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Restoring forests, especially within deforested or degraded protected areas, is critical to prevent global
biodiversity loss and climate change. In this article, we explore the current conditions and progress of forest
restoration in Gunung Palung National Park in Indonesian Borneo. The aim of this research was to review
forest restoration projects and their success in the park, and to analyse lessons learned from those projects.
From 2009 till 2018, nearly 5000 ha of damaged forest in Gunung Palung National Park were replanted,
but with only a 1% restoration success rate. The main reason for failed restoration is wildfire. We found
four issues that should be resolved in forest restoration projects: fire management, weed management, cost
calculation and defining an appropriate restoration strategy. Restoration projects in the park have estimated
the price per seedling at around USD0.36 to USD0.78 for one year. We proposed a revised price per seedling
of USD1 for the first year, with an additional 10 cents per year for the following three years, to account for
maintenance and labour costs. One-time projects that focus only on planting are likely to fail, especially
without fire prevention management. Successful forest restoration projects should do more than simply
planting trees by also including care and maintenance after they are planted. With this in mind, we provide
a standardised framework to guide decision-making and successful forest restoration. Our results should help
increase forest restoration success, improve sustainability and allow for the persistence of forested landscapes.
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INTRODUCTION

Tropical deforestation is a major cause of climate
change (Gibbs & Herold 2007). Deforestation
causes up to a fifth of global CO, emission
(1.0-1.2Pg C year™) and thereby contributes to
increasing global temperature (van der Werf et
al. 2009). Projected emissions from deforestation
in 2030 are the same as in 2004 (UNFCCC 2007).
The primary causes of deforestation globally
are subsistence agriculture (48%), commercial
agriculture or industrial plantations (32%),
logging—both legal and illegal (14%), and
the harvesting of fuel wood/charcoal (5%)
(UNFCCC 2007).

In contrast to global deforestation patterns,
industrial plantations are the largest cause of
tropical deforestation since the 1970s (Tsujino
et al. 2016, Gaveau et al. 2019), followed by
agriculture and wildfires induced by the El
Nino-Southern Oscillation, which are further
intensified by variability introduced by climate
change (Latif etal. 2017, Carter et al. 2018). On

the island of Borneo, for example, over half the
original forest cover has already been cleared
since 1970 to 2010 for industrial plantation,
subsistent farming, wood export and wildfire
(Gaveau et al. 2014). The remaining forest
is degraded and fragmented due to selective
logging and road building. Degraded forests
still contain many trees but may be more
vulnerable and have less conservation value
(Costantini et al. 2016). Within protected
areas, deforestation and degradation leads
to biodiversity loss caused by habitat loss,
fragmentation or genetic drift (Pardini et al.
2018). Groups of organisms respond differently
to habitat changes (Costantini et al. 2016), but
taken together disturbed forests may lose about
41% of animal species present in undisturbed
habitats (Alroy 2017). The loss of species leads
to subsequent changes in ecological processes
like predation and pollination that are mediated
by organisms.
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Gunung Palung National Park (GPNP) in
West Kalimantan, Indonesian Borneo, is one
of the largest remaining dipterocarp forests in
Borneo with ~70,000 ha of intact forest, and is
also the target of illegal timber extraction for
commercial use. The GPNP is home to 5% of
the global population of Bornean orangutans
(Pongo pygmaeus wurmbii) (Johnson et al. 2005,
IAR 2017). Since 1989, the GPNP has lost 10%
of its forest because of logging and conversion
to agriculture ( Zamzani et al. 2009, Yoshikura
et al. 2016, Fawzi et al. 2018). This forest loss
is partly due to a large number of people (up
to 47-72% of households in some areas) who
rely on illegal logging for their primary source
of income (Hiller et al. 2004). Deforestation
from logging and agriculture is exacerbated
by wildfires associated with El Nino events. In
recent years the government and NGOs have
started projects to reduce and stop deforestation
through smart patrols (spatial monitoring and
reporting tool) and community empowerment
community. However, the GPNP still contains
over 10,000 ha of previously logged areas that
have yet to regenerate into forest.

Reducing the rate of illegal deforestation is
the best option for preserving the remaining
forest cover. Following that, the next step is
better forest management that both addresses
the underlying socio-economic factors and
includes reforestation to increase forest cover.
Reforestation here refers to forest restoration
that attempts to return previously cleared forest
to its initial state, and is not to be confused with
industrial forestry. Similarly, forest restoration
is defined here as efforts to assist recovery
of damaged forest ecosystems to their initial
conditions. Forest restoration is thus not only
about planting trees, but also includes a wide
range of actions including forest protection,
raising community awareness and caring for
planted seedlings. Successful forest restoration
thus requires us to define the target initial
conditions and to modify plans to accommodate
wildlife and socio-economic factors.

This holistic approach to forest restoration
requires partnership between communities that
are seeking sustainable livelihoods and the public
institutions that manage the lands adjacent to
their communities. Alam Sehat Lestari (ASRI)
is a local NGO that works with communities
and government agencies to incorporate these
principles to fight deforestation and restore
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forests. In partnering with the GPNP office,
they have established the overall objective of
returning damaged forest within the park to its
initial conditions. Together, ASRI and the GPNP
office have conducted several forest restoration
projects on damaged and degraded forest in the
park. Here we reviewed the forest restoration
projects and their success in GPNP, and analysed
lessons learned from those projects.

MATERIALS AND METHODS
Study area

GPNP was first protected in 1937 with an area
of 300 km?, and later expanded to a total of
1080 km? in 2014. It is located in two regencies,
North Kayong Regency and Ketapang Regency,
West Kalimantan (01°03'-01°22'S, 109°54'-110°
28'E, Figure 1). The conservation area comprises
seven ecosystems, which are subalpine forest,
montane forest, lowland forest, heath forest,
peatland forest, wetland forest and mangrove
forest. The key animal species of conservation
concern are Bornean orangutan with a park
population of over 2500 individuals, proboscis
monkeys (Nasalis larvatus), sun bears (Helarctos
malayanus), marbled cat (Pardofelis marmorata),
Sunda clouded leopard (Neofelis diardi), and
helmeted hornbill (Rhinoplax vigil). The GPNP
is also habitat for 3500-4000 identified plant
species, including 70 tree species from the
Dipterocarpaceae family (Setiawan & Sofian
2018). These are represented primarily by five
genera—Anisoptera, Dipterocarpus, Hopea, Shorea
and Vatica (Curran & Leighton 2000). The
threatened Bornean ironwood (Eusideroxylon
zwageri) is also abundant in the GPNP and has
become a prime target for illegal logging activity
(Kurokochi et al. 2015).

Data and analysis

To assess current conditions and lessons
learned from forest restoration projects in
GPNP, we collected data on every restoration
project in the park. Early forest restoration
programmes in GPNP were implemented
either by ASRI or by the GPNP office and, thus,
the restoration data used in this study were
obtained from the GPNP office and from ASRI.
In the restoration process, the GPNP office
and ASRI work together with communities
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Figure 1  Studylocation in Gunung Palung National Park, Indonesia with the locations of restoration project

area

for all restoration phases starting from care of
seedlings, nursery, site preparation, planting and
maintenance. In 2018, the GPNP office outlined
a b-year strategic plan for forest restoration
that goes through 2023. In this strategic plan,
the GPNP office includes an option for other
stakeholders to participate in forest restoration.
The GPNP has several degraded or grassland
areas which need to be restored. Restoration
projects are based on funding, accessibility and
size of a potential site. The most important
consideration is project location, because it is
difficult to transport seedlings deep into the park.

ASRI and the GPNP office work together
to restore the park, but they work separately
regarding the technique, process and funding.
For each restoration project, we collected data
on the location of the project, its total area
(in ha), seedling numbers (for calculating the
seedling density per ha), and seedling survival
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rate. The data were collected from the GPNP
office and ASRI. Data from the GPNP office were
from the official restoration reports 2010-2014
of GPNP and report in 2018. The data from
ASRI were annual restoration data after the
planting season was over. Both the GPNP and
ASRI discussed how to maintain consistency of
data especially in measuring the same type of
data. Survival rate was counted as the number of
seedlings that survived after 1 year planting; this
is to keep the data survival rate consistent and
comparable. Interview with GPNP and ASRI staff
was conducted to obtain additional information
about forest restoration in GPNP, especially about
fire management and monitoring programme.
We then visited the restoration sites to assess
and ground truth their recent conditions in
2019, including finding the cause of failure. We
analysed the data to review forest restoration
projects and their success in the park.
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RESULTS

Forest restoration projects and their success
in GPNP

Despite the huge forest loss in the late 1990s,
forest restoration was not previously a viable
option due to constraint of resources. The GPNP
resources focused on reducing logging and other
illegal activities (such as hunting and farming)
inside the park through smart patrols. In 2009,
ASRI, in partnership with the US NGO Health
in Harmony (supports funding of activities
conducted by ASRI), began their first forest
restoration project (Table 1). The following
year in 2010, the GPNP office also started their
first restoration project by replanting 200 ha
in the sub-village of Pangkalan Jihing (Table 1,
Figure 2).

ASRTU’s first forest restoration project focused
on an area in the sub-village of Laman Satong
(Figure 2). The area had previously been
cleared by a timber concession operated by
PT Marsela Wana Sekawan in late 1990s (Ode
2012), and was subsequently transformed by
repeated wildfires into anthropogenic grassland
(Imperata cylindrica). The restoration method
involved planting a high density of seedlings
(3100 seedlings per ha, spacing 1.7 m). The high
density helped to ensure the formation of canopy
(1.8 m canopy diameter per seedling) within
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2 years which reduced competition from weeds
(Elliott et al. 2013).

This initial effort was met with several
challenges. Low soil fertility of the degraded
land due to compaction and erosion, often
slowed seedling growth (Martinez-Garza et al.
2013). There were also setbacks from a severe
anthropogenic wildfire in 2013 that burned
almost 89% of the replanted area. The fire started
from a wind-borne spark into the restoration area.
At that time, nearby communities were using fire
as a cheap and easy method to clear land. The
fire spread to the restoration area, especially
young areas recently planted in 2011-2012, and
to adjoining dry grasslands which burned easily.
ASRI continued to replant after the fire, and their
method showed success after 5 years of planting
and frequent weeding.

In 2013, ASRI started a second project to
restore an orangutan dispersal corridor in
the village of Sedahan Jaya (Figure 2). This
project aimed to reforest an agricultural area
which divided two forest fragments occupied
by orangutans. Within 3 years of replanting,
orangutan presence in the reforested area was
confirmed by camera trap images (Figure 3).
Finally, in 2018, ASRI stared its Garden to Forest
Program, which aimed to rehabilitate small-scale
farming areas inside the park. Small-scale farming
existed before the national park was established
(Salafsky 1994). These gardens are dominated

Table 1  Forest restoration conducted in Gunung Palung National Park (GPNP) by Alam Sehat Lestari (ASRI)
and the GPNP office
Year Local NGO ASRI GPNP office
Total area Seedlings Density Location* Total area Seedlings Density Location*
(ha) (No.) (ha') (ha) (No.) (ha')
2009 4 14,000%* 3100 7 - - -
2010 6 26,550%%* 3100 7 200 80,000 400 6
2011 7 22,179 3100 7 2,530 940,000 400 4,8
2012 2 7350 3675 7 1,000 80,000 80 5,2,9
2013 7 15,986 2284 7,3 900 150,000 166 8,4
2014 3 6546 2182 7,3 200 120,000 600 6
2015 2.5 5456 2182 7,3 - - -
2016 4 9432 2358 7 - - -
2017 8.5 19,849 2335 7,1 - - -
2018 47 47,140 1003 7,1 10 6000 600 10
Total 91 174,488 4840 1,376,000

*Location numbers refer to map in Figure 2; **includes enrichment planting
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Figure 2  Forest cover and restoration locations (numbers 1-10) in Gunung Palung National Park; red and

yellow are areas which need restoration

(a)

Figure 3

(a) Before (2009) and (b) 10 years after planting in one of ASRI's reforestation sites; the presence

of wildlife animal (c) Bornean orangutan and (d) red leaf monkey Presbytis rubicunda) at ASRI

reforestation sites

© Forest Research Institute Malaysia

199



Journal of Tropical Forest Science 32(2): 195-205 (2020)

by durian trees (Durio zibethinus) and associated
with the slash and burn activity for farming chilis,
bananas and vegetables. Even though the gardens
are a previously existing landuse, communities
often cut trees and burn in the park to start
new gardens, contributing to deforestation. The
project has successfully gained the trust and
involvement of local communities which have
committed to a conservation agreement. In its
first phase in 2018, 39 ha were planted. Building
on this success, the programme has expanded
and aims to eventually involve 100 community
members and more than 250 ha of rehabilitated
area.

The GPNP office, on the other hand, is
a government institution bound by many
regulations and strict budgeting. The GPNP
office started the restoration project one
year behind ASRI. Although they replanted
4840 ha spread over seven reforestation sites, their
budgets only included the cost of planting and
allowed for no follow-up maintenance. Without
fire prevention activity, most of the restoration
areas burned in wildfires during the EI Nino
events in 2013 and 2015. The evaluation after
wildfires prevented any restoration project by
GPNP office in 2016 through 2017. The burned
areas failed to regenerate into forest and are
still in need of restoration. Since the park office
used a low-density method with 4 or 5 m planting
distances, with no following intervention, the
seedlings were outcompeted by weeds and
failed to create a canopy. Budget restrictions
also precluded the appropriate preparation
of seedlings before planting. Restoring some
wetland areas, for example, requires the planting
of seedlings at least 1-m tall, which is not possible
within l-year programme budgets. The 1-m
height allows seedlings to survive rainy seasons,
when wet areas can be temporarily flooded by
water 50-100 cm deep.

Measuring the success of tropical forest
restoration was quite tricky and required us
to define the programme goals. For general
purposes, we used seedling survival rates to
evaluate programme success. Programmes
are considered successful if the seedling
survival rate is above 70%, 2 years post-planting
and are considered failures if the rates are
below 45% (Elliott et al. 2013). Projects with
intermediate survival rates between 50 and 70%
are still acceptable. Survival rates must also be
accompanied by a minimum plant height of 2 m
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after 2 years planting. After years of developing
planting methods, ASRI’s average seedling
survival rate over the years 2014-2018 was up to
81.2%, 1 year after planting. ASRI supplements
surviving seedlings by conducting enrichment
planting to replace seedlings that die early.
Enrichment planting consisted about 10% of
the number of seedlings that have already been
planted. This process can boost the effective
seedling survival rate 2 years after planting to
90%. For the national park office, reports showed
average seedling survival rate was 85.1%, 1 year
after planting. The following year a wildfire
burned most of the restoration area. In the
future, we recommend adding ‘no fire occurred
in the forest restoration area’ as another criterion
to evaluate programme success, not just survival
rate.

Lessons learned from restoration projects

We highlighted failed restoration projects in
Gunung Palung National Park to learn ways to
improve project success in future. In Indonesia,
forest restoration programmes are under
the jurisdiction of the Ministry of Forest and
Environmental (MoFE). MoFE gives permits
for all restoration projects in protected areas or
may reject them if they do not meet the criteria
for ecosystem benefits. After the failure of a
national programme aiming to plant 1 billion
Indonesian trees (Hadi 2017), MoFE now focuses
on restoration success rather than the sum total
of trees planted. The first phase of this new
approach was to make a 5-year strategic plan for
ecosystem recovery for every protected forest in
Indonesia. Although the GPNP office has already
planted almost 5000 ha, the plan for ecosystem
recovery for the park (2018-2023) still mandates
arecovery of another 4559 ha in which includes
the failed projects that have already been planted.
Closing that gap will require GPNP and NGO-
public partnerships (including ASRI) to resolve
several issues. Here we describe issues and lessons
from previous restoration projects in GPNP.
The primary issue for forest restoration is
anthropogenic wildfire. Although restoration
projects conducted by the GPNP office have an
initial seedling survival rate of over 80%, all of the
planting sites have been subsequently burned.
This is caused by the absence of adequate
maintenance and fire prevention. ASRI, in
contrast, combines high-density planting with
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fire prevention activity, but even so one of their
sites suffered a severe wildfire that burned 19 ha
in 2013. All these fires were triggered by human
activity. Although the fires were not intended
to burn the restoration sites, they spread into
them. Wildfires peaked during the dry season
when people burned land for agriculture, and
were exacerbated by drought, especially during
the 2015 El Nino year (Taufik et al. 2017). Fire
prevention is thus a main task for organisations
conducting forest restoration.

The second issue is the effect of weed
competition on seedling growth. Regenerating
forest must have at least 5-m canopy height to
be considered forest and 82.2% canopy cover
to prevent the growth of competing weeds
(Cao et al. 2017). ASRI’s oldest restoration
sites have already solved this problem because
they have sufficient canopy cover and leaf
litter deposition to eliminate weeds. Regular
weeding can solve this problem. In contrast, in
projects managed by the park office, even some
unburned reforestation areas often fail to grow
because seedlings do not form sufficient canopy
cover, causing competition with weeds. This is
because of two reasons, namely, all the planted
seedlings are slow-growing tree species and they
are spaced too far apart. All the tree species
planted by the park office are slow-growing
trees such as meranti (Shorea spp.), durian and
nyatoh (Palaquium spp.). This is partly because
regulations stipulated by the MoFE require that
90% of planted seedlings to be woody native
species. The remaining 10% are often slow-
growing fruit trees. We suggest that it is more
important to provide an adequate mix of slow-
and fast-growing species, rather than focusing
on the 90:10 native:fruit tree ratio. The Garden
to Forest Program uses a native fast-growing
leguminous tree (Archidendron pauciflorum) to
accelerate establishment of canopy cover and
fruit production. In addition, the standard
spacing of 3 to 5 m between seedlings is too
far apart for optimal forest restoration (ITTO
1993, Kettle et al. 2011, Cao et al. 2017). In low-
density plantings like this, even plants that are
not burned succumb to competition with weeds
because seedlings are too far apart to form a
closed canopy.

The third issue is failure to budget enough
money per seedling. The national park office
currently budgets USDO0.78 per seedling.
Previously this price was even lower, at USD0.36.
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ASRI, in contrast, has always estimated a price
per seedling of around USD1, and an additional
USDO.10 per year to accommodate maintenance
(weeding and fire prevention). The cost is to
cover all activity during the forest restoration
project, including nursery, seedling preparations,
transporting seedling, planting, weeding and fire
prevention. Maintenance is the biggest oversight
in restoration funding. Restoration failures are
mostly due to lack of maintenance, especially
weeding and fire prevention.

Finally, the fourth issue is failure to define a
restoration strategy. Restoration strategies should
at the least use different methods in different
ecosystems. Previous restoration projects, in
contrast, have often applied a single strict
method to be followed in all cases, especially in
government projects. In GPNP and other areas
in West Kalimantan, for example, it is common to
use sungkai (Peronema canescens) in all restoration
projects. However, we have found that sungkai
is not suitable for restoration in lowland forest
areas and does not provide adequate canopy.
ASRI restoration projects have therefore reduced
their use of this species. Forest restoration thus
requires knowledge about the restoration site,
which can be used to select an appropriate
restoration method.

Before selecting a method, we need to assess
the level of forest damage. The level of forest
damage is grouped into stages ranging from
partial canopy loss to cleared forest that has
been converted into barren land (Elliot et al.
2013, Table 2). Understanding the damage stage
is important for choosing an appropriate forest
restoration strategy and method. For lightly
damaged forests in stages 1 and 2, we can use forest
protection or natural regeneration, or accelerated
natural regeneration and agroforestry. Forest
protection refers to preserving what is left of the
degraded forest so as not to increase damage
and to allow succession to proceed. The aim is
to prevent further forest loss from activities such
as subsistence farming, pollution, logging, or
expanding development, and to allow recovery
from previous forest loss. Forest protection is a
wide approach that ranges from law enforcement
to sustainable management that includes socio-
economic factors. This protection will boost
natural forest regeneration. If the damage is too
extreme or take too long to recover on its own,
accelerated natural regeneration is an option.
Accelerated natural regeneration involves low-
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Table 2  Stages of forest damage and restoration options*
Level of Description Options for restoration
damage
Composition Trees (60-70%), weeds (20— = The best option is protection, because trees in the
40%) and barren (0-10%) remaining canopy are a source of regeneration.
Seed dispersers Common, like birds, monkeys, We hope with protection the forest can grow well.
ete. The protection includes encroachment, cattle
Stage I Nearest forest Large remnant forest as a seed grazing, fire, hunting, and any disturbance.
source = Enrichment planting a small number of native
Fire damage Low to medium species as climax trees
Soil Mostly fertile = Education to communities about the importance
of the forest
Composition Trees (40-50%), weeds (50— = Protection from disturbance to prevent more
60%) and barren (0-10%) deforestation
Seed dispersers Common, but maybe less = Accelerated natural regeneration, a targeted
Stage 2 depending on remaining trees approach to planting seedlings to speed
Nearest forest Large remnant forest as a seed regeneration. This method is more appropriate
source because there are still trees as sources of
Fire damage Medium to high regeneration.
Soil Mostly fertile = Planting multi-purpose tree species to increase
economic benefits for communities
* Education to communities about the importance
of the forest
Composition Trees (0-20%), weeds (60-80%) ™ Protection from disturbance to prevent more
and barren (0-20%) deforestation and wildfires
Seed dispersers Fewer species, mostly birds = Since there are few remaining trees to serve as
Stage 3 Nearest forest Smaller or fewer remnant sources of regeneration, planting trees at high
forests as a seed source densities is the best option.
Fire damage High = Planting multipurpose tree species to increase
Soil Less fertile economic benefits for communities
* Involving communities in forest restoration
= In some deforestation on agricultural or fallow
land, agroforestry methods can be conducted
* Focus on weeding management till the seedlings
are taller than the weeds
Composition Trees (0-5%), weeds (80-95%) " Protection from wildfires
and barren (0-20%) = Accelerated natural regeneration, but plant more
] trees
Stage 4 Seed dispersers :  Mostly gone * Planting at high density (3100 seedling hal), with
Nearest forest Remnant forests as a seed a balanced proportion of fast- and slow-growing
source, but few or distant trees
Fire damage High * Need fertiliser to speed up tree growth in poor
Soil Less fertile, poor soil condition soil conditions
= Employing local people in restoration
programmes
= Focus on weeding management till the seedlings
are taller than the weed
Composition Trees (0%), weeds (40-60%) = Planting at high density (3100 seedling ha! or
and barren (40-60%) more), with more fast growing or pioneer trees
Seed dispersers Mostly gone than slow-growing trees
Stage 5 Nearest forest Usually absent or too distant * Need fertiliser to speed up tree growth in poor

Fire damage

Soil

Low (because of no vegetation
or weeds), but high when
vegetation recovers

Poor soil condition that limits
tree establishment

soil conditions
Employing local people in restoration
programmes

*Simplified from Elliott et al. (2013)
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density plantings of particular species for specific
purposes. Agroforestry, meanwhile, may provide
alternative livelihoods from reforestation.
The main driver of deforestation in GPNP is
conversion to agriculture (Yoshikura et al. 2016,
Zamzani et al. 2009), so incorporating socio-
economic factors into restoration projects will
increase the future benefits to the forest. If forest
is severely damaged, planting seedlings at high
densities with appropriate follow up maintenance
is the best option.

Understanding the restoration strategy allows
us to understand what appropriate species must
be planted and how. Forest restoration is an
experiment. No one method will always give
a higher probability of success. Formulating
a strategy is a crucial part of planning forest
restoration programmes. Most failed restoration
programmes result from a lack of planning and
maintenance activity.

DISCUSSION

Forest restoration aims to restore damage
ecosystems to their initial conditions. This
process will help us sustainably live on earth by
balancing deforestation with restoration. Forest
restoration is a hard and we pay for our mistakes
through the consequences of deforestation. We
cannot afford additional mistakes during forest
restoration. How can we ensure success in forest
restoration?

It is essential to make sure the restoration
strategy matches the site, including species
selection, planting time (e.g. during the wet
season), and project timeline. Small targeted
projects with intensive maintenance are often
more successful than projects planted over
large areas. In the process of restoration
project, underlying socio-economic factors are
essentials in returning the forest ecosystem.
The community involvement can be in many
ways, including employing local people in
restoration programmes. Both the GPNP office
and ASRI employ local people, and intensive
engagement may increase their awareness
and concern about the forest (Pohnan et al.
2015). ASRI also has a clinic where patients
who do not have money can pay with items
that will be used in conservation projects such
as plant seedlings, manure or traditional mats.
The seedlings will later be planted in ASRI's
reforestation areas.
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In the oldest ASRI restoration site, the
community can harvest fruit trees from seedlings
they planted. Building community awareness
brings a sense of belonging to forest. Long-term
involvement will help in protecting the restoration
site especially from wildfire prevention.

Monitoring forest restoration sites, including
the growth of planted seedlings and the presence
of wildlife, is also important. The seedling growth
parameters are basal root diameter, vegetation
height, tree density, species richness, and
identification of plants that grow naturally (Viani
etal. 2018). For wildlife monitoring, camera traps
or field surveys may be used to monitor wildlife
presence. Biomonitoring efforts in ASRI’s oldest
reforestation site, for example, documented the
return of 70 native bird species, an approximately
eightfold increase from a low of eight species
when planting started (Helms et al. 2018).

CONCLUSIONS

It is difficult to successfully restore forests. Since
2009, almost 5000 ha of damaged forest in
GPNP have been replanted without the desired
ecosystem results. Most of the 4559 ha which still
need restoration under the mandatory plan for
ecosystem recovery are within existing restoration
areas that have been burnt. GPNP use seedling
survival rate as a definition of success and using
only this definition, all restoration projects had
survival rates of > 80%. But this measurement
was only for the first year, and in the following
years most of the planted areas were burnt by
severe wildfires. The fundamental factor in
project success is maintenance (weeding) and fire
prevention. Successful forest restoration requires
planning and budgeting for multiple years, from
the planting of seedlings until their growth into
trees. We suggest budgeting a price per seedling
around USD]1 for the first year of planting, with
maintenance and community labour adding
USDO0.10 per seedling in the following years.
We cannot afford further mistakes in forest
restoration. To restore damaged ecosystems
in GPNP, we need a massive forest restoration
programme with a standard strategic framework.
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