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ABSTRACT
fires and intensive land-use. We studied a fragmented secondary forest in South Kalimantan Province, Indonesia, to gain ecological

In the tropics, the area covered by degraded and fragmented secondary forests has expanded following forest

information and to quantify the effect of human activities on accumulated biomass and tree composition. A fragmented secondary
forest of about (0.5 ha was divided into 27 edge and 18 inside plots with size of 10m X 10 m and the stand biomass, tree composition
and human activities were analyzed. Mean aboveground biomass (AGB) in edge and inside plots were 63.2 and 71.2Mg ha™',
respectively and the difference was insignificant (#-test: p>>0.1), while the Shannon-Wiener index (') value of the later tended
larger than former (s-test: p<<0.1). Native trees tended to be more in inside plots comparing with edge plots, and human planted
trees were identified in mainly edge plots. There were also large differences in biomass (wood) removal by rural people (1.350 and
0248Mgha ' year ', respectively). The characteristics of each type of fragmented secondary forest were influenced by the human
activity of wood collection: small-diameter trees, which should have been successors to the existing canopy, were frequently

removed.

Key words: secondary forests, aboveground biomass, human activities, forest rehabilitation

INTRODUCTION

Continuous forest fires and intensive land-use, such as
slash-and-burn agriculture, have resulted in the conversion
of considerable areas of natural forests into grassland and/
or fragmented secondary forests in the tropics (e.g., Toma
et al. 2000, Thiam and Yoneda 2012). In South Kalimantan
Province, Indonesia, these secondary forests are often found
in humid areas, near streams or where the land is steep,
because such areas are not suitable for agriculture or other
rural activities. As a result these areas of secondary forest
often remain, even after severe forest fires have occurred.
and become isolated or fragmented secondary forests (Fig.
1). Such isolated or fragmented secondary forests have
roles to keep carbon stock (Qirom 2021) and in supplying
habitats for wild animals (Higashide et al. 2018) and wood
for rural people.

Isolated or fragmented secondary forests experience
the negative effects of strong light and high temperatures

(known as direct and indirect edge effects) (Murcia 1995).
These result in relatively low air humidity and soil water
content {Matlack 1993), and it is estimated that most of the
area affected by the edge effect extends to about 50 m into a
forest (Ries et al. 2004). Such edge effects also lower a
tree’s survival rate (Phillips et al. 1998, Laurance et al.
2000) and have negative impacts on biomass stabilization
(Laurance et al. 1997). In addition, the light conditions at
the forest edge frequently invite new or exotic trees
(Brothers and Spingarn 1992).

We aimed to gather ecological information on
fragmented secondary forests in South Kalima
Province, Indonesia, where wildfires frequently occur, and
to quantify the effect of human activities on the
accumulation of biomass and on tree composition.
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MATERIALS AND METHODS
Study site

The study was carried out in Tebing Siring Village (3°
417§, 114°49" E, ca. 30m a.s.l.) in the lowlands of Tanah
Laut Regency (kabupaten), South Kalimantan Province,
Indonesia (Fig. 2). The entire regency is predominantly
lowland. It has a typical tropical rainforest climate, and
covers ca. 363,000 ha, of which ca. 128,000 ha was forest
(about 35 % of the total land area) in 2016. The area has
been severely degraded. For example, 86,370 ha (67 % of
the total forest area) of conservation forest (hutan
konservasi in Indonesian) had been replaced by Imperata
cylindrica (alang-alang) grassland as a result of severe
forest fires. Tebing Siring Village (desa) is separated into
four sub-villages (dusun) and had a total population of
2,668 (879 houscholds) in 2017. The village community
comprised two distinct groups of people. About half of one
sub-village was inhabited by an immigrant population from

114°49'0"E 114°4920"E

114°49'0"E 114°4920"E

114°49'40"E

114°49'40"E

Java Island, occupying about 2.0 ha per houschold, while
the rest of the community was mostly from the Banjar
indigenous group. The latter had limited land available for
cultivation and found difficulty in accessing and collecting
wood.

Traditionally, rural people used firewood collected
from nearby natural secondary forest. In 2007, the
Indonesian Government introduced a household fuel
conversion program for cooking with liquefied propane gas
(LPG) (Thoday et al. 2018, Pandyaswargo et al. 2020), and
following its introduction people did not use firewood
intensively and had not collected it in recent decades. Rural
people mainly used wood from the secondary forest for
construction and handicrafts, usually targeting species of
high density because of their hardness.

Data collection and analysis
To evaluate stand biomass and treec composition in

114°50'0"E 114°5020"E

3°41'40"S 3°41°20"S

3°42'0"S

114°50'20"E

114°50'0"E

Fig. 1. Overview of typical fragmented secondary forests surrounded by degraded land, mainly fimperata cvlindrica (alang-
alang) grassland after wildfires in South Kalimantan Province, Indonesia.

Note: the land-cover is derived from SPOT6 satellite imagery, 2013; white squares (n = 18) and red squares (n= 27) indicate
inside and edge plots of zonal research plot in this study; and most degraded land without canopy in this figure was

part of the W-BRIDGE Project.
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Fig. 2. Location of the study site: Tebing Siring Village, Bajuin district, Tanah Laut Regency, South Kalimantan Province, Indonesia.

both at the edge and inside the secondary forests, we
developed a zonal research plot around 140 m long and 20
to 60 m wide (Figs. 1 and 2) necar to a forest rchabilitation
site by W-BRIDGE Project (details in Hiratsuka et al.
2019). The study site was on both slopes of the V-shaped
valley. There was a small stream at the bottom of the valley,
which was divided imn.nall ponds during the dry season.
We then established 45 plots with size of 10m % 10m and
carried out a tree census in each plot. Edge plots were 27 in
total and faced the W-BRIDGE site (i.e., burned and opened
forest and under rehabilitation activities). Inside plots were
18 in total and located in at least ?'m.llcrinr to the
W-BRIDGE site (Fig. 1). We measured the diameter at
breast height (DBH) of trees with a diameter of 3 cm or
more. In Tebing Siring Village, we also had interviewed
rural people (especially the farmers) to identify their
objectives for collecting wood in secondary forests. The
first survey was conducted in September 2013 and the
second in May 2014,

The data collected were analyzed to estimate
aboveground biomass (AGB) and tree composition in each
plot. AGB was estimated by using an allometric equation
(In (AGB)=2.44 X In (DBH) —2.51) developed in
secondary forests in East Kalimantan (Hashimoto et al.

2004), and tree diversity was analyzed by the Shannon—
Wiener index (/") with tree number. Statistical analyses of
t-tests for comparison of edge and inside plots were
performed by the IBM SPSS statistics package (version 25).

RESULTS AND DISCUSSION

The first tree census survey indicated that the plots
were dominated by trees of less than 3-5 cm DBH, and the
distribution showed a typical L-shape both at the edge and
inside the secondary forests (Fig. 3). There were small
differences in DBH distribution: the kurtosis at the edge and
inside the secondary forests was 3.58 and 1.50, respectively,
showing a remarkable L-shape at the forest edge.

We confirmed the identification of 51 tree species in
fragmented secondary forest (Table 1). The most common
species was Peronema canescens (sungkai), which was
categorized as human planted tree species (i.e., not native to
South Kalimantan Province), but was introduced as for
timber harvest and other human uses and mainly recorded
in edge plots, and was accounted for about 18.2 % of the
total population. Also the third common species was
Pithecellobium jiringa (jengkol), which was also
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Fig. 3. Distributions of diameter at breast height (DBH) in the edge secondary forests (left) and inside secondary forests (right).

categorized as human planted tree species and mainly
recorded in edge plots, at about 12.2%. P, canescens and P
Jiringa are known to be very useful in providing wood and
fruits for the inhabitants, respectively, and it is possible that
people planted the seeds and also transplanted seedlings
from natural forests. Such planted tree species showed
tendency to regenerated in edge plots and some individuals
with large DBH (see following Fig. 3) would be kept by
rural people.

The second common species was Macaranga sp.
(mahang), which are categorized as naive tree species (i.c.,
native to South Kalimantan Province) with adopted with
fire events and mainly recorded in inside plots, and was
accounted for about 16,0., Native tree species including
Macaranga sp. (mahang) tended to be more in inside plots
comparing with edge plots.

The second plot survey revealed that some of the
standing trees measured in the first census were living, but
that others were dead, felled or had disappeared. Some of
the felled individuals had stumps and marking tapes left on
them and, since they had been felled with a sharp knife, it
was presumed that they were felled by rural people for their
own use. The number of individual trees confirmed as
having been felled was 33, and the species concerned were
P canescens and P. jiringa categorized as human planted
tree species and Macaranga sp. categorized as naive tree
species, in that order. The mean DBH of the felled
individuals was 5.3 cm, and we estimated that they were

mainly used as stakes for agriculture and around houses. In
interviews with rural people, P canescens was said to be of
particular use as a stake (Table 2).

There was limited biomass lost due to felling, and
felled and collected trees were clearly removed from the
forest edge (1.350 Mg ha™' year™") co.parcd with the
interior of the sccondary forest (0.248 Mg ha™ ' year ')
(Table 3).

The AGB values at the edge . and inside the
secondary forest were 63.2 Mg ha™' and 71.2 Mg ha ',
respectively, and the difference was insignificant (p >0.1)
(Fig. 4). The tree diversity showed marked differences in
both types of secondary forests (p=0.07) (Fig. 5). These
findings might have been the result of rural people
collecting wood, especially at forest edges (Table 2).

The increment in AGB at the edge and inside
secondary forests was 6.30 and 4.09 Mg~ 'ha™' year ',
respectively. We estimated this using the data from two tree
censuses carried out 8 months apart, and found that the
values did not differ greatly from those of a secondary
forest 5-12 years old in East Kalimantan (Hashimoto et al.
2004, Hiratsuka et al. 2006). Evaluating biomass increase
in such forests can take some time, because most trees were
small or of medium size. Our survey also revealed that in
the fragmented forests in this area, which are closely related
to the livelihoods of rural people, large-diameter trees did
not disappear. However, small-diameter trees of specific 10
species (less than 20 % to the total species) (Table 3) were
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Table 1. Tree density and basal area of 3 typed recorded tree species in edge and inside plots.
Type of Edge plots Inside plots
tree: Tree species Local name Tree density Basalarea  Tree density Basal area References
species (treesha™') (m*ha™') (treesha™') (m*ha™')
Native Adinandra subunguiculata  Kayu Beranakan 37 0.03 0.0 0.00 3
SPECIES  Aniiaris toxicaria Upas 0.0 0.00 222 0.66 1,2 and 3
Bridelia glauca Kanidai Bini 55.6 0.56 0.0 0.00 3
Bridelia sp. Kanidai Laki 37 0.00 16.7 0.02 3
Cellis sp. Bati-bati Menjangan 59.3 0.61 333 0.05 3
Clausena excavata Jawaling 11.1 0.01 0.0 0.00 1,2 and 3
Croton sp. Ketupuk 3.7 0.02 11.1 0.28 3
Crypteronia paniculata Kayu Habu 7.4 0.11 0.0 0.00 1,2 and 3
Diospyros macrophylla Mahirangan 37 0.02 0.0 0.00 2and3
Dracontomelon mangiferum Singkuang 0.0 0.00 5.6 0.01 land3
Dysoxylum sp. Surian 74 0.05 0.0 0.00 3
Elaeocarpus stpularis Bangkinang 7.4 0.46 0.0 0.00 3
Ficus glomerata Lua 100.0 2.05 1333 383 1and 3
Ficus obscura Dandali 11.1 0.06 16.7 0.02 2and3
Glochidion arborescens Palir Warik 3.7 0.00 222 0.02 2
Gareinia parvifolia Kumanjing 0.0 0.00 5.6 0.01 1,2 and 3
Glochidion capitatum Katu gunung 3.7 0.00 5.6 0.00 3
Glochidion sp. Tiwangau 0.0 0.00 5.6 0.09 3
Homalium foet dum Tampang Kerbau 222 037 444 0.49 1,2 and 3
Leucosyke sp. Kajajahe 14.8 0.08 11.1 0.20 3
Litsea sp. Kayu Lapar and Kayu Sia-sia 85.2 0.40 1389 0.83 3
Macaranga sp. Mahang 151.9 071 300.0 1.91 3
Mangifera caesia Binjai Gunung 0.0 0.00 5.6 0.09 1,2 and 3
Nauclea subdita Bangkal Gunung 40.7 1.25 5.6 0.14 1and3
Pternandra vostrata Jamai 259 0.27 11.1 0.01 2and3
Prerospermum diversifolium Bayur Laki 0.0 0.00 11.1 0.11 1and3
Prerospermum javanicum — Bayur 0.0 0.00 5.0 0.03 1and 3
Stereulia rubiginosa Limpasu Alang Gunung 0.0 0.00 5.6 0.00 3
Strombosia javanica Pohon Kacang 0.0 0.00 5.6 0.06 1,2 and 3
Vernonia arborea Merambung 11.1 0.18 5.6 0.01 3
sub-total 633.3 7.26 827.8 H.E8
(Percentage of the total) 4L8% 41.6 % 63.1% 52.4%
Human Peronema canescens Sungkai 3593 3.18 155.6 212 2and3
:‘:;:‘I:: Phyllanthus emblica Kamalaka 704 0.49 0.0 000  1,2and3
Pithecellobium jivinga Jengkol 266.7 5.12 77.8 2.75 2and 3
Pithecollobium sp. Jengkol Hantu 259 0.23 222 0.10 3
Swietenia mahagony Mahoni 37 0.04 0.0 0.00 2and 3
sub-total 7259 9.04 255.6 4.97
(Percentage of the total) 479% 51.8% 19.5% 20.3%
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Table 1. Continued.
Type of Edge plots Inside plots
tree: Tree species Local name Tree density Basalarea  Tree density Basalarea References
species (treesha™') (m*ha™') (treesha™') (m*ha™')
Alien Albizia procera Birik 00 0.00 5.6 0.03  1,2and3
species  Alstonia scholaris Pulai 00 0.00 11.1 0.29 1,2 and 3

Artocarpus elasticus Tarap 40.7 0.73 66.7 1.84 2and3
Cinmamomum glanduliferum Rawali 00 0.00 5.6 0.03 2and 3
Cratoxylon formosum Mampat 74 0.02 5.6 0.01 land3
Cryptocarva sp. Tengkook Ayam 407 0.14 5.6 0.01 3
Eugenia sp. Jambu Burung 11.1 0.01 11.1 0.02 3
Fagraea resinosa Mengkudu Hutan 11.1 0.01 0.0 0.00 2and3
Hibiseus macrophyllus Waru 0.0 0.00 5.6 0.15 2and3
Leea aculeata Mali-mali 11.1 0.04 11.1 0.03 2and 3
Movinda citrifolia Mengkudu laki 37 0.01 5.6 0.00 2and 3
Quercus cyvelophora Paning-paning 37 0.00 444 0.43 3
Vitex sp. Alaban Tulang 148 0.18 5.6 0.18 3
Whiteodendron sp. Waring 11.1 0.02 11.1 0.01 3
sub-total 155.6 1.16 194.4 3.01
(Percentage of the total) 10.3 % 6.6% 14.8% 17.8%

Others Unidentified Kayu Sia-sia and Sapit undang 00 0.00 333 0.09 -
(Percentage of the total) 0.0% 0.0% 2.5% 0.6%

Note: Native species means native tree to South Kalimantan Province; human planted species means not native tree to South Kalimantan

Province, but was introduced for fruits collection, timber harvest and other human uses; and alien species mean not native tree to South
Kalimantan Province, but was invaded accidentally. Reference number 1 is Kitano et al. (1984), number 2 is GBIF (2021), and number 3
is personal communication with researchers of Lambung Mangkurat University, respectively.

Table 2. Typical uses of tree material identified by interviewees in Tebing Siring Village, Tanah

Laut Regency, South Kalimantan Province, Indonesia.

Objectives
Tree species Local name
Fruits Timber Stakes Charcoal

Albizia procera Birik NA A NA NA
Cinnamomum glanduliferum — Rawali NA A NA NA
Cratoxylon formosum Mampat NA A NA A

Dracontomelon mangiferum  Singkuang A NA NA NA
Elaeocarpus stipularis Bangkinang A NA NA NA
Gareinia parvifolia Kumanjing A NA NA NA
Peronema canescens Sungkai NA A A NA
Phodlanthus emblica Kamalaka NA A NA NA
Pithecellobium jiringa Jengkol A NA NA NA
Pithecollobium sp. Jengkol Hantu A A NA NA
Prernandra rostrata Jamai NA A NA NA
Sterculia rubiginosa Limpasu Alang Gunung NA A NA NA
Swietenia mahagony Mahoni NA A NA NA
Vitex sp. Alaban Tulang NA A NA NA
Unidentified Kayu Sia-sia NA A NA NA
Unidentified Kayu Beranakan A A NA NA

Note: A and NA mean “applicable” and “not applicable” | respectively.
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Table 3. Felled and removed trees and their aboveground biomass (AGB) at each edge and inside the plots.

Felled and removed

Tree number Aboveground biomass

Tree species Local name (treesha™ ' year ™) (AGB) (Mg ha™' year ")
Edge plots  Inside plots Edge plots  Inside plots

Alstonia scholaris Pulai 0.0 1.5 0.000 0.043
Celtis sp. Bati-bati Menjangan 15 1.5 0.013 0.015
Ficus glomevata Lua 15 1.5 0.008 0.010
Litsea sp. Kayu Lapar and Kayu Sia-sia 15 1.5 0.010 0.077
Macaranga sp. Mahang 9.0 1.5 0.064 0.011
Movinda civifolia Mengkudu Laki 0.0 1.5 0.000 0.000
Peronema canescens Sungkai 105 1.5 0.382 0.024
Phyllanthus emblica Kamalaka 15 0.0 0.032 0.000
Pithecellobiwm jiringa  Jengkol 75 0.0 0.841 0.000
Stereulia rubiginosa Limpasu Alang Gunung 0.0 1.5 0.000 0.068
Total 330 12.0 1.350 0.248
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Fig. 4. Aboveground biomass (AGB) in edge plots (# =27)

and inside plots (n = 18).

Note: the top and bottom of the box represent the 75" and
25" percentiles, respectively, and the line in the middle
represents the median. The whiskers represent extrema,
and circles beyond the whiskers represent outliers and
extreme values.

frequently removed for use as stakeggnd for other human
activities. In other words, removal of small-diameter trees —
which should be future successors to the canopy trees (i.c.,
P jiringa and Litsea sp. shown in Fig. 3) — is likely to make
it difficult for fragmented forests to regenerate naturally.
Finally, secondary forests with huge area in the tropics
are very important because they account for swathes of
tropical forest landscapes that have lost their capacity to
provide a high level of goods and services (Bieng et al.
2021). Even in the fragmented sccondary forests we
surveyed, from viewpoints of biodiversity conservation,

[ I
Edge plots Inside plots

Fig. 5. Shannon-Wiener index (H') values in edge plots (n =
27) and inside plots (1= 18).

Note: the top and bottom of the box represent the 75 and
25" percentiles, respectively, and the line in the middle
represents the median. The whiskers represent extrema,
and circles beyond the whiskers represent outliers and
extreme values.

efforts for conservation are required which is following the
new discovery of the presence of Mydaus javanensis (Sunda
stink-badger) at study site (Higashide et al. 2018).
Furthermore, rehabilitation of degraded land around the
secondary forest (such as the W-BRIDGE Project) where
the rehabilitated forest had increased (Fig. 6) by around
33 % from 2013 to 2017 (Hiratsuka et al. 2019), will play a
role in creating a corridor connecting fragmented forests: an
important measure for the maintenance of existing forests,
and for reforestation.




38 TROPICS Vol. 30 (3)

Kazuo Tanaka, Yasushi Morikawa etal.

September 2012

T

Fig. 6. The rehabilitated site by the W-BRIDGE Project in September 2012 (above) and July 2016 (below).
Note: area surrounded by white line in each figure indicates the plot study site.
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