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SUMMARY

Currently, the peat swamp foreds in Peninsular M daysia are managed under a modified
SHective Management System, which is a modification of a sygem designed for the
management of the dry inland forests. Asthepeat svamp fores is a unique forest type with
silviculturd characteristics that are rather different from that of the dry inland forests, it is
hoped that through this project, suitable silvicultura and management practices could be
further improved so that the peat swamp forests could be managed in a sustainable manner.
This project is Component 2 of the main Activity of FRIM’s ITTO-CITES Project entitled
“Generation of spatia distribution maps of ramin (Gonystylus bancanus) using hy perspectra
technology and determination of sustainable level of harvgest of ramin in production forests
of Peninsular M dlaysia’. The general objective of Component 2 is to enhance conservation
by determining sustainable level of harvest for G. bancanus in production forests of
Peninsular M daysia Sudy sitefor thisproject was Pekan Forest Reserve, Pahang. This study
focuses on two aspects on G. bancanus; habitat specidization and sustainable harvest. The
habitat specidization isimportant to undersgand the population and ecology char acteristics of
this pecies. M eenwhile, accurate estimation of population dynamics, growing stock, cutting
cycles and dlowable harvest which are biologcaly sustainable is important in achieving
sustainable forest management in production peat swamp forests. This sudy daborates
population and ecology characteristics of G. bancanus in Pekan FR based on gock
classification; richly-, moderately- and poor- socked of G. bancanus areas. The study aso
indicated that the volume mean annual increment for the whole stand in peat swamp forest is
about 1.8 m*ha'yrfor al trees equa and greater than 15 cm dbh. M edium and high cutting
limits were found produced better future growth response. In management the optimum
initial growing stock after felling should be a least 100 m*ha* (dbh > 15cm). The optimum
cutting cycle is projected a 40 years with a gross harvestable volume a 72 m°ha* for all
species and 8.9 m°ha ' for G. bancanus.
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LOINTRODUCTION

This is Component 2 for main project entitled “ Genegation of spatid distribution maps of
ramin (Gonystylus bancanus) using hyperspectral technology and determination of
wustainable levd of harvest of ramin in production forests of Peninsular Malaysia’. M ain
abjective of Componert 2 is toenhance conservation by determining sustanabl e level of
harvest for G. bancanus in production foreds of Peninsular M daysa. The Component 1
of the main prgect is reported in sgpaate Technical Report. The whole project duration
is for 2 years (November 2008 — December 2010).

Snce G. bancanus has been up-listedto Appendix |1 (CITES), the gpeciesis subjected to
Non-detrimentd Finding (NDF) report before they be traded internationally (Jumat
2004). In the preparation of NDF repart, it isimportant to investigate the current stocking
of the species and its population dy namics to enableexploitaion of the species becarried
out in asustainable manner. In timber production forest, sustainable level of harvest can
be determined by projecting future growth from the current stocking of both species in
natural forest sands. Projection can be done manualy or by preparing a computer
smulation model to enabl e usto determine the most optimum sustanable level of harvest
that does nat jegpardize the goecies sustainahility in the nature. Thisstudy focusesontwo
aspectson G. bancanus; naturd habita specidization and sustainable harvest.

The habitat goecidizaion is important to understand the population and ecology
characteistics of this species. M eanwhile, accurate estimation of pgpulation dy namics,
gowingstock, cutting cycles and alowable harvest which are biologi cally sustainable is
important in achieving sustainable forest management in production peat svamp foreds
(PSF). Currently, the PSF in Peninsular M alay siaismanaged under a modified Sd ective
Managament S/stem (SM S), which is a modificaion of a sysem desgned for the
management of the dry inland forests.

As the PSF is a unique forest type with silvicultura characteristics that are rather
dfferent from that of the dry inland forests, it is hgoed tha through this study, suitable
dlvicultura and management practices could be further improved so that the PSF could
be managed in asustainabl e manner.
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2.0APPLIED METHODOLOGY

The study was conducted at Pekan FR in Southeast Pahang Peat Svamp Forest (SEPPSF)
asshownin Fgure L Thisis main study ste of UNDP/GEF Peat Svamp Forest Project
conduded in 2004 to 2007 (Jamlus & al. 2007).
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Figure 1 Location of Pekan FR in Southeast Pehang Peast Svamp Forest (SEPPSF)
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2.1 Habitat Specidization

Forest subtypes in the Pekan FR tha classified by Blackett and Wollesen (2005) and later
refined by UNDP/GEF (2006) wereused as the basis in selecting suitable study sites. In
order to study the netura distribution of G. bancanus, the sudy sites should represent
areas o richly-, moderately- and poorly-stocked G. bancanus. Thus, Ramin-Bintangor,
Kempas-Ramin-Durian and Durian-Nyatoh subtypes weae selected as study sites for
richly -, moderately - and poorly -stocked G. bancanus aress, respectively (Figure?2).

Compt. 10C

S

MERANTI '

Zone Abbr. Forest subtype

1 RAM Ramin-Bintangor (Gonystyl us-Cal ophyllun)

2 MDX2 mixed Kempes-Ramin-Durian (Koompassi a-Gonystyl us-Durio)
3 BTG Bintangor (Cal ophyllum)

4 BTGD Bintangor (Calophyllum) and Kelat (Syzydium)

5 MERANTI| Maeanti paya (Shorea platycarpa)

6 D/N Durian-Ny aoh (Durio-Madhuca)

7 MAH Kempas-M éhang-Durian (Koompassi aMacaranga-Durio)

8 DSB L ogged/open areas

9 RIV Rivering/open areas

Figure 2 Thestudy site a Pekan FR. The forest subtypes were developed by Blackett and
Wollesen (2005) and UNDP/GEF (2006).
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A one-hectare plot of 100 x 100 m esch was established in Compatments 100, 156 and
200 at Pekan FR. All of the plats in eech study site were divided into twenty-five, 20 x 20
m contiguous subplots In the subplats of 20 x 20 m, all tress and poles with dbh of 10
am and above were measured, identified up to gpecies level, tagged and mapped. As for
il analy ses, sal samples fromnine subplotswere selected sy stematically. T hreetopsoil
samples (0 — 20 cm depth) were taken randomly in the sdected subplots and the three
samples were then bulked together to represent soil sample for the respective subplots.
The soil samples were brought to the soil laboraory for analyses of physical and
chemicd propeaties. Peat dgpth was measured using soil depth auger bar. The auge bar is
acombination of severd iron bars withamete length each.

All trees were identified, recorded, tagged and its coordinaes were mapped on a graph
pgper. The cooardinateswere then transferred to the tree distribution map inthe computer
based on the coordinates on the ground. Tree distribution analyses were then carried out
using Morisita’s Index (I4) of Dispersion. If the digpersion is random, then Iy = 1.0, if
perfectly uniform, Iy =0, andif maximally aggregated, |4 =n (number of plots). Severa
indices such as| mportance Vdue Index (1V;), Shannon-Weiner Diversity Index (H') and
Margale’s Diversity Index (Dn,g) were aso calculaed to determine species i mportance
and spedes divasity of the plds, regectively.

Tree biomass is defined as the totd amourt of living organic matter in trees and is
expressed as oven-dry biomass per unit areausualy in tonnes ha'l(Brown 1997).Inthis
gudy, equations by 1somo (2006) ae more appropriate due to the similarity in forest
typeasfollows

Above-ground biomass = 0.0145 (dbh®) — 0.4659 (dbh?) + 30.64 (dbh) —
263.32 (nate: dbhincm)

Below-ground biomass = 20.1% of Above-ground biomass

Tota tree biomass = Above-ground biomass + Below- ground biomass
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2.2 Sustai nable Har vest

In projecting the sustainable havest, this sudy was undertaken in three mgor partsas the
following:

Part 1: Analyssof permanentsampl epl ot

In early 2008, astudy was undertaken to decollate and reanay ze gowth and yidd data
from a permanent sanple plat established 1998 under the Maaysan-DANCED project
(M ohd Hizamri 2006). The plot was located in Compartment 99, Pekan FR (Figure 3).
M easurements of the plat weredonein 1998, 1999, 2000, 2003 and 2006. The design of
the plot was a one-ha plot per trestment andwas replicated twice. Thetreatments given
ae as indicated in Table 1. The amounts of timber removed from the origna forest are
a shown in Figure 4.

Analysis was undertaken to estimate damete growth or inaement, annua mortality rate
and annual ingowth for diff @ent diameter dasses and species group [i.e Dipterocarps
meranti (DM ), Dipterocarps non-meaanti (DNM), Non-dpterocaps light hardwoods
(NDLHW), Non-dipteocarps medium hardwoods (NDMHW), Non-dipteocarps heavy
hardwoods (NDHHW), Non-dipterocarps misc. (NDMICS), Ramin (RAMIN) and
Bintangor (BN)]. For the pumpose of the study, calculation was done for al trees equa
and greaer than 15 cmdbh.
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Table 1 Plottreatments & Compartment 99, Pekan FR

Treatment Abbreviation
High cutting intensity (cu all trees30 cm dbh andlarger) — 36% T1
Medium cuttingintensity (cu alltrees 45 cm dbh and larger) — 20% T2
Cow CUtting intenaity (CU all trees60 am dbh andlarger) — 29% T3
Medium cutting intensty with slective cutting by diameter classes T4
(30 cm dbh and larger) —21%
Control (minimd cutting —9.5% T5
70
60
g >0 @ Stems
2 40
5 Basal areal
= 307 Bvg
50 1 1 Vdume
10 T
.| , , , | i |
T1 T2 T3 T4 T5
Treatment

Figure 4The percent of removd from the plots
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Part 2. Devel opment of yield proj ection model

This part of thestudy was undertakento develop agand projection model using growth
parameters obtaned in Part 1. The modd was developed based onM YRLIN which was
developed by Alder et al. (2002). Some madifications wae made to M YRLIN on the
dameter increment and species grouping, where species were grouped into the eight
gecies groups of DM, DNM, NDLHW, NDMHW, NDHHW, NDM ICS RAM IN and
BN.

In 2007, the modified model called Growth and Yidd M odel for Mixed Tropical Forest
(GYMMTF) was devdoped by Ismdl (2007) who later developed Growth and Yied
Modd for Tropica Pest Svamp Forest (GYMTPSF) in 2008. The modd was written
using M S Office A ccess with the ability to save output datainto M S Excel. The structure
of the model consisted of three main modules, i.e. Database preparation, Smulation and
Outputs The outputsthen were used in the later part of the sudy .

Part 3: Determination of optimal cutting cydes

The method used in this study was by calcuating mean and current annua increments
(MAI & CAI). Theoptimum cutting cy cle was determined when MAI was equa to CAI
by usingdatafrom FRIM’s gudy siteat Compartment 77, Pekan FR (Ismal et al. 2005).
The sudy areaof 100 ha was divided to four blocks tha assigned with different cutting
limits asdescribed in Table 2 end Figure 5.

Table 2 Sdectal cutting limits for species group in each harvestingblock

Block Cutting limits (dbh) Description
Groupl —Group 2—-Group 3
1 50-45-40 Low cutting limits
2 55-45-40 Medium cutting limits
3 60 —50 — 45 Medium cutting limits
Z 65—-55— 50 High cutting limits

Group 1 =G. bancanus and dipterocarpsonly
Group 2 = Bintangor spp. anly
Group 3 =other species

The cutting limits weretested on the gound using Rimbakatimber harvester (RTH). The
RTH is a modfied tractor machine with an extended arm and a poweful winching
gsystem (Chong & L atifi 2003). It operates the sameway & a mobile hidhlead yarding
system (Figure6). A cebl e can be dragged into the forest from the skid trail, caled”jalan
tarik Rimbaka” (JTR) and is then attached tothe log as far as 150 m away, athough its
safety extraction distanceis 125 m (Elias & Khai Aziz 2008). However, inthis sudy, the
extraction distance was fixed & a max mum of 100 m for the purpose of sygematic JTR
oonstrudion, havesting block division and easier monitoringwork.
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Thelogis lifted and then windhed tothe track by RTH; thelong arm enables the front of
the log to be raised off the ground, theeby reducing damage caused by thepassageof the
log through theforest. Logs extracted by RTH are placed dong the JTR and pulled to a
temporay logyard & a fored road by a traxcavator. Then the logs are trangpoted by
lorries to a permanent log yad for further processng. The application of RTH alows
harvesting operations with little access for machingy into the fores (apat from fores
roads and JTR), thereby redudngtheenvironmental impactsof harvesting. This qualifies
loggingusing the RTH as a reduced impact loggng(RIL) system. Detalsof the RTH in
the PSF areas are described in Elias and Khali Aziz (2008).

Layout of the Study Site (Compartment 77, Pekan Forest Reserve) N
1:8000
200 0 200 400 Meters
1000m 100m: 200m : 200m 200m : 200m ;100m
HEHENREREN
I rnni
BN NN RN U BE N R YRR B
_ BLOCK 4 BLOCK2
HEHEIEE N
P Ll
] SO
NN i il
: § EEEEEEEEEE £
PR
_ BLOCK3 BLOCK -
L r L ER
RN
LEGEND e
/\/ Forest Road
2 Skid Trail/ Jalan Tarik Rimbaka (JTR)
[T 10ha Inventory (20x20m)
Bl 100ha Pre-F Inventory (20x50m)

Figure5 Sudy steof FRIM splat a Compartment 77, Pekan FR
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Figure 6 TheRimbakatimbe harvester restricts its movement by pullinglogs usng a
long cabl e hence minimizingthe extraction damage to theforest floor
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3.0 ANALYSISAND INTERPRETATION OF THE DATA AND RESULTS

3.1 Habitat Specialization
Taxonomi c composition

Number of taxaof trees with doh of 10 cm and above in plats a Compartments 100, 156
and 200 are shown in Table 3. Asfor example, atota of 376 trees were enumerated in
the plat a Conpartment 100 which comprised of 49 gpeciesin 38 ganeraand 25 families.
Nonethdess, Compartment 200 has most numbers in terms of tree species, genus and

family .

Table 3 Number of taxa at the plats in Compartments 100, 156 and 200, Pekan FR

Plot Spedes Genus Family
Compatment 100 49 38 23
Compatment 156 68 49 28
Compatment 200 100 76 38

Abundance

Table 4 shows tree stockings of various dbh classes in the plots in Compartments 100,

156 and 200 at Pekan FR. In general, number of trees decline withincrease of dbh sizes,
whereby trees with dbh of 55.0 cm and above wereless in number compaed with those

of lower dbh classes. The stand structures differed from oneplot to another, however, the
paterns are similar of inverse J shape. It showsthat trees with 10.0 — 24.9 an dbh
represented the most number with more than 50% in each plot, and even about 77% for

the plat in Compartment 200.
Table 4 Tree gockings in the plots a Conpartments 100, 156 and 200, Pekan FR

Dbh class Compartment 100 | Compartment 156 Compartment 200
(cm) (stemsha™) (stems ha) (stems ha™)
100—24.9 182 (484%) 358 (64.3%) 425 (76.6%)
250-39.9 84 (22.3%) 138 (24.8%) 84 (15.1%)
400-54.9 73 (19.4%) 41 (74%) 32 (58%)
55.0—69.9 34 (9.1%) 14 (25%) 5 (0.9%)
> 700 3(0.8%) 6 (L.1% 9 (1.6%)
Taa 376 (100%) 557 (100%) 555 (L00%)
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Table 5 shows G. bancanus gockings in the plots of Compartments 100, 156 and 200,
Pekan FR. Therewere25, 5 and 3 stands of G. bancanus with dbh of 10 cm and above in

the platsin Compartments 100, 156 and 200, respectively.

Table 5 Sockings of G. bancanus inthe plots of Compartments 100, 156
and 200, Pekan FR

Dbh class Compartment 100 Compartment 156 Compartment 20
(cm) (stemsha™) (stemsha™) (stemsha™)
100-24.9 1 2 1
250-39.9 2 0 1
400-4.9 11 0 0
55.0-69.9 11 2 1
>700 0 1 0
Total 25 5 3

Tree basal area of various dbh classes a the plotsin Compartments 100, 156 and 200,

Pekan FR are shown inTable 6. Thetatd basd areafor the plcxs in Compartments 100,
156 and 200 were estimated & 35.04, 33.44 and 2654 m’ ha™, respectively. Dbh class
that hasthe largest basal aeawere vaied; it was dbh class of 40 0-54.9cm for plot in
Compartment 100 with 13.11 m?, dbh ¢l ass of 25.0 —39.9 cm for Compartment 156 W|th
10.36 nt ha* and dbh d ass of 10. O 24.9 cmfor Compartment 200 with 7.84 m® ha™.

Table 6 Basal areaof all gpeciesin the plots in Compartments 100, 156 and 200,
Pekan FR

Dbh class (cm) Compartment 100 | Compartment 156 | Compartment 200
(m*ha?) (m*ha? (m?ha?)

100 — 24.9 3.93 (11.2%) 7.56 (22.6%) 7.84 (29.5%)
250 —30.0 6.94 (19.8%) 10.36 (31.0%) 6.15 (23.2%)
400 —54.9 13.11(37.4%) 7.27 (21.7%) 5.30 (20.0%)
550 —60.0 9.83 (28.1%) 3.91 (11.7%) 1.52 (5.7%)
>70.0 1.23 (3.5%) 4.34 (13.0%) 5.73 (21.6%)

Totd 35.04 (100%) 3344 (100%) 2654 (100%)
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The basal areafor G. bancanus in theplots at Compatments 100, 156 and 200, Pekan FR
aegiven in Table 7. The totd basa area of G. bancanus for the plots in Compatments
100, 156 and 200 were5.57, 1.22 and 0.37 n¥ ha’, respedively. The highest basa area
for G. bancanus in al plots was recorded in dbh class of 55.0— 69.9 cm.

Table 7 Basd areasof G. bancanusin theplots & Compatments 100, 156 and 200,

Pekan FR
Dbh class (an) Compartment 100 | Compartment 156 Compartment 200
(m*ha?) (m*ha?) (m*ha?)
100-24.9 0.04 0.08 0.01
250-39.9 0.10 0 0.09
400-4.9 211 0 0
550 -69.9 332 0.64 0.27
>700 0 0.50 0
Total 5.57 122 0.37

Table 8 shows the standing tree volumes in the plotsat Compartments 100, 156 and 200,
Pekan FR. The tota volumes for the plots in Compartments 100, 156 and 200 were
305.83, 290.33 and 265.54 m® ha’, respectively. Dbh class with the hi%mst volume for
the plot in Compartment 100 was 40.0 — 54.9 cm with 13649 m°® ha', while in

Compartments 156 and 200, dbh classes of 25.0 — 39.9 cmand > 70.0 an showed the
highest volumeof 80.68 and 80.75 m*ha, respectively.

Table 8 Estimaed ganding vaumes of treesin the plots & Compatments 100, 156 and

200, Pekan FR
Dbh class (cm) Compartment100 | Compartment 156 Compartment 200
(m*ha™) (m*ha™) (m*ha™

100 — 24.9 20.44 (6.3%) 40.79(14.0%) 45.25(17.0%)
250 —30.0 65.17(20.0%) 80.68(278%) 5584 (21.0%)
400 -54.0 136.49 (41.9%) 7429(256%) 6857 (25.8%)
550 —60.0 92.97(285%) 41.28(142%) 1513 (5.7%)
>700 10.76 (3.3%) 53.20(184%) 80.75(30.4%)

Tod 325.83 (100%) 290.33 (100%) 265.54 (100%)

Table 9 presents the sanding tree volumes in the plots in Compatments 100, 156 and
200, P&kan FR for G. bancanus. The tota volumes of G. bancanus for the plats in

Compartments 100, 156 and 200 were 72.40, 18.86 and 5.26 m* ha', respectively. Dbh
dass of 40.0 — 54.9 cm showed the highest vaume for the plot a¢ Compartment 100 with
volumeof 45.90 m® ha', whilefor theplot in Compatment 156 thedbh class was> 70.0

anwith9.85 m® ha', and for the plot in Compartment 200 the dbh cl ass was 55.0— 69.9
am with 3.80 n® ha™.
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Table9 Estimated ganding volumes of G. bancanusin theplots in Compatments 100,
156 and 200, Pekan FR

Dbh dass (am) Compartment 100 Compartment 156 Compartment 200
(m*ha?) (m*ha?) (m*ha?)
100-24.9 ) 0.42 )
250 -39.9 0.89 0 137
400 -54.9 2531 0 0
550 -69.9 45.90 8.59 3.80
>70.0 0 9.85 0
Total 7240 18.86 5.26

Treedigribution

Results of the Morisitds Index (I4) of Digoersion for dl gpecies (including G. bancanus)
and G. bancanus in paticular are shown in Table 10. The |4 valuesshow that all treesin
dl plotswere dstributed randomly. As for G. bancanus, it israndomly distributedin plot
a Compatment 100, but significantly digributed uniformly in plots of Compatments
156 and 200.T he distribution of trees with doh of 10 cm and above in the one-hectare
plots in Compatments 100, 156 and 200 are shown in Figures 7 - 9.

Table 10Morisita’s Index (I4) of Disperson vaues for dl species and gecificaly
for G. bancanus

Plot Morisita's % omputed Y iable Dispersion
Index (14)
Compatment 100
All species 0.97 140 421.2 random™
G. bancanus 0.67 16.0 364 random™
Compatment 156
All species 1.6 55.1 611.9 random "™
G. bancanus 0.0 200 9.5 uniform *
Compatment 200
All species 1.00 273 609.9 random™
G. bancanus 0.0 220 5.9 uniform *

Notes: ™ = nat signifient a P < 0.05, * = signifiant a P < 0.05
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Ecology Plot, Compartment 100, H
Pekan Forest Reserve, +
Pahang Darul Makmur
2 , %60 5 " » ® . " e 'y » :l R ™
. ] 3E % b . 3
1E ™= 2E *458 4E.. 5B
g . *53-2. ., ® ' . ® . )
* ) . 5 .*621'5 " - *068'1 .
. . 2D J . ‘ c . o o
1D %26 2 B|n” AD %435 oD °
» o® *, 8 ol ¥*6b 4
ew O : . ¥674 ° e "
. * 4 4560 2
b. » e .. " = ® o *
°® @ ® . ® 2 ®
1€ 4 I o 0 = ®e
s ace « 3C 548 4C £C .
o 588 | . ¥ms. "o ¥ o
* . ' » r " o il
- s P - *ﬂﬁﬁ*ﬁa.u
s * a® w e & = ] ™ *
® g < J o 5 o . & . ®
g ¥ ; ' 5B
1B 2B 3B, ) «4B .
- = . .*4.0-.3 . *:61.§ Y A o
. i I i . HEN 75X
] ° 4 * « ° 5 ®s o 'S s
. s ° Y o F473 | ° ¥520 #x07
LANET I S T S
o5z [t %63.0 : ¢
Scale LEGEND
1 550 ¥  Gonysivivs bancenus (Ramin melawis)
@ Othertrees
10 0 10 Meters |:| Flot 100x100m
ey —

Figure 7 Digribution of al trees and G. bancanus (n = 25) (10 cmdbh and above) in
one-hectare plot of Compartment 100, Pekan FR
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Ecology Plot, Compartment 156, 3
Pekan Forest Reserve, +
Pahang Darul Makmur
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Figure 8 Digribution of al trees and G. bancanus (n = 5) (10 cm dbh and above in one-
hectareplot of Compatment 156, Pekan FR
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Ecology Plot, Compartment 200, ¥
Pekan Forest Reserve, +
Pahang Darul Makmur
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Figure9 Didribution of al trees and G. bancanus (n = 3) (10 cm dbh and above inone-
hectare plot of Compartment 200 of Pekan FR
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Importance valueindex (1V;)

In Compartment 100, the three most dominant species were C. ferrugineum var.
ferrugineum with 1V; of 22.23%, fdlowed by G. bancanus with IV; of 9.88% and
Koompassia malaccensis with 1V; of 5.87%0. The 1V, o the C. ferrugineum var.
ferrugineum, which is species at first rank in the lig was huge compared with al other
geciesdueto its high relativedensity and relative frequency.

In the plat a Compatment 156, the three most dominant gpedes were Stemonur us
secundifiorus with 1V; of 7.22%, followed by Gymnaaanthera farquhariana var.
eugeniifolia with 1V; of 7.08% and Blumeodendron tokbrai with IV; of 5.72%. In this
plot, G. bancanus is ranked at number 14 with 1 V; of 1.98%. M earwhile, the three most
dominant species basedon 1V;in theplot aa Compatment 200 were Madhuca motl eyana
with 1V, of 5.88%, Sartiria laevigata with 1V, of 5.58% and Garcinia nigrolineata with
IV; of 354%. Inthis plot, G. bancanus was ranked at numbe 38 with 1V; of 0.87%.

Speciesdiversty

The diversity of tree species in the study plots cdculated using the Shannon-Weiner
Diversity Index (H') show vdues of 3.15 (H' 2 = 3.89), 3.61 (H'ax = 4.25) and 4.12
(H’ max = 4.63) for theplots in Compatments 100, 156 and 200, respectivdy (Table 11).
The divasity of theplat in Compartment 200 was significantly higher (P <0.05) than the
values of Compatments 156 and 100, similarly for the plat in Compatment 156
compared with tha in Compartment 100. Based on M argdef’s Diversity Index (D),
plots a Compatments 100, 156 and 200, Pekan FR had D4 vaue of 1864, 24.40 and
36.07, respectively. It further confirmed the higher diversity in plat at Compatment 200
& their number of spedes wasthe hichest.

Table 11 Summary on diversity indces in the study plotsat Pekan FR

Plot Compartment Compartment Compartment

100 156 200

Shannon-Wener Diversty

Index (H’) 3.15% 3.61° 4.12°

Evemess 0.81 0.8 0.89

H’ max 3.89 4.5 4.63

Marcalef’ s Diversty Index 18.64 24.40 36.07

(Drmg)

Note: different letter(s) denote significant d fferencea P < Q05
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Tree biomass

Tota biomass of trees with dbh of 10 an and above in the one-hectare plots at
Compartments 100, 156 and 200 are shown in Table 12. The pIot in Compartment 100
cve the highet tata tree biomass vdue of 414.57 tonnes ha*, followed by the plots in
Compartment 156 with 346.36 tonnes ha* and Compartment 200 of 330.61tonnesha .

Tree with dbh class of 40.0 — 54.9 cm in the plot in Compatment 100 indicated the
highest tatal tree blomass of 153. 22 tonnesha™ and the lowest was dbh dass of > 70.0
am with 18.26 tonnes ha*. The dbh dasses of 25.0 — 39.9 cm and 55 0 -69.9 cmwere
the highest and lowest dbh classes with 112.13 and 50.47 tonnes ha’, respectively for the
plot in Compartment 156. As for the plot in Compartment 200 the highest total tree
biomasswas inthe dbh class of > 70.0cm with 111 45 tonnes ha' " and thelowest was the
doh class of 55.0 — 69.9 cm with 20.35 tonnesha ™,

Table 12 Biomass dof trees in theplots & Compartments 100, 156 and 200, Pekan FR

Dbh dass (an) Compartment100 | Compartment 156 Compartment 200
(tha™) (tha™) (tha™)
100 -24.9 38.85 74.75 7347
250 —-39.9 75.27 112.13 64.38
400 -54.9 153.22 8441 60.95
55.0 —69.9 128.96 5047 20.35
> 700 18.26 8044 111.45
Total 414.57 346.36 330.61

In Compartment 100, the three species that had the hichest tree biomass were C.
ferrugineum va. ferruglneum G. bancanus and Tetrameriga glabra with 119.07, 58.46
and 30.78 tonnes ha’, repectively. In theplot & Compartment 156 three species with
the highest tree blomass were D. carinatus with 25.23 tomes ha' followed by Litsea
grandis and L. resinosa with 21.52 and 20.90 tonnes ha*, repectively. Mearwhile, the
three species with the highest tree biomass in plot at Compatment 200 were K.
malaccensis, M. motl eyana and Santiria laevigata with biomass estimations of 47.77,
20.78 and 15.72tonnesha™* , respectively.

Table 13 shows the biomass estimation of G. bancanus in the one-hectare plot at
Compartments 100, 156 and 200. Obvioudy, theplot at Conpartment 100 gave the
highest biomass of G. bancanus amounting to 5846 tonnes ha* (14. 1% of totd tree
biomass) followed by plot at the Compartment 156 of 17.45 tonnes ha (4.9%) and the
Compartment 200 of the lowest with an estimation of 4.36 tonnesha™ (1.3%). Overal,

dbh class of 55.0 — 69.9 cm indicated the largest biomass for G. bancanus in al plots
with vaues of 36.50, 8.59 and 3.36 tonnes ha* for Compartments 100, 156 and 200,
respectively.
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Table 13 Tatd biomass values for G. bancanus in the plotsin Conmpartments 100, 156
and 200, Pekan FR

Dbh dass Compartment 100 Compartment 156 Compartment 200
(cm) (tnes ha') (tmnesha') (tonnes ha')
100-24.9 .30 0.
250 -39.9 0.95 0.00 0.9
40.0 —54.9 20.71 0.00 0.00
55.0 —69.9 3650 8.59 3.36
> 700 0.00 8.02 0.00
Total 58.46 1745 4.36

Soil phydcal and chemical properties

A summary of the soil properties taken in the nine selected subplats in esch plot a the
dfferent compatmentsare shown in Table 14. Thetota cation exchange capacity (CEC)
is the combination of cations Ca¢*, M¢f*, Na', K*, H" and AI**, while the tata inorganic-
N is the combination of ammonia-N with nitrate-N. Based on texture classification for
organic minera and peat soils, the soil texture in Compartments 100 and 156 is pesat
(more than 50% organic matter) in contrast to tha in Conpartment 200 which is silty
day (58% silt, 42% clay and 0.4% sand).

In general, Compartment 100 followed by Compartment 156 had larger vaues of all
parameters compared with Compartment 200 except for totd CEC, availabe K, silt, clay
and sand contents. Infact, Slt, clay and sand contents in Compartments 100 and 156
were considered as zero because they were not detectable in the sal phydca prgoerties
as their organicmatter content was vay high.

It was found tha pea depth plays an important rde in the natura distribution of G.
bancanus in its habitat, as shown in Fgure 10, which showsthat only afew stands of G.
bancanus were found in shallow ped of about 2 —3 m depth, but morewere found in
deeper peat with morethan 6 mdepth.
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Table 14 Summary of soil parametes in theplots in Compartments 100, 156 and 200,

Pekan FR
Par ameter Compartment 100 Compartment 156 Compartment 200

mean ts.e. mean tse. mean + se.
Pea depth (m) 47.00 £0.07 ®354+0.16 €1.29 £012
pH (in lab) 43.18 +0.03 302 +0.04 €3.31 £ 003
Ca™* (mey/100g) 41.40 +0.30 ®0.61+0.07 %0.69 £0.19
Mg®* (mey100g) 42.17 £+0.11 ®1.16+0.09 €0.35 + 003
Na“ (meg100g) 40.34 #0.02 40.30£+0.02 ®0.22+0.01
K" (meg/100g) 40.33+0.05 0.15+0.02 40.27 £ 001
H" (meg/100g) 41.42 +0.11 ®1.77+0.08 #1.59 £ 0.09
AI** (mey100g) 41.80 +0.28 43.06 £0.20 °7.71 £ 041
Total cation exchange
capacity (CEC)
(meg/100g) 47.46 +041 ®705+0.29 410.83+0.47
AvailableMg (Lg g) 8264.10+941 ©14434+1041 ©45.83+2.20
AvailableK (pg/g %68.96 + 13.27 457.04+8.24 €9021+5.32
Available P (ug/g 43242+2.42 22.12 +048 €2.05+022
Ammonia-N (pg/g °60.83+4.25 ®43.67 +4.09 429.33+2.07
NitraeN (Lg/g) 463.33+4.60 457.78+3.45 %60.56 +6.93
Total inorganic-N (Lg/g) ¥124.17 +7.46 710144+ 456 $89.80 +755
St (%) 0.00 0.00 5767 £195
Jay (%) 0.00 0.00 4192 £195
Snd (%) 0.00 0.00 0.42 £0.03
Organic mate (%) °9790+0.25 "91.35 £0./9 "14.32+2.27
Dil texture pea pea sty clay

Note: different letter(s) denote sgnificat differencea P <0.05
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Figure 10 Relationship between peat dgth and G. bancanus distribution. Note: there
were 13individuals of G. bancanus in the 27 selected subplotsin dl plotsa
Compartments 100, 156 and 200.
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3.2 Sugainable Har vest

i) Dataand reaults from Compartment 99, Pekan FR

Results indicated tha the overal diameter growth of trees in PSF including G. bancanus
is slowe than ather inland species. G. bancanus recorded the diameter growth of 0.28 to
051 cmyr* deendingon thetota basd area. The average mortdity and ingrowth was
recorded at about 2% per year. The gatisticof the dameter increment is shownin Table

15.
Table 15 Diameter increment of al species in PSF (cm yr'l)
Count Minimum Maximum Mean Standarderror of Standard
mean deviation
1 270 .000 3.500 .574 .0 .518
2 300 .000 3.900 o1/ .04 451
3 357 .000 6.300 .596 .08 532
4 355 .000 6.413 .626 .037 .693
5 456 .000 3.750 499 .02 470

For thepurposeof modeling, series of diameer increment functions were developed and
& shown asinTable 16. Diameter increment function for G. bancanus over tatd basal
aeaisshowninFigurell. The speciesrecorded theaverage diameer increment of 0.28
to 0.51 amyr™.

Table 16 Diamete increment functionsfor al species goup in PSF

Spedes Group Diameer increment functions
. DipterocarpsM eranti (DM) D =exp R
I
(-U. 1Y 1135-.UL1ZZ05" IBDA)
. Dipterocarps Non-meranti (DNM) D =exp -02
I
. Non-Dipterocarps Light Hardwoods D =exp " 02
(NDLHW) i
. - (U WU/ /- uiouwswo” 1BA)
. Non-Dipterocarps M edium Hardwoods D =exp .02
(NDMHW) i
. (U US43 £V VLAV L IBA)
. Non-Dipterocarps Heavy Hardwoods D =exp 0.2
(NDHHW) i
(FU.UWB/1/01-UULLZ4U0" IDA)
. Non-DipterocarpsMiscl. (NDMICS D =exp 02
(-U.Z035 /-U.UL4/ SL I IDA)
. G. bancanus (RAMIN) Di =exp -0.2
(-U.L080 -UUL4/ DL 1" IBA)
. Bintangor (BN) D =exp 02
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Figure 11 Diameer incrament functionfor G. bancanus

Mean annual volume growth

M ean annua volume increment for G. bancanus was recorded at an average of 0.215
m’ha’yr* out of thetatal MAI of 1.8 m’ha'yr’ for al species greater than 15 cm dbh

(Table 17). Result dso indicated that medium and high cutting limits produce better
futuregrowth resporse espedally for Block 3: 60/50/45 and Block 4: 65/55/50.

Table 17M ean annua volume increment for dl species and G. bancanus in PSF

Mean Annud Inaement Blodk 1 Block 2 Blodck 3 Blodk 4
All species (mPhatyr?) 1.84 1.88 175 1.8
G. bancanus only (m*halyr?) 0.212 0.199 0.234 0.213
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i) Dataand results from Compartment 77, Pekan FR
Sze dructure (stand, basal area & volume per ha)

The gand strudure (sem pea ha'l) form a reverse J-shge curve indicating that the
amaller trees dominating he stand in terms of numbe of gams (Figure 12). On the other
hand thesize distribution of the basal area and volume indi cate that the mid size of 45-60
an dbh showed the highest gocking density. The pattern indicaes tha mos of the
gowingspacein the areais occupied by the middle Sze trees.

Sens parhecare

o I I 1

[5,15) [15,30) [30,45) [45,60) [60,75) [75, 1e+03)

Besd areaphectare
8
|

1 ] ]

[5,15) [15,30) [30,45) [45,60) [60,75) [75, 1e+03)

\durepe hetare

o | |

[5.15) [15,30) [30,45) [45,60) [60,75) [75, 1e+03)

Figure 12 Sze struduresof al treesin the 100 haat Compartment 77, Pekan FR
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Species composition

T he dominant species group in the 30 cm dbh andbeow aetheNDLHW and NDM HW
(Figure 13). Both groups occur in al size classes but tend to have lower proportion
represented inthe larger size class. The DNM s the least dense species goup throughout
the size classes. The DM representation was also very low, bu existad throughout the
size classes. The maost obvious spedes groups arethe RAM IN and BN. The secies ae
represented inal sizeclasses but are more dominant in the larger size classes. The graph
on basal areaand volumeillustratesthat bath spedes are the dominant species occupying
the growing space in the aea. Ramin has more larger size trees per unit area &
compaed to bintangor for the trees greater than 60 cm dbh.
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Figure 13 Digribution of gpeciesgroup In tne v haat Compartment 77, Pekan FR
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Optimum cutting cycleand initia growing gock

Using the GYM TPSF, the prgected volume using all residual stands are shown in T able
18 and Figure 14. The projedions were done for aperiod of 120 years. Projection for
total trees and volume for G. bancanus is shown in Figures 15 and 16.

Table 18 Volume projecion after felling by blocks

Y ear Blodk 1 (m°) | Block 2 (m®) | Block 3 (m®) | Block 4 (m®)
0 7397 68.92 10280 10749
5 84.14 79.63 114.22 116.20
10 94.17 89.39 12035 12495
15 104.88 10015 13156 138.29
20 11611 11117 14264 150.88
25 127.46 12226 153.72 16293
30 13858 13316 16457 17430
35 14926 14368 17490 18483
40 15941 15369 18453 194.44
45 16893 16311 193.36 203.13
50 17778 17190 20134 21091
55 18594 18007 20851 217.86
60 19341 187.61 21489 22404
65 20021 19456 22056 22953
70 20637 20093 22556 23441
75 21192 20675 22998 238.74
80 21693 21206 23387 24259

22144 21688 237.30 246,01

22548 22125 240.32 249,05
95 22909 22520 24297 251.76
100 23232 22876 24530 25416
105 23520 23196 24735 256.29
110 237.75 234.82 24915 258.17
115 24001 237.37 250.71 259.82
120 24199 23963 25208 261.28
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Figure 15 Projected number of G. bancanus stands (trees ha?) for 120y ears
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Figure 16 Projected volume (m*ha™) of G. bancanus treesfor 120y ears

Theresuts alsoindicated that the optimum cutting ¢y cle for the whol e stand is estimated
a about 40 years with aprojeded volume inaement of about 1.8 m'ha ' year as indicated
in Table 19. The initid growing stock after felling that has to be retained in the forest is
& 100 mha’ (dbh > 15 cm) for all species. If thestand is to be managad a acutting
¢y cle of 40 y ear, the maximum gross harvestable volume for the whole stand is prgected

to be at 72 m*ha* of which 8.9m>ha’is of G. bancanus .

Table 19 Mean vdume increment and the optimum cutting cyde for PSF in Pekan

FR
Parameter Blok 1 Blok 2 Bl 3 Blok 4
Mean volume 1.34 1.88 1.75 1.80
increment (nfha’yr)
Optimum cuting 35-40 35-40 3540 35-40
cycle (year)
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4.0 CONCLUSIONS

Pekan FR is onsidered as the man area of G. bancanus in Peninsular Malaysia
Howeve, G. bancanus is not distributed or abundantly available in the whole parts of
Pekan FR. Thae are areas of rich, moderate and poor of G. bancanus in tems of
gocking Factors contributingto the natural distribution of G. bancanus in Pekan FR are
essentid and need to be identified as the information could lead to a better management
of this pecies.

Overdltrees inPSF gow a dower raes (average dameter growth of 0.2t0 0.6 an yr'l)
than those in inland forest. The study also indicated that medium remova (20-30%)
produced bette diameer, basal area and volume gowths In this study, a prgection
modd, GYM TPSF, was successfully developed. It is a simple accurate and user—
friendly model. The study asoindicated that the volume M Al for the whde sandin PSF
is about 1.8 m*hert yrfor all trees equal and greater than 15 cm dbh. It can be concluded
that the medium and high cutting limits produced better future growth response. In
menagement the optimum initial growing stock after fellingshould be at least 100 m*ha'*
(dbh > 15 cm). The optimum cutting cycle is projected a 40 years with a gross
harvestable volume at 72 mha* for all species and 89 m°ha” for G. bancanus .
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50 RECOMMENDATIONS
5.1 Sustai nability of Gonystylus bancanus Resource

Based on forest inventory figures from elsewhere in Peninsular Maay siaand Saawak,
Lim et a. (2004) recogrize that Pekan FR has the mog resource-rich known gand of G.
bancanus in Maay siaand possibly inthe whole areaof its distribution range. M oreover,
of the forest reserves in the esst andwest coasts of Peninsular M day sia, Pekan FR was
identified as having the highest stodking of G. bancanus (Blacket & Wollesen 2005;
Feilberg& Sorensen 1999).

Therefore, nationaly and intemationdly, Pekan FR is the most important natural habitat
of G. bancanus (UNDP/GEF 2007). Thus, it is important to maintain the sustainahility of
the G. bancanus resource in the Pekan FR throudh wise utilization and conservation
measures of thespecies

5.2 Management

According to ITTO (2007), generdly thee appears lak of information on basic
biologica characteristics, ecdogy and regeneration patterns of Gonysylus species,
particulaly G. bancanus, in their natural habitats The basic information induding
ecologca characteristics of G. bancanus could greatly enhance to knowledge of the
dlvicultura treatments as well as sound harvesting methods tha could reduce impact on
the PSF. Thesestudies have provided some basic ecologica informetion on G. bancanus
as required by ITTO (2007).

In addition, UNDP/GEF (2007, 2008) had proposed areas for production and
oonservaion in Pekan FR. Areas without significant stands of commerciad secies,
especidly G. bancanus, were expeded to have low economic vaue and thus to be
retained as conservation zone. In addtion, harvesting operaion in this conservation zone
is unlikdy prdfitable due to its low timber productivity, and furthermore harvesting in
PSF is fairly expensive(Sdlehet al. 2008).

5.3 Timber Harvesting

In terms of cutting limit, a combination of high and low cutting limits based on species
and spedes group is suggested. Based on this study, it isproposed tha minimum cutting

limit for main commercial species such as G. bancanus and dipterocarps should be as
high as about 60 cm dbh, while for Calophyllum species should be at medium size of 50

an dbh and other species a little bit lower a 45 cm dbh.  This is to contrd over-
exploitaion of highly commercia species and to indude rdatively smal damete-sized
gecies, which currently have higher cutting limits. It isaso to maintain the origna
gpeciescompostion.
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For sugainable utilization of timber in Pekan FR, its annud coupe should be ca aulated
based on findings of this study. As anote, the current cutting cyde for SEPPSF aress,
including Pekan FR, isset at S5y ears.

5.4 Conservation

Beside the conservation areas proposed by the UNDP/GEF (2007), addtiona
oonservaion aress inside the production zore shall be established in order to have some
intact forest areas in highly commercia subtypes. Based onthis study, it showsthat plot
a Compatment 100 of Pekan FR is having more G. bancanus gands a compared to
ather plots in Compartments 156 and 200. The establishment of a400-havirgin jungle
reserve (VJR) a Compatments 100 and 101 by the Foresry Deoartment of Pahang
(Khai Aziz et al. 2009) was justified as the area is considered as economically richest
aeain Pekan FR (Bladkett & Wollesen 2005).

5.5 Internationa Issue on Gonystyl us Species

CITES subjects the internationa trade of endangered species to varying degrees of
oontrol by listing seleded species in three appendices according to the degree of threat
and protection required (ITTO 2007). Appendix | applies the mog sringent controls on
gecies threatened with extinction. Appendx |l regulates trade in spedes that could
patentidly lead to extinction and Appendix Il includes species listed by an individual
oountry in an effort to enlist international cooperationto control trade fromthat country .

Though the regulation is applied to dl Gonystylus species, the main species invaved in
the trade is G. bancanus (Shamsudin 1996; Serianegara & Lemmens 1994). Thelisting
of G. bancanus in Appendix Il was not intended to curtail the trade but to make sure of
export and re-export permitsto regulate the trade and enable the tracing of the origna
source of the wood (ITTO 2007). Positively, the listing of Gonystylus species in
Appendx Il of CITESis oneway of helpingto ensure the susainability of G. bancanus
resource It is because Appendix Il also requires tha traded Gonystylus species timbers
meet the requirements of sustanable production. Therefore, sufficient information on G.
bancanus is important in preparing the non-detriment findings (NDFs) tha should be
oonducted by the sciertific authority to sea the annua quota for the trade (ITTO 2007,
MTIB 2004; Shamsudin et al. 2005).

Nonethdess, based onthis sudy and other sudies such as Blackett and Wollesen (2005)

and UNDP/GEF (2006), it was found that, generdly G. bancanus is abundant in the
Pekan FR. If the listing of Gonystylus speciesin AppendixIl in oneway or another give
some kind of problems and limitations to Malaysia as the exporter country, the listing
should be downgraded to Appendix 11, which is relatively less dringent. It is because
listing of Gonystylus species in Appendix |11 is consdered acceptable in ensuringthe G.
bancanus sustanability.
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6.0 I MPLICATIONS FOR PRACTICE

6.1 Management and Harvesing

Exiging forest aress with deep peat depth, paticularly of morethan 5 m, should be
properly safeguarded, maintained and used specifically for forestry puposes. These
are aeas where G. bancanus dominates and is abundantly available.

The current RIL method has showed minimal impacts on the residua stands and
therdore should be continued and encouraged of their usage. Nonetheless, a cheaper
dtemative RIL method such as long haulage cable sy gem (LHCS) could be used as
well in orde to lower the harvesting costs, as long as themethod is proven effid ent.

Basad on minimal impacts, to ensure a farly high timbea production and to maintain
spedes ratio before and after harvesting, the minimum cutting limits for sustainable
timber production in Pekan FR aresuggested as follows:

e 60 cm dbh for G. bancanus and dipterocarps

e 50 cm dbh for Calophyllum species

e 45 cm dbh for other species

6.2 Conservation

The established emlogicd plots a Compatments 100, 156 and 200 should be
maintained for longterm ecologica data monitoring and col lection.

The authorities should prepare and execute regular relevant activities in the
established virgn junge reserve (VJR) sites at Pekan FR such as ste monitoring,
maintenance ecologica data collection and conducting phendogical observations.
Othe additional conservation f eatures such as a seed production area (3PA) and gene
bank aso nead to be established.

The existing disturbed and poorly-socked logged-over areas could aso be restored
with some commeacia ecies including G. bancanus via forest rehabilitation
prog-ammes.

6.3 Future Resarch

The current research and monitoring work conducted in this study should be
continued and expanded.

Growth andyield plats should be established and monitored in the harvested PSF in
orde to ggther more dda on the PS ecog/gem. The atire dudy plats in
Compartment 77, Pekan FR, shoud be dlocated as a long-term research areafor the
gowth and yiedd dudy and dso other sudies such as wind-throw dfects,
hydrological charaderistics and stand dy namics and structures.
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iil. Study on dgermining altenative RIL method beside the RTH in orde to minimize
totd costs of harvesting. It is because the machine might be too expensive for small
harvesting contractors.
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7.0 ANNEXES

Annex 1 Thepeat svamp fores in Pekan FR, Pahang
o N e O
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Annex 3 Condition of ecolagical plot in Com
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Annex 5 Condition of ecolagical plot in Compartment 200, Pekan FR

Annex 6 The G. bancanusseedlings
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Annex 9 Patted G. bancanus seedlingsready for field planting
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