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Oil palm (Elaeis guineensis) is a tropical perennial plant that provides most of the vegetable oil traded 
internationally. Although native to Africa, oil palm is grown throughout the humid tropics, and the largest 
producers are now in Southeast Asia. In many regions of cultivation, oil palm has been identified as a 
leading cause of deforestation and biodiversity loss. In Sierra Leone, oil palm grows wild in secondary 
forest and fallow land, as well as in plantations; research into its impact on biodiversity is limited. The 
effects of natural (wild) and plantation oil palm on the avifauna of southeastern Sierra Leone was 
examined. Over a two-year period, point-count surveys of birds were conducted on six occasions during 
the wet and dry seasons. Four plots were established in each of the six land-use types: Primary Forest, 
secondary forest, farm-bush with few oil palms, farm-bush with many oil palms, small plantations and 
larger plantations. Results from the study suggest that small-scale oil palm plantations, even under 
traditional low-intensity management, have a reduced avifauna compared to farm-bush. The difference 
between secondary forest and farm-bush is small, suggesting that traditional management of oil palm as 
a “non-timber forest product” is less detrimental to biodiversity. 
 
Key words:  Natural oil palm plantations, birds, biodiversity/conservation, farm bush. 

 

 
INTRODUCTION 
 
Oil palm (Elaeis guineensis Jacquin) is a tropical perennial 
monocotyledonous plant that belongs to the family 
Arecaceae and is cultivated for vegetable oil (Corley and 
Tinker, 2016; Vijay et al., 2016; Meijaard et al., 2018). Oil 
palm is the most productive oil crop in terms of yield per 
unit area, prompting its rapid expansion from its origin in 
West Africa to 43 tropical countries (Corley and Tinker, 
2016; Fitzherbert et al., 2008; Koh, 2008; Koh and 
Wilcove, 2008; Najera  and  Simonetti,  2010;  Barcelos  et 

al., 2015; Srinivas and Koh, 2016; Yaap et al., 2010; Vijay 
et al., 2016; Meijaard et al., 2018; Qaim et al., 2020). Due 
to plant breeding efforts, mostly undertaken in Asia 
(Barcelos et al., 2015), it is now the most consumed 
vegetable oil (Yudea and Santosa, 2019; European Oil 
Palm Alliance, 2019) and accounts for about 40% of 
international trade in vegetable oils (Murphy et al., 2021). 
Between 2008 and 2017, the global plantation area 
expanded at a rate  of  700,000 ha  per  year  (Meijaard  et 
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al., 2020) and is a principal cause of deforestation in 
tropical Asia (Koh and Wilcove, 2008; Fitzherbert et al., 
2008; Corley, 2009; Wilcove and Koh, 2010; Srinivas and 
Koh, 2016), with estimates of forest loss reaching 270,000 
ha per year in the major palm oil exporting countries (Vijay 
et al., 2016). Where land-use planning is inadequate, oil 
palm is sometimes used as an excuse by companies 
wanting to clear forests for other purposes (Srinivas and 
Koh, 2016; Fitzherbert et al., 2008). Africa was the leading 
producer of palm oil until the 1960s, after which its oil palm 
industry faced neglect (Bakoumé et al., 2020); recently, 
Sierra Leone has made efforts to revitalize the oil palm 
industry, partly for food security and partly through the 
promotion of oil palm for agrofuels by multinational 
companies (Carrere, 2010). 

The conversion of forest to oil palm plantations leads to 
habitat loss and fragmentation, a reduction in the diversity 
and abundance of forest-dependent species, and the loss 
of ecosystem services (Mandal and Raman, 2016; Yaap et 
al., 2010). The International Union for the Conservation of 
Nature (IUCN), in their Red List of Threatened Species, 
asserts that oil palm plantations are a threat to 321 species 
(Meijaard et al., 2020), and its expansion is estimated to 
affect 64% of all threatened birds. Declines in forest bird 
species are reported as 75 to 95% in Amazonia (Srinivas 
and Koh, 2016), Malaysia (Koh and Wilcove, 2008), South-
East Asia (Senior et al., 2012), Sumatra (Danielsen et al., 
2008) and Thailand (Aratrakorn et al., 2006; Srinivas and 
Koh, 2016). Oil palms are native to Sierra Leone and are 
very common in 'secondary forest' and 'farm bush.' Farm 
bush is part of the traditional farming process where the 
land is left fallow for 5 to 10 years before the woody 
vegetation is cut and burnt, and crops are grown for one or 
two years. The Famine Early Warning System Network 
(FEWS NET) estimated in 2017 that about 60% of crude 
palm oil (CPO) is extracted from fallow lands (the farm 
bush), where traditional low-yielding varieties of oil palm 
are encouraged to grow but are not planted. CPO is an 
important source of income for farmers as well as being 
crucial to their food security. Farmers rarely process kernel 
palm oil (KPO), but a company in Freetown buys and 
processes a certain amount of palm kernel to make KPO 
(FEWS NET, 2017). Commercial-scale plantations were 
established in Sierra Leone in the 1950s but experienced 
neglect and abandonment (Bakoumé et al., 2020). Small-
scale plantations under traditional management in Sierra 
Leone are usually only 1 to 2 ha in extent but cover a total 
area of over 300,000 ha (Gboku et al., 2017), which is 
about 5% of the total productive land area of the country. 
About 30% of the production area is on foreign-owned 
plantations of up to 50,000 ha. The government of Sierra 
Leone has recently signed at least four agreements with 
European companies for large-scale palm oil production. 
In 2020, total oil palm production was estimated at 75,000 
metric tons (ITC, 2022). The forests of Sierra Leone belong 
to the Upper Guinean Rainforest biome and are 
recognized as a global  biodiversity  hotspot.  Sierra  Leone  

 
 
 
 
is moderately forested with 17% forest cover (FAO, 2015); 
the history of deforestation is subject to debate, but 
population growth, unregulated logging, wildfires and 
agricultural expansion all play a role (Wadsworth and 
Lebbie, 2019). The remaining forests have a rich 
indigenous flora and fauna, including many endemic 
species and internationally rare and threatened species. 
Birds can be found in almost every habitat on earth; some 
species are generalists and some highly restricted and 
indicative of particular habitats. Birds may be important for 
a range of ecological functions such as seed dispersal, 
scavenging, pollinating and pest control (Mariyappan et 
al., 2023). They are easy to observe and detect without 
disturbing them or the habitat and can be used as bio-
indicators to monitor quality and change in ecosystems 
(Egwumah et al., 2017; Mekonen, 2017; Gupta, 2022; 
Mariyappan et al., 2023). 

Birds are found in oil palm plantations and perform 
diverse functions like insect pest control (Centopus 
sinensis), seed dispersal (Teron vernans), pest/rodent 
control (Tyto alba) and weed control (Putri and Kwatrina, 
2023). However, despite the ecological roles of birds in oil 
palm plantations, their populations in oil palm plantations 
are currently facing threats. The majority of palm oil in 
Sierra Leone is still produced from natural oil palm 
plantations or from very small plantations using traditional 
management practices. However, the trend is towards 
more large-scale intensively managed industrial 
plantations, often as a result of foreign investment. Large-
scale industrial plantations may cause the same sort of 
biodiversity loss as has been observed in Southeast Asian 
countries like Malaysia and Indonesia. The extent to which 
small-scale oil palm plantations and harvesting from wild 
oil palms are detrimental to biodiversity has not previously 
been studied in countries like Sierra Leone, where oil palm 
is native. The objective of the study is to determine 
whether oil palms growing wild in farm bushes and 
plantations have a detrimental impact on bird species 
diversity. 

 
 
MATERIALS AND METHODS 

 
Study area   

 
Six land-use types were selected, covering a gradient based on palm 
plant density from very low through to near mono-culture in the more 
intensively managed plantations and with a corresponding gradient 
of exploitation from the least to the most exploited. The six land-use 
types are 'primary' forests (no disturbance for >50 years), secondary 
forests (no disturbance for >20 years), farm-bush with few oil palms 
(20 palms/ha), farm-bush with a high density of palms (>200 
palms/ha), low-intensity plantations (2 tons oil per ha/year) and high-
intensity plantations (>8 tons oil per ha/year). 

Photographs of some of the survey plots in these land covers are 
illustrated in Figure 1. The six study sites are located in Kenema and 
Kailahun Districts in the Eastern Province of Sierra Leone (Figure 2). 
The two districts contain the Gola Rainforest National Park and the 
Kamboi Hills  Forest Reserve, but most of the land is under traditional  
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Figure 1. Photographs of some of the research plots at each of the six sites. 

 
 
 
swidden agriculture (bush-fallow) with fallow periods of between 5 
and 10 years. There are scattered small plantations of cocoa, coffee 
and oil palm. 

 
 
Sampling methods 
 

This study adopted the point count method used by the Gola 
Rainforest National Park to ensure that the results for non-primary 
forest habitats would be consistent in terms of methodology and 
sampling effort with their records. Birds were most commonly 
detected by their calls, and this usually limits the distance they can 
be detected to less than about 100 m (Volpato et al., 2009); in the 
data, the median detection distance is 40 m. Four plots, separated 
by at least 250 m were established at each of the six sites. Each plot 
was visited four times in the first year and twice in the second year. 

As it can be difficult to observe birds during heavy rain, there is a 
slight bias with more visits in the dry season compared to the wet 
season. All sites had at least two visits in each season. Each plot 
was observed for a 15-min period in the morning; the earliest first plot 
was recorded at 7:20 and the last at 10:50, with a median start time 
(for a plot) of 09:16. Most birds were detected by their calls (83%), 
and audio recordings were made for verification of field data. Birds 
observed were identified based on morphology, behavior and 
vocalization    according    to    Borrow   and    Demey   (2014).   The 

conservation status was determined by the International Union for 
the Conservation of Nature (IUCN 2014), and feeding guilds 
classification was based on Senior et al. (2012). 

 
 
Methods to assess the impact of oil palm on avifauna 

 
The impact of oil palm production (as a non-timber forest product and 
as a plantation crop) was determined on bird diversity by comparing 
the biodiversity found in the oil palm plantations (oil palm plantation 
high and medium) with that found in other land cover types (farm 
bush high density, farm bush low density, primary forest and 
secondary forest). 

 
 
Data analysis  

 
The Chi-squared test was carried out in Microsoft Excel and used to 
determine which species show strong seasonal preferences. 
Ordination using the metaMDS program in the vegan package in R 
(Oksanen et al., 2022) was employed to compare bird communities 
with habitats. Hierarchical clustering to produce dendrograms of 
associations between species, etc., was done using the ape package 
in R (Paradis and Schliep, 2019). 
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Figure 2. Location of the six study sites. Protected Areas are shown in green. Forest, primary forest; FBL, farm-bush with 
low density of oil palm; SF, secondary forest; OPM, oil palm plantation low intensity; OPH, oil palm plantation high intensity; 
FBH, farm bush with many oil palms. 

 
 
 
RESULTS 
 
Rare species 
 
One hundred and twenty-five species from thirty-five 
families were identified. Primary forests and secondary 
forests were the most diverse habitats with 74 and 65 
species, respectively. The farm-bushes (low density and 
high density) had almost as many species (61 and 63 
species), while plantations (low intensity and high 
intensity) had the least (53 and 42 species). One species, 
the Timneh parrot  (Psittacus  timneh)  has  been  classified 

as 'endangered,' two species, the brown-cheeked hornbill 
(Bycanistes cylindricus) and yellow-casqued hornbill 
(Ceratogymna elata), are classified as 'vulnerable,' and 
two, the rufous-winged illadopsis (Illadopsis rufescens) 
and the green-tailed bristlebill (Bleda eximius), are 'near 
threatened'; the remaining species are of 'least concern' 
(Birdlife International, 2023). The endangered Timneh 
parrot was only observed in the primary forest, while the 
vulnerable and near-threatened species were also 
observed in the secondary forest and farm-bush and, in 
one case, in an oil palm plantation (Table 1). Table 1 
shows  the lists of endangered (E), vulnerable (V) and near  
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Table 1. Number of individuals of species of conservation concern by habitat. 
 

Species Forest SF FBL FBH OPM OPH IUCN 

Timneh parrot (Psittacus timneh) 7 
     

E 

Brown cheeked hornbill (Bycanistes cylindricus) 6 
 

1 
   

V 

Yellow casqued hornbill (Ceratogymna elata) 36 18 3 2 
  

V 

Rufous winged illadopsis (Illadopsis rufescens) 
   

1 
  

NT 

Green tailed bristlebill (Bleda eximius) 
 

1 10 
  

2 NT 

 
 
 

 
 

Figure 3. Number of species encountered versus sampling effort. FB low, farm bush with low density oil palm; FB high, farm bush 
high density oil palm; Oil mod, oil palm plantation medium; Oil high, oil palm plantation high density. 

 
 
 
threatened (NT) species by habitat.  
 
 
Number of species and sampling effort 
 
Figure 3 shows the number of species recorded in relation 
to sampling effort, suggesting that visiting twice per year 
(wet and dry season) for two years is sufficient to identify 
most species using the point-count method. Some species 
will be challenging to detect with this method, such as 
nocturnal and crepuscular species (e.g., owls, nightjars, 
nightingales, etc.), those with very large ranges and low 
densities (e.g., eagles), and those that are silent during 
parts of the year. 

Seasonal patterns 
 
Sierra Leone experiences a very pronounced wet and dry 
season, with less than 20 mm of rainfall often occurring 
from December to March, while July and August regularly 
receive well over 500 mm each. Despite this pronounced 
seasonal pattern, relatively few of the common species 
(those with 10 or more records) are significantly more 
common in one season compared to the other (estimated 
using the χ2 test). The abundance and distribution of birds 
in any habitat are largely influenced by the presence of key 
environmental resources, such as season (Girma et al., 
2017). Seasonality affects the availability of food and cover 
for  bird  populations,  which,  in  turn,   influences  breeding  
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Table 2. Species significantly more common in one season compared to the other. 
 

Dry season P Wet season P 

Western black headed oriole (Oriolus brachyrynchus) <0.01 Village weaver (Ploceus cucullatus) <0.001 

Red vented malimbe (Malimbus scutatus) <0.01 Senegal coucal (Centropus senegalensis) <0.01 

Cattle egret (Bubulcus ibis) <0.05 Western nicator (Nicator chloris) <0.05 

Lizzard buzzard (Kaupifalco monogrammicus) <0.05 African black swift (Apus barbatus) <0.05 

Red bellied paradise flycatcher (Terpsiphone rufiventer) <0.1 Swamp palm bulbul (Thescelocichla leucopleura) <0.05 

White throated bee eater (Merops albicollis) <0.1 Common bulbul (Pycnonotus barbatus) <0.1 

  Great blue turaco (Corythaeola cristata) <0.1 

 
 
 

 
 

Figure 4. Classifying the plots on the basis of their bird fauna. OPM, oil palm plantation 
medium intensity; OPH, oil palm high intensity; FBH, farm bush with high density of wild 
oil palm; FBL, farm bush with low density of wild oil palm; SF, secondary forest; Forest, 
primary forest. 

 
 
success and the survival of birds. Table 2 shows the 
species that are significantly more common in one season 
compared to another, along with four species that are 
close to conventional levels of statistical significance. The 
significant variation in the abundance of birds between the 
dry season and the wet season can be attributed to 
seasonal movement patterns and climatic conditions. 

Habitat use 
 
The 24 plots were characterized using hclust (hierarchal 
clustering) in the software package R, Figure 4. The 
groups identified from the bird fauna are remarkably 
similar to those identified by the authors. The correlation 
between the different habitats (based on the abundance of  
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Table 3. Pearson’s correlation coefficient for relationship between habitat types. 
 

  Forest SF FBL FBH OPM OPH 

Forest 1 
     

SF 0.738 1 
    

FBL 0.181 0.650 1 
   

FBH 0.160 0.434 0.790 1 
  

OPM 0.127 0.391 0.387 0.631 1 
 

OPH 0.143 -0.092 0.053 0.240 0.647 1 

 
 
 

 
 

Figure 5. Ordination showing the relationship between bird species based on their co-occurrence in different habitats for 
clarity emphasis on forest (forest), farm bush with low density oil palm (FBL) and oil palm plantation with high intensity 
(OPH). 

 
 
 
each species) is shown (Table 3).   

The trend in the sites is reflected in the ordination of the 
species (using metaMDS in R) where the primary axis 
strongly reflects the gradient from the managed (high 
intensity oil palm plantations) to the wild (forest) (Figure 5). 
 
 
Species feeding guilds 
 
The dominant feeding guilds of each species were taken 
from Senior et al. (2012). Table 4 shows the number of 
individual birds observed  at  each  site  in  relation  to  their  

dominant feeding guilds. 
From Table 3, it can be seen that the main change in the 

sequence from forest to plantation is the decline in 
frugivores as the canopy becomes more open and 
disturbance increases, while granivores show the opposite 
pattern. Carnivores also tend to be more common in more 
open habitats. 
 
 
DISCUSSION   
 
Oil   palm  is   a   versatile  crop  and  can  be used in many  
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Table 4. Individual birds by dominant feeding guilds in each habitat. 
 

 
Carnivore Frugivore Granivore Insectivore Omnivore Nectavore 

Forest 11 187 39 233 113 21 

SF 4 128 13 150 52 28 

FBL 6 104 24 216 53 23 

FBH 20 62 54 254 82 37 

OPM 29 72 163 212 121 32 

OPH 16 16 201 160 120 16 

 
 
 
products. This versatility has led to its widespread 
cultivation across the tropics, putting more pressure on  
biodiverse-rich areas in the world. The results from the 
study show that bird diversity was greatest in the forests 
(primary and secondary), was high in the farm bush (low 
and high), and low in the oil palm plantations. Birds found 
in oil palm plantations were non-forest species of least 
conservation value that are adaptable to human-modified 
environments (Harkrider, 1993, Yudea and Santosa, 
2019). This indicates that oil palm plantations in 
Southeastern Sierra Leone support species-poor avian 
communities of common and widespread species 
compared to the other land-use types (secondary forest, 
farm bush and primary forest). This finding is consistent 
with results from similar studies on oil palm plantations 
where bird species decline following the conversion of 
forest to oil palm plantation (Edwards et al., 2010; Azman 
et al., 2011; Lees et al., 2015; Srinivas and Koh, 2016). 
Recording species of conservation value in the farm-bush 
indicates that it is more favorable to forest birds than oil 
palm plantations and has the potential to accommodate 
some forest birds. This finding aligns with similar research 
conducted in India by Mandal and Raman (2016). Farm-
bush has the potential to retain some of the biodiversity of 
primary forests if left undisturbed for a considerable period 
and this will attract forest-dependent species. Bird 
communities in any environment depend on vegetation 
diversity and habitat structure. The forests (primary and 
secondary), farm-bush (low and high density), and oil palm 
plantations (high and medium) provide food sources 
needed for different bird feeding guilds. Oil palm 
plantations, being near monocultures exhibit reduced 
vegetation structural complexity. Frugivore and nectavore 
populations decline as forests are converted to oil palm 
plantations, while carnivores, omnivores and granivores 
increase. The low abundance of frugivores and nectavores 
in the oil palm plantations indicates a lack of fruit trees. 
This finding aligns with similar studies that have shown a 
correlation between the abundance of frugivores and 
undisturbed habitat. 

Birds found in oil palm plantations are noted to perform 
diverse ecological functions like insect pest control, seed 
dispersal, pest/rodent control and weed control (Puri and 
Kwatrina, 2023). Therefore, maintaining their diversity is 
crucial for the sustainability of oil palm plantations. 

Conclusion 
 
Palm oil is a traditional crop in Sierra Leone used in most 
dishes and is produced from three main sources: Farm 
bush, commercial large-scale plantations owned by 
multinational companies, and small-scale farms owned by 
families. In the farm bush, palm oil is produced from the 
palms mixed with other vegetation that remains after a 
piece of land is cleared for farming. In small-scale family 
farms, a piece of land can be cleared, leaving behind a few 
trees like Terminalia ivorensis for timber production. The 
plantation can be brushed either once a year, allowing the 
presence of birds in the shrubs. In large-scale plantations, 
a huge tract of land can be cleared using bulldozers and 
oil palm is grown as a monoculture. Underbrush is 
regularly cleared either by weedicides or by cutting. 
Results from the study indicate that the farm-bush has a 
reasonable biodiversity value, lower than the forests but 
still home to a range of species that cannot persist in 
plantations. At the moment, the country is self-sufficient in 
palm oil, and the move towards large-scale industrial 
plantations is driven by foreign investment companies, not 
concerns over food security. Palm oil grown and processed 
under traditional methods is much more compatible with 
biodiversity, avifauna and sustainability than modern 
improved methods. 

Palm oil production in the fallow bushes is less 
detrimental to birds than even in small-scale plantations, 
as they support species of conservation significance. Farm 
bush is crucial for maintaining biodiversity lost to intensive 
agriculture, provided the fallow period is long enough. Oil 
palm is an essential commodity needed for the food 
security, livelihoods and economic development of Sierra 
Leone; therefore, ruling out its cultivation is unrealistic. 
However, it should be cultivated in an environmentally 
friendly manner where impacts on biodiversity can be 
mitigated. This could be achieved by growing oil palm in a 
mosaic of patches with other tree crops and natural 
vegetation that can serve as habitats for birds; similar 
measures are proposed by the Round Table on 
Sustainable Palm Oil (RSPO). The government, through 
its line Ministries (Agriculture and Forestry, Environment, 
and Lands and Housing), should develop a land-use policy 
aimed at regulating oil palm growers on the expansion of 
plantations in areas considered to be biodiversity hotspots. 



 
 
 
 
This can be achieved by growing oil palm in unused 
farmlands with lower biodiversity as compared to primary 
and secondary forests. Most of the palm oil produced is for 
local consumption; however, a small portion of it is 
exported to other neighboring countries, thereby causing 
the local price to increase and ultimately leading to more 
land clearing for oil palm development. The government 
should implement policies aimed at limiting the exportation 
of palm oil to reduce the rate of deforestation from oil palm 
development. 
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank the management of the 
Gola Rainforest National Park for their assistance in 
designing the study and providing access to their research 
plots. They would also like to express their gratitude to Mr. 
Julius Samah of the District Forestry office for granting 
access to the Kamboi Forest preserve, the communities of 
Serabu and Ngengeru for allowing access to their farm 
bush and Mr. Martin Nyuma and the residents of Tinkonko 
Village, Mandu Chiefdom, for providing access to their oil 
palm plantations. 

 
 
REFERENCES  
 
Aratrakorn S, Thunhikorn S, Donald PF (2006). Changes in bird 

communities following conversion of lowland forest to oil palm and 
rubber plantations in southern Thailand. Bird Conservation 
International 16(1):71-82.  

Azman NM, Latip NSA, Sah SAM, Akil MAM, Shafie NJ, Khairuddin NL 
(2011). Avian Diversity and Feeding Guilds in a Secondary Forest, an 
Oil Palm Plantation and a Paddy Field in Riparian Areas of the Kerian 
River Basin, Perak, Malaysia. Tropical Life Sciences Research 
22(2):45-64. 

Bakoumé C, Jannot C, Ndiaye O, Okoye MN, Konan, N, Ngom E JJ, 
Danso I, Danso F (2020). Oil palm development in Africa. The Planter 
93(1098):623-641. 

Barcelos E, Rios SA, Cunha RNV, Lopes R., Motoike SY, Babiychuk E, 
Skirycz A, Kushnir S (2015). Oil palm natural diversity and the potential 
for yield improvement. Frontiers in Plant Science 6:190.  

Birdlife International (2023). Country profile: Sierra Leone. Available 
at:  http://datazone.birdlife.org/country/sierra-leone on 31/07/2023. 

Borrow N, Demey R (2014). Birds of Western African, (2nd edition.). 
Christopher Helm. 

Carrere R (2010). Oil Palm in Africa: Past, present and future scenarios. 
World Rainforest Movement Series No.15. 

Corley RHV (2009). How much oil palm do we need? Environmental 
Science and policy 12:134-139. 

Corley RVH, Tinker PB (2016). The Oil Palm. Chichester. UK: Wiley 
Blackwell. 5th edition. 

Danielsen F, Beukema H, Burgess ND, Parish F, Brühl CA, Donald PF, 
Murdiyarso D, Phalan B, Reijnders L, Struebig M, Fitzherbert EB 
(2008). Biofuel plantations on Forested Lands: Double jeopardy for 
Biodiversity and Climate. Conservation Biology 23(2):348-358. 

Edwards DP, Hodgson JA, Hamer KC, Mitchell SL, Ahmad AH, Cornell 
SJ, Wilcove  DS  (2010).  Wildlife-friendly  oil  palm  plantations  fail  to 

Feika et al.          153 
 
 
 

protect biodiversity effectively. Conservation Letters 3:313-326. 
Egwumah FA, Egwumah PO, Edet D (2017). Paramount roles of wild 

birds as bioindicators of contamination. International Journal of Avian 
and Wildlife Biology 2(6). 

European Oil Palm Alliance (2019). The palm oil story. Fact and Figures. 
Available at: https://palmoilalliance.eu/wp-
content/uploads/2019/10/Brochure-Palm-Oil-Story-2019-FINAL.pdf   

FAO (2015). Global Forest Resources Assessment. Country Report. 
Sierra Leone. Available at https://www. 
fao.org/documents/card/es/c/385e01a0-be19-4795-842e-
0230caafe132/ 

Famine Early Warning Systems Network (FEWS NET) (2017). Sierra 

Leone Staple Food Market Fundamentals. Available at:  
https://fews.net/west-africa/sierra-leone/market-
fundamentals/february-2017  

Fitzherbert EB, Struebig MJ, Morel A, Danielsen F, Bruhl CA, Donald PF, 
Phalan B (2008). How will oil palm expansion affect biodiversity? 
Trends in Ecology and Evolution 23:538-545. 

Gboku MLS, Davoma SK, Gassama A (2017). Sierra Leone 2015 
Population and Housing Census. Thematic Report on Agriculture. 
Available at https://www.sierraleone.unfpa.org/en/publications/sierra-
leone-2015-population-and-housing-census-thematic-report-
agriculture   

Girma Z, Mamo Y, Mengesha G, Verma A, Asfaw T (2017). Seasonal 
abundance and habitat use of bird species in and around Wondo 
Genet Forest, south-central Ethiopia. Ecology and Evolution 
4;7(10):3397-3405.  

Gupta TD (2022). Bird as Bio-Indicator which Help to Measure 
Environmental Health. International Journal of Innovative Science and 
Research Technology 7(5). 

Harkrider J (1993). Garden and farm-bush birds of Njala, Sierra Leone. 
Malimbus 15(1):38-46. 

International Trade Center (ITC) (2022). Palm oil production and markets 
in Sierra Leone. Profiling palm oil farmers in Bonthe, Kambia, Pujehun 
and Port Loko districts. Available at 
https://intracen.org/file/oilpalmproductionandmarketinsierraleone0220
22pdf  

Koh LP, Wilcove DS (2008). Is oil palm agriculture really destroying 
tropical biodiversity? Conservation Letters 1(2):60-64. 

Koh LP (2008). Can oil palm plantations be made more hospitable for 
forest butterflies and birds? Journal of Applied Ecology 45(4):1002-
1009. 

Lees AC, Moura NG, de Almeida AS, Vieira ICG (2015). Poor prospect 
for Avian biodiversity in Amazonian Oil Palm. PLoS ONE 10(5).   

Mandal J, Raman TRS (2016). Shifting agriculture supports more tropical 
forest birds than oil palm or teak plantations in Mizoram, northeast 
India. The Condor 118(2):345-359. 

Mariyappan M, Rajendran M, Velu S, Johnson AD, Dinesh GK, 
Solaimuthu K, Kaliyappan M, Sankar M (2023). Ecological Role and 
Ecosystem Services of Birds: A Review. International Journal of 
Environment and Climate Change 13(6):76-87. 

Meijaard E, Brooks TM, Carlson KM, Slade EM, Garcia-Ulloa J, Gaveau 
DLA, Lee JSH, Santika T, Juffe-Bignoli D, Struebig MJ, Wich SA, 
Ancrenaz M, Koh LP, Zamira N, Abrams JF, Prins HHT, Sendashonga 
CN, Murdiyarso D, Furumo PR, Macfarlane N, Hoffmann R, Persio M, 
Descals A, Szantoi Z, Sheil D (2020). The environmental impacts of 
palm oil in context. Nature Plants 6(12):1418-1426.  

Meijaard E, Garcia-Ulloa J, Sheil D, Wich SA, Carlson KM, Juffe-Bignoli 
D, Brooks TM (2018). Oil palm and biodiversity. A situation analysis by 
the IUCN oil palm Task Force. IUCN Oil Palm Task Force. Gland, 
Switzerland: International Union for Conservation of Nature and 
Natural Resources (IUCN). 
https://doi.org/10.2305/IUCN.CH.2018.11.en 

Murphy DJ, Goggin K, Peterson RRM (2021). Oil palm in the 2020s and 
beyond: challenges and solution. CABI Agriculture and Bioscience 
2:39. 

Najera A, Simonetti JA (2010). Can oil palm plantation become bird 
friendly? Agroforestry Systems 80:203-209. 

Oksanen J, Simpson G, Blanchet F, Kindt R, Legendre P, Minchin 
P, O'Hara R, Solymos P, Stevens M, Szoecs E, Wagner H, Barbour M, 
Bedward M, Bolker B, Borcard D, Carvalho G, Chirico M, De Caceres 
M,  Durand  S,  Evangelista  H,  FitzJohn  R,  Friendly  M, Furneaux B,  

http://datazone.birdlife.org/country/sierra-leone
https://palmoilalliance.eu/wp-content/uploads/2019/10/Brochure-Palm-Oil-Story-2019-FINAL.pdf
https://palmoilalliance.eu/wp-content/uploads/2019/10/Brochure-Palm-Oil-Story-2019-FINAL.pdf
https://fews.net/west-africa/sierra-leone/market-fundamentals/february-2017
https://fews.net/west-africa/sierra-leone/market-fundamentals/february-2017


154          Int. J. Biodivers. Conserv. 
 
 
 

Hannigan G, Hill M, Lahti L, McGlinn D, Ouellette M, Ribeiro Cunha E, 
Smith T, Stier A, Ter Braak C, Weedon J (2022). _vegan: Community 
Ecology Package_. R package version 2.6-4. Available at:  
https://CRAN.R-project.org/package=vegan 

Paradis E, Schliep K (2019). “ape 5.0: an environment for modern 
phylogenetics and evolutionary analyses in R.” Bioinformatics. 35:526-
528.   Available at: https://doi.org/10.1093/bioinformatics/bty633 

Putri MM, Kwatrina RT (2023). Potential roles of birds diversity in 
optimizing sustainable oil palm plantations at PT Gunung Tua Abadi. 
In IOP Conference Series: Earth and Environmental Science. IOP 
Publishing 1243(1):012008. 

Qaim M, Sibhatu KT, Siregar H, Grass I (2020). Environmental, 
Economic, and Social Consequences of the Oil Palm Boom. Annual 
Review of Resource Economics 12:321-344. 

Senior MJM, Hammer KC, Bottrell S, Edwards DP, Fayle T M., Lucey JM, 
Mayhew PJ, Newton R, Peh KSH, Sheldon FH, Stewart C, Styring AR., 
Thom MDF, Woodcock P, Hill JK (2012). Trait-dependent declines of 
species following conversion of rain forest to oil palm plantations. 
Biodiversity Conservation 22:253-268. 

Srinivas A, Koh LP (2016). Oil palm expansion drives avifaunal decline in 
the Pucallpa region of Peruvian Amazonia. Global Ecology and 
Conservation 7:183-200. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Vijay V, Pimm SL, Jenkins CN, Smith SJ (2016). The impacts of Oil Palm 

on Recent Deforestation and Biodiversity Loss. PLoS ONE 11(7). 
Volpato GH, Lopes EV, Mendonça LB, Boçon R, Bisheimer MV, Serafini 

PP, Anjos L (2009). The use of point count method for bird survey in 
the Atlantic forest. Zoologia 26(1):74-78. 

Wadsworth R.A, Lebbie AR (2019). What Happened to the Forests of 
Sierra Leone? Land 8(5):80. 

Wilcove DS, Koh LP (2010). Addressing threats to biodiversity from oil-
palm agriculture. Biodiversity and Conservation 19(4):999-1007. 

Yaap B, Struebig MJ, Paoli G, Koh LP (2010). Mitigating the biodiversity 
impacts of oil palm development. CAB Reviews 5:1-11. 

Yudea C, Santosa Y (2019). How does oil palm plantation impact bird 
species diversity? a case study from PKWE Estate, West Kalimantan. 
In IOP Conference Series: Earth and Environmental Science. IOP 
Publishing 336(1):012026. 

 
 
 
 
 
 
 
 

https://cran.r-project.org/package=vegan
https://doi.org/10.1093/bioinformatics/bty633

