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Abstract: 

THAILAND 

Conversion of forests into agricultural areas is a main cause of deforestation, 
particularly in the mountain ecosystems of northern Thailand. It induces a rapid loss of 
biological diversity both flora and fauna. In addition , the above ground biomass (AGB) 
which can be the main source for carbon storage is also decreased. This study aimed 
to predict the AGB in Doi Suthep-Pui National Park, Chiang Mai Province, based on 
land use/land cover (LULC) changes from 2000 to 2030. Landsat-5 TM (2000) and 
Landsat-8 TM (2015) satellite images were analyzed using the Cellular Automata 
Markov Chain technique to predict LULC changes in 2030. Temporary plots (30 m x 3C 
m) were established in each LULC type for AGB analysis. All trees with diameter at 
breast height (DBH) greater than 4.5 cm were measured and identified to the species 
level. Then, AGB of all LULC types was analyzed based on the specific allometric 
equations of each type. The results showed that the forest and non-forest areas 
fluctuated during the study period . Throughout the first 15 years (2000-2015) , 5% (2.9: 
km2) of the forest area changed to either agricultural land or urban, especially the 
mixed deciduous forest (MDF) and lower montane forest (LMF) . There was also a 
I similar trend in the 2030 prediction, showing the effect of forest fragmentation and the 
resultant high number of patches. The total AGB tended to decrease over the 30-year 
period from 12.47 t ha-1 and 10.60 t ha-1 in the first and second periods, respectively. 
Deforestation was the main factor influencing the loss of AGB (30.63 t ha-1) related tc 
LULC changes. Furthermore, the habitat loss would be expected to result in decrease 
biological diversity. Consequently, a management plan should be developed to avoid 
~sustainable land use changes, which may adversely affect human well -being. 
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2 !'ltu~i:-.i~~m';j:1Jf11';jlfi1'J~';j :1J'l1li'Vlv1~mnJH
1 

t;V'IL'11ll 50290 

3 1!J''UV'lh~ffl'U'll'Ut!'l~fl~lV11ivilnfl'1'VlV11ll'lrl''l.h~t'Vlfl'l'VlV !'ltu~'J'Ufl'lff~f 

U't'ltlVl~fl 

f11';J t 'IJ~ V'UU 'IJ M ff i11'ViillJ fllf11fl'fl l'ilii i:-.!Ml fl f1 l';J ii!u 
" 

~fl 'W' 'U i 'U fl 'I 'Vi ';j ';j f,U 'l tl'1?] v t \l 'Vi 1 ~ ~ 'U ~ u 'U 'J ';j fl v ~fl 
';J~'l1ll'l1l1i:-.i~?JLU uii~'llli:-.i~?JLU fll';j~f1m!'lf'ltlii 
l~ Q 'IJ ';J~ ff 'I flt Vi fl~ ?1 ~ l:IJ'Vi ill~ 1J 1~ l:IJ f1 l';J t 'IJ~ V'UU 'IJ '1 'I 

ff i11'Vi.fJi'.i fllmfl'm m~~'U L 'Wu 'IJ '1 'I tll'J';J u 'U 'J';j fl v~ fl1J 1 

~'Vlf.Jl'Uttli'l'b'l~?lflViJ't'Vl'Vi-~V 1i'l'11l?lt;V'l L'11ll L?JV'Vil 

fll';j ~ ?Jm:1J1' ?J Cfi'U 'ltl'~ii 'U'U l?J !'111:1J 1~m n n 11 4.5 

t'll'U~t:iJm~'W'l'IJ 'l'Jf1 'l 21J c;f'lu~ll 2555-2559 ~1:1Jnu 
d QI .d 91 ...:;:,. .d .::!!I 

f1 l';J t f1U'IJ'U 'Vl f1 'U fllq! '1 ff ill'Vi .fJl.l fl 1 fllfl''il l nt !'1 ';J fl 'Ill fl 

'fl~ L'U:IJ'1i i:-.iiim';Ji\lmn'Wu11ffm'Vi.fJi'.ifl1mmllm~~'U 

1 C:.d ~ A I I .d d 
?J vm 'Vi 1~ ~ ru '11.fJ:IJ:IJ f1l';J t 'Vi:IJ 'U'U fl Vl'I ~fl t'U fl 'I 'U ru~ 'Vl 

.. 1.c:. ~ d 91 
1J';j:IJlt1J 'U l~'U :IJtt'U 1 L 'U :IJ '1?] M~'1 fl ?]';j ~ V ~t1 '11 41] 

(2555-2559) ft'li:-.!Mlfl'Vi'11'~1J1t'UlJ 2559 ~'e)~';Jlfll';J 
~ 0 dQ.I ~ ~ 

t'Vi:IJ'ill'U'J'U'1?1M U'1~:1Jfl~';Jlf1U~lf.Jt'Vi:IJ'U'U nn 

t 'IJ~ V'Uu 'IJ M ~'In~ 11ii !'11 l:IJ if':iJ'W''W £fl Vl'I ii'!! m:i1fi' ty t1 u 

{f'il1i'V~l'U.fJlJfllmfl''li'1'l'Pi'W m1:1Jui1''lut1''!~t~:1J~'U'Vi1M 
f1 zj:IJ'Vi ';j ';j f,U 'ltl't~'U l 'U {] l~'!Jt 'U iii 'el~ ';j 1fll';j~1vff'If1l1 

" 
'Vi';J';Jf.U ttl'1J1t~'I~ 'I Uff?l'l Li1't~'U ll t:IJ1'U nzj:1J1J1 tlli:-.i~?l 

1uM~ui:-.iiim~'Vl'IJff'ln11n~:1J'ltl'i:-.i~?i L'IJ ~'IJ'U f1l';J,..,1'1 
" q • 

tt.W1 108 
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a :"f ,.i "" Cl n f "' "' 'l "' 'illt lJ'U ~fl '!'Vi 'ill';l tu ltl'I U'U 'J'Vll.:J f11';)1J';J'IJ~'J'U fl '!'Vin tu :IJ 

U ~ '1 ~ 'b'U ?1~ fl f1l';J t 'IJ~ V'UU 'IJ '1 'I ff il l'ViillJ fl lf11fl'~ 'JV 
" 

u't1il1 
y 

fll';Ji'li'J'Ufl'l'VinruYi'b' (plant establishment) l'U 
y ' 

Yi'WVJ~l'I 'l '11~fll'UU~'1~';J ~ 'IJ'IJUt1fl''Pifl'lfllfff.f{f'il1iV 

~ 'ltt 1?1 t1'fl:1Jt ~'U i 1fi1'11'U ?J L?i vm m~ fl Vl'I i'l,:r 'il 1i v~ l'U 

ffi1l'Vi.fJlJfllf11fl' (climatic factors) (Frelicb, 2002) ~t~'U 
y 

{f 'il 1i' V '11 ~ n i 'I u ~ m ~ 'IJ 1 'U f11 ';J 'I fl n 'U fl 'It :IJ ~ ?J (seed 

germination) 'il'UYi'b'm~1J'Ut~'IJ 1~tVlflm';JiY'IJ'W''WfM 
{f 'il ~1J'U{f ty'l1 lf1l';J t'l.l~ V'Utt '!JM ff i11'Vi.fJlJ'fllf11fl' (climate 

changes) t ~'U {f t)J'111 l '11 qi ~fl fll';J c;f 'Ii 'Jtt '1 ~ fll';J iru ~fl 
'W''Wf 'Ufl'IYi'b' L?JVt\l'Vil~ flVl'li'I 1'11l:IJN'Utt'l.l';J'Ufl'lt)~f11'1 

(seasonal variation) tt '1 ~ f1 l ';J t ~ :IJ ~ 'U 'U fl 'I fl ru '11 il iJ 
q " 

(increasing of temperature) (Ruiz et al., 2008) flVl'll';J~ 

~ l:IJ f1 l';J ~ 'il ~ ~ ?1~ l:IJ f1l';J t 'IJ~ V'Utt 'IJ '1 'I 'U fl 'IYi'b''il lf1 f1 l';J 

t'l.l~ V'Utt 'IJ M ff i1l'ViillJfllf11fl' L?i vm m~~'U ~1J1 'ltl'J'U 
" 

~lt~'U'Pifl'liif1l';J~?l~l:IJ (monitoring) flVl'l~flt~fl'I J'I 

l 'U fll';J ~ ?1~ l:IJ 'fl~ ';J lfll';J t ~:IJ ~ l'U 'J'U (recruitment rate) 

.. "' 
'11';Jflfl~';J1f1l';J~1 V (mortality rate) ( Frelich, 2002; 

Sherman et al. , 2012) i:-.l'U 'Jf1 tl'IJ 'li'fllq! '1 ~l'U ff ill'Vi 

Ol';JU1 HY'UflN~Fll'Ul~tlillflU 'j'j £Jltl 



"' "' "' . 'I "1 " fl 1 'j ft fl El l 'Wt 1ft1 'V1 V l 1J 1 ! :U 'j ~ V ~ V 11 ( long- term 

ecological research, L TER) t:[J'WrtlmJ'lJfll'j~~'fll:IJfll'j 

t1.J~V'WU1.JM 1Mi~u1.JMf:ll'J'j (permanent plot) L'W 

l4''W~'j~'lJ'lJ'WnftiJ1'1~~1.:i 'l mi~i'WtJ'j~l'Vlftl'Vlv~iJ 
utJMtn'J'j~'Wl~~l'l 'l L'Wl4''W~U~'1~'lf'W~~e:i.:itJ1 (forest 

type) ~.:iri1'W i'Hrutlwcr'W e:JN'1fll'jffflEJ1 im1.Ju 'lJ'lJ ~e:i.:i 
0 ~ 

1 fl H ft fl 'l e:J 'l ff tJ 'j ~fl e:J 'lJ (forest structure and species 

composition) U'1~vrn1m~e:J'l'\'l'j'jfil '1~ (plant dynamics) 

fll'j'Vl~U'Vl'W~e:J'lff·rn:uvh (plant succession) U'1~fll'j 
,, . 

c:t. -4 d tq gl 

m~'illvt'lf.:J'l'l'W'Vl~e:J.:J'\'l'j'jfil !:U (spatial distribution of 

trees) (Bunyavejehwin et a!. , 2001; Marod eta!., 2018) 

I tq d 'j} d .:9 
e:i v1.:i 1 'j fl 'fl l:U ~e:il.J '1'Vl 'j 1 v.:i l'W ti .:i N'1 m ~'Vl 'lJ ~e:i .:i fln 

t 1.J~ V'Wtt 1.J '1 .:J ft il l'l'l illJ e:J 1 fllft~ e:J'l'l '1l'fliJ llJ e:J VllJ:U lfl 
~ ~ 

~.:iJ 'W l'P1Q1.J'j ~ft .:i r1 fll'j ffflEJ lfl~ .:itlr~e:i~~'fl l:U'l'l '1l'fliJ1 

'lJ~ L 1WU 'W 'J'j e:J fl~ e:iiJ l'fll:U fll'j 11.J~ V'WU 1.JM ~ e:J .:J ft ill'l'l 

t;iiJe:i1mftm 'l'l 1~'1'W 

~ ,d4 
1. nunrm1'n 

'l'llfll'jffflEJ l L 'W e:J 'V1 Vl'WU '11.:i '!fl~~ e:J VftL 'Vl'l'l - 1.J V . . . 
11.:i'Yll~L;v.:iimJ illfJL'WU1.JMtll1'j~'Wl~ 3 L~fllt'flf (50 

L:IJ'fl'j x 600 L:IJ'fl'j) me:J'lJfl~:Ul4''W~iJ11~.:i~.:i (deciduous 

dipterocarp forest) U '1~tJ1 ~ 'lJ L ~ l 'j ~ ~ 'lJ ~ 1 (lower 

I Q.I ~ 
montane forest) 'j~l111.:J'j~~'lJfl1l:Uft .:i 'illfl'W l'Vl~m1.Jl'W 

~ 

fl '1 l.:J 900-1 ,050 L:U'fl 'j 1~ viJVl fl ~'Vl HillJ ftlft'fl f ~ 
~ 

2. m 11nu.Uei11ll 
" 

L'WU1.JMm1'j~'W1~ 3 1~m1'flf '1'11mrn'l.l.:iu1.JMve:iv 

~'Wl~ 10 L:IJ'fl'j x I 0 L:IJ'fl'j ~l'Wd'W 300 U1.J'1.:Ji1e:JV1.:J '1'11 

fl 1 'j l ~ ~ 'W 1 ~ fl 11 :U 1 'fl (measured) U '1 ~ 'j ~ 1J 'If -W ~ 

(identified) ~e:J.:J~'W l~'VJfl'lf'W~~lJ~'Wl~flll:U 1'f1:1Jlflfl11 

4.5 t91'W~t:IJ'fl'j U'1~'j~~'lJfldl:IJ~.:j:IJlflfl11 1.30 t:IJ'fl'j L'W 

TI 'l'l.ft. 2555 U'1~'1'llfll'j'fl'j'J'iJl~~l'VJfl 'l 2 TI fie:i TI 2557 

trn~ 2559 L'Wffl'W~e:i.:ilf111lmn~-a'e:i:u 1i''W-Yifle:iW'Y!illJ . ~ 

fll'.i'ill!i:T~e:JN l.M1~1;)'£1.fllflU'.i'.i£11£J 

" I .:!:I ..::::t, 0 QI .:!:I 

Data Loggers fl 1fl11 :U 'lf'W ~ 'W 'Vl l fl 1 n ~'VJ flt~ e:J 'W 'ii 1 fl 

tfl~e:i.:iiie:i Soil moisture sensors trn~mmrutll~'WtQ~V 

e:i1fl'v'li'mJ'1'Vl~VillJ~e:J.:Je:J'V1Vl'WU'l-i.:i'lfl~~e:JVftt'Vl'l'l-1.Jv cu q cu q q q 

3. l flni1m1~l'i'if'il1lv~.:i1n~-a'e:i:u '1'11mrn1 

fi1m~vif 'il1lv~.:itn~Ke:i:uvY.:i 4 if'il1lv'li'1.:i~'W U'1~'Vl1m'j 

tJ'j~LlJ'Wfll'lf1.:i (interpolation) L'W 11.Jrnflrn Arc Gis 

version 10.1 t~e:iii1'me:i'lJfl'1:Ul4''W~ffflEll tl1'11.Jrifll'j . ~ 

'Vl~fte:J'lJfllfldl:UU'flfl~l.:J (ANOV A test) ~e:i.:iif 'ilivtT'W 'l 

l4''W~L'WU~'1~l4''W~ fie:i iJ1t~.:i~.:i (flll:UftH l fl 
~ 

" 'j~1•1'1Jtl1'Vl~rn 900-940 L:IJ'fl'j) U'W'J'je:JfJ~e:JiJ1 (fldl:Uft.:i 
~ 

" . 
111m~~'lJtll'Vl~rn 941 -980 1:um) 1rn~tJ1~rn~1'j~~'lJf1'1 

" (m1:u~.:i'il1m~~'lJtl1'Vl~rn >981 t:IJ'fl'j) 

3.2 fll'ji1m1~l'i''l'l'1l'fl'j~e:J.:i'l'lnru '1~ 1~v'Vl1 
ct. rl QI ~ 0 

fln1Lfl'jl~l1e:J'fl'jlfll'jl'\'l:U'ill'W1'W (Recruitment rate, 

R%) U'1~eJ'fl'jlfll'j'fllfJ (Mortality rate, M%) ill'\'l'j'J:IJ 

Sherman et al. (20 12) 'fll:U'lf1mm~e:J.:ifll'jl~~'W '1:u"i'W 

l4''W~ Mun i1.:i~ 1('l'l .ft.2555-2557) 1rn~i1.:i~ 2 ('l'l.ft. 

2551-2559) 111fltT'Wti 1fi l'l'l '11'fliJ lmmfl11:uiY:u'W''W TI' n 'lJ 

lf111lmn~-a'e:i:um~vvY.:i 4if'i11lv 1~vnfll'j~e:J.:i Pearson's 

correlation coefficient (r > 0.8 'Y! ~ e:J r >-0.8) (Dormann et al., 

2013) 'illfltT 'Wtl lif miv~ L'Ylii e:immm1:uiY:u'W''WTI rl'lJeJ 'fl'jl 

flm~:U~l'Wd'W U'1~eJ'fl'jlfll'j'fllfJ~e:J.:J'\'l'j'jfil trl'~e:i ttJ 1~v 

Hi~ mrnf l.:ii1u 'lJm:Jf .:itft''Wvi'1 '11.J (generalized linear 

model, GLM) L'W 11.J'jum:u R version 3.2 

"' ' Nt1Utl~11ll'.if.U 

1. m 1n.Hia uuv ll.J v1Jiomrm llei u tl rn n iJ ei mm 
" 

fll'j L 1.J~ V'WU 1.J'1.:Jif'ii,)mt1~ -a'e:i:u~ l'WillJe:J 1 fllft~ e:J.:J 
~ ,, . 

Yl'W Vlill vi 'WU ,J '1.:Jti 11'j'l'l'lJ11iJfl 1l:U ~'Wu tJ 'j e:i v1.:i 

~e:iti'.le:i.:i 1~mQm~e:iv1.:it.:ie:irul1 iliJm ~viJm'j1vl:u~'W . ~ 

,j'j ~:IJlW 0.8 e:J.:Jftlt91'1t~Vft (°C) 'illfl 26.5 °C L:[j'W 27.3 

°C i'WTI 2559 ~.:JNfl~'Wrl'lJfll'jL1.J~V'WU1.JM1.J~mru 

tti!1 109 



m:nJ'i ~'lJ'lJl'lllfll'i U'1~'111lft'W tlNM 1'\.J l'lllfll'i lfl~ tl~ltl'll'W 1it1ilnffl'V1 tll'th irl'<iJ'i ~l'Vlff l'l'W flf .:i ~ 8 

flW~l'Vlt11ff1M1fo'1~flW~lffJf1'i'ilJfflff'1f lJ'ttll'Vlt1l-a't1'1Jtl'WUfl'W 'i~'\1l1'l l'WYl 24-25 lJfl'ilfllJ Vi.ff. 2562 

tl1N'W'i1t11l~iium 1tl':iJ'1~M 'illfll~lJ 1,058.1 il'1~tlJ'1'i 

1Il'W 958.2 il'1~1:1Jm i'Wll 2555 1rn~ 2559 ~1:1Jrl1~'U 
di gJ gJ gJ QJ gJ 

N '1fl1'ifff1lJ1'\J 1'l'1'W fttl~fl '1 tl'l f1'U 'Utl'l,j '1'i 1tl'l1'\.J 'IJ tl'l 

f1 'i lJ ti '1iitilJl'Vlti1 U '1 ~ National Weather Service: .. 
Climate Prediction Center 112017 (Marod et al., 2018) ~ 

nci11111l 2551-2560 1Il'Wi1.:i'Ut1.:i<iJ'i1nt:Jm'iwrn"il1 aj 

i .'I . I 'JJ Ji o i 'JJ q 'JJ d 
(El Nino) 'Wl'IJ~1J1P'l'Wl'IJ'1'itl'W 'lf'l'Vll '11lf1~t]~U'1'l'Vl 

~ • lq ~ . I i ,1 d 
tl11'W1'W'IJ'W U'1~1J'ilJlW'W1P-l'Wtl1'il'1~M 'W'Ul'l'Yi'W'Vl 

I I Clo ..d ..d ~ A 
ft'lN'1N'1 L~tl'1'i 'l'1tl'e~W'l1iJlJl'il M'Vll'YilJtJ'l'U'W 

1rit1-W'il1'iw TU 'il i t1fi'l'WiJilt11mffvf .:i11:1J~ i'Wu'1'1~ 
~'W~ 'Yi'U11~'W~il11~.:ii'.:i iiillmwm1:1J1oli:1J'lltl.:iuft.:i 

lJ 1 f1 Vi iJ' ~ (16,700 lux)U '1~iJfl11 lJ U '1f1'1Htlti1.:i iJ 
~ . 

'W't1ri1fi'f!Jm.:iff~~ (p<O.o5) 'itl.:iMmMun~'WViu'W1 

rnt1'1tlil1 (5,347 lux) U'1~~'W~il1~'Ul'll1 (4,414 lux) 

'11lJrl1~'U fttl~fl if tl'l rl'UtlW'\1.fllJm ~ tl~ft 'lft~ i 'W~'W ~ 
q cu cu q 

iJ11~.:if.:i (22.5 °C) U'W1'itlt1'1t1iJ1(21.7°C) Lrn~iJl~'U 

l'Ul (21 °C) '11lJrl1~'U tltl1'll'i~'11lJfl11lJ~'W'Utl'l~'WlJ 
m1:1Ju~n'11.:itla1.:i '1iJii'W't1ri1fif!J'V11.:ift~~ vf.:i 3 ~'W~ i'W 

'J) ."! ~ • lq 'J) d 'J) 

~ l'W 1J 'iJ 'iJ tllJ 'i lJ 1W fl11lJ1 'UlJ 'IJ tl'l U ft 'l'Vl '1 ~'W ti tl'1 'l '1 llJ 

'i~~'Um1:1Jt].:i~1Il'W '1<iJ'11:1J~<iJu 'U'U'lltl.:i~w11 iJilm ~ t1 

2555 

Species number 98 

Density (stem/ha-1
) 1,260 

Tree mortality (M %) 

Tree recruitment (R %) 

Basal area (m2
/ ha-1

) 29.87 

Basal area loss (m
2
/ ha-

1
) 

Basal area gain (m2
/ ha-1

) 

fl 11lJ ftlJ~'W n 'i ~'11 lH Vi '1l'1iJ1 rl'UiJ 'iJ it1 

u1~tftl:1Jfi'l'Wf11'il<iJ~t1'WU<iJMfti11Vi.fllJtllfl1ff vf.:i 4 
" 

Q.I I ~ Clo d 
1I'il'iltl'Yi'U11 fl11lJ'll'W'Utl'l~'W (soil moisture content) 11J'W 

if 'il it1~iim1:1J~'Wu <iJ'ift .:iu "~iim1:1JftlJ~'W lin'Ui!'il i t1 
" 

" 'Yi'h!l 110 

0.80 

15.57 

0.54 

2.91 

'1" tl ~ 'il'W nu ~~'W ~u 'W 1'i t1t1'1t1iJ1 u" ~il 1 ~rn 'll iii 
<iJ1mw ~'W 'fil!N -a~ i 'Utl' tlt1n11il 11~ .:if .:i fi'1'W ci H 

(Teejuntuk et al., 2003) 

2. nt11'V1iJ111'1ntJJumwtJ~Bi11 

Vi'lJ'Yi'i'iW irl'vf.:ittlJ~ 102 'l!U~ 82 ftfJ'111'1~ 54 

" d Clo 0 gJ I .: .dd ~ A I 

1.:iff 1 ~tl'Vl'll'W ~1rn~ 'il1'W1'W'1'W '1tl'Yi'W'VllJ fll'il'YilJ'll'W tl t11.:i 

'1t11~tl.:J'1M~'lf1.:ifl1'i~f1ll1 ('11'i1.:J~ I) tltl1.:Jl'i~'11lJ 
. . 

d. Clo Q.I Q 0 QJ 

llJ tl'Yi 'iJ l'i W 1'il1f1ti'1'i1 f11'i l'YilJ 'iJ 1'\.J 1'WU'1~ti~'i1f11'i'11 ti 

Vi'Ul1el'1'i1fl1'il.yilJ\J'1'W1'Wi'W'lf1.:i~ 1 ft.:in-J1'1f1.:i~ 2 
" . . 

U'1f1'1i.:i'iJ1f1el'1'i1 fll'i '11t1'lf1 'l Yl 2 ii el '1'i1 fll'i Yl tJ 'l f1 l1 

' d 0 i ,,,,1 d 'J) ~ 'J) '1 'J)i ' d 
'111.:J'Vl I 'I'll '\1'Yi'W'V1'11'W1'1~'i1lJ'Utl.:J'1'W lJ 'W'l11'l'Vl 2 

did. I 1.d d 
'1~Mtl'llf1tl'U 3 l'V11'Utl.:J'll1'l'V1 I (m'il'l'Vl I) ftllm.J'lltl.:J 

f11 'i '11tl'Yi'lJl1'\"i 'i'i W '11! ff1'W i '11 aj V'W ~'W '11 ti (dead 

<; , .,,. .. '1"' ' .. 
standing trees) !~tll'il'Yil~ lJ~'W'\1'itl lJ'l1'4lJ 'Yi'Ufll'itl'W 

'J) ' ~ .. <; ' 'J) '1"' 9 ' 
'1'W'11tllJ1f1f111f11'i'\1f1'\1'itl !fl'W'Utl'l'1'W lJ'U'Wl~ !'11f\J 

$' 9J..dc:t..f ~ ~ Id 
U'\1 'lU'1 .:J'Vllf1~ 'U'Wl 'W tl .:i 'il1f1 N'W'Vl'l'll1'll ll'W 'i ~ tl~l 1'11'\.J 1'\.J 

i'Wi1.:in'11~ .:inci 11 1~ tl'il 1n.Ut1:1J'1'Yl~t1.nil 'lltl.:Jtl'YI t11'W 
'U q cu q 

.. I d QI & gJ I -;;ti ..s Q.I 

P-l'W'1f1l'Yitl'l 198 1'\.J 'lf'l'Wtltlf1111J 2557 ti.:i 52 1'\.J 

2557 2559 Average/year 

99 102 100±2 

1,697 1,673 1,544±244 

2.81 

2.12 

32.34 31.86 

1.51 1.03±0.7 

1.03 1.97± 1.3 

t'W 'l mn ~.:iJ'W i'Wf11'illm~lfflr.:i~~.:i'1l1'1fi'i11 
fl 11lJ ~hi ~hi lJ 1111fl 11:1J ftlJ~hl £ rl'U'Yi" 1'1il1 

'Yi'1l~il1'U1nwum'iM'1tl ihli1.:i~ 1 'Yi'Ull 

el'm 1m'i 1vi:iJ\i1'W 1'Wii fl 11:1Jff':1J~'W lf 1 :Ji.:imn n'Umm w 

tl1N'W (p<0.05) Lrn~ihli1.:i~ 2 'Yi'Ull el'1'ilf11rn11.1ii 



fll'.i'l.J'.i~'ljlll'l51fll'.i Lrn~t11Lff'U el l'-IM l'U l'l51fll'.i L fl~el~ 11Ml'U 1~ 1JUL 11'fl'Vl v1tJ11lY'l.J'.i ~L'Vll'f l 'Vl1J fir-~~ 8 
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ABSTRACT 

Bangkrasop forest conservation (BFC), Nakhon Khuean Khan Park and Botanical Garden, Samut Prakan 

Province, is known as the nature leaning center for urbanization, particular the riverine ecosystems as dominated 

Lumpoo (Sonneratia caseolaris) and firefly are coexisted. This study aimed to clarify the forest structure and species 

composition, in addition, the forest regeneration after restoration program. Jn 2018, a 0.5 hectare (50 m x 100 m) 

permanent plot was setup and subplots of I 0 m x 10 m w~re divided, total 50 subplots. All trees with diameter at 

breast height (DBH) over than 2 cm were taged, measured, identified, and tree location alsorecorded in every subplot. 

The results showed the total tree species of 31 species 28 genera and 16 families were found. Jntemediate 

species diversity based on Shannon-Weiner was detectected (H
1
=2. J 6), while, tree density and basal area were 2,046 

individual.ha-
1 

and 16.42 m
2
.ha-

1
, respectively. The most dominant family based on species numbe was Fabaceae (7 

speciess), and followed by Moraceae (4 species) and Rhizophoraceae (3 species), respectively. While, family of 

Apocynaceae was the dominant family based on tree density, and followed by Malvaceae and Lythraceae, 

respectively. Consisdering on forest regeneration, the negative exponential growth form or L-shape based on 

diameter class distribution was detected. Indicating the good natural regeneration process was detected in which small 

trees can be replaced the mature trees in the future. However, it varied among species,yarticular, planted tree species 

such as Sonneratia alba and Rhizophora mucronata which unimodal shape was found. Indicating these species had 

not good regenearated in the areas, thus, the proper environments should be manage for increasing their populations. 

Keywords: Bangkrasop Conservation Forest, Disturbances, Regeneration, Tree species diversity 
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JI I ,/ d I d Cl I QI r/ 
Ln''Umi'l'UtJ mn.:i 'Yln'llJl'.i\l'IJ .:i'IJeirm.:irn'.in''IJfl eJ'l'l'Uli .. . 
flll.Jli '.i'.il.J'b'l~ '1f1'11mmrnfoEJ11m.:in-~1.:im1:: rn'.iil'IJ 

~ eiviu 1i' eici1.:iLtl u ti fl~ ·111 flih tlLL'IJ'IJ fll'.i m:: 'iJ 1m1'.l u . .. 
" d.OQICl • c:!:t 

U'IJ'IJ'b'fllrl .:JL 'b'.:Jrl'IJ (negative exponential form 'H'.i eJ L-

shape) 'H 1 eii:i fll'.iil'IJ~ eivi 'U f flll.Jli'.i'.il.J'b'l~ '1~'1l.i~ U fl 
.dd .Q..} '1oQI 

L1J eJ lJ '.i ti LL 'IJ 'IJ fl 1 '.i fl '.i:: 'iJ 1 ti L'Yl lJ '\J 'U LL 'IJ 'IJ 'b' fl 1 rl .:J .. 
(exponential form 'H 1 el J-shape) (Bunyavejchewin et al., 

"" '9 _1 ., ~ d -1 ... 
2003) '.i1lJ\l.:JeJl'iJeJ~ 1uiu'\JeJ.:J'.i::CJJ.:Jfl1l'H'U.:iiu'H'.ieJ 

' d 9 .. d 
lJlflfl11 (unimodial orpolymodial form) 'YlUTI'\Pl.:J L'H L'H'U 

' "' .. .. llJ .. fll'.i '\Jl~fl111.J\il eJL'U ei.:i~ l'U fll'.ifl'.i::'iJltl'\JeJ.:J\il'U t:IJ\illl.J 

'IJ'U11P14'um11.l 1" uri::i.i.:iueifla.:J'l'l'.i'.iWVi'b''b'Ul'lJu 'l 

~eJ.:Jfll'.ifll'.iLtl~t1'1.JLLtlri.:in-m'l'lu'iJimnl'l~eJ1.J Ll'ltimvn:: 

fl111.JL ,rl.JLL TI' .:J~.lJlflfl-iltl fl~~ 'l.JLn \Pllllflfll'.i'.i'IJ ~1'1.J~ tl.i 
' " 

~'l.JLL '.i.:Jl.JlflU mV'lei fll'.i~ .:i~1'1Jei.:i1forn.:i (Curtis and 

Mcintosh, 1959) 

eici1.:i h~ml.l m'.iil'IJ~ eiviuf uri::m11.l'Hrllfl 

w \Pl '\JeJ.:J'l'l'.i'.iW Lrl'mti'H" .:Jfll'.i~ u~ 1'1'11 eJfll'.i'Yll'lU 'Yl'l.J 

flll.lli'.irn'b'1~1uvf u~ '.i::'IJ'IJU ni'!ll 11mli ei.:iJ wi.:i'IJll'l 

,reJlq!rlfll'.i~flEllL'l.JL~.:i~fl fll'.i~flEllflf .:itl i:i 

., _ 1 "' "' .. 1 .. 1 fl il u '.i:: TI' .:J fl L VI eJ \Pl eJ.:J fl l'.i 'Y1 '.i l'IJ fl H n''.i 1.:J LL r1:: 

"'-1 llJ .. ... ' ., "' -'1 eJ.:Jflu'.i::fleJ'IJ'l'l'.i'.ifll LlJ Llrl::fll'.in''IJ\ileJ'l'l'l.J'.!j'\JeJ.:JlJl 

eiu 1 fl'li' t\'1'1'1vfu~ll1 lwd'.i ei.:irn.:ifl::L ~ 1~eici'.i::'H 11.:i . .. .. 
" m::mum'.iVluvlf!1lJ1i'.i·rn'b'1~ .. 

w • ... ..... 
'Y'l'U'Ylft fl111 

'IJ ~ L1wll1eJ'l.J1fl'li'ti'1'1'1 'IJl.:J m:: n-ei u i'l'l.J v ' .. .. 
" ' ' QI .a d.d d Cl Cl .a QJ " " 

'iJ\Plfll'.i'l'l'l.J'Yln'L'IJ tl1L'b'.:J'UL1i'l'l.Jfl'.i L '\J eJ'U'\J'l.Jli 'IJl.:J fl::L'iJ 1 

Ll'lt1vf u~11'.lull 1~.:iL~lJ~i:i fl1'.iU'1 fl~'Uvl ~1tJ'l'l'.i'.iW '1rl' .. .. 
'HrlltJW\Pl L'lf'U ~'ULtll'l'Yl::Lrl (Cerberaodollam) ti'lLL'l'l'U 

(So1meratia alba) 1 fl .:i fl 1 .:i L 'IJ L 'H aj (Rhizophora 

mucronata) LL r1 :: vl .:i fl 1-H' 1tJ'1J \Pl eJ fl LL \Pl .:J (Bruguiera 

~I " gymnorrhiza) Lu'U\il'U 
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2.11.:iutlri.:i\111'.i (permanentplot)'IJ'Ul\Pl 50 

Ll.Jfl'.i x 100 Ll.Jfl'.i 'iJlflJ'Ulllfl1'.iLLi.i.:iutlri.:icieit1LLUrl.:J 

'\J'l.Jl~ 10 x 10 Ll.Jfl'.i '.i11.Jlll'U1'U 50 LLUMVeJf.I (Figure 1) 

a ct. JllljsJ fJJdd. 
'Yllfll'.ifl\Pl'HlJltJLrl'\Jfl'l.J LlJ (ordered tagged) VJflfl'l.J'\111.J 

j} I ti ..::! • • 

'\J'Ul\PlLTI'WfltJ'Utltlrll.:JL'l'I tl.:Jtltl (diameter at breast height, 

DBH) ~.:iu~ 2 L'll'l.J~Ll.lfl'.i 11'l'IJ'l.Jll'lf1111.J Lfl m1mJ.:i 

vY.:i'Hl.J\Pl '.i::lJ'b'u" 'l'l~eil.J'iJl'l'l1uiiflrin"~u '11.l"1uuuri.:i 

(X, Y) rl1'Hi''IJ'l'l'.i'.iru'1rl'~ "ll.imm'.im::lJ'b'U~ M1u 

.tllfln''U 11.JJ 'U ll ltll'.iL~ mi'1ei ci 1.:Jvl 'U f'1rl' (specimens) 

0 QI I I Cl c:!:to Cl 

'iJl'U1'U 3 \i11eJtll.:J\ileJ'b''U\Pl L'VleJ'UllJl'.i :: lJ'b''U\Pl 

Lm vrn-Yi vun'IJ'b'u~'l'l'.i'.iru '1rl'~ 1eici1.:i 1u'HeJ'l'l'.i'.iru '1rl' 

fl'.il.JeJ 'Yltll'ULLi-1 .:J'b'l~ ff flf lJ lLLrl::vl'U,j'Vi'b' \?111.J'.i 1JU'IJ'IJ . . .. 
'\Jtl.:J Smitinand (2014) 

"" - ~ ~ 3. i'ltlEllfll'itl'.i::'iJltJL'b'.:J'l'l'U'Yl (Spatial 

distribution) .fllt1L'ULLJ-a.:im1'.i Lftti~tll'.ifl'.i::'illtl'\JeJ.:J 

~u '1rl'vY-rnl.ll'l hmi.Jri.:i Lrn::m'.im::'iJltJ'\JeJ.:J'l'l'.i'.iru '1rl' 

~.:i1~1.l1rn::'l'l'.i'.itu "lrl'~i:itll'.iUrltlLTI'~l.JL 'li'1 "ltlrn.:i'b'Ul'l .. 
" ' "' 'I " ~I ' "" "I "9 ' \Pl1tltll'.iLL'IJ.:J'.i::\Pl'IJ LlJeJeJflLU'U 3 fl'JlJ fleJ LlJ L'Hty 

(DBH > 10 cm) Llf'H~l.J (5 cm< DBH < 10 cm) LLri:: 

'1rl'iu (DBH < 5 cm) fllmi1,j'u 

6 
0 
0 

T 

50m 

/ r--. 

( -
Figure I Lay out of permanent plot. 

10 

I 



.. i,, 
nl'I11fl':il::'11'1Jtl~'1 

I. i'11i1fi1m1JJrl1ri'qj (importance value index, IVI) 

'Vi1nwH 1-W''U fltl'1~'\.J L'Uff .:i flJJV'l 'b' '1 lJJi'b'u 

filfl11JJrl1riqj'lltl.:J'Yi'.i'.itu '1tl' '11m'l'lJnl'.i'lleJ.:i 

Whittaker ( 1970) ~ 1.:i 1 '1 l.J Marod and Kutintara, 

<2009) 1'1vi'b'ufi1fl11JJrl1ri'i1J'llel.:i'Yinrn'1tl' fiel 
I I GI GI fl' • 

ml '.i 1 lJ 'IJ el ,:i fl H111lJ'11'U1LL 'U 'U ff lJ 'Yi 'Y1 li (relative 

density, RD) fl1llJ~fflJoW'Yl,j (relative frequency, RF) 

IL ri:: fl 1 llJl~'U fflJ oW'Yl ,j (relative dominance, RDo) 

'Ile! .:J'b'U '1 '1lft'WIL~ ri:: 'b'U '1 1118 IVI = RF + RD + 

RDo 

2. i'l>'Ufl111Jlf'11n'l1'111J (diversity index) 

ri1'U1tu fi 1i'b'i1 f1111Jlf mn-H ri 1v L'1l.IH 

ff lJ n 1 '.i Shannon-Wiener index (H
1
) (Shannon and 

Weaver, 1949) ~M~ufll'.il.leJJJ~u1111'.l'Uiw~H'1'W 
y "' '1""'• '1" m1;1''1mlJJlfmnlfmvvn.:i'b'1m'Yi '1'1 m'U1ru '1 

s 
H' = -L (Pi); In (Pi) 

i= l 

Shannon-Weiner 

p.= ff''1ri1'U'IJei.:i,j1'\.J1'\.Jw'1~ i (n) ~ei 
I 

~ri11JJ 'llti.:i ,j1'\.J 1'\.J-vf .:ilf lJ'1'YJ n'b'u '1 t'U 

ff.:JfllJ (N) 

1rlei i = 1,2,3, .. . ,s 
y y • .. '1"QI " d c:S S = ,jl'U1'\.J'b''U'1 lJ'Yl.:JlflJ'1 L'U'Yi'U'Yl 
,, ,, t 

3. n n n '.i:: '11 tJ 'IJ a .:i '1 'UL lJ '11JJ'b''U'IJ'U1 '1 

JI I i 
Lff'U~11;r1.wnm.:i 

~'11'.itu 1m1?ru~ti-W''Ui'llei.:i'Yintu tlft'UUl 

~1vmrn~ 1.:im 1vl fll'.i m::'1W'lleJ.:J~'U 'ltl'mJJ'IJ'U1'1 
.,; 

iu1tr'U~lf'!'UOnri1.:i (diameter class distribution) 1'Yi8 

~ '11 '.i fll 1; tl 11 'IJ 'U n 1 '.i n '.i :: '11 {JI~ 'U LL 'U 'U ; ti 1 ~ .:i 
.. y 

(exponential form '!1'5el J-sbape) 11uu;n1~.:i1i.:iriu 
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"" d 
(negative exponential form ·wrn L-shape) 11lJMeJl1l 

a QL 'U i tl 'IJ el .:i '.i:: 'Ji .:i wSrn~.:i i tl'111 eJlJl n n11 

(unimodial or polymodial form) 

,, i_J d 

Lfl'I.:ii:n1.:iua::ei.:iflu'I::n8'UVi'I'.ituVi'll 

~rim1f1mn 1m.:iff~1.:i1rn::a.:i~tl1::nm.J 

'Yinw '1tl'u1ti'4 fo'lf rl'1~rn.:i m :: -crnu 1rlai1m 1::li' 

111n'1i'elJJri-vf .:i m1rl111'1 L'U11tlri.:ii.:ielti1.:im11 wu11 .. 
1.:iff~ii m11mi'W ~l'U ,j1'\.J 1'\.J'lfu '1\T .:i"J''1fi el 1.:ifft1 

" "1 (Fabaceae) 1.:i f'!'IJ '4 'U (Moraceae) 11'1:: 1.:J T1 M nl.:J 

( Rhizophoraceae) 'Yi 'U ,j 1'U 1 'U 7, 4 LI '1:: 3 'b'U '1 
~ 4 I ,, 

'111Jrl'1iu (Figure 2) 11Jel'Yi'11'.itulf111lJL'1'\.J'11'\.Jf111lJ 

""' ~ )"' ;.y 'U 1LL ii 'U 'Yi 'U 1.:i f1'1'U1 u '1 (Apocynaceae lJ f'l 1 llJ 

r1'\.J11LU'UlJ1n~"J''1 '.iel.:JM1Jlf'iel 1.:ifftlel (Malvaceae) 

L1'1::1.:Jff'1::Ll'Un (Lythraceae) '111Jrl'1'1\1(Figure3) 

1rlel~ '11'.i ruiw'1'Yi11ru '1tl'~ii 'IJ'U1'11tr'U~1!!)''Uunri1.:i 

,f.:imi 2 L'lf'U~1JJm 'Yiu-vfrnJJ'1,j'1'\.J1'\.J 31 'b'U'1 28 
,/ d I .:. d 'JJ GI 

fffJ'1 Lrn:: 16 1.:Jf'! lJ!'11llJ'\1'\.J1LL'U'U11'1::'Yi'U'Yl'l1'\.J1'1'1 

~'U '1tl' 1v11tiu 2,046 ~'U~elrnm1'1f L~ ~v 1rn:: 16.42 

'11'.i1.:i LlJ '1 '.i ~el rn nu ;if '1llJrl'1 fi u oW'U i'1tl'1~'\.J '111J 

'l" ' "' ~I Yi'l>'i1fi1m1JJrl1ri'qj L'U 1 o rl'1fiu11 rn ¥111n '1'\.JLu'1 

'Yl::rn 'ljn11.:J (Terminalia catappa) rl'1~ (Sonneratia 

caseo/aris) tl 8 'Y1 :: L '1 (Hibiscus tiliaceus ) 'b' lJ ~ 

-W''WiViwa (Tabebuia rosea) rl'lll'Vi'U 1n.:im.:iiu1my 

l'Vf'Yl::rn (Thespesiapopulneoides) oW.:Jnl'tt1"J'lJ'18n 
,, dJ/c:SIGld 

11'1.:J uri::1J::'Vi'i11 (Cocos nucifera) LU'U'1'\.J lJfl1'1'b''U 

fl11JJrl1ri'qj 1v11tiu 89.21, 46.96, 42.69, 34.47, 758, 

... I " d t1 o a1 

7.52, 7.02, 5.97, 5.85 Lrn:: 5.681uel'.il'lf'U'1 '1llJ'11'1'1.J 

(Table I) !'11llJ'l1'11nlf'11tJ'IJel.:J'Vi'.i'.ituV'l'b''U~L1WU1 

ei'U foloi' rl' wirn.:i m ::irnu L'Ufll'Vi 11JJ ii fi 1fi 'b'um1JJ . .. 
r1'1ln'11'11l.1'1Jel.:J Shannon-Weiner Lvlln'U 2.16 L1ff'1.:J 

y ' 
,, d d "' S19 ... "'-'1 1mlf'Ufl.:Jfl111Jlfri1nlf'1W'IJeM'Yi'.i'.itu LlJ 1'W'Yi'U'Ylu1 

el'4~nloi'rl'1~u 1.:i m ::-crnu el QL'W'.i:: iu tl 1'\.J m11.:i 



11·rn1'i1ilv~rifl1Y1til'th't~1i'ia.:i'tvw 2 (2): 31-42 (2561) 

h•··----~ ----
Family 

Figure 2 Dominant family based on species number Figure 3 Dominant family based on tree density at 

at Bang Krasob forest conservation. Bang Krasob forest conservation. 

Table 1 Some dominant tree species, DBH ;;::-: 2 cm; Density (D, individual.ha-'), Basal area (BA, m
2
.ha-

1
), 

and importance value index (IVI, %). 

Species Botanical name D BA IVI 

Cerbera odollam 822 4.83 89.21 

Terminalia catappa 216 3.8 1 46.96 

Sonneratia caseolaris 186 3.35 42.69 

Hibiscus tiliaceus 310 1.39 34.47 
CV tie. ti 

'lflJ 'l'fW 'U 1i 'Vl'VW "' . Tabebuia rosea 32 0.33 7.58 

Sonneratia alba 38 0.20 7.52 rl°lll'W'U 

1n.:im.:ih.1i11aj 

L'W'Vl::rn 

Rlzizophora mucronata 96 0.11 7.02 

Thespesia populneoides 40 0.19 5.97 

Bruguiera gymnorrhiza 50 0.03 5.85 

Cocos nucifera 

other species (21) 

Total 

1rl el-Yi 1ll'j w1\i111'U n~1m~fi' u t:JJ"l.'Ufi''U~ ~el 
l rl' '11 ~ lJ (sapling) 11" ~ l rl'i11 aj (tree) l ~ frn fi' 'I~ 

_._I "I "'I ~ "I y ' "' "I ,,..; "' 
'eMfllJ'j::flel'IJ'W'j'jfl.l !lJ !'U'l'~'l'IJ !lJ'l1'4lJ 'H)eJ !lJ'VllJ 

9) f r/ <d j,} I .oQ 

'U'Ul'llffW:fll!)''Uf.lflBl.:Jl'WINeJfl'UeJf.Jfldl 5 l'lf'U~llJm 

'W'IJ'lfW'l'W'j'jfl.lLrl' \i1'U1'U 25 'lfW'l 24 fffJft 1rn~ 141.:irr 

If' I rf 0 Q.I 

rnmL~'j 1rn~ o.89 ~n1.:i1:1J~'j~eirnm1~'l' ~l:JJ"l'l'll 

vi'Wli'ttl'1~'U1rlei-vi 1ll)fl.l11llflfi' 'lfil fi 1m1:1Jri1titi.1 t'U Io 
• u 

tl'1fi'umn MLLri ~'U1il'l'Vl~rn 'llel'Vl~rn rl1~ 1n.:im.:i 
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10 0.52 5.68 

246 1.61 47.05 

2,046 16.42 300 

L'llimy 1jfl11..'l (Tenninalia catappa) vi'.:im'111"J':JJl'lelfl 

11'1..'l :JJ::eJeJflfll'Ul'IJL'Haj (Swietenia macrophylla) 'lflJ~ 
QI ti Q, ti .oQ 

'W 'U lJ 'Vl 'W ti fl 'j ~ 'V1 ..'l ( Calophyllum inophyllum) 11 ft :: 

L'W'Vl~rn 11J'U~'U lifi1fi''lfiim1:1Jri1fity rviiriu 111.48, 

40.47, 26.22, 18.60, 15.58, 14.18, 8.79, 8.59, 7.94 llft~ 

6.36 1'll elf l~'U~ ~llJrl 1fi'u (Table 2) ii fi 1\Pi 'lfU f11llJ 

'11Blfl'l1"lf.l'Uel..'l Shannon-Weiner 1vi1nu 2.14 llffl'l..'lll 
.. "I ,, ' 'I .l ..; _., ~ ... 

fl11lJfflJ'IJ'j fl.l 'Uel..'l !lJ )'U L'U'W'U'VllJ lel'U 'jfl'l;j ft l'W'IJ 1..'l cu q q 'U 

fl'j ~ff eJ'IJ el cii 'U 'j ~ fi' 'IJ'll l'U fl ft 1..'l 
"' 



Table 2 Some dominant sapling species, DBH < 5 cm; Density (D, individual.ha-
1
) , Basal area (BA, m

2
/ha-\ 

and importance value index (NJ , %)_ 

Species Botanical name · D BA IVI 

~u11'.1'1'Vl::rn 

lle'Vl::rn 

Cerbera odol/am 

Hibiscus tiliaceus 

414 

126 

0.37 111.48 

0.13 40.47 

Sonneratia caseolaris 76 0.07 26.22 

Rhizophora mucronata 78 O.D7 18.60 

Tenninalia catappa 44 0.03 15.58 'ljn1VI 

vi.:iml1'1"'J'lJ'18ntL'1.:i 

lJ:: ~rn n mu h.1 h1 aj 

Bruguiera gymnorrhiza 50 0.03 14.18 

Swietenia macrophylla 22 0.02 8.79 

Tabebuia rosea 18 0.02 8.59 

Calophyl/um inophyllum 20 0.02 7.94 

Thespesia populneoides 18 0.02 6.36 

other species (15) 

Total 

e-:i ff ll 'i:: n m..1 'Vi 'Vi ru 'lrl''l u 'i:: i1..1'1rl'i1'1 aj 

1'118 '1rl'~ih.1u lfll~'U~l!'l''UVfHI rnVl a.:ie n;.:imi 5 
"' 

1'11u~1""'j 'V'l1..1m1lJ'Htnm>'ii'1'V'l'i'itu 'lrl' ~iu1u 25 
Q. d' d I 

'lf'Ufl 21 ffnn un:: 141-:J!'l' lJl'11llJ1'l'UlU'U'Ul1n:: . 
A d ,, Cl.I I QI ,, I d' 

'V'l'U'V11'1'Ul'1'1 l'Vlln1..I 1,078 '1'U'18LeJn11m un:: 15.53 

'1l'il-:JLlJ'1Hi m~m1'1f '1llJ°fi1~1..1 viu.q''1rl'1~'Ulrle 

Vi111n1rnnni'lfufi11'111lJrl1i;jt11'lu 10 ri1i1..111rn 

Muri ~u11'.1'1'Vl::rn 1'!n11-:i rirn ll~.l'Vl::rn ri111'V'l'U " .. 
lJ::'V'lr11 l'V'l'Vl::Ln 'lflJ'V'lvi'Uli'Vi'V'lV Ufl'Vl::Ln .. . 
(Dolichandrone spathacea) Lrn:: 1n.:im.:i'lll'l1'1aj t1'.l'U 

"'d l QIQ OGI I GI 

'1'U lJfl1'1'lf'Ul'111lJfflfl(\! l'Vllfill 89.67, 57.44, 45.81, 

37 .55, 7.96, 6 .99, 6.45, 5.99, 5.66 un:: 4.98 

1llef1~ufi' '11lJ°fi1~1..1 (Table 3) 1'11llJ'lrnln1'1mfJ'IJ'el.:J 

'V'l 'i 'i ru Vi'lf1..1'511ru lJ 18'4 i' n'IJ' ri1~u1-:i n'i::ffe 1..1 'l u 

m'V'lnlJ iifi1i'lfUfl1llJ1'!n1mrnlfl'IJ'el-:J Shannon­

Weiner lvllrlU 2.03 1lff'1-:J 'lif1iiu11 'l"11'1ajL'U~'U~ 
ll1eu i' n1'i'-ci1'V'l1..11.:i m::ne1..1iil'11llJl1n1mrnrnti1 'U . .. "' 

'i::i1..1ll1unn1-:i 

1rlevi1mru11m.:iffh~ll1 (forest structure) 

1rn::m'i m:: 111a~1'1J'el.:J'V'l'i 'i ruVi'lfu1 mull1e'4 i' mf 

36 

102 0.08 41.78 

968 0.89 300 

°fi1':j1..11.:im::ne1..1 1nn'li'm.in L'ULLUMtn1'i (1,ooo 

'11'i1-:J LlJ" 'i) 'V'l1..111m'i m:: 111a 'IJ 8.:J'V'l 'i'iruVi 'lfii 1'111lJ 

i:ruu ll rn 1m:: a:: m'illn n'V'l'i 'itu '1rl'1ff'5lJ1 'li'1 '11l'11lJT1 .. .. 
5e.:ii.l1(Figure4) 1..1'511ru~1'U~lfl'IJ'el-:JLlilM (1'1~8 
'i::fl::L~lJ,r'U 0-30 LlJm) ri1u11'1aj1flu'V'lnru'1rl'~ 
• I .. ... ~ ... d ::1 
ut;imffrnL'IJ1lJl 1'U'i::a::urn fl'el '1'ULu'1'Vl::rn 11n:: 

1n.:im.:i'luil1aj 'llru::~m-:i~1'U'IJ11('i::a::m.:i10-

100 tlJm) 11'.lunrilJ'V'lnru'lrl'~.:i1~JJ11'.luri1uhnu 
• u 

1'liu l1n1i.:i lle'Vl::rn un::°fi1'V'l 11'.lu,ru ~.:iff1mH1 .. ~ 

~i11uniu1~euae'11J1M2 iu ~e L~'el'Ufl'elfliuuu 
(top canopy) iim1lJff.:ii-:i11'110 LlJm ri1u'lmu1fJu 

.. . u 

nriJJ'11Mu~-:i1~lJ 1'liu 1'!m1.:i lle'Vl::rn 1rn::ri1'V'l 1llu . "' "' 
,, d : .cl 

'1'U Lrn:: l'i'el'Ufl8'1'lf'U'i'el.:J (middle canopy) lJfl11lJ~.:J 

tl'ean11 10 LlJ'1'i ri1uimu1fJunriJJ'1rl'~iim'illnn 
u • .. 

1ff'5JJ1'1i'1'1ll 1'liu 1n-:im.:i'l1..1'll1aj-ci111'V'l'U un:: l'V'l'Vl::rn 

::1 ... cl .I ... .. . ' I ... " Lu'U'1'U 'llW::'Vlm'iuni'lnlJL'i'el'Ufl'elflU'il1Wul'el'U'inlJ . . 



Table 3 Some dominant sapling species, DBH ~ 5 cm; Density (D, individual.ha-\ Basal area (BA, m
2
/ha-

1
), 

and importance value index (IVJ, %). 

Species Botanical name 

Cerbera odollam 

Terminalia catappa 

Sonneratia caseolaris 

Hibiscus tiliaceus 

rlllL'Yf\.J Sonneratia alba 

Cocos nucifera 

Thespesia populneoides 

QI o'ct. o' 

'b'11l:!'Vi'U1fV1'YW Tabebuia rosea 

Ufl'Vl:::LCI Dolichandrone spathacea 

' 'IHHJ Streb/us asper 

other species (14) 

Total 

t jJ I o' 
'b' 'U '1J 'U HlL ff 'U ~ 1 'U f!l' 'U ti n rt H (diameter class 

distribution) 'IJ tJ 'I 'Vil l tu 'l "'ii 'l 'H 11flIJ1n~tl11 rl n l l 
" 

ffll 111111 nLL i.lri .:i fl 11ll4'u ~ lJ 16 '4 i' nff rl1l:! lJ 1.:i 

m:::ff'elll ~ij'IJ'Ulf!i.:iu~ 2 L'll'U~LlJm 'Vill11L1'.luml 

.Q .f ~o QI Q 

n l :: 1J 1 ti L 'Vi 11 'IJ 'U LL lJ lJ 'b' n 1 rl 'l L 'b' 'l rt lJ (Negative 

exponential growth form) (Figure 5 ) LL ff fl .:i 11 lJ 1 

6'4foflrlTrJrn.:im:::ff6llff1111lfli'mn 1m.:iff~1.:iml 

Lll~ty'Vlf!LL'Vl'U'111l1ilrn'b'1~M6d1.:ii.ln~ n~11fi6 ij 

.d 0 ,.. '1" d .c:t. ~ QI 

nllL'Vi11l:!'U'IJ6.:Jlll'U1'U'1'U 11'1J'U1'1Lrln 'Hl'el L'Ul::~1lJ 

irl'fomnn1u :::~ill '1"'1 muli11 'li'ijmrnriu 'Vl'W irl' • u 

'IJ'U Hl L 'H aj 'l~;i L 'U tl'U lfl'1 (Bunyavejchewin et al., 

2003) 

,, 
i.:i1~11 ~l'U1'U 3 Wfl fi6 ril'Vi (Sonneratia caseolaris) .. 
1;;!n11.:J (Terminalia catappa) LLCl:::U'el'Vl:::rn (Hibiscus 

~ ,, I 

tiliaceus) '1 llJ nll nl::: IJ 1 tl'IJ6 .:! 'IJ'U lfl'b''UL ff'U ~ l'U 

_, 1! ct.a .,Q.,M 
l'l''Ut1nr11.:i 'Vill11'Vl.:J 3 'b''Uf!1lmlm:::1111.1ri11'Vi11'1J'U " . 

LLlJlJ;n,,fo ;.:irtlJ LL fffl.:J l'11'1i'.iu-J1ij n llff'U~6'\Z'U i 
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D BA IVI 

408 4.45 89.67 

172 3.77 57.44 

110 3.27 45.81 

184 1.26 37.55 

26 0.19 7.96 

IO 0.52 6.99 

22 0.18 6.45 

14 0.31 5.99 

18 0.20 5.66 

14 0.23 4.98 

100 1.11 41.78 

1,078 15.53 310 

11ri::: i' nl! 11fll'lff~1.:i i~L 1'.lu i.l n ~'1llJ1i l llJ'b'l~ 
' ,, ' 

(Figure 6 A-C) '1Jtu:::iiimlmlm:::111m;.:i-Wu-vi'IJ6.:J 

rl1l:! ij~u '1rl''ll'Wlfl 111aj (DBH > 50 cm) tl'rn1'.lumJ 

'1 " 9 ' .. " 9 .r d _, . 
11'\J'Ulfl L'Ht1J'VillL'YW.:Jfftl.:J'1'U.f11tl L'U'Yi'U'VlLLUrl.:Jf111l 

LL~ ff111 ll flff~ 1.:J n llff 'U ~ 6~'U i1 'U l ::ill '111"1 '11 aj 

(DBH >IO cm) m:::1J1t16~11'.lunzj11lJ~L1tu'lfM11.:i 

' 'l"" .:: " di"' .. "'" l::'H1H 11 l'Hty'Vl.:Jff6.:J'1'U '\Jtu::'Vl 111'Ul111fl-:J L11 

'll'U lf!L~ nij mrnl::: 1111.1 lu ~ nll tu::: fftl 11ff11m1'.luu fl 1 

11'.luuu1 (Figure 5A) L~6.:i111m~11ijmli.l'{ln '1rl''ll'Wlfl 

d" ~.oi d4J 
rn m 'll1111flltll1rt.:JLu6.:J 111n ml .:i 6 n 'I.I 6.:JL11 rt f!Lnfl 'l.l'U 

i~U6t1rt.:i ri1u11m1.:iijmrnl::111mfimnf1./:i.:il4'u~ 
" ,, ',, 

hwm'Vi1::-Wu-vi~.:i11~l:::t1::'Vll.:i 40-100 LlJ'1l '1.16-:J 

LL i.l M 1rn:::ri1u l 11aj11'.lu 'trl'l 11 aj (DBH > 1 O cm) 

L'U'lltu:::~ UtJ'Vl:::rn ri1ul11aj11'.lm:::~ill'1rl'11~lJ (5 cm 

< DBH <IO cm) LLrt:::m:::111t16~lJ~L1tu'IJ6lJUUrt.:i 

11'56ll~L1tu 'll6lJlJ1 1~6.:i111m.l6'Vl::rn ~'111'.lu '1rl'1il n 

i.11 (Pioneer Species) ~~tl.:Jnllfl1111L~11LLff.:Jff-:JL'U 
" ,, ,, 

mlfi.:ifi1tl'urn.:i l u ri1'W'l.l6.:J nllffll~6~'Ui 'l.ltl .:i 

'Yilltu'1rl'~ijmlurtmff~111~1'1i.J 4 'b'Ufl fi6 
" 
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Figure 4 Forest structure and tree distribution at Lumpoo forest conservation; A) profile diagram and (B) crown cover diagram 

Remark: (I) Cerbera odollam (2) Rhizophora mucronala (3) Ficus concinna (4) Streb/us asper (5) Dolichandrone spathacea (6) Cocos nucifera (7) Sonneratia caseolaris (8) 

Sonneralia alba (9) Terminalia catappa ( 1 O) Acacia auriculiformis ( 11) Leucaena leucocephala ( 12) Nypa fruticans ( 13) Ptyclwsperma macarthurii ( 14) Hibiscus tiliaceus 

( 15) Thespesia populneoides 
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"" ~I • \Pl'UL1J~'Yl::1CI (Cerbera odollam) Cllll'Vi'U (Sonneratia 

alba) 1n.:im.:iii..11l1aj (Rhizophora mucronata) 11a:: 

'W.:im'111'fl'lJ~tlnLL~.:J (Bruguiera gymnorrhiza) 1~v 
I d d d :!1 cid ~ at 

'Vi1J11 lJL'VW.:J\Pl'UL1J\Pl'Yl::LCl'YllJnlln'!i::'illtJL'VilJ'll'ULL1J1J 

:f;rh'1.:i1;.:iau Llff1P1.:i-:i1 ~mi:l1P1'Yl::rniim1lJfflmrn 
1 unllff1J~ tloW'U iua::~ nlJ 11 fll .:iff! l.:i nll L 'il1 qi 

'YI~ LL 'Yl'U mlJ lilrn 'll'l~ L'1' ti Vl.:i'U n~ 'll ru::L~ tJ1 n'U 
d d d -.Kctc:,~A.d 
\Pl'UL lJ ~'YI ::L n:: lJ nu m:: 'il ltJL 'll'.:J'Vi u 'YI 'YI 1'YI .:J'Vi'U 'YI 

1\PltJLu'Vi1:: n ll n l:: 'ill vi 1 'll ti .:i '1rl'l1 ~ lJLL a:: '1rl'i 'U 

(poling and sapling) ~iinllff1J~ti'W'Uiun::;.:ii1'1'1' 
'1 n a 'ill n ~ 'U LL l.l '1rl'lJ1 n (Figure 7 A) LL \Pl n ~ l .:i 'ill n 

rllLL'Vi'U iiiiJLL1J1Jnlrnl::'illtJLL1Jm::<Jf.:ifli1 (bell 

1 >1d ' ., 
shape or normal curve) LL ff \Pl .:i l1Ll1'U11 n l l l n lJ.l 

1 fl l .:J ff! l .:J 'll ti .:J .ff u ti 1Qlrl''1iJJJfl11 lJ ~ti L {i ti .:J 

(Mohabdass and Davidar, 2009) n'.1u'1'1''il1n'1il'Vl1Jlrl' 

iu (DBH < 5 cm) 

rl1l1~1J mlil1J~t1-Wun'llt1.:i 1n.:im.:i 1u 1l1w 
• u 

ri1u 1l1o.i1 i'.lu n nlJ '1rl'l1illJua::'lrl'~'U'Vi1lii n l l 
u " " " " . " m::'ilw'111l111ru~u.Yhl~m~mvi1i.!u fft1\Plfl~t1.:iti1J 

. " . 
-W.:im'l11'fl'lJVi'Vi1Jm::'il1mVlfi.:i~uViufl1J 'l Lrn::iJ1Vlv.:i 

500 

,...., .\_<() 

"' ~ 400 ::i 
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ISO "' ..c 
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::i 
;z 

~ 

'1rl'~u1 Yi1if u 1-d t1.:i 'illmllu '1rl'~i.Ja mff1lJ 1miua:: iJ . ~ 

t11q'1l.lmm!n c·1.h::mru s u) LLff1P1.:i1M'1liu-:i1~ui 
'1rl'vf.:iirn.:i'll'UIPliinllff'l.J~tloW'Ui~'1l.l~t11i'it1.:i (Figure 

jl d I I ~ d 

7 c 11a:: D) LLff\Pl.:J 1l1Ll1'U11 'll'1.:Jl::ti::nainwn'U~lJ 

tl'Yl~Yrn~t1 nll ff1J~ tloW'U imlJ linlJ 'll'l~'ll t1.:i 'll'U \Pl '1rl' 

~tl llJ Tun n ~ t1 'W'li' l.:JlJl n 
~ 

" . 
~uliil1rl wm1.:i m::fft11J 1ul::1J'l.JU11i'1il1 

~ 

~ • 'J) d I d .: dd Q 

1u1lJt1.:i1J l.:i n ::1'ill\lti111 llu 'Vi'U 'YllJ fl1llJl1n1 n'll''U ~ 

'lltl.:J'VillW '1rl'mn'Vit1fflJfl1l i),mrl''Vinru 'Mm.:i'll'u\Pl 

tll'il v.:iiJnuff1J~ tloW'U ll\PlllJlilrn'll'l~~v.:i '1l.l~ ti{)~ 

u~t1d1.:i h ~\PlllJmniitmilPlml~~ mltlt1.:itiu m~ 

. d,, d 

(Sommeecha1 et al., 2018) \PlCltl\Pl'il'Unl~'Yl\Pltl ·rnm~ 

Hl::1Jm'U1VJJu (silviculture systems) 1'1i'1mi1P1ml 

jl 1~ ~ d ~ d o'I I d Q 

\Pl'U lJ l'U'Vi'U'YIL'VitlLD'U'!.h:: 1£J'll''U\Pltlnlrntl.:JLYW1L'll'.:J 

.. 1 d ~ d'J) G.' 

'UL1i'1 'Utl'Ulfl\Pl t1l'ilLD'U'Vi'U'Yl\Pl'ULl'l.J'l.J'llt1.:imnnlJ1 

1m .:iff!1.:i1rn::t1.:iri'1h ::nt1'l.J'YillW '1rl'~.:iL~lJ1u'if u~ 
iJ11uLi'.iei.:i L~t1-1i'.l~~~'Ul ua.::m°'foli''if u~~ih::u1J 

" . " ill 11'11n~1~ v.:i n1l~'U ViffnlJ Tuilu '1 iJ 
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Figure 5 The diameter class distribution in Bangkrasop forest conservation for all trees DBH ~ 2 cm. 
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Figure 6 The diameter class distribution of native species and tree spatial distribution; 

A) Sonneratia caseolaris, B) Terminalia catappa, and C) Hibiscus tiliaceus. 
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Figure 7 The diameter class distribution and tree spatial distribution of planted tree species; 

A) Cerbera odollam, B) Sonneratia alba, C) Rhizophora mucronata , and D) Bruguiera gymnorrhiza. 
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