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Abstract

Monoculture farming is pervasive in industrial oil palm agriculture, including those
RSPO plantations certified as sustainably managed. This farming practice does not
promote the maintenance of farmland biodiversity. However, little scientific attention
has been given to polyculture farming in oil palm production landscapes. Polyculture
farming is likely to increase the floristic diversity and stand structural complexity that
underpins biodiversity. Mist nets were used to sample birds at 120 smallholdings in
Peninsular Malaysia. At each site, 12 vegetation structure characteristics were meas-
ured. We compared bird species richness, abundance, and composition between mon-
oculture and polyculture smallholdings and used predictive models to examine the
effects of habitat quality on avian biodiversity. Bird species richness was significantly
greater in polyculture than that of monoculture smallholdings. The number of fallen
and standing, dead oil palms were also important positive predictors of species rich-
ness. Bird abundance was also strongly increased by standing and dead oil palms and
decreased with oil palm stand height. Our results indicate that polyculture farming can
improve bird species richness in oil palm production landscapes. In addition, key habi-
tat variables that are closely associated with farming practices, such as the removal of
dead trees, should and can be managed by oil palm growers in order to promote biodi-
versity. To increase the sustainability of oil palm agriculture, it is imperative that stake-
holders modify the way oil palms are currently planted and managed. Our findings can
guide policy makers and certification bodies to promote oil palm production land-
scapes that will function more sustainably and increase existing biodiversity of oil palm

landscapes.
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FIGURE 1 One of the common birds in oil palm production
landscapes, the yellow-vented bulbul (Pycnonotus goiavier)

1 | INTRODUCTION

Qil palm agriculture is rapidly expanding worldwide at the expense of
tropical rainforests (Hardter, Chow, & Hock, 1997; Fitzherbert et al.,
2008; Wilcove & Koh, 2010). Strong global demands for inexpensive
vegetable oil from emerging economic powers such as China and India
have contributed to the expansion of commercial oil palm cultivation
(Koh & Wilcove, 2007). The land area planted with oil palm is increas-
ing in South America, western Africa, and Southeast Asia (FAOSTAT
2016). Forest conversion to oil palm is widely documented and has
been estimated at 270,000 ha per year in major oil palm producing
countries (Henders, Persson, & Kastner, 2015). However, forest con-
version to monoculture plantations is not the only way which oil palm
agriculture has expanded. Conversion from other commodity, peren-
nial crops also has taken place because of government incentives and
market demand (Basiron, 2007). In Southeast Asia, oil palm is replac-
ing rubber, coconut, and cacao (Feintrenie, Chong, & Levang, 2010;
Wicke, Sikkema, Dornburg, & Faaij, 2011). This crop-based conversion
is poorly understood compared to the much publicized deforestation-
based conversion. Because of this, the palm oil industry is always linked
to tropical deforestation and biodiversity loss in producing countries.
In the wake of intense, antipalm oil campaigns organized by envi-
ronmental NGOs, palm oil stakeholders are under pressure to improve
their environmental performance, for example by establishing a zero-
deforestation policy in the establishment of new plantations (Corley,
2009; Khor, 2011). Thus, improving biodiversity in oil palm landscapes
has become a key management policy to palm oil stakeholders to
mitigate the negative effects of palm oil production on biodiversity.
Besides maintaining critical habitats such as forest patches and ripar-
ian habitats (Gray, Slade, Mann, & Lewis, 2014; Lucey et al., 2014),
other management options such as controlling illegal hunting, road ac-
cidents, increasing noncrop floral diversity, and tree-based enrichment
have been suggested to reconcile biodiversity conservation and palm
oil production (Azhar et al., 2013; Teuscher et al., 2016). To achieve
this, evidence-based management options are being investigated by
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conservation scientists (Foster et al., 2011). However, the options are
limited and not directly related to oil palm agronomy. To date, com-
mercial oil palm agriculture is dominated by monoculture systems
(Azhar, Puan, et al., 2015; Azhar, Saadun, et al., 2015). Globally, this
oil palm production system characterizes large-scale plantations and
some smallholdings (Azhar, Puan, Zakaria, Hassan, & Arif, 2014). The
impacts of oil palm monoculture systems on biodiversity have been
studied extensively, particularly for some animal taxa such as birds and
amphibians (Aratrakorn, Thunhikorn, & Donald, 2006; Edwards et al.,
2010; Gallmetzer & Schulze, 2015; Hawa, Azhar, Top, & Zubaid, 2016;
Mandal & Shankar Raman, 2016; Srinivas & Koh, 2016).

In major oil palm plantations and government-controlled smallhold-
ings, a stringent monoculture planting practice is implemented in order
to maximize palm oil yield (Azhar, Saadun et al., 2015). For small-scale
farmers or smallholders, their farming system is not restricted to one
type of commodity crop (Azhar et al., 2014), and polyculture is com-
monly practiced by small-scale oil palm farmers in Southeast Asia. Little
is known about the effect on biodiversity of polyculture in oil palm farm-
ing (Azhar et al., 2014). Smallholders usually grow different crop plants
alongside oil palms for domestic consumption or sale. Crops such as ba-
nana, coconut, tapioca, and pineapple can be grown alongside oil palm
trees (Azhar et al., 2014; Azhar, Puan et al., 2015). Such practice may in-
crease habitat heterogeneity that is the key for maintaining biodiversity
and also provide additional food sources in the case of fruit crops. The
maintenance of faunal biodiversity in oil palm agriculture is mainly de-
termined by multiple vegetation structure characteristics (Asmah et al.,
2016; Azhar et al., 2014; Ghazali et al., 2016; Syafiq et al., 2016).

The aim of this study is to shed new light on ways to enhance avian
biodiversity in oil palm production landscapes (Figure 1). To date, the
effort to transform conventional oil palm agriculture to a sustainable
one is limited, and it has not determined what agricultural practices
increase within-plantation biodiversity. New research is required on
developing practices that can improve biodiversity and compensate
for the related loss of ecosystem functions (Dislich et al., 2016). This
study addressed the following research questions: (1) Does bird spe-
cies richness and abundance differ between polyculture and monocul-
ture oil palm smallholdings? We predicted that polyculture plantations
contain greater bird species richness and abundance than monocul-
ture sites. (2) Within plantations, what are the most relevant in situ
habitat quality characteristics that influence bird biodiversity? We pre-
dicted that bird biodiversity is influenced by key vegetation structure
characteristics associated with oil palm agricultural practices such as

understory vegetation cover and stand height.

2 | MATERIALS AND METHODS

2.1 | Studysite

We conducted this study at three areas within the state of Selangor,
Peninsular Malaysia (Figure 2): Banting (2°46'42"N, 101°32'43"E),
Tanjung Karang (3°22'34"N, 101°13'4"E), and Sabak Bernam
(3°50'50”N, 100°52'0"E). These areas were predominantly oil
palm plantations and managed by local farmers. Individual farmers
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FIGURE 2 Map showing locations of the three study sites (a) Sabak Bernam, (b) Tanjung Karang, (c) Banting

usually owned plantations of less than 10 ha. The daily temperature
ranges from 25°C to 31°C, and mean relative humidity is 65%-70%.
Temperatures are highest from March to May, with the monsoon pe-
riods from October to December. Rainfall ranges from 60 to 340 mm
per month over the last five years (Malaysian Meteorological Services
Department 2014).

2.2 | Sampling design

Our study area covered more than 18,000 ha of oil palm smallhold-
ings (Figure 1). Each smallholding was less than 4 ha and owned by
local villagers. The ages of oil palm stands at the sites varied from
between 2 and 35 years. We grouped the points into two categories:
(1) monoculture smallholdings planted only with oil palm (Figure 3),
and (2) polyculture smallholdings where oil palm trees were planted
with other crops, including banana trees and, less frequently, maize
and tapioca (Figure 2).

We used a systematic sampling approach with random starting
points (Morrison et al., 2008). We surveyed 120 sampling points,
with 60 sites each in polyculture and monoculture smallholdings from
February to April and from June to August in 2014. Sampling at each

site was not repeated. We randomized visits to polyculture and mono-
culture smallholdings.

2.3 | Bird sampling

We used mist nets (size: 9 m x 3 m) to sample birds. The mist nets
were set up 1 m above the ground. At each site, two mist nets were
concurrently set up 100 m apart for 96 mist net hr. The mist nets were
checked every 20 min (according to the British Trust for Ornithology
guidelines). After extraction and identification, birds were marked to
allow for assessment of recaptures, birds were then released at the
location where they were caught. Mist nets were open between 0,700
and 1,900 every day, and each mist net was in place for four days in
total. Sites were at least 500 m apart to maintain sampling independ-
ence (Ralph, Sauer, & Droege, 1995).

2.4 | Habitat quality measurement

We recorded the following vegetation characteristics within
100 m x 100 m plots situated on the harvesting path at each sam-
pling point: (1) grass cover from four quadrats (1 mx 1 m); (2)
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(10) number of dead oil palm (fallen); (11) mean height of oil palm
trees (measured using a digital laser rangefinder, Nikon Aculon);

and (12) presence (polyculture) or absence (monoculture) of banana

To assess the overall sampling effort, we compared the observed bird
species richness with the Chao 1 classic estimator for species richness
in Estimates version 9.1 (Colwell, Mao, & Chang, 2004).

To evaluate for possible differences in sampling adequacy in the
two structurally different habitats (i.e., polyculture and monoculture
smallholdings), we produced expected species accumulation curves
using the EstimateS package (Colwell, 2013). We performed two-

sample t tests to assess the difference between observed and esti-

We performed a one-way analysis of variance (ANOVA) to com-
pare species richness and abundance between the two different site
categories (polyculture vs monoculture). The day of sampling (e.g., first
visit and second visit) was used as a random factor in ANOVA. In addi-
tion, we contrasted habitat quality characteristics between polyculture
and monoculture smallholdings by repeating the ANOVA procedures.
Analyses of similarity (ANOSIM) were used to examine the differences
in bird community structure between polyculture and monoculture

sites in smallholdings. We ran permutation tests 999 times to obtain

To examine the relationships between cumulative species rich-
ness and habitat quality characteristics, generalized linear models
(GLMs) were used. Poisson distribution and log-link function were
used in the modeling process. To select the final model, we used
all possible methods (i.e., fitting of all possible regression models).
We repeated the same procedures to analyze bird abundance. We
conducted correlation tests to detect multicollinearity among pre-
dictor variables. Strongly correlated variables (|r| > .7) were dropped
to avoid distortion in model estimation (Dormann et al., 2013). Only
one variable from the correlated pair with lowest Wald statistic value
was removed from the modeling process. Twelve predictor variables
were tested in these analyses, from which two predictor variables
were excluded because of multicolinearity. These include the num-

ber of mature oil palms (r =.753) in the species richness model and
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FIGURE 3 Map of study sites showing the 120 sampling points
established within the oil palm smallholdings. (a) Sabak Bernam,
(b) Tanjung Karang, (c) Banting

nongrass cover (e.g., ferns and shrubs) from the quadrats; (3) height
of grass cover from the quadrats; (4) height of nongrass cover from
the quadrats; (5) epiphyte cover on oil palm trunks from a vertical
plot of 0.5 m x 1 m; (6) canopy cover was determined using a GRS
densitometer; (7) number of oil palm (>5 year old); (8) number of im-
mature (<5 year old) oil palm; (9) number of dead oil palm (standing);

the number of mature oil palms (r =.725) and height of grass cover
(r=-.7) in the abundance model. This analysis was performed in
GenStat version 12.

BIOENYV analysis was conducted to examine the relationship be-
tween bird assemblages and in situ habitat quality. We transformed
(log base 10) and normalized environmental data. Bray-Curtis similar-
ity and Euclidean distance similarity were used to create resemblance
matrices for the abundance data and environmental data, respectively.
We used Spearman rank correlation to identify the most important
explanatory variables (Clarke & Gorley, 2006). We performed a per-
mutation test 99 times to examine the relationship between species
composition and a specific subset of explanatory variables. This analy-
sis was performed in PRIMER version 6.
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FIGURE 4 Species accumulation curves, with the x-axis showing
the number of individuals sampled. Bird species richness was higher
in polyculture smallholdings than in monoculture smallholdings

The spatial autocorrelation in residuals was examined by calcu-
lating Global Moran’s Index in the ArcGIS™ version 10.1 (ESRI). We
used the p value to reject or accept the null hypothesis, which states
that the analyzed attribute is randomly distributed among the features
in the study area (Mitchell, 2005). Inverse distance (nearby neighbor-
ing features have a larger influence on the computations for a target
feature than features that are far away) was used to compute Global
Moran’s Index. We used Euclidean distance (the straight-line distance

between two points) as the distance method.

3 | RESULTS

3.1 | Species richness, abundance, and assemblages

A total of 865 birds from 42 bird species were captured during the
study. The majority of bird species (31 species) were generally con-
sidered open country species rather than forest species (11 species).

In terms of diet, the birds were mainly insectivores or carnivores (21

Mean
Habitat quality characteristic Polyculture Monoculture
Canopy cover (%) 58.2 73.7
Epiphyte cover (%) 22.7 39.7
Grass cover (%) 304 31.2
Nongrass cover (%) 31.3 26.7
Height of grass (cm) 15.8 15.9
Height of nongrass (cm) 23.6 22.6
Height of oil palm stands (m) 6.68 9.07
Fallen dead oil palms 0.82 1.40
Standing dead oil palms 0.400 0.633
Number of immature oil palms 10.67 5.35
Number of mature oil palms 13.13 20.68

species), followed by granivores (seven species), omnivores (five spe-
cies), nectarivores (five species), and frugivores (four species).

Our mist netting effort yielded 52.8% of the true species richness.
Our results revealed that there is a significant difference between
observed and estimated species richness (df =119, t=-127.99,
p <.001). Similarly, observed species richness differed signifi-
cantly from estimated species richness in both polyculture (df = 59,
t =-29.60, p <.001) and monoculture (df = 59, t = -36.60, p < .001)
sites. Based on species accumulation curve, bird species richness was
greater in polyculture sites compared to monoculture sites at the same
number of birds captured in oil palm smallholdings (Figure 4).

We found that the richness of birds was significantly greater
(F1119 = 5-88; p=.017) in polyculture sites (x = 3.78 species) than
monoculture sites (x = 2.75 species). Variance ratio for random factors,
that is different visits, was 4.40. Although bird abundance was higher
in polyculture than monoculture, it was marginally nonsignificant
(F1,119 = 3.43; p = .067) between polyculture sites (x = 6.76 birds) and
monoculture sites (x = 4.93 birds). Variance ratio of the random factor
was 13.68. With respect to habitat quality, only five of eleven charac-
teristics were significantly different between polyculture and mono-
culture sites (Table 1).

Our results showed no significant difference in bird assemblages
between polyculture sites and monoculture sites (Global R = 0.006;
p =.22). Average similarity in assemblages among polyculture sites
was 29.64% while among monoculture sites was 29.64%. Five spe-
cies dominated more than 90% of the oil palm bird community at both
polyculture and monoculture sites (Table 2).

3.2 | Effects of in situ habitat quality on species
richness, abundance, and assemblages

Eight of the eleven explanatory variables explained 25.22% of the
variation in bird species richness. Bird species richness increased with
polyculture system, fallen dead oil palms, grass cover, and standing
dead oil palms (Figure 5; Table 3). However, bird species richness de-

creased with canopy cover, number of immature oil palms, height of

TABLE 1 Comparison of 11 habitat
quality characteristics between polyculture

E p and monoculture sites in oil palm
960 002 smallholdings
26.26 <.001
0.03 .857
1.52 .220
0.00 969
0.17 .682
25.63 <.001
3.27 .073
1.48 225
10.83 .001
27.46 <.001
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TABLE 2 Bird species which contributed cumulatively > 80% of the bird community in polyculture and monoculture smallholdings

Smallholding type Species Guild
Polyculture Oriental magpie-robin Copsychus Insectivore
saularis
Yellow-vented bulbul Pycnonotus Frugivore
goiavier
Zebra dove Geopelia striata Granivore
White-throated kingfisher Halcyon Carnivore
smyrnensis
Common tailorbird Orthotomus Insectivore
sutorius
Monoculture Oriental magpie-robin Copsychus Insectivore
saularis
Yellow-vented bulbul Pycnonotus Frugivore
goiavier
White-throated kingfisher Halcyon Carnivore
smyrnensis
Zebra dove Geopelia striata Granivore
Common tailorbird Orthotomus Insectivore

Average abundance

per site Contribution (%) Cumulative (%)
1.02 32.08 32.08
1.09 30.30 62.38
0.54 11.05 73.43
0.60 10.27 83.70
0.45 9.25 92.95
0.72 29.71 29.71
0.82 27.29 57.00
0.69 24.50 81.51
0.43 7.21 88.71
043 7.21 88.71

sutorius

oil palm stands, and epiphyte cover (Figure 5; Table 3). We did not
detect any significant effects from the height of grass, height of non-
grass, and nongrass cover.

Similar to bird species richness, eight of ten explanatory variables
explained 29.36% of the variation in bird abundance. Bird abundance
increased with standing dead oil palms, nongrass cover, and grass
cover (Figure 6; Table 4). However, bird abundance decreased with
canopy cover, height of oil palm stands, height of nongrass, epiphyte
cover, and number of immature oil palms (Figure 6; Table 4). No sig-
nificant effect from fallen dead oil palms and agricultural practice was
detected.

Bird assemblages were influenced by grass cover, height of
nongrass vegetation, canopy cover, and number of banana plants.
However, the permutation test showed that the inferential results
were not significant (Rho = 0.114; p = .26).

We found that the spatial distribution of residuals was the
result of random spatial process (monoculture system Moran’s
Index = -0.057786; z-score = -0.790800; p =.429061; polyculture
system Moran’s Index = 0.019261; z-score = 0.287112; p = .774026).

4 | DISCUSSION

Our findings confirm that polyculture oil palm agriculture supports a
greater bird species richness than monoculture oil palm. Large-scale
oil palm plantations or smallholdings that practice monoculture farm-
ing are characterized by homogenous vegetation and stand structure.
In contrast, polyculture farming increases floristic diversity and stand
structural complexity. As a result, it probably provides greater re-
sources (e.g., food plants, prey availability, and shelter) for birds and

other fauna than monoculture plantations (Jones & Sieving, 2006;

Malézieux et al., 2009). In Sumatra, home gardens (which resemble
the polyculture system (De Clerck & Negreros-Castillo, 2000)) were
found to be populated by omnivores and granivores, and frugivorous
birds that were absent from monoculture oil palm (Prabowo et al.,
2016). Intercropping oil palm with other edible plants or crops can
also improve food security and cushion farmers from commodity
price fluctuation (Koczberski & Curry, 2005; Koh, Levang, & Ghazoul,
2009). We suggest that polyculture farming is compatible with bio-
diversity and conservation strategies to make conventional oil palm
agriculture more sustainable as well as benefiting smallholders finan-
cially. However, the polyculture smallholdings we sampled are limited
to wider-habitat bird species and will benefit a small number of spe-
cialized forest species. We suggest that additional benefits to avian bi-
odiversity might be realized with the planting of native fruit trees that
further increase stand structural heterogeneity and food resources. In
addition, the opening of the canopy caused by the lower density oil
palms may contribute to the increase in richness and abundance of
birds in polyculture systems. The decrease in canopy cover can lead to
a more substantial understory, which can provide favorable habitat for
understory foraging or nesting birds (Azhar et al., 2011, 2013; Tejeda-
Cruz & Sutherland, 2004).

Within plantations, management is also important in maintaining
biodiversity: Our results show that retaining dead oil palms in the plan-
tation (both fallen and standing) increases bird species richness. It is
likely that fallen, dead trees increase the abundance of decomposer
insects such as saproxylic beetles, termites, and ants on the decaying
oil palms, which provide food for birds (Seibold et al., 2015). Similarly
in the forest environment, dead overstory trees can be important for
forest biodiversity (Gibbons & Lindenmayer, 2002) and influence the
rate of postdisturbance recovery processes (Franklin etal., 2000).

Standing, dead trees can also be used by birds for nesting or as a base
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TABLE 3 Factors significantly
influencing bird species richness in 120
sampling points located in oil palm
smallholdings, modeled as a function of
stand-level attributes

Explanatory variables
Constant

Canopy cover

Number of immature oil

palms

Height of oil palm stands

Epiphyte cover
Polyculture system
Fallen dead oil palms

Grass cover

Standing dead oil palms

Fcology and Evolution o 6321
& WILEY- %%

Slope SE Wald statistic p
2.2814 .0778 NA NA
-0.004536 .000787 33.22 <.001
-0.01280 .00250 26.18 <.001
-0.03443 .00802 18.44 <.001
-0.00444 .00128 12.02 <.001
0.1105 .0366 9.12 .003
0.0255 .0103 6.14 .013
0.00244 .00105 5.39 .020
0.0334 0165 4.08 .043

NA, not applicable; SE, standed error.

for aerial foraging (Guby et al., 1996), anecdotally; this behavior was
witnessed by researchers during the sampling within plantations. The
removal of these key structural attributes from the habitat may ad-
versely influence species closely associated with them (Lindenmayer
& Noss, 2006), thus substantially changing assemblages (Morissette,
Cobb, Brigham, & James, 2002). We suggest that oil palm managers
retain dead palm trees within the plantation to provide nesting and
foraging habitat for birds, therefore increasing avian biodiversity.
Retaining dead trees can also provide other benefits such as provid-
ing soil nutrients and carbon content when being decomposed for the
plantation soil (Hughes, Kauffman, & Jaramillo, 1999; Montagnini &
Nair, 2004). The downside of retaining dead palms is they can poten-
tially harbor diseases such as white rot fungus, Ganoderma boninense.
Control measures such as using antagonistic fungi, applying chemical
treatments, and planting legume cover crops have been used to con-
trol G. boninense (Hushiarian, Yusof, & Dutse, 2013).

Polyculture practice similar to mixed-species production stands
can result in an increase in biodiversity (Felton, Lindbladh, Brunet, &
Fritz, 2010). However, findings from a previous study in oil palm agri-
cultural lands (Azhar et al., 2014) indicated that bird species richness
was significantly greater in monoculture smallholdings than in poly-
culture smallholdings, but the opposite was true for bird abundance.
The abundances of insectivorous and frugivorous birds were greater
in polyculture smallholdings than in monoculture smallholdings (Azhar
et al., 2014). The discrepancy in terms of results between the current
study and (Azhar et al., 2014) is likely to be attributed to different sam-
pling methods used in both studies. Point count method was used by
(Azhar et al., 2014) which may record more bird species than those
from mist netting.

Our results reveal that as oil palms get taller with age, bird species
richness, and abundance decrease. The majority of previous bird stud-
ies in oil palm smallholdings did not account for oil palm height (Azhar
et al, 2011, 2013, 2014) except one (Azhar, Puan et al., 2015), which
did not find oil palm height to have a significant influence on bird spe-
cies richness. A possible explanation for lower bird species richness
and abundance with increasing cover and oil palm height is due to
a sampling bias. The bias was apparently not seen in another study
(Azhar et al., 2014), where a different sampling method (i.e., point

transect) has led to different results. Our findings may be due to the
sampling technique (i.e., mist nets) used in the current study. In areas
with taller trees, birds visiting the oil palm canopy may be less likely to
get caught in the mist nets and therefore not be sampled adequately.
Bird species richness decreased with increasing canopy cover similar to
the findings of (Azhar et al. 2011). Similarly, overall bird abundance de-
creased with increasing canopy cover; ground vegetation can be low in
heavily shaded plantations, however, this is often caused by the heavy
usage of herbicides. The lack of lower and middle story cover provides
poorer conditions for foraging birds (McWethy, Hansen, & Verschuyl,
2010). Limited sunlight availability as the result of increasing canopy
cover is often attributed to a decrease in understory species richness
and abundance. Most bird, feeding guilds decrease in abundance with
increasing canopy cover as (Azhar et al., 2013).

Bird species richness also decreased with the number of immature
palms (less than five years). This may be because immature oil palms
are less attractive to birds, perhaps because of limited resources (e.g.,
food and shelter), compared to more mature palms. For example, the
trunks of young oil palms are less likely to support epiphytes that host
arthropods (Fayle et al., 2010). In addition, mature oil palms occupy
greater area than young palms and are able to provide more variable
microhabitats for a wider range of species. Older oil palm stands also
have more stable and cooler microclimate than young oil palm stands,
which may be more favorable for birds (Luskin & Potts, 2011).

Our results suggest that the presence of some undergrowth vege-
tation features (i.e., grass cover) were significantly associated with bird
richness and/or abundance. For instance, the presence of grass cover
in oil palm smallholdings was found to positively and significantly influ-
ence both bird species richness and abundance. Similarly, the presence
of nongrass cover was positively and significantly related to bird spe-
cies richness. Our results are similar to another study conducted in an
oil palm plantation in Guatemala, where removal of understory vegeta-
tion decreased bird richness (Najera & Simonetti, 2010). The presence
of understory in oil palm plantations therefore does appear to promote
bird richness and abundance, perhaps by providing food resources and
breeding sites for some species (Aratrakorn et al., 2006; Azhar et al.,
2013). Management to maintain undergrowth, while still allowing easy
access for harvesting, may therefore represent a key management



6322 WI LEy_EcoIogy and Evolution

(a) 40 . ; . (b)
x 4.0 4
3.5 1
2 g 351
3.0 4 L
3.0
g :
s 25 ]
° k-1
£ £ 25
o =
o 20 4 ©
E B
@ | @
1.5 1 |
H
1.0 x
i
%
0.5 x
0 20 40 60 80 100
Canopy cover (%)
(¢ (d)
40 - 40 7
x
T ) 35
8 ’ 2 3.0
c E=4
o o
° -3
5 5 25
o o
o L)
o o
a & 201
15
1.0
0 20 40 60 80
Grass cover (%)
e f
© 5 n M .
4 4
" @
8 2
3 3
2 34 s
2 3
o -]
E B
o - @
1 <
Nongrass cover (%)
(9) (h)
4.0 - "
3.5 4
3.0 %
§ g
o
g 25 g
H 3
] ®
° 2.0 4 B
@ @
154
1.0 4
0.5
*
0.5 1

practice to increase bird diversity as well as yielding other benefits,

such as reducing soil erosion and improving soil invertebrate richness

YAHYA ET AL

Open Access,

Epiphyte cover (%)
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and abundance (Carron et al., 2015).

Number of dead standing oil palms

Height of oil palms (m)

FIGURE 6 Scatterplots with 95%
confidence intervals (dashed) on the
regression (solid) line showing the
relationships between the bird abundance
and vegetation structure characteristics

We found that bird species richness and abundance decreased

slightly with epiphyte cover. This finding is contradictory to Prescott,

Edwards, and Foster (2015) who found that removal of epiphytes did
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TABLE 4 Factors significantly influencing bird abundance in 120
sampling points located in oil palm smallholdings, modeled as a
function of stand-level attributes

Explanatory

variables Slope SE Wald statistic p

Constant 3.697 .202 NA NA

Canopy cover -0.01104 .00158 48.62 <.001

Standing dead 0.2112 .0366 33.33 <.001
oil palms

Height of oil -0.0991 .0174 3240 <.001
palm stands

Height of -0.01304 .00350 13.92 <.001
nongrass

Epiphyte cover -0.00794 .00261 9.28 .002

Number of -0.01430 .00545 6.89 .009
immature oil
palms

Nongrass cover 0.00511 .00216 5.60 .018

Grass cover 0.00356 00166 4.60 .032

NA, not applicable; SE, standed error.

not affect the species richness and community composition of birds
and ants in oil palm plantations. As epiphytes can determine the mi-
croclimatic conditions in their local areas and create a more stable
temperature for insect communities (Turner & Foster,2006) that pro-
vide birds with animal protein. However, this may benefit a small num-
ber of gleaning insectivores that can seek insects on the epiphytes but

not the whole insectivorous group.

5 | CONCLUSIONS AND POLICY
RECOMMENDATIONS

Tropical agricultural agrosystems such as polyculture smallhold-
ings could be an important component of the conservation strategy
in human-modified landscapes as polyculture systems are able to
support higher levels of biodiversity than monoculture plantations
(Gardner et al., 2009; Perfecto & Vandermeer, 2008). In addition, oil
palm agriculture is dominant in landscape matrices that enclose most
protected forest reserves in Southeast Asia (Azhar, Saadun et al.,
2015). With polyculture farming, oil palm smallholdings are likely to
provide a higher quality habitat matrix that can permit the movement
of forest organisms among patches of natural vegetation (Azhar et al.,
2011; Azhar, Puan et al., 2015; Linkie et al., 2003). These agricultural
practices may synergistically minimize adverse effects of simpli-
fied ecosystems like those found in oil palm production landscapes
(Azhar et al., 2014; Ghazali et al., 2016; Syafiq et al., 2016). Both large
protected areas (i.e., land sparing) and wildlife-friendly agricultural
matrices (i.e., land sharing) are needed to promote biodiversity con-
servation; they work synergistically and are not mutually exclusive
(Kremen, 2015).

Existing monoculture oil palm landscapes are pervasive in pro-

ducing countries such as Indonesia and Malaysia. Without changes in
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current farming practices, the ability of such production landscapes to
sustain biodiversity will remain low, with only a few principal bird spe-
cies supported in areas where large-scale oil palm plantations persist.
In addition, to retaining forest patches and riparian habitats benefi-
cial for biodiversity (Gray et al., 2014; Lucey et al., 2014), stakehold-
ers should be encouraged to practice polyculture farming as a means
to improve biodiversity within plantations and to maintain important
ecosystem functions such as biological pest control and pollination.
The findings from this study can guide policy makers and certifica-
tion bodies (e.g., Roundtable on Sustainable Palm Oil) to promote oil
palm production landscapes that are managed more sustainably and
improve local and regional biodiversity.

ACKNOWLEDGMENTS

We thank the oil palm smallholders who granted us permission to con-
duct this research on their farms. We also thank Sharifah Nur Atikah,
Nor Laili Ibrahim, Sasidhran Selvadurai, Nur Fatin Adila Md Rashid, Raja
Nazrin Raja Ahmad, and Syafig Abd Razak for assisting us in the field.

CONFLICT OF INTEREST

None declared.

REFERENCES

Aratrakorn, S., Thunhikorn, S., & Donald, P. F. (2006). Changes in bird com-
munities following conversion of lowland forest to oil palm and rubber
plantations in southern Thailand. Bird Conservation International, 16,
71-82.

Asmah, S., Ghazali, A., Syafig, M., Yahya, M. S., Peng, T. L., & Norhisham, A.
R., ... Lindenmayer, D. B. (2016). Effects of polyculture and monocul-
ture farming in oil palm smallholdings on tropical fruit-feeding butterfly
diversity. Agricultural and Forest Entomology, 19, 70-80.

Azhar, B., Lindenmayer, D. B., Wood, J., Fischer, J., Manning, A., McElhinny,
C., & Zakaria, M. (2011). The conservation value of oil palm plantation
estates, smallholdings and logged peat swamp forest for birds. Forest
Ecology and Management, 262, 2306-2315.

Azhar, B., Lindenmayer, D. B., Wood, J., Fischer, J., Manning, A., McElhinny,
C., & Zakaria, M. (2013). The influence of agricultural system, stand
structural complexity and landscape context on foraging birds in oil
palm landscapes. Ibis, 155, 297-312.

Azhar, B., Puan, C. L., Aziz, N., Sainuddin, M., Adila, N., & Samsuddin, S.,
... Jamian, S. (2015). Effects of in situ habitat quality and landscape
characteristics in the oil palm agricultural matrix on tropical under-
story birds, fruit bats and butterflies. Biodiversity and Conservation, 24,
3125-3144.

Azhar, B., Puan, C. L., Zakaria, M., Hassan, N., & Arif, M. (2014). Effects
of monoculture and polyculture practices in oil palm smallholdings on
tropical farmland birds. Basic and Applied Ecology, 15, 336-346.

Azhar, B., Saadun, N., Puan, C. L., Kamarudin, N., Aziz, N., Nurhidayu,
S., & Fischer, J. (2015). Promoting landscape heterogeneity to im-
prove the biodiversity benefits of certified palm oil production:
Evidence from Peninsular Malaysia. Global Ecology and Conservation,
3,553-561.

Basiron, Y. (2007). Palm oil production through sustainable plantations.
European Journal of Lipid Science and Technology, 109, 289-295.

Carron, M. P, Auriac, Q., Snoeck, D., Villenave, C., Blanchart, E., Ribeyre,
F., ... Caliman, J. P. (2015). Spatial heterogeneity of soil quality around



YAHYA ET AL

6324 WI LEY—ECOlOgy and Evolution

Open Access,

mature oil palms receiving mineral fertilization. European Journal of Soil
Biology, 66, 24-31.

Clarke, K. R., & Gorley, R. N. (2006). PRIMER vé: User manual/tutorial.
Plymouth: PRIMER-E.

Colwell, R. K. (2013). EstimateS: Statistical estimation of species richness
and shared species from samples. 2005. Consultado en. Retrieved from
http://viceroy.eeb.uconn.edu/estimates

Colwell, R. K., Mao, C. X., & Chang, J. (2004). Interpolating, extrapolating
and comparing incidence-based species accumulation curves. Ecology,
85,2717-2727.

Corley, R. H. V. (2009). How much palm oil do we need? Environmental
Science & Policy, 12, 134-139.

De Clerck, F. A., & Negreros-Castillo, P. (2000). Plant species of traditional
mayan homegardens of Mexico as analogs for multistrata agroforests.
Agroforestry Systems, 48, 303-317.

Dislich, C., Keyel, A. C., Salecker, J., Kisel, Y., Meyer, K. M., Auliya, M, ...
Hess, B. (2016). A review of the ecosystem functions in oil palm plan-
tations, using forests as a reference system. Biological Reviews, DOI:
10.1111/brv.12295.

Dormann, C. F, Elith, J., Bacher, S., Buchmann, C., Carl, G., & Carré, G, ...
Miinkemidiller, T. (2013). Collinearity: A review of methods to deal with
it and a simulation study evaluating their performance. Ecography, 36,
27-46.

Edwards, D. P, Hodgson, J. A,, Hamer, K. C., Mitchell, S. L., Ahmad, A. H.,
Cornell, S. J., & Wilcove, D. S. (2010). Wildlife-friendly oil palm plantations
fail to protect biodiversity effectively. Conservation Letters, 3, 236-242.

FAOSTAT. (2016). Statistics. Retrieved from http:/www.fao.org/statistics/
en/

Fayle, T. M., Turner, E. C., Snaddon, J. L., Chey, V. K., Chung, A. Y., Eggleton,
P., & Foster, W. A. (2010). Oil palm expansion into rain forest greatly
reduces ant biodiversity in canopy, epiphytes and leaf-litter. Basic and
Applied Ecology, 11, 337-345.

Feintrenie, L., Chong, W. K., & Levang, P. (2010). Why do farmers prefer
oil palm? Lessons learnt from Bungo district Indonesia. Small-Scale
Forestry, 9, 379-396.

Felton, A., Lindbladh, M., Brunet, J., & Fritz, O. (2010). Replacing coniferous
monocultures with mixed-species production stands: An assessment of
the potential benefits for forest biodiversity in Northern Europe. Forest
Ecology and Management, 260, 939-947.

Fitzherbert, E. B., Struebig, M. J., Morel, A., Danielsen, F., Brihl, C. A,
Donald, P. F.,, & Phalan, B. (2008). How will oil palm expansion affect
biodiversity?. Trends in Ecology & Evolution, 23, 538-545.

Foster, W. A., Snaddon, J. L., Turner, E. C., Fayle, T. M., Cockerill, T. D., &
Ellwood, M. F,, ... Yusah, K. M. (2011). Establishing the evidence base
for maintaining biodiversity and ecosystem function in the oil palm
landscapes of South East Asia. Philosophical Transactions of the Royal
Society of London B: Biological Sciences, 366, 3277-3291.

Franklin, J. F,, Lindenmayer, D. B., MacMahon, J. A., McKee, A., Magnusson,
J., Perry, D. A,, ... Foster, D. R. (2000). Threads of continuity: Ecosystem
disturbances, biological legacies and ecosystem recovery. Conservation
Biology in Practice, 1, 8-16.

Gallmetzer, N., & Schulze, C. H. (2015). Impact of oil palm agriculture on
understory amphibians and reptiles: A Mesoamerican perspective.
Global Ecology and Conservation, 4, 95-109.

Gardner, T. A,, Barlow, J., Chazdon, R., Ewers, R. M., Harvey, C. A, Peres, C.
A., & Sodhi, N. S. (2009). Prospects for tropical forest biodiversity in a
human-modified world. Ecology Letters, 12, 561-582.

Ghazali, A., Asmah, S., Syafiq, M., Yahya, M. S., Aziz, N., & Tan, L. P, ... Azhar,
B. (2016). Effects of monoculture and polyculture farming in oil palm
smallholdings on terrestrial arthropod diversity. Journal of Asia-Pacific
Entomology, 19, 415-421.

Gibbons, P., & Lindenmayer, D. B. (2002). Tree hollows and wildlife conserva-
tion in Australia. Melbourne: CSIRO Publishing.

Gray, C. L, Slade, E. M., Mann, D. J., & Lewis, O. T. (2014). Do riparian
reserves support dung beetle biodiversity and ecosystem services

in oil palm-dominated tropical landscapes? Ecology and Evolution, 4,
1049-1060.

Guby, N. B., & Dobbertin, M. (1996). Quantitative estimates of coarse
woody debris and standing dead trees in selected Swiss forests. Global
Ecology and Biogeography Letters, 5, 327-341.

Hardter, R., Chow, W. Y., & Hock, O. S. (1997). Intensive plantation crop-
ping, a source of sustainable food and energy production in the tropical
rain forest areas in Southeast Asia. Forest Ecology and Management, 91,
93-102.

Hawa, A., Azhar, B., Top, M. M., & Zubaid, A. (2016). Depauperate avifauna
in tropical peat swamp forests following logging and conversion to
oil palm agriculture: Evidence from mist-netting data. Wetlands, 36,
899-908.

Henders, S., Persson, U. M., & Kastner, T. (2015). Trading forests: Land-use
change and carbon emissions embodied in production and exports of
forest-risk commodities. Environmental Research Letters, 10, 125012.

Hughes, R. F., Kauffman, J. B., & Jaramillo, V. J. (1999). Biomass, carbon,
and nutrient dynamics of secondary forests in a humid tropical region
of Mexico. Ecology, 80, 1892-1907.

Hushiarian, R., Yusof, N. A., & Dutse, S. W. (2013). Detection and control
of Ganoderma boninense: Strategies and perspectives. SpringerPlus, 2,
555.

Jones, G. A., & Sieving, K. E. (2006). Intercropping sunflower in organic
vegetables to augment bird predators of arthropods. Agriculture,
Ecosystems & Environment, 117, 171-177.

Khor, Y. L. (2011). The oil palm industry bows to NGO campaigns. Lipid
Technology, 23, 102-104.

Koczberski, G., & Curry, G. N. (2005). Making a living: Land pressures and
changing livelihood strategies among oil palm settlers in Papua New
Guinea. Agricultural Systems, 85, 324-339.

Koh, L. P., Levang, P., & Ghazoul, J. (2009). Designer landscapes for sustain-
able biofuels. Trends in Ecology & Evolution, 24, 431-438.

Koh, L. P,, & Wilcove, D. S. (2007). Cashing in palm oil for conservation.
Nature, 448, 993-994.

Kremen, C. (2015). Reframing the land-sparing/land-sharing debate for
biodiversity conservation. Annals of the New York Academy of Sciences,
1355, 52-76.

Lindenmayer, D. B., & Noss, R. F. (2006). Salvage logging, ecosystem processes,
and biodiversity conservation. Conservation Biology, 20, 949-958.

Linkie, M., Martyr, D. J., Holden, J., Yanuar, A., Hartana, A. T., Sugardjito,
J., & Leader-Williams, N. (2003). Habitat destruction and poaching
threaten the sumatran tiger in kerinciseblat national park Sumatra.
Oryx, 37,41-48.

Lucey, J. M., Tawatao, N., Senior, M. J., Chey, V. K., Benedick, S., & Hamer,
K. C, ... Hill, J. K. (2014). Tropical forest fragments contribute to species
richness in adjacent oil palm plantations. Biological Conservation, 169,
268-276.

Luskin, M. S., & Potts, M. D. (2011). Microclimate and habitat heterogeneity
through the oil palm lifecycle. Basic and Applied Ecology, 12, 540-551.

Malézieux, E., Crozat, Y., Dupraz, C., Laurans, M., Makowski, D., & Ozier-
Lafontaine, H., ... Valantin-Morison, M. (2009). Mixing plant spe-
cies in cropping systems: Concepts, tools and models: A review. In
E. Lichtfouse, M. Navarrete, P. Debaeke, S. Véronique & C. Alberola
(Eds.), Sustainable Agriculture (pp. 329-353). Netherlands: Springer.

Mandal, J., & Shankar Raman, T. R. (2016). Shifting agriculture supports
more tropical forest birds than oil palm or teak plantations in Mizoram,
Northeast India. The Condor, 118, 345-359.

McWethy, D. B., Hansen, A. J., & Verschuyl, J. P. (2010). Bird response to
disturbance varies with forest productivity in the Northwestern United
States. Landscape Ecology, 25, 533-549.

Mitchell, A. (2005). The ESRI Guide to GIS Analysis, Volume 2: Spatial mea-
surements and statistics. USA: ESRI Press.

Montagnini, F., & Nair, P. K. R. (2004). Carbon sequestration: An under-
exploited environmental benefit of agroforestry systems. Agroforestry
Systems, 61, 281.


http://viceroy.eeb.uconn.edu/estimates
https://doi.org/10.1111/brv.12295
http://www.fao.org/statistics/en/
http://www.fao.org/statistics/en/

YAHYA ET AL

Morissette, J. L., Cobb, T. P, Brigham, R. M., & James, P. C. (2002). The
response of boreal forest songbird communities to fire and post-fire
harvesting. Canadian Journal of Forest Research, 12, 2169-2183.

Morrison, M. L., Block, W. M., Strickland, M. D., Collier, B. A., & Peterson,
M. J. (2008). Wildlife study design. Springer Science & Business Media

Najera, A., & Simonetti, J. A. (2010). Can oil palm plantations become bird
friendly? Agroforestry Systems, 80, 203-209.

Perfecto, I., & Vandermeer, J. (2008). Biodiversity conservation in tropical
agroecosystems. Annals of the New York Academy of Sciences, 1134,
173-200.

Prabowo, W. E., Darras, K., Clough, Y., Toledo-Hernandez, M., Arlettaz, R.,
Mulyani, Y. A., & Tscharntke, T. (2016). Bird responses to lowland rain-
forest conversion in sumatran smallholder landscapes Indonesia. PLoS
ONE, 11, e0154876.

Prescott, G. W., Edwards, D. P, & Foster, W. A. (2015). Retaining biodi-
versity in intensive farmland: Epiphyte removal in oil palm plantations
does not affect yield. Ecology and Evolution, 5, 1944-1954.

Ralph, C. J., Sauer, J. R., & Droege, S. (1995). Monitoring bird populations by
point counts. Berkeley, CA: Pacific Southwest Research Station.

Seibold, S., Bassler, C., Brandl, R., Gossner, M. M., Thorn, S., Ulyshen, M. D.,
& Muiller, J. (2015). Experimental studies of dead-wood biodiversity—a
review identifying global gaps in knowledge. Biological Conservation,
191, 139-149.

Srinivas, A., & Koh, L. P. (2016). Oil palm expansion drives avifaunal de-
cline in the pucallpa region of peruvian amazonia. Global Ecology and
Conservation, 7, 183-200.

Fcology and Evolution o 6325
& WILEY- %%

Syafig, M., Atigah, A. R. N., Ghazali, A., Asmah, S., Yahya, M. S., & Aziz, N.,
... Azhar, B. (2016). Responses of tropical fruit bats to monoculture and
polyculture farming in oil palm smallholdings. Acta Oecologica, 74, 11-18.

Tejeda-Cruz, C., & Sutherland, W. J. (2004). Bird responses to shade coffee
production. Animal Conservation, 7, 169-179.

Teuscher, M., Gérard, A., Brose, U., Buchori, D., Clough, Y., & Ehbrecht, M.,
... Kreft, H. (2016). Experimental biodiversity enrichment in oil-palm-
dominated landscapes in Indonesia. Frontiers in Plant Science, 7, 1538.

Turner, E. C., & Foster, W. A. (2006). Assessing the influence of bird’s nest
ferns (Asplenium spp.) on the local microclimate across a range of habi-
tat disturbances in Sabah Malaysia. Selbyana, 27, 195-200.

Wicke, B., Sikkema, R., Dornburg, V., & Faaij, A. (2011). Exploring land use
changes and the role of palm oil production in Indonesia and Malaysia.
Land Use Policy, 28, 193-206.

Wilcove, D. S., & Koh, L. P. (2010). Addressing the threats to biodiversity
from oil-palm agriculture. Biodiversity and Conservation, 19, 999-1007.

How to cite this article: Yahya MS, Syafig M, Ashton-Butt A,
Ghazali A, Asmah S, Azhar B. Switching from monoculture to
polyculture farming benefits birds in oil palm production
landscapes: Evidence from mist netting data. Ecol Evol.
2017;7:6314-6325. https://doi.org/10.1002/ece3.3205



https://doi.org/10.1002/ece3.3205

