Final Draft Scientific Report

KFCP Seedling Reforestation and Release Program
Monitoring methods and results

Laura L. B. Graham, Tri Wahyu Susanto, Fransiscus Xaverius, Eben Eser, Didie, Abdi
Mahyudi, Sirajudin and Grahame Applegate
Kalimantan Forests and Climate Partnership

FINAL DRAFT SCIENTIFIC REPORT

KFCP Seedling Reforestation and Release
Program: Monitoring methods and results
Laura L. B. Graham, Tri Wahyu Susanto, Fransiscus Xaverius, Eben Eser, Didie,
Abdi Mahyudi, Sirajudin and Grahame Applegate
Kalimantan Forests and Climate Partnership
June 2014

Acknowledgements
This report was prepared by Laura L. B. Graham, Tri Wahyu Susanto, Fransiscus Xaverius, Eben Eser, Didie,
Abdi Mahyudi, Sirajudin and Grahame Applegate. We wish to thank all team members for their inputs into
this paper, and particularly Laura Graham as lead writer. We also wish to thank Grahame Applegate for his
technical guidance in the field and with the composition and development of this report, Faturokhman for
his data support, Grace Blackham for her technical review, Rachael Diprose and Lis Nuhayati for their
assistance in preparing this paper and other related papers, and the communications team (James Maiden
and Nanda Aprilia) for their publishing assistance.

Reviewer: Grace Blackham

This report is a final draft. For publication it requires author permission, copy-editing and layout in
accordance with IAFCP or FORDA standards. This paper has been technically reviewed for quality
assurance purposes.

This research was carried out in collaboration with the governments of Australia and Indonesia, but the
analysis and findings presented in this paper represent the views of the authors and do not necessarily
represent the views of those governments. Any errors are the authors’ own. The paper constitutes a
technical scientific working paper and, as such, there is potential for future refinements to accommodate
feedback and emerging evidence.

i

Executive summary
Post-disturbance and degradation, previously forested areas’ natural environmental conditions alter, making
natural regeneration in the area slow or even halted. REDD+ promotes reforestation (cultivating and
planting seedlings) as one technique to promote forest recovery, increasing carbon sequestration and
consequently meeting REDD+ targets. Recent studies in reforestation indicate that in some locations active
replanting is not necessary but instead ‘assisted natural regeneration’ is more cost-effective and can be
successful. Where signs of natural regeneration are indicated, assistance such as removing invasive species,
conducting seed sowing etc. can facilitate it.
The Kalimantan Forests and Climate Partnership (KFCP) was a REDD+ demonstration project conducted on
an area of tropical peatlands in Central Kalimantan, Indonesia. KFCP was established in an area that has
become severely degraded through large canals being dug through the area nearly twenty years ago,
resulting in peat drainage, subsequent peat subsidence and oxidation, flooding and fires. Although in
tropical peatlands it is the below-ground carbon store that is large (up to ten times that of the forest), the
forest protects and maintains the peat, and consequently forested areas are equally as important. KFCP thus
implemented a demonstration reforestation program, in which it facilitated local communities to develop
local seedling nurseries, cultivating a mix of seedlings, and carry-out planting in the degraded areas of
tropical peatlands. Initial forest quality surveys conducted in the KFCP area also showed that some degraded
areas had high seedling densities, but seedlings were all ‘stuck’ and unable to break-through a dense canopy
of invasive ferns. Based on the assisted natural regeneration theories, KFCP also implemented a Seedling
Release Program, cutting away the dense ferns from the seedlings. KFCP further established a Vegetation
Monitoring Program to carry out assessment on forest characteristics across the KFCP area through nested
plots across a range of forest conditions from heavily degraded to relatively un-degraded.
The Reforestation Program with the local communities established three reforested areas totalling 450 ha
and a release area of 59 ha. The Vegetation Monitoring Program established monitoring plots within these
areas to provide quantitative analysis on the densities, species compositions and heights of the seedlings,
how these changed over time, and also to consider the effect of distance from canal. Furthermore, the data
were compared to natural forest plots to assess natural versus assisted regeneration, and the subsequent
importance of each technique.
The reforested areas were planted at densities approaching 1000 seedlings per ha, but, seedling densities
subsequently declined slowly over time. The importance of well-carried out technique and selection of
appropriate areas, with suitable after-care were also shown in the data. Despite these difficulties, growth
rates of seedlings were good, and those surviving seedlings may now successfully start to regenerate these
areas; areas which were likely to have had little natural regeneration without re-planting. This study also
showed that a wide range of species can survive well in reforestation activities.
Regarding the release location, this study showed that although seedling densities were initially lower there
than at the replanted sites, they were still comparable and also showed good signs of continued
recruitment. Furthermore, growth rates were good, and species diversity was in fact higher than the
replanted sites, and new species continued to be recruited. Seedling height was found to be uniquely high at
this location, the height, in fact, that the fern canopy would close-in, strengthening the theory that seedling
re-growth had been halted by this invasive species, and seedlings were indeed ‘released’ through this
method. Further surveys could pinpoint similar locations where this method might be applied successfully.
All seedlings were observed to grow faster nearer the canal, presumably due to different prevailing
ii

environmental conditions. Survival, however, was not affected by distance from canal. Whilst regeneration,
therefore, may be slower further from the canal, reforestation activities do not need to be restricted in
distance from canal, at least for the first 400 m from the canal banks.
Overall, the demonstration release activities were considered not only successful, but also advantageous to
active re-planting, when taken in context to the extra time and money involved in seedling cultivation,
transportation and planting. Release activities are only possible, however, when there is a high density of
seedlings of mixed species; this will only be the case at certain locations. Areas which are more degraded,
therefore do require an alternative technique, and in this study, active replanting was fairly successful, albeit
more expensive.
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1 Introduction
1.1 Project background
Indonesia has taken a leading role among developing countries in exploring how to reduce greenhouse gas
(GHG) emissions through REDD+ (Reducing Emissions from Deforestation and Forest Degradation 1 )
initiatives. In mid-2009, Australia and Indonesia established the Kalimantan Forests and Climate Partnership
(KFCP) and the Indonesia-Australia Forest Carbon Partnership (IAFCP) under a partnership between both
governments, to undertake a REDD+ demonstration in Tropical Peat Swamp Forest (TPSF) in Central
Kalimantan province, Indonesia.
The activities carried out by the KFCP program took place in an area of approximately 120 000 hectares (ha)
of tropical peatlands. The southern section (approximately 50 000 ha) was located in the North-East corner
of Block A and the Northern section (approximately 70 000 ha) was located centrally within Block E of the ExMega Rice Project in Central Kalimantan (figure 1.1). Up until the implementation of the Mega Rice Project in
1995, the project area was covered by TPSF, but is now bisected by a major canal, with the two sections of
land differing in terms of level of disturbance and forest quality. Block E has one 12 kilometre (km) long canal
running North–South that impacts upon its hydrology, and has been subjected to both concession logging
(1980s–1998) and illegal logging resulting in numerous small hand-built canals that also drain the peat.
Relative to the extensive canal establishment that has occurred in Block A, however, large sections of the
Block E forest remain relatively undisturbed. Block A is crisscrossed by a network of canals 6–10 metre (m)
wide with two large 30 m wide canals dividing Block A from Block E. Almost all of Block A, apart from about
5 000 ha, has been either deforested or the forest has been very badly degraded. Fourteen community
settlements are located in the KFCP area along the Kapuas River. These settlements form nine village
administrative units (desa) 2 that are spread among two sub-districts (kecamatan) within the Kapuas district
(kabupaten).
KFCP program activities since 2009 have included assistance to formulate five-year Village Development
Plans, opportunities for direct income-generating benefits from small-scale reforestation and rehabilitation
activities, an extensive peatland monitoring program, village-level capacity building and opportunities, selfmanagement and implementation activities under agreements between villages and the program (Village
Agreements), fire management and monitoring, alternative livelihoods activities, and educational activities
including workshops on fire management and farmer field schools, among others.
In order to be able to build a model for estimating GHG emissions from tropical peatlands, and, depending
on the interventions implemented, to assess the effect of any physical interventions and social activities,
KFCP required a core peatland monitoring unit to assess the changes in the local environment. This was also
essential from the point of view of developing methodologies for calculating changes to rates of carbon
emissions from tropical peat swamp forests (TPSF) where vast quantities of carbon are stored but where
there are few developed practices for monitoring and calculating emissions from this ecosystem. To this end,

1

... and the role of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries.
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During most of the monitoring study period (2010-mid-2013) there were only seven governmentally-recognized villages made up from 14 hamlets.
In July 2013 two of the villages were jurisdictionally split into two, resulting in nine villages.
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KFCP established the Vegetation Monitoring team (VMTeam), the Fire Management Monitoring team
(FMTeam), and the Peat and Hydrology Monitoring team (PHTeam).
As mentioned above, one of KFCP’s implementation activities, carried out through training and facilitation of
local community participants, was the Reforestation Program. Through this program, KFCP helped the
surrounding villages to establish community-led nurseries, trained in silviculture technique from seed
sourcing to creating optimal seedling growth conditions in the nursery, to planting into the field, and
established several hundred hectares of reforested land. A second initiative through this team was also
established, that of seedling release. In areas where seedlings were naturally at high density, but growing
poorly due to the thick cover of invasive ferns, seedlings were ‘released’ from the fern coverage through a
community-led weeding program. These two programs are described in depth in Mahyudi et al. (2014). To
assess the success of these programs and compare and contrast the techniques, KFCP’s VMTeam established
monitoring plots in each of the reforestation and release areas. This report presents those findings.
Section 1 provides an overview of the project, and presents a brief literature review on reforestation as a
restoration tool, how it may be used by REDD+ and how it was implemented by KFCP, and then presents the
objectives of this particular study. Section 2 presents the methods used in the field and for analysis. Section
3 presents the results of the study, whilst section 4 provides discussion on these results, and section 5
provides conclusions and recommendations. Section 6 is the references presented in the report.
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Figure 1.1: Map of KFCP area

N.B. In July 2013 two of the ‘jurisdictional villages’ that bordered the KFCP study area, Katunjung and Tumbang Muroi,
separated and became four villages, Tumbang Mangkutup and Katunjung, and, Tumbang Muroi and Lapetan,
respectively. At the time of writing, village boundaries were still being finalised, thus only seven villages are
represented here.
Source: KFCP
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1.2 Principles of reforestation
Globally, forests are rapidly being cleared, for timber and as land conversion to agriculture. This is
concentrated in tropical regions, where forest cover is currently still high. Indonesia has one of the highest
increase rates of deforestation annually (Hansen et al. 2013). After the forest is lost, the environmental
conditions of that land alter (increases to light intensity and invasive species, decreases to seed dispersal and
nutrient availability, etc.) (Holl 2012). These changes make it difficult for delicate seedlings to flourish in the
area and thus natural regeneration can become slowed or halted. Consequently, to facilitate forest recovery,
human intervention is often required, by addressing these altered environmental conditions (FORRU 2008,
Tongway and Ludwig 2012). This pattern of disturbed regeneration post-degradation is similar for the
degraded KFCP area (Blackham et al. 2014).
Commonly, reforestation (cultivating seedlings in nurseries and planting them into the degraded area) is
suggested as an important, and potentially successful, land restoration or rehabilitation tool (Florentine and
Westbrooke 2004, Pena-Domene et al. 2013). It is, however, expensive (Corlett 2009, Lamb et al. 2005, and
Shoo and Caterall 2013), and results in mixed success if appropriate species are not used or the environment
is too degraded (Florentine and Westbrooke 2004, Holl et al. 2000). Degraded TPSF is no exception and,
whilst several thousand hectares of deforested peatland have already been planted in Sumatra and
Kalimantan (e.g. Giesen 2004, Luzardi et al. 2005), there is little information on the silviculture or success
rates of the methods used. It is known that in some reforestation projects few seedlings have survived
(Giesen 2004, van Eijk et al. 2009, Ismail and Shamsudin 2003). More studies and a greater understanding of
reforestation for tropical peatlands is required (Page et al. 2009).
Direct reforestation is not the only option to assisting regeneration in degraded areas. Other studies outline
and suggest the benefits of Assisted Natural Regeneration (ANR)—which works towards removing the
obstacles affecting regeneration, such as through seed sowing, reducing fire occurrence and removing
invasive herbaceous competitors (grasses, sedges, ferns etc.) (Shono et al. 2007, Shoo and Catterall 2013).
These can be more cost effective than reforestation, and can be selected based on the level of degradation
of the site—severally degraded areas may still require reforestation, but ANR may be sufficient for areas
suffering from less severe degradation (Sasaki et al. 2011). Whilst ANR has good potential for facilitating
forest recovery, there remains few studies, methodology, or examples (Shoo and Catterall 2013), and
currently none on tropical peatlands.

1.3 Reforestation in REDD+: KFCP reforestation activities
REDD+ requires implementation activities that reduce GHG [specifically carbon] emissions through
deforestation and degradation. Specifically, reforestation activities can count towards these implementation
activities (Parker et al. 2009). These activities have been shown to provide social and ecological benefits, and
can result in substantial amounts of carbon sequestration (Sasaki et al. 2011).
Unlike most other forest ecosystems, the main carbon stores of tropical peatlands are found in the peat,
with a smaller percentage being stored above-ground in the forest biomass (Page et al. 2011). Consequently,
peat rehabilitation and protection are the key objectives for REDD+ activities on tropical peatlands
(Alexander et al. 2011; IAFCP 2009). Due to the inter-dependent relationship of peat and the above-ground
TPSF, however, the forest must also be monitored and protected. (For a more in-depth review of tropical
peatland and its forest, the degradation in recent years, and the importance of forest in maintaining
peatland integrity, see Graham et al. 2014.) Reforestation activities therefore can lead to future protection
4

and maintenance of the tropical peatlands. One of KFCP’s primary implementation activities to be
demonstrated, therefore, was to explore the feasibility of a reforestation program in the KFCP area,
particularly regarding practical techniques and involvement of local communities.
This report is aimed at providing analysis of the vegetation monitoring activities within KFCP’s reforestation
program. This report is not intended to provide detailed description or discussion of the reforestation
program itself. Further information on this latter topic can be found within Mahyudi et al. (2014). An
overview of the reforestation program is provided below.
The KFCP reforestation program was predominantly active 2011–2013. It was composed of two main
activities; ‘artificial reforestation’, or replanting (generally referred to reforestation), and ‘natural
reforestation’, or assisted natural regeneration (ANR), in which naturally occurring seedlings were ‘released’
from the dense canopy of ferns covering them through a weeding process (generally referred to as release).
All activities were relatively small-scale, in the region of tens and hundreds of hectares, intended to develop
appropriate techniques and provide information and training to the communities. At the outset of the
program there was a long process of socialization, consultation and negotiation with the communities, to
determine location and size of area to be used, the payment mechanism involved, and the management of
the work.
Surveys were conducted across the KFCP area, both at the outset of the project in 2009, and again on
subsequent years in anticipation of the reforestation activities. These were to ascertain natural seedling
densities across the degraded area to select appropriate areas for reforestation (where seedlings were fewer
the 500 individuals per ha) and for release (where seedlings were found to be between 500 and 1500
individuals per ha).
For the reforestation activities, the preparation and planting of seedlings took place over two phases, 2011–
2012 and 2012–2013. All seven villages were involved in the seedling preparation. Village nurseries were
established under the supervision of KFCP staff and with training provided. There was a support and
verification system throughout the period. Overall, there were 2.5 million seedlings produced by the seven
villages. The species used were selected through a process developed by KFCP involving the preparation of a
silviculture and ecology of native tropical peatland species (Graham 2009) and discussions with local
community members. Based on availability, however, a subset of these species were actually cultivated.
Five villages were involved in the planting of the seedlings, based on their vicinity to the degraded area.
Seedlings were verified for quality before being taken to the field (for more details on locations selected, and
planting area, see 2.2 and 2.3). Technical guidelines and support were provided throughout the planting
process by KFCP Reforestation team. A 10-percent subsample of all seedlings planted was monitored by the
Reforestation Team for survival and data showed that survival rates improved year-on-year, indicating
improved techniques and standards.
The development of ‘release activities’ was based upon the initial surveys undertaken for KFCP in 2009 that
showed that some degraded areas had high seedling density numbers (over 1000 seedlings per ha), but the
majority of these seedlings were found to be under the canopy of the dense fern coverage. Based on ANR
theory, it was suggested that rather than carry out only artificial reforestation activities, it would potentially
be time- and cost-effective to investigate releasing seedlings from this competition through a weeding
program.
In a costs-analysis undertaken by the Reforestation Team (see Mahyudi et al. 2014) the costs involved in the
release program (as calculated per ha) were far less than those for the reforestation (seedling cultivation
and planting). Despite being more cost-effective, however, it is based on the provisos that a) there are areas
5

of suitably high natural seedling densities, and that b) the released seedlings are able to continue to
successful regeneration.
To facilitate accurate and in-depth analysis of KFCP’s reforestation activities, KFCP’s Vegetation Monitoring
Team (VMTeam) established permanent monitoring plots within reforested and release areas. The VMTeam
also has a series of eight natural forest locations with twelve permanent forest monitoring plots at each
location (96 plots in total). Each location represented different environmental conditions and degradation
history (for more information see Graham and Mahyudi 2013 and Graham et al. 2014). The monitored
natural regeneration rates observed from selected locations of the natural forest plots also facilitated
comparison to those of the reforestation and release regeneration rates.

1.4 Objectives
-

To present the initial, and change in, densities per ha, species number and seedling heights for all
seedlings in the reforestation and release monitoring plots;

-

To consider the impact of distance from canal on these regeneration rates;

-

To compare these data to the seedling data in selected natural forest plots.

2 Methods
2.1 Study site
See 1.1.

2.2 Reforestation and release locations
As described above, locations for the activities were selected through a careful process of consultation and
negotiation with the local communities.
At the end of 2010 the KFCP Reforestation Team planted two areas totalling 50 ha, with 25 ha within Block A
compartment B3 (within the Katunjung Village district), and 25 ha within Block A compartment C3 (within
the Mantangai Hulu Village) (Figure 2.1). The reforestation took place in an area that was burnt and
degraded, near the banks of canals.
Each year additional areas were selected, based upon access, prevailing environmental conditions, and
community agreement. Shortly after establishment, the VMTeam would establish monitoring plots across a
subset of the reforestation and release location areas (Table 2.1, Figure 2.1). All monitoring plots were
established two-three months after KFCPs reforestation team and the village participants established the
reforestation and release areas. This was because, post-planting, seedlings which died were also replaced by
village participants, and thus, delaying the establishment of monitoring plots allowed all implementation
activities to be completed before monitoring began.
6

Table 2.1: Reforestation and Release locations, and years of establishment

VMTeam location
code

Activity

Month - Year
monitoring
established

Period of monitoring
(every 6 months)

L9-B3

Reforestation

Apr 2011

To Sept 2013

L9-C3

Reforestation

Apr 2011

To Apr 2012

L10-SP4

Reforestation

Dec 2012

Nov 2013

L10-B1

Reforestation

Dec 2012

Nov 2013

L11

Release

Mar 2013

Sept 2013

a

a

Only recorded on given dates, not on a six-month interval
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Figure 2.1: Map showing the KFCP release and reforestation locations, and the natural forest plot locations

Source: KFCP GIS database
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2.3 Plot design and layout
2.3.1 Location 9—Reforestation
The planting design implemented for Location 9 was 2 x 25 ha (201 m x 1245 m), the length of which ran
along the side of the canal (Figure 2.1), which was then divided into 5 blocks each of 5 ha (201 x 249 m). The
distance of the seedlings from the canal ranged from 1 to 201 m (Figure 2.2). Three species were planted;
Dyera polyphylla (Jelutung), Alstonia sp. (Pulai) and Shorea balangeran (Balangeran/Kahui), with a planting
spacing of 3 x 3 m. Only three species were planted due to limited cultivation time and consequently
seedlings were sourced from already present stocks in local seedling nursery businesses that ran
commercially, independently from KFCP.
Figure 2.2: The layout of planted reforestation plots in C3 (a) and B3 (b), thick lines denote compartment edges, thin lines denote
reforestation plot edges, dashed lines denote canals

Source: Graham and Mahyudi (2013)

Within this planting design, the permanent reforestation monitoring plots were established, measuring 25 x
25 m, at two specified distances from the canal (KF 01), 50 m and 125 m. Every monitoring plot included 64
seedlings (occasionally slightly more or fewer when the seedlings had not been planted in straight lines). The
monitoring plots were established in only two of the five planted blocks, thus there were a total of four 25 x
25m monitoring plots established per 25 ha (Figure 2.3). The blocks in which the monitoring plots were
established were chosen based on the ownership status of the land with the respective villages, and also
placed at least 400m from each of the north-south adjacent canals in order that only the east-west canal on
the north side of each compartment would have effect.

9

Figure 2.3: The location of the monitoring plots (small white squares) at L9 (Block A) Compartment B3, Katunjung (a) and
Compartment C3, Mantangai Hulu (b)

Source: Graham and Mahyudi (2013)

The height and basal diameter of every seedling was recorded, every six months. The height was measured
as from the ground surface to the shoot apical meristem. The basal diameter was measured using calipers,
at the point where the stem emerges from the ground. The basal diameter was measured twice, at positions
perpendicular to each other, and the basal diameter calculated by averaging these two diameters. Every
measured seedling was tagged. At a specified location, 8 m by 8m in from the north-west corner,
photographs were taken at 0 m height from the ground surface to record the percentage of open canopy.
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2.3.2 Location 10—Reforestation
The planting design for second phase of artificial reforestation took place across two compartments; SP4 and
B1 (Figure. 2.1). Similarly to the first phase, the total area planted (just over 400 ha), was then divided into
16 blocks, ranging from approximately 20–28 ha (Figure 2.4), each managed by a separate village group. A
range of species were planted, based on availability of seed source and success of cultivation in nurseries
(see section 3.3 for species list), with a planting spacing of 3 x 3 m.
Within this planting design, the permanent reforestation monitoring plots were established, measuring 25 x
25 m, at four specified distances from the central canal, 50 m, 125 m, 250 m and 375 m. Every monitoring
plot included 64 seedlings (occasionally slightly more or fewer when the seedlings had not been planted in
straight lines). The monitoring plots were established in four of the sixteen planted blocks, thus there were a
total of sixteen 25 x 25m monitoring plots established (Figure 2.4). Within each monitoring plot the seedlings
were measured in the same way as is described in 2.3.1 for Location 9.

11

Figure 2.4: Permanent monitoring plot design in Location 10—artificial reforestation area
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2.3.3 Location 11—Release
The release activities took place in south-west corner of compartment B3 (Figure 2.1). The activities to
establish the release area took 10 days in 2013. Involving 35 participants from the Sei Ahas village, 59 ha
were marked out. These were then split into five blocks, 300 x 400 m, or 12 ha (one block was 280 x 400 m,
11 ha) (Figure 2.5). Each block was then divided into 15 strips, each 20 m in diameter, and each strip split
again into 20 sub-blocks, resulting in 300 sub-blocks per block, each 20 x 20 m. Each village group would
work from sub-block to sub-block, carefully marking the locations of existing seedlings and clearing away the
surrounding invasive vegetation, mainly ferns.
For the establishment of the monitoring plots within this design, Block I and II were not be used, due to their
proximity to the second, north-south canal. Blocks III, IV and V each had two transects established, upon
each there were three monitoring plots. Using the numbered strip system already in place, a random
number generator was used to select the strips; in Block III strips 8 and 12 were chosen, in Block IV strips 1
and 4 were chosen, and in Block V strips 4 and 13 were chosen (Figure 2.6). Each plot was 25 x 25 m, at three
specified distances from the central canal, 50 m, 125 m, and 250 m, thus there were 18 plots in total. All
seedlings (and saplings—greater than 150 cm in height) were tagged within each plot and species, where
possible, was recorded. Heights and basal diameter were measured every six months using the methods as
described in 2.3.1 for Location 9.

Figure 2.5: The block and sub-block design for release location, L11, with the strips selected for the monitoring plots highlighted in
green
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Figure 2.6: Layout of permanent monitoring plots within Location 11: Seedling release

2.4 Natural forest plots and environmental conditions
KFCP also established vegetation monitoring plots across eight locations, representing a range of natural and
degraded TPSF conditions (Figure 2.1). At each location, three transects were established, running
perpendicular to the nearest canal (three locations were not in the vicinity of a canal, but plot layout was the
same). 12 plots were established at each location, four per transect at distances of 50, 100, 400 and 700 m
from the canal (i.e. three plots per distance from canal). Each plot was nested in design, recording species,
height and diameter at breast height (DBH) of saplings, poles and trees, and species and height for seedlings.
All tree individuals at each location were remeasured yearly for three years.
In both the natural and reforestation locations, environmental conditions were also recorded. Data on the
number of fire events that had occurred at each plot were collated, based on Landsat and hotspot analysis,
from the KFCP GIS database. All plots were established in the vicinity of the KFCP peat and hydrology
monitoring transects, and the data collected from the dip-wells and subsidence poles allowed calculation of
the maximum, minimum and average water table, and the peat depth, for each year of forest measurement.
A proxy for light intensity was also measured, in the form of canopy photos converted into black and white
pixelated images and the percentage of white pixels was used as a proxy of percentage of open canopy.
For further details on all the above methods and results see Graham and Mahyudi 2013 and Graham et al.
2014.

2.5 Analysis
Data was collected both in the reforestation and the natural forest plots on seedlings’ density, height and
species. For the reforestation plots, data was usually collected every 6 months, for a period of six months to
two-and-a-half years, depending on location (see table 2.1). The natural forest plots were measured every
year, for three to four years, depending on location. The results are presented graphically first as the static
seedling density, species number and height at the start of the monitoring period, then subsequently as the
rate of change to the seedling densities, species number and height over time. As locations were measured
over different time periods (six months to four years) and with differing repeat intervals (six months or one
year), the rate of change for each respective seedling trait was calculated for the longest period possible,
then divided through to provide the rate of change for a six month period; the lowest common denominator
14

across all locations. Data is presented with respect to distance from canal. For each location there were 2-6
plots per distance from canal (see section 2), and thus the average for each seedling trait was calculated with
respect to distance from canal, across the replicate plots. Location 7, not adjacent to the canal, had a single
data point for each seedling trait, averaged across 12 plots.
Statistical analysis was not carried out on these data as the aim was to provide a qualitative description of
the regeneration characteristics across these locations. A scientific article based on this work is intended to
be published in the next year in a peer-reviewed journal, and this will provide a more rigorous data analysis.

3 Results
The selection of the natural forest plots that were used in the comparison of the regeneration rates between
natural and reforested areas is explained in section 3.1. In sections 3.2, 3.3 and 3.4 the results for seedling
densities, species number and composition and seedling height are presented for both natural and
reforested areas.

3.1 Environmental conditions and selecting natural forest plot location
To determine which degraded natural forest plots were to be used in the comparison of regeneration rates,
environmental conditions were compared between Locations 9–11 and Locations 2–5 (locations in Block A)
(see fig 2.1 and section 2.4) (Table 3.1). In Block E, environmental conditions are significantly different,
resulting in different seedling behaviour (Graham et al. 2014). Consequently, locations in Block E were not
considered for comparison. Location 7 was included in the analysis, however, representing the least
degraded areas in the KFCP site.
The environmental conditions showed that average number of fire events ranged from 0-6, with Location 2
having the highest number comparison showed that Location 2 had the highest number of fire events
(between 4 and 6), similar to Location 10. Location 5 had also experienced several fires (between 2-3 fire
events), similar to Locations 9 and 11. All the reforestation and release plots had a high percentage open
canopy (between 17 and 66%), generally higher than the natural forest plots, but, again Location 2 and 5
were most comparable (between 12 to 36%). Location 9 had low water table depths (WTD) (-48 to -67 cm),
similar to Location 3 and 4 (-40 to -61 cm), Locations 10 and 11 WTD (-25 to -45 cm) were more similar to
Location 5 (- 23 to -43 cm). Peat depths across all locations were in a similar range approx. 6–8 m, and were
unlikely to result in impacts to seedling regeneration at this scale. Location 5, consequently, appeared to
most closely resemble the reforestation and release locations. However, Location 5 was the most
geographically distant location. Location 2 was in a similar location to Location 10, and Location 4 was in the
same compartment as Location 11. Consequently, Locations 2, 4 and 5 were all considered in the analysis.
Location 7 represented natural regeneration in an area of relatively undisturbed forest, where the forest and
seedlings are not recovering from direct degradation. Location 4, having suffered hydrological and fire
disturbance, most notably so near the canal, can be described as actively and vigorously regenerating, postdisturbance. A fire passed through Location 2 in 2010, just before monitoring started, and all vegetation
died. As such, this location provides ground-zero data on natural regeneration. However, as the plots 700 m
from the canal did not burn, this provides indication of regeneration rates pre-fire. Location 5 was most
similar environmentally to Location 9-11 and indicated what natural regeneration at these sites might have
looked like.
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Table 3.1: The prevailing environmental conditions found across the reforestation and release plots (L9–11) and the relevant
natural forest plot locations

Location

Distance from
canal (m)

Average no.
a
of fire events

BLOCK A—Natural
L2
50m
L2
100m
L2
400m
L2
700m
L3
50m
L3
100m
L3
400m
L3
700m
L4
50m
L4
100m
L4
400m
L4
700m
L5
50m
L5
100m
L5
400m
L5
700m
BLOCK E—Natural
L7
NA
BLOCK A—Reforestation and release
L09B3
50m
L09B3
125m
L09C3
50m
L09C3
125m
L10B1
50m
L10B1
125m
L10B1
250m
L10B1
375m
L10SP4
50m
L10SP4
125m
L10SP4
250m
L10SP4
375m
L11
50m
L11
125m
L11
250m

a

Average water
b
table depth (cm)

c

Peat depth (m)

Average light intensity
d
at ground level (%)

6
5
4
4
1
1
1
0
1
1
0
0
3
3
2
2

-23.41
-23.41
-23.41
-23.41
-61.31
-49.99
-42.29
-50.88
-52.06
-40.19
-40.16
-43.66
-41.81
-43.06
-23.41
-24.64

8.22
8.22
8.22
8.22
6.67
6.78
7.70
7.60
6.53
6.58
7.25
6.86
6.82
7.33
7.73
7.20

35.80
28.32
22.66
12.18
17.37
17.95
7.69
14.30
28.87
28.59
7.72
7.24
24.84
34.77
14.83
26.90

0

-32.76

9.69

6.04

3
3
2
2
4
4
3
2
4
5
6
5
3
3
2

-67.00
-67.00
-48.00
-44.00
-44.83
-43.81
-24.59
-29.84
-37.61
-38.45
-34.27
-28.93
-34.55
-34.55
-34.55

6.80
6.80
6.80
7.08
6.05
6.34
6.19
6.48
6.16
6.20
6.34
6.39
8.66
8.66
8.66

28
18
19
40
38
36
33
17
52
24
42
66
19
39
24

Average fire events from 1997–2009. There was a unique number of fire events per monitoring plot, which was averaged across

location and distance from canal (L2–L5; n=3, L9–L10; n=2, L11; n=6) and across location (L7; n=12).
b

There was a unique water table depth (WTD) average value per monitoring plot, calculated across approx. 12 measurements

through the year. These values were averaged across location and distance from canal (L2–L5; n=3, L9–L10; n=2, L11; n=6) and
across location (L7; n=12). Negative values indicate when the average WTD was below the peat surface.
c

Peat depth was measured at dipwells, and a single peat depth measurement was used for each location and distance from canal
(n=1).
d

Average light intensity was calculated per monitoring plot based on four light intensity points within the natural forest plots,

reforestation and release plots only had one point per plot. These values were averaged across location and distance from canal (L2–
L5; n=3, L9–L10; n=2, L11; n=6) and across location (L7; n=12).
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3.2 Seedling density
Natural seedling density was far higher than reforested seedling density (Figure 3.1). This was to be
expected, as seedlings are planted at spacing appropriate to future tree growth, whilst naturally seedlings
occur in clumps and at high densities, with many not reaching sapling stage. In Location 7, seedling density
was approximately 50,000 seedlings per ha, and similarly so for Location 4. However, Location 4 reached up
to 100,000 seedlings per ha at 400m from the canal. Due to the 2010 fire in Location 2, there were no
seedlings found up to 400 m from the canal. However, the plots furthest from the canal were not burned,
and seedling density there reached over 10,000 seedlings per ha. Location 5, immediately adjacent to the
canal (50 m), also had high seedling densities, comparable to Location 2 at 700 m from the canal. However,
after this, seedling density sharply declined, and was found to be on average, 1500 seedling per ha at 400
and 700 m from the canal.
In reforested Locations 9 and 10, seedling densities reflect those aimed at by the replanting design. Seedlings
were planted at spacings of 3 x 3 m, and therefore planted at approximately 1050 seedlings per ha.
However, it was understood that post-planting, survival rate was in the region of 70% (Mahyudi et al. 2014),
which correlates to the monitoring data presented here, with approximately 700-900 seedlings per ha
recorded at the start of the monitoring. The exception to this is L10 B1, in which density, and therefore
seedling survival rate, is much lower. In the release area, Location 11, seedling densities were slightly lower
on average than the reforested areas, with, approximately 600 seedlings per ha. There did not appear to be
an effect of distance from canal.

The rate of change to seedling densities, calculated for a six-month period, again showed differences
between the natural and reforestation location (Figure 3.2). At Location 7, whilst seedling density showed a
slight decline (-1250 seedlings per ha), the standard deviation was greater than 6000 seedlings per ha.
Location 4 showed some increase in seedling density, or positive regeneration rates, near the canal,
however, this was only slight, and generally showed static conditions. Further from the canal (400 and 700
m), however, there was a marked decrease to seedling density over time, especially so at 400 m where the
seedling density had been so notably high in 2010. At Location 2, there continued to be an absence of
seedlings near the canal. However, at 400 m there were some signs of regeneration with a low, positive
increase to seedling density. At 700 m, there was some indication of further seedling decline. At Location 5,
the high seedling density observed in 2010 for 50m, showed subsequent decline over time, whilst, at 100 m
seedling density change was static, and at 400 and 700 m from the canal, where seedling density had been
lower, some positive regenerative was seen over time.
In Locations 9 and 10, on average, approximately 50 seedlings per six months died, apart from at L9C3 where
survival was much lower. This data only represents the planted seedlings, and does not record natural new
recruits, thus a change of zero would have indicated 100% survival. Location 11 shows the best regeneration
across all locations, with a positive increase to seedling density over time. This data is, however, based on
the shortest monitoring time period.
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Average seedling densities per ha

Figure 3.1: The average densities of seedlings at the start of their monitoring (Locations 2–5 and 7, 2010; L9, 2011; L10, 2012; L11, 2013)

Location
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Figure 3.2: The average change in densities of seedlings calculated for a six-month period (natural forest plots on primary axis, reforestation and release plots on secondary axis)
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3.3 Seedling species number and composition
At the start of the monitoring periods, respective for each location, Location 7 had by far the greatest
species count (36 species), followed by Location 4, with more than 20 species at 400 and 700 m from the
canal, although fewer than 15 species nearer the canal (50 and 100m) (Figure 3.3). Location 2 and 5 both had
fewer than 10 species. Location 9 was only planted with three species (Alstonia spatula, Dyera polyphylla,
Shorea balangeran) based on availability from local seedling nurseries, whilst Location 10 was planted with
between 5 to 12 species. Location 11 had a higher species number than Locations 9 and 10, with 13 to 16
species at the start of monitoring.
Overall, seedling species number was relatively static over the monitoring study periods, as calculated per 6
months (Figure 3.4). In the natural plots only Locations 4 and 5 showed some increase to species number. In
the reforestation plots, seedling species number was also static, apart from the loss at L10B1, 375 m from
the canal, of three species over a one year time period; Syzygium sp.6, Melicope lunu-ankeda, Cotylelobium
lanceolatum, In Location 11, species number was also static apart from at 250 m from the canal, with a
single new species , Baccaurea bracteata.
Species lists and species dominance for all locations are presented in Tables 3.2—3.11. As mentioned above,
Location 9 was only planted with three species, of which, only Shorea balangeran appeared naturally
elsewhere. In Location 10, the dominant planted species were Pouteria malaccensis, Syzygium sp.4, Shorea
balangeran, Alstonia spatula, Dyera polyphylla, Diospyros evena, Syzygium sp.7, Syzygium sp.8, Tetractomia
obovatum, and Palaquium leiocarpum. Apart from Shorea balangeran and Tetractomia obovatum which also
occurred in Locations 4 and 4, 5 and 7 respectively, none of the other species appeared as dominant species
elsewhere.
The most dominant species by far, in Location 11, was Cratoxylum arborescens, followed by Tetractomia
obovatum, Combretocarpus rotundatus, Antidesma montanum, Antidesma coriaceum, Clerodendrum sp and
Timonius sp. Interestingly, Cratoxylum arborescens, or Timonius sp. did not appear as a dominant species in
any of the natural forest plots considered here however, Tetractomia obovatum was also common in
Location 4, 5 and 7, Combretocarpus rotundatus was in common in Location Location 5, Antidesma
montanum was in common in Location 2, 4 and 5, Antidesma coriaceum was in common in Location 4, 5 and
7, and Clerodendrum sp. was common in Location 4.
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Figure 3.3: The cumulative number of species for seedlings at the start of their monitoring (Locations 2–5 and 7, 2010; L9, 2011; L10, 2012; L11, 2013)

Figure 3.4: The change in cumulative species number of seedlings calculated for a six-month period
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Table 3.2: Species lists for monitored seedlings in Location 7
Location

Species, latin name

Species, local name

L07

Antidesma coriaceum (Phyllanthaceae)
Antidesma montanum (Phyllanthaceae)
Archidendron borneensis (Fabaceae (Leguminosae))
Ardisia pyrsocoma B.C.Stone (Myrsinaceae)
Baccaurea bracteata (Phyllanthaceae)
Calophyllum hosei (Calopyllaceae)
Campnosperma squamatum (Anacardiaceae)
Carallia brachiata (Rhizophoraceae)
Dialium indum (Fabaceae (Leguminosae))
Diospyros evena (Ebenaceae)
Diospyros sp. (Ebenaceae)
Elaeocarpus acmocarpus (Elaeocarpaceae)
Garcinia sp. (Clusiaceae (Guttiferae))
Garcinia sp.4 (Clusiaceae (Guttiferae))
Ilex cymosa (Aquifoliaceae)
Ilex hypoglauca (Aquifoliaceae)
Ixora havilandii (Rubiaceae)
Knema intermedia (Myristicaceae)
Lithocarpus sp. (Fagaceae)
Litsea sp. (Lauraceae)
Palaquium cochleariifolium (Sapotaceae)
Palaquium sp. (Sapotaceae)
Pavetta sp. (Rubiaceae)
Shorea balangeran (Dipterocarpaceae)
Shorea teysmanniana (Dipterocarpaceae)
Stemonurus scorpioldes (Stemonuraceae)
Sterculia sp. (Malvaceae)
Syzygium sp. (Myrtaceae)
Ternstroemia hosei (Pentaphylacaceae)
Tetractomia obovatum (Rutaceae)
Tetramerista glabra (Tetrameristaceae)
Tristaniopsis sp. (Myrtaceae)
Tristaniopsis sp.1 (Myrtaceae)
Unknown Unknown (Myrtaceae)
Xylopia cf.malayana (Annonaceae)
Xylopia fusca (Annonaceae)

Bua dawat
Matan undang
Kacang nyaring
Kayu berang
Rambai hutan
Bintangor
Teras nyating
Sampel Manggis
Teras bamban
Gulung haduk
Kayu arang
Patanak daun besar
Manggis hutan
Mahalilis
Kambasira
Kambasira sumpung
Karanji
Karandau merah
Pampaning bitik
Madang litsea
Nyatu gagas
Nyatu burung
Lombok-lombok/sampel lombok
Kahui
Maranti bitik
Tabaras tidak akar tinggi
Pendu
Jambu burung kecil
Tabunter daun kecil
Katepung
Ponak
Balawan
Balawan punei
Jambu burung
Tagula /Jangkang hijau
Jangkang kuning
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Table 3.3: Species lists for monitored seedlings in Locations 2, 5 and 4
Location

Species, latin name

Species, local name

L02

Antidesma montanum (Phyllanthaceae)
Diospyros sp. (Ebenaceae)
Elaeocarpus Mastersii (Elaeocarpaceae)
Ilex cymosa (Aquifoliaceae)
Syzygium sp. (Myrtaceae)
Syzygium sp.3 (Myrtaceae)
Antidesma coriaceum (Phyllanthaceae)
Antidesma montanum (Phyllanthaceae)
Combretocarpus rotundatus (Anisophyllaceae)
Tetractomia obovatum (Rutaceae)
Antidesma coriaceum (Phyllanthaceae)
Antidesma montanum (Phyllanthaceae)
Ardisia pyrsocoma B.C.Stone (Myrsinaceae)
Baccaurea bracteata (Phyllanthaceae)
Calophyllum hosei (Calopyllaceae)
Campnosperma coriaceum (Anacardiaceae)
Clerodendrum sp. (Verbenaceae)
Cotylelobium lanceolatum (Dipterocarpaceae)
Diospyros areolata (Ebenaceae)
Diospyros evena (Ebenaceae)
Diospyros sp. (Ebenaceae)
Elaeocarpus acmocarpus (Elaeocarpaceae)
Elaeocarpus sp. (Elaeocarpaceae)
Garcinia sp. (Clusiaceae (Guttiferae))
Ilex cymosa (Aquifoliaceae)
Ixora havilandii (Rubiaceae)
Lithocarpus sp. (Fagaceae)
Macaranga caladiifolia (Euphorbiaceae)
Neoscortechinia kingii (Euphorbiaceae)
Palaquium cochleariifolium (Sapotaceae)
Palaquium sp. (Sapotaceae)
Shorea balangeran (Dipterocarpaceae)
Shorea teysmanniana (Dipterocarpaceae)
Stemonurus scorpioldes (Stemonuraceae)
Syzygium sp. (Myrtaceae)
Syzygium zeylanicum (Mytaceae)
Tetractomia obovatum (Rutaceae)
Tetramerista glabra (Tetrameristaceae)
Timonius sp. (Rubiaceae)
Tristaniopsis sp.1 (Myrtaceae)
Unknown Unknown (Lauraceae)
Unknown Unknown (Myrtaceae)
Unknown Unknown (Unknown)
Unknown Unknown (Unknown)
Xanthophyllum discolour Chod. (Polygalaceae)

Matan undang
Kayu arang
Mangkinang balawau
Kambasira
Jambu burung kecil
Tampohot batang
Bua dawat
Matan undang
Tumih
Katepung
Bua dawat
Matan undang
Kayu berang
Rambai hutan
Bintangor
Tarantang
Supang
Rasak
Malam-malam
Gulung haduk
Kayu arang
Patanak daun besar
Kasuhui
Manggis hutan
Kambasira
Karanji
Pampaning bitik
Mahang bitik
Pupuh palanduk
Nyatu gagas
Nyatu undus
Kahui
Maranti bitik
Tabaras tidak akar tinggi
Jambu burung kecil
Kayu lalas daun besar
Katepung
Ponak
Bua bintang
Balawan punei
Madang
Jambu burung
Bangkuang napu
Prupuk keras
Kamuning

L05

L04
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Table 3.4: Species lists for monitored seedlings in Location 9 (L09B3 and L09C3) and Location 10 (L10B1 and L10SP4)
Location

Species, latin name

Species, local name

L09B3

Alstonia spatula (Apocynaceae)
Dyera polyphylla (Apocynaceae)
Shorea balangeran (Dipterocarpaceae)
Alstonia spatula (Apocynaceae)
Dyera polyphylla (Apocynaceae)
Shorea balangeran (Dipterocarpaceae)
Cotylelobium lanceolatum (Dipterocarpaceae)
Diospyros evena (Ebenaceae)
Licania Splendens (Chrysobalanaceae)
Melicope lunu-ankeda (Rutaceae)
Palaquium leiocarpum (Sapotacea)
Pouteria malaccensis (Sapotacea)
Saraca declinata (Leguminosae)
Shorea balangeran (Dipterocarpaceae)
Syzygium sp.4 (Myrtaceae)
Syzygium sp.6 (Myrtaceae)
Syzygium sp.7 (Myrtaceae)
Syzygium sp.8 (Myrtaceae)
Tetractomia obovatum (Rutaceae)
Unknown Unknown (Lauraceae)
Unknown Unknown (Unknown)
Baccaurea bracteata (Phyllanthaceae)
Baccaurea bracteata (Phyllanthaceae)
Diospyros evena (Ebenaceae)
Licania Splendens (Chrysobalanaceae)
Mezzetia umbellata (Annonaceae)
Pouteria malaccensis (Sapotacea)
Saraca declinata (Leguminosae)
Shorea balangeran (Dipterocarpaceae)
Syzygium sp.4 (Myrtaceae)
Syzygium sp.7 (Myrtaceae)
Syzygium sp.8 (Myrtaceae)
Unknown Unknown (Unknown)
Unknown Unknown (Unknown)
Unknown Unknown (Unknown)

Pulai
Pantung
Kahui
Pulai
Pantung
Kahui
Rasak
Gulung haduk
Bintan
Rambangun luar hutan
Hangkang
Lewang
Kaliwang
Kahui
Tatumbu
Jambu
Jambu-jambuan
Lampuda
Katepung
Madang
Unknown cek di lapangan
Hampuak
Rambai hutan
Gulung haduk
Bintan
Pisang-pisang kecil
Lewang
Kaliwang
Kahui
Tatumbu
Jambu-jambuan
Lampuda
Liana ?
Tabaras
Unknown cek di lapangan

L09C3

L10B1

L10SP4
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Table 3.5: Species lists for monitored seedlings in Location 11
Location

Species, latin name

Species, local name

L11

Alstonia spatula (Apocynaceae)
Antidesma coriaceum (Phyllanthaceae)
Antidesma montanum (Phyllanthaceae)
Ardisia pyrsocoma B.C.Stone (Myrsinaceae)
Baccaurea bracteata (Phyllanthaceae)
Campnosperma coriaceum (Anacardiaceae)
Clerodendrum sp. (Verbenaceae)
Combretocarpus rotundatus (Anisophyllaceae)
Cratoxylum arborescens (Hypericaceae)
Elaeocarpus acmocarpus (Elaeocarpaceae)
Ilex cymosa (Aquifoliaceae)
Ixora havilandii (Rubiaceae)
Licania Splendens (Chrysobalanaceae)
Macaranga caladiifolia (Euphorbiaceae)
Melicope lunu-ankeda (Rutaceae)
Ploiarium alternifolium (Bonnetiaceae)
Shorea balangeran (Dipterocarpaceae)
Sterculia sp. (Malvaceae)
Syzygium sp.4 (Myrtaceae)
Syzygium spicatum (Myrtaceae)
Tetractomia obovatum (Rutaceae)
Timonius sp. (Rubiaceae)

Pulai
Bua dawat
Matan undang
Kayu berang
Rambai hutan
Tarantang
Supang
Tumih
Garunggang
Patanak daun besar
Kambasira
Karanji
Bintan
Mahang bitik
Rambangun luar hutan
Asam-asam
Kahui
Pendu
Tatumbu
Tabati
Katepung
Bua bintang
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Table 3.6: Species dominance for seedlings occurring in Location 7
Location

Ranking 1
Species
Unknown unknown
(Myrtaceae)

L07

%

Ranking 2
Species

%

Ranking 3
Species

%

Ranking 4
Species

%

Ranking 5
Species

%

21

Tetractomia obovatum

15

Antidesma coriaceum

11

Stemonurus scorpioldes

10

Ixora havilandii

9

%

Ranking 3
Species

%

Ranking 4
Species

%

Ranking 5
Species

%

Antidesma montanum

21

Syzygium sp.3

16

- Syzygium sp.
- Ilex cymosa

5

- Xanthophyllum discolour
- Clerodendrum sp.
- Diospyros areolata
- Tetractomia obovatum

6

Antidesma montanum

6

Table 3.7: Species dominance for seedlings occurring in Locations 2, 5 and 4
Location

Distance
from
canal

L02
L02
L02

50m
100m
400m

L02

700m

L05
L05

50m
100m

L05
L05

400m
700m

L04

50m

Ranking 1
Species

%

- Diospyros sp.
- Elaeocarpus mastersii

26

Tetractomia obovatum
Antidesma montanum
Combretocarpus
rotundatus
Antidesma coriaceum

Garcinia sp.

Ranking 2
Species

100
100
100
100

18

Unknown unknown
(Myrtaceae)

12

- Palaquium
cochleariifolium
- Lithocarpus sp.
- Clerodendrum sp.
- Ixora havilandii
- Macaranga caladiifolia

9

8

L04

100m

Antidesma montanum

42

Lithocarpus sp.

17

- Cotylelobium
lanceolatum
- Elaeocarpus acmocarpus

L04

400m

27

Lithocarpus sp.

13

Syzygium sp.

L04

700m

Shorea balangeran
Unknown unknown
(Myrtaceae)

17

Syzygium sp.

15

Stemonurus scorpioldes

12

- Unknown unknown
(Lauraceae)
- Antidesma coriaceum

6

11

Macaranga caladiifolia

8

26

Table 3.8: Species dominance for seedlings occurring in Location 9 (L09B3 and L09C3) and Location 10 (L10B1 and L10SP4)
Location

Distance
from
canal

Ranking 1
Species

%

Ranking 2
Species

%

Ranking 3
Species

37
39

Alstonia spatula
Shorea balangeran

36
38

Dyera polyphylla
Dyera polyphylla

29
23

36
39

Shorea balangeran

33

Dyera polyphylla
Dyera polyphylla

28
28

%

Ranking 4
Species

%

L09B3
L09B3

50m
125m

L09C3
L09C3

50m
125m

Shorea balangeran
Alstonia spatula
- Alstonia spatula
- Shorea balangeran
Alstonia spatula

L10B1
L10B1
L10B1

50m
125m
250m

Pouteria malaccensis
Syzygium sp.4
Pouteria malaccensis

33
41
48

Unknown unknown
Pouteria malaccensis
Syzygium sp.4

25
30
26

Syzygium sp.8
Licania splendens
Tetractomia obovatum

12
25
10

Licania splendens
Syzygium sp.8
Licania splendens

6
3
7

L10B1

375m

Syzygium sp.4

27

Shorea balangeran

18

14

Pouteria malaccensis

L10SP4
L10SP4
L10SP4
L10SP4

50m
125m
250m
375m

Shorea balangeran
Syzygium sp.4
Licania splendens
Licania splendens

58
43
36
44

Syzygium sp.4
Shorea balangeran
Syzygium sp.4
Syzygium sp.4

19
28
25
27

Palaquium leiocarpum
- Syzygium sp.7
- Syzygium sp.8
Licania splendens
Pouteria malaccensis
Pouteria malaccensis

8
19
19
13

Syzygium sp.7
Shorea balangeran
Unknown unknown

Ranking 5
Species

%

5
1
5

12

Diospyros evena
Saraca declinata
Syzygium sp.8
- Licania splendens
- Unknown unknown
(Lauraceae)

4
8
7

Licania splendens
Pouteria malaccensis
Unknown unknown
Saraca declinata

6
2
5
6

8

Table 3.9: Species dominance for seedlings occurring in Location 11
Location

Distance
from
canal

Ranking 1

Ranking 2

Ranking 3

Ranking 4

%

Species

%

Species

5.4

Clerodendrum sp.

4.9

10

Clerodendrum sp.

16

Tetractomia obovatum

L11

50m

Cratoxylum arborescens

65

Tetractomia obovatum

16

L11

125m

40

Tetractomia obovatum

24

L11

250m

Cratoxylum arborescens
Combretocarpus
rotundatus

Timonius sp.
Combretocarpus
rotundatus

23

Cratoxylum arborescens

21

Antidesma montanum

%

Species

Ranking 5

Species

%

Species
Combretocarpus
rotundatus

%

5

Timonius sp.

4

13

Timonius sp.

9

3
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3.4 Seedling height
In the natural forest plots, the less disturbed locations generally had taller seedlings, on average, than the
more frequently and severely degraded locations, at the start of their respective monitoring periods ( Figure
3.5). The seedlings in Location 7 were, on average, 50 cm in height, and in Location 4 at 400 m from the
canal they were, on average, 30 cm in height, and 40 cm in height at 700 m from the canal. In the more
degraded areas, however, Locations 2, 5 and 4 (50 – 100 m from the canal) they were often less than 10 cm
in height.
In reforested Location 9, seedlings were planted when they were, on average, 30 cm in height, whilst in
Location 10, the seedlings planted were between 40 – 50 cm in height. In release Location 11, seedlings were
by far the tallest of all locations considered in this study, with an average height on 90 cm, and with low
standard deviation. These heights were not affected by distance from canal.
The changes to the seedlings’ heights, however, showed the reverse; that locations in less disturbed
locations generally had lower average height increases, whilst the more degraded locations had higher
growth rates (Figure 3.6). In Location 7 and Location 4 – 400 and 700 m from the canal, seedling height
increases were on average, 2 cm per six month period. In Locations 2 and 5, seedling growth rates were
double this at, on average, 4 cm per six months. At Location 4 – 50 and 100 m seedling growth rate was
highest, at, an average, 15 and 10 cm respectively.
The reforestation and release locations, had, overall, high seedling growth rates. Location 9 seedlings grew,
on average, 8 – 15 cm per six month period, whilst Location 10 seedlings also grew 5-15 cm per six month
period. Location 11 release seedlings were also comparable to this, with increases 8-15 cm. For Locations 10
and 11 (and Location 9 but with only two distances to consider) an effect of distance from canal was also
apparent, with seedlings closer to the canal have greater growth increases than those further from the
canal.
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Figure 3.5: Average seedling height at the start of their respective monitoring periods (Locations 2–5 and 7, 2010; L9, 2011; L10, 2012; L11, 2013)

Figure 3.6: The change in average seedling height calculated for a six-month period
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4 Discussion
4.1 Regeneration per location
Each natural forest location selected by KFCP represented a different forest condition, which had developed
through the prevailing natural and altered (anthropogenic) environmental conditions, as described in 2.4 and
3.1. Equally, Locations 9 – 10 were selected as those locations deemed least likely to have successful natural
regeneration, and therefore required tree planting activities. Location 11 was selected due to the interesting
condition, noted by early surveys in KFCP, of a high density of tall seedlings that were not ‘breaking through’
the fern canopy, and required assisted natural regeneration activities. Consequently, the regeneration at
each location shows different stages, as presented in this report through the densities, species number and
growth rates of the seedlings. These regeneration stages are discussed below.
Whilst this paper focuses on the release and reforestation monitoring, in order to evaluate the potential
impact of these activities it is important to be able to compare them to ‘control locations’, those of the
natural forest plots. For example, without planting, would L10-SP4 have had stalled regeneration as
observed in Location 2?
Location 7 had one of the highest seedling densities, at 50,000 seedlings per ha, with a relatively low change
to density number. The standard deviation for both density and change to density over time, however, was
much higher, indicating different conditions across the twelve replicate plots for this area. This location is
the least degraded area across the entire KFCP site, and for natural regenerating to be operating in an area
of healthy forest, high seedling density is normal and fluctuates greatly over area and time in response to
prevailing altering natural conditions. The seedling species number was high but static during the study
period, again indicating healthy, natural regeneration. Finally, seedling height was, on average, tall, but with
slow growth rates, suggesting low disturbance levels over several years, but within a closed-canopy forest
with slow regeneration rates.
Location 4 was the area with the most extreme environmental gradient; being heavily degraded at the canal,
to forest resembling that of Location 7 at 700 m from the canal (Graham et al. 2014). Near the canal, and at
700 m seedling density resembled that of Location 7 too, however, density was far higher (100,000 seedlings
per ha) at 400 m from the canal. The change to density over time indicated, however, that at 400 m this peak
of seedling density was in decline, as it was slightly at 700 m, whilst it was static, or slightly positive at 50 and
100 m. The high seedling density at 400 m may indicate a peak in successional rate, which is now returning
to more natural static levels similar to Location 7, whilst at the canal, succession is still proceeding more
slowly. Location 4 had the second highest species number, far from the canal, and relatively high numbers of
species near the canal also. Seedling number was also seen to slightly increase during the study period.
Again, both these facts indicate active succession in an area recovering from past disturbance. The seedling
heights across this location highlighted the impact of the strong degradation gradient. Near the canal, where
disturbance and degradation levels were much higher (table 3.1) seedling height was much smaller, but with
higher growth rates, indicating more active regeneration, whereas at 700 m from the canal seedling heights
and height increases were close to that of Location 7.
Location 2 was burned in 2010 and showed little sign of recovery or regeneration in subsequent years, with
no seedlings returning to the area near the canal, and subsequently no additional species. Even at 700 m the
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existing seedlings appear to be in decline, highlighting the severity of the environmental conditions. Height
increases were, however, 4 cm in a six month period, double that of Location 7.
Location 5 had high seedling density near the canal, but this was shown to be in decline over time, whilst far
from the canal, seedling density was much lower, but with more stable increases to density over time.
Location 5 also showed low but slightly increasing seedling species number during the study period.
Seedlings heights were unaffected by distance from canal, but the height increases showed faster
regeneration further from the canal.
Overall, for the natural forest plots, the relatively un-degraded forest plots had high seedling density, but
with little change to density overtime – with no fixed direction, and equally, seedlings were tall but with slow
growth rates. In the more degraded areas, where the prevailing environmental conditions were not too
extreme, regeneration was or had been able to proceed, in some cases vigorously (Location 4 - 400m.
Location 5 -50 m), resulting in an over-peaking and decline in seedling density, and others more sedately
increasing (Location 5 - 400 and 700 m). However, where degradation was more severe, regeneration and
increases to density appeared stalled (Location 2). Species numbers were rather static across the natural
forest plots, showing little sign of recruitment, even in the regenerating areas, such as Location 4 and 5.
Meanwhile, degraded areas generally had smaller seedlings but higher growth rates than the more undegraded areas.
Location 9 was planted, with three species, to achieve approximately 1000 seedlings per ha but actually
achieved approximately 70% of this density. Seedlings also continued to decline in number by approximately
50 seedlings per year. Location 9 – C3 lost many more seedlings over the subsequent monitoring period,
perhaps indicating an area that was too severely degraded for seedlings to survive. All three species,
however, survived, and seedlings on average, were planted at 30 cm in height, and grew 8-15 cm per six
months, with faster growth rates occurring nearer the canal.
Location 10, similar to Location 9, had been planted to achieve approximately 1000 seedlings per ha but
actually achieved approximately 70% of this. Seedlings also continued to decline in number by approximately
50 seedlings per year. Location 10 had a greater range of species planted; between 5 and 12 species across
the plots studied. Of these species, nearly all survived the monitoring period. This was despite the species
not being those dominant in any of the natural locations, suggesting many more species might be capable of
surviving reforestation activities. Seedlings on average, were planted at 40 cm in height, and grew 5-15 cm
per six months, with faster growth rates occurring nearer the canal.

Both Locations 9 and 10 showed the impact that human technique can take on the success of reforestation
activities. Location 10 – B1 lost many of its seedlings during the planting process, yet all the seedlings
planted into Location 10 were considerably taller than Location 9 seedlings.
Location 11 had a low seedling density, at 600 seedlings per ha, compared to both other natural plots and
the reforestation planting level. However, it showed the most consistent increases to seedling densities
post-release, as compared to other locations, responding positively to the treatment. Furthermore, it had
greater species diversity than both many of the natural degraded location and the reforested location. These
species, all, also, survived the monitoring period, with in fact one new additional species being recruited. The
most dominant species, Cratoxylum arborescens, was not, however, present in the other natural forest
locations. Seedlings at Location 11 were by far the tallest of all locations at the start of their monitoring
period, at 90 cm in height – suggesting, as theorised, seedling grew to a specific height then became ‘stuck’
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under the fern canopy. Upon release they then grew 8-15 cm per six months, with faster growth rates
occurring nearer the canal.

5 Conclusions and recommendations
This study was aimed to provide an assessment of KFCP’s reforestation activities, namely the regeneration
rates of the reforested and release areas, as quantified by seedling density, species number and height,
changes to these over time, and how these were affected by distance from canal. Furthermore, it hoped to
consider these findings in comparison with natural regeneration taking place across the KFCP area.
The reforested areas, Locations 9 and 10, were shown to be planted at densities approaching 1000 seedlings
per ha, but, seedling densities subsequently decline. The importance of well-carried out technique and
selection of appropriate areas, with suitable after-care were also shown in the data. Despite these
difficulties, growth rates of seedlings were good, and those surviving seedlings may now successfully start to
regenerate these areas; areas which may have had little natural regeneration without re-planting (as shown
in Location 2). This study also showed the potential range of species that may survive well in reforestation
activities; the dominant planted seedling in both Locations 9 and 10 were rarely the dominant species in any
of the natural forest plots, including Location 11. Yet despite this, these species did survive and grow. It
would be interesting in future analysis to explore better which species dominated where; in relation to
distance from canal for example, and if some species survived or grew better (or worse) at specific distances.
The release area, Location 11, provided a demonstration in a potentially very important alternative
reforestation technique. This study was able to show that although seedling densities were initially lower
than at the replanted sites, they were still comparable and also showed good signs of continued recruitment.
Furthermore, growth rates were good, and species diversity was in fact higher than the replanted sites, and
new species continued to be recruited. It is unfortunate that this study did not consider natural regeneration
also occurring at Locations 9 and 10 as a comparison, and this would be recommended for future work. The
unique situation of the high dominance of Cratoxylum arborescens in Location 11, which was not observed
elsewhere, also requires further exploration. Seedling height was found to be uniquely high at this location,
the height, in fact, that the fern canopy would close-in, strengthening the theory that seedling re-growth had
been halted by this invasive species, and seedling were indeed ‘released’ through this method. Further
surveys could pinpoint similar locations where this method might be applied successfully. Unfortunately, this
method was also only implemented at the end of the KFCP monitoring program, and consequently, only six
months of data, post-release, exists. Ideally monitoring would continue for several years to come, both for
Location 9, 10 and 11, and the natural forest plots, to facilitate a more complete evaluation of the
regeneration occurring there in.
All seedlings were observed to grow faster nearer the canal, presumably due to different prevailing
environmental conditions. Survival, however, was not affected by distance from canal. Whilst regeneration,
therefore, may be slower further from the canal, as was also observed naturally, for example at Location 4,
reforestation activities do not need to be restricted in distance from canal, at least for the first 400 m from
the canal banks.
Overall, therefore, the demonstration release activities may be considered not only successful, but also
advantageous to active re-planting, when taken in context to the extra time and money involved in seedling
cultivation, transportation and planting. Release activities are only possible, however, when there is a high
density of seedlings of mixed species; this will only be the case at certain locations (as indicated by the
unique species composition observed in Location 11). Areas which are more degraded, such as Locations 9
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and 10, therefore do require an alternative technique, and in this study, active replanting was fairly
successful, albeit more expensive.
Based on the comparison study to the natural forest plots, Location 9 and 11 were perhaps most similar to
Location 5 whilst Location 10 was similar to Location 2. Location 2 during the study period showed poor signs
of natural regeneration, indicating, in this situation, the active reforestation would have been needed.
Meanwhile, Location 5 had slow and mixed regeneration rates. Both Location 10 and 11 had higher species
diversity (Location 9 could also, in future scenarios, be planted by similar diversity to Location 10), and
growth rates were also slower in Location 5 as compared to Locations 9 and 11. It may be, therefore, areas
such as Location 5 might also have benefited from assisted natural regeneration, although biodiversity may
have remained low.
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