 18.69; for open-landscape species, total
bird community X2

2 ¼ 191:09, whereas for flocks it was 50.67). This
is because flocks outside of forests include more forest interior birds
than would be expected based on the total bird community (see
Fig. 3): agricultural flocks were composed of 22.1% forest interior
species, whereas only 15.7% of the total bird community in the agri-
cultural transects were forest interior species. Similarly, flocks do
not include many open-landscape species: agricultural flocks con-
tained only 19.3% of these species, although they made up 33.5%
of the total bird community.

3.4. Specific land-use type analysis for flocks

Specific land-uses did not strongly influence flock characteris-
tics, when we analyzed only flocks seen on buffer transects. Ana-
lyzing eight specific land-uses (I, II-a, II-b, III-a, III-b, IV-a, IV-b,
and V-a) for both complete and incomplete flock data, we found
no effect of land-use on flock density (X2

7 ¼ 6:33, P = 0.50). Analyz-
ing six specific land-uses for complete flock data (I, II-a, II-b, III-a,
III-b, V-a; there were too few complete flocks on agricultural
land-use types), there was no effect of land-use on the average
number of species per flock (X2

5 ¼ 8:37, P = 0.14), or the number
of individuals (X2

5 ¼ 5:75, P = 0.33).
However, specific land-use did affect the composition of flocks.

Specific land-use (including the six types analyzed for complete
flocks) influenced the number of forest interior species (Fig. 4,
X2

5 ¼ 14:55, P = 0.012), with pine plantations having fewer species
than regenerated forests (Z = 3.22, P = 0.016). This result was re-
tained if one lumps together all forest classes into a ‘‘remnant for-
est’’ category: specific land-type influences the proportion of forest
interior species (X2

3 ¼ 10:12, P = 0.018), and pine plantations have
lower proportions of forest interior species than remnant forest
(Z = 2.73, P = 0.031). For open-landscape species, the effect of spe-
cific land-use was significant when analyzing six categories
(X2

5 ¼ 14:51, P = 0.013), but none of the multiple comparisons had
a P-value less than 0.10. However, a subsequent four category anal-
ysis (remnant forest, III-a, III-b, V-a), also showed a strong effect of
specific land-use (X2

3 ¼ 13:20, P = 0.0042), with abandoned agricul-
ture having a higher proportion of open-landscape species than
remnant forest (Z = 2.99, P = 0.014).

3.5. Specific land-use type analysis for the total bird community

Specific land-uses also did not have large effects on the species
richness of the bird community or the abundances of birds. An
analysis with eight land-uses (I, II-a, II-b, III-a, III-b, IV-a, IV-b,
and V-a) showed no effect of specific land-use on species richness
(X2

7 ¼ 3:13, P = 0.87) or bird abundance (X2
7 ¼ 10:52, P = 0.16).

The effect of specific land-use on species composition was also
muted. Specific land-use tended to influence the proportion of for-
est interior species (X2

7 ¼ 13:29, P = 0.066), but no multiple com-
parisons had a P-value less than 0.10. A six category analysis that
lumped together forest classes (remnant forest, III-a, III-b, Iv-a,
Iv-b, and V-a) showed no influence of specific land-use on the
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Fig. 2. The effect of the land-use type of the transect (forest, buffer or agriculture) on characteristics of mixed-species bird flocks. The left column shows Sri Lankan data, and
the right column Indian data. (A) The density of flocks per hectare. (B) The average number of species per flock. (C) The average number of individuals per flock. There were no
complete flocks observed on village Indian transects. For statistics, see Table 2A–C.
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proportion of forest interior species (X2
5 ¼ 4:40, P = 0.49). As to

open-landscape species, the full eight category analysis showed a
significant effect of specific land-use (X2

7 ¼ 23:46, P = 0.0014), with
regenerated forests having fewer open-landscape species than the
home gardens (Z = 3.27, P = 0.023) or tea gardens (Z = 3.08,
P = 0.042) in the buffer areas. However, when forests were lumped
together in a six category analysis, the effect of specific land-use
was not strong (X2

5 ¼ 9:45, P = 0.092), with no multiple compari-
sons having a P-value less than 0.10.

4. Discussion

We found strong differences when comparing flocks and total
bird communities between forests, buffer, and agricultural areas
in Sri Lanka and southern India. Mixed-species flocks were very
rare in agricultural areas. Buffer areas, however, had as high densi-
ties of flocks as did forests, although the flocks were smaller in
average size and had significantly different composition than forest
flocks. Compared to these dramatic differences at different dis-
tances from the forest, the effect of specific land-uses in the buffer
areas (all placed at the boundaries of forest reserves) was relatively
small. Nonetheless, there were detectable differences in species
composition, with pine plantations not retaining forest interior
species in flocks compared to forests, and agriculture and aban-
doned agriculture being more amenable habitats than forests for
open-landscape species. Comparing mixed-species flocks to the
total bird community, we found that flocks outside of forests re-
tained a greater percentage of forest interior species, and included
a lower percentage of open-landscape species, than did the overall
bird community.

Any study of how biodiversity changes due to human distur-
bance has difficulty distinguishing between the effects of different
variables associated with anthropogenic change, such as degrada-
tion of habitat (Mortelliti et al., 2010), fragmentation (Laurance
et al., 2002), distance to the remaining forest (Anand et al.,
2010), quality of the matrix (Perfecto and Vandermeer, 2002),
and edge effects (Murcia, 1995). Our sampling method of line tran-
sects, which we chose because it is suitable to surveying relatively
rare phenomena like flocks, is not well-suited to study the effects
of fragmentation, and we largely ignore these effects in our analy-
sis. For example, in investigating the effects of specific land-uses,
we summed together patches of the same land-use, without con-
sidering the effect of the size of those patches, or any related edge
effects. Another major limitation of this study is that we are



Table 2
Flock characteristics, by broad land-use type (forest, buffer, agriculture) country and elevation. Factor is only included in final model if it was significant (a = 0.05), or if it was
included in a significant interaction.

Comparison Factor F or X2a df P Posthoc tests T or Z b p

A. Density (ANOVA)
Land-use 15.46 2,51 <0.001 A vs. B �4.87 <0.001

A vs. F �5.07 <0.001
B vs. F �0.24 0.97

Country 0.13 1,51 0.72
Land-use:Country 4.78 2,51 0.01

B. Size: species (ANOVA)c

Land-use 5.37 2,48 0.008 A vs. B 1.12 0.5
A vs. F �1.32 0.39
B vs. F �3.28 0.005

Country 17.02 1,48 <0.001 I > SL

C. Size: individuals (ANOVA)c

Land-use 2.53 2,49 0.09 A vs. B �0.91 0.64
A vs. F �2.10 0.10
B vs. F �1.56 0.27

D. Proportion of forest interior species (GLM – binomial)
Land-use 18.69 2 <0.001 A vs. B �1.95 0.23

A vs. F �3.75 <0.001
B vs. F �2.86 0.02

Elevation 9.41 2 0.009 L vs. M �0.03 1
L vs. H 2.72 0.034
M vs. H 2.76 0.030

E. Proportion of open-landscape species (GLM – binomial)
Land-use 50.67 2 <0.001 A vs. B 3.28 0.006

A vs. F 6.55 <0.001
B vs. F 4.31 <0.001

Elevation 13.28 2 0.001 L vs. M �2.37 0.09
L vs. H 1.40 0.56
M vs. H 3.51 0.003

a F statistics for ANOVA, v2 statistics for binomial GLM. F-tests for multifactor ANOVA use Type III sum of squares.
b T statistics for ANOVA and Z statistics for GLM. Positive figures are shown when the value for the first treatment level is greater than for the second in the posthoc test.

Abbreviations: A = Agriculture, B = Buffer, F = Forest; L = Low, M = Middle, H = High; I = India, and SL = Sri Lanka.
c Response variable square-root transformed to improve normality.
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the broad land-use analysis. For statistics, see Table 2D and E for flocks, and Table 3C and D for the total bird community.
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Table 3
Bird community characteristics, by broad land-use type (forest, buffer, agriculture) country and elevation. Factor is only included in final model if it was significant (a = 0.05), or if
it was included in a significant interaction.

Comparison Factor F or X2a df P Posthoc tests T or Z b p

A. Total species (ANOVA)c,d

Land-use 0.85 2,49 0.43
Elevation 27.26 2,49 <0.001 L vs. M 3.97 <0.001

L vs. H 7.36 <0.001
M vs. H 4.25 <0.001

Country 0.30 1,49 0.59
Landuse:Country 6.18 2,49 0.0040

B. Total individual observations/sampling effort (ANOVA)d

Land-use 0.08 2,51 0.92
Country 0.02 1,51 0.88
Landuse:Country 3.81 2,51 0.029

C. Proportion of forest interior species (GLM – binomial)
Landuse 90.45 2 <0.001 A vs. B �4.65 <0.001

A vs. F �8.94 <0.001
B vs. F �5.40 <0.001

Elevation 14.04 2 <0.001 L vs. M �1.00 0.57
L vs. H 2.88 0.011
M vs. H 3.65 <0.001

D. Proportion of open-landscape species
Landuse 191.09 2 <0.001 A vs. B 5.70 <0.001

A vs. F 12.39 <0.001
B vs. F 8.39 <0.001

Elevation 18.79 2 <0.001 L vs. M 1.37 0.36
L vs. H �3.25 0.0032
M vs. H �4.36 <0.001

a F statistics for ANOVA, X2 statistics for binomial GLM. F-tests for multifactor ANOVA use Type III sum of squares.
b T statistics for ANOVA and Z statistics for GLM. Positive figures are shown when the value for the first treatment level is greater than for the second in the posthoc test.

Abbreviations: A = Agriculture, B = Buffer, F = Forest; L = Low, M = Middle, H = High; I = India, and SL = Sri Lanka.
c So control for variance in sampling effort, we recalculated the number of species through rarefaction, using the minimum number of individuals seen on a transect.
d Response variable square-root transformed to improve normality.
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measuring the presence of birds, and not their fitness in the differ-
ent environments. Even areas where animals persist can actually
be found to be population sinks when fitness is measured (Robin-
son et al., 1995; Battin, 2004).

Keeping these caveats in mind, we draw two conclusions about
the response of birds to varying intensities of land-use from this
data. First, distance from the forest, as reflected by the differences
we found between forest, buffer and agricultural transects, is a
very strong influence on biodiversity, as also found for our region
by the review of Anand et al. (2010). In comparison, the effect of
specific land-use types – measured on the buffer transects, which
were all placed at relatively similar distances to the forest – is
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See Table 1 for sample sizes, and text for statistics.
weaker. The different patches of specific land-uses were small in
these buffer areas, and birds can thus ‘spill-over’ from one habitat
to another, obscuring which habitat they prefer: for example,
flocks might be observed moving across habitats that they do not
prefer to stay in.

Our second conclusion is that the data paints a picture of rela-
tively high persistence of biodiversity in buffer habitats. Flocks in
buffers retained 78.0% of the forest interior species that were found
in forest flocks, and the total community retained 71.4% of the for-
est interior species found in forests. The best buffer transects for
flocks were in India, and consisted of plantations where the native
canopy trees were retained, and the crop (coffee or cardamom)
A

III−a III−b V−a

B

en-landscape species for the different specific land-uses found on buffer transects.
lantations: III-a, deciduous; III-b, coniferous. Abandoned agriculture: V-a, shrubland.
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planted in the understory. Deciduous, hardwood plantations also
performed quite well in both countries, although pine plantations
in Sri Lanka retained fewer forest interior species. Our results are
comparable to those of Lee et al. (2005), who found flock size to
be similar between forest interior and forest edge sites. This persis-
tence of birds in these areas is undoubtedly related to the structure
of the vegetation of these habitats (Raman, 2006), and decisions as
to how to manage agroforests or shade plantations, such as how
many shade trees to retain, will be important in retaining their va-
lue for biodiversity (such considerations even influence how tea
plantations retain or attract birds, see Chetana and Ganesh, 2012).

How do our results fit with the accumulating literature on the
responses of animals to human modified habitats? There is a cur-
rent controversy between those studies that stress the importance
of modified environments to conservation (e.g., Dent and Wright,
2009), and those who stress how such environments do not com-
pare to undisturbed forest (e.g., Gibson et al., 2011). Sometimes
authors disagree as to how to interpret the same data (e.g., Ranga-
nathan et al., 2008; Sridhar, 2009). In our view, this is a ‘‘is the glass
half full or half empty?’’ argument: clearly these modified habitats
are not as good for animal conservation as undisturbed forests, but
they do conserve some aspects of biodiversity. For example, while
shade coffee can contain high diversities and abundances of birds
(Greenberg et al., 1997), some forest interior species may not be
able to use these environments (Tejeda-Cruz and Sutherland,
2004). Although we believe it is vital to stop the conversion of for-
est to transitional habitats like timber plantations or degraded for-
ests (see Tejeda-Cruz et al., 2010 about pitfalls in which
‘‘environmentally friendly’’ agriculture leads to forest loss), once
these habitats exist they do retain some bird species, more than
they would if they, in turn, were converted to agricultural lands.
Further, there are methods for restoring such forests back towards
more complex vegetative structure and a higher level of floristics
(Ashton et al., 2001; Raman et al., 2009).

A final conclusion from our data is that more forest interior spe-
cies, and fewer open-landscape species, were found in flocks than
in the overall bird community. Mixed-species flocks are known
to be a forest phenomenon and open-landscape species may sim-
ply not forage in ways amenable to flocking, or may have com-
pletely different ways of dealing with predation risk (Terborgh,
1990). Further research is necessary to determine exactly what
vegetation structure and fragment sizes enable/facilitate flocks to
exist in fragments or to move through corridors in the countryside.
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