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The Asian elephant (Elephas maximus) – the largest living land
animal in Asia – is categorized as an endangered species according
to the International Union for Conservation of Nature (IUCN) Red
List and is listed in the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) Appendix I
[1]. Over the past 100 years, the range of the Asian elephant has
declined by as much as 90% [2]. At present, the Asian elephant
inhabits forest-dominated habitat in only 13 countries across
South and Southeast Asia (Fig. S1 online), and the IUCN Species
Survival Commission (SSC) Asian Elephant Specialist Group
(AsESG) estimated the global wild population size of Asian ele-
phants to number 45,671–49,028 individuals [3]. Forest habitat
loss, along with human–elephant conflict, poaching and the illegal
trade in ivory and elephant body parts, is weakening global conser-
vation efforts towards the recovery of wild Asian elephant popula-
tions at local, national and range-wide scales [3,4].

Since the Asian elephant was listed as Endangered on the IUCN
Red List in 1986, the population of wild Asian elephant has seen
decent recovery in some countries: China and Sri Lanka have
reported an exciting increase of 66.7% [5] and 98.3% [6] in resident
Asian elephant populations respectively. Achieving range-wide
recovery requires maintaining and conserving the existing forest
habitat, including landscape integrity and connectivity between
isolated populations across the Asian elephant range, and to per-
form such actions require monitoring and protecting habitats and
associated protected areas from habitat loss, fragmentation and
degradation [1]. However, the magnitude and drivers of the recent
forest habitat loss within Asian elephant’s range are not well
unraveled. Here, we use a globally consistent dataset [7] that cov-
ers 18 years (2001–2018, updated annually) of increasing forest
habitat loss within 169 discrete elephant range areas (ERAs) and
examine the factors driving this loss.

The forest cover areas within the 169 ERAs totaled 503,894 km2

in 2000 (Tables S1–S3 online), which is equivalent to 81% of the
Asian elephant range. Compared with the baseline forest cover in
the year 2000, the total forest loss over the 18 years (2001–
2018) of our study period was far more serious than expected
(67,635 km2 or 13.4% of the remaining habitat). The geographical
distribution of this forest loss within the 169 ERAs was uneven
(Fig. 1): 97 ERAs (57%) showed little change (equivalent to 3% of
the total forest loss), whereas the other 72 ERAs (43%) accounted
for approximately 97% of the forest loss (Dataset S1 online). More
than 65,594 km2 of the forest loss occurred in just 72 ERAs, making
the amount of loss within each individual ERA greater than
100 km2; these ERAs were denoted as Group ERAs_FL_100 (Dataset
S1 online). Among these 72 ERAs, 76% (49,846 km2) of the forest
loss occurred in just 19 ERAs, where the loss of forest cover was
greater than 1000 km2 (Fig. S2 online); this group of ERAs was
denoted as Group ERAs_FL_1000.

Within the 169 ERAs, the protected areas (IUCN categories I to
VI) included in theWorld Database on Protected Areas (WDPA) lost
a combined area of 5277 km2 (4.2%) of forest cover area; the pro-
tected areas that lay within Group ERAs_FL_1000 (19 elephant
range areas) lost 3589 km2 (Table S3 and Dataset S1 online) of for-
est cover. Asian elephants will often inhabit forest within an ERA
that lies entirely or partially outside the boundaries of the WDPA
protected areas. For instance, in Sri Lanka, the Department of Wild-
life Conservation attempts to drive wild elephants into protected
areas and fence them in, which has been the main approach to mit-
igating human–elephant conflicts over the past 70 years [5]. How-
ever, this approach has completely failed and currently over 70% of
the wild elephant range still spreads outside of the protected areas
[8].

There are three recognized subspecies of Asian elephant: the
Indian elephant (E. m. indicus), the Sumatran elephant (E. m. suma-
tranus), and the Sri Lankan elephant (E. m. maximus). There is also
one disputed subspecies: the Borneo pygmy elephant (E. m.
borneensis) [1,9]. The conservation status of these subspecies varies
but in all cases the situation is very serious. A subspecies forest loss
analysis was carried out and the results (Table S4 online) revealed
a notable geographical disparity in forest loss across the ERAs from
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Fig. 1. ERAs by forest baseline area in 2000, total loss of forest area in 2001–2018, and percentage loss compared with the year 2000 baseline.
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2001 to 2018, with the greatest losses being in the habitat of the
Sumatran elephant (19,322 km2, equivalent to 34.1% of the remain-
ing forest habitat) and the Borneo pygmy elephant (3402 km2,
15.8% of the remaining forest habitat). These percentages are sig-
nificantly larger compare to relatively modest losses in the case
of the Indian elephant (43,862 km2, 10.8%) and Sri Lankan elephant
(1049 km2, 5.1%) habitats. If the average rate of habitat loss that
has occurred over the past two decades continues, Sumatran ele-
phants will lose their entire forest habitat within the ERAs in the
next 40 years. And Borneo pygmy elephants will lose all of their
forest habitat within a century.

In this study, the ERAs were divided into four subregions based
on biogeography and climatology (China, Indochina Peninsula,
Malay Archipelago, and Indian Subcontinent) and a statistical anal-
ysis of the amount and rate of forest habitat loss across the 13
Asian elephant range states was carried out (Table S5 online).
The result shows that China lost only 285 km2 of forest habitat
in its six small and isolated ERAs. The Indochina Peninsula was
responsible for 53.3% (36,025 km2) of the total loss of forest habi-
tat, and the Malay Archipelago accounted for 33.6% (22,724 km2) of
the loss. The remaining 12.7% (8601 km2) of forest loss within the
ERAs occurred on the Indian Subcontinent. Three Asian elephant
range states accounted for 71.7% of the total loss of forest habitat:
Malaysia (21,347 km2 of ERA forest), Indonesia (19,767 km2), and
Myanmar (7392 km2). As a proportion to the year 2000 baseline,
the two highest rates of forest habitat loss were in Indonesia
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(33.3%) and Malaysia (24.8%); this was followed by Cambodia
and Vietnam, where 23.2% and 15.6% of forest cover was lost,
respectively. Bangladesh, Laos, China, India, Thailand, and Sri Lanka
each lost more than 5% of forest habitat within their ERAs (Dataset
S1 online). Over the entire study period (2001–2018), the range-
wide forest habitat loss rate was 3758 km2 a�1 (375,800 ha a�1).
To detect temporal variations in the rate of forest habitat loss,
we computed the loss rates from 2001 to 2009 and from 2010 to
2018 for the different ERAs and range states (Dataset S1 online).
The result shows that, in most ERAs, the loss of forest has not
stopped and in many cases has become even more serious. There
were only 15 ERAs where the amount of habitat loss was lower
in the 2010–2018 period than in the 2001–2009 period. The total
loss in the 18 cross-border ERAs increased from 59 km2 a�1

(2001–2009) to 100 km2 a�1 (2010–2018) (Dataset S1 online),
which is a matter of particular concern [5]. Although most Asian
elephant range states introduced measures to conserve the Asian
elephant within the second part of the study period, forest habitat
loss did not stop and in some cases became even worse [10]. Par-
ticularly sharp increases in forest habitat loss were observed in
Myanmar and Laos. In these two countries, the rates of forest loss
during the 2001–2009 period were close to 91 km2 a�1 and
218 km2 a�1, respectively (Tables S5 and S6 online); the rates of
forest loss during the 2010–2018 period almost tripled these rates.

The patterns of Asian elephant habitat loss vary significantly
across the 13 range states and these losses can be catastrophic both
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locally and regionally. By using an integrated survey based on com-
prehensive sampling (Dataset S2 online) and the annual global for-
est change dataset [11], it was found that 87% of the total forest
habitat loss across all 169 ERAs was directly attributable to logging
and forest clearance related to agricultural expansion [12] and
plantation operations (Figs. S3–S5 online). The remaining 13%
was destroyed and fragmented by mining operations, urban sprawl
and other settlements, and the construction of infrastructure
including dams, reservoirs, roads, railways, and powerlines
(Figs. S3 and S6–S8 online). At the range state level, we observed
diverse forces that drive the habitat loss, whereas for each partic-
ular range state except India and Vietnam, a single driving force
accounted for more than 40% of the forest habitat area reduction
across their ERAs (Table S7 online). The findings of this study are
highly consistent with previous research [11,13], which all found
the highland cropland expansion to be the primary cause of the
forest loss in Thailand and Laos in the twenty-first century.

The conservation and sustainable management of pantropical
forest habitats are of great significanceto halt the loss of biodiver-
sity and to protect threatened species from extinction. The protec-
tion and sustainable management of these habitats are also listed
as an individual target (SDGs 15.5) of the United Nations 2030
Agenda for sustainable development [14]. Deforestation has
greatly reduced the biodiversity within the 169 ERAs and resulted
in a sharp decline in the food sources and other resources used by
wild Asian elephants for survival. Thus, Asian elephants have to
change their foraging habits and use banana, sugar cane, rice, corn,
and other cash crops as substitutes. In addition, due to the con-
struction of linear infrastructures, the ERAs have become frag-
mented; this had led to the migration route being blocked and
human–elephant conflict intensified.

If the wild population of Asian elephant decreases, the conser-
vation status of the Asian elephant would be reassessed by the
IUCN/SSC. Ultimately, the extinction risk of the Asian elephant
would also be raised if the habitat loss and fragmentation inside
the ERAs continue to increase to the extent that they became
unsuitable for Asian elephant to inhabit. The consequences and
impacts of such biodiveristy crisis for all 13 Asian elephant range
states are significant, as these countries would be denied access
to the WWF and other financial mechanisms, and the technical
support provided by the IUCN and related advisory bodies. The sus-
tainable development opportunities that the Asian elephant cre-
ates would also be lost. Based on the coordination and
cooperation mechanisms of Asian elephant range states meeting
(AsERSM) and the Jakarta Declaration [4], the 13 range states need
to keep strengthening the construction of transboundary corridors.
Across the existing range of the wild Asian elephant, countries
should design smart green infrastructures to reduce the loss, frag-
mentation, and degradation of the forest habitat within ERAs, asso-
ciated protected areas, and other critical zones (such as movement
corridors). Although this study monitored and mapped forest habi-
tat loss across the Asian elephant range for the first time, there are
still a lot to be desired, such as further analysis of the impacts of
forest type (Fig. S9 online), structure and edge effect, which have
been proved to be important variables and parameters of forest
ecosystem and the global biodiversity conservation [12,15].

The purpose of this study is to bring the issue of increasingly
serious human–elephant conflict caused by the loss of forest habi-
tat across the ERAs to the attention of the scientific community and
the public. To ensure the survival and sustainable management of
the Asian elephant, the landscape continuity and the integrity of
their forest habitats must be restored and preserved. The results
of this study provide, for the very first time, an updated, high-res-
olution, and multi-temporal data set describing the recent forest
loss in the Asian elephant habitat that constitutes a basis for habi-
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tat conservation and restoration and wild population recovery. It
will also be of benefit to future sustainable management of the
Asian elephant. At the same time, we call on conservationists and
policy-makers to facilitate scientific and technological innovation
related to the monitoring and conservation of the Asian elephant
habitat, explore the use of management tools based on big satellite
remote sensing data, and act swiftly to deal with intense human-
elephant conflict.
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Appendix A. Supplementary materials

Supplementary materials to this news & views can be found
online at https://doi.org/10.1016/j.scib.2022.04.013. These data
include Google maps of the most important areas described in this
article.
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