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Abstract Analysing the drivers of deforestation and forest
degradation in conservation landscapes can provide crucial
information for conservation management. While rates of
forest loss can be measured through remote sensing, on the
ground information is needed to confirm the commodities
and actors behind deforestation. We administered a
questionnaire  to  Wildlife = Conservation Society’s
landscape managers to assess the deforestation drivers in
28 tropical conservation landscapes. Commercial and
subsistence agriculture were the main drivers of
deforestation, followed by settlement expansion and
infrastructure development. Rice, rubber, cassava and
maize were the crops most frequently cited as drivers of
deforestation in these emblematic conservation landscapes.
Landscape managers expected deforestation trends to
continue at similar or greater magnitude in the future,
calling for urgent measures to mitigate these trends.

Keywords Agricultural commodities -
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INTRODUCTION

Tropical forests are increasingly threatened by deforesta-
tion, which poses a large threat to global biodiversity
(Gibson et al. 2011; Houghton 2012; Laurance 2012;
Barlow et al. 2016). These various threats can only be
averted if they are well characterised. Extensive evidence
suggests that agricultural expansion (Laurance et al. 2014;
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Lewis et al. 2015) and infrastructure development (Geist
and Lambin 2002; Armenteras et al. 2017) are the key
direct drivers of deforestation. Mining and oil exploration
have also put pressure on terrestrial nature areas in some
countries (Watson et al. 2014). Although natural fires are
not common in moist tropical forests, anthropogenic fires
have become increasingly common (Lewis et al. 2015).
Furthermore, fuelwood and charcoal production in both
commercial and subsistence forms are recognized as
important drivers of forest degradation, mainly in the
African region (Lawrence and Vandecar 2015; Tegegne
et al. 2016).

Although the definition of the term ‘deforestation’ is
constantly evolving, it is generally referred to as the con-
version of a forest into different land-use types or perma-
nent reduction of the tree canopy cover below the 10%
threshold (FAO 2015; Carter et al. 2018). Degradation in
contrast refers to a progressive decline of forest structure
and composition resulting in a loss of functions on which
the resilience of the forest is based. This typically leads to
severe alteration of species composition and productivity
of that ecosystem (Vasquez-Grandon et al. 2018).

Substantial variation exists in the regional and site-
specific realities of deforestation and forest degradation.
Key details such as the pace and extent of deforestation, the
crops and commodities driving deforestation, and key
actors involved all shape the kind of policy responses
needed to avert the loss of biodiversity. Variables such as
population densities (Tritsch and Le Tourneau 2016),
agricultural rents (Carrasco et al. 2017) and accessibility
through road networks (Barber et al. 2014) also interact in
deforestation and degradation occurrences. Governance
factors, including land tenure systems, are also indirectly
involved in deforestation (MacUra et al. 2015; Tritsch and
Le Tourneau 2016). These indirect drivers, including
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principal actors and market destinations of commodities,
receive comparatively less attention. Detailed information
required to inform effective interventions tailored to local
realities is thus often difficult to obtain.

Remote-sensing advances have enabled forest loss to be
mapped at increasingly high spatial and temporal resolutions
(Hansen et al. 2013; Margono et al. 2014; Stibig et al. 2014)
but these maps generally lack information on the specific
crops and actors that drive forest loss. In addition, ground-
truthing of data is often required and utilised to improve the
accurate classification of land cover types in remote-sensing
approaches (De Alban et al. 2018). While commodity-
specific studies of land-use change are increasingly available
(Gunarso et al. 2013; Ruf et al. 2015; Warren-Thomas et al.
2015; Miettinen et al. 2018) an understanding of whether
deforestation is largely driven by thousands of individual
smallholders or a few large companies can have substantial
impacts on required conservation policies.

Recent studies have filled these gaps to some extent, for
example using high-resolution census data to show that
large land holdings contributed more to the slowdown of
deforestation in the Brazilian Amazon than smallholders
between 2004 and 2011 (Godar et al. 2015). In addition,
maps of oil palm concession boundaries show that big
companies caused more deforestation through oil palm
expansion than smallholders in Indonesia (Lee et al. 2014).
However, high-resolution census data, ground-truthing data
and agricultural concession boundaries are time consuming
to collect and not widely available. In addition, it is
important to understand the extent of forest degradation
and the underlying reasons, which is often difficult to
achieve through remote-sensing methods. Further, the loss
of non-forest habitats (e.g. savannah, grasslands) is also
being regarded as a severe environmental issue (Overbeck
et al. 2015) and should be urgently assessed.

The use of expert opinion on the ground can serve as a
complement to previous remote-sensing analyses. For
instance, expert opinion is useful in understanding whether
deforestation has occurred due to commercial or subsis-
tence agriculture, which is hard to capture using satellite
images (Ravikumar et al. 2017). Experts, e.g. researchers
or conservation practitioners with decades of experience in
particular landscapes, have access to the most recent
information regarding ongoing activities in their land-
scapes. Their opinions can be useful in the event that long-
term monitoring data are unavailable, as demonstrated in
studies of long-term biodiversity declines in protected
areas (Laurance 2012). Although country-level data are
available through organizations such as Food and Agri-
culture Organization and USAID, it is not spatially explicit
and cannot be used to assess individual landscapes. Global
information is also available through selected datasets
(Hansen et al. 2013; Venter et al. 2016) but these do not
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include all drivers of deforestation and forest degradation
at a landscape level.

Furthermore, expert opinion can be gathered quickly
through surveys, while fieldwork and remote sensing
require substantial inputs of time, money, and expertise.
The Wildlife Conservation Society’s (WCS) conservation
landscapes offer a unique opportunity to attain a compre-
hensive picture of these deforestation drivers in emblem-
atic conservation landscapes pan-tropically by leveraging
the expertise of landscape managers immersed in the
realities of their study sites.

We used a network of conservation priority landscapes
across three continents where the WCS is active. With the
general aim to recognize deforestation trends and drivers
across different emblematic tropical conservation land-
scapes in Asia, Africa and the Neotropics, we:

(i) identify the current major drivers and patterns of
deforestation in 28 landscapes among different
regions;

(i) identify the presence and reasons for forest degrada-
tion within the landscapes;

(iii) identify specific crops (commercial and subsistence)

and other commodities that are causing deforestation;

(iv) identify associations between commodities and their

market destination, principal actors and their land
tenure regimes; and

(v) summarise conservation recommendations made for
the landscapes assessed.

MATERIALS AND METHODS
Overview

We assessed the presence and drivers of deforestation and
degradation across 28 tropical landscapes by administering
a questionnaire to WCS landscape managers. In addition,
we extracted data for forest cover loss, population density,
accessibility (travel time to cities) and agricultural rent for
each landscape using Geographical Information Systems
(GIS). We used quantitative and qualitative approaches to
analyse the data.

Landscapes

The survey respondents were landscape managers of the
WCS tropical landscapes. WCS defines these landscapes
according to the presence of six criteria: an explicit goal
that targets conservation of ecosystems and native species,
specific objectives that ensure conservation, sufficient
management conditions to achieve objectives, defined
geographical extent, monitoring of threats and mitigation,
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and perceived necessity of WCS engagement to achieve
conservation goals. We refer to these areas in this paper as
‘WCS landscapes’ for brevity, but in doing so do not mean
to imply that WCS owns, manages, or has political
authority over these landscapes. These are landscapes in
which WCS has ongoing conservation, monitoring and
intervention projects.

The 28 WCS tropical landscapes (out of 75 global
landscapes) we assessed spread across 18 countries in
tropical Asia, Africa and the Neotropics (referred to as
America hereafter) (Fig. 1, Fig. S1). We primarily focused
on terrestrial landscapes (for landscapes, ‘Bangladesh
coast’ and ‘MaMaBay’, which had terrestrial and marine
components, we only assessed the terrestrial component).
The landscapes ranged from 0.15 to 13 million hectares in
size, and had between 7.27% and 100% of their land pro-
tected (Table S1; WDPA 2018). The average values of land
protected in the considered landscapes of Asian, African
and American regions were 64%, 24% and 65%,
respectively.

Data collection

Our questionnaire, which included both open-ended and
closed questions, asked WCS landscape managers about
the presence and severity of deforestation within their
landscapes, major drivers of deforestation and degradation,
agricultural commodities responsible for deforestation,
actors behind agricultural drivers and conservation rec-
ommendations (Table 1, Supplementary methods and
Appendix 1).

We gathered data on both proximate (direct) and
underlying (indirect) drivers of deforestation. Direct dri-
vers, identified as human activities that directly affect
forest cover, results in the reduction of carbon stocks as
well (Kissinger et al. 2012). Indirect drivers—complex,
socio-economic, cultural, political and technological pro-
cesses—have an impact on the proximate drivers causing
deforestation and forest degradation (Kissinger et al. 2012).
For instance, in our survey, we elicited information on
direct drivers of deforestation and forest degradation (e.g.
agriculture, infrastructure development, charcoal produc-
tion) and indirect drivers (e.g. market destination, principal
actors, and land tenure).

To complement our data and to identify additional
underlying drivers at the landscape level, we gathered data
on forest loss (Hansen et al. 2013), population density
(CIESEN 2016), agricultural rents (Carrasco et al. 2017)
and travel time to cities (Weiss et al. 2018). Further, we
calculated mean and standard deviation for these variables
for tropical Asia, tropical Africa and tropical America to
identify if our landscapes deviated from regional charac-
teristics (see supplementary methods).
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Data analysis

We used R version 3.4.3 (R Core Team 2017) to analyse
and visualise our data.

For objective (i), we used descriptive statistics and non-
metric multi-dimensional scaling (NMDS). For objectives
(i) and (iii), we used descriptive statistics. We used
canonical correspondence analysis (CCA) for the analysis
of objective (iv) including the commercial and subsistence
commodities that showed highest frequencies of occur-
rence within the considered landscapes. We specified the
market destination, principal actors and the percentage of
land under different land tenure regimes as explanatory
variables in the CCA models. For objective (v), we quali-
tatively analysed the survey responses.

RESULTS
Deforestation and forest cover loss

According to our respondents, 93% (26 out of 28 respon-
ses; Table S2) of the assessed tropical landscapes faced
ongoing deforestation (Fig. S2-a). Only two landscapes,
Bateke and Gabon forest in Gabon, appeared to have
avoided forest loss (Fig. S2-b). The reported percentage of
land affected by deforestation in each landscape varied
while data were unavailable for some landscapes (Fig. S2-
b). The highest reported percentages were observed in
Southern Highlands in Tanzania and Batang-Ai/Lanjak-
Entimau in Malaysia (Fig. S2-b).

Forest cover loss (calculated using Hansen et al. 2013)
has continued to increase in these landscapes although the
trend has slowed down post 2010 (Fig. S3-a). The highest
forest loss (in kmz) seem to have occurred in the American
landscapes (Gran Chaco-Bolivia, Maya forest, Greater
Madidi-Tambopata and Greater Samiria-Yavari) compared
to African and Asian landscapes (Fig. S3-a, Table S1). The
five landscapes with highest percentage forest loss were
Endau Rompin in Malaysia, Zanzibar forest in Tanzania,
Eastern Mondulkiri forests in Cambodia, Northern Plains
in Cambodia and Maya forest in Guatemala (Fig. S3-b).
The protected area forest loss was highest in the Maya
forest in America (Table S1, Fig. S4-a). American and
Asian landscapes had a higher protected area forest loss
compared to African landscapes (Fig. S4-a).

Drivers of deforestation
Among the nine drivers of deforestation considered

(Table 1), agriculture showed the highest severity, fol-
lowed by  settlement expansion, infrastructure
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[ Landscapes Assessed
I Protected areas within landscapes

Fig. 1 Landscapes assessed for the study. a Tropical Asian landscapes, b Tropical African landscapes, ¢ Tropical American landscapes. The
numbers indicate the “Landscape Number”. Names of the landscapes are given in Table S1 of supplementary information

development, and forest fires (anthropogenic) (Fig. 2). The
percentage of land affected by each driver showed a similar
pattern where agriculture, the main driver, affected 20% of
land considered (Fig. S6). The potential impact for the next
decade differed between different drivers, as predicted by
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the respondents. The drivers of deforestation predicted to
increase most were infrastructure development and settle-
ment expansion followed by agriculture and mineral
extraction (Table 2). Agricultural encroachment was
expected to increase in 65% of the landscapes and to stay
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Table 1 Summary of question categories of the survey questionnaire used for the study (Please refer to Appendix 1 in SI for the complete

questionnaire)

Category Variables Additional information

Deforestation Presence, percentage, Severity, future trends Deforestation within the landscape (10 year time scale)

Forest degradation Presence, causes

Agricultural Presence Encroachment through commercial or/and subsistence agriculture
encroachment

Commercial agriculture Top 3 commercial commodities, severity, Market destination (domestic, international etc.), principal actors
as a driver of percentage, future trends, market destination, (small holders, medium-sized enterprise, large-scale or
deforestation principal actors industrial), severity (scale of 1-5)

Subsistence agriculture Top 3 subsistence commodities, severity,
as a driver of percentage, future trends
deforestation

Drivers of deforestation Severity, percentage, future trends

Land tenure Percentage, security of tenure

Conservation actions Past and present actions, potential

Drivers include infrastructure development, charcoal making
(commercial), charcoal making (subsistence), mineral extraction,
oil exploration/production, forest fires (natural), forest fires
(manmade), agriculture, settlement expansion

Tenures include public land (government administered), public land
(designated for community use), private land (community
owned), private land (individuals or firms), disputed land

Conservation actions include site/area protection, resource and

Forestfires manmade —

recommendations habitat protection, site/area management etc.
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Fig. 2 Severity of different drivers of deforestation in the landscapes considered. High, medium and low severity is indicated by the colours red,

orange and green, respectively

Table 2 The potential impact of different drivers of deforestation as predicted by respondents (percentage of responses for each category of

impacts)

Potential impact over Infrastructure Charcoal Charcoal Mineral  Oil Forest  Forest fire Agriculture Settlement
the next decade development making making extraction exploration/ fire (manmade) expansion
(predictions) (Commercial) (Subsistence) production  (natural)

Increasing 73.7 41.7 36.4 61.5 54.6 0 40 65 73.7

Stay the same 15.8 333 27.3 23.1 18.2 88.9 333 30 15.8
Decreasing 0 8.3 9.1 1.7 9.1 0 13.3 0 53
Unknown 10.5 16.7 27.3 7.7 18.2 11 13.3 5 53

© Royal Swedish Academy of Sciences 2020
www.kva.se/en

@ Springer


http://dx.doi.org/10.1007/s13280-020-01325-9

220

Ambio 2021, 50:215-228

. ®
Region
@ Africa
10 1 @ America
@ Asia
Oil
os{
&}
o~ @
(72 .
'a) Charcoal_commercial g
=
Z
Infrastructure
Agriculture
0.0 1 &
5} .
Mineral
L
Settleflent_expansion
-0.5 - Charcoal_subsistence
Forestfire®manmade
Forestfire_natural
-1 1
NMDS1

Fig. 3 NMDS plot for the reported percentage of landscapes affected by different drivers of deforestation. The drivers are Infrastructure
development, Charcoal making (commercial), Charcoal making (subsistence), Mineral extraction, Oil exploration/production, Forest fire

(natural), Forest fire (manmade), Agriculture and Settlement expansion

the same in 30% of the landscapes according to respon-
dents (Table 2).

According to our NMDS analysis, agriculture, infras-
tructure development, mineral production, charcoal making
(subsistence), settlement expansion and forest fires (an-
thropogenic) were more associated with the Asian region
(Fig. 3). Oil production and charcoal making (commercial)
were associated mostly with America (Fig. 3).

Population densities were highest in the landscapes of
the Bangladesh coast, Western Ghats and Zanzibar forest
(Table S1, Fig. S4-b). Although larger in size, the popu-
lation densities in the American landscapes seemed to be
much lower (Fig. S4-b). All our landscapes fell within one
standard deviation from the mean population density of the
region (Table S1). Agricultural rent greatly varied between
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the landscapes (Fig. S4-c). With respect to travel time to
cities, the majority of our landscapes were within one
standard deviation from the mean (Table S1 and Fig. S4-d).
We did not identify any significant patterns between forest
loss and these additional variables (Fig. S5). These results
suggest the landscapes are not unusually different from
other areas in their respective continents.

Forest degradation

According to respondents, forest degradation was present
in 90% of the landscapes assessed (Table S2). Respondents
identified illegal logging and selective timber extraction
activities within protected boundaries as the main causes.
Asian landscapes faced issues of household fuelwood

© Royal Swedish Academy of Sciences 2020
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extraction and small-scale agriculture, while small-scale
charcoal production was associated with forest degradation
in African landscapes.

The loss of non-forest habitats created serious environ-
mental issues in 43% of the landscapes (Table S2).
According to the managers, the loss of grasslands and
wetlands was endangering wildlife and ecosystems in all
three regions. The main reasons, as reported, were attrib-
uted to small-scale agricultural activities, ranching and
poorly managed irrigation.

Agricultural land holdings and commodities

Agricultural encroachment occurred in 92.3% of the
landscapes assessed (Table S2). In 61.5% of the land-
scapes, both commercial and subsistence agriculture drove
deforestation. Small-scale holdings ranged from 0.5 to
50 ha (mean 5.8 £ 2.6) in size (Fig.4a). Medium-scale
holdings were around 200ha (mean 171.9 £ 90.2)
(Fig. 4b) while large-scale holdings were expanding up to

(a) 60
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Land holding size (ha)
N
o

0 -
Africa America Asia
Small-scale

(c)
100000 A

75000 A
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25000 A

Land holdings size (ha)

Afri ca' Ameri cal Asial
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80 000 ha (mean 5399.1 £ 3602) (Fig. 4c). The main type
of land tenure in the majority of surveyed landscapes was
government-owned land tenure followed by private and
individual/firm-owned land tenure (Fig. 4d).

Rice, rubber, and cassava appeared more frequently as
the top three commercial commodity drivers of deforesta-
tion in the study landscapes (Fig. 5a). Rice, cassava, and
maize were the most frequently cited subsistence com-
modities (Fig. 5b). Rice was the most frequently cited
commercial and subsistence crop driving deforestation
(rated as commodity 1 in the survey) (Figs. S7-a, S7b).
Landscapes including Northern Plains, Tonle Sap (Asia),
and Southwest Dry Forest (Africa) reported rice to be the
top commercial crop while it was frequently cited within
the commercial crops in other Asian landscapes (Table S1).
At the subsistence level, in Asian landscapes such as Bukit
Barisan, Eastern Mondulkiri, Nam Et-Phou Louey and
Northern Forest Complex rice was the top crop driving
deforestation. The situation was similar in MaMaBay,
Murchison and Southwest Dry Forest in Africa (Table S1).
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Fig. 4 a—c Reported area sizes of small, medium and large-scale agricultural land holdings, respectively; d Percentages of land under different
land tenures as reported by the managers (PublicGov- Government-owned land tenure, PrivateInd- Private or individual-owned, PrivateCom-
Private community used, Publicom- Government-owned, community used and Disputed land)
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availability was lower for ‘America’
Associations between crops and actors

Out of the CCA models tested (Table S3), the best CCA model
yielded an inertia of 4.96 out of which 95% was explained by
the constraints specified (Fig. 6). According to this analysis,
commercial crops such as rice, rubber, coffee and sugarcane
were more associated with international markets and the
Asian region. In contrast, subsistence cultivation of maize,
cassava, and bananas was more associated with the African
region. Commercial beef and leather production were more
associated with the American landscapes (Fig. 6).

Conservation recommendations by survey
respondents

The current conservation actions being taken and recom-
mendations for the future varied between landscapes of the
three regions (Table S4 and Fig. S8). The most common
actions for Asian landscapes were resource & habitat
protection, site/area management and awareness & com-
munications. The landscape managers of Asian landscapes
commonly recommended policies and regulations, com-
pliance and enforcement, conservation payments and
linked enterprises for the future among many others.
Resource and habitat protection, site/area management and
protection, and training were commonly observed and
recommended for our African landscapes together with
awareness, policies and conservation payments. Overall,
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the conservation action most commonly recommended for
all landscapes was “policies and regulations” while ex situ
conservation and invasive species control were not given
much importance (Table S4). Actions recommended varied
greatly between individual landscapes (Fig. S8).

DISCUSSION

Deforestation continues to occur in varying severities across
the tropics, due to a variety of direct and indirect drivers of
deforestation. Our study portrays that deforestation and
degradation is currently happening in the majority of the
WCS conservation landscapes assessed irrespective of the
area under legal protection, as found in previous studies on
the tropics (Nelson and Chomitz 2011; Jones et al. 2018).
The results show that agricultural expansion is the greatest
driver of deforestation within these emblematic conservation
landscapes with the most frequently identified commodities
being rice, rubber, cassava and maize. Large-scale com-
mercial agriculture and international market destinations
were more commonly observed in the studied landscapes in
Asia in contrast to subsistence agriculture being commonly
observed in the African landscapes. Agricultural land hold-
ings also differed in size between the three regions.

The total forest cover loss was highest in the American
landscapes we studied (above 16900 km?), compared to
Asia (5500 km?) and Africa (4300 km?). However, the
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Fig. 6 CCA analysis conducted for top commercial and subsistence (referred to by letter ‘S’) commodities (black text) and their explanatory
variables (size of land holdings (Small), market destination, principal actors and land tenure (blue text)). Market destination of commodity 1
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(PrivateCom), private land/individual use (PrivateInd) and disputed land (Disputed)

percentage forest loss was higher in some Asian land-
scapes. Previous studies also find that area-weighted forest
loss is higher in Asia compared to other regions for pro-
tected areas (Spracklen et al. 2015). Maya forest in Gua-
temala seem to have suffered a significant loss of protected
lands compared to other landscapes. The protected area
loss was lower in the African landscapes, but this could be
because they had lower percentages of protected areas
compared to Asian and American landscapes. The reported
deforestation by landscape managers was generally higher
for most of our landscapes than the calculated forest loss
(Hansen et al. 2013). This could be because global forest
cover data (Hansen et al. 2013) does not differentiate
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between tree crops and natural forests. Therefore, the cal-
culated forest loss would probably be an underestimation
for most of the landscapes. However, there could also be
instances where remote sensing captures natural changes in
forests such as wild fires and tree falls which landscape
managers may not classify as deforestation.

The findings on agricultural drivers are corroborated by
previous studies which estimated that the majority of glo-
bal deforestation was caused by agricultural expansion
(Laurance 2012; Carter et al. 2018). The 28 landscapes we
assessed revealed that agricultural encroachment is the
most pressing concern in these regions leading to defor-
estation. Human settlement expansion, was the second-
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most serious threat to tropical forests, supporting previous
findings, especially in Neotropical and African countries
(Kissinger et al. 2012). Our findings and available evidence
suggests that Asian forests too, face pressures due to
human settlements (Phumee et al. 2018).

Research suggests that infrastructure development is
also a major cause of deforestation in developing countries
(Laurance et al. 2015). For example, previous studies have
found that in African countries this is a serious problem
(Tegegne et al. 2016). Giving similar observations, some
African landscapes that we assessed were located in such
developing countries (e.g. Congo, Camaroon, Madagascar).
In addition, we found that anthropogenic forest fires
(Nelson and Chomitz 2011) were also an important driver
of deforestation in all three regions. Commercial charcoal
production, more associated with the American landscapes,
continue to worsen the situation leading to forest degra-
dation. This has been observed in countries such as Peru in
South America (Bennett-Curry et al. 2013). Logging and
timber extraction activities seem to drive degradation in
Asia while charcoal and fuelwood drive degradation in
Africa as identified by previous research as well (Kissinger
et al. 2012).

Underlying (indirect) drivers such as population density,
agricultural rent and travel time to cities did not show any
clear relationships with forest loss. One reason could be
because our landscapes were politically and ecologically
very diverse. The conventional forest transition theory
could be used to gain a better understanding about these
occurrences (Barbier et al. 2010). In our landscapes where
forest loss was highest (Gran Chaco-Bolivia, Maya forest
and Greater Madidi-Tambopata in America), travel time to
cities were at a medium level and agricultural rents were
not very high. The population densities were low. It could
be inferred that these landscapes are at an earlier phase of
the forest transition curve. The landscapes that had the
lowest forest loss (Batang Ai, Indio-Maiz and Bogani-Nani
Wartabone) had low agricultural rents and medium to high
travel time to cities (low accessibility). However, these
landscapes were largely protected which may be the reason
for low forest loss. In our study, an equal number of
landscapes reported commercial or subsistence agriculture
as drivers of deforestation. Available evidence from Africa
and Asia suggests that subsistence agriculture too, drives a
considerable amount of deforestation (Kissinger et al.
2012). Further, studies conducted in Congo and Cameroon,
in the African region, have established that subsistence
agriculture is the most important driver of deforestation in
those countries at present (Tegegne et al. 2016). Although
subsistence agriculture is suggested to be a main driver in
countries such as Peru based on remote sensing and the size
of deforestation patches, this assertion is not well

@ Springer

substantiated without complementary fieldwork studies
(Ravikumar et al. 2017).

One of our main findings is that the frequency of
reporting rice as a main driver exceeds all other crops in
the tropical landscapes we studied. Rice was reported to be
a top commercial crop mainly in Asian and African land-
scapes. It was reported as a top subsistence crop too driving
deforestation in landscapes from both regions. Rice appears
thus to be underestimated as a driver of deforestation.
Although research had identified rice as a rapidly
expanding crop and deforestation driver in tropical regions
(Gibbs 2010), it remains relatively unstudied. Further
research is required to identify the extent of deforestation
caused by this staple food crop important to billions of
people.

The second crop identified to be a deforestation driver in
the considered landscapes was rubber. The demand for
rubber continues to expand at a significant rate leading to
expansion of plantations at both industrial and smallholder
scales (Warren-Thomas et al. 2015). As an industrial crop,
it has gained wide attention as a driver of deforestation and
continues to be scrutinized (Ahrends et al. 2015; Warren-
Thomas et al. 2015). Cassava has also been identified as an
important crop in tropical countries (Gibbs 2010) but does
not currently receive enough attention as a driver of
deforestation. It should be noted, however, that our data
does not estimate the extent of deforestation these crops
cause and refers only to the frequency of their presence in
our landscapes. Agricultural commodity production in the
tropics is increasingly destined for export. International
demand for agricultural commodities has increased the role
of agriculture in driving tropical forest conversion (Hen-
ders et al. 2018). We found that certain commodities such
as rice, rubber and coffee were more strongly associated
with international market destinations. The landscapes in
which these crops were prominent in were mostly located
in Asia. Countries such as Thailand, India, Myanmar and
Cambodia exported large quantities of rice to international
markets in 2015 alone (UN Comtrade 2018). Thailand,
Indonesia, Malaysia, Cambodia and Myanmar also expor-
ted rubber similarly within the same period of time (UN
Comtrade 2018). This information is consistent with our
findings regarding international markets.

Weak land tenure may contribute to the deforestation
through agricultural expansion (Woods 2012; Robinson
et al. 2018). The landscapes we studied were mainly under
government-owned land tenure and individual/firm-owned
land tenure. Tenure regularization can help to control
deforestation (Godar et al. 2015) and is an important ave-
nue of future research. Studies suggest that recognizing
individual land tenure could help restrict deforestation and
that the future land use that have not been registered is
uncertain (Tritsch and Le Tourneau 2016).
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The relative contribution of different actors to defor-
estation may vary over space and time. Agriculture in the
American landscapes we studied was largely characterized
by small and medium-scale land holdings, in contrast to the
medium and large holdings more common in Asia. The
trends in our data only represent the period between the
years 2005-2015. According to other studies, in South
America, deforestation caused by commercial crops was
much higher compared to subsistence crops from 1990 to
2005 (De Sy et al. 2015). There is also evidence for large
field sizes in deforested land to be common in Latin
America and East Asia before year 2005 (Dang et al.
2019). In the Amazon region, the annual deforestation
caused by large-scale holdings decreased due to policy
interventions and regulations from 2005 to 2011 but small-
scale activities continued to occur (Godar et al. 2015).
However, large clearings of primary forest for crops like oil
palm and cacao have also continued in the American region
(Finer and Novoa 2015). Larger forest clearings driven by
industrial-scale actors (Austin et al. 2017) may reflect our
results for Asia where most landholdings were medium-
large scale. It is possible that small-scale actors could
encroach into protected lands without repercussions from
government regulations more easily than large-scale actors
(Dang et al. 2019). This could be due to land scarcity or the
displacement of smallholders by large-scale companies
(Dang et al. 2019). Proactive programmes such as the
TRASE project (Global Canopy 2018) could intervene by
increasing the transparency of agricultural commodity
supply chains.

That rice, rubber and cassava—often linked to small-
holders—appeared as the main crops behind deforestation
in the studied landscapes could seem at odds with previous
research that has identified large agribusinesses actors
linked to oil palm and soybean as the main drivers of
deforestation. Research has for instance shown that the
share of deforestation due to large-scale agribusinesses has
increased substantially since 2001 (Finer and Novoa 2015).
This contradiction could respond to the idiosyncrasies of
our landscapes, in their majority of high emblematic value
for conservation. Conservation importance is linked to
protection and institutional measures that keep large agri-
cultural concessions outside the landscapes. This could
explain our unusual results. Thus, our results should not be
interpreted to indicate that deforestation by commodities
such as oil palm and soybean are declining but rather that
diverse drivers are at play, specifically in the conservation
landscapes studied. Similarly, our results should not be
interpreted as putting the blame on smallholders, especially
when the role of global corporations and their capacity to
change the paths of development globally are clearer than
ever (Folke et al. 2019). This warning is linked to the main
caveats of our study: our results are not entirely
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representative of tropical landscapes. Further, these land-
scapes are disproportionately protected. Response rates and
confidence estimates also varied between the three regions
assessed. Therefore, our study depicts landscape level
trends rather than regional or global trends. We report the
responses given and predictions made by on-the-ground
experts working on these landscapes. Another critical
caveat is that our study corresponds to a snapshot in time
and does not account for the prevailing temporal trends by
which, e.g. large agribusinesses have been shown to
increasingly occupy a larger fraction of the deforestation
footprint (Finer and Novoa 2015).

CONCLUSIONS

The most frequently cited agricultural commodity driver of
forest change in the tropical landscapes we surveyed was
rice, followed by rubber and cassava. Rice and cassava
have previously been relatively overlooked in conservation
research. After agriculture, settlement expansion and
infrastructure development are also significant drivers of
deforestation in the landscapes we studied and are likely to
increase their relevance in the future. There were identifi-
able patterns in actors, crops and recommended conserva-
tion interventions between the studied landscapes in the
three tropical regions, Asia, Africa and America (the
Neotropics). Asian landscapes were characterized by large-
scale commercial agriculture destined for international
markets which also relate to medium-large-scale land
holdings within the landscapes considered. In contrast,
African landscapes were characterized by subsistence
agriculture and domestic markets. American landscapes
had greater association with the beef and leather industries
and small-medium-scale land holdings. While these results
do not indicate that large-scale commercial agriculture is
declining in these regions, they do suggest, however, that
habitat loss is pervasive across landscapes of conservation
importance, describing complex and varied direct and
indirect drivers of deforestation that seem to have marked
typologies by continent.
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