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Abstract. Dwiyahreni AA, Fuad HAH, Sunaryo, Soesilo TEB, Margules C, Supriatna J. 2021. Forest cover changes in Indonesia’s
terrestrial national parks between 2012 and 2017. Biodiversitas 22: 1235-1242. Tropical rainforests are among the most important
ecosystems on earth. After Brazil, Indonesia has the second-largest tropical forest area in the world. Since the 1970s, Indonesia's forests
have decreased from covering 87% to 50% of its land area. With the ever-increasing pressures from economic and human development,
it appears likely that much of the biodiversity and ecosystem services provided by forests in Indonesia will only remain in protected
areas. National parks currently cover around 60% or 16 Mha of the total area of protected areas in Indonesia. Between 2012 and 2017,
43 terrestrial national parks in Indonesia lost 1.62% of their total forest cover. However, primary forest cover increased by 0.07%.
National parks in the Jawa Bali bioregion, through their better management inputs and community collaborations, ecosystem services to
the surrounding areas, as well as natural mountainous conditions, have contributed to the increase of primary forest covers and keeping

total forest loss relatively low in Indonesia’s national parks.
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INTRODUCTION

Conservation of natural resources plays an important
role in sustainable development (WCED 1987), and forest
ecosystems are one of the most important natural resources.
More specifically, the tropical rainforests provide major
share of the global ecosystem goods and services. Tropical
rainforests profoundly influence weather patterns and
freshwater resources, help protect against natural disasters,
and harbor great biodiversity. At least half of all species on
earth live in tropical rainforests (Miller and Spoolman
2016) and out of the world's 36 biodiversity hotspots, 22
are in the tropics (Hrdina and Rompoltl 2017). Ecosystem
processes that occur in tropical rainforests are highly
complex. The interactions between the high biodiversity
and the natural abiotic elements make up this complexity,
which is very vulnerable to disruption (Lewis et al. 2015;
Miller and Spoolman 2016). However, this important
ecosystem continues to be under threat of deforestation due
to human pressures (Turubanova et al. 2018). Deforestation
and degradation of tropical rainforests will increase the
vulnerability of billions of people to various damaging
impacts (Brandon 2014; Lewis et al. 2015).

Indonesia has experienced very high rates of
deforestation (Hansen et al. 2013). After Brazil, Indonesia

has the second-largest tropical forest globally, but between
1950 and 2015, around 68 Mha of forest has been lost
(Tsujino et al. 2016). It is reported that forest loss in
Indonesia within 10 to 12 years from 2000 ranged from
2.18% in the Wallacea region (CEPF 2014) to 22% in
Sumatra (Supriatna et al. 2017) and 15.44% in Kalimantan
(Miettinen et al. 2011).

The rate of primary forest cover loss in Indonesia is
also very high. In 2012, Indonesia lost 0.84 million ha of
primary forest, compared to 0.46 million ha in Brazil
(Margono et al. 2014). Primary forest naturally regenerates
with native plant species where there is no disturbance
from human activities. Primary forest conservation should
be a global concern, especially given its role as a store of
carbon and in maintaining the natural carbon cycle
(Mackey et al. 2013).

The ever-increasing deforestation means that forest
ecosystems, biodiversity, and natural ecosystem processes
will remain in protected areas (PAs) (Laurance et al. 2012).
In Indonesia, primary forest cover of Sumatra in 2000
mostly occurred in PAs and their surrounding areas
(Supriatna et al. 2017). Unfortunately, PAs are not immune
to human pressures. During 1990-2015, the world's forest
cover fell by 2.5% and as much as 10% was in the tropics,
including within PAs (Morales-Hidalgo et al. 2015).
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Protected areas in Indonesia, which are public assets and
managed by the government for the public interest, have
not been protected from damage, reduction in area, or
being contested by various parties who want to use them
for other purposes. No single National Park (NP) has
reported to be without pressure from human activities
(Mulyana et al. 2010). National parks are very important
because currently, around 60% of all the PAs in Indonesia
are NPs, covering around 16 million ha (Wiratno 2018).

This study estimated forest cover change in Indonesia’s
terrestrial NPs in a relatively short time (5 years from 2012
to 2017 while other studies (Miettinen et al. 2011; Margono
et al. 2014; Gaveau et al. 2018, Supriatna et al. 2020)
usually looked at long term forest cover changes in
Indonesia. Between 2000 and 2017, forest cover in
Kalimantan declined by 14% or 6.04 Mha, including 3.06
Mha of forest converted into industrial plantations (Gaveau
et al. 2018), while Sulawesi lost 10.89%. or 2.07Mha of its
forest cover (Supriatna et al. 2020).

This study also provides an update on primary forest in
NPs, one of the most important ecosystems in the tropics.

100°00°E 110°00°E

BIODIVERSITAS 22 (3): 1235-1242, March 2021

Human pressures as the drivers behind forest cover changes
are also reviewed. The years analyzed (2012 and 2017)
were chosen based on data availability for analyzing the
human pressures. Roads data, one of important drivers for
deforestation (Alamgir et al. 2019) was only available for
2014, thus it was considered sufficient to be used for both
2012 and 2017.

MATERIALS AND METHODS

This study covers 43 established terrestrial NPs
between 2012 and 2017 in Indonesia (Figure 1), all of them
having their own management units. Indonesia has another
4 terrestrial NPs which were not included in this study. In
2017, the 4 NPs were relatively new and did not yet have
separate management units. The 43 NPs were divided into
7 bioregions (Sumatra, Kalimantan, Sulawesi, Maluku, Papua,
Jawa Bali, and Nusa Tenggara) following Supriatna (2018).
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Figure 1. Forty-three (43) terrestrial national parks in Indonesia included in this study
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Forest cover data for all NPs were calculated using
ARC GIS analysis (Esri ArcMap 10.8 https://www.arcgis.com)
for 2012 and 2017 from the Thematic Land Cover map
obtained from the Ministry of Environment and Forestry.
The thematic land cover map was developed from manual
interpretation of satellite image data (digitizing on screen)
by the Directorate of Inventory and Monitoring of Forest
Resources, Directorate  General of Forestry and
Environmental Planning, Ministry of Environment and
Forestry (Direktorat Inventarisasi dan Pemantauan Sumber
Daya Hutan, Direktorat Jenderal Planologi Kehutanan dan
Tata Lingkungan, Kementrian Lingkungan Hidup dan
Kehutanan) that is responsible to monitor land cover in
Indonesia. In conducting this monitoring, Directorate
IPSDH collaborates with Indonesia’s National Institute of
Aeronautics and Space (Lembaga Penerbangan dan
Antariksa Nasional-LAPAN) and Geospatial Information
Agency (Badan Informasi Geospasial-BIG). More
information on the thematic land cover map can be
obtained from http://webgis.menlhk.go.id:8080/pl/pl.htm.

The thematic land cover map classifies Indonesia’s land
cover into 23 categories. In this classification, the primary
forest is distinguished from secondary and non-forest
habitats. There are 3 different types of primary and
secondary forests viz. dry land, peatland, and mangroves
(BSN 2010). In this study, total forest cover was taken as
the sum of primary and secondary forests in dry land,
peatland, and mangroves. Percent changes of forest cover
and primary forest cover between 2012 and 2017 were
calculated to see any forest cover loss or gain in each NP.
National parks borders were taken from The World
Database on Protected Areas
(https:/iwww.protectedplanet.net/en).

Drivers of forest cover change were calculated using
human footprint (HF) analysis following Sanderson et al.
(2002). Human Footprint analysis was also conducted
using ARC GIS analysis (Esri ArcMap 10.8
https://www.arcgis.com). The HF pressures comprised of
human population, land transformation (agriculture,
industrial plantation, built-up environments, and other land
uses), settlements, roads, and access. In the HF analysis, all
of these pressure types were given scores of 0 to 10 (0 = no
pressure; 10 = maximum pressure) based on expert
judgment. These scores were assigned on each 30m x 30m
pixel of Thematic Land Cover map (2012 and 2017) for
land transformation and settlements, Binamarga map
(2014) was obtained for roads and access, and UN-WPP
map was obtained from CIESIN (2018) for human
population (2010 and 2015). Scores from all maps were
summed to get total scores for each pressure or the Human
Influence Index (HII). The total HII scores were then
standardized for per ha area of NPs in each bioregion.
Percent changes of HIlI from 2012 to 2017 were also
calculated. For further details on HF analysis, Sanderson et
al. (2002) and Venter et al. (2016) may be consulted.
Simple linear regression analysis was performed using the
R statistic packages (R Core Team 2014) to check the
relation significance between forest cover and HF.
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RESULTS AND DISCUSSION

Forest cover in bioregions

In this study, forest cover is the summation of total
primary and secondary forests of drylands, peatlands, and
mangroves occurring within all terrestrial NP areas. NPs in
all 7 bioregions in Indonesia in total suffered a 1.62% loss
of forest cover between 2012 and 2017 (Table 1). There
was a significant relationship between forest cover in
Indonesia's terrestrial NPs and Human Footprint (R?=0.33,
df=41, P<0.5). The higher the Human Footprint (HF) inside
NPs, the lower the forest cover. In this study, HF
comprised pressures from roads, access (from roads,
railways, big rivers, and coastlines), settlements, land
transformation (agriculture, industrial plantations, built-up
environment and other land uses such as bare lands and
shrubs) and human population. Among these pressures, the
highest forest cover loss drivers were direct road
developments within NPs and access to park areas caused
by those roads, plus rivers and coastlines (Table 2). In
Indonesia, protected areas are largely threatened by
ongoing and planned roads and other access developments.
In Sumatra, the planned trans-Sumatra highway would
likely affect Kerinci Seblat and Leuser, two of the last large
forest areas on the island (Sloan et al. 2019a), and shall
likely have many negative ecological impacts, including
fragmentation of large expanses of intact forest. Landscape
connectivity will likely reduce from 89% to 55% due to the
planned and ongoing road and rail-line developments in
Kalimantan (Alamgir et al. 2019). The remaining large
intact forest in the two islands might be largely fragmented
if all planned development proceeds (Alamgir et al 2019;
Sloan et al. 2019a). Human population was also a strong
driver of forest cover loss (Table 2). A study by Verma et
al. (2020) also showed that changes in human pressures
seemed to relate to human population in and around PAs in
Sundaland. Protected areas can be economically
detrimental or beneficial to human population thus
attracting or deterring new settlements around them.
Human population increase near PAs may threaten their
potential to conserve forest and biodiversity. Thus saving
PAs has to become priority as global network of PAs is
becoming more isolated due to growing human population
(Joppa et al. 2009).

Apart from those three main drivers of forest cover loss
in Indonesia’s terrestrial NPs, land transformation that
comprises agriculture areas, industrial plantations, built-up
environments and other uses, also plays an important part
in driving deforestation. During those five years, the
highest forest cover loss occurred in Kalimantan. This
bioregion lost 2.34% of forests of its NPs. Agriculture
areas increased by 42.17% and industrial plantation areas
increase very high within the park areas in 5 years. These
were also the highest increases of those drivers among
bioregions. Sumatra follows Kalimantan in forest cover
loss in NPs. National parks in Sumatra lost 2.28% of their
forests. There were increases in other land uses (bare lands
and shrubs) by 29.65% and agriculture areas by 16.96%
within the parks. Among the 7 bioregions, Nusa Tenggara
suffered the third highest forest cover loss. National parks
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in Nusa Tenggara lost 1.43% of forest covers. Huge
increase in industrial plantation and built-up environment
occurred in Nusa Tenggara between 2012 and 2017.
Sulawesi lost 0.84% of forest cover and experienced
increases in other land use (41.40%). With an increase in
agricultural areas by 9.76%, Maluku has lost 0.24% of its
NPs’ forests. Forest cover in Papua’s NPs decreased

0.21%, driven mainly by roads and access (Table 1 and 2).
Previous studies (Alamgir et al. 2019; Laurance et al. 2012;
Sloan et al. 2019b) showed that various human activities
have negative effects on the condition of protected areas.
Increased human activities usually correlate with forest
loss, and the ability of forest to regenerate increases with
the decrease in human activities (Allan et al. 2017).

Tabel 1. Forest cover changes in 43 terrestrial national parks in Indonesia between 2012 and 2017.

Total forest cover (ha)

Primary forest (ha)

National Parks (NP)

2012 2017 %Changes 2012 2017 %Changes
Sumatra (total) 3,001,218.53 2,932,804.57 -2.28 2,267,139.82 2,266,416.89 -0.03
Batang Gadis 59,895.90 59,511.84 -0.64 40,569.52 39,907.54 -1.63
Berbak 118,330.59 101,994.79 -13.81 118,129.89 99,934.02 -15.40
Bukit Barisan Selatan 234,349.96 232,776.56 -0.67 129,250.92 186,629.43 44.39
Bukit Dua Belas 50,308.89 48,116.39 -4.36 0.00 0.00
Bukit Tiga Puluh 137,369.65 132,995.83 -3.18 21,450.45 21,386.99 -0.30
Gunung Leuser 807,808.44 805,103.03 -0.33 718,507.01 710,741.71 -1.08
Kerinci Seblat 1,241,337.72 1,217,065.13 -1.96 1,167,521.97 1,128,801.19 -3.32
Sembilang 121,398.90 122,947.78 1.28 70,623.91 78,847.56 11.64
Siberut 156,696.94 155,919.75 -0.50 164.08 164.08 0.00
Tesso Nilo 29,255.85 15,506.72 -47.00 0.00 0.00
Way Kambas 44,465.69 40,866.75 -8.09 922.07 437 -99.53
Kalimantan (total) 3,211,786.02 3,136,631.52 -2.34 2,232,413.65 2,224,570.19 -0.35
Betung Kerihun 802,002.55 801,790.58 -0.03 801,377.04 800,585.19 -0.10
Bukit Raya Bukit Baka 232,741.61 232,239.55 -0.22 195,900.88 193,898.96 -1.02
Danau Sentarum 45,342.26 41,199.33 -9.14 1,051.45 827.21 -21.33
Gunung Palung 88,471.38 85,353.79 -3.52 22,653.84 22,649.13 -0.02
Kayan Mentarang 1,261,496.92 1,262,154.38 0.05 1,186,539.62 1,185,373.96 -0.10
Kutai 144,510.67 131,244.46 -9.18 7,170.83 4,247.96 -40.76
Sebangau 459,810.04 428,217.70 -6.87 0.00 0.00
Tanjung Puting 177,410.59 154,431.73 -12.95 17,719.99 16,987.78 -4.13
Sulawesi (total) 540,925.36 536,384.53 -0.84 387,762.70 386,163.89 -0.41
Bantimurung Bulusaraung 29,957.49 29,948.68 -0.03 348.22 348.22 0.00
Bogani Nani Wartabone 266,941.96 265,998.54 -0.35 200,603.82 198,922.79 -0.84
Lore Lindu 204,384.65 203,240.80 -0.56 186,787.54 186,869.76 0.04
Rawa Aopa Watumohai 39,641.26 37,196.51 -6.17 23.12 23.12 0.00
Maluku (total) 324,483.45 323,709.53 -0.24 134,814.26 125,125.89 -7.19
Aketajawe Lolobata 159,219.24 158,585.96 -0.40 57,354.47 47,768.20 -16.71
Manusela 165,264.21 165,123.57 -0.09 77,459.79 77,357.69 -0.13
Papua (total) 1,915,354.85 1,911,384.16 -0.21 1,762,690.29 1,758,308.65 -0.25
Lorentz 1,814,714.35 1,814,664.81 0.00 1,733,652.25 1,729,366.65 -0.25
Wasur 100,640.50 96,719.35 -3.90 29,038.04 28,942.00 -0.33
Java Bali (total) 238,916.15 241,858.57 1.23 15,791.34 31,758.00 101.11
Alas Purwo 35,914.16 38,207.01 6.38 533.27 750.45 40.73
Bali Barat 7,557.93 7,274.41 -3.75 1,586.19 1,510.68 -4.76
Baluran 4,027.21 4,293.99 6.62 113.91 12.06 -89.41
Bromo Tengger Semeru 41,115.79 41,097.55 -0.04 0.00 3,683.04
Gunung Ciremai 4,899.16 5,346.03 9.12 1,363.31 1,283.83 -5.83
Gunung Gede Pangrango 17,799.86 17,629.10 -0.96 4,805.46 4,883.66 1.63
Gunung Halimun Salak 38,404.23 39,798.26 3.63 1,912.67 1,887.23 -1.33
Gunung Merapi 1,487.83 1,702.86 14.45 0.00 0.00
GunungMerbabu 0.00 0.00 0.00 0.00 0.00
Meru Betiri 45,309.25 44,104.05 -2.66 0.00 12,270.52
Ujung Kulon 42,400.73 42,405.31 0.01 5,476.53 5,476.53 0.00
Nusa Tenggara (total) 117,622.05 115,945.21 -1.43 60,885.86 73,828.80 21.26
Gunung Rinjani 24,502.67 23,942.44 -2.29 22,527.79 19,230.81 -14.64
Kelimutu 4,989.50 4,829.41 -3.21 0.00 0.00
Komodo 17,399.46 17,399.74 0.00 3,568.58 839.66 -76.47
Laiwangi Wanggameti 27,521.37 27,485.91 -0.13 9,427.02 27,473.61 191.43
Manupeu Tanah Daru 43,209.05 42,287.71 -2.13 25,362.46 26,284.72 3.64
All bioregions (total) 9,350,306.41 9,198,718.09 -1.62 6,861,497.91 6,866,172.31 0.07
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Table 2. Changes of Human Influence Index (HII) per hectare areas of national park in Indonesia’s 7 bioregions between 2012 and 2017

. Industrial Built-up
. . Human Other land  Agriculture - -

Bioregions population use plantation environment  Settlement Road Access
Sumatra 2012 13.56 4.79 5.60 0.24 0.02 0.00 910 1327
Sumatra 2017 13.67 6.21 6.55 0.12 0.02
% Changes 0.81 29.65 16.96 -50.00 0 - - -
Kalimantan 2012 11.23 8.72 0.83 0.00 0.10 0.01 490 11.46
Kalimantan 2017 11.44 9.42 1.18 0.04 0.11
% Changes 1.87 8.03 42.17 ~ 10.00 - - -
Sulawesi 2012 12.41 3.72 453 0.03 0.10 0.00 19.68  29.90
Sulawesi 2017 12.94 5.26 4.72 0.03 0.10
% Changes 4.27 41.40 4.19 0 0 - - -
Maluku 2012 11.11 2.04 0.41 0.00 0.00 0.00 21.43 28.02
Maluku 2017 11.11 2.00 0.45 0.00 0.00
% Changes 0 -1.96 9.76 - - - - -
Papua 2012 11.59 7.10 0.86 0.00 0.00 0.00 742 1093
Papua 2017 11.59 7.05 0.86 0.00 0.00
% Changes 0 -0.70 0 - - - - -
Jawa Bali 2012 69.48 3.45 6.83 14.23 0.15 0.00 3343 44.44
Jawa Bali 2017 70.44 3.34 7.16 13.12 0.11
% Changes 1.38 -2.32 483 -7.80 -26.67 - - -
Nusa Tenggara 2012 28.23 18.01 3.69 0.04 0.01 0.00 29.65 44.44
Nusa Tenggara 2017 28.49 10.88 1.97 0.08 0.06
% Changes 0.92 -65.53 -87.31 50 500 - -

Bioregion Jawa Bali is the only bioregion that in total
experienced an increase in forest cover (Table 1).
Dwiyahreni (2021) reported that compared to other NPs in
Indonesia, NPs in the Jawa Bali bioregion have higher
management budgets and numbers of forest guards. It is
suggested that along with their natural mountainous steep
terrain and their function as the main water sources for both
small and large cities around them (Damayanti 2008; Smiet
1992), NPs in the Jawa Bali bioregion managed to protect
their forest cover better than other NPs in Indonesia (Table
1). There have been stricter regulation of forestry practices
in Indonesia since 2011. This policy coupled with a tree-
planting movement has reduced deforestation rates
(Tsujino et al. 2016). In 2019, 94.1 Mha or 50.1% of
Indonesia’s land was covered in forests (KLHK 2020).

Forest cover in national parks

Distribution of forest cover loss between 2012 and 2017
in 43 of Indonesia's terrestrial NPs was too subtle to be
shown on the country level scale, so it is not presented
here. Three NPs (Tesso Nilo in Sumatra, Tanjung Puting in
Kalimantan, and Rawa Aopa in Sulawesi) with the highest
forest cover loss (>5%) are presented in Figure 2. Tesso
Nilo experienced the highest forest cover loss (47%) in just
a 5-year span, which was much higher than any other NP.
Berbak NP, also in Sumatra, which suffered the second-
highest forest cover loss, only lost 13.81% of its forest
cover (Table 1). Forest cover loss in Tesso Nilo was due to
road construction and forest fires during the dry season,
which almost always occurs. In addition, this NP also
suffered from illegal logging, new settlements and new
agricultural practices that have penetrated into the park
(Mariati et al. 2014). A study by Brun et al. (2015) found

that using production forest concessions as buffer areas for
protected areas can increase the effectiveness of area
management in protecting forests and biodiversity.
However, this did not apply in Tesso Nillo. The park is
surrounded by Hutan Tanaman Industri (HTI) or industrial
forest plantations and oil palm plantations (Mariati et al.
2014). These plantations experience relatively stable
pressures, but Tesso Nilo still lost almost 50% of its forest
in just 5 years. There was more than 2,400 km of roads
within the Tesso Nilo NP in 2016, which amount to a 10
fold increase since 2002. Almost all forest areas in Tesso
Nilo were located within 100 m to 1000 m of road edges.
the endemic ecosystem in Tesso Nilo is facing continued
pressures from roads and associated impacts of access
created by roads (Poor et al. 2019a).

The lowest forest cover loss (0.03%) occurred in
Bantimurung Bulusaraung, Sulawesi, and Betung Kerihun,
Kalimantan (Table 1). Bantimurung Bulusaraung NP
attracts tourists on a year-round basis due to its live
butterfly collections and eases to see other wildlife close to
urban centers. Local communities around the NP are highly
involved in tourism activities, especially in collecting,
breeding and selling butterflies as souvenirs (Ansari et al.
2019). Betung Kerihun, located in the heart of Borneo, is
an area of isolation with steep terrains (Anon 2018, Harefa
et al. 2018). There were 8 NPs out of 43 that managed to
increase their forest cover, 6 in Jawa Bali, 1 in Sumatra,
and 1 in Kalimantan. The 6 NPs were Gunung Merapi NP
(14.45% forest increase), Gunung Ciremai (9.12%),
Baluran (6.62%), Alas Purwo (6.38%), Gunung Halimun
Salak (3.63%), and Ujung Kulon (0.01%). Sembilang NP
in Sumatra increased its forest cover by 1.28% and Kayan
Mentarang in Kalimantan by 0.05% (Table 1).
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Figure 2. Map of forest loss distributions in 3 national parks with the highest forest cover loss (>5%) between 2012 and 2017 in

bioregion Sumatra, Kalimantan, and Sulawesi.

As in Gunung Merapi, Gunung Ciremai, and Gunung
Halimun Salak, high mountainous areas and steep terrain as
in Betung Kerihun and Kayang Mentarang, reduce human
access and activities that can lead to forest loss (Smiet
1992; Baier et al. 2009; Anderson and Mammides 2019).
Poor et al. (2019b) reported that Bukit Tigapuluh in
Sumatra may experience some protection, independent
from its management policy, from the NP’s mountainous
terrain and difficult access, thus it managed to have the
highest avoided deforestation rate compared to other NPs
under study. However, not all NPs having mountainous and
steep terrain managed to protect and increase their forest
cover. In addition to the beneficial natural contour, Gunung
Ciremai, in particular, issued a lot more permits for the
communities to utilize the park’s environmental services
than any other NP. This involvement of the communities
has had positive effects on the park’s forest protection
(Dwiyahreni 2021) and the same was also seen in
Bantimurung Bulusaraung NP. Betung Kerihun and Kayan
Mentarang are also protected from external influences by
traditional Dayak communities with high-value natural
ecosystems (Anonim 2018; Anau et al. 2019).

Primary forests

Primary rainforest is those which are still in their
original condition, characterized by a tall canopy with
dense cover. The primary forest floor is relatively clear of
understorey plants because the forest canopy blocks the
entry of sunlight to the forest floor (Mackey et al. 2013).
Almost all terrestrial NPs in Indonesia still have primary
forest, but only 7 (0.2%) were able to increase their forest
cover. They are Alas Purwo, Gunung Gede Pangrango, and
Meru Betiri in the Jawa Bali bioregion, Laiwangi
Wanggameti, and Manupeu Tanah Daru in Nusa Tenggara,
and Bukit Barisan Selatan and Sembilang in Sumatra. The
contributions from those 7 NPs have increased the total
primary forest cover in NPs by 0.07%. In 2012, Indonesia's
total primary forest cover was 6,861,497.91 ha, and
increased to 6,866,172.31 ha in 2017. Kerinci Seblat in
Sumatra, Kayan Mentarang in Kalimantan, and Lorentz in
Papua are 3 NPs that still have more than 1 Mha of primary
forest. Between 2012 and 2017, Kerinci Seblat lost
3.32%of its primary forest, while Lorentz lost 0.25% and
Kayan Mentarang lost 0.1% (Table 1).
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Protecting primary forests is very important since they
store more carbon than other habitat types. Keeping them
intact will significantly help alleviate atmospheric carbon
load and maintain ecosystem services (Mackey et al. 2013).
In addition, primary forests also have important health
benefits. A study by Grag (2019) in Indonesia has shown
that maintaining primary forest cover by 1% can reduce
malaria incidence by 10%. Only about 36% or
approximately 14.4 million km? of primary forest remain in
the world, and about 22% of this is in protected areas,
including national parks (Mackey et al. 2013, 2015).

Recommendations for conservation management

This study showed that most terrestrial national parks in
Indonesia suffered forest cover loss due to human
activities. Jones et al. (2018) reported that 6 million km?
(32.8%) of the world's protected areas are under very high
pressure from human activities. Although each protected
area (PA) in Indonesia has its own unique biophysical
conditions that are all worthy of protection, as a start,
conservation management priority can be given to PAs that
still have large primary forest cover.

Mackey et al. (2015) recommend 4 important actions
that need to be considered in global negotiations for
climate change, biodiversity, and sustainable development.
They include (i) recognizing primary forests as a matter of
global concern within international negotiations, (ii)
including primary forests in environmental accounting, (iii)
prioritizing the 'avoid loss' principle for primary forests,
and (iv) accepting the important role of customary forest
areas and forests managed by communities. To achieve this
fourth action, it will be necessary to reconcile the global
public goods that primary forests represent, with the
aspirations of local forest owners, who need to use their
forest resources to improve their livelihoods (Sayer and
Margules 2017). Without special policies for the
management and protection of primary forests, the values
of biodiversity and their unique ecosystems, and the
ecosystem services they provide will continue to be eroded
(Mackey et al. 2015).

The effectiveness of PAs in stopping forest
encroachment, reducing forest cover loss, reducing
hunting, and preventing forest fires, are all linked to
management activities and the resources available for
management. Bruner et al. (2001) explained that basic
management activities such as enforcing regulations and
establishing clear boundaries have succeeded in increasing
the effectiveness of PA management. Increasing the
effectiveness of conservation efforts through management
inputs and increasing utilization of ecosystem services by
the public at large, as has happened in the Jawa Bali
bioregion, might help other PAs in Indonesia.
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