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QUAN HE KHONG GIAN CUA CAY RUNG SAU KHAI THAC CHOQN
THEO KHOANG CACH VA PUONG KINH CAY
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TOM TAT

Mot trong nhirng muc tiéu chinh ctia nghién ciru sinh thai rimg 1a tim hiéu cac co ché va qua trinh da didu tiét
phan bd, dd nhidu va quan hé cua cdy rimg. Nghién ctru ndy so sanh ciu trac khong gian cia cac trang thai
rung sau khai théc 1a tdic dong manh (HIL) va tac dong trung binh (MIL) v6i trang thai chua khai thac (UL)
theo tAng tan dé tim ra nhirg co ché va qua trinh sinh thai co ban nhat dang din ra trong 1am phan. Trén mdi
trang thai rimg, 1 6 tiéu chuan 1 ha dugc thiét lap va diéu tra duong kinh ngang nguc (dbh), chiéu cao, tén loai
va toa do twong ddi cua tat ca ca thé cdy co dbh > 2,5 cm. Phuong phap phan tich mé hinh diém khéng gian
mot bién s va hai bién sb duoc st dung dé phan tich phan bd va quan hé cia ciy ring theo khoang cach va
kich thudc cdy ¢ ba ting tan rimg: dudi tan, gitra tan va vuot tan. Két qua phan tich da chi ra dugc sy 6n dinh
clia cdy rimg ddi voi trang thai UL, trong khi quan hé canh tranh giita cdy - cdy dugc tim thiy & trang thai HIL
va MIL. Lién hé v6i 1y thuyét sinh thai cho thdy mot s6 co ché sinh thai chinh c6 kha nang diéu chinh phan b
va quan hé cua cdy rimg nhu: chét phu thuoc mat do, phat tan han ché va 1y thuyét trung lap. Anh huéng cia
viéc khai thac chon trong qua khir di tao ra cc x4o tron cdu triic khong gian cua ring ty nhién. Tir can cir nay,
cac bién phap 1am sinh c6 thé duogc dé xuét dé giam thiéu tinh canh tranh, thuc déy kha nang sinh truéng va
quan 1y rirng bén virng.

Tur khoa: Ham twong quan dic tinh, ham twong quan theo cap, khai thac chon, phén tich mé hinh khong

gian, rirng nhiét déi 1a rong thuong xanh.

1. PAT VAN PE

Phan bd khong gian cua cdy rimg da duoc
thira nhan 13 nhitng bang ching cta cic qua
trinh dd diéu chinh ciu tric cua quan thé (He
va cong su, 1997; Condit va cong su, 2000).
Duya vao vi tri cua cac ca thé cAdy (md hinh
diém - point pattern), phan tich mé hinh khéng
gian s& cho biét mot nhoém cdy c6 phan bd
dang cum, dang déu hoidc ngau nhién; hai
nhém cay c6 quan hé 1a twong hd, canh tranh
hodc doc 1ap véi nhau ¢ nhiing pham vi nhét
dinh trong khong gian. Ngoai ra, néu két hop
thém cac dac tinh khac cua cay (vi du kich
thude cay: duong kinh, chiéu cao), quan hé cua
nhirng cdy lan can s€ dugc lam sang to vi trong
rung tu nhién vi tri cay thuong c6 quan h¢ véi
kich thudc cua chiung (Weiner va cong su,
2001; Stoll & Bergius, 2005).

Phan b khong gian cua cdy rimg, dic biét
13 & rimg tu nhién nhiét déi, dugc diéu chinh
boi nhiéu co ché sinh thai khac nhau nhu: canh
tranh/tuong hd, phat tan han ché, chét phu
thudc mat do va 1y thuyét trung 1ap. Trong do,

canh tranh 13 co ché chinh c4u tao nén quén thé
ty nhién va thé hién thong qua qua trinh tu tia
thua self-thinning (Tilman, 1994). Phat tdn han
ché 1a mot trong nhiing co ché tao ra phan b
dang cum - 14 phan b phd bién cua da s cac
loai cay ring (He va cong su, 1997). Ly thuyét
trung l4p cho rang dé tuwong thich v&i méi
truong song, cac loai cdy s& cd chic ning
tuong tu nhau vi thé canh tranh gitra cac loai
khac nhau rat kho duoc nhan dién (Hubbell,
2006). Cac co ché sinh thai dang dién ra trong
quan thé déu dé lai dau vét thong qua mat do
cdy ring thay doi & cac cép kich thudce cdy va
pham vi khong gian khac nhau.

Chung t6i so sanh cdu tric khong gian cua cac
trang thai rung sau khai thac la tdc dong manh
(HIL) va tac dong trung binh (MIL) voi trang
thai chua khai thac (UL) theo tang tan dé tim ra
nhitng co ché va qua trinh sinh thai co ban nhat
dang dién ra trong 1am phan. Ching t6i gia thiét
rang: cdy rimg & cac tang tan dudi c6 phan bd
dang cum va canh tranh véi cdy & tﬁng trén la
cac dau hiéu ¢ cac trang thai rimg sau khai thac
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chon. Ngoai ra, trang thai chua khai thac s€ co sy
6n dinh hon trong cau triic khong gian.

2. PHUONG PHAP NGHIEN CUU

2.1. Khu vire nghién ciru va thu thap sé liéu

Khu vuc nghién ctu 1a Rung thyc nghiém
Kon Ha Nung, huyén Kbang, tinh Gia Lai.
Rung 14 rong thuong xanh am nhiét déi tai khu
vuc rung thuc nghiém Kon Ha Nung c6 dién
tich x4p xi 1.400 ha; trong d6 c6 khoang 100
ha thugc vung 161 chua khai thac. Khai thac
chon duogc thuc hién vao nhiing nam trudc
1980 trén nhitng quan thu co trit lvong gd 16n
hon 130 m*/ha. Pudng kinh cay tbi thiéu duoc
khai thac 1a 45 cm. Khai thac chon duoc thuc
hién véi cuong do cao (khai thac 30 - 50% trix
lugng), cuong do trung binh (khai thac 20 - 30%
trlt lugng). Sau nam 1980, toan b dién tich nay
dugc trai thyc nghiém Kon Ha Nung bao vé
nghiém ngat phuc vu myc dich nghién ctru.

Khu vuc nghién ctu c6 nhiét do trung binh
nam la 23,6°C. Luong mua trung binh nam
khoang 2.042 mm. Mua mua kéo dai tur thang
5 dén thang 12 va chiém 90% tong luong mua
hang nim, mua kho kéo dai tir thang 1 dén
thang 4. Dét chil yéu 1a dat nau tim dién hinh,
dat do vang, datdo vang co tang sét loang
16 va dit d6 vang trén da sét va da bién chat.
P cao dia hinh xép xi 700 m so v&i muc
nudc bién.

Vao nam 2018, ba 6 tiéu chuan 1 ha duogc
thiét 1ap trén ba trang thai ring: sau khai thac
tac dong manh (HIL; toa do 14°10.475' Bic,
108°38.977" Dong), sau khai thac tic dong
trung binh (MIL; toa d6 14°10.89' Bic,
108°39.277' Bong) va chua khai thac (UL; toa
d6 14°11.492' Bic, 108°39.938' Pong). Mdi 6
tiéu chuan dugc chia thanh mot lugi 100 6 thu
cap (10 x 10 m). Trén mdi 6 thir cip, dudng
kinh than cay ngang nguc (dbh) tai vi tri 1,3 m,
chidu cao vat ngon (H), vi tri cia ciy (x,))
trong 0 va tén loai cdy dugc xac dinh va do
dém cho tit ca cac cay than gd co6 dbh > 2,5
cm. Vi tri cua cac cay riéng 1é dugc xac dinh
thong qua vi¢c st dung thudc do khoang cach

bang laser (Leica Disto D5) va la ban. Sau do,
tat ca cac ca thé cay duoc chia vao mot trong
ba tang tan: dudi tan (H < 8 m), giira tan (8 <
H < 18 m), vuot tan (H > 18 cm) theo cach tiép
can cua Getzin va cong su (2011).
2.2. Xir Iy s6 liéu

Phuong phap phan tich mé hinh diém khong
gian (spatial point pattern analysis) dugc su
dung dé phan tich sy sip xép trong khong gian
ciia cac ca thé cay (Diggle, 2003). Trong
nghién ctu nay, ching t6i da dwa vao vi tri
(x,y) va duong kinh (dbh) cta ca thé cdy lam
s liéu dau vao. Ham twong quan theo cip
(pair-correlation function) va ham tuong quan
dac tinh (mark-correlation function-MCF)
duoc st dung dé mo ta tinh chat cia mé hinh
diém khong gian (spatial point pattern) trong
mot dai cua khoang cach (Illian va cong su,
2008). Qua trinh m6 phong da st dung mod
hinh khéng (null model) & mé ta gia thuyét
khong (null hypothesis) cia mé hinh diém va
sau d6 dugc dbi chiéu v6i mé hinh thuc
nghiém (Diggle, 2003; Wiegand & Moloney,
2004). Bo 1éch gitra m6 hinh thyc nghiém va
mo hinh 1y thuyét khong duoc sir dung dé mo
td mO hinh thuc nghiém va tim ra cac qua trinh
d4 diéu chinh mé hinh thuc nghiém.

Ham twong quan theo cap

Ham tuong quan theo cdp g(r) mo ta mat do
chuan hoa tai mot khoang céach nhét dinh » va
duoc giai thich 1a mat do ky vong cua cac diém
tai khoang cach r tor mdt diém bat ky. V&1 mot
loai diém (vi du: cdy rimg & cing mot ting
tan), ta c6 ham twong quan theo cip mot bién
s6 - g1(r), day cing 1a dao ham ctia ham
Ripley’ K (Ripley 1976):

T

K(r) = 2nfg(r’)r’dr’
0
hay g(r) = % forr >0
g11(r) = 1 cho biét phan bd hoan toan ngiu
nhién, g11(#) > 1 cho biét phan bd kiéu cum,
g11(r) < 1 cho biét phan bé kiéu déu tai khoang
cach r.
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Ham twong quan theo cdp hai bién s6 g12(r)
dugc phat trién tir ham tuong quan theo cip
mot bién s6. Ham g1»(r) duoc sir dung dé phan
tich quan hé khong gian giita hai nhém diém
khac nhau (vi du: cdy rung ¢ hai ting tan).
Ham g,(7) phan anh mat do ky vong cua céc
diém nhom ther 2 tai khoang céach r tr mot
diém bét ky ciia nhom thir 1. Néu gi2(r) = 1,
quan hé 1a doc lap (khong twong tic); néu
gi2(r) > 1, quan hé 13 twong hd, nghia 1a co
nhiéu hon cac diém nhém 2 tai khoang cach r
tir mot diém bat ky ctia nhom 1 so vé6i ky vong
khi quan hé 1a doc 1ap; néu gi»(r) < 1, quan hé
la canh tranh tai khoang cach r.

Ham twong quan dac tinh

Ham tuong quan dac tinh (MCF) (Illian va
cong sy, 2008) mo ta sy phu thudc gitra dac
tinh cua cac cay (vi du: dbh) ¢ khoang céch r.
Gia thiét hai cay i va j cach nhau mot khoang r
va ¢6 dac tinh m; va m;. Quan hé dac tinh dugc
lwong hoéa bdi mot ham kiém tra t(m;m;). Dua
vao tat ca cac cdp cay cach nhau mot khoang r,
udc luong cia -MCF duoc tinh nhu sau:

R,(r) = lZ?=12%1[f(nmirmj)]k(||xi—xj||—r)
Ct S X k(x| =)

Trong do ¢ 1a ky vong ctia ham kiém tra va

k(|jxi-xj{|-r) 1a m6t ham trung tam. Néu khoang
cach |]x;-xj| gan voi 7, ham trung tdm nhén gia
tri 1, nguoc lai nhan gia tri 0.

Truong hop c6 mot bién sé, kmimi(r), st
dung ham kiém tra t2(mim;) = m; dugc chuén
hoa bdi gia tri dac tinh trung binh p. Truong
hop 6 hai bién s, kypma(r), sit dung ham kiém
tra t3(m;m;) = m;, trong 46 chi c6 gia tri dac
tinh ctia nhém 2 dugc xem xét. Truong hop
cac dic tinh 1a doc 1ap voi nhau MCF = 1, néu
MCF < 1, thi cac dac tinh c6 tuong quan
nghich v&i nhau va néu MCF > 1, thi cac dic
tinh c6 twong quan thuin (quan hé twong hd)
tai khoang cach r. Chiang han, twong quan
nghich (quan hé canh tranh) xdy ra néu cac cay
cach nhau mot khoang r va s€ c6 gia tri cac dac
tinh nhoé hon gia tri trung binh (Illian va cong
su, 2008).

Mo hinh khong

Gia thuyét co s& cho cac phén tich trong bai
bao nay 1a cac diéu kién méi trudng tai 6 tiéu
chuan 1a dong nhat. Boi vi diéu kién moi
truong khong doéng nhat s& anh hudng dén
phan bd khong gian cia cay va lya chon cac
mo hinh khéng phu hop voi sy khong dong
nhit. Chiing t6i ¢i kiém tra tinh dong nhét nay
dwa vao phan b6 khong gian cia tit ca cac cay
trudng thanh (dbh > 10 cm) béi vi cdy truéng
thanh c6 kha ning sdng phu kin cac dién tich
duogc nghién ctru va da trai qua giai doan chon
loc tu nhién khé khan nhit. Chét luong moi
truong song khong déng nhit (néu c6) s& phan
anh thong qua phan bd khong dong nhét cua
cay thanh thuc (Getzin va cong su, 2008). Céc
6 tiéu chuan nghién ctru dugc xéac dinh 1a dong
nhit vé diéu kién méi trudng. Vi vdy, ching
toi da ap dung mo hinh khong gian hoan toan
ngau nhién (complete spatial randomness -
CSR) cho ham mdt bién s va doc lap
(Independence) cho ham hai bién sb dé mé ta
mo hinh khong gian.

Trong tit ca cac phan tich mé hinh khong
gian, da thyc hi¢n 199 1an mo phong Monte
Carlo va sir dung 5 gi tri 16n nhat va 5 gid tri
nho nhéat dé xay dung khoang tin cdy xap xi
95%. Sy khac biét co y nghia so véi gia thuyét
khong 1a mé hinh thuc nghiém nim ngoai
khoang tin cdy. Sau d6, phép kiém tra
Goodness-of- Fit test dugc ap dung cho mirc
sai s6 < 5% dé giam sai s loai I. Tét ca cac
phan tich khong gian néu trén déu dugc thuc
hién trén phan mém Programita (Wiegand &
Moloney, 2004).

3. KET QUA VA THAO LUAN
3.1. Pic diém cAu tric 1Am phan

Két qua tinh toan cho thiy tinh da dang loai
va trir luong gd & ca ba trang thai ring déu rat
cao (bang 1). S6 cy co duong kinh tir 2,5 cm
dugc do dém bién dong tir 1341 - 1551 cay,
16n nhat & trang thai UL. D0 nhiéu cua loai
trang thai bién dong tir 83 - 115 loai ciy, 16n
nhat 1a trang thai MIL. Puong kinh 16n nhat
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bién dong tor 85,35 - 117,83 cm va chiéu cao
16n nhat bién dong tir 33 - 55 m. Ca ba trang
thai rimg déu c6 trit luong gd rat cao tir 408,47
(HIL) - 619,42 (MIL) m’/ha. Quan hé giira

dudng kinh va chiéu cao cdy rimg & ba trang
thai rung dugc md phong theo dang ham
Logarit va cho thdy déu & muc rat chit voi R?
=0,84 - 0,86 va gia tri p < 0,05 (Hinh 1).

Bang 1. Mt s6 chi tidu cu tric ciia 03 trang thai rirng

Chi tiéu HIL MIL UL
S cay 1427 1341 1551
S6 loai 96 115 83
Chiéu cao 16n nhat (m) 55 40 33
DPudng kinh 16n nhit (cm) 85,35 105,41 117,83
Téng tiét dién ngang (m*/ha) 33,024 46,127 43,791
Trir lvong (m’/ha) 408,47 619,42 570,28

a, HIL b, MIL c, UL
40 - Him) a5 4 H(m) 40 5 H(m)

0

0

T T T T T T T T ] T T
0O 10 20 30 40 50 60 70 8 90 O 20 40
D1.3 (cm)

D1.3 (cm)

80 100 120
D.1.3 (cm)

Hinh 1. Quan h¢ giira dwong kinh ngang nguc va chiéu cao ciia ciy rirng & trang thai rirng
(Khai thdac tac dong manh - HIL (hinh la), Khai thdc tac dong trung binh - MIL (hinh 1b) va
Chuea khai thac - UL (hinh 1c))

3.2. Phén tich mé hinh khéng gian mét bién s6

Két qua phan tich mé hinh khong gian cua
ca ba trang thai rimg cho thdy ham twong quan
theo cip mot bién sb cia 3 ting tan (dudi, giita
va vuot tan) déu tiém céan gia tri 1 trong
khoang cach 30 m (Hinh 2). Piéu nay chimng t6
ca ba 6 tiéu chuin déu dong nhét vé diéu kién
moi truong. Két qua twong tu ciing duoc thé
hién thong qua ham tuong quan dac tinh mot
bién sb cho thdy mic do dong déu vé duodng
kinh ngang nguc cua cay rung ¢ ca ba trang
thai rimg (Hinh 3).

Quan hé vé khoang cach giira cac cdy rung
cho thay xu thé chuyén tir phan b dang cum
sang phan bd dang ngiu nhién theo tang tan tir
dudi tan dén vuot tan & trang thai rung da bi
tac dong (Hinh 2a-f). O trang thai UL, tat ca
cdy rimg cua ba tang tan déu co phan bd dang

ngau nhién (Hinh 2g-k). Nhu vay, ciy ring c6
xu hudng phan bd ngiu nhién khi kich thuéc
cdy tang 1én ¢ cad ba trang thai rung dugc
nghién cuu.

Gia tri cua ham tuong quan ddc tinh nho
hon 1 & khoang cach dudi 3 m cho thiy cay
ring & tang dudi tan (Hinh 3a, g) va ting vuot
tan (Hinh 3c, £, k) c¢6 xu thé @rc ché 13n nhau vé
duong kinh. Xu thé canh tranh nay duoc thé
hién twong d6i rd rang & ca ba trang thai rimg.
O tang gifta tan, cdy rimg chu yéu c6 quan hé
doc 1ap v6i nhau vé duong kinh thé hién boi
gia tri ciia ham tuong quan dic tinh xap xi 1 &
cd ba trang thai rung. Mic du cé quan hé canh
tranh e ché 1an nhau ¢ tang dudi tan nhung
ciy rimg & tAng gitra va vuot tan ciing cho thay
xu thé dich chuyén tir quan hé doc 1ap sang
quan hé canh tranh vé duong kinh.
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Khoang cach r(m)

Khoang cich r(m) Khoang cach r(m)

Hinh 2. Quan h¢ khéng gian theo khoing cich ciia ciy rirng & ba ting tin clia ba trang thai rirng
(Khai thac tac dong manh - HIL (hinh 2a-c), Khai thac tac dong trung binh - MIL (hinh 2d-f) va Chua khai
thac - UL (hinh 2g-k). Puong mau den la mo hinh thuc nghiém, duwong mau xam la khoang tin cdy 95%)
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Khoang cach r(m)
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Hinh 3. Quan h¢ khong gian theo dwong kinh ciia ciy rirng & ba ting tan ciia ba trang thai rirg
(Khai thac tac dong manh - HIL (hinh 3a-c), Khai thac tac dong trung binh - MIL (hinh 3d-f) va Chwa khai
thac - UL (hinh 3g-k). Puong mau den la mo hinh thuc nghiém, duwong mau xam la khoang tin cdy 95%.)
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Maic du quan hé khong gian theo khoang
cach khong thé hién rd nhung quan hé theo
duong kinh cho thiy c6 bang chimg rd rang
ctia sy canh tranh vé moi trudng sdng cua ciy
rung ¢ ca ba trang thai rung duoc nghién ctru.
Su chuyén dbi tir phan bé dang cum sang dang
ngau nhién hodc déu cua ciy rimg ¢ ting dudi
tan dén ting vuot tan dugc cho 1a két qua cua
qua trinh chét phu thuoc mat do - density
dependent mortality (Peters, 2003). Nhiing cay
& tang trén co kich thudc 16n hon thé hién kha
ning canh tranh manh hon ciy & ting dudi
(Peters, 2003; Picard va cdng su, 2009).
Pelissier (1998) ciing cho ring xu huéng phan

a, Vugt tan & Gilra tan-HIL

1.4 13 4

d, Vot tén & Gilra tan-MIL

b, Vugt tan & Dwai tan-HIL

e, Vugt tan & Dwdi tan-MIL

bd déu cua cay truong thanh 13 ddu hiéu cua sy
canh tranh manh mé gilra céc ca thé cay voi
nhau. Phan b dang cum cta cdy rimg ¢ hai
trang thai rimg d3 bi tac dong cho thdy nguyén
nhan c6 thé 1a viéc khai thac chon trong qué
khtr d3 tao ra cac 16 tréng va tao diéu kién cho
cay non phat trién v6i mat do cao. Ngoai ra,
phan bd dang cum con co thé 1a két qua cua
qua trinh phat tin han ché - dispersal limitation
(Condit va cong sy, 2000). Trong khi do6, phan
bd dang ngiu nhién & trang thai UL lai cho
thiy su 6n dinh trong phan bd cta cay ring &
trang thai it bi tac dong & ca ba ting tan.

3.3. Phan tich md hinh khéng gian hai bién s6

1 15 . G Gilta tan & Dudi tan-HIL

1.10 \\
1.06 - -

30 40 50 o 10 20 30 40 50
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1.2 4

1.20 12
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1.05 N — 101 R e ==
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085 L
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Hinh 4. Quan h¢ khéng gian theo khoang cich ciia ciy rirng giira cic tAng tan ciia ba trang thai rirng
(Khai thac tac dong manh - HIL (hinh 4a-c), Khai thac tac dong trung binh - MIL (hinh 4d-f) va Chwa khai
thac - UL (hinh 4g-k). Puong mau den la mo hinh thuc nghiém, duwong mau xam la khoang tin cdy 95%.)

Phan tich m6 hinh khong gian giita cac ting
tan clia cdy rimg & ba trang thai rimg cho thay
phan bd cay ring & trang thai HIL va UL doc
lap hon trang thai MIL (hinh 4). O trang thai
HIL, cdy ring O tang gitra va dudi tan cé xu
hudng phan bd véi mat d6 cao xung quanh cac
ciy vuot tan ¢ khoang cach gan dudi 1 m va
phan bd doc 1ap & cac khoang cach 16n hon 1

m (hinh 4a-b). Tuong ty ¢ trang thai UL, cay
ring ¢ tang tan thip hon c6 phan bé mat do
cao xung quanh cdy ting trén & khoang cach
dudi 10 m (hinh 4g, k). Nguoc lai, ¢ trang thai
MIL, cdy dudi tan c6 xu thé phan bd véi mat
d6 thap xung quanh céc cy ting trén ¢ khoang
cach tir 0 - 8 m va phan bd doc lap & cac
khoang céach 16n hon 8 m (hinh 4e-f).
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Hinh 5. Quan hé khéong gian theo dwong kinh ciia cAy rirng giira cAc tAng tin ciia ba trang thai rirng
(Khai thac tac dong manh - HIL (hinh 5a-c), Khai thac tdac dong trung binh - MIL (hinh 5d-f) va Chua khai
thac - UL (hinh 5g-k). Puong mau den la mo hinh thuc nghiém, duong mau xam la khoang tin cdy 95%.)

Két qua phan tich quan hé khong gian theo
duong kinh cia cay rimg cho thiy ring quan hé
nay la doc 1ap trong khong gian ¢ ca ba trang
thai rung. Nhu vay, khong c6 sy canh tranh hay
turong hd cua cdy rimg dugc thé hién thong qua
duong kinh cdy giita cac tAng tan voi nhau mic
dii quan hé nay duoc thé hién rd rang hon thong
qua khoang céch cay - cay ¢ hinh 3.

Quan hé tuong hé theo khoang cach cta cay
rimg giita cic tang tan ¢ trang thai HIL va UL
cho thiy anh hudng cia 15 trong va co ché phat
tan han ché dén phan bd cua ciy non ¢ ting tan
dudi 1an can cdy ¢ tang tan trén. O trang thai
MIL, cdy non & tang dudi tan c6 xu hudng
phan b tach rdi cdy ¢ hai tang tan trén. Didu
nay cho thé dugc giai thich 1a do nhimng cay
non wa sang c6 xu thé phan bd véi mat do cao
& cac 16 tréng duoc tao ra do khai thac chon
nhiing cdy g6 16n. Quan hé doc lap cua cay
rimg nhiét doi co thé dugc giai thich bai 1y
thuyét trung lap - Neutral theory (Hubbell,
2006), theo do tinh da dang loai cao cua rung
nhiét d6i 1am cho khong loai nao chiém uu thé
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r0 rét va lam suy gidm tinh canh tranh gitra cac
loai trong quan xa.
4. KET LUAN

Trong nghién ctu nay, phan tich mé hinh
diém khong gian mot bién sb va hai bién sb
duogc sir dung dé so sanh cau tric khong gian
cua ba trang thai rung la khai thac tic dong
manh (HIL), tdc dong trung binh (MIL) va
chua khai thac (UL). Két qua phan tich di chi
ra duoc su 6n dinh cta cay rung ddi véi trang
thai UL, trong khi quan h¢ canh tranh gitra cay
- cdy duoc tim thiy ¢ trang thai HIL va MIL.
Lién hé voi 1y thuyét sinh thai, mot s6 co ché
sinh thai chinh c¢6 kha ning diéu chinh phan bd
va quan hé cua cdy rimg nhu: qué trinh chét
phu thudéc mat dg, phat tan han ché va ly thuyét
trung l4p. Anh hudng cua viéc khai thac chon
trong qua khtr di tao ra cic xdo tron ciia cau
truc khong gian cua rung ty nhién. Tur can cuo
ndy, cac bién phap 1am sinh c6 thé dugc dé
xuit dé giam thiéu tinh canh tranh, thuc day
kha ning sinh truong va quan 1y rimg bén
ving.
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SPATIAL ASSOCIATION OF FOREST TREES AFTER LOGGING BASED
ON THEIR DISTANCES AND DIAMETERS

Nguyen Hong Hai
Vietnam National University of Forestry

SUMMARY

One of the principal objectives in forest ecology is to understand mechanisms and processes regulating
distribution, abundance, and association of forest trees. Our study compares the spatial structure of logged
forest stands including high impact logging (HIL) and medium impact logging (MIL) to the unlogged forest
(UL) based on canopy stories to identify the most important underlying mechanisms and processes. On each
forest stand, one ha plot was designed and measured diameter at breast height (dbh), tree height, species and
relative coordinates of all trees with dbh > 2.5 cm. Methods of univariate and bivariate spatial point pattern
analysis were used to analyze distribution and association of forest trees based on their distances and diameters
on three vertical strata: understorey, midstory and overstorey. The results showed stationary of trees in UL
while competition between tree-tree was found in HIL and MIL. Relevant ecological theories showed that
principal mechanisms may regulate tree distribution and association such as dependent mortality, dispersal
limitation and neutral theory. Effects of selective logging in the past disturbed spatial structure of these natural
forests. Based on these findings, silvicultural treatments may be applied to reduce competitive interaction,
facilitate productive increment and sustainable forest management.

Keywords: Mark correlation function, pair correlation function, selective logging, spatial pattern

analysis, tropical broadleaved rain forest.
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