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ABSTRACT: Monoculture plantations of natural rubber (Hevea brasiliensis) are expanding rapidly in different
parts of the world, especially the Southeastern part of Asia, with associated consequences on biodiversity. We
evaluated the available literature on the effects of H. brasiliensis monocultures on different aspects of
biodiversity in the world’s top ten producers of natural rubber — Thailand, Indonesia, Malaysia, India, China,
Vietnam, Philippines, Cote d’Ivoire, Guatemala, and Brazil. The evaluation was aimed at determining the scope
of work done, harnessing the existing knowledge, and identifying gaps for further studies. The relative
frequencies of aspects of biodiversity covered in the evaluated studies showed that bacteria/bird (16.66 % each)
were the most studied, followed by nematode and earthworm/other annelids (10 % each),
ant/archaea/bat/fungi/plant/termite (6.67 % each), and gene (plant)/seed bank (3.33 % each). No studies were
found on reptiles, rodents, big mammals, among others. Among the ten largest producers of natural rubber, more
studies were conducted in Indonesia (43.48 %), followed by China (30.43 %), Thailand (13.04),
Malaysia/India/Brazil (4.35 % each), while none was found for Vietnam, Philippines, Cote d’Ivoire and
Guatemala. The number of biodiversity components studied in each country was highest for Indonesia (61.54 %
of total), followed by China (53.85 %), Malaysia/Thailand (23.08% each), and Brazil/India (7.69 % each).
Almost all aspects of biodiversity studied declined following conversion of natural forests to H. brasiliensis
monocultures. These findings call for further studies to fill the identified gaps in order to enhance knowledge
and practices that will make natural rubber cultivation ecologically more sustainable.
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INTRODUCTION

The origin of the natural rubber tree, Hevea
brasiliensis, can be traced to the tropical rainforest
of the Amazon Basin (Wu et al., 2016), with its
natural growth range covering the Brazilian
Amazon in addition to other areas in South
America including Bolivia, Columbia, Peru,
Venezuela, Ecuador, Suriname and Guiana
(Moreira, et al., 2009). Presently, Hevea
brasiliensis is recognized as an economically
important tree species all over the world due to its
high quality latex which is used for the
manufacture of more than forty thousand products
including latex gloves, shoe-soles, pipes, belts,
condoms, mattress, rubber tyres for over one billion
cars that ply on the roads globally, vibration
isolators, shock mounts, seals, gaskets, tubes,
among others (Mooibroek and Cornish, 2000;
Cotter et al., 2009). Despite the recognition of over
2500 plant species that produce rubber, Hevea
brasiliensis still remains the only commercial
source of natural rubber (Hayashi, 2009). It is a

major foreign exchange earner for many countries,
including Thailand, Indonesia, Vietnam, Malaysia,
Cote d’Ivoire, Belgium, Myanmar (Burma), Laos,
Guatemala, Liberia, USA, France, Luxemburg, and
Philippines, which are the fifteen countries that
exported the highest dollar value of natural rubber
in 2018 (Workman, 2018).

Although the origin of the natural rubber
tree (H. brasiliensis) is traced to Brazil, its
cultivation and production currently, are not as
prominent in Brazil, as it is in the South and
Southeastern Asian countries due mainly to the
ascomycete fungus - Microcyclus ulei, which
causes the South American Leaf Blight (SALB)
disease that hampers the production of natural
rubber in commercial quantities in South and
Central America (Guen et al., 2002; Lieberei, 2007;
FAO, 2011). The absence of the fungus in Asia, in
addition to economic gains, have led to the
expansion of monoculture plantations of H.
brasiliensis in the region/subregion with countries
like Thailand, Indonesia, Malaysia, India, China,
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Vietnam, and Philippines, being among the world’s
seven largest producers of natural rubber (Lin et
al., 2013; Jegede, 2019). Southeast Asia alone
accounts for more than 90% of the world’s natural
rubber production (Chen et al., 2016; Jegede,
2019), with production volumes having increased
from 300,000 to 5,000,000 tons (equivalent to
1500%) from 1961 to 2011, a period of 50 years
(FAO, 2013).

The expansion of H.  brasiliensis
monocultures in these countries and some other
natural rubber producing countries of the world has
been recognized as a major driver of loss of
different aspects of biological diversity (Jones et
al., 2003; Aratrakorn et al., 2006; Beukema et al,
2007; Zheng et al., 2009; Bremnar and Farley,
2010; Phommexay et al., 2011; Meng et al., 2012;
Zhou et al., 2012; Li et al, 2013; Thongphak and
Kulsa, 2014; Xiao, et al., 2014; Ahrends, et al
2015; Ayat and Tata, 2015; Darmawan et al., 2015;
Schneider et al., 2015; Warren-Thomas et al, 2015;
He and Martin, 2016; Liu et al., 2016; Nurulita et
al., 2016; Prabowo et al., 2016; Barkelmann et al.,
2018; Hidayat et al., 2018; Singh et al., 2019) as
their establishment in most cases involves the
conversion of forested areas (Xiao et al., 2014;
Barkelmann et al., 2018). In continental Southeast
Asia, Ahrends ef al. (2015) observed that 2500 km’
and 610 km® of natural tree cover and protected
areas, respectively, were converted to rubber
plantations between 2005 and 2010. There is also a
prediction that the areas presently covered by
rubber plantations will quadruple by 2050 through
the conversion of secondary forests, and areas
under swidden agriculture and scrublands (Fox et
al., 2012). Natural forest loss due to the expansion
of H. brasiliensis plantations is not restricted to
Southeast Asia alone as it has also been reported
for countries like Cote d’Ivoire (Obouayeba et al.,
2015) and Guatemala (Carlos, 2013) in West Africa
and Central America respectively, among others.

The term ‘biological diversity’ encompasses
the totality of the variability of life forms, and can
be considered at three different levels: gene,
species, and ecosystem. Its importance cannot be
overemphasized due to the productive, protective
and ecological roles, biological organisms play
including in food production, pollination, seed
dispersal, prevention and control of erosion,
abatement of ecological disasters, climate change
mitigation and adaptation, to mention a few. The
implications of the expansion of H. brasiliensis
monocultures for biodiversity conservation are of
much concern to the global community of
conservation ecologists and environmentalists. This
concern has been partly responsible for the
available studies and knowledge on the impact of

H. brasiliensis monocultures on different aspects of
biodiversity.

The essence of this review is to appraise
these studies in order to harness the existing
knowledge on the impact of H. brasiliensis
monocultures on different aspects of biodiversity in
the world’s top ten natural rubber producing
countries, and to identify the existing gaps in
knowledge for future studies. In addition, we
examined the distribution of the available studies
among the various aspects and components of
biodiversity, and also the distribution of the study
areas among the top ten producers (countries) of
natural rubber, with a view to identifying the extent
of work done on each aspect of biodiversity and in
each of the natural rubber producing countries as
well.

Apart from guiding against making the work
unwieldy, our focus on the top ten producers of
natural rubber is predicated on the fact that the
spate of deforestation and conversion of natural
forests and other pristine ecosystems to H.
brasiliensis monocultures is more critical and
alarming in these countries. In addition, it is our
utmost belief and hope that the synthesis of the
available knowledge on the effects of current trends
and practices on different aspects of biodiversity, in
these major natural rubber producing countries,
will aid comprehensive understanding that may
encourage and enhance practices that are in tandem
with the principles of sustainability, not only in
these countries, but also in other countries where
natural rubber is produced.

In this paper, we present the results of our
evaluation of published articles, in peer-reviewed
journals, on the effect of H. brasiliensis
monocultures on different aspects/components of
biodiversity including genes, seed banks, plants,
animals and microorganisms, for the world’s ten
largest producers of natural rubber. We also
identified knowledge gaps regarding aspects of
biodiversity that have either not been adequately
studied or studied at all, for the various countries.

MATERIALS AND METHODS
Study Area

The study focused on Thailand, Indonesia,
Malaysia, India, China, Vietnam, Philippines, Cote
d’Ivoire, Guatemala and Brazil, the world’s top ten
producers of natural rubber (Table 1) according to
Jegede (2019). The first seven countries (Thailand,
Indonesia, Malaysia, India, China, Vietnam, and
Philippines) are in Southern Asia especially the
South-eastern part, while Cote d’Ivoire, Guatemala,
and Brazil are in Africa, Central America, and
South America, respectively (Figure 1).
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Table 1: Top ten natural rubber producing countries covered in the study and their
production statistics

Annual production

% of the global %

Country Location Region (metric tons) total exported Ranking
Thailand Asia Southeast 4,305,069 35.6 >90 S
Indonesia Asia Southeast 3,088,400 27.3 ~90 o
Malaysia Asia Southeast 996,673 8.8 - 31
India Asia South 891,344 8.5 - 4"
China Asia Southeast 864,806 7.9 - 50
Vietnam Asia Southeast 789,635 7.0 - 6"
Philippines ~ Asia Southeast 547,861 - - 7"
Cote Africa West 411,044 ; ; gh
d’Ivoire
Guatemala ™! ; 356,392 ] ; on
merica
Brazil South East 185,725 ; ; 10"
America

Source: Prepared with information from Jegede (2019)

—

i..

Figure 1: The locations of the world’s top ten producers of natural rubber

Data Collection
The publications reviewed in this study

were sourced via Google, Google Scholar, Bing,
Baidu and ResearchGate. Keywords including
Forest conversion, natural rubber cultivation,
plantation forestry, biodiversity conservation were
first used to search for relevant literature for the
study. Subsequently the literature search was
expanded using the topics “Biodiversity assessment
in H. brasiliensis plantations” and “effect of H.
brasiliensis ~ plantations on  biodiversity”
specifically for each of the world’s top ten
producers of natural rubber (Thailand, Indonesia,
Malaysia, India, China, Vietnam, Philippines, Cote
d’Ivoire, Guatemala and Brazil). Only published
articles that were comparative in nature and
reported results of empirical studies on the effect of

primary and/or natural forest conversion to H.
brasiliensis plantations on various aspects of
biodiversity were considered. Studies that just
evaluated aspects of biodiversity in H. brasiliensis
plantations without any form of comparison with a
primary or natural forest or any reference
ecosystem within the study area were not
appraised.

Data Analysis

Descriptive statistics (frequencies, relative
frequencies and percentages) were used to analyse
the data extracted from the reviewed articles, to
enable relevant abstractions in line with the
objectives of the study.

Frequency




Nature and Science 2021; 19 (11)

http://www.sciencepub.net/nature/NSJ

First, the number of publications that
focused on each of the top ten rubber producing
countries was obtained by counting the number of
publications on studies conducted in each country,
and the relative frequency obtained using formula
1.

Rf =+>- x 100 (1)
Where: Rf = Relative frequency
npc = Number of studies conducted in a
country
NPR =

reviewed

Total number of publications

Similarly, the frequency of each aspect of
biodiversity in the publications was obtained by
counting the number of publications in which it
was studied and reported. Subsequently, the
relative frequency was obtained using formula 2.

npb
Rf = ~pr X 100 ()

Where: Rf = Relative frequency

npb = Number of publications on a
particular aspect of biodiversity

NPR = Total number of publications
reviewed

In addition to the computation of
frequencies, analysis of distribution of the reviewed
studies among the top ten natural rubber producing
countries by aspects of biodiversity covered in the

studies was also done and presented using a line
chart.

Percentages

The percentage of biodiversity components
that has been studied in each country in relation to
the total number of components encountered in the
review was computed using formula 3.

BC(%) == x 100 3)
Where: BC = Biodiversity component
nbc = Number of biodiversity components
studied in a country
NBC = Total number of biodiversity

components covered in the review

RESULTS
Distribution of the reviewed studies among the
top ten natural rubber producers

The distribution of the reviewed
publications on the effect of H. brasiliensis
monocultures on biodiversity among the top ten
natural rubber producing countries is presented in
Table 2. Indonesia ranked first with ten publications
(43.48%), followed by China with seven publications
(30.43%), and Thailand with three publications
(13.04%). Malaysia, India and Brazil, had only one
publication each (4.35%), while no publication on
the subject was found for Vietnam, Philippines, Cote
d’Ivoire and Guatemala.

Table 2: Ranking of the top ten natural rubber producers based on frequency of studies on the effect of H.
brasiliensis monocultures conducted in them

Frequency or

Relative

Components of

S/No. Country ;Egﬁ:tﬁ)fns Frequency (%) Rank biodiversity studied

1 Thailand 3 13.04 3rd Ant, Bat & Bird.
Archaea, Bacteria, Bird,

2 Indonesia 10 4348 1st Earthworm, Fungi, Gene
(Plant), Plant & Termite.

. Bacteria, Fungi &

3 Malaysia 1 4.35 4th Nematode.

4 India 1 4.35 4th Earthworm
Annelid, Ant, Bacteria,

5 China 7 30.43 2nd Bird, Nematode, Plant &
Seed bank.

6 Vietnam 0 0.00 - -

7 Philippines 0 0.00 - -

8 Cote d’Ivoire 0 0.00 - -

9 Guatemala 0 0.00 - -

10 Brazil 1 4.35 4th Bat

Total 23 100

11
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Aspects of Biodiversity covered in the studies
Table 3 shows the various aspects of
biodiversity covered in the reviewed studies, and the
number/relative frequency of publications that
reported on each aspect. Bacteria and bird with a

relative frequency of 16.66 % each, were the most
studied aspects of biodiversity, followed by
nematode and Earthworm/other annelids (10.00 %
each), ant/archaea/bat//fungi/plant/termite (6.67 %
each), and gene (plant)/seed bank (3.33 % each).

Table 3: Frequency of studies on different aspects of biodiversity in the studies reviewed

Aspect of Relative
S/No. Biodiversity Frequency Frequency (%) Study area(s)
. . T .
1 Ant 5 6.67 XlshuangPanna, China' & Chaiyaphum,
Thailand
. 1 1
2 Archaca 5 6.67 Bukit D_uabelas/ Harapan' & Sumatra’,
Indonesia
. s 1, 3.
3 Bacteria 5 16.66 Qlongzholng, China’; Sumatra, Indonesia”; &
Malaysia
Bahia, Brazil'and
4 Bat 2 6.67 Songkhla/Trang/Phattalung, Thailand'
. Hainan, China'; Sumatra, Indonesia® &
5 Bird 5 16.66 Krabi, Thailand'
6 Earthworm/other 3 10.00 Xishuangbanna, China!, Tripura, India' &
Annelids ’ Jambi, Indonesia'
7 Fungi 2 6.67 Sumatra, Indonesia' & Malaysia'
8 Gene (plant) 1 3.33 Sumatra, Indonesia
9 Nematode 3 10.00 Xishuangbanna, China® & Malaysia'
10 Plant 2 6.67 Danzhou, China' & Sumatra, Indinesia'
11 Seed bank 1 3.33 Xishuangbanna, China
12 Termite 2 6.67 Melawi' & Sumatra', Indonesia
Total 30 100

*Superscript numbers on the same row represent ratios for study areas where studies on a particular aspect of
biodiversity were conducted in more than one study area

Figure 2 shows the distribution of the
reviewed studies among the top ten natural rubber
producing countries by aspects of biodiversity
studied. The two publications on ant focused on
Thailand and China; the two publications on archaea
focused only on Indonesia; the five publications on
bacteria focused on Indonesia, Malaysia and China in
a ratio of 3:1:1; the two publications on bat focused
on Thailand and Brazil; the five publications on bird
focused on Thailand, Indonesia and China in a ratio
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of 1:3:1; the three publications on earthworm/other
annelids focused on China, Indonesia and India; the
two publications on fungi focused on Indonesia and
Malaysia; the only study on gene (plant) was
reported for Indonesia; the four studies on nematode
focused on Malaysia and China in a ratio of 1:3; the
two studies on plant species focused on Indonesia
and China; the only publication on soil seed bank
focused on China; while the two publications on
termite focused on Indonesia.



Nature and Science 2021; 19 (11)

http://www.sciencepub.net/nature/ NSJ

GUATEMALA —=0—BRAZIL

35
3
2.5
2
1.5
1
0.5
O I [S]
‘?é £ é\'b & Q}@ & \)Q-\ QD R \’b& é& &
& & & ¥ &£ ¥ F K
?S Q;b ?S\ Q,\ Q/& z?/ Al
& & Ay S
o"& 9
‘@\
O
&
Q”b
=¢—THAILAND =@—|NDONESIA === MALAYSIA =>é=|NDIA
=e=CHINA =@=\IETNAM

e PHILIPPINES === COTE D'IVOIRE

Figure 2: Distribution of the reviewed studies among the top ten rubber producing countries by aspects of

biodiversity studied

Figure 3 shows the number of biodiversity
components studied in each of the top ten natural
rubber producing countries and their percentages.
The highest number of biodiversity components was
found to have been studied in Indonesia (61.54 % of
total), followed by China (53.85%)),

Malaysia/Thailand (23.08 % each), Brazil/India (7.69
% each), while Vietnam, Philippines, Cote d’Ivoire,
and Guatemala had 0 % each, indicating non-
availability of studies on the impact of H. brasiliensis
monocultures on any aspect of biodiversity.
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Figure 3: Number of biodiversity components studied in the top ten rubber producing countries and their

percentages of the total number covered in the review

Information on the study sites (Table 3)
show that all the studies on the impact of H.
brasiliensis monocultures on different aspects of
biodiversity in Indonesia were conducted at four
areas/locations (Duabelas, Harapan, Sumatra &
Jambi) with Sumatra being the most studied area. In
China, the studies were conducted at Xishuangbanna,
Qiongzhou, Danzhou/Hainan with Xishuangbanna
being the most studied area. In Thailand, the studies
were conducted at five sites (Chaiyaphum, Songkhla,
Trang, Phattalung, & Krabi) with one of the studies
spanning across three sites (Songkhla, Trang,
Phattalung). The studies conducted in Brazil and

India, were conducted at Bahia and Tripura,
respectively.
Effects of H. brasiliensis monocultures on

biodiversity in the top ten largest producers of
natural rubber
Effect on genetic diversity

The only available study on the effect of H.
brasiliensis monocultures on plant genetic diversity
was conducted in Sumatra, Indonesia by Breidenbach
et al. (2018). The authors evaluated the genetic
diversity of 112 dominant plant species in old growth
tropical lowland rainforest, jungle rubber, H.
brasiliensis (natural rubber) and Elaeis guineensis
(oil palm) monocultures. Their results showed lower
genetic diversity in H. brasiliensis and Elaeis

guineensis monocultures than in the natural forest
and the jungle rubber forest.

Effect on seed bank diversity

Chen et al (2013) evaluated the soil seed
bank in plantations (including H. brasileinsis) and
tropical seasonal rainforests in Xishuangbanna, in
Southwestern part of China. This was the only
available study that investigated the effect of natural
rubber monoculture plantations on soil seed bank in
our review for the world’s top ten producers of
natural rubber. They found that conversion of the
natural forest into rubber plantations exhausted seeds
of tree species in the seed bank and increased the
density of exotic herbs, leading to paucity of seeds
for forest regeneration and restoration.

Effect on plant species diversity

Two studies were found on the effect of
natural rubber (H. brasiliensis) monocultures on
plant species diversity; one conducted in Sumatra,
Indonesia by Beukema et al. (2007) and another in
China by Lan et al. (2017). Considering all
categories of plant species (epiphytic pteridophytes,
trees, and vascular plants) covered in their study,
Beukema et al. (2007) found that the natural forest
compared better in plant species diversity than both
the jungle forest and monoculture rubber plantations
while the jungle rubber also compared better than the
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rubber monoculture. However, Lan et al, (2017)
compared plant species richness between a modified
management system which they termed ‘Naturally
Managed System’ and the conventional monoculture
system. The ‘Naturally Managed System’ to some
extent mimics the ‘jungle rubber’ considering that
other species of plants are also allowed to grow
together with the rubber trees. In addition, there is no
slashing of undergrowth and the application of
herbicides and fertilizers as is the case with
conventional ~management system of rubber
monocultures. Species richness was found to be
higher in the naturally managed system than in the
conventional system, and also compared favourably
with results obtained for some natural forests within
the study area.

Effect on animal species diversity

The effect of H. brasiliensis monoculture
plantations on animal diversity has been investigated
in some of the top ten natural rubber producing
countries. However, the studies mainly concentrated
on some small and intermediate members of the
animal Kingdom like ants, bats, birds, earthworm,
and termite.

Liu et al (2016) in their study in
Xishuangbanna, Southwest of China, investigated the
impact of forest conversion to Hevea brasiliensis
plantation on taxonomic, functional and phylogenetic
diversities of leaf-litter ant at both within-community
(alpha) and between- community (beta) levels. Their
results showed a sharp reduction in ant species
richness when compared with that of the nearby
forest, and a low beta diversity which was indicative
of spatial homogeneity of species in rubber
plantations. They equally observed patterns of both
alpha and beta diversities that pointed to the
evolution of functionally distinct ant communities in
the rubber plantation in relation to the forest. In
another study conducted in Chaiyaphum Province in
Northeastern Thailand, Thongphak and Kulsa (2014),
evaluated and compared the diversity and species
composition of ant communities among a mixed
deciduous forest, pine forest and para rubber (H.
brasiliensis) plantation. Among the three land use
types, they found that both ant species diversity and
similarity in species composition were lowest and
highest in the mixed deciduous forest and the
monoculture rubber plantation, respectively.

The effect of natural rubber plantations on
the diversity of bats has been investigated in Bahia,
Northeastern Brazil and in two wildlife sanctuaries in
Southern Thailand by Heer et al. (2015) and
Phommexay et al. (2011), respectively. Specifically,
Heer et al. (2015) investigated the extent to which
the species richness and abundance of Neotropical
bats differed among forest fragments and rubber
plantations under different management systems.
Their results show that the abundance and diversity
of open-space bats were equal among the land use
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types while the species richness of the phyllostomid
and aerial insectivorous forest bat species differed
significantly among land use types with the species
richness being higher in the forest fragments. In
addition, they recorded high bat abundance and
diversity in an intensively managed rubber-cocao
plantation and opined that bats do not see plantations
as an adverse environment but most likely exploit
them as links between secondary vegetation and
forest fragments, and that rubber plantations might
help to preserve highly diverse bat assemblages.
However, Phommexay et al. (2011) reported a
significant decline in the diversity, activities, and
biomass of insectivorous bats in rubber plantations
when compared with the forest.

Beukema et al. (2007), Ayat and Tata
(2015) and Prabowo et al. (2016) have evaluated the
impact of natural forest conversion to monoculture
rubber plantations on birds at three different
locations in Sumatra, Indonesia. Their results showed
a paucity of forest bird species in rubber plantations
(Beukema et al. 2007); similar abundance but lower
species richness between the rubber monoculture and
the lowland rainforest (Prabowo et al., 2016); and
23.68 % higher bird diversity index in the natural
forest than the rubber plantation (Ayat and Tata,
2015). In a separate study conducted in Thailand,
Aratrakon et al. (2006) reported a 60 % reduction in
avifauna species richness in the rubber plantation
compared to the lowland forest, with a greater
detrimental impact on species that feed on fruits and
insects than the omnivores. In addition, they
observed that 94 % of the globally threatened or
near-threatened species encountered in the study
were exclusively found in the forest. In Hainan,
Southern China, Li et al. (2013) investigated the
impact of natural forest conversion to monoculture
rubber plantation on bird communities and found
higher species richness in the natural forest with
marked variation in the species composition of birds
between the natural forest and the natural rubber
monoculture. They also reported the absence of many
forest species in the rubber monoculture including
the Grey Laughingthrush (Garrulax maesi) which is
endemic to Hainan.

In West Tripura, India, Chaudhuri er al.
(2013) have evaluated the impact of age of H.
brasiliensis plantation on earthworm communities.
Their results showed that an increase in the age of
natural rubber plantation decreased the species
richness, diversity and evenness of earthworm
communities but increased their density, dominance
and biomass, with Pontoscolex corethrurus
accounting for over 60 % biomass and 70 % density
of the earthworm communities. In another study in
Jambi Province, Sumatra, Indonesia, Darmawan et
al. (2015) reported that P. corethrurus (a non-native
species) was the only species of earthworm found in
a natural rubber monoculture and other land use
types including oil palm plantation, jungle rubber and
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a secondary forest with its populations not varying
significantly among the four land use types. The
authors attributed the colonisation and dominance of
P. corethrurus in modified and introduced land use
types to its better tolerance than the native species of
earthworm.  Another  study conducted in
Xishuangbann, China by Singh et al. (2019) also
reported a decline in alpha and beta diversity of some
meso- and micro- fauna including annelids,
nematodes and arthropods following natural forest
conversion to rubber plantation, although, annelids
were found to be more abundant in the rubber
plantation than nematodes and arthropods.

Hidayat er al. (2018) in their study
conducted in Melawi, West Kilamantan, Indonesia,
attempted to ascertain the long term effect of H.
brasiliensis monocultures on termite assemblages by
evaluating and comparing termite communities in a
primary forest with those of a newly opened rubber
forest site and an unproductive/old rubber forest.
They found a higher reduction in the species richness
between the primary forest and the old rubber forest
(62.5 %), and a slight difference in species richness
between the primary forest and the newly opened
rubber forest site. In another study conducted in
Jambi Province, Central Sumatra, Indonesia, Jones et
al. (2003) reported a decline in termite species
richness and relative abundance along a land use
intensification gradient including a mature rubber
plantation.

Effect on the diversity of microorganisms

The effect of natural rubber monocultures
on the diversity and activities of active soil microbial
communities has been reported in studies conducted
by Xiao et al. (2014), Zhou et al. (2017) and Singh et
al. (2019) in China; Schneider et al. (2015), Nurulita
et al. (2016) and Barkelmann ef al (2018) in
Indonesia; and Kerfahi er al. (2016) in Malaysia.
Zhou et al. (2017) reported that the diversity and
composition of soil bacteria changed across
chronosequences of natural rubber plantations,
representing different stages of succession, with
those of 10, 13 and 18 years having the highest
diversity, followed by that of 30 years old while
those of 5 and 25 years old had the lowest bacterial
diversity. The authors posited that the bacterial
diversity and composition in all the chronosequences
were driven mainly by soil pH and vegetation,
among other factors like soil nutrients and altitude.
Other studies (Xiao et al. 2014; Nurulita et al. 2016;
Barkelmann et al. 2018) posited that natural forest
conversion to rubber monocultures significantly
affects soil microbial communities including archaea,
bacteria, fungi and nematodes. However, Kerfahi et
al. (2016) reported that the conversion of a rainforest
forest to rubber plantation did not result to consistent
difference in alpha and beta diversity of soil biota
including bacteria, fungi and nematodes but had a
significant difference in their species composition;
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while Schneider et al. (2018) reported higher alpha
and beta diversity of prokaryotic communities
(including archaea and bacteria) in managed land use
systems than in a rainforest. Singh ez al. (2019) also
reported that the conversion of the tropical forest to
rubber plantation in Southern Yunnan, China, did not
significantly affect both the alpha and beta diversity
of nematodes, although they observed that total beta
diversity for nematodes was marginally higher in the
forest.

DISCUSSION

The appraised studies generally show
significant decline in the diversity and species
richness of different aspects of biodiversity in natural
rubber (H. brasiliensis) monocultures compared with
the primary or natural forests except for Schneider et
al. (2015) who reported higher alpha and beta
diversity of prokaryotic communities (including
archaea and bacteria) in managed land use systems
(including natural rubber monoculture) than in a
rainforest, and Singh et al. (2019) who despite
observing a consistent decrease in soil micro- and
meso-faunal community generally, following tropical
rainforest conversion to rubber plantation, also noted
that nematodes were not significantly affected when
the organisms were considered separately. Even in
the case of nematodes, an earlier study in the same
area (Xishuangbanna) by Xiao et al. (2014) had
reported a higher nematode abundance and species
richness in a natural forest with the species richness
in the rubber monoculture being reduced by as high
as 33 % after 15 to 20 years. Lower plant diversity
(Singh et al., 2019), changes in soil properties
induced by rainforest conversion and management
practices like fertiliser application (Schneider et al.,
2015; Berkelmann et al., 2018), and frequent
anthropogenic perturbation (Hossain and Sugiyama,
2011; Lin et al., 2012), are among the possible
reasons for lower biodiversity, including soil animal
diversity, in monoculture rubber plantations. Philpott
et al. (2008) also observed that a decline in species
richness of many taxa usually occurs following the
conversion of forests to agricultural systems,
including rubber plantations (Meng et al., 2012).

The decline in the diversity, species richness
and changes in species composition of communities
of different aspects of biodiversity in monoculture
rubber plantations may have negative consequences
on ecosystem/ecological processes and functions that
are driven and maintained by different components
of biodiversity like the biogeochemical processes,
pollination, biological pest control, seed dispersal,
population regulation through competition and
predation, among others. In order to enhance the
sustainability of the rubber plantation ecosystems,
some authors like Ziegler et al. (2009) and He and
Martin (2015) have advocated the use of integrated
land use systems that will combine rubber trees with
other crops. The better performance of some
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integrated land use systems including the Jungle
rubber and rubber-tea mixed plantation than the
natural rubber monoculture, in terms of abundance,
species richness and diversity of different aspects of
biodiversity, as reported by Jones et al. (2003), Xiao
et al. (2014), Ayat & Tata (2015), and Prabowo ef al.
(2016), lends credence to that advocacy.

Indonesia, China, and Thailand accounted
for 86.95 % of the available studies on the impact of
H. brasiliensis monocultures on biodiversity in the
world’s top ten natural rubber producing countries.
This indicates poor spread of research/studies on the
subject among these countries. It should be noted that
Indonesia, China, and Thailand are countries in
South/East Asia; a region that accounts for over 90 %
of the world’s natural rubber production (Chen et al.,
2016; Jegede, 2019). Hence, a higher percentage of
studies in South/East Asia, is indicative of some level
of consciousness on the need to ascertain the
ecological implications of the rapidly expanding
natural rubber monocultures in the region. However,
the majority of the studies in Indonesia concentrated
in Sumatra while those conducted in China
concentrated mainly in Hainan and Xishuangbanna.
The lop-sidedness of the studies could most probably
be as result of higher concentration of rubber
plantations and experimental stations in those areas.
In China for instance, Hainan was among the first
areas rubber was planted and a major planting area
for that matter (He and Huang, 1987).
Xishuangbanna (in Yunnan Province) is also a major
planting area for natural rubber in China (Chen ef al.,
2013).

However, in countries like Guatemala, Cote
d’Ivoire, India, Vietnam, Brazil, Philippines and
Malaysia, there appears to be paucity of available
scientific information on the impact of H. brasiliensis
monocultures on biodiversity. For instance, only one
study each was reported for Brazil on the effect of H.
brasiliensis monocultures on bat by Heer et al
(2015), Malaysia on bacteria/fungi/nematodes by
Kerfahi et al. (2016), and India on earthworm by
Chaudhuri at al. (2013). None at all was reported for
Vietnam, Philippines, Cote d’Ivoire and Guatemala.
In Malaysia for example, our observations show that
studies on the effects of monoculture plantations on
biodiversity focused more on oil palm (Eleais
guineensis) plantations. Although, Malaysia produces
about 20% of the world’s natural rubber and is
currently the third largest producer, there are
expectations that production will reduce due to fallen
prices and as land use decisions give priority to oil
palm plantations (Shimonski, 2015). In Cote d’Ivoire
and Guatemala, available information online, dwell
more on growth and economic projections of natural
rubber production and the rubber industry.

The observations on countries like Cote
d’Ivoire and Guatemala are not encouraging
especially with respect to biodiversity conservation.
Cote d’Ivoire for instance is the largest producer of
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natural rubber in the whole of the African continent;
accounting for 60% of the Continent’s natural rubber
output (Koffi, 2018). Although Cote d’Ivoire’s
current annual production output of natural rubber is
estimated at 411,044 tonnes (Jegede, 2019) probably
due to fallen prices, predicted output was 720,000
tonnes in 2018 from 468,000 and 603,000 tonnes in
2016 and 2017, respectively (Koffi, 2018). There is
the need for these phenomenal growth and expansion
projections to be accompanied with measures that
will  ensure environmental and ecological
sustainability. The efficacy of such measures to a
large extent will depend on reliable findings from
empirical studies especially within the respective
localities as differences in climate and inherent
variations in edaphic factors across regions and
geographic zones may make species and populations
of various aspects of biodiversity respond differently
to the effects of H. brasiliensis monocultures.

CONCLUSION

Our appraisal generally shows that the
conversion of primary or natural forests to H.
brasiliensis (natural rubber) monocultures leads to
decline in the species richness and diversity of
different aspects of biodiversity. Among the world’s
ten largest producers of natural rubber, studies
conducted in Indonesia, China, and Thailand,
account for 86.95 % of the total number of
publications found on the subject, and the three
countries also rank first, second, and third,
respectively, in terms of the number of aspects of
biodiversity studied per country. However, despite
the encouraging number of aspects biodiversity that
have been covered by studies conducted in these
countries, our observations reveal that 38.46, 46.15
and 76.92 % of the total number of biodiversity
aspects recorded from all the appraised studies, have
not been studied in Indonesia, China, and Thailand,
respectively. One study each was reported for Brazil,
Malaysia, and India, while none was found for
Vietnam, Philippines, Cote d’Ivoire, and Guatemala.
There was only one study each on the effect of
natural rubber monocultures on plant genetic
diversity and the soil seed bank, conducted in
Indonesia and China, respectively. This implies that
the impact of natural rubber monocultures on these
aspects of biodiversity may not have been
investigated in 90 % of the top natural rubber
producing countries. In addition, the effect of natural
rubber monocultures on some important aspects of
biodiversity like ant, archaea, bat, fungi, plant and
termite, have also not been adequately studied as
available records show that they have been studied
just in one or two of the top ten natural rubber
producing countries. There were no available studies
on some other important aspects of biodiversity like
the big mammals, rodents, reptiles, among others, in
the ten countries. These findings call for further
studies to fill the identified knowledge gaps in order
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to enhance practices that will make natural rubber
production more sustainable in terms of biodiversity
conservation.
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