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ABSTRACT

Many of Mexico’s mature tropical forests are immersed in a complex landscape with agricultural fields,
second-growth vegetation, and forest fragments; assemblages of frugivorous birds vary in these dif-
ferent landscape elements. We studied assemblages of birds feeding on fruits of three tree species in
continuous forest, vegetation corridors, isolated forest fragments, and secondary vegetation. Through
direct observation of focal trees and documentation of frugivorous feeding activities, we use effective
species numbers and Non-Metric Multidimensional Scaling to describe the variation of habitat use
patterns between assemblages. We recorded 1162 individuals of 57 bird species feeding on ripe fruits
of Nectandra salicifolia, Dendropanax arboreus, and Bursera simaruba. Thirty-two species fed on
isolated fragments and corridors of vegetation; our analysis grouped these two landscape elements by
their species composition, representing 64.6% of all recorded individuals. The composition of the as-
semblages was influenced by the availability of fruits; Bursera simaruba exhibited a prolonged fruiting
period and attracted a wider range of consumer species. Although the number of species varied slightly
between different elements of the landscape, the importance of corridors and isolated forest fragments
was key to the connectivity between bird and tree populations. At the geographic scale of this study, the
transformation of the area does not reduce the diversity of frugivorous bird assemblages, as a result of
the connectivity between the different elements of the landscape.

Keywords: bird community, frugivorous assemblages, plant-bird interactions, transformed habitat,
tropical landscape.
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RESUMEN

Muchos de los bosques tropicales maduros de México estan inmersos en un paisaje complejo con campos
agricolas, vegetacion secundaria y fragmentos boscosos; los ensambles de aves frugivoras varian en estos
diferentes elementos del paisaje. Estudiamos ensambles de aves que se alimentan de frutos de tres espe-
cies arboreas en bosque continuo, corredores de vegetacion, fragmentos de bosque aislados y vegetacion
secundaria. A través de observacién directa de arboles focales y la documentacion de las actividades de
alimentacion de las aves frugivoras, usamos el nimero de especies efectivas y el Escalamiento Multidi-
mensional No Métrico para describir la variaciéon de los patrones de uso del habitat entre ensambles.
Registramos 1162 individuos de 57 especies de aves alimentandose de frutos maduros de Nectandra
salicifolia, Dendropanax arboreus y Bursera simaruba. Treinta y dos especies se alimentaron en frag-
mentos aislados y corredores de vegetacidon; nuestro anélisis agrup6 estos dos elementos del paisaje por
su composicion de especies, representando 64.6% de todos los individuos registrados. La composicion de
los ensambles estuvo influenciada por la disponibilidad de frutos; Bursera simaruba exhibi6 un periodo
de fructificacién prolongado y atrajo una amplia gama de especies consumidoras. Aunque el nimero de
especies vari6 ligeramente entre diferentes elementos del paisaje, la importancia de corredores y frag-
mentos de bosque aislados fue clave para la conectividad entre poblaciones de aves y 4rboles. A la escala
geogréfica de este estudio, la transformacion del area no reduce la diversidad de los ensambles de aves
frugivoras, como resultado de la conectividad entre los diferentes elementos del paisaje.

Palabras clave: comunidad de aves, ensamble de frugivoros, habitat transformado, interacciones

planta-ave, paisaje tropical

] INTRODUCTION

Forests in Mexico are transformed at an alarming rate
to different land uses by anthropogenic activities to sat-
isfy different human needs (Sanchez-Colén et al. 2009).
Despite forest conservation efforts, they are now mostly
restricted to federal, state, municipality, private, or social
protected areas, and are immersed in a complex mosaic
of patches of secondary forest, agricultural fields, or cattle
lands (Bezaury-Creel and Gutiérrez 2009).

Fragmentation processes could have negative or positive
effects on biodiversity (Fahrig 2017), and in similar ways,
biological processes and interspecific interactions might
be affected by landscape changes. The impact of habitat
fragmentation on biodiversity remains a contentious topic
of debate. Kattan and Alvarez (1996) proposed that frag-
mentation can exert negative effects on the physical en-
vironment, which in turn could have repercussion on the
biology of the species and biological interactions. As an
example, the reproduction of flowering plants could be
negatively affected (Cordeiro and Howe 2003, Tylianakis
et al. 2008, Hagen et al. 2012), as the quality and quanti-

ty of pollen received by flowers might decrease (Aguilar et
al. 2006), or frugivorous bird assemblages’ composition
might change drastically (Galetti et al. 2003, Pizo and dos
Santos 2011) modifying consumption of fruits and seed
dispersal patterns, that could promote the decline in the
reproduction of flowering plants and the recruitment of
new individuals (Cordeiro and Howe 2003, Tylianakis et
al. 2008, Hagen et al. 2012). These changes can ultimately
influence the distribution and abundance of the original

flora and fauna species.

Fahrig (2017) found that most of responses exhibited by
frugivorous bird assemblages in relation to habitat frag-
mentation were actually positive. These responses were
attributed to increased functional connectivity, habitat
diversity positive edge effect, stability of predator-prey
systems, reduced competition, spreading of risk and land-
scape complementation. However, Fletcher et al. (2018)
pointed out that Fahrig (2017) review does not provide re-
liable evidence or sufficient context to dismiss the negative
effects of habitat fragmentation, mainly based on three

reasons: a) omission of key literature, b) biased weighting
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of findings, and c) lack of widespread refutation of nega-
tive habitat fragmentation.

Regardless of the debate on habitat fragmentation on bio-
diversity, we know that the responses of frugivorous bird
assemblages to new features of the landscapes are varia-
ble. For example, some species are more adaptable and
flexible and can move among continuous forests and forest
patches, reducing the fragmentation effects in the medi-
um-long-term maintaining population genetic flow (Gra-
ham et al. 2002, Galetti et al. 2003, Emer et al. 2020).
However, more specialized species are more restricted to
mature forests and become more vulnerable, leading to lo-
cal and irreversible extirpation after deforestation (Cordei-
ro and Howe 2003, Emer et al. 2020). Although fragmen-
tation negatively impacts bird communities, the presence
of fruit-bearing trees in the different landscape elements
contributes to the maintenance of frugivorous bird assem-
blages (Luck and Daily 2003, Farwig et al. 2006).

To understand how bird assemblages are affected, it is
critical to understand the patterns of habitat use and the
extant interactions among bird and plant species in frag-
mented landscapes, which eventually might determine
seed dispersal dynamics in the landscape (Ortiz-Pulido et
al. 2000, Graham et al. 2002, Githiru et al. 2002, Farwig
et al. 2006, Figueroa-E et al. 2009, Pizo and dos Santos
2011), and therefore, the environmental services provid-
ed. In tropical environments, however, these studies have
been scarce due partly to the diversity and complexity of
interacting species (Lefevre et al. 2012).

This study examines bird-frugivorous assemblages with-
in a partially modified tropical forest near Calakmul Bio-
sphere Reserve, Campeche, Mexico. We evaluated species
richness, diversity, and abundance of frugivorous bird as-
semblages using three tropical trees present in continuous
forest, vegetation corridors, isolated forest fragments, and
20-year-old second-growth vegetation.

l MATERIALS AND METHODS

Study Site: This study was conducted at Calakmul mu-
nicipality near the central-eastern part of Calakmul Bio-
sphere Reserve, Campeche, Mexico. The sampling site was
located in the ejido “20 de Noviembre”, an area of roughly
24 km? (18°25’, 18°29’ N; -89°17, -89°19’ W, Fig. 1). The
region is characterized by a warm-sub humid climate, with
a range of 1100-1500 mm annual mean rainfall, mainly in
summer, mostly covered by semi-evergreen forests with
complex floristic composition (dominant species are Ma-
nilkara zapota (L.) P. Royen and Brosimum alicastrum
Sw, Martinez et al. 2001). We focused only on three tree
species because they were present at all sites and provided
fruits for birds to feed on: Nectandra salicifolia (Kunth)
Ness, Dendropanax arboreus (L.) Decne. and Planch.,
and Bursera simaruba (L.) Sarg.

Human activities in the region have changed land use pat-
terns, producing a mosaic landscape containing relatively
well-preserved forests within agricultural areas, pastures,
and second-growth vegetation at different succession-
al stages. We selected 25 sites (Fig. 1) that comprise four
landscape elements: a) large areas of continuous forest
(ten sites of ten ha on average, CF hereafter), b) isolated
forest remnants that are primary forest patches surround-
ed by pastures (six sites of 0.4 ha in average, Frag hereaf-
ter), c¢) vegetation corridors constituted by patches of trees
connecting original forested areas (eight sites covering 1.7
ha total, Corr. hereafter), and d) second-growth vegeta-
tion established after the removal of understory shrub and
herbaceous vegetation 20 years ago for the cleaning of the
“Okol Uitz” archaeological site (one site of 6 ha, SV here-
after); there were no replicas of this landscape element
available in the area.

Data Collection: We studied 129 trees of three fruit-bear-
ing tree species distributed among the four landscape ele-
ments (Table 1). Fieldwork was carried out from Septem-

Table 1. The distribution of the trees on four landscape elements at Calakmul

. Continuous Isolated Forest Vegetation Second-growth
20 14 13 4 51

Nectandra salicifolia
Dendropanax arboreus 2 0

Bursera simaruba 24 17

7 6 15

14 8 63
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Figure 1. Location of the study area and sampling sites.
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A Continuous forest; < Isolated forest remnants; @ Vegetation corridors; > Second-growth vegetation

ber to April when ripe fruits were available to birds. Ob-
servations were done focally on trees, between 0600 h and
1100 h, for half-hour periods accounting for roughly 500
hours in total. All birds feeding in a focal tree were reg-
istered and identified to species level (a code constructed
with the first two letters of the genus and the species name
was assigned to each of them; Supplementary material 1).
We determined the residency status of the bird species ac-
cording to our observations and published accounts (Ber-
langa et al. 2019). We also considered foraging behavior;
if the bird swallowed or carried the fruit was counted as a
potential disperser, but when the bird squeezed or punc-
tured the fruit, the species was considered a predator.

Data Analyses: We used two diversity measures to de-
scribe the frugivorous-bird assemblages: a) diversity of or-
der o (°D), which represents bird species richness, and b)
diversity of order 1 (*D), in which species are weighted ac-
cording to their relative abundance without favoring rare or
common species (Pineda and Verd 2013); due to the known
sensitivity of the Shannon diversity index to rare species, we
used the number of effective species or the exponential of

Shannon entropy index H’ (Moreno et al. 2011). The indices
estimation was done in the PAST software package (Ham-
mer et al. 2001). To evaluate the frugivorous-birds richness,
we used rarefaction with an 84 % interval confidence, taking
into account the same number of individuals and standard-
ized data (MacGregor-Fors and Payton 2013); this was done
in the EstimateS software package (Colwell c2021).

We evaluated beta diversity using complementarity as a
measure of the dissimilarity between the species record-
ed in each one of the landscape elements. The above was
done by using the formula: C = [(Sj + Sk) -2 Vjk / (Sj +
Sk) - Vjk] * 100 expressed as a percentage, where Sj and
Sk are the numbers of species on sites j and k, respective-
ly, and Vjk is the number of species common to both sites
(Colwell and Coddington 1994).

Differences in the composition and abundance of spe-
cies among the landscape elements were analyzed with a
Non-Metric Multidimensional Scaling (NMDS) ordina-
tion. A matrix of specific composition and relative abun-
dance of taxa was used to test differences in habitat use
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by bird assemblages; we also generated a matrix of con-
sumed fruits and the specific composition to assess their
use by bird species. Based on the abundance of birds, the
Bray-Curtis coefficient was used to perform NMDS and
a similarity profile (SIMPROF) test. The NDMS analysis
was used to graphically display the similarity among ob-
servations regarding species composition and abundance
of birds feeding on the tree fruits. All similarity measures
and ordination techniques were computed with the Prim-

er-6 software package (Clarke and Gorley 2006).

B RESULTS

Landscape-level. We tallied 1162 records of individuals
consuming fruits in four landscape elements in Calakmul.
A total of 57 frugivorous bird species were recorded during
185 days of fieldwork, some being obligated [e.g., Trogon
melanocephalus Gould, 1836, Ramphatos sulfuratus R.
Lesson, 1830] or opportunistic [e.g., Setophaga magno-
lia (A. Wilson, 1811), Megarynchus pitangua (L., 1766)].
Forty-five species (79 %) were categorized as potential
dispersers, eleven species (19.3 %) were predatory, and
Pionus senilis (Spix, 1824) acted in both ways, as dispers-
er and predator, feeding on fruits and consuming seeds
(1.7 %). In terms of their residence status, 41 species were
permanent residents, twelve species were migratory, two
species were summer residents, and two additional species

were transient migrants (Supplementary material 1).

40
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Species richness
(calculated with 104 ind + IC 84%)
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Continuous  Isolated forest
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Vegetation
corridors

Second-growth
vegetation

Figure 2. Estimates of richness of frugivorous birds between different
fragments at Calakmul estimated by rarefaction with lower individuals
(Second-growth vegetation).
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Table 2. True diversity measures estimated for four elements of the
landscape at Calakmul.

Second

Forest “growth

remnants

Continuous

Vegetation
forest

corridors

vegetation

D 19.5 19.4 24.9 21.6
No.
Ind. 305 363 390 104

The total number of frugivorous bird species per site var-
ied from 31 to 41; bird-frugivorous richness (°D) was high-
er in vegetation corridors than in the continuous forest,
as well as in second-growth vegetation (Table 2), which
is also true for the diversity of order 1 (D). Concerning
diversity of order 1, the second highest diversity was ob-
served in second-growth vegetation (Table 2), despite the
lesser number of individuals recorded. However, as seen
with rarefaction (Fig. 2), bird-frugivorous assemblages are
statistically similar; no differences in richness were found
among the four landscape elements.

Vegetation corridors and remnants of isolated forests
shared the largest number of bird-frugivorous species and,
as a whole, included most of the individuals (64.8 %) (Ta-
ble 2). Complementarity ranged from 28.9 % to 56.3 %;
continuous forest and second-growth vegetation have the
higher complementarity, sharing 21 of the 57 species of
frugivorous birds, while corridors and forest remnants
had the lowest complementarity values, sharing 32 of the
57 species (Table 3).

The ordination analysis separates sampling sites into
three significantly different groups (stress=o0.12, Fig. 3).
The first cluster comprises only continuous forest sites,
with 20 species feeding almost exclusively on Bursera,
and seven exclusive species. The second cluster included
isolated forest remnants and vegetation corridors, with
30 species that mostly consumed Bursera fruits. Forty-six
species were included in the third cluster, which encom-
passes sites of the four landscape elements; roughly 66 %
of the birds feeding on Bursera, 23 % on Nectandra, and
11 % consuming Dendropanax fruits. The second and third
clusters share twelve bird species.

bird Overall, the
bird-frugivorous assemblage using Bursera fruits is the

Frugivorous assemblages.
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Figure 3. Non-Metric Multidimensional Scaling analysis (NMDS) plot based on bird similarities between sites in Calakmul.

A Continuous forest; < Isolated forest remnants; @ Vegetation corridors; > Second-growth vegetation

richest (46 species) than those assemblages feeding on
Dendropanax and Nectandra (27 species each) (Sup-
plementary material 1). Based on the differential usage
of fruit species by birds, the frugivorous assemblages
are separated onto four significantly different groups
(stress=0.02) (Fig. 4). The first group comprises five spe-
cies that fed mainly on Dendropanax fruits; Dumetella
carolinensis (L., 1766), a migratory species, was the most
important consumer of Dendropanax fruits. Eleven spe-
cies that consumed mainly Nectandra fruits conformed
the second group; as part of it, Amazona albifrons (Spar-
rman, 1788), a resident species, is the most frequent con-
sumer (acting as seed predator), followed by Hylocichla
mustelina (Gmelin, 1789) a disperser migratory species.
The third group fed Bursera fruits and included 29 spe-
cies; the primary consumers were the resident Tityra

semifasciata (Spix, 1825) and the migratory Vireo griseus
(Boddaert, 1783). Finally, the fourth group encompassed
twelve bird species that fed indistinctly on fruits of the

three tree species analyzed.

 DIscussION

The availability of fruits in a tropical landscape matrix
greatly determines the conformation and the dynamics of
frugivorous bird assemblages (Luck and Daily 2003, Far-
wig et al. 2006, McConkey et al. 2012). However, the se-
lection of three tree species that are ubiquitous in all the
landscape elements in our design allowed us to observe the
differential use of the landscape elements by those bird

species.
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Figure 4. Non-Metric Multidimensional Scaling analysis (NMDS) plot based on preferences of the frugivorous birds at Calakmul.

Our results indicate that vegetation corridors and forest
fragments act as feeding sites (64.8 % of the recorded indi-
viduals) with the highest richness and diversity of frugivo-
rous bird assemblages in Calakmul. This landscape struc-
ture functions as connecting corridors network for birds
(Tewksbury et al. 2002, Pizo and dos Santos 2011), acting
as stepping-stones favoring the dispersion and movement
of animal species (Levey et al. 2005, Hagen et al. 2012) and
hence, increasing bird diversity as observed in this work.

Levey et al. (2005) have demonstrated that vegetation cor-
ridors substantially increase the movement of birds and
seed dispersal between habitat patches. The above pro-
vides critical connectivity to forest fragments and contin-
uous forests that allow the movement of sensitive species
(Luck and Daily 2003, Pizo and dos Santos 2011), main-
taining the integrity of frugivorous bird assemblages.
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The integrity of frugivorous bird assemblages is critical
in areas with increased changes in land usage, like in
Calakmul, because it allows seed dispersal, favoring the
genetic flow of tropical plants and the regeneration of for-
est species within a very heterogeneous landscape (Nason
et al. 1997, Vieira and Carvalho 2009, Figueroa-E et al.
2010). Although we do not observe it, we must consider
that fragmentation might modify the visitation patterns
of frugivorous birds and their effectiveness as dispersers
(Graham et al. 2002, Figueroa-E et al. 2009, Pizo and dos
Santos 2011).

In the same way, the increased richness and diversity over
vegetation corridors and forest fragments could be also a
response to vegetation structure. The vertical structure of
the vegetation in these landscape elements is character-
ized by the presence of open spaces in the upper canopy



Table 3. Number of frugivorous birds shared (lower diagonal) and beta
diversity (percentage of complementarity, upper diagonal) between di-
fferent landscape elements.

N T T
CF * 52 56.3 48.1

Frag. 24 * 54.3 28.9
5\ 21 31 * 56
Corr. 27 32 22 *

CF = Continuous forest; Frag = Isolated forest remnants; Corr =Vegetation
corridors; SV = Second-growth vegetation

and subcanopy (Lynch and Whigham 1984, Watson et al.
2004) and contains a considerable abundance or aggrega-
tion of resources for birds (Loiselle and Blake 1990, Carlo
and Morales 2008); the location of these available food
sources makes easier for birds to locate them because they
are clumped and are more quickly accessible. Moreover,
compared with vegetation corridors of forest fragments,
the canopy in the continuous forest is more closed, the ar-
eas are more spacious, the trees are dispersed, and the dis-
tribution of resources is more heterogeneous; under these
circumstances, birds spend more time searching for fruits
that might have lower availability (Garcia and Ortiz-Puli-
do 2004, Carlo and Morales 2008).

Conversely, Gomes et al. (2008) suggest differences in
the tolerance levels of frugivorous birds to habitat distur-
bance; larger species are more tolerant to intermediate
disturbance and intolerant to severe disturbance. In con-
trast medium to small-sized frugivorous birds often shows
higher tolerance. Although we did not further explore this
idea, our results strongly suggest that the composition of
the assemblage was determined by the presence of differ-
ent resources and the preferences and abundances of bird
species in habitats which differ in vegetation structure
(Watson et al. 2004, Alvarez-Alvarez et al. 2022) and fruit
display (Guitian et al. 1992).

Bursera simaruba is a species with a broad distribution
across tropical regions. It is generally abundant in primary
forests and second-growth vegetation, where it is among
the largest tree species and has high fruit productivity;
therefore, as in our case, it is frequently visited. Bursera
fruits were always available and had the most diverse
frugivorous bird assemblages during our sampling peri-
od. Similar assemblages, also feeding on Bursera fruits,

Figueroa-Esquivel et al, 2024. Caldasia 46(2):350-360

have been reported in Veracruz, Mexico, at La Mancha (27
species) by Ortiz-Pulido et al. (2000) and Los Tuxtlas (39
species) by Graham et al. (2002), as well as in and Panama
(26 species) by Trainer and Will (1984).

Ramos-Robles et al. (2018) found Bursera simaruba to
be one of the most important plants regarding high fruit
crops and their use by the most abundant resident bird
species in a plant-frugivory network analysis at La Man-
cha, Veracruz. In our study, Tityra semifasciata and Vireo
griseus strongly preferred Bursera fruits; this observation
is consistent with Graham et al. (2002) results. Regarding
Vireo griseus, Greenberg et al. (1995) suggested that its
higher densities were related to higher densities of Bur-
sera trees in the Yucatan Peninsula.

In Calakmul, Nectandra salicifolia trees were recorded
in all landscape elements, but their lipid-rich fruits were
available only for a short time (September to October). Ac-
cording to Ramos-Robles et al. (2018), Nectandra fruits
are consumed mainly by migratory birds such as Dumetel-
la carolinensis (Ramos-Robles et al. 2018); in our study,
we observed that their primary consumers and potential
dispersers were the migratory birds Hylocichla mustelina
and Dumetella carolinensis, and by Amazona albifrons, a
seed predator.

Dendropanax arboreus has a widespread distribution in
tropical areas of Mexico (Pennington and Sarukhan 2005);
it produces abundant fruits between the end of September
to the middle of November. However, these trees were un-
common in the study site and were absent in forest frag-
ments. As observed with Nectandra, Dumetella carolinen-
sis and Hylocichla mustelina also were the primary con-
sumers of Dendropanax; these observations are consistent
with Figueroa-Esquivel and Puebla-O (2009). In the case
of Turdus grayi Bonaparte, 1838, we observed that the pri-
mary consumption is on Nectandra; in contrast, Graham
et al. (2002) found it as the most frequent consumer of
Dendropanax in Los Tuxtlas. Ramos-Robles et al. (2018)
suggested that Dendropanax fruits are consumed primar-
ily by larger species, but this was not the case in Calakmul,
where medium to small species consume this fruit.

Our findings suggest that the tree species might not be
drastically affected by changes in the landscape structure.
In Calakmul, the transformation of the landscape does
not reduce the diversity of fruit-eating bird assemblages,
primarily due to connectivity between different landscape
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elements, particularly vegetation corridors and forest frag-
ments. However, continuous habitat fragmentation could
cause a significant reduction in the number of frugivorous
birds that disperse seeds of tropical trees.

Finally, we think that the integrity of frugivorous bird
assemblages is critical for maintaining the dynamics of
tropical forests, given that most woody plants depend on
them for seed dispersal. The structure and function of bi-
otic communities in disturbed ecosystems can be assessed
through network analyses of interspecific interactions,
which provide the basis for understanding and conserving
ecological processes (Ramos-Robles et al. 2018, Wang et
al. 2023). Although we did not explore this approach, it is
an opportunity that might prove valuable in future studies.

l AUTHOR’S PARTICIPATION

Study Conception EMFE; Formal analysis EMFE and
OUHA; Investigation EMFE; Data curation EMFE and
OUHA; Writing initial draft EMFE; Writing critical re-
view and commentary of revision OUHA, JFVG, RVF and
VHLM; Funding acquisition EMFE.

l CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

B ACKNOWLEDGEMENTS

This study is dedicated to Fernando Puebla-Olivarest
(1967-2018) a great ornithologist. Thanks to Victor Cau-
ich for his great support in the field. Thanks to Francisco
Lorea (Institute of Ecology in Xalapa) and Rodolfo Norie-
gat (Autonomous University of Campeche) for their help
in identifying plants. Thanks to Alberto L. Figueroa for
comments and revision on the manuscript. Financial sup-
port for this project was provided by the CONACyT (36485
awarded to EMFE). We thank to anonymous reviewers
and editors for their valuable comments.

B LITERATURE CITED

Aguilar R, Ashworth L, Galetto L, Aizen MA. 2006. Plant repro-
ductive susceptibility to habitat fragmentation: review and syn-
thesis through a meta-analysis. Ecol. Lett. 9(8):968—980. doi:

https://doi.org/10.1111/j.1461-0248.2006.00927.X

358

Alvarez-Alvarez E, Almazian-Nufiez C, Corcuera P, Gonzélez-
GF, Brito-Millan M, Alvarado-Castro V. 2022. Land use cover
change the bird distribution and functional groups at the local
and landscape level in a Mexican shaded-coffee agroforestry
system. Agric. Ecosyst. Environ. 330:107882. doi: https://doi.
org/10.1016/j.agee.2022.107882

Berlanga H, Gémez de Silva H, Vargas-C V, Rodriguez-C V,
Sanchez-GL, Ortega-AR, Calderén-PR. 2019. Aves de México:
Lista actualizada de especies y nombres comunes. CONABIO.

Bezaury-Creel J, Gutiérrez D. 2009. Areas naturales protegidas y
desarrollo social en México. En: Sarukhan J, editor. Capital Nat-
ural de México, vol. II: Estado de Conservacion y Tendencias de
Cambio Ciudad de México, México: CONABIO. p. 385-431.

Carlo TA, Morales JM. 2008. Inequalities in fruit-removal and
seed-dispersal: consequences of bird behaviour, neighbour-
hood density and landscape aggregation. J. Ecol. 96: 609-618.
doi: https://doi.org/10.1111/j.1365-2745.2008.01379.xX

Clarke K, Gorley R. 2006. PRIMER: Getting started with v6.
PRIMER-E Ltd: Plymouth, UK.

Colwell RK. c2021. EstimateS: Statistical estimation of species
richness and shared species from samples. Version 7.5. [Last
accessed: 20 Sep 2021] http://purl.oclc.org/estimates

Colwell RK, Coddington JA. 1994. Estimating terrestrial biodiver-
sity through extrapolation. Philos. Trans. R. Soc. Lond. B Biol.
Sci. 345(1311):101-118. doi: https://doi.org/10.1098/

rstb.1994.0091

Cordeiro NJ, Howe HF. 2003. Forest fragmentation severs mu-
tualism between seed dispersers and an endemic African
tree. Proc. Natl. Acad. Sci. U.S.A. 100(24):14052-14056. doi:
https://doi.org/10.1073/pnas.2331023100

Emer C, Jordano P, Pizo MA, Ribeiro MC, da Silva FR. Galetti
M. 2020. Seed dispersal networks in tropical forest fragments:
Area effects, remnant species, and interaction diversity. Bio-
tropica. 52(1):81-89. doi: https://doi.org/10.1111/btp.12738

Fahrig L. 2017. Ecological responses to habitat fragmentation
per se. Annu. Rev. Ecol. Evol Syst. 48:1-23. doi: https://doi.
org/10.1146/annurev-ecolsys-110316-022612

Farwig N, Bohning Gaese K, Bleher B. 2006. Enhanced seed dis-
persal of Prunus africana in fragmented and disturbed for-
ests? Oecologia. 147(2):238-252. doi: https://doi.org/10.1007/
$00442-005-0288-9

Figueroa-Esquivel E, Puebla-Olivares F. 2009. Importancia de un
arbol tropical (Dendropanax arboreus) para aves migratorias
nearticas en México. Ornitol. Neotrop. 20(3):391-399.

Figueroa-Esquivel E, Puebla-Olivares F, Godinez-Alvarez H,
Nuifiez-Farfan J. 2009. Seed dispersal effectiveness by under-
story birds on Dendropanax arboreus in a fragmented land-
scape. Biodivers. Conserv. 18(13):3357-3365. doi: https://doi.
0rg/10.1007/810531-009-9645-7


https://doi.org/10.1111/j.1461-0248.2006.00927.x
https://doi.org/10.1016/j.agee.2022.107882
https://doi.org/10.1016/j.agee.2022.107882
https://doi.org/10.1111/j.1365-2745.2008.01379.x
http://purl.oclc.org/estimates
https://doi.org/10.1098/
https://doi.org/10.1073/pnas.2331023100
https://doi.org/10.1111/btp.12738
https://doi.org/10.1146/annurev-ecolsys-110316-022612
https://doi.org/10.1146/annurev-ecolsys-110316-022612
https://doi.org/10.1007/s00442-005-0288-9
https://doi.org/10.1007/s00442-005-0288-9
https://doi.org/10.1007/s10531-009-9645-z
https://doi.org/10.1007/s10531-009-9645-z

Figueroa-Esquivel E, Puebla-Olivares F, Eguiarte L E, Nuahez-
Farfan J. 2010. Genetic structure of a bird-dispersed tropical
tree (Dendropanax arboreus) in a fragmented landscape in
Mexico. Revista Mexicana de Biodiversidad 81(3)789 — 80oo0.

Fletcher RJ, Didham RK, Banks-Leite C, Barlow J, Ewers RM,
Rosindell J, Holt RD, Gonzalez A, Pardini R, Damschen EI,
Melo FPL, Ries L, Prevedello JA, Tscharntke T, Laurance WF,
Lovejoy T, Haddad NM. 2018. Is habitat fragmentation good
for biodiversity? Biol. Conserv. 226:9-15. doi: https://doi.
org/10.1016/j.biocon.2018.07.022

Galetti M, Alves-Costa C, Cazetta E. 2003. Effects of forest frag-
mentation, anthropogenic edges and fruit colour on the con-
sumption of ornithocoric fruits. Biol. Conserv. 111(2):269-273.
doi: https://doi.org/10.1016/S0006-3207(02)00299-9

Garcia D, Ortiz-Pulido R. 2004. Patterns of resource tracking
by avian frugivores at multiple spatial scales: two case studies
on discordance among scales. Ecography 27(2):187-196. doi:
https://doi.org/10.1111/j.0906-7590.2004.03751.X

Githiru M, Lens L, Bennur L, Ogol CPK. 2002. Effects of site and
fruit size on the composition of avian frugivore assemblages in
a fragmented Afrotropical forest. Oikos. 96(2):320-330. doi:
https://doi.org/10.1034/j.1600-0706.2002.960214.X

Gomes LGL, Oostra V, Nijman V, Cleef AM, Kappelle M. 2008.
Tolerance of frugivorous birds to habitat disturbance in a tropi-
cal cloud forest. Biol. Conserv. 141(3):860-871 doi: https://doi.
org/10.1016/j.biocon.2008.01.007

Graham C, Martinez-Leyva E, Cruz-Paredes L. 2002. Use of
Fruiting Trees by Birds in Continuous Forest and Riparian
Forest Remnants in Los Tuxtlas, Veracruz, Mexico. Biotropica
34(4):589-597. doi: https://doi.org/10.1111/].1744-7429.2002.
tboo578.x

Greenberg R, Foster MS, Marquez-Valdelamar L. 1995. The role
of the white-eyed vireo in the dispersal of Bursera fruit on the
Yucatan Peninsula. J. Trop. Ecol. 11(4):619-639. doi: htips://
doi.org/10.1017/S0266467400009184

Guitian J, Fuentes M, Bermejo T, Lopez B. 1992. Spatial varia-
tion in the interactions between Prunus mahaleb and frugiv-
orous birds. Oikos 63(1):125-130. doi: https://doi.org/10.2307/

3545521

Hagen M, Kissling D, Rasmussen C, De Aguiar MAM, Brown LE,
Carstensen DW, Alves-Dos-Santos I, Dupont Y, Edwards F, Gen-
ini J, Guimaraes Jr P, Jenkins G, Jordano P, Kaiser-Bunbury C,
Ledger M, Maia K, Darcie F, Mclaughlin O, Morellato P, O’Gor-
man E, Trgjelsgaard K, Tylianakis J, Morais M, Woodward G,
Olesen J. 2012. Biodiversity, species interactions and ecological
networks in a fragmented world. Adv. Ecol. Res. 46:89-210.
doi: https://doi.org/10.1016/B978-0-12-396992-7.00002-2

Hammer @, Harper D A, Ryan P D. 2001. PAST: Paleontological
statistics software package for education and data analysis. Pal-
aeontol. Elect. 4(1):9.

Figueroa-Esquivel et al, 2024. Caldasia 46(2):350-360

Kattan GH, Alvarez H. 1996. Preservation and management of bi-
odiversity in fragmented landscapes in the Colombian Andes.
In: Schelhas J, Greenberg R, editors. Forest patches in Tropical
Landscapes. Washington:Island Press. p. 3-18

Lefevre KL, Sharma S, Rodd FH. 2012. Moderate human dis-
turbance of rain forest alters composition of fruiting plant
and bird communities. Biotropica 44(3):427-436. doi:
https://10.1111/j.1744-7429.2011.00809.x

Levey DJ, Bolker BM, Tewksbury JJ, Sargent S, Haddad NM.
2005. Effects of landscape corridors on seed dispersal by birds.
Science 309(5731):146-148. doi: https://doi.org/10.1126/
science.1111479

Loiselle B, Blake J. 1990. Diets of understory fruit-eating birds in
Costa Rica: Seasonality and resource abundance. Stud. Avian
Biol. 13:91-103.

Luck GW, Daily GC. 2003. Tropical countryside bird assemblages:
richness, composition, and foraging differ by landscape context.
Ecol. Appl. 13(1):235-247. doi: https://doi.org/10.1890/1051-0
761(2003)013[0235:TCBARC]2.0.CO;2

Lynch JF, Whigham DF. 1984. Effects of forest fragmen-

tation on breeding bird communities in Maryland,
USA. Biol. Conserv. 28(4):287-324. doi: https://doi.
0rg/10.1016/0006-3207(84)90039-9

MacGregor-Fors I, Payton ME. 2013. Contrasting diversity values:
statistical inferences based on overlapping confidence intervals.
PLoS One 8(2):e56794. doi: https://doi.org/10.1371/ journal.
pone.0056794

Martinez E, Sousa M, Ramos-A C. 2001. Listados floristicos de
México XXII. Region de Calakmul, Campeche. Distrito Federal,
México: Instituto de Biologia-UNAM.

McConkey K, Prasad S, Corlett R, Campos-Arceiz A, Brodie J,
Rogers H, Santamaria L. 2012. Seed dispersal in changing land-
scapes. Biol. Conserv. 146:1-13. doi: https://doi.org/10.1016/].
biocon.2011.09.018

Moreno CE, Barragan F, Pineda E, Pavon NP. 2011. Reanali-
sis de la diversidad alfa: alternativas para interpretar y com-
parar informacién sobre comunidades ecolbgicas. Rev. Mex.
Biodiv. 82(4):1249-1261. doi:  https://doi.or/10.22201/
ib.20078706€.2011.4.745

Nason J, Aldrich PR, Hamrick JL. 1997. Tropical Forest Rem-
nants: ecology, management, and conservation of fragmented
communities. In: Laurance WF, Bierregaard RO, editors. Dis-
persal and the dynamics of genetic structure in fragmented
tropical tree populations. Chicago: The University of Chicago
Press; p. 304-320.

Ortiz-Pulido R, Laborde J, Guevara S. 2000. Frugivoria por aves
en un paisaje fragmentado: consecuencias en la dispersion
de semillas. Biotropica. 32(3):473-488. doi: htips://doi.
0rg/10.1111/j.1744-7429.2000.tb00494.x

Pennington TD, Sarukhén J. 2005. Arboles tropicales de México:
manual para la identificacion de las principales especies. Distri-
to Federal, México: UNAM-FCE.

359


https://doi.org/10.1016/j.biocon.2018.07.022
https://doi.org/10.1016/j.biocon.2018.07.022
https://doi.org/10.1016/S0006-3207(02)00299-9
https://doi.org/10.1111/j.0906-7590.2004.03751.x
https://doi.org/10.1034/j.1600-0706.2002.960214.x
https://doi.org/10.1016/j.biocon.2008.01.007
https://doi.org/10.1016/j.biocon.2008.01.007
https://doi.org/10.1111/j.1744-7429.2002.tb00578.x
https://doi.org/10.1111/j.1744-7429.2002.tb00578.x
https://doi.org/10.1017/S0266467400009184
https://doi.org/10.1017/S0266467400009184
https://doi.org/10.2307/
https://doi.org/10.1016/B978-0-12-396992-7.00002-2
https://10.1111/j.1744-7429.2011.00809.x
https://doi.org/10.1126/science.1111479
https://doi.org/10.1126/science.1111479
https://doi.org/10.1890/1051-0761(2003)013%5b0235:TCBARC%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(2003)013%5b0235:TCBARC%5d2.0.CO;2
https://doi.org/10.1016/0006-3207(84)90039-9
https://doi.org/10.1016/0006-3207(84)90039-9
https://doi.org/10.1371/
https://doi.org/10.1016/j.biocon.2011.09.018
https://doi.org/10.1016/j.biocon.2011.09.018
http://dx.doi.org/10.22201/ib.20078706e.2011.4.745
http://dx.doi.org/10.22201/ib.20078706e.2011.4.745
https://doi.org/10.1111/j.1744-7429.2000.tb00494.x
https://doi.org/10.1111/j.1744-7429.2000.tb00494.x

Figueroa-Esquivel et al,, 2024. Caldasia 46(2):350-360

Pineda R, Verda J. 2013. Cuaderno de practicas, medicion de la
biodiversidad: diversidades alfa, beta y gamma. UAQ, México:
Universidad de Alicante.

Pizo MA, dos Santos BT. 2011. Frugivory, post-feeding flights of
frugivorous birds and the movement of seeds in a Brazilian frag-
mented landscape. Biotropica 43(3):335-342. doi: https://doi.
0rg/10.1111/j.1744-7429.2010.00695.X

Ramos-Robles M, Andresen E, Diaz-Castelazo C. 2018. Modular-
ity and robustness of a plant-frugivore interaction network in a
disturbed tropical forest. Ecoscience. 25(3) doi: https://doi.org
/10.1080/11956860.2018.1446284

Sanchez-Coldn S, Flores-MA, Cruz-L IA, Velazquez A. 2009. Es-
tado y transformacion de los ecosistemas terrestres por causas
humanas. En: Sarukhén J, editor. Capital Natural de México,
Vol. II: Estado de Conservacion y Tendencias de Cambio. Dis-
trito Federal, México: CONABIO. p. 75-129.

Tewksbury JJ, Levey D, Haddad NM, Sargent S, Orrock JL, Wel-
don A, Danielson BJ, Brinkerhoff J, Damschen EI, Townsend
P. 2002. Corridors affect plants, animals, and their inter-
actions in fragmented landscapes. Proc. Natl. Acad. Sci.
U.S.A. 99(20):12923-12926. doi: https://doi.org/10.1073/
pnas.202242699

360

Trainer JM, Will TC. 1984. Avian methods of feeding on Bursera
simaruba (Burseraceae) fruits in Panama. Auk 101(1):193-195.
doi: https://doi.org/10.1093/auk/101.1.193

Tylianakis JM, Didham RK, Bascompte J, Wardle DA.
2008. Global change and species interactions in terrestri-
al ecosystems. Ecol. Lett. 11:1351-1363. doi: https://doi.
0rg/10.1111/j.1461-0248.2008.01250.X

Vieira FA, Carvalho D. 2009. Genetic differentiation of the ne-
otropical tree species Protium spruceanum (Benth.) Engler
(Burseraceae) between fragments and vegetation corridors in
Brazilian Atlantic forest. Acta Bot. Bras. 23(4):1180-1185. doi:
https://doi.org/10.1590/S0102-33062009000400028

Wang Z, Chen Q, Gu Z, Tang N, Li N. 2023. Effects of landscape
features on the structure and function of bird seed dispersal
networks in fragmented forests. For. Ecol. Manag. 545. https://
doi.org/10.1016/j.foreco.2023.121251

Watson JEM, Whittaker RJ, Dawson TP. 2004. Habitat structure
and proximity to forest edge affect the abundance and distri-
bution of forest-dependent birds in tropical coastal forest of
southeastern Madagascar. Biol. Conserv. 120(3):311-327. doi:
https://doi.org/10.1016/j.biocon.2004.03.004


https://doi.org/10.1111/j.1744-7429.2010.00695.x
https://doi.org/10.1111/j.1744-7429.2010.00695.x
https://doi.org/10.1080/11956860.2018.1446284
https://doi.org/10.1080/11956860.2018.1446284
https://doi.org/10.1073/pnas.202242699
https://doi.org/10.1073/pnas.202242699
https://doi.org/10.1093/auk/101.1.193
https://doi.org/10.1111/j.1461-0248.2008.01250.x
https://doi.org/10.1111/j.1461-0248.2008.01250.x
https://doi.org/10.1590/S0102-33062009000400028
https://doi.org/10.1016/j.foreco.2023.121251
https://doi.org/10.1016/j.foreco.2023.121251
https://doi.org/10.1016/j.biocon.2004.03.004

