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ABSTRACT

Background and Objectives: Forest recovery in shifting cultivation systems plays a crucial role in shaping
forest structure and species composition in tropical mountainous regions. In northern Thailand, lower
montane forests represent one of the most ecologically important ecosystems, characterized by high
biodiversity and complex vegetation structure. However, land-use changes, particularly shifting cultivation
practices, have significantly altered these ecosystems, leading to forest degradation and initiating natural
succession processes. The recovery of plant communities following disturbance is a dynamic and complex
process influenced not only by the time since abandonment but also by environmental conditions and site-
specific factors. Understanding how these factors interact to influence forest recovery is essential for
developing effective strategies for forest restoration and sustainable land management. Therefore, this study
aimed to (1) investigate the natural succession of plant communities in lower montane forests across a
chronosequence of shifting cultivation fallows, and (2) examine the relationships between environmental
factors and plant species distribution.

Methodology: The study was conducted in Namtok Mae Surin National Park, Mae Hong Son Province,
northern Thailand, which is characterized by mountainous terrain and a tropical monsoon climate. A total
of 15 temporary sample plots were established across five land-use stages: natural forest and shifting
cultivation fallows of 1, 4, 7, and 10 years. Three plots were established for each stage. Within each plot,
all trees with a diameter at breast height (DBH) = 4.5 cm were measured and identified to species level.
Saplings were also surveyed in subplots to assess regeneration patterns. In addition, soil samples were
collected for the analysis of physical and chemical properties, including soil organic matter, soil moisture,
and soil texture. Vegetation data were analyzed using the Importance Value Index (IVI) to determine
dominant species and their ecological significance. Species diversity was assessed using the Shannon—
Wiener diversity index (H'). Cluster analysis was performed to classify plant communities based on species
composition, while Canonical Correspondence Analysis (CCA) was applied to examine the relationships

between species distribution and environmental variables. These analytical approaches allowed for the
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identification of patterns in community composition along successional gradients and environmental
conditions.

Main Results: The natural forest exhibited high structural complexity and species diversity, with 70 tree
species belonging to 35 families and 52 genera. The stand density was 1,074 stems ha'', with a basal area
0f9.26 m* ha" and a Shannon—Wiener diversity index of H' =3.69.In contrast, the 1-year fallow exhibited
a very simple forest structure, with a low stand density of 23.33 stems ha' and a basal area of only 0.021
m? ha '. This stage was dominated by pioneer species, reflecting the early stage of succession following
disturbance. As the fallow age increased, forest structure showed a clear and continuous recovery trend. In
the 4-year fallow, stand density increased to 1,030 stems ha", with a basal area of 1.12 m> ha". In the 7-year
fallow, stand density further increased to 2,084 stems ha'l, with a basal area of 3.12 m*> ha™'. In the 10-year
fallow, basal area increased substantially to 7.48 m? ha'', and species diversity (H’ = 3.64) approached that
of the natural forest. These findings indicate a gradual transition from early successional stages dominated
by pioneer species to more complex communities with increasing contributions from shade-tolerant species,
particularly those in the family of Fagaceae and Lauraceae. The diameter class distribution of trees (DBH
= 4.5 cm) across all five land-use stages exhibited a negative exponential (L-shaped) pattern, characterized
by a large number of small individuals and progressively fewer large trees. This pattern reflects a stable
regeneration structure, suggesting that the forest has the potential to sustain itself through continuous
recruitment and replacement of individuals over time. Cluster analysis classified the plant communities into
three main groups corresponding to different stages of disturbance and recovery: (1) early disturbed sites
dominated by pioneer species with low diversity and simple structure, (2) intermediate recovery sites
characterized by the coexistence of pioneer and shade-tolerant species, and (3) natural forest sites with high
species diversity and complex structure dominated by late-successional species. The results of CCA
indicated that species distribution was strongly associated with environmental factors, including soil organic
matter, soil moisture, soil texture, and canopy cover. These factors act as environmental filters, influencing
species establishment, survival, and competitive interactions under different site conditions. Shade-tolerant
species were primarily associated with areas of high canopy cover, high soil moisture, and high organic
matter content, whereas pioneer species were more abundant in open areas with lower soil fertility and
higher light availability. Soil texture also played an important role in determining water retention capacity
and root establishment, thereby contributing to spatial variation in plant community composition.
Conclusion: This study demonstrates that natural succession in shifting cultivation systems can lead to the
recovery of plant communities with structural and compositional characteristics similar to those of natural

lower montane forests. Time since abandonment is a key driver of forest recovery, controlling changes in
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species composition and forest structure from pioneer-dominated communities to more complex and stable
systems. However, environmental factors such as soil organic matter, soil moisture, soil texture, and canopy
cover also play critical roles in shaping successional trajectories through environmental filtering processes.
These findings highlight that forest recovery is not solely dependent on time but is the result of interactions
between successional processes and environmental conditions. While species diversity can recover relatively
quickly, full structural recovery, particularly the development of large trees and biomass accumulation,
requires longer time periods. Therefore, maintaining sufficient fallow periods and minimizing further
disturbances are essential for promoting sustainable forest restoration and biodiversity conservation in the

shifting cultivation landscapes of mountain forest ecosystem.

Keywords: Biodiversity, forest structure, ordination
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=
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MA89161 0521319 20-25 BIFUVATYE FIN
ANuanzauaen s aan Tnueawssa g
1 =) (%3 a dﬂl d‘ 1 1
Twwaihau dnvuzaulununarulvg
I a 1 2K a 1
\WuUANTIUDIAUTIUYUNT 18 (Loam to sandy
= 4 = =)
loam) HANUYANANYINUN1DIGI Lozl
=3 a ~ [ a U 9 Lé dy 1
YSnasunisiagluauasudags Fuvone

9
mnudrvoansia lfausssumna

< Y .

2. MInUYdYa (Data collection)
o v A dy d‘d 1
‘1/Hﬂ1iﬂﬂl,aﬁ)ﬂ1/\lu‘1/]ﬁﬂ‘hl1sluﬂ1

¥ H v
sasumALaziui lsuyufeuniongmsildos
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v
nafauanenany 1dun 1, 4, 7 vaz 103 Tagm
11521901298 u 191299 (Purposive sampling)
dﬂl dl % 1 2 1
Wunae 3 ulaem10819 590 15 wlaealed19
. A' I % [ o w g’/
(Figure 1) ot uaunulunaazdrduiuvos
1 dgl dl % 1
msnauny lunaaginuin 1enlasdedis
Y
Y] ] I ]
VWA 20 x 50 AT NNUUBLNTunasdes
A o Y o 9
YUIA 10 x 10 10935 tadsanssa lilszan 1y
Tnaj (Tree) tiuiindu limndundvnaduriiu
4 1Y
AUENAINTEAVDN (Diameter at breast height,
DBH) = 4.5 i5UAINa5 (3aN5LAU 1.30 1UAT
A dy a d' ) 1
witewuay) nyuuilasiinisianilasgosy
A Y, 3 9 9
Y 4 x 4 was e ldlumsnudoyagnld
4 1 4
(Sapling) w50 ANy uIAIdUATUgUINAI

ANNGITTAVON U0oNIT 4.5 1B URINAT

oo

oo

Zm v

ason

P

Legend

3 Tenporaty samglepel 130,000
8 61T

Narmtck Bae Suni~ Nasonal Park

aavn

RS 1984 Yoom 4T N

Figure 1. Study areas and sampling plots were shown; A) locations of sampling plots in different stages of

shifting cultivation fallows and natural forest, (B) layout and dimensions of sampling plots used for

vegetation and soil samples collection.
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@ 1 4
wiondavuraduriugudnals A1uga
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navua dmsuria 1N luawnsaszyata’la
<} o 1 4
Tumagu lanvaediuiensvdon o e

J

] a o o
wisa 1 nsugneruuiena dadthuazwug
A 9 a A 9
NY Tﬂﬂﬂ?ﬂ@ﬂﬂWiigu‘HﬂWiimquﬂ"l‘N
Smitinand (2014)

3 o ] a g’;

INUAIDYNAUTUUU (015 1) ﬂ'lfJGlL!
LHJQQEJ"E]EJ"U“L!'I@] 10 x 10 LUAT HULNIATY
Tasea$1e S1uau 5 gaaeuilas (Figure 1)

v
Y] Id Y ]
NNUUIINTUAI08195U (Composite sample)
[l 9 [ 1 A A 4 A
DYNUBY 500 ﬂiil@]@uﬂaﬂ NBDAUATIEHTULA

a < o 1 a

vmmﬁu,azmﬂmwmamu LAaZINUAIDYINAY

1 o 9 A a L4
LL‘]J‘]JhllI‘VI1@181?‘]5\1?{51%1/‘!6’]!,?]51&14ﬂ’ﬂll

NUMUUITINYDIAY (Soil bulk density)
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Y

d
3. mﬁmswﬁmaya (Data analysis)
3.1 maviianudinyvessiiald
. A 9
(Importance value index; TVI) W pl¥lunis
dsziliuanudrnasainavessialdlu
Fapuias (Curtis & MclIntosh, 1951) #1122 18
VINHATINYBIAIIUDTUNNT (Relative
[l [ v J
frequency; RF) AU UIMUUTUNNT (Relative
1 [ o 4
density; RD) B ANULIAUTNNNT (Relative
dominance; RDo)
32A1A318HAaINF U A (Species
. . 9 v A
diversity) laal¥aun1sasiinuvaInvialy

Y84 Shannon-Weiner index (1949) Al

S
= =2 (D (npi)

i=1
A / v A a 9
e H = avlinnunainvatevesyiia 11
o a 9 g’/
S = Swuwiia e
. [ v o 9 a Y, 1
pi = dadrudauduvesyiia il i Ao
Fd
suduldnanuavesnnaiia

4 .
wei1=1,2,3,4,5,...,s

3.3 N3 fﬂwﬂﬂtj:uﬂig:llﬁ) (Cluster analysis)
o o 1 Y [ 3 =
Wnsswunuy ldnenasnsiuysiuda
1 a . dy d' A 1
Y1555u%1@ (Figure 1) 599 5 Wuh Ae 13
—~ = 1
WUy 81y 1-2 11 (SPO1, SP02 1oz SP03) 5
~ = 1
WU 01 3-4 1] (SP04, SPOS LAz SP06) 15
~ = 1
WU 814 7-8 1l (SPO7, SPOS LAz SP09) 5
= =
Nyueu 019 10-12 1 (SP10, SP11 1Az SP12)
[ a 9
1az115558%1A (SP13, SP14 11ag SP15) Iaalds
Wii’JEJﬂTi’SJmL‘]J‘]J'iSEJzVIN (Distance measure)
ATV Bray & Curtis (1957) 1N0IANGUHY
9 @ 9y = 4

Tdauszauniuadienasvednnilsznon
a 9 9 9 Y 9
yiuald wniewadrauwunindu 'l

(Dendrogram) tie I 15an1ssangqungy 137
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(Legendre & Legendre, 2012) dron13514
Tusunsudu531 PC-ORD version 6 (McCune
& Mefford, 2011)

34 n1sdaarnuny 1y (Ordination)

U

a 4 v o w 9Jq 9 9
ﬂ']ﬁ']!;ﬂﬁW%Wﬂ1i"ﬂﬂa1ﬂUﬁ3Jll?JGlG]fGUfJiJa 29

U U Q

Y 19 = 9 o 9
laun deyanssaiy nazdoyailadouindon

= 9 vaa dy a I
F9Uszneualgaulaay (1Heau A 1utlv
N3A-A19 LAZOUNTEIAY) TIUDITZAVAIINGS
dy d' d' a 4 1Y v 4 1
YOINUN INDIATIZTHANMUTUWUFTTEH I
Tadaunadeununisnszaievesny s Taes
Canonical Correspondence Analysis (CCA)
) <
(ter Braak, 1986) Tag 14 Ta/sunsudndagy
PC-ORD version 6
9
3.5 MINATIzHYoyan1ana neaau
Tasaafradenuiuazfasanadonluunay
k2 v 9 v
Aunhluymuseerguazihauaiszaud
9 =~ 1 1 dy ~
WeuwSeuNeun I NUANAI9TEHININUN
#18n15NAd 01U Kruskal-Wallis (McCune &

Grace, 2002) N3zAUANNARIUT08AE 95

a J
WauazIa1Id (Results and Discussion)

14 4 (v =
1.Iﬂﬁﬂﬁﬁ”l\‘ll!ﬁ%i’]ﬂﬂﬂi%ﬂﬂﬂﬂlf’)x‘lﬁﬂﬂ&l‘ﬂ“ﬁ
(Forest structure and species composition)

\ a a Y 1
1.1 thsssumd wourtanssa ldlng
9

o 4 a A
MNUUAIUIU 35 WA 52 A4NA 70 TUA UAY

Y
J A @

WU 1,073.33 dudatanand Aufimida
32.06 A131NATADLINATS WA1ASTIAIY
¥a1nMa189UD9 Shannon-Weiner iN1AU 3.69
wiialdiay 10 d19uusn Ae e 1a (Schima
wallichii) YLND (Lithocarpus dealbatus) ﬂ'ﬂﬁgﬂ
(Castanopsis armata) 1Milonnny (Symplocos

macrophylla) vi iuiea (Syzygium helferi)
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Aolutaow (Castanopsis tribuloides) TNV
(Gluta renghas) nOAINNY (Quercus brandisiana)
ﬁf}ﬁﬂW (Adinandra integerrima) UaENITULY
(Aporosa nigricans) ﬁﬁWﬁ%ﬁﬂ%Wnﬁiﬁ@m@ﬂ
wHia'ld (IVD) 119D 39.69 21.34 20.75 14.49
< I 4
12.89 11.34 10.71 9.40 7.69 ttag 7.10 t)osi1dua
AAIRY FHUADU o UAraAnaUNY (Table S1)
d1vsuld5u (Sapling) wuwsiia s
Y
WInuATIUAU 19 29 31 @na 38 Fila A
' Y ¢ A A 9 o
WUIUY 2,875 AUADLENAT1T NUNKUIAA
1.01 915100ATARIINANS HA1ASTAIIY
¥a1nN1a18u0d Shannon-Weiner 11101 3.29
wisa ldidudieninsananmariianudina
Tu 10 Sraunsn laun nz 18 vhiwea miloa
! Y Y . .
A0y NONIIAY (Lithocarpus garrettianus)
Haadu (Litsea martabanica) SIRGRE (Microcos
paniculata) DTNV (Aporosa nigricans) ARVER!
YRRIETR (Syzygium toddlioides) 14823 NI A
A¥ANdIAYININY 28.84,24.75,21.03,
20.51,18.46, 18.19, 14.58, 10.78, 8.89 Lka 8.55
AR ¥HADY ) WA1aaraudY (Table S2)
P155509a imsdnaguisousoamae
9 [
87.50 +£2.09 % ANVFUAUINDY 26.43 £ 7.05%
vazSnaounseiagludumas 7.79 £2.55%
2 a0 A 2 i 4
Fanargangaluiunanyl vaznaiy
PUWUUTIVYDIAUDAUNGY 0.71 £ 0.34 gom”
9 = 9 A = =\
AZNOUDITNMNLIATOUNULADYTNIN UN1T

[ 1 1

ALANDUNTOTAD081900L1ID9 AL NITN

Q

A J

anvauzmsnaguiSouseanoudieila dena
a U LAl
T¥siialdnusy Turedne (Fagaceae) az
49) d' Y 1
PUI%Y (Lauraceac) @10150A50INUTN 170619

ADINDY ANHAULAINAIIADANAOINUNANTT
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a 4 ~ Y 1 a
JATIEH CCA Aunaaaliiviullsuia
a =l o a tg a
sunseiagluau anusuludu waznisidn
A I v o o td‘ [ o d o
aguiseuyen 1uiltedAyRduiusiums
ngzIe@aIveIsia b ludiaunsizezilate
= a Y 1 g
yoensnaunu lasliyiialdlunguiedne
o I s =
nazlaAeUye 1usenlssnouvian il
1 9 Y A A A
nau I Tassadeinseunsosiiunluszozen
HAElUNVIMAIAYADIADETNINYDITS UL
e ToAAdINUTIBNIUMITANYT IATIaT9
v 9 '
Thauszauaivatetiunlulszmalne
(Marod et al., 2014; Thinkampheang et al., 2024)
sadaneanumsans luihwadoulasnaly
d' 1 9 1 as
anuilassadaveatsssusIalin
= dy ~ a Y
Wannalegaazgniansosnui lagyiialil
Tassa$1raluszezdarovoanisnaunu
(Chazdon, 2014; Poorter et al., 2016) LHD 491
Y Y
ANNIIARDUINNIZADNTAIRIV I Nquil
1.2 Isnyudeueryg 1Y TdIngwoatia

a

o 4 =
wssan ld8uau 3 29 3 ana 4 viia IAw

s &

NUIUY 23.33 duaotanals nunuiiidga
[ 4 1 [ Y=
0.07 AF1UUATADLINAIS UAIAFHAIIN
GRINGRERRN Shannon-WeinerL‘ﬁWfT“U 1.15
a Y o @ Y 1 [
¥UA AU 4 d100 1aun nIRINIULA
(Litsea pierrei) We 80N (Shorea roxburghii)
Wi wagvhiwea Imariinnudingues
w15 (VD) 1(M191 133.67 60.43 55.05 1AL
S < 14 o w A A ~ A
50.85 1oTIFUA MUd1AY ¥HADY 9 AWUTA
anvauniu 1 (Table $3)
Tuseanldju wovianssa'ld
o 4 a ]
DIUIU 28 WA 41 ANA 50 FHA VANUHU WY
9 1 4 49; ~ Y o
8,604.17 AUADLEINA1T NUNHUIGA 1.32 41519
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Shannon-Weiner (110U 3.25 w3sa lifiauiiie
wosannnmasianuday Iy 10 axaunsn
1dun Yarearu (Eurya acuminata) W89
whiiwea Ueare Tnaunas (Osbeckia stellata)
ulﬂ%}ﬂluﬂ, (Glochidion sphaerogynum) WALY 3
(Trema angustifloia) ERREBIGEY (Phyllanthus
emblica) ERIGLT (Macaranga indica) wazne 18
umasiaNud ANy 31.07, 27.85, 21.73,
18.96, 17.49, 16.26, 16.12, 14.65, 9.59 LA 9.19
J 2 J o w 1 a A A
WoFIFUA AIUE1AY dIUTUADU 9 WA
aavaunu 11/ (Table S4)
Y 13 Y dy AN =
atladoadonTunulivyuiou
= =) A d‘ ~
91 11 Un1sUnaquisousaIRfeINe
1 < A b
12.06 = 5.44% FauduGouseaitla anuiuly

@

AUINAY 14.86 £ 9.12% Haz/TuIuduUNIoIAg

Q
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o a4 LA
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9
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U

o TY) &
iy dareau W\‘]LL“I"iﬁslﬁfg AUNADUY LA
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p819M01H0Y doandoInuMsany1luvale
j’ A A 1 1 9
NuRnnuIMsuanrdednae lihilunaln
[ A zi} % G A 9
gy luszezFuusnyeamsludInIaiTuaY
N1INAaUNU (Saikhammoon ef al, 2023 ;
T Y
Chazdon, 2014) e u1sasieliwssa lafag
o Y < A = a @
d1'1857a151109910 0T VVIINIANT 0I5
A dda
(Poorter et al., 2016) Tagmn1z IUNUANT NS
3 umu“lu';i UILSY (Intermediate disturbances)
1.3 Jsnagudaueng 4 U 1 ve) wuwiia
Yo 4 a =
wssa 1919 20 29 31 @na 38 vila U
[ 9 1 14 dy ~ Y o
WUIMUY 1,030.00 AUADITNATT NUNHUIAA
3.73 A151UNATADLENATS VAIATUAITY
Na1NMa18UDI Shannon-Weiner IN1101 2.65
wiia'lifiau 10 S1duLTn Ao WLAB (Lithocarpus
dealbatus) W18 nonse Uarvaru (Eura
acuminata) 1a %’ﬂ’uﬂ, (Glochidion sphaerogynum)
wevi1uu (Archidendron clypearia) 117
(Tristaniopsis burmanica ) niuea fre1u
.2
(Styrax benzoides ) o< N o U (Lithocarpus
annamensis) A arHaNud1Ayvosiall
(IVI) 1119 62.66 36.71 29.50 19.62 19.46 18.59
s I 4 o o
13.10 9.49 9.36 1A% 8.39 1105 1FUA AUE1AL
¥HAdY ) DAraaraunu 'l (Table S5)
[ Y a Y g}.;
seauldu wuvtanssaldnavua

o J a a =~
VIUIU 27 WA 42 dNA 55 FUA FUA AW

P~ Y o

9
WY 12,854.17 AUABIINATS NUNHITAA
456 A1 1LNATADLENATS HATATHAIY
HaInNralguay Shannon-WeinerL‘Vhﬁl‘]J 3.36
Y d' a v A o W
wisa ldeudlonnsannnarinnudinglu
10 a1avuusn 1dun darearu Taaanad
(Osbeckia stellata) i 1HiULaa UzAo NAI891H

9
(Diospyros glandulosa ) UIALA YU (Aporosa
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octandra) WMipan0s Nz 18 ULIMASUAY (Rhus
9 ti A1 v oA o o
succedanea ) MAZIAUADN UAIATHANNTIAY
1N 41.02 23.93 23.83, 22.99 14.20 12.68
s I 4 o w
11.36 9.70 8.67 Uz 8.48 1WlosiFuUa a1ua1ay
aurtiaou o Nenaaraunuli (Table S6)

4 H
Tuaruifaseuradonlunuiey 4 1

=

UN3UnAQUISOUBOR 66.70 £ 19.58% LAY
= =) =) =) % = d‘
NSuapunseiagludunde 7.07 £2.43%
=< v A A = ' <
Faganmuielyg 1 3 edrelsnaiy arw
A o 1 9
w515 auveamsinaguisousendinouyi
) = A o Ao )
g9 aznoudamsluang luainauovoq
[ A d‘ dal (% A dag
FIAUNY 1052821221015 WUANY YUY
g)J Y I~ A 3
ATZUIUNITAIAINANAABTUHUNVINIINUY
aawaliinnuvainviarevesytanssa 'l
A 2 ! < ¥ o A
WU 08191501y Tasaad1aveadanuny
o Yy = A g A EY 91
FanaagnoudaszezFuaY Winanndu lidiu
Y] ] < [
Inaidaogluvna@nuas In1suaaiuge wa
i
AINANADANADINUUUIAAVDINTNUAIVDA
Thluszezdu (Early succession) MUY
uuvesdu ldunnmseazauulrasInm
(Chazdon, 2014; Norden ez al,, 2015) HnNAN
MIUUITUINONTWEINTHAZNITIT QAL Ta
1 < Y a )
p819529152v04 liliiniih
1.4 lsvygudauery 7Y Tl lvgnuriia

a A

wssa Tidimau 31 29 50 @na 59 wiia I
[ 9 1 4 49; d' Y o
WUIUY 2,083.33 AUADLINATT NUNHU9A
10.41 A1T1UUATADIINATT UAIAFTAIIN
naInvialgual Shannon-WeinerLﬁWﬁU 3.34
wiia lifiau 10 Srauusn 1dun vzne dareau
Y = a
Nz 1d ooy VAN RY (Rhus succedanea)
[ o Y o Y ! .
no159 a5l wiuan Ana (Engelhardiia

spicata) agiviloaaney Uasiiain1udingy
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voasHa 'l (IVD) 1M19D 45.98 24.67 21.71
16.55 15.54 14.59 11.88 10.52 9.74 118 9.64
S I 4 o w [ A A A
OSIFUA ANAIAY FIUFUADY 9 VAN
aaraunu 'l (Table S7)
[Y] Y a 9}3’/

seau i3y wurtawssau linavue
S1UIU 31 29 43 ana 45 ¥ila wiia a2

\ ¥ s XA A 9 o
WUUUY 5,916.67 AUABLINATT NUNKUIAA
3.30 AT IUVATADLINATS WAIAFUAIY
WA1NMA19UDd Shannon-Weiner (N0 3.22

Y A A = o w
wisa ldiwudlonnsannnarinnuding lu

o W 9 1 9 dy
10 dreuusn laun viun areenu wadeu
NIV (Aporosa nigricans) ]lﬂ%)fl’uﬂ" MRNER
~ = o o 9
WY 0N (Camellia oleifera) N1AIFINTT
(Maesa montana) 19481911817 (Actinodaphne
sesquipedalis) 118 1AAAUADY AIAFUANNAIATY
10U 34.65 30.91 26.79 17.39 14.98 10.18 9.90
S I J o v
9.87 9.75 1AL 8.76 LUBTIFUA AN 1A
aurtiaou o Neaaraunulil (Table S8)
9 v

Tudautlateuiadon Wuioryg 7 1
A A A
unmsinaguisousoaindey 75.99 £7.73%

e a A a

ANFUIUANINDY 17.70 £6.97% wazll

dAdIuoYMAAUNNINDAY 31.67 = 6.66%

[
=
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a 9 ' 2 9 @ A 2
i ldnusnuniu doandeanunsNuAY
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& A A dy 9
AN FasuiunuInuevululaseadaves
[ A d‘ a Y a ) A o W
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audpufFeuisununuiiey 1 uag 43 Taglu
Fa
3282NA19U0INTNUAT UNVIMUe iHinii
2 A a vy A 2 X =
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d' ] o =) 1 d’d
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[ 9 da! 9 [} =4 1 tg
FUFOUNINYU AoAAADINUMIANYIT1W 1Y
Tuadounieaunyiia linusuazsudun
- Y Aa o A Y =
unun lfiiaduveaninuradeuiiniiy
Y
IMUIETUNINYY (Poorter ef al ., 2016;
Rozendaal et al., 2019)
\J = = a
1.5 Jsvingudauery 10 U wurianssa
1 najsruau 34 2 61 ana 74 sila Haw
1 9 1 J dy ~ Y o
HUMUY 1,706.67 AUABLINATT NUNHUAA
24.95 @151UNATADIINATS HA1AYTAI1Y
WAa1NNA18UDd Shannon-Weiner (NN 3.64
a Y o w Yy 4
i lfau 10 arauusn laun weeou neld
1 9 o ;:sll
wgno 1adiuy nsuu wraideu (dporosa

octandra) NOHMTY NOAIAIIY ATHA LAY

[ a

daeeu ianudinguesriia ld (1vi) midu

29.79 27.02 18.60 17.08 15.68 14.44 14.40 14.26

d I 4 o o A A =\

9.82 UAY 7.46 1WOSIHFUA AIUAIAY FUADU 9 U
Aaavaunu 11 (Table S9)

Y Y a Yo 4

srau lifgu wurialdswau 25 2d

35 64N 39 FUA VANURUMIUY 2,666.67 AU

1 4 dy ~ Y o 1

ADLINATT NUNVUIAA 0.87 AT IUNATAD

@RS DARYTIAINKAINHAIVD Shannon-

Weiner 1M191 3.35 ¥anssa biliauiile

Warsannastaudinyly 10 d1auusn

v

1aun Asu miloanos AW (Cratoxylum
Y

Sformosum) HeND UIALTYIU dENU (Phoebe

paniculata) aneau meu (Styrax benzoides)

9y o o 9 1 Y= o [

nzla uazmaes a1y aAayianudidny

ALY 23.18 18.95 18.94 16.78 15.94 14.84

s I 4

13.84 13.34 13.29 uag 13.15 1o 1Fua

o w 1 A A A < o
ANy dIuriiaou q Nartaavaunulal

(Table S10)
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Table 1. Structural characteristics and environmental factors of natural forest and shifting cultivation fallows of

different ages in Namtok Mae Surin National Park, Mae Hong Son Province.

Variable 1 year 4 years 7 years 10 years Natural forest  p-value
Species richness (species) 1.33£0.58 18.33 £5.03 30.00 + 8.72 37.00 £ 7.00 34.67+7.37 0.020*
Tree density (trees ha ') 2333+ 15.28 1030.00 £306.43  2083.33+955.63  1706.67+315.01  1073.33 + 134.29 0.031*
Basal area (m* ha *) 0.34+0.40 3.73 £ 1.41 1041 £1.19 24.94 £3.23 32.05+3.88 0.010*
Shannon-Wiener index (H') ~ 0.23%0.40 223+0.64 2.81+0.31 3.24+0.11 2.97+0.44 0.036*
Elevation (m a.s.1.) 1137.67 £167.85  1268.67 £30.92 1247.67 + 74.57 1167.00 £84.50  1243.33 +30.09 0.404ns
Crown cover (%) 12.06 + 5.44 66.70 + 19.58 75.99 £7.73 87.22£2.51 87.50 £2.09 0.016*
Soil moisture (%) 14.86 +9.12 17.34+6.80 17.70 £ 6.97 15.98 +2.70 26.43 £7.05 0.420ns
Organic matter (%) 421+1.49 7.07+2.43 541+1.23 4.69+1.77 7.79+£2.55 0.204ns
Bulk density (g cm™?) 1.00 0.15 0.82+0.21 1.01£0.18 1.02 £0.09 0.71+0.34 0.463ns
Sand (%) 51.33£17.39 53.33+10.21 51.33 £7.02 54.67 +5.03 53.67 +6.81 0.895ns
Silt (%) 19.00 + 4.00 21.33+4.04 17.00 + 1.00 1833 +3.51 21.00 = 1.00 0.443ns
Clay (%) 29.67 + 13.65 25.33£6.35 31.67 £ 6.66 27.00 +7.81 2533 +7.57 0.789ns

Remark: Values are expressed as mean + standard deviation (n = 3). Differences among shifting cultivation ages

were tested using the Kruskal-Wallis test. * Significant at p < 0.05; ns = not significant.
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Figure 2. Diameter class distribution of existing trees
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Figure 3 Cluster analysis of tree communities across shifting cultivation fallows (1, 4, 7, and 10 years) and natural

forest in Namtok Mae Surin National Park, Mae Hong Son Province, Thailand.
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Table 2 Correlation coefficients between ordination axes; tree species and environmental variables.

Axisl Axis2 Axis3

Eigenvalue 0.91 0.57 0.26
Variance in species data

% of variance explained 19.70 12.30 5.50

Cumulative % explained 19.70 32.00 37.50

Pearson Correlation, Spp-Envt* 0.98 0.94 0.88

Remark: * Correlation between sample scores for an axis derived from the species data and the sample scores that

are linear combinations of environmental variables.

Table 3. Correlation coefficients of environmental variables with each ordination axis.

Correlations*
Variable

Axis1 Axis2 Axis3
1 Elevation 0.859 0.199 0.109
2 Crown cover 0.841 -0.495 -0.064
3 OM (Organic matter) 0.4 -0.37 0.711
4 SM (Soil moisture) -0.255 -0.549 0.46
5 %Silt -0.147 -0.792 0.375

Remark: * Correlations are "intra-set correlations" of ter Braak (1986)
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Figure 4. Stands ordination (Green triangle) based on canonical correspondence analysis (CCA) and tree species

existed (Black circles) in shifting cultivation fallows (1,4, 7, and 10 years) and lower montane evergreen forest.

Abbreviates indicate the tree species which are shown in Supplement Tables.
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