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Short Communication

Distinct bird communities
in forests and fruit farms

of Caatinga landscapes
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Agricultural expansion and intensification drive changes
in bird assemblages and contribute to the homogeniza-
tion of communities. By working across the semi-arid
biome of the Caatinga in northeastern Brazil, this study
is the first to compare the bird communities found in
intensively managed fruit farms with those in remnant
Caatinga forest patches. We show that fruit farm
patches host 56% lower bird abundance and 61% lower
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species richness compared with the remnant Caatinga
forest fragments. Bird communities within the fruit
farms were distinct from those within the forest patches,
and they were characterized by species with broader
niches, including two non-native species.

Keywords: agricultural expansion, bird
assemblages, endemics, intensification, non-natives.

Agricultural landscapes occupy the largest part of the
world’s terrestrial surface (Foley et al. 2005), and land
use change due to agricultural expansion and intensifica-
tion is a major cause of biodiversity loss globally
(Newbold et al. 2016, Jaureguiberry et al. 2022). Agri-
culture is still expanding rapidly in parts of the world, a
trend that is predicted to persist over the coming
decades (Godfray et al. 2010). The highest rates of agri-
cultural expansion are predicted in the southern hemi-
sphere, including South America (Zabel et al. 2019),
and threaten many of the world’s biodiversity hotspots
(Molotoks et al. 2018). The responses of biodiversity to
agriculture in these regions remain largely unstudied
(van der Meer et al. 2020).

Intensively managed agricultural landscapes are fre-
quently homogeneous and experience high levels of
anthropogenic disturbance, so that only species able to
adapt to these conditions persist (Tscharntke et al. 2012,
Newbold et al. 2013, Da Silva et al. 2021). Habitat and
diet generalists and migratory and short-lived species do
better within human-modified habitats, at the expense
of species with narrower niches (Blackburn et al. 20009,
Newbold et al. 2013, Val et al. 2018, Smith et al. 2019).
This can lead to homogenization of assemblages within
agricultural landscapes and could result in the wider
homogenization of global biodiversity under agricultural
expansion and intensification  scenarios  (Pereira
et al. 2012). Retaining habitat heterogeneity across agri-
cultural landscapes can counteract this by supporting
more diverse communities (Benton et al. 2003, Martin
et al. 2019, Sasaki et al. 2020). Within fragmented agri-
cultural landscapes, edge habitats are particularly impor-
tant because they harbour more biodiversity (Martin
et al. 2019, Sasaki et al. 2020), and retaining high edge
density has been shown to improve connectivity and
promote more diverse assemblages (Boesing et al. 2018,
Silva et al. 2020). This, in turn, increases the resilience
of agricultural habitats to change and supports the provi-
sion of ecosystem services (Tscharntke et al. 2005, Karp
et al. 2018, Redhead et al. 2020).

Human-modified and disturbed habitats facilitate the
spread and establishment of non-native species, a pattern
that is well documented in mammals (Doherty
et al. 2016, Hradsky et al. 2017), birds (Bonter et al. 2010,
Colléony & Shwartz 2020, Shivambu et al. 2020) and
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plants (Taylor & Irwin 2004). Traits that predict occur-
rence in human-modified landscapes are common among
non-native species (e.g. large body size, low level of spe-
cialism; Blackburn et al. 2009), and so the proportion of
communities that non-native species make up increases
with intensity of land-use (Sofaer et al. 2020). This is of
conservation concern as invasive species threaten native
species through competition, predation and disease
spread, and can drive native populations to extinction
(Bellard et al. 2016, Blackburn et al. 2019).

The Caatinga biome in Brazil is the largest semi-arid
tropical forest globally and is one of the world’s most
biodiverse tropical drylands, harbouring over 2000 spe-
cies of plants and vertebrates (Da Silva et al. 2017, de
Araujo et al. 2022). The Caatinga has a rich bird assem-
blage of 548 species, representing almost 29% of Brazil-
ian species, with 67 species that are endemic or near-
endemic to the Caatinga (Araujo & Da Silva 2017, de
Araujo et al. 2022). Endemic birds in the Caatinga have
already been shown to be vulnerable to climate change
(Gongalves et al. 2023), as many are diet and habitat
specialists (Araujo & Da Silva 2017, Vale et al. 2018).
The Brazilian Caatinga is undergoing a faster rate of
deforestation than tropical rainforests (Miles et al. 2006,
Dias et al. 2016) and has experienced high levels of
anthropogenic disturbance (Teixeira et al. 2021). The
Caatinga is Brazil’s second most degraded biome, with
half of its original area already lost and only 1% of
the remaining Caatinga under strict legal protection
(Antongiovanni er al. 2020, Teixeira et al. 2021). Over
the past three decades, much of the disturbance and
land-use change has resulted from irrigated fruit farming,
which is concentrated around the Sao Francisco River

Valley (de Espindola et al. 2021, Salazar et al. 2021,
Jardim et al. 2022).

We studied the bird communities inhabiting table
grape and mango farms around Petrolina, in the Sao
Francisco River Valley. Our objectives were to provide
the first description of bird communities across these
fruit farms, comparing the communities inhabiting the
fruit farms and nearby remnant Caatinga forest frag-
ments. We predicted that (1) bird assemblages would be
more diverse within Caatinga forest habitat patches, and
(2) a higher proportion of the fruit farm communities
would be made up of habitat generalists, while species
with narrower niches would be limited to the Caatinga
forest.

METHODS

Study area

We studied bird communities across 10 irrigated fruit
farms (three grape and mango, seven grape-only) in
northeastern Brazil (9.41° S, 40.50° W; Fig. 1). Farms
were at least 5 km apart (maximum 84 km) and they
varied in size of production area (mean 198.7 ha, range
13.55-520.3 ha). All farms were intensively managed for
export agriculture and relied heavily on agrochemicals.
The study area is characterized by the semi-arid
biome of Caatinga, which has a stable but hot climate
and distinct dry (May-December) and wet (January—
April, >70% annual rainfall; Jardim et al. 2022) seasons.
The native vegetation of the Caatinga biome is a mosaic
of dry arboreal and shrub forests, and open, rocky areas

Pernambuco

|:| Caatinga shrubland
|:| Caatinga forest

. |:| Agriculture

s 3 EI Water
EI Urban
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Figure 1. Study area in the states of Pernambuco and Bahia in the Caatinga, northeastern Brazil, the 10 grape and mango farms
(black dots) at which bird communities were related to the landscape in the surrounding 2.5-km-radius buffer, and the most homoge-
neous (top) and most heterogeneous (bottom) landscapes within these buffers.
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(Leal et al. 2005, Da Silva et al. 2017). In the dry sea-
sons, forests and shrubs are mostly bare; green foliage is
limited to the wet season (Leal et al. 2005). As a result
of ongoing habitat degradation, particularly around agri-
cultural areas, Caatinga is becoming increasingly less
dense with more open areas (Ribeiro et al. 2015, Anton-
giovanni et al. 2020).

Bird surveys

We used 10-min point counts to survey birds during the
wet season between January and March 2020. We per-
formed surveys in two habitat types, ‘Caatinga forest’
and ‘fruit farms’, with the latter being either table grape
or mango farm parcels. Depending on farm size and
Caatinga availability, we conducted surveys at one to
three locations per habitat type per farm, totalling 56
survey locations (n = 26 fruit farm locations across 10
farms, of which 17 were in grape and nine in mango
parcels; and n =20 Caatinga forest locations across
seven farms). Survey locations were selected randomly
but ensuring that all survey sites were at least 50 m
from the edge of the surveyed habitat patch and any
roads, at least 150 m from other survey locations within
the same habitat patch (mean within a farm: 312 m;
range: 152-583 m) and at least 250 m from survey loca-
tions in the other habitat patch (mean within a farm:
457 m; 257-891 m). All surveys within a farm were
performed on the same day, and we surveyed each loca-
tion twice during the wet season (mean: 11.8 days
between surveys; range: 10-14 days). Surveys were con-
ducted by one observer between 6:00 AM and
11:00 AM, only in fair weather conditions, and all spe-
cies seen and heard within a 50-m radius were recorded,
excluding birds that were flying over. We expected
detectability to be broadly similar across the two habi-
tats as both are structurally complex and detections
were primarily aural.

Variables

Our sites spanned a landscape complexity gradient
(Fig. 1), and we quantified landscape composition within
a 2.5-km radius buffer around the central coordinates of
each study farm. Within each buffer, we calculated the
proportion cover by: Caatinga forest, agriculture, urban
areas and water (30-m vector land cover maps; MapBio-
mas 2018), using ArcGIS 10.6 (ESRI 2018). We also
quantified the total edge length using FRAGSTATS 4.2
(McGearigal 1995). We checked the predictors for collin-
earity, and found a strong, negative correlation between
Caatinga cover and Agriculture cover (Spearman’s
p=0.789, df=9, t value =8.756, P <0.001), and
therefore proceeded to use only Caatinga cover in ana-
lyses. We did not consider cover by water and urban

Caatinga bird communities 1083

areas in our analyses because these occurred in no more
than two landscapes.

We collated information on the diet, habitat associa-
tions and species’ adaptability to human disturbance and
habitats for the recorded bird species (see Supplementary
Online Information, Table S1). First, we characterized the
species by their primary diet (omnivore, insectivore, grani-
vore, carnivore, frugivore, scavenger and nectarivore; Bill-
erman et al. 2022). However, we only recorded one
scavenger and one nectarivore species, so excluded these
from the trait-based analyses. Secondly, we grouped the
species based on their adaptability to anthropogenic habi-
tats and disturbance according to Araujo and da
Silva (2017). The three adaptability categories were high
adaptability (species commonly present in human-
modified habitats), medium adaptability and low adapt-
ability (species only present in intact and almost undis-
turbed habitats). These adaptability categories were
closely related to the species’ habitat use in our study: spe-
cies with high and medium adaptability were exclusively
open-area or generalist species, whereas all low adaptabil-
ity species were Caatinga forest-dependent species. Lastly,
we classified species based on their distribution, either as
endemic if the species was exclusively or near-exclusively
found in the Caatinga biome (Araujo & Da Silva 2017), or
as non-native if the species was not native to Brazil; we
classified the remaining species as other.

Statistical analyses

We used non-metric multidimensional scaling using
Bray—Curtis dissimilarity (following Clarke et al. 2014) to
compare bird communities between the surveyed habitat
patches (mango and grape farms, and Caatinga forest).
To compare bird communities between habitat patches,
we used permutational analysis of variance (PERMA-
NOVA) with 999 permutations (Anderson 2001). This
was performed in the VEGAN package (Oksanen 2010).

We calculated total bird abundance, species richness
and Shannon diversity per survey and related these to
landscape and local habitat predictors in linear mixed-
effect models, using the Ime4 package (Bates
et al. 2015). The predictors were Habitat (two levels
after combining mango and grape farms to become fruit
farms), Caatinga cover (proportion cover by Caatinga
forest within a 2.5-km buffer), Edge density (the total
length of edges within 2.5-km buffer) and the Caatinga
cover*Habitat interaction term, with survey ID nested
within Farm ID fitted as a random effect. We were
unable to fit species as a random effect in the abundance
model because many species only occurred in a single
habitat, which would result in singularity. We fitted
Gaussian models with log link function for abundance
and species richness, and inverse link function for Shan-
non diversity.
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We proceeded with full models, accepting predictor
significance when 95% confidence intervals of model
estimates excluded zero, and P < 0.05. We inspected
the distribution of residuals, dispersion and checked for
influential points using the DHARMa package
(Hartig 2022). All analyses were performed in R 4.2.0
(R Core Team 2021).

To understand which bird traits affected the likeli-
hood of species occurrence in the surveyed fruit farm
and Caatinga forest patches, we used paired t tests to
compare (fruit farm versus Caatinga forest) the number
of individuals of bird species belonging to each of five
dietary groups, three groups defining species’ adaptabil-
ity to human-modified habitats and species that were
either endemic or non-native to the Caatinga biome.
We were unable to consider individual species because
many species had low abundances and only occurred in
one of the surveyed habitats. We were only able to per-
form these tests for seven of the 10 farms (n = 98 sur-
veys), where we surveyed both fruit farm and Caatinga
forest habitat patches.

RESULTS

Across 114 surveys, we recorded 2125 individuals of 78
species (see Supporting Online Information Table S1).

We recorded 66 species in the Caatinga forest (including
27 Caatinga forest-exclusive species; 971 individuals),
28 species in mango farms (two mango farm-exclusive
species; 311 individuals) and 47 species in grape farms
(six grape farm-exclusive species; 843 individuals). The
six most abundant species within the fruit farm patches
made up 57% of all individuals recorded within the
farms, and were: Picui Ground Dove Columbina
picui, White-throated Seedeater Sporophila albogularis
(endemic), Blue-black Grassquit Volatinia jacarina, Red-
cowled Cardinal Paroaria dominicana (endemic), Com-
mon Waxbill Estrilda astrild (non-native) and House
Sparrow Passer domesticus (non-native). Picui Ground
Dove was also the most abundant species within Caa-
tinga forest surveys, followed by Turkey Vulture Cathe-
rtes aura, Guira Cuckoo Guira guira, Blue-black
Grassquit, Great Kiskadee Pitangus sulphuratus and
Eared Dove Zenaida auriculata. Non-metric multidimen-
sional scaling showed that bird communities in the fruit
farms differed significantly from those within Caatinga
patches (PERMANOVA: R? = 0.439, P < 0.001), but
there was little difference in the bird communities
between grape and mango farms (Fig. 2), so we com-
bined the fruit farm patch surveys for subsequent
analyses.

Average  bird abundance  (Caatinga  forest:
24.3 4+ 1.25 se, fruit farms: 15.6 & 0.57 se), species

0.81

0.61

0.4

0.21

NMDS2

-0.21

-0.41

-0.61

-0.8

Survey habitat patch
Caatinga
Mango
Grape

Stress = 0.20
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Figure 2. Non-metric multidimensional (NMDS) scaling of the abundance and composition of bird communities considering individual
species across fruit farm and remnant Caatinga forest patches. Coloured points represent survey sites (n = 114) in each habitat
patch, and the minimum convex polygons group these according to the survey habitat patch.
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richness (Caatinga forest: 11.3 £ 0.36 se, fruit farms:
7.01 4+ 0.25 se) and Shannon diversity (Caatinga forest:
2.18 4+ 0.04 se, fruit farms: 1.77 4 0.04 se) per point
count were significantly higher in the Caatinga forest
patches than in fruit farms (Table 1). Bird abundance
and diversity were not affected by the proportion of
Caatinga cover, nor by edge density in the landscape
surrounding the farms (Table 1).

Omnivorous species were most common (40% of
species and 61% of total abundance), and were equally
likely to occur in the Caatinga forest and fruit farm hab-
itat patches (#(6) = —0.422, P = 0.688; Fig. 3a). The
abundance of insectivorous species (n = 27 species; #(6)
=5.605, P=0.001; Fig. 3b) and frugivorous species
(n =5 species; t(6) = 3.07, P=0.022; Fig. 3c¢) was sig-
nificantly higher in the Caatinga forest than in the fruit
farm patches. The abundance of granivorous species
(n=4; t(6) = —1.245, P = 0.259) and carnivorous spe-
cies (n=6; #6)=0.281, P=0.788) did not differ
between the surveyed habitat patches (Fig. 3d and 3e).

Most of the recorded species (58/78) were classified as
having high adaptability to human-modified habitats and
accounted for 74% of the total recorded individuals (897
individuals in Caatinga forest and 1128 in fruit farms).
Of the other 20 species, 10 were classed as medium
adaptability (53 individuals in Caatinga forest, 22 individ-
uals in fruit farms), and 10 were low adaptability (21
individuals in Caatinga forest, 4 individuals in fruit
farms). Species of medium (¢(6) = 4.032, P = 0.007) and
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low adaptability (¢(6) = 2.714, P = 0.035) were signifi-
cantly more abundant within the Caatinga forest patches
than in the fruit farms, but the abundance of high-
adaptability species did not differ between the habitats
(#(6) = —0.181, P = 0.863, Fig. 3f-h).

In total, we recorded 10 endemic (see Supporting
Online Information Table S1) and two non-native spe-
cies in the Caatinga biome. All 10 endemic species were
recorded in the Caatinga forest but only six within the
fruit farms, though the abundance of endemic species
did not vary significantly between the habitat patches (¢
(6) = —1.002, P = 0.355, Fig. 3i). The two non-native
species were Common Waxbill (80 individuals, of which
77 were in fruit farms) and House Sparrow (53 sight-
ings, and only recorded in fruit farms), and the number
of individuals of non-native species was significantly
higher in fruit farms (130/133, 98%) than Caatinga for-
est patches (¢(6) = —4.785, P = 0.003, Fig. 3j).

DISCUSSION

Our study shows that fruit farming in the semi-arid Caa-
tinga biome of northeastern Brazil has a strong effect on
native bird communities. Overall, bird abundance, spe-
cies richness and Shannon diversity within fruit farm
patches were significantly lower compared with adjacent
patches of remnant Caatinga forest, with a third of all
species being only recorded within the forest patches.
Fruit farms hosted fewer birds and less diverse

Table 1. Model outputs from general linear mixed models testing the effects of survey habitat, proportion of Caatinga cover and edge
density in a 2.5-km buffer around study fruit farms on bird abundance, raw species richness and Shannon diversity (n= 114

surveys).
Variable Estimate (95% ClI) t value P value R? AIC
Abundance
Intercept (Caatinga forest) 2.061 (—4.759; 8.880) 0.592 0.555 0.316 81.85
Fruit farm —0.431 (—0.786; —0.076) —2.374 0.019
Caatinga cover 0.003 (—0.004; 0.010) 0.903 0.368
Edge density 0.141 (—0.877; 1.158) 0.271 0.787
Habitat patch * Caatinga cover 0.0002 (—0.008; 0.008) 0.052 0.959
Species richness
Intercept (Caatinga forest) 4.537 (—0.273; 9.198) 1.887 0.062 0.484 145.25
Fruit farm —0.440 (—0.679; —0.198) —3.528 <0.001
Caatinga cover 0.002 (—0.002; 0.006) 1.042 0.300
Edge density —0.327 (—1.025; 0.391) —-0.91 0.365
Habitat patch * Caatinga cover —0.0006 (—0.006; 0.005) —0.203 0.840
Shannon diversity
Intercept (Caatinga forest) 4.356 (—1.682; 1.355) 1.383 0.170 0.303 59.187
Fruit farm —0.456 (0.042; 0.196) —2.779 0.006
Caatinga cover 0.0003 (—0.001; 0.001) 0.092 0.927
Edge density —0.325 (—0.133; 0.320) —0.692 0.491
Habitat patch * Caatinga cover 0.002 (—0.002; 0.001) 0.425 0.672

Survey ID (n = 57) nested in Farm ID (n = 10) was fitted as a random effect. The model estimates with 95% confidence intervals
(Cl), tvalue, P value and model Akaike Information Criterion (AIC) and R? values are reported.
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adaptability to human-modified habitats (f-h) and species that are endemic to the Caatinga biome (i) or non-native to Brazil (j),
recorded in Caatinga forest (n = 40) and fruit farm (n = 58) habitat patches across seven study farms. Significant differences, as

tested by paired t tests, are indicated by asterisks: *P < 0.05, **P < 0.01, ***P < 0.001.

communities, and were characterized by bird assem-
blages composed of species with broader niches, includ-
ing two non-native species.

Habitat type was the strongest driver of bird commu-
nity structure, with Caatinga forest and fruit farm
patches harbouring distinct assemblages. Species’
responses to agricultural expansion depend on their
traits, such as the level of specialization and dispersal
ability (Tscharntke et al. 2012, Newbold et al. 2013, Da
Silva et al. 2021) and, in our system, the occurrence of
insectivorous and frugivorous species was significantly
lower within the fruit farms. A lower abundance of
insectivores within farms has been observed in other
tropical systems (Sekercioglu 2012), and may be linked
to the use of agrochemicals within farms, which proba-
bly decreases prey availability. However, the reduction
in frugivorous species within fruit farms was unex-
pected, particularly as farmers frequently report birds
feeding on grapes (Herrmann & Anderson 2016, Peisley
et al. 2017). Fruit damage caused by birds is often high-
est at field edges neighbouring native habitats (Peisley
et al. 2017, Olimpi et al. 2020), which we did not sur-
vey, and we hypothesize that the density of frugivorous
species may be higher there, particularly in fields with
ripe fruits. We also only surveyed bird communities in
the wet season, when there was increased abundance of

fruit within the Caatinga forest, and we hypothesize that
the abundance of frugivorous species within farms may
increase during the dry season when alternative
resources are scarcer.

Across our study landscapes, 87% of the species were
habitat generalists or open-habitat species, and predomi-
nantly omnivorous; five species with these traits made up
over half of all bird sightings within the fruit farms, and
therefore may have had a strong influence on our find-
ings for overall abundance. This aligns with findings from
guava farms in the Caatinga biome, where omnivorous
and disturbance-resistant species were most abundant
(Da Silva et al. 2021). In our study, species characterized
by these traits included two species that are non-native
to Brazil: Common Waxbill and House Sparrow. These
species occurred predominantly within the fruit farms,
the House Sparrow exclusively so, which supports the
well-established pattern that human-modified habitats
support invasions and the persistence of non-native spe-
cies (Pysek et al. 2010, Smith et al. 2019, Colléony &
Shwartz 2020, Shivambu et al. 2020). These species may
be having a negative impact on native species by restrict-
ing their access to resources and breeding areas (Peck
et al. 2014, Le Louarn et al. 2016), though as they seem
limited to the fruit farm patches, their impact may be
less than observed elsewhere (Blackburn et al. 2019).

© 2024 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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Population declines resulting from agriculture are
often more pronounced among endemic species (New-
bold et al. 2013, Smith et al. 2019), though we found
mixed patterns across the studied fruit farms. In line
with previous literature (Newbold et al. 2013) and our
prediction, we found that seven out of the 10 endemic
species had specialized diets and these species were
exclusively recorded in the Caatinga forest. However,
two endemics, the White-throated Seedeater and Red-
cowled Cardinal, were more abundant in fruit farms
than in forest patches. These species use open habitats,
and have been observed to forage and breed within
guava fruit farms in the Caatinga biome (Da Silva
et al. 2021), so they are likely to persist, if not increase
in abundance, under agricultural expansion in the
region.

Contrary to expectations, Caatinga cover and edge
density in the wider landscape did not affect bird abun-
dance and diversity. The importance of semi-natural
habitat cover and high edge density for maintaining bio-
diversity has been well documented within agricultural
landscapes (Carrara et al. 2015), including in similar bio-
geographical regions (Boesing et al. 2017, Mufioz-Siez
et al. 2017, Adorno et al. 2021, Estupinan-Mojica
et al. 2022). Landscape heterogeneity and edge density
support species dispersal and spill-over through
decreased isolation of habitat patches (Silva et al. 2020,
Boesing et al. 2021). Nonetheless, in high-contrast land-
scapes, limited spill-over across habitats has been noted
(Boesing et al. 2021, Alvarez-Alvarez et al. 2022). Our
study area is characterized by such high contrast of habi-
tats because the Caatinga forest is seasonally dry and
structurally complex, whereas the fruit farms are irri-
gated, planted in straight rows and experience high
levels of disturbance. Furthermore, the area has experi-
enced prolonged disturbance (da Silva et al. 2018) so
assemblages may be filtered, with species that are more
resilient to human disturbance and less reliant on the
native vegetation persisting (Filgueiras et al. 2021).

CONCLUSION

Our study has documented the effects of fruit farming on
bird assemblages in the highly diverse Caatinga biome,
and our findings suggest that continuing agricultural
expansion and intensification may result in the homoge-
nization of avian communities. As observed in other
regions (Newbold et al. 2013, Smith et al. 2019, Boesing
et al. 2021), and within the Caatinga (Da Silva
et al. 2021), intensively managed fruit farms harbour
more generalist species that are able to adapt to human-
modified habitats. The resulting species loss is detrimen-
tal to biodiversity more widely, but can also be disadvan-
tageous to production, as some bird species, such as
insectivores, can deliver important ecosystem services
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including pest control (Barbaro et al. 2017, Boesing
et al. 2017, Martin et al. 2019). This calls for conservation
measures to be incorporated within farming, which can
include retaining Caatinga forest fragments and patches
of trees within the farms, to act as stepping stones, and to
increase connectivity (Silva et al. 2020, Salazar
et al. 2021). Caatinga harbours diverse communities of
endemic species, many of which are habitat specialists
and sensitive to habitat loss (Antongiovanni et al. 2020,
Salazar et al. 2021, Estupinan-Mojica et al. 2022), and we
argue that increasing the amount of Caatinga that is
under strict legal protection in areas that have not experi-
enced past disturbance is crucial to addressing the wider
decline of biodiversity across the biome.
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SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.
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Table S1. List of bird species recorded across fruit
farm and Caatinga forest patches in north eastern Brazil.
For each species, the number of individuals recorded per
habitat patch is given, along with the species’ diet, habi-
tat association, adaptive ability and conservation status
in the Caatinga (see main text for details).
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