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Abstract

Birds are crucial in maintaining the balance of many ecosystems and provide various ecological services. Understanding their

sensitivity to human disturbances should be prioritized in understudy areas for effective conservation practices. Using mist

nets, this study characterized mostly understory bird communities (insectivorous, frugivorous, granivorous, and nectariv-

orous birds) in three habitat types (pristine forest, selectively logged forest, and young oil palm plantation) in the Talangaye

rainforest, Southwest Cameroon. A total of 845 birds belonging to 27 families and 85 species were recorded in the three

habitats after 294 h of mist netting. Overall, the mist-netted community was largely dominated by insectivores, followed by

frugivores, nectarivores, granivores, and carnivores. Although mean species richness, abundance, and Simpson diversity

index did not vary significantly among habitat types, mean species abundance and diversity index decreased in selectively

logged forest and young oil palm plantation and species richness increased in both habitats. The species richness, abundance,

and diversity index for insectivorous and frugivorous birds were lowest in the young oil palm plantations. For granivores,

species richness and abundance increased following selective logging and the establishment of oil palm plantation. The

highest mean species richness and diversity index in nectarivores were recorded in the young oil palm plantations.

The study showed that selective logging and establishment of oil palm plantation had variable effects on the bird communities

in the Talangaye rainforest. Also, the frugivorous birds appeared to be more sensitive to both types of disturbances, while the

insectivores were more sensitive to habitat loss/conversion.
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Introduction

Tropical forests have high biodiversity and are usually

undergoing rapid deforestation due to agricultural

expansion, industrial logging, gold mining, and urbani-

zation (Food and Agriculture Organization, 2009; Lewis

et al., 2015). The conversion of natural habitats to agri-

cultural areas involves the use of heavy machinery, fell-

ing, and dragging of trees over long distances. As a

result, the forest is open and fragmented, its structure

and composition are heavily damaged, and this may lead

to local extinction and reduction of biological diversity

of many taxa (Cintra, Magnusson, & Albernaz, 2013).

Habitat loss and fragmentation are among the greatest
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threats to biodiversity (Gibson et al., 2011). To stave off
mass extinction of species, Wilson (2016) advocated
an increasing local and global understanding to the
response of biological communities to disturbances is
vital for efficient management and conservation actions
to stave off mass extinction of species.

Birds are good models to study ecological processes
as they are diverse and easy to monitor without disrupt-
ing natural populations (De Lima et al., 2013; Seymour
et al., 2015). However, species habitat changes due to
forest loss, fragmentation, and degradation greatly
affect bird dispersal ability and the role of birds in eco-
system functions such as pollination, seed dispersal, and
insect pest control among others (Cordeiro & Howe,
2003; Kennedy & Marra, 2010). Widespread degrada-
tion and conversion of forests cause reduction in the
richness and abundance of bird species and may lead
to local extinctions (Asefa, Davies, McKechnie,
Kinahan, & Rensburg, 2017; Bett, Muchai, & Waweru,
2016; Casas, Darski, Ferreira, Kindel, & Müller, 2016;
Hashim & Ramli, 2013). Bird species specialized to pri-
mary forest, their natural habitat, will be negatively
affected during disturbances and may be replaced by
other species associated with modified habitats. Species
responses to disturbances are variable and dependent on
factors such as species functional traits including body
mass, forest habitat specialization, dietary guild, migra-
tory status, global distribution size, and foraging strata
(Mandal & Shankar, 2016; Newbold et al., 2013). As
trait composition differs between communities
(Kissling, Sekercioglu, & Jetz, 2012), sensitivity of com-
munities to land-use change also differs.

Avian dietary guild is an important trait affecting
avian contributions to ecosystem function. Frugivores
and granivores contribute to seed dispersal, nectarivores
to pollination, and insectivores to pest control
(Greenberg et al., 2000; Şekercio�glu, 2006; Van Bael,
Brawn, & Robinson, 2007). Studying avian feeding
guilds is valuable in monitoring the state of disturbance
of tropical forests. Identifying ecological bird groups
that are sensitive to forest loss and fragmentation and
how these patterns vary geographically (Powell,
Cordeiro, & Stratford, 2015) is essential for preserving
avian biodiversity. Previous studies have revealed that
frugivorous and insectivorous bird populations
remained stable after primary forests have been sub-
jected to logging and fire events and reduced with inten-
sification of human land use in eastern Amazonian
Brazil (Bregman et al., 2016). Wielstra, Boorsma,
Pieterse, and De Iongh (2011) in Borneo have reported
lower species diversity in understory and arboreal
among insectivorous birds and higher arboreal nectari-
vore and terrestrial granivores in disturbed forests. The
disappearance of avian frugivores from rainforest sys-
tems can alter the structure of tree communities and

impede regeneration in fragmented landscapes patches
(Terborgh et al., 2008). Also, the disappearance of insec-
tivores can lead to increased leaf damage, increased mor-
tality of seedling, and reduced plant growth in degraded
and secondary forests (Dunham, 2008). The effects of
deforestation (inducing habitat loss and habitat frag-
mentation) on bird dietary and functional groups have
not been well documented in Africa. This study provides
the first insights from Cameroon. Identifying bird feed-
ing groups sensitive to deforestation in Cameroon will
help develop more effective and protective measures for
preventing more loss of key ecological groups.

Cameroon is situated in Central Africa and is rich in
biodiversity due to its large variety of biogeographical
units and habitats. A total of 954 bird species distributed
in four different biomes (Afrotropical Highlands (A07),
Guinea Congo Forest (A05), Adamawa Plateau (A04),
and Sahel (A03)) have been established in the Cameroon
list (Languy, 2019). Also, Cameroon accounts for the
second highest deforestation rate (about 1% annual)
among the Congo Basin Countries (Food and
Agriculture Organization, 2015). The lowland forest
region of Cameroon is currently under severe pressure
from logging and commercial agriculture (mainly cash
crops such as palm oil, cocoa, and bananas). However,
there is dearth of information on the effects of such
disturbances on understory bird communities. In this
context, this study aims to assess the pattern of species
richness, abundance, and diversity of understory bird
feeding groups in three forest patches with increasing
degrees of disturbance (pristine forest, selectively
logged forest, and young oil palm plantation) in the
Talangaye rainforest of Southwest Cameroon. The
Talangaye rainforest is a forest corridor between four
protected areas and an important bird area in the coun-
try. The study determined the bird community compo-
sition and assessed biotic dissimilarity among habitat
types, bird species richness, abundance, and diversity
of the various feeding groups and their sensitivity to
forest disturbances.

Methods

Study Area

The study took place in the Sithe Global-Sustainable
Oils Cameroon concession (5�080–5�200N and 9�220–
9�240E), located in the Talangaye rainforest, district of
Nguti, Koup�e-Manengouba Division, South West
Region of Cameroon (Figure 1). It is a forest corridor
which lies between four protected areas (Korup National
Park, Banyang-Mbo Wildlife Sanctuary, Rumpi Hills
Wildlife Reserve, and the Bakossi Mountains National
Park) and has been undergoing large-scale deforestation
for the establishment of African palm oil trees (Elaeis
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guineensis) for palm oil production. It is made up of

tropical moist semideciduous and evergreen lowland

forest. The Talangaye rainforest has a typical

equatorial climate made up of a short dry season

(November–February) and one long rainy season

(March–October), average annual rainfall of 3,000mm,

annual mean temperature of about 30�C, and relative

humidity of about 80% (United Councils and Cities of

Cameroon, 2014).

Data Collection

Following the permission of the competent local admin-

istration and authorities of the Timber company and oil

palm plantation to carry out the sturdy, data were col-

lected in July 2016, January 2017, and October 2017 in

three different camps (Camp 4 surveyed in July 2016,

Camp 2 surveyed in January 2017, and Camp 6 surveyed

in October 2016; Figure 1) representing habitat types

using mist netting (Dunn & Ralph, 2004). The habitats

(camps) were described based on main land-cover type

and evidence of human activities (logging and palm oil

trees settlement), namely (Figure 2):

• Camp 4 (5.19093N, 9.34603E): Pristine forest defined
as a near-primary forest showing no evidence of dis-
turbance. It was characterized by the presence of large
and tall trees of about 10 m height, forming a contin-
uous close canopy;

• Camp 2 (5.17530N, 9.34882E): Selectively logged
forest defined as forest slightly fragmented due to
selective logging of commercial trees. It was charac-
terized by the presence of tree stumps, felled trees,
road openings, and had a slightly open canopy.
Data were collected in this camp about 2 months
after the logging;

• Camp 6 (5.17455N, 9.41768E): Young oil palm plan-
tation defined as clear-cut forest with establishment of
very young palm trees (less than 1 year old). It was
characterized by the presence of dead wood, grasses
of about 0.5 m height, open ground, soil debris, and
had a completely open canopy. The area was bor-
dered by pristine forest that serves as a buffer zone
(about 100 m distance from our sampling sites).
Data were collected in this camp about 3 months
after the establishment of palm oil trees.

Figure 1. Map showing the study area and sampling camps. Camp 4¼ pristine forest; Camp 2¼ selectively logged forest; Camp 6¼ young
oil palm plantation.
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The three habitats were in the same microgeographic

area at an elevation between 300 and 400m. Pristine

forest and selectively logged forests were about 10 km

from each other, and each had a surface area of about

450 km2. The distance between pristine forest and oil

palm plantation (about 225 km2) was about 30 km.
Birds were captured in the three habitat types using

15 mist nets (12m long, 4 shelves, 2.6m high,

30� 30mm mesh) set in parallel and perpendicularly at

three sites (about 200m apart) in each habitat. Each

habitat was monitored during 14 days with sampling

effort of 7 h per day (from 6 a.m. to 1 p.m.). Opened

nets were checked every 15min, and all captured birds

were identified using standard reference (Borrow &

Demey, 2014). Each species was assigned to a dietary

functional group as previously described (Del Hoyo,

Elliott, Vicens, David, & Christie, 2016). Following pri-

mary food choices, five dietary groups of understory

birds were defined: carnivores, insectivores (insect

eaters), frugivores (fruit eaters), granivores (seed

eaters), and nectarivores (nectar eaters).

Statistical Analyses

Obtained data were analyzed in R software version 3.4.1

(R Core Team, 2019), and the difference in between

results was considered significant at p< .05.

Biotic Dissimilarity Among Habitat Types

The Bray–Curtis index values (Bray & Curtis, 1957) were

calculated for use as dissimilarity matrix in cluster anal-

ysis. It was used to measure the turnover in species com-

position among individuals based on abundance data as

follows:

BC ¼ 1� 2c

ðaþ bÞ

where BC¼Bray–Curtis dissimilarity index, a¼number

of species in sample 1, b¼ number of species in Sample

2, and c¼number of shared species between both sam-

ples (Bray & Curtis, 1957).
Cluster analysis was done and a dendrogram plotted

for the overall community following Unweighted Pair-

Group Method using arithmetic Average clustering

method (Maechler, Rousseeuw, Struyf, Hubert, &

Hornik, 2017).

Species Richness and Abundance Among

Habitat Types

The estimated number of species for each habitat type

was determined using Chao-1 lower bound, an appropri-

ate nonparametric asymptotic species richness estimator

for individual-based data (Colwell et al., 2012). Based on

the concept that rare species carry the most information

about the number of undetected species, the Chao-1 esti-

mator used numbers of singletons (S1), doubletons (S2),

and observed richness (Sobs) to obtain the lower bound

for expected asymptotic species richness (Chao, 2005) as

follows:

SChao�1 ¼ Sobs þ S2
1=2S2; if S2 > 0

Sobs þ S1ðS1 � 1Þ=2; if S2 ¼ 0

�

where SChao�1¼ the total number of species expected in

an area, including those species not observed during the

survey period; Sobs ¼number of species observed

(traditional species richness), S1¼ number of singletons

(the number of species with abundance¼ 1); and

S2¼ number of doubletons (the number of species with

an abundance¼ 2).
Species abundance (N) was defined as the total

number of individuals recorded in each habitat/day,

while mean abundance was estimated using the function

mean in R.

Figure 2. Photos of the different habitat types: (a) pristine forest, (b) selectively logged forest, and (c) young oil palm plantation.
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Species Diversity Among Habitat Types

Bird diversity in various habitats was determined using
Simpson’s (1949) diversity index (D), which is sensitive
to the abundance of species and give the probability of
two individuals drawn randomly from a community to
be the same.

D ¼
X niðni� 1Þ

NðN� 1Þ

where D¼ Simpson’s diversity index, ni¼ the total
number of birds of each individual species, and
N¼ total number of birds of all species.

After calculating species richness, abundance, and
diversity values using the vegan package, the response
variables were analyzed for normality using Shapiro–
Wilk test. As normality was rejected even after data
transformation, a nonparametric test following the
Kruskal–Wallis procedure was used to test how response
variables differed among habitats in each bird feeding
group. These tests were followed by a Tukey’s
Honestly Significant Difference in case of significant dif-
ference, to establish the source of significance.

Results

Bird Community Composition and Biotic Dissimilarity
Among Habitat Types

A total of 845 birds representing 85 species and 27 fam-
ilies were recorded in the surveyed habitats (Online
Appendix 1). Overall, 42 (49.41%) species were recorded
in pristine forest, 39 (45.88%) in selectively logged
forest, and 53 (62.35%) in the young oil palm plantation.
Also, 9/85 (10.59%) species were present only in pristine
forest, 5/85 (5.88%) only in selectively logged forest, and
33/85 (38.82%) only in the young oil palm plantation
while 14/85 (16.47%) species were common to all three

habitat types. Among species recorded in pristine forest,
12 were absent in selectively logged forest (28.57% lost)
and 25 absent in young oil palm plantation (59.52%
lost). The most abundant species in the pristine forest
was the yellow-whiskered Greenbul (Eurillas latirostris,
60 individuals), Fire-crested Alethe (Alethe castanea,
43 individuals) in selectively logged forest, and Barn
Swallow (Hirundo rustica, 56 individuals) in the young
oil palm plantation.

A species accumulation curve based on the number of
species recorded per day in each habitat type is shown in
Figure 3. After 14 days of sampling, the curve in pristine
forest and selectively logged forest tended to become
stable, while the curve continued to increase in the
young oil palm plantation. Because all species present
in each habitat were not recorded during the survey,
more species would have been found if sampling days
were more especially in young oil palm plantation.

Biotic dissimilarity dendrogram from cluster analysis
of the overall understory bird community according to
habitat types showed that, pristine forest and selectively
logged forest were always clustering together (Figure 4)
and had low-species composition dissimilarity (Bray-
Curtis¼ 0.30). However, young oil palm plantation
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Figure 3. Cumulative number of bird species in three habitats.

Figure 4. Dissimilarity dendrogram of the overall bird
community in three habitats (Bray–Curtis index). PF¼ pristine
forest; SLF¼ selectively logged forest; YPP¼ young oil palm
plantation.
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showed high-species dissimilarity compared with the

other habitats (BC¼ 0.81 for pristine forest and

BC¼ 0.81 for selectively logged forest).

Bird Species Richness Among Habitat Types

Overall, 1 carnivore, 6 frugivores, 3 granivores, 30 insec-

tivores, and 2 nectarivores were recorded in pristine

forest; 6 frugivores, 4 granivores, 27 insectivores, and 2

nectarivores in selectively logged forest; and 8 frugivores,

6 granivores, 34 insectivores, and 5 nectarivores in the

young oil palm plantation. However, the number of car-

nivorous birds was too small to permit robust analysis.

The estimated species richness (Chao-1) for the over-
all bird community based on dietary functional groups
and distribution among habitat types is presented in
Figure 5. When all the birds surveyed in each habitat
were pooled together, young oil palm plantation had
the highest mean daily species richness (mean
� standard deviation, 20.83� 12.59) while selectively
logged forest registered the lowest mean species richness
(18.02� 12.84). However, no significant difference was
observed among habitat types (p¼ .68). For insectivo-
rous birds, the highest mean species richness was
recorded in selectively logged forest (12.77� 7.11),
while young oil palm plantation had the lowest mean
species richness (9.57� 6.49). For frugivores, the highest

Figure 5. Estimated species richness of the bird feeding groups in three habitats (Chao1): (a) overall species, (b) insectivores,
(c) frugivores, (d) granivores, and (e) nectarivores. PF¼ pristine forest; SLF¼ selectively logged forest; YPP¼ young oil palm plantation.
*p< .05.
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species richness estimate was registered in selectively

logged forest (2.96� 2.65), while young oil palm planta-
tion showed the lowest mean species richness (2.07

� 2.56). Significant difference in the mean species rich-
ness among habitat types was observed in granivores

(p¼ .003). This difference was associated to young oil

palm plantation which showed the highest mean species
richness (2.57� 2.50). For nectarivores, no significant

difference was observed in the mean species richness
among habitats (p¼ .44).

Bird Abundance Among Habitat Types

Considerable variation existed in term of mean abun-

dance between habitat types in the various bird commu-
nities (Figure 6). When individuals in each habitat were

pooled together, the pristine forest showed the highest
mean daily abundance (22.57� 8.78) while the young oil

palm plantation showed lowest mean abundance (16.29

� 12.29). No significant difference was observed in the
mean abundance of the overall community among hab-

itat types (p¼ .14). For insectivorous birds, the highest
mean abundance was observed in selectively logged

forest (14.07� 11.29) compared with the young oil

palm plantation which had the lowest mean abundance
(9.57� 8.71). No significant difference was observed in

the mean abundance of insectivores among habitat types
(p¼ .26). For frugivorous birds, the mean abundance of

species was significantly different among habitat types

(p< .001). Tukey’s Honestly Significant Difference
revealed that the difference was associated to pristine

forest, which had the highest species mean abundance
(6.86� 2.80). The species abundance in granivorous

community also varied significantly between habitat

types (p¼ .005), and this variation was associated to
the young oil palm plantation which had the highest

mean abundance (2.57� 2.28), compared with other

habitats. For nectarivores, no significant difference in

the abundance between habitat types was observed

(p¼ .30), and pristine forest had the highest mean species

abundance (3.14� 2.25).

Species Diversity Among Habitat Types

Table 1 shows the mean species diversity values

(Simpson index) of the bird communities according to

habitat types. Overall, the species diversity index of the

understory bird community did not vary significantly

among habitat types (p¼ .21). However, pristine forest

had the highest mean species diversity index (0.87

� 0.04), while the young oil palm plantation (0.80

� 0.12) had the lowest. For insectivorous birds, species

diversity index significantly varied between habitat types

(p¼ .03) and was associated to young oil palm planta-

tion which had the lowest mean species diversity index

(0.66� 0.15) compared with pristine forest. For frugi-

vores, no significant difference was observed in mean

species diversity indexes among habitat types (p¼ .08).

However, pristine forest had the highest mean diversity

index (0.41� 0.22), while young oil palm plantation had

the lowest mean diversity index (0.18� 0.27). For grani-

vores, young oil palm plantation showed significantly

highest mean diversity index compared with other hab-

itats (p< .001). No significant difference was observed in

mean diversity index among habitats for nectarivorous

birds (p¼ .12).

Discussion

This study presents insights of the effects of two major

phenomena, habitat fragmentation through selective

logging and habitat loss through the establishment of
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oil palm plantation, on key ecological bird groups in
Cameroon. The study revealed that a greater number
of species (31/85 (36.47%)) were shared between the
Pristine forest and selectively logged forest habitats
types. In fact, pristine forest and selectively logged
forest had a similar vegetation structure compared
with oil palm plantation in which the natural vegetation
was completely removed. The complexity and nature of
habitats constituted a valuable factor that determined
the species composition and diversity in a particular
area (Bellanthudawa et al., 2019; Casas et al., 2016).
Some forest-dependent birds (e.g., forest robin
[Stiphronis erythrothorax]) were not found in the estab-
lished young oil palm plantation and seemed to have
been replaced by species associated with highly modified
habitats such as Barn swallow (H. rustica), Black-and-
White Mannikin (Spermestes bicolor). These results are
consistent with previous findings, which revealed that
habitat specialized bird species were among the most
susceptible species to habitat disturbances (Arcilla,
Holbech, & Donnell, 2015; Pavlacky, Possingham, &
Goldizen, 2015; Şekercio�glu, 2012). In this study area,
only one endemic species (Cameroon Olive Greenbul
(Phyllastrephus poensis)) in pristine forest was recorded,
and one Near threatened species (Blue-moustached Bee-
eater (Merops mentalis)) in young oil palm plantation
was recorded. The sampling method used (mist netting)
was able to record only part of the community. The
mist-net method has limited coverage and can only cap-
ture a certain size range of mostly understory birds usu-
ally those between 5 and 100 g (Angehr, Siegel, Aucca,
Christian, & Pequeno, 2002). Also, birds that fly more
often would have a greater chance to be captured using
mist net, compared with birds that fly less even though
they have relatively similar abundance.

In the study, the overall species abundance and diver-
sity index decreased following selective logging and the
establishment of oil palm plantation. This result agrees

with Azman et al. (2011) in Malaysia and Manu et al.,
(2007) in West Africa who reported that fragmentation
reduces the probability of occurrence of a wide range of
bird species. The finding is contrary to Bobo and Waltert
(2011) in Cameroon observed low numbers of individu-
als in near-primary forest compared with modified hab-
itats. Morante-Filho, Faria1, Mariano-Neto, and
Rhodes (2015) revealed that bird species richness and
abundance were not affected by forest cover reduction
in the Brazilian Atantic forest. Changes in the vegetation
structure caused by logging and palm trees establishment
played major roles in the decrease in abundance of spe-
cies. The disturbance in selectively logged (2 months
after disturbance) and young oil palm plantation (3
months after disturbance) was very recent and the veg-
etation cover had not yet been regenerated. Also, mature
forests are usually structurally complex, offer more
niches, more shelters, and have greater diversity of
crops that provide more food (Davies & Asner, 2014)
and therefore support more birds than deforested areas.
Previous study have showed that habitat modification
can results from reduced nest availability; fewer nest
materials increases competition for nest sites and signif-
icantly increase nest predation and parasitism in modi-
fied habitats (Dranzoa, 2001).

In this study, the overall species richness increased
following logging and establishment of the oil palm.
Most birds found in the oil palm plantation were
common species, adapted to highly modified habitats.
This finding agrees Gove, Hylander, Nemomissa,
Shimelis, and Enkossa (2013), Buechley et al. (2015)
and Asefa et al. (2017) who reported highest species rich-
ness in disturbed tropical forests in east Africa. Similar
result was reported by Nana et al. (2014) who found
higher species richness on Mt Oku in Cameroon, due
to nonforest species that invade the forest interior fol-
lowing recent human disturbance. Contrary to this
study, Modest and Hassan (2016) and Dami,

Table 1. Diversity Index of the Understory Bird Communities Among Habitats.

Bird groups Parameters Pristine forest

Selectively

logged forest

Young oil palm

plantation N sampled

All species Observed 316 302 227 845

Simpson diversity 0.87� 0.04 0.83� 0.10 0.80� 0.12

Insectivores Observed 166 197 134 496

Simpson diversity 0.81� 0.05 0.69� 0.26 0.66� 0.15*

Frugivores Observed 96 53 30 180

Simpson diversity 0.41� 0.22 0.37� 0.29 0.18� 0.27

Granivores Observed 9 10 36 54

Simpson diversity 0.03� 0.12 0.00� 0.00 0.28� 0.31*

Nectarivores Observed 44 42 28 114

Simpson diversity 0.12� 0.18 0.32� 0.46 0.44� 0.44

Note. *p< .05.
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Mwansat, and Manu (2012) reported that species rich-
ness was influenced by forest edge and patch size rather
than level of habitat disturbance in the coastal forests of
north-eastern Tanzania and Obudu Plateau of south-
eastern Nigeria, respectively. However, the influence of
forest edge and patch size were not tested in this study.
The oil palm plantation was categorized as an unfavor-
able environment owing to the low availability of food
sources and the frequent disturbances caused by
humans, especially during the palm nuts harvest
(Aratrakorn, Thunhikorn, & Donald, 2006). The highest
bird species richness observed in young oil palm planta-
tion could have resulted from the introduction of species
adapted to modified habitats and persistence of some
forest-dependent species in the area. Also, the proximity
of the buffer zone (pristine forest at about 100m from oil
palm plantation) may have facilitated the quick recolo-
nization and adaptation of many species. Overall, the
observed trend was not universal and varied with respect
to bird taxonomic groups such as dietary functional
groups.

Some bird groups were not affected by habitat distur-
bances, while others are either negatively or positively
affected. Granivorous birds, for example, showed higher
species richness and abundance in the young oil palm
plantation and logged area. This result is consistent
with the previous findings of high proportion of grani-
vores due to habitat effects on forest bird diversity in
Korup region, Cameroon (Waltert, Bobo, Sainge,
Fermon, & Muehlenberg, 2005) and avian species diver-
sity in cultivated areas in different habitat types in North
Nandi Forest, Kenya (Bett et al., 2016). Granivores eat
seeds and grains predominantly and play a crucial role in
ecosystem restoration. Young oil palm plantation was
an opened agricultural landscape, covered by palm
trees in the early stage, dead wood and weeds probably
offer suitable ground for granivores. The species rich-
ness, abundance, and diversity index for insectivores
and frugivores decreased following the establishment
of the young oil palm plantation. This finding agrees
with the previous reports that rainforest’s insectivores
and frugivores were highly sensitive to land-cover
changes, with many species dropping out from disturbed
habitats, due to poor dispersal abilities and adaptation
to the forest interior (Bregman et al., 2016; Bregman,
Sekercioglu, & Tobias, 2014; Şekercio�glu et al., 2002).
Contrarily, Tamaris-Turizo, L�opez-Ar�evalo, and
Rodr�ıguez (2017) reported a greater association of insec-
tivores with oil palm crop in a tropical landscape of
Colombia. They stated that oil palm served as suitable
habitats for a number of widespread bird species, and
the height did not seem to be an important factor. The
oil palm size included in their study varied from 6m to
15m, compared with palms less than 2m high in this
study.

The establishment of young oil palm plantation
involved the complete removal of trees including fruit
trees and flowering plants that served as food sources
for many frugivorous and nectarivorous birds. The pres-
ence of more trees provided various food sources or
nesting and perching grounds for the birds (Kottawa-
Arachchi & Gamage, 2015). The abundance of nectar-
ivorous birds also decreased after selective logging and
oil palm plantation. This result agrees with that of
Bernardo (2017) who reported the number of species
and individuals in nectarivores, frugivores, and insecti-
vores to be fewer in oil palm plantation than in forest in
Malaysia. Nectarivores are generally more specialized
species, which have only one food resource and do not
easily adapt to new environmental conditions (Bennett,
Clarke, Thomson, & Nally, 2014). In heavily logged
forest, species with more opportunistic feeding behaviors
have been reported to be more abundant than special-
ized feeders (Waltert, 2000).

Habitat nature, abundance of food, breeding season
of species, climate, and geographic area are among the
most important factors affecting bird species composi-
tion and survival worldwide (Bellanthudawa et al., 2019;
Bibi & Ali, 2013; Casas et al., 2016; Phalan, Onial,
Balmford, & Green, 2011; Rajpar & Zakaria, 2015).
Predictors like climate and geographic area were exclud-
ed in this study, because the different habitats were in
the same small geographic area, and had similar temper-
ature as well as similar elevation. However, annual sea-
sonality has no considerable impact on the abundance
and richness of bird communities in Southwest
Cameroon (Makuate, 2019). As abundance of food usu-
ally depends on the habitat vegetation structure, species
habitat type was the main reason for the changes in the
bird communities in the study area. Proper identification
of habitat features that make species sensitive to distur-
bances is important for conservation practices.

Implications for Conservation

This study provides key elements of ecological bird
groups responses to disturbance in a tropical lowland
rainforest of Cameroon. In a given habitat, species rich-
ness and abundance were denoted by the presence of
resources and mechanisms to avoid predators. These
resources were partitioned in between species to
weaken the competition that can be raised among
them (Ricklefs, 2008). When logging and agricultural
expansions were conducted, vegetation and plants were
cleared and removed from the sites, creating canopy
gaps and loss of some resources. This narrowed down
and separated habitat connectivity, making more sensi-
tive species vulnerability and decrease in their popula-
tion size. In this study, insectivorous and frugivorous
birds appeared to be more sensitive to selective logging
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and the establishment of oil palm plantation. In oil palm
plantation, species richness, abundance, and diversity
decreased in insectivorous and frugivorous birds, while
they increased in granivores and nectarivores.
Agricultural activities tend to favor high bird diversity
in granivores which can constitute a risk of propagating
exotic tree species with eventual competitive exclusion of
the indigenous ones (Gomes et al., 2011).

To minimize adverse effects of habitat disturbances
on the sensitive bird communities (insectivores and fru-
givores), conservation and management efforts should
be more oriented toward protecting habitat and resour-
ces of these key ecological bird groups during the mod-
ification of available land uses. The exploitation of the
forest should be carried out using few roads and little
mechanized equipment as possible to limit the degree of
habitat disturbance (Tanalgo, Pineda, Agravante, &
Amerol, 2015). Awareness raising campaign of local
communities living in neighborhoods of the forest on
the importance of understory birds and forest conserva-
tion should be planned to minimize uncontrolled human
pressure on the forests’ biodiversity. Also, strict control
measures to stop tree cutting and agricultural activities
in forests corridor were recommended to maintain con-
nectivity between habitats. Rescuing sensitive group of
birds such as insectivores and frugivores from local
extinction in uncontrolled habitat destruction can be
achieved through legal authorities (Massimino et al.,
2008).
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