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THE FOREST GROWTH CYCLE IN DRY DIPTEROCARP FOREST

Pricha Dhanmanonda '

ABSTRACT

Dietermination of the process and rate of revegetation by using data on tree densily, Hrz

coelficient indicating the ideal maximom tree hejghty and sboveground biomass were investigated in
the dry dipterocarp forese (I at Sakaeral Enviromnental Rescarch Station (SERS ), Pak Thong Chal
District, Makhon Ratchasima Province, Northeastern Thailand, The results revealed that the forest

arowth cyele (the gap phase, the building phase and the matnge phase) were estimated W be 0-60,60-

122,122-244, Rapid increase in basal anca, H and high morlality of sapling were found during the gap
phase, A slow increase in basal wea, H and low mortality were found during the building phase, while

the mature phase was characterized by an alomst saturated basal area, H' and above-ground hio-mass,

Ma gap indicarors oocured in the study forest.

INTRODUCTION

The cancpy of a forest changes continually
ay tree grow up and die and others replace them.
This state of equilibriwmn may conveniently he
subdivided into a farest growth cecle of three
phases : the gap phase, the building phase, and the
milure phase Whitmaore, 19751 The phase ae
abstraction, not separae entities, The gap
phase, comprisng nvenike (ecdlng and sapline e,
passes by prowth into the building phase, which
15 a pole forest and stself mature by conlinual
erowlh of s constiluent lrees,

Distwrbances sucl as steong winds, heavy
rains, lsnd slides, fires, cte., cause the death of
canopy trees tollowed by gap formation {of.
White, %79, Alter pups are formed, reverslation
procesds in the gaps and Loally they are closed
by large grown trees. Sice canopy tees of

warions crown sizes die ar cerfain time infervals,

different weed gaps of various sizes are patchily
distibored in climax forests imespoctive of e Tvpe,
Fatchy distribution of these different aged stands
resulls in heterogeneity in the specics compositicn
and forest structure of the climux [orests (eg.
Anbreville, 1938; Want, 1947; Richards, 1932,
Falinski, 1978; Ohsawa, 1979 Reincrs and
Lang, 1979, Florence, 1981; MNeke, 1982
Makashizuka and Nomata, 1982,

Howsover, there 15 a fact that the time scale
of regeneration of most forests wre considecably
lomg. For example, (e mean residence times of
forest canopy range [eom 50 10 200 wears for
climax forests feom the tropical zone to the cool
ternperate zone (Hartsharn, 1978; Ronkle, 1979,
Florence, 1981; Milmoung, 1965; Suksomut, |98,
Thus, it is nearly impossible for a single researcher
tn tollow the course of Lhe mevepelalion cod-

ttnuously over such a leng time,
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The purpose of this study is (o clarty the process
and rate of revegetation atter gap fommation in the
dry dipterocarp forest (DRF} by compuring tree
densities, basal arca. H' (a coefficient indicating
the idesl maximum tree heighty and above-
ground bivinass among dilferent aged stands.
The forest growth cycle (Whitmore, 1975) of
DDF will be quantitatively explained
STUDY S1TE

The studv was carred oot in the dry
dipterocarp forest at Sakaerat Environmental
Research Station (SERS), Pak Uhomg Chai Dis-
trct, Makhon Rachasima Provinee, Northeasiem
Thailand (14°30° N, 101" 55 E1. The study area
has a mountainous morpholegy with the degree
of slope mostly varied from 140 w0 30 percent or
over, The elevation fo area canges from 200 1o
SO0 meters above mean seq level, The meoloey is
a composition of fined grained sandstone and
shale strata whicl are overlain in the valley
depressions by alluvial and river lerrace deposits,
The soil is penerally poar, charsclenzed by a
prominent development of lateritic, $oil fexture
is often sandy loam and clay loam. the climate
of this region is clissified a5 tropical Suvanni 1ype,
according 1o the Képpen's climatic classification
(Griffiths, 1987), Mean annual rainfall and tem-
peraluce are 1,200 mm. and 26.5°C, respectively.

METHODS
The study was carned aut in a relutive Jomg pro-
tected area with less human disturbarce of the DOF in
the stutheast section of SERS, A stucdy plet of 100 m
x 3 m was set up on & smooth Gal wpogeaphy about
300 m altitude in Taneary, 1952, The plot was dividesl
inta three subplots of [ o« 1000w for cach. detail sta

dv, nainely, the forest structure and flosistic compos

c

fiem, the determination of age of wees and the forest
wrowth cycle.
Forest struciure angd flenstic compesition

The sty wsed the frst pertion of 100 m x 108
m which sabdivieded into 1 subplots (10 < 10 m).
All trees over 4.5 am in stem diameter 21 1.3 m height
ghove the ground (DBH) conbeined in each subplol
were magped, species recorded and mensured of cheir
DEH. total tres height (H) and height at e lowest main
living beanch [Hu_l.

The srudy was carred oot by agopting gquanti-
tative ecological method as follows:

Specific diversity wis determined by the Sham
mon-Wiener index of diveraty, H(E), (hacArther and
sacArther, L9510

The irnpectance value index (111 was deter-
mimesd by the methad of Catam {1949}

Suarification wis studied adopting the methaod
deseribed by Owawa of  al, (13%65) based oo the H-
H diagram. Species wene separated into ench laver and
listed with mumber and selative dominanes un the basis
af basal aren
Dierermiranion of age of rees

podificd CoAL (Current Annual Ingrement)
method developad by Masra ef al (1574} was applicd
for deserminatio of age of ees,

Age of trees was decermined from all standing
tree which DEH (D) larger than 4.5 (om) o the whole
plad.

I the present study the two conscoutive obser-
watsoms on diamerer refered 1o a small duration of Hme
{ome vear, in prosent cuse 1990 and L1y, and heaws
it mighl be reasonably o asswne a linear relationship
berween them as a Dt approximation,

Forest growth  crole
The stedy wael the whole plot, gquadrats wers

Jatd in apparently dillerent aped stands,
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[zt size ranged from 25 m” to 100m °, and
were determined by the hesighis ol the op lyer irees n
each stand. In this stody, top layer trees were defmed
ns fress whose crowns were directly exposed o the
sunlight in each stand. the wp layer in older stands
WERE ea.ﬁi.|].' ideatified, but the dennficanon was diffi
cult in wounger atands, teses heigber than the mean e-
ight ol gap indicators in each stand were designated s
the top layer rees,

[t case of ropical region whese growth cings
seldom developed, gap ape could be considered by a
modified CLA ] (Cwrment Anoua] Incerments method
developed by Misca of af. (19740, The age al the mia
mum sixed ree in the gap was considened o be equal
ter the ame of the pop. The areas of gap were estimared
by measuring the major and minor axes, assuming thoe
canopy openings were cllipses.

All Tive trees over 1.3 m high in cach guadsat
were idemtified as ko species and all standing dead toees
aver 1.3 m high were also mndentified when possible,
I3EH ancl H were mensured for all standing live and
dead troes.

Opawa (1969 proposed the ollowing hyper-
bolic reliution becawesn DBEH and H in forest stands.

WH=1ADE 4 I/H " (m. cm) i
where 13 5. 1610, and b, A and H are cocfficient spe-
cific o forest, He showed that h was approximately
equal to cne for oost natore Grests, imespective of
fo-rest tvpe. Assumeie thal boegual one, the other
coeffici-ants. A and H. fion each stand were calon lied
by usingthe nonlinear least square methid [Glass, 19673

The nboweground dey wcigh[{w'T] foar 330 weas
estirmated by using 1he relative srowth methaed b Qg
oo et al, {1967 for bardwood rees in the dry diprero-
carp farest i nurt kepsten Thailand, They waed the fol-
lowing cquatioms:

W= IR DCHY e oy (2)

66-79 (1992)

W, 0125w L (kg.m . m) (

1 dw : =11 ddw H or <0172, -:_kg. m :, m) (41
where L2, W amd W e LIBH, and the dry weights
of stem, branches and lzaves of a tree, respectively, and
tolal ahovegrousd weight (w_) of each ree was ohiai-
ned by summing these partial biomass.

w1'=“s+“'n_“; =]

RESULTS AND DISCUSSION

Floristic composilion ond [orest sirociure

Flanstic  Composition Thirly Tive species asd
Sdd tank wiere fournd in | ba plee. The most abundant
species wis Berocarpiry microcarpos Bz, (15,2% of
laadit! Iresesd, followed by Showrea forbonds Kore, (.-
%), Shorea obivse  wall (8.1%), and Diprerocarpus
iatricatus Divee (5.8%:) (Table 1), In case of Shorce fo-
rbanda Karz., not only indensicy bocalse in frequency
el beesal aress dharnance., 11 vocspied e Grst s, s
thormmance i fhe sland wis decisive and stable, since
the specics maintalns the wop rank throughour the owe
lavers ol the Morest, Prermcemes macrocapey Kuce. mn
keed nexr o Shorca Qoribueda Kore, i dominance.
This species was alse presenf in considerable amowrt
thrarhont the Jwo fapers, Shores oblosg Wall,, and
Lipresocarpus auvcatus Dyer, tse thud and the fourth
important apecics weos alao preseat in considerab e anm-
ount throwghout the twe layers,

The importance value index (IVI) {Cottam,
1444 of plat wos determined as:

V1= % relative density + % relntive frequency

= 5 relative dominance

whers
‘% relative density density of species |
toeal plant densiy

% relative frequency = frequency of species 1

total freguency of all species

% relative dominance = ofal basal area of species |

total basal ares of all Species
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Table 1. Kelative densily, Freguency ., dominance and importance value index (IVI of tree speeics

with DBH larger than 4.5 ¢m in 1 ha plot.

%o Relative
Soientitic name ™I
Density Fregpuency Crogninance

Albizzia odoratissima Benth. 036 051 oy 097
Antians roxicaria Lesch. 0.36 051 L3R (R0}
Ansidisma launfalivn Airy Shaw 034 076 iR 14
Apcrsa villowa Raill, (] 2.54 (1.3535 470
Bombas anceps Plerne 035 051 0142 1.0}
Careya sphaenca Rosb. [eRe 4] 127 0,516 2,64
Daflergiz culirata Grab, ex Beth .50 102 0,475 240
L oliverr Gamble 12 229 2891 A.81
Dillenia obovats Hoogl, 6,14 S04 1.12% 1247
Desmedivm renifolivm Schindl .36 (.25 [L08Z n.m
[Hospyrow cherffoides Wall, 1.44 178 0438 .66
0 meellis Griff. 035 05l 0,245 1,32
THprerocarpies indricelns Dyver 5.9 112 20577 33,66
Fugenia cieming Dinuce Lh18 (.25 0147 0,60
Canlenfa soolgpans Huoch. (14 0.15 0.026 01,46
Hvbrid of D inticatus 054 0.76 2954 4.26
Irvingin malayana Oliv. ex A, Benrn, 072 142 [1.252 1.99
Kwdia calveinag Rowh. 035 025 0064 .55
Lanaea coromandelica Merr. 124 127 0.393 293
Mangifera caloacura Kurz 144 178 2.457 57
Mitagyna brunosis Graib G665 a1 1.540 14.15
Morinda corain Ham 162 1% (L.657 4.57
Nawclens bnmaea Graib. [N E] 0.25 fLns 0.45
Parinari anamense Hance .18 0.25 0,167 (160
FPhivilnnthus emblica  Linn. 0.18 0.25 0045 048
Pmmmls; macrocarpus  Kurz 15.16 127 D440 57.33
Cuerces kerrdi Graib 1518 [145 15,1497 3082
Sindory Siamensis Teijsm 217 108 1747 a7
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Table 1. {cont.)

B Melative
Saenlific name 1Vl
Drensity Frequency Dominance

Shorea floribunda Kuez, 1444 12,72 182450 45,65
5 obuse Wall, &2 L2 10141 25,13
5 Siamensis Mg, Laz 2.0 LT 683
Toemunalla chebulin Hets 0.5 041 a1 093
Linindentificd [EEEY] .27 LA 235
Vadica axforetz  Syming 0.14 0,25 [EXhrt] (hadé
Vilex pinnatn Linn. a4 156 1.151 1.5
Xriin xylocarpa Taub. .14 .02 5125 15.88
Tatal 100 1{K1 1 10k

The relative density was determined froe all
standing tree of DBER (D) larger than 4.5 cm, in the
while plofof 100 m x 100 m. The relative frequency
was detesmined for ome hendred 10 m = 10 m. subplots
set by regulacly subdivading the 100 mox 100 m ploc
The relative domindnce was ohizined rom the basal
area al breast height, calcullated a5 (TD° 4, of each
mee in the whole plow

Table 1 grves the relative values of density, fre-
quency, and doiminance on a basal aren basts, and the
impertance value index (I of all species with DBH
lurper than 4.5 e W1 values of the main species were
as follows; 5 floribueda Kuez, (451, Q. Kamii (39),
Pooruwemeupus Bz (37, I itscatus Dyer 0333, 8 ob
tuse Wall (25) , Xyliz xpiocarsm Tauk (15 imd Mim-
gyns brunpsis Craib (14},

Specific diversity of the plot was determined
by the Shannon-Wiener index of divessicy, and shown

in Table 2.

The Shannon-Wiener index of diversity, H(5),
iMacAsther and MacArber, 1961) is;
3
HiSi= Lp log P
=] I :

Whers, P = propartion of the number of ind:-
viduals of species | o oal num
ber of individuals of all species

5 = ozl nurmber of species i the
samiple anca
The Shannon-wiener tsdes of diversity Hi53) = 4.05 was
comparable o the HIS) = 4.07 of a dry diptero-camp
lozest ot the same locality studied by Sakelmelit {1976),
ut the rumber of specics in the sudy plon see-
e o ke smaller than thar i his dry dipterocarp focest
stand. However, the value of HiS) was larger than in a
iy dipterocarp forest at Nom Fhrom and & mixed de-
ks forest ol e same Deality studied by Sahunala

el (1979 whach hind o HiS) of 193 and 394, mespec-
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Table 2. Plot size, number of trees speeies and hasal area of trees wilh DBH larger (han 4.5 em

in the study plot.

Teems

area of plot, m '
Mumber of treeha
Nurnber of speciestha
Basul area, i fho
Hisy

10, KD
554

14.42
44

“Shunnon-Wiener index of diversiny,

fively, bt smalles than thad in adey evergreen lonestal
Mam Phrom studied By Sahunaly e al (1979) oand
Tsutaomi of af. {1983) which had o HOS1 of 485 and
4.3, reapectively.

Foresr Structur

General Stweture The torest 18 rather open anc
can be consicdered as 2-storied, The upper storey coa-
sists of I intricaias Dver, 8 obiosa Wall., 5 flen
hundy Kure., 5. siamensis Mag., Q. kerri Crait. and
sometime P macrocrpis Kore, and A ke Craib &
Hluleh, The sscond sloney composes of low shrubby
trees such as Sirvehros aox-vomics Lane., Syajplocos
racemoss Wall,, Diospyros chretionles Wall., Aparosa
viliosa Baill, and Phylanthas emblica Linn..

The density of tnees with DBELL lurger than 4.3
con was 354ha us menticaed before, As cmnpased (2 8
nearty dry dipterocarp forest stand studied by Sakul-
melit (1976, which bid a deosity of B0G/ha, the sy
plot was less dense, It was also less dense than dry dip-
terocarp forest al Mam Phrom (Sahunalo et al., 1979)
and ar Sakarral (Cheino er al., 19630 which had dens:-
tiea of 93 and 1,290/ha, respectively. When compi-
red with edher forest bypes studied by Ogawa el al.
[1965Y, the tree density of the study plob was lower

than that of & monsaon forest (syreoym of mixed deei-

ducsus forest) af Ping Kong (715ha), monsoon lerest-
savannn forest scotone al Ping Kong (906ha), llever-
preen forest a1 Bhao Chong (1175 and diptesocimg
savanma ferest (swnonym of dry dipterocasp forest) at
Ping Eomg (1 488 Ma), When compares with dey everg
reen Forest at Mam Phrore (Sahenale et oal.o 1979,
Sakaeral [Wisaratana, 1983 and a all evergreen furest
at Dai Pui stadied by Vamnapeasert {19855, which bl
dersities of 1 OH8 e, | 485 and 7260, respective-
by, the stand demsity of the siudy plot was lowsr, bur den
ser than that of mixed decicduoes forest o hoare Fhrom
{238/ha) Swdied by Suhunalo er al (19741, The resu-
Its of the siudy showed that wee density decreases with
sncrcasing aridity of the hakital, being maximuen intall
everipreen Torest and minirum in dry diptesecap
forest (Tuble 3).

Herhs did not develop on the forest floar, except
for scattered firsd-tolesant cyesd, Cyoas siwtensis mi-
xed with Arendinama pusifle Cheval & A, Camus,
which is & characteristic ype of floor vegetation in dry
dipterocarp lereat of Thailand. In - peneral grasaes will
he dried ard desicated during the dry season. Dead
prasses and ier are regularly soept by around fire in
the drv wason, which plays an impertant vale in the

maintainance of this fenest type.
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Crowm Dstibation As shown by a horzontzl
prigection of all tree crowins abave 4.5 em in DBH (Fig.
Ly tree crowns in the dry diptetocarp forest wene dis-
comtimucus. Forest floor can be seen through coowns i
4 destant wiew, The vertically overappina tee strata did
ot observed. The dansity of tree crowis was, however,
apparently different in upper and lowes past of the furest
profile. Crown density of lower frees was faily bogh,
though imdividual crowns wese wel continugus with
ench other. Crown ol Irees hingher than 100 were wi-
dely distant like those ol eImECERNL frecs i a closed o
rest, In o sense the forest bas o two inversd atucture.
The crowe: coverage of the top layer which hy salid
limes was about 31 % of the plot area. showing the nor-

mal coverage figuee for ghis type of foreat. bost of

spaces nol covered hy the top layer were occupaed by
crowns of lower trees. The wtal coverage by crowns of
Iress larger than 4.5 cm in DBH was about 700 % of the
plobares inchating that the forest was  opened by ree
CTOWTIE.

Forest Profile Fig.2 illustrates an example of
profile (for the trees aver £.5 cm e DBH) of the siTip
of 1o s 100 m, subplot [-X. The forear structune of
this plor was basically same as that of the ather dry
diptenparg forests, The top layer eonsastecd of discontine
wos crown of big trees higher than 10 m. such
A5 DL siricaray Dyver, Poomacrocarmus Bure, 5. obtusa
Wall., 5 fTombunds Korz., M calboneen Mer, O, ke-
it Craib, 5 siimensis Mig, The lower laver, lower

than 10 re, consisted of small wees which crowns were

Table 3, Densily of tree speckes with L larger than 4.5 em in various Foresi types in Thailand

Wegsttion tvpe

Liocality

Dy diprerocarp forest
Dry dipterocarp forest
Dy dipterocarp forese
Dry dipterocarp forest
Doy dipteracarp forest
Monsoon forest-siavanna
forest ecotone

Mixed deciduows forest
Mixed deciduos forest
Dy ewergresn forest
Diey evergreen Forest
Hill evergreen forest
Tall evergreen forest

Tropscal rain forest

Saknczat, Masom Rachasima
Sakaceat, Nokom Rachasima
Fing Kong, Chiang rai
Sokacrar, Nakoen Rachasims
Mam Phrom, Chaivaghum

Fing Kong, Chiang Mal
Ping Kuong, Chiang oai
Mim Phrom, Chaiyvaphum
Kam Phrom, Chaivaphim
Saknesat, Makom Rachasima
Doi Pui, Chiang Ma:

Ehiao Chang, Trang

Khao Pra Taew, Phukhel

Treedensity Author
{re fha)
554 Fresent study
1.250 Ugme et al, 1965
1,488 Ogawa e al, 1965
&02 Sakulmelit, 1976
X! ] Sahunaly e ai, 1979
Si6 Orpawa or all, 1965,
713 Cigawa e al, 1965,
236 Sahunala e ai, L97%
L 58 Sabunale et af, 1979
1,488 Wisaratana, 1953
6 Vunnuprasert, 1983
[175 Ohgiwi et al, 1965
1,340 Kiratiprayoon, 1986

"Ecotone between dry dipterocasp Morest and mixed deciduows Forest,
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ol combineeus with ench ather, The same profile struc curve for this stad Las a minimun af abeat 10 m level
bure wias also recoghized in the H-H diagram in Fig.3.  Cormespondingly, mees hiphee than 10 m tend i be s

H-H, diagram in Fig.3 shows that the crow  parately mouped ngainst lower tees an the H-H_ dia

Fig. 1. Crown projection disngram of trees

(DVRH > 4.5 cm) and canopy gaps (shade
area) of dry diplerpcurp forest at SERS,

8
m

Huight abaws Ihe geoundim]
a

AR ARk

Fig. I Crown projection (A) and profile disgrams (B) of wree (DBH 4.5 cm) of dry diplerocurp
forest ol SEHS,
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Fig. 3 Crown depih diagrom and H - Hg relation of trees {DBH = 4.5 cm) in the dry dipterocarp

Torest at SERS.

Open cireles 1 crown unsbaded by other crowns.,

Dauhle circles : shaded by ane other crown.

Solid circles @ shaded by two or more crowns of ather irees

gram. The step-like arran pemenr of the wids overlapon
the Hu axis, M sudden incresse of tee density below the
10 m lewel is also apparent in the mend of the height
curve. The frequensy histopram af ree height m Fig.2
agim peints b the existence of stiuetoral change ot this
level. These evidences agree in showing that the stand
i rradle up ol twe layers, theagh they are cather vaguely
differentiated. As recognized o the H-H_diagram,
even the lowest indivivaals in this stand often receive
direct sunlight without being shaded by taller toess. The
layersd structure insuch anopen stand i, therefore, not
hormslogous with the stratification in a closed comrmo
nity, in which lower steata are usually shaded by over
Iying layers.

The vertical asrangement of tees in the stand
sugyests that there are tovo lavers of mees with DEH
larger than 4.5 em, as shovwn io Fig. 2 and 3

The mumber of tees in the top Layer was 122
{2229 outof 554 trees. However, their total hasal area
was G005 % of the toml, se the top Jover wis Guat-
titatively dominant over the other layers, In the wp

liwer, 3 outaf 11 species were Shoree spp. They wepe
5 foribunda Kure., 5. obtusa Wall, and 5. sinmenyis
Mig.
Detcmination of ags of ress

A modified AL method developed by Misrs
af al, (1974) was applied in this sty

I the peesent shady the twe consecutive odses-
vation on diameter refer tooa seall doration of Hme
(oo years and heoce i) is reasonable o assume  linear
selationship berareen thesn as a fust approximation,

Supposing the relationship betwesn |3" anl I:.'I:_I

as linear,

I =ua+hD [A)
atl o
where
n = Current apge (vear]
nk] = Age 13 SUCCERSIVE yeur Cowrment age +0)
[ = [Nameler a0 Year (om)
v
n 1= Dizmeter ar o+] year {¢rm)

a = Clrmarant

B = Annual Inepement
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The selationship hdrween DEH measured in

1880 (D) and DEH measured in 1991 (D _Jof IZ
specis are liocar and can be subsituced by the fiesc
order difference equation,

a, and bin ey, (8] can e estimate by least spuare
rmgthad, the resulis ase shown in Table 4,

The climatological dara reconded by SERS
[ L9653 L9690 indicated that the climaee are typeal of the
regiem and are oronetonously repeated vear afier yoa
with Lrtle annual fluctzoton. Heoee it is assurred thar
the patberm of yrowih hos remained on the avenge mors
o less the same as tn year noand o+l

Thie value of o, aod b in Table 5 vields the soua-
tion for age determmation, when ee diamelsr s
known, the results are presented in Table §.
Forest growt cvale

The canopy of a forest changes comntimzlly as
the trees mrow up and die, wnd others replace thens.
Whitrneee (19751 proposed the fovest growth cvele (the
zap phase, building phase, and the mature phase) 1o
understand e revepstotion process in tropical min
furest in ropical Asia and Melinesia. His physiognos
e approach to comumuntly of the ropical rain forest
is applicable bo the ofbier Lypes of climox forest

Lit thiis stuely, the process and rate of revepetation
tollowing gap lormation in DDF usice dats on the mee
density, basal aren, [ and abovepround hiormass are
presented, from Both the viewpoeints mentioned above.

First the time scale of the forest growth cycle
(Fig. 4} is dealt with, The first phose, the pap phase. @
characterized by the bigh density and low height (shor-
terntha 140 m) of trees. Gap stand, defined s young
stands, were al mest 60 vears old, 5o stand noc alder
thiin 60 yeazs ol are regarded as the compoments of the
gip phase. Abovegroend biomass of gap stand (tees
over 1.3 m heinglty was found to casged from 1.2-24

tha, with o mean value of 4 +9.3 tha., The second
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phase, the building phase was Tound 1o consist of stands
whose apes were betwoen G0 and 122 vears, The fallest
trees repched the canopy, 20-25 0 high and  above-
grourd biomass { ts=es over |3 m height) ranged from
3207 t'ha, with a mean value of 65 + 21 yha, The third
plase, the miture phase. consisted of stands whiose
ages wees hetween 122 amd 242 venrs, years, &bove-
ground biomass ranged from 521448 Uha, with 4 mean
value o' 122 = 3 t'ha, Since trecs smalles than 4.5 om
in DBH weoe not included in the caloulations for thia
phasc, the actaal aboveground bicmuss shoald be a litls
larper than the valoes given. Since the mean residence
time of e forest canopy wins 224 years, the matere
phase i expected o e for about 122 vears, an average,
in DDF at SERS.

‘The characteristics of the prowth cycle of DDF
ar SERS i surtmarized in Fig 4, On average, 0.36-0.72
wnopy trees per hectare duded, anst paps totalling 35-
B0y per hectare were formed annually. Standing dead
aril stem broken were the mam causes of gap for-
matiea and btk were scittered throughour the fosest,
Mience mean gap sisge was small, %8 m®, Eighty five per-
cent of gaps were formsed by only one gup maker. and
the mazimem number of gap makers pes gap was 3.

‘The gap phase was characterized by hagh mor-
talicy of saplings and rapid increase in basal ares and
e height (Fig.2.) During 60 years of gap phase, tree
demsity (for wees over 1.3 m in heinge) decreased o
2000 (FigaA) because of selt-thinning due to the
clensity effect, Basal arca attinet 12 m? o, which is
anioul S0% of the basal area of the matne phase (Fip.
4B * arained 20 o, abour &5% of the H* of the ma-
e phase (Fig4C), No gag species oooursd in the DDE.

The building phase was cnaracterized by lower
muorality of rees and rae of forest growth in lems of
basal srea and heingt prowth compaved to the gap phise,

The highest trees reach the forest camogy, 20425 m
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Table 4. Relationship between DBH in 1944 (1) and DEH measured in 1991 (0, of some inportan

trees species in the dry diplerocarp forest al SERS.

Dm =d+ h.DI_

Species a h T
Pleracirpus macrocerpiy Ko Q6538 LOLLE [.9470
Sherea flonbunda Kore 0.3644 1.0 1.9950
Chiercus kermn Craib .2%500 1.1%152 [.9967
Showea oliuss Wall 2364 14154 9972
Mirragvne brunosis Craib 1535 106548 00841
Kyiia mylocarpn Tauh, 04264 10024 0BBRR
Rillenfy obovaim Heogl 03564 10050 LR
Bipterocarpus inlricais Dyer 054064 (L5977 0,000
Wilex pinpata  Linn. 1.44356 119 (.0547
Aporusa villosa Baill 13447 0.3930 0097
Sherea siamensis Mig. N.&722 1.000S 055G
Morindy corein Harn 0.5280 0 9k Q85873

high. The reming of large lallen rees and stwmps of
gap makers also chametenzes the phase.

After the bailding phase, the forest enters nto
the matre plhass, in which basal area, H* and obove-
ground hiomass reached the moximum level of 14.4m'
ha, 296 m and 122 tha, respechvely,

Om average, this phase is expected to last for 122
vears, Deoth of canopy tress, cousing gop formation,
wits nhserved for this phise. 1 is the starting point for
gup regenesation of the forest. During
the forest g;ruwl'h. c}-:lu. aboveground hioamass coating-
ously increased from 9.4, 65 and 122 wha i the gap.
building and mate plase, respectively (Fig 40, Chanes
m npl:r_'i:a r_'a;rrnpl.lsi1.1|,1n weas nol ohesarved ﬂ'.u.'ril:l;._- the
fovest growth cycle, Fiomeer species, which noemally
apgear anly in the gap phase wese ab-sent in this fovest

Furthermone marked diffeceinces in species occusrence

accorting Lo gap size could not be obhserved, The
frequencies of species 10 gaps showed a positive
coreelation with closed forest.

Cm the other hond,
hardwood species segregated theit niches along a time

Jurks {1974) showed that

sequence in additton e envitenment gradients inwhich
revepetation procesded following disrurbaces in a fypi-
cal northern hardwood forest in the United Staces, Wa-
rinws successional species maximized their Importunce
al wertam trmes along the time sequence.

Cine oof thse characteristics which is peculinr o
[33F is the lack of pioneer specics and the homegeneity
of the eenlopical characteristics of component species.
Mo elesar segrepation of piches could b observed among
the component species of DDF. The reason is probably
due 1 severe site factars, such os heavy drowght, forest

fire and soil propertics. These factors act like a filtler
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i

Tahle 5. Equation for age estimation of some inporianl tnee species in the dry dipterocarp Torest

uf mlEHA,

Skpecies

Equarica

Pterocarpus macrocarpus Kusz
Shoree lonbinda Kurz
Caercos ke Craik

Shoreein obiusy Wl
Mirragyne brunosis Craib
Xyba xviocarpa Tauh,
illenia chhovata Flusal.
Dupterocarpus irrmcatus  Dya
Vitex pirmara Linn,

Aparusa villasa Baill.
Shorew sinmensis Mig

Mowindie corene Him

n=196,2834 lop 1« D.0LEDS [ 3
n=1RA.TIER log (1« DRSS D )
n=4d 30551 log (1 + (L0132 [ :I':-
o=150L666% log (1 + [LO651 1D 1
n=36. 1528 lop {1 + 04287 D il
n=823.5026 log {1 + (D05 T 1}
=46 LO6TS log (1 + 0.G129 [ n}
n=-7H74, 1373 log (]- D0005 O _1]
n=S609TT g (1 + 0S40 D ]
n=-317.7821 log (1 - D0Z02 O %
n=2870. 38515 L 1 + ALK LD .]

n=-382.6117 log (1 - 00114 [ A

which chooses the suitable species. and results in the
selocted species having very similar scologcal charn-
teristics reparding survival io the environmicntal cuu;ﬂu-
Laorss sl LXLRS,
The trmever fime of the forests wene estimated
o b 112 years (Harshorn, 1975]), 144 vears (Brokaw,
19821 for womcal rain furests. In twenperate deciduous
farest, itwas 42-533 yvears (Kunkle, 1982] and 100-2000
WEACE for climax beech IFaqgu.-\. crenats Blume b oress
iMaknshizukn, 1984, The rureover Gime seerns g be
betwesn LR and 200 vears for many fonests in wel o
picil o temperate climate. This was also supporied by
Leight {1575y, The turnover tivee of fovest stands corres
pionsizd with the tme menticoed above. The dynamic
equilibrium in o climax foest secms 1© be sustained |y
such repeneraling and degenerating processes.
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