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ABSTRACT

Regeneration process of several imporlant tree species in a tropical rainforest,
West Sumalra, was evaluated for seven tree species over 20 years period in 1-ha
pltot of tropical rain forest m Ul Gadut, West Sumatra, Indonesia. Seven tree
species were sampled in 1989, 1999 and 2009. The highest mortality rate of
semlling was observed for &, floride and the lowest was observed for 8
sehwenkii. At the sapling stage (101-300 cm), the highest mortality rate was also
ohserved for G florida and the lowest one was observed for K drvebalanaides.
Furthermore, at the pole stage (401-1000 cm), the highest mortality rate was
observed for & schwenkii and the lowest one was observed for O glandwlosus,
Species with high mortality rates were various between emergent, canopy and
subcanopy tree, G florida and M, irichooma as 5u1:r~.unup} iree species have
performance the higher mortality for seedling, sapling and pn]e stape. Whereas (7
forbesii and € glandulosus also as subcanopy tree species showed lower
mortality for seedling, sapling and pole stage. Belween canopy tree species
sowlariri showed the lowest in mortality rate for seedling, sapling and pole.
Furthermore, i dryobalanoides as canopy tee species performance low mortality
at sapling and pole slage but higher at seedling stage. On contrary, 8. schwenkil as
emergent iree species have performance low mortality at seedling stage but high
at sapling and pole stage.

Kev Words : mortality, seedling. sapling, pole, Ulu Gadut, tropical rain forest,

INTRODUCTION
Regeneration is a key process for the existence of species in the community. It is
also v eritical pact of forest management, because repeneralion maimains desined
species composition and stocking afer biolic and abiotic disturbances. Various
studies on regeneration of plants have been carried out in informally manaped
sacred proves. The process of seedling development and growih of forest trees
largely depends on gaps/canopy openings in the forest created due to natural
disturbance, thus influencing the regencration and species composition of the

forest. The rate of forest repeneration depends largely on the growth mtes and
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survival of native species that are planted or arrive on their own (Clark er al.,
1998; Condit ef al,, 1995, Poli el af,, 20023,

Non-pioneer trees in mature forests spend many vears, even decades, as
secdlings and small saplings in the understory. Evaluating the nature and extent of
non-random effects on seedling survival is the hasis for assessing the evolutionary
and ecological processes important in structuning forest communities. Mortality of
tropical tree seedlings is vsually greatest in the first vear, decreasing o a much
lower, nearly constant mortality rate afler several years (Clark er al., 1998),

We have monitored the population of major juvenile tree species at 1-ha
permanent plots of a foothill rain forest in Ulu Gaduot, West Sumatra since 1980,
Spatial distribution patiern of major species in this forest have been revealed and
their regeneration mechanisms were discussed with demographic data {Suzuki and
Kohyama, 1991; Mukhiar er ol 1992, 1998, Mukhlar and Koike. 2008, 2009:
Kohyama er af., 1994).

MATERIALS AND METHODS
Study site
This study was carried out at 1-ha permanent plot, named Pinang-pinang plot

in a foothill forest of Mt. Gadut (Lat. 0° 55" 5, Long. 100 307 E), 18 km east from
Padang, West Sumatra, Indonesia. The elevation mnged from 490 m to 520 m in
aftitude. Details of stand descriptions could be referred o the previous papers
i Beohyama of af.. [989; Yoneda et i, 1990; Mukhtar ef ai.. 1992; 1998: Mukhtar
and Koike, 2008, 20049).
Tree species studies

Seven tree species were selected. The species were Colophyllum soularvi
Burm {Guttiferae)., Cleistanchus glandulosus Jabl. (Euphorbiaceae), Mastivia
frichotoma Bl (Comaceae), Swintomia schwenkil T & B (Anacardiaceae), Hopea
dryebalanoides Mig. (Dipterocarpaceas). Grewia florida Mig. (Tiliaceas) and
Crenmyivlus forbesii Gilg. (Thymelagceae),
Ohbservation for juvenile tree dynamics

The seven tree species were measured and marked. In September 1989, we

were carried out first census of individuals for representative tree species in the 1-
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ha plot permanent. The area was re-sampled on September 1999 and on
September 2009 in a second and the third census, respectively. In this paper we
distinguishes plants with their height (H) as follows : seedlings (H= 0-1040' cm).
sapling { H= 101-400 ¢m) and pofes sizes (H= 40[-1000 cm).
Caleolation of Mortality RHate

Mortality rate was caleulated in two different census intervals, 198919499
and 1999-2009, and in three size classes, < 100 cm height, 101-400 cm height and
= 4{i) cm height.
Maortalitg (M) rates were calculated (Sheil and May, 1998) as follows:

M= {1 —[(N, — pr¥N,1"™ x 100
where N, = population count at the beginning of the measurement interval, m =
number of deaths among the initial population, following the between-census

period (AL), At = measurement interval between census (1 — th.

RESULTS

Fertical structure

Figure 1 is shown the height distnbutions of scven tree species in Pinane-
pinang plot. The result shows a time trend of the population number during 20
vears since 198%. The population was decreased gradually as the height class
inereased, The distributions patterns were founded majorty (six species) in L-
shaped except for Gonpsiylus forbesii was in Bell-shaped at the first census
mterval. The numbers of population were dominant at seedling stage (H=0-100
cm} except tor Comsiplus forbesii The distribution pattern for  Hopea
dryobalanoides and Cleistanthus glandulosus were changed to Bell-shaped at the
second and third census measurement and Grewia florida at the thind census
measurements. These results suggested that later three species have reached
regeneration process at sapling stage (H=101-20() cm).
Mortality

Seedling survival differed among seven tree species as shown in Figure 2.
In the combined census interval (1989-2009), the result showed that mortality rate
wis decreased as the height class moreased except for Swintonia schwenkii. The

mortality rate was ranged from 2.71 %45 o 18.47 %/vr in all three height classes,
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The mortality rate was observed majority higher in the scedling than sapling and
pole size. The highest morality rate was observed for Grewia florida. The higher
mortality was also observed lor Mastixia irichotoma. The intermediate mortality
rates were observed for Hopea dryebalanoides, Calophyliuem soulaitei, Gonystylus
Jarbesii and Cleistanthus glandulosus m the seedling size. The lowest mortality
rate was observed for Calophyvilium soulattri in the pole stage,
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Figure 1. The height class distnbution ol seven tree species based on seedling
stape (H=0- LU0 cm). sapling stage (H=101-400 cm) and pole stage
{H=400-1000 cm)
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Mean mortality rates were higher during 1989-1999 than during [999-
2008, For each height class separalely, fhe difference in mean mortality was much
more pronounced in seedling than sapling stage. Four tree species had higher
maortality in the carly census interval, but their percentage was lower in second
census interval. In contrast, two species (Swintonia schwenkii and Grewia
trichotoma) had significantly higher mortality during the later census interval.
Whereas Mastixia frichotoma was showed slightly higher morality rae at the

second census interval.
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Fipure 2. Frequency distribution of mortality rates for seven tree species in two
different census interval.
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The highest mortality in the first census interval was observed for Hopen
dryobalanoides (13,57 %aiyr) in the seedling whereas the highest rate in the second
census inferval was observed for Grewia frichetoma in the sapling (16,17 %/vr).
Cn contrary, the lowest morality in the first census interval was observed for
Hopea dryobalanoides (1,84 %'vr) in the sapling and the lowestin the second
census  owas  observed  for Gospstles fordesil,  Mastivia  trichotoma and
Calophylivm soufastri that all of them were in the pole.

With all tree size combined, mean morality mte was significantly higher
in the smaller size class than in the larger during both census intervals. This
overall wend, however, mask a sharp difference between size classes. In pole
sizes, the difference was highly significant during both intervals except for Hopea
dryohalanoides. Two extreme illustrate the vanation in how meortality changed
with size. In 1989-1999, Swintonta schwenkll (Anacardiaceae) had 6.65 %'vr
mottality in the pole size class in the first census interval but become 13.0 %a/vr in
the second census interval, Converselv, Hopea drvobalanoides, Cleistanthus
plamdulosuy and Calopdplivm seedatiei in 1989-1999 had higher mortality at the
seedling in the first census but the rale was observed o the pole in the second
census interval.

DISCUSSION

The regeneration behaviour of each tree species is controlled by many
factors such as distance from the mother tree, topography and their statue in the
forest stand. In our plot we have found clear relationship between mortality and
distance from the mother tree of O sowfariri (Mukhtar er af.. 1998} We also
found that Swintoria schwenkii mero-environment i the area around mother tree
seemed not to be suitable for the survival of the seedlings (Suzoki and Kohvama,
1941 ).

Most tropical min forest tree species have strongly aggrepated spatial
distribution pattern. The species distributions are also strongly agprepated with
respect to variation in soil nutrient status (Clark er al., 1998). Palmiotio ef al,
(2004 in Lambir, Bormeo founded that Swintonia scinwenkii naturally aggregated
on low-fertility humult ultisel and Hopea driobalanoides on moderate-fertility

udult ultisols, Mopea drvobalanoides had sipnificantly higher survival rates in
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udult than in bumult soils in gaps area. Whereas tor Swinfonia schwenkii had no
significant differences in survival mates between soils or light level. They resall
concluded that habitat-mediated ditferences in seediing performance strongly
influence the spatial distribution of tropical trees and therefore likelv o play a key
role in structuring tropical rmain forest communities,

Various pattern of mortality rate were found between emergent, canopy
and subcanopy tree species, Grewida florida and Measticie irfchotoma as subcanopy
tree species have performance the higher mortality for seedling, sapling and pole
stage as shown in Figure 2, Both of two species were recopnized to be more
sensitive to gap dynamics than Hopea, Gonpsiplus and Clebsraniths {Kohyama er
al.. 1994, Whereas & jorbesii and C glondulosus also as subcanopy tree species
showed lower mortality for seedling, sapling and pole stage, Between canopy trec
species Calophyllivm soulaitri showed the lowest i mortality rate for seedling,
sapling and pole, Furthermore, Hopea dryebalansides as canopy fee species
performance low morlality at sapling and pole stage but higher at seedling stage,
On contrary, Swindonia schwenkii as canopy tree species have performance low

mortality at seedling stage but high at sapling and pole stage.

ACKNOWLEDGEMENTS

We would like to express our appreciation to Prof (Emiretus) Mitsurn FHotia of
Kagoshima University, Prof (Emiretus) Kazuhiko Ogino of Ehime University for
their initiation and valuable advices for this research. This study is based on a
lomg-term observation, and the late Prol (Emiretus) Syunzo Kawamura of Kyoto
University had supported this study throughout the period under Sumatra Nature
Study (SNS) Project (1980-1990) and Field Biolopy Research and Training
(FBRT) Project {1994-1996) in Padang. We also thanks to students of Depurtment

of Bielogy, Andalas University Tor their advice and help in the field.
REFERENCE
Clark, D.B; Clark,1>.A and LM, Read. 1998, Edaphic vanation and mesoscale

distribution of tree species in a neotropical rain forest, Jowrnal of
Ecolom 86 101-112.



Imen A, Manze, Pucra (Eds)

Trosiding Seminar dan gt Tahuinan BRS-FTH Wilaynh Bami ke-21
Hi— Lh Mni 210

ISHM. NN

Condit, B; 5.P, Hubhell and R.P. Foster. 1995, Mortality rates of 2{13 neotropical
tree and shrub species and the impact of a severe drought, Ecological
Monograph 650414 19-439,

Kohyama, T; E. Suenki and M, Hotta. 1994, Spatial distribution pattern of
representative tree species ma foothill rain Torest in West Sumatra.
Tropies 4 (1), 1-15.

Mukhiar, E: E. Suzuki; T. Kohyama and M. Rahman. 1992, Regencration process
of a climax species Calophyilium of. soulattri in tropical rain forest of
West Sumatra Tropics 20173 1-12

Mukhtar, E; T. Yoneda, Zalhad and M, Rahman. 1998, Regeneration process of a
climax species Calopfvilun of, vowiadted 1n tropical ran forest of
West Sumatra @ Population dynamics of a cohort from mast foitiog in

198 1. Tropics T(3/4). 183-194
Mukhtar, E and F. Koike. 2007, Dispersal and survival of juveniles of several tree
species in a tropical rain forest of West Sumara. Tropicy 106, 205216

Mukhtar, E and F. Koike, 2009, Juvenile height growth rate of seven major tree
species in a tropical rain forest of West Sumara. Tropics 18(1) 1- 6

Palmiotto, P.A; 8.1, Davies; KA. Vogt; M.AL Ashton; D). Vogt and P8, Ashton.
2004, Soil-refated habilat specialization in dipterocarp ram forest (ree
species in Borneo. Jowrnal of Ecology 92: 609-623,

Pote, M.D: PS8, Ashton; LS, Kaufinan and J.B. Plotkin. 2002. Habitat patterns in
eropical rainforests: a comparison of 105 plots in Northwes: Borneo.
Ecolagy 83, 27822797,

Sheil, D and RB.M. May, 1996. Mortality and recruitment rate evaluation in
heterogeneous wopical forest. Journal of Ecology B4, 91-100,

Suzuki. E and T. Kohvama, 1991, Spatial distributions of wind-dispersed fruits
and trees of Swinfonia schwerkii in a tropical Torest of Wesl Sumatra.
Tropfes H23); 1531-142.

Yoneda, T: R, Tamin and K. Ogino. 1990, Dyramics of aboveground big woody
organs in a foothill dipterocarp forest, West Sumatra, Indonesia,
FEoological Research 5; 111-130.

Yoneds, T; K. Ogino; T. Kohyama, R, Tamin, Syahbuddin and M. Ralunan, 1994,
Horizontal variance of stand structure and productivity in a tropical
foothill min forest, West Sumatra, Indonesia. Propics 4{1); 17-33,



