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ABSTRACT

This study was conducted to elucidate the coexistence mechanism of
woody species in the broadleaved evergreen forest at Kon Ka Kinh
National Park, Gia Lai province. All trees of three 1 ha-standard squares
(100%100 m) with DBH (diameter at breast height) >2.5 cm were mapped
and their characteristics (DBH and species name) were recorded. The
study used the spatial point pattern analysis method to analyze the spatial
distribution and association patterns of the main 20 species in three
standard squares. Data were analyzed by using Programita Noviembre
version 2018 and R version 4.1.1 software. The results showed that the
spatial patterns of 12 species out of 20 analyzed species were aggregation
patterns at small scales of < 15 m, random and regular patterns tended
to increase at large scales of > 15 m. Independent associations accounted
for a high proportion (75-90%), while attractions and repulsions
accounted for a low proportion (10-25%), the spatial association
structure of species pairs was mainly independence or segregation
patterns at scales of > 15 m. Dispersal limitation, environmental
heterogeneity, and density dependence are three underlying mechanisms
that control the spatial distribution, association patterns, and spatial
association structure of woody species in the study area.

TOM TAT

Nghién ciru ndy duwoc thuc hién dé lam sang 16 co ché cing chung song
cia cdc lodi cdy go rimg la rong thuong xanh tai Vieon Quoc gia Kon Ka
Kinh, tinh Gia Lai. Tat cd cdc cdy ¢6 dwong kinh ngang ngue (DBH) >
2,5 cm trong 3 6 tiéu chudn 1 ha da dwoc ldp ban do, xdc dinh DBH va
tén loai. Két qua cho thiy mé hinh khéng gian cia 12120 lodi diege phén
tich la phdn bé cum 6 quy mé nhé < 15 m, phin bé ngau nhién va déu cé
xu hwéng tang lén ¢ quy mé lém > 15 m. Quan hé déc lap chiém ti Ié cao
(75-90%), quan hé canh tranh va twong ho chiém ti ¢ thap (10-25%), sw
lién két khong gian ciia cdc lodi chii yéu la déc ldp hodc tach biét ¢ quy
mé 1om. Phdt tan gidi han, tinh khéng dong nhdt ciia méi truong va ty 1é
tir vong phu thudce vao mdt dg la ba co ché diéu chinh mé hinh phén bo,
quan hé va cac kiéu lién két khong gian cia cac lodi cdy g6 tai khu vire
nghién ciru.
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1. GIOI THIEU

Tim hiéu cac quy luat va co ché cing chung séng
Ccua cac loai la mét trong nhirng ndi dung chinh trong
nghién ctru sinh thai hoc. Nghién ctiru mo hinh phan
b khong gian cua cac loai co thé giai thich duoc su
hinh thanh c4u tric quan xa thyuc vat rimg va cic qua
trinh sinh thai tiém an bén trong quan xa nhu phat
tan giGi han, tinh khong dong nhat ciia méi truong
va canh tranh loai (Ripley, 1977; Barot et al., 1999).
Trong d6, m6 hinh phan b6 khong gian cua cac quan
thé cay ring c6 thé phan anh rd nhit sy tuong tac
clia cac co ché duy tri da dang sinh hoc (Greig-
Smith, 1983); hudng nghién cru dong thai rung
bang phuong phap lay khong gian thay thé thoi gian
nay khong chi gitp biét dugc dic diém phan bd
khong gian ciia cac quan thé ¢ hién tai ma quan
trong hon 13 dy doan dugc xu huéng phat trién cua
quan xa thyc vat ring & tuong lai, tir d6 c6 thé diéu
chinh kip thoi nhiing tac dong bat loi trong méi quan
hé gitta con nguoi, sinh vat va moéi truong (Condit
et al., 1994; He & Duncan, 2000; Plotkin et al.,
2000). Mt khac, nghién ctru md hinh phan b va
guan hé khéng gian Cua cdy rung co the cung cap
cac thong tin truc tiép va toan dién vé mdi quan hé
cling nhu sy khac biét vé dic diém phéan bd khong
gian cua cac loai ¢ cac didu kién moi truong séng
khac nhau (Wiegand et al., 2007); nhiing thong tin
nay rat c gia tri trong chc_)n loai, khoang cach hé
trong hop 1y khi trong mai hoic phuc hdi ring, dong
thoi 1a tai lidu tham khao thyc té vé dong thai ring.

Vuon quéc gia (VQG) Kon Ka Kinh thudc dia
giGi hanh chinh 3 huyén cta tinh Gia Lai 1a Mang
Yang, K’Bang va Pidk Doa; toa do dia ly tur
14°09'22" dén 14°29'52" vi 6 Béc, 108°15'26" dén
108°27'25" kinh d6 DPong vai tong dién tich ty nhién
12 41.780 ha, trong d6 c6 33.146 ha dat c6 rung. Hé
sinh thai rirng Kon Ka Kinh da bi anh hudng nang
né boi cac hoat dong khai thac tir quan doi My va
Lam truong Man Yang, dac biét trong giai doan
1960-1990. Rimg 14 rong thuong xanh 1a kiéu ring
¢ dién tich 16n nhiat ¢ VQG Kon Ka Kinh véi
11.837 ha (chiém ti 1¢ 28,9% dién tich c6 ring),
phan bd & dai cao tir 900-1000 m S0 V&i Myuc nude
bién, thanh phan thyc vat kha phong phii va da dang
(Long va ctv., 2014). Trudc day, da c6 rat nhiéu
nghién ctru d& cap t6i cau trac va da dang sinh hoc
cuia kiéu rimg 14 rong thuong xanh, nhung tng dung
phuong phap phén tich mé hinh diém khong gian dé
nghién ctru phan bd khong gian cua cy rimg it duoc
quan tdm ¢ nudc ta (Hai va ctv., 2015). Hon nira,
VQG Kon Ka Kinh méi chi c6 khoang ba nghién
ctiu 1on duoc thuce hién ké tir sau khi thanh 1ap Vuon
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(Hung & Pai, 2018) va tinh dén hién tai vin chua
¢6 mot cong bd nao vé phan bd va quan hé khong
gian cua cac loai cay rung dugc thuc hién ¢ noi day;
vi thé, rét thiéu cac co s khoa hoc co tinh thuyét
phuc cao cho cong tac quan ly rirng tai khu vuc nay.

Nham gop phan thic day huéng nghién ctru néu
trén, bai bao nay trinh bay két qua nghién ctu Ve
phan b va quan hé khong gian ciia cac loai cay g
trong kiéu rimg 1a rong thuong xanh ¢ VQG Kon Ka
Kinh. Hai gia thuyét nghién ctiru da duoc dat ra. Gia
thuyét 1: sy hinh thanh cac kiéu phan bé khong gian
clia cac quan thé cay gd trong rimg 1a rong thuong
xanh bi anh hudéng bai phat tan giGi han, ty 1€ to
vong phy thudc vao mat do va tinh khong déng nhat
clia moi truong séng. Néu két qua nghién ciru cho
thiy mo hinh phan bd khong gian ciia cac quan thé
& quy md nho chu yéu 1a phan bb cum, trong khi &
cic quy mo 16n, ching co xu hudéng chuyén sang
phan b6 ngiu nhién hodc déu thi gia thuyét 1 dugc
chap nhan, nguoc lai gia thuyét 1 s& bi bac bo. Gia
thuyét 2: phan bd khong gian cua cac loai c6 lién
quan chit ché dén mdi truong sbng va cac loai khac
nhau thi ¢6 nhu cau vé moi truong sbng 1a khac
nhau. Néu két qua nghién ctru chi ra rang, trong moi
quan hé khong gian gitra cdc loai, quan hé doc lap
chiém da sO va kiéu lién két khong gian & quy md
I6n chu yéu 1a doc 1ap hodc tach biét thi didu d6 co
nghia gia thuyét 2 duoc chap nhan, nguoc lai gia
thuyét 2 s& bi béc bo.

Két qua cua nghién ctru nay s& gitp hiéu thém
vé cau trac khong gian, dong thai rimg va céc co ché
duy tri da dang sinh hoc trong kiéu rimg 14 rong
thuong xanh ¢ Viét Nam néi chung va ¢ VQG Kon
Ka Kinh néi riéng, dong thoi tao co so gitip nha quan
ly xay dung cac phuong an phuc vu cho cong tac
bao ton da dang sinh hoc va phat trién rirng bén viing
tai khu vuc nghién cuu.

2. PHUONG PHAP NGHIEN CUU
2.1. Doi twgng nghién ciru

Déi twong nghién ctru dwoc dé cap trong bai bao
1a su phan b6 va quan hé khéng gian cta cac loai cay
g0 c6 so lugng ca thé dat tir 50 cay/ha trg 1€n trong
cac lam phan.

2.2. Vi tri ciia cic 6 nghién cuu

Dua trén phuong phap phan tich mé hinh diém
khong gian (Diggle, 2003) va chon mau dién hinh
(Tuét va ctv., 2011), tham khao kich thuéc 6 mau
thuong dugc sut dung trong nghién ctru mé hinh
khong gian cua cay ring (Ben-Said, 2021), 3 6 tiéu
chuin (OTC) duoc thiét lap trong kiéu rimg 14 rong
thuong xanh & VQG Kon Ka Kinh. Cac OTC dugc
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dat tai cac vi tri c6 toa d6 twong ung, OTC 1:
14°26'0.01" vi 6 Béc, 108°21'14.58" kinh d6 Pong;
OTC 2: 14°18'6.19" vi do Béc, 108°24'47.17" kinh
d6o Poéng; OTC 3: 14°11'29.11" vi do Bic,
108°23'25.79" kinh d6 Déng (Hinh 1). Quéan xa thyc
vat rirng ctia khu vuc nghién ctru ¢c6 mot sb wu hop
dién hinh 13 cic loai thuoc ho Sim (Myrtaceae),
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Long ndo (Lauraceae), Moc lan (Magnoliaceae), Dé
(Fagaceae),.... (Vuon quoc gia Kon Ka Kinh, 2019).

Nghién ctru duoc thyc hién tir thang 6/2021 dén
9/2021 v6i 3 dot diéu tra thyc dia, mdi dot thu thap
dit liéu diéu tra caa mot OTC.

- 108°27/0.00"E
K { '
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Hinh 1. Dia diém nghién ciru va vi tri ciia cac 6 tiéu chuin

2.3. Phwong phap nghién cau
2.3.1. Phwong phdp diéu tra va thu thdp dit ligu

Tai dia diém nghién ciru, 3 OTC dugc thiét lap
vé6i dién tich mdi 6 1 1 ha (100x100 m). OTC thu
thap thong tin ctia cac cy gb co dudng kinh ngang
nguc tai vi tri 1,3 m (DBH) > 2,5 cm, bao gdm: tén
loai cay, DBH dugc xac dinh bang thudc kep kinh;
ldy diém giao giira 2 canh ciia OTC theo hudng Tay
- Béc va Tay - Nam lam gbc toa do theo hé quy
chiéu, x4c dinh toa do tvong ddi cua timg cdy trong
OTC bing thudc do khoang cach laser (Leica Disto
D2) va la ban.

Tt cd cac cdy riéng I¢ trong OTC sau khi tong
hop sé dugc chia vao 1 trong 3 giai doan song: cay
non (DBH < 10 cm), cdy sao (10 cm < DBH < 30
cm) va cdy thanh thuc (DBH > 30 cm).

2.3.2. Phwrong phdp xir Iy 56 liéu

Xac dinh loai cdy

Tén loai ciy gb duoc xac dinh bang phuong phap
so sanh hinh thai cua HO (1999-2003) dya trén cac
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tai liéu bao gom: cay co Viét Nam (Ho, 1999-2003),
cay go Viét Nam (Hop, 2002), tén khoa hoc duoc
hiéu chinh bai Kew Science
(http://www.plantsoftheworldonline.org),  World
flora online (http://104.198.148.243).

Xdc dinh mdt dg, tiét dién ngang va cdc loai wu
thé

Mat d6 cuda loai dugc xac dinh theo cong thuc
sau:

N; =

nj
S

1)
Trong do: Ni la méat do cua loai i (s6 cay/ha), ni
la tong s6 cay cua loai i (cdy) va S 1a dién tich 6
nghién ctu (ha) (Curtis & Macintosh, 1951).
Tiét dién ngang dugc tinh theo cong thirc sau:
_ 3,142 x DBH?
G= 2002 2
Trong d6: G la tiét dién ngang than cdy (m?),

DBH la duong kinh ngang nguc (cm) (Curtis &
Macintosh, 1951)


http://104.198.148.243/
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Loai wu thé dugc xac dinh dua trén chi s6 gia tri
quan trong (IVI%) thong qua sb cay va tiét dién
ngang cua loai. Chi sé IVI% dugc tinh theo cong
thac sau (Marmillod, 1982):

V19 = Ni%* Gi%e 3)

Trong do6: IVI% la chi s6 gié tri quan trong cua
loai i, Ni% la mat d6 twong ddi ciia loai i (mat do cia
loai i so voi mat do cay trong 6 nghién ctru, don vi
tinh theo %) va Gi% la tong tiét dién ngang than cay
tuong d6i cua loai i (t6ng tiét dién ngang than ciy
cua loai i so vai tong tiét dién ngang than cay cua tat
ca cac loai trong 6 nghién cttu, don vi tinh theo %).

Theo Marmillod (1982), nhitng loai cay c6 IVI%
> 5% thi loai d6 méi thyc su co ¥ nghia vé mat sinh
thai trong 1am phan Mt khac, theo Trung (1978),
trong mot 1am phan nhom loai cdy nao c6 tri sb
IVI% > 50% tong s c4 thé cua ting cdy cao thi
nhém loai d6 duge coi 1a vu thé.

Phan tich tinh dong nhdt cia diéu kién méi
truong trén cdac 6 nghién ciru

Tinh ddng nhét ciia diéu Kién moi truong trén cac
OTC dugc Kiém tra thong qua mo hinh phan b
khong gian cua toan bd cay c6 DBH > 15 c¢cm trong
OTC bang viéc so sanh két qua ciia ham twong quan
cap mot bién sé gi1(r) va ham Lay(r) (Pién & Hai,
2016). Lya chon cac cay ¢c6 DBH > 15 cm vi ching
c6 kha niang sbng phu kin cac dién tich c¢6 thé va da
trai qua qua trinh chon loc ty nhién, didu kién moi
truong SOng néu khong ddng nhét s& phan anh thong
qua phan bd khong dong nhét cua cdy thanh thyc
(Getzin et al., 2008; Hai et al., 2014).

Phdn tich mé hinh phdn bé khéng gian ciia cdc
loai

Dua trén dir liéu toa d6 cha cac ca thé timg loai
nghién ctru trong cac OTC, ham tuong quan theo
cap mot bién sb gaa(r) dwoc sir dung dé phan tich mo
hinh phén bd khéng gian cua cac loai. Trong do,
ham tuwong quan theo cap g(r) 12 dao ham ctia ham
Ripley K véi g(r) = K’(r)/(2nr), cho biét mat do ky
vong cua cac diém tai khoang cach r tir mot diém bat
ky (Ripley, 1976). Bdi véi ham tuong quan theo cip
mot bién s6 (cung 1 loai cdy hodc mét nhom loai
cay), néu 011(r) = 1 thi cac diém phan bd hoan toan
ngau nhién, néu g11(r) >1 thi cac diém phén b6 kiéu
cum va nguoc lai, néu gii(r) < 1 thi cac diém phan
bd déu tai khoang cachr gilra cac diém ciia mo hinh.

Mot trong ba yéu tb rat quan trong trong phan
tich m6 hinh diém khong gian la danh gia tinh ddng
nhét vé su phan bd cua cac diém, trong d6 cic mod
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hinh 1y thuyét (Null models) dugc dung dé phan
doan céu trac khong gian dya trén cac gia thuyét
sinh hoc dwoc dit ra ban dau (Szmyt, 2014). Cac md
hinh 1y thuyét dugc st dung trong nghién ctru nay
bao gom: (1) mo hinh khéng gian hoan toan ngau
nhién (CSR) cho ham twong quan theo cap mot bién
$6 g11(r) va ham Lii(r) ddi voi toan bd cay c6 DBH
> 15 cm trong cac OTC, gia thuyét 1a cay rimg phan
b hoan toan ngau nhién. (2) md hinh Poisson khong
ddng nhét (IHP) dwoc dung dé phan tich phan b
khong gian ctia cac loai cay khi diéu kién moi truong
trén OTC la khong ddng nhat; nguoc lai, néu didu
kién moi truong trén OTC 1a ddng nhét thi sir dung
mo hinh CSR.

Phdn tich quan hé va cdc kiéu lién két khong
gian cia cdc loai

Ham tuong quan theo cip hai bién sb gio(r) véi
mo hinh Iy thuyét 1a tuong tac doc lap (IDP) dugc
sir dung dé phan tich mdi quan hé khong gian cua
cap loai, trong d6 vi tri cia loai 1 dugc ¢b dinh
khong thay d6i va vi tri cua loai 2 dugc di chuyén
mot cach ngu nhién xung quanh loai 1 dé wdc tinh
gia tri mo6 phong (Wiegand et al., 2007). Thong qua
so sanh gia tri gi2(r) tinh toan va gia tri moé phong,
phan b khong gian cua loai 2 xung quanh loai 1 s&
duogc Kiém tra. Trong truong hop gia tri gao(r) tinh
toan 16n hon gid tri mo phong, diéu do cho thiy 2
loai c6 mdi quan hé trong quan thuan vé mat khong
gian (quan hé twong hd). Néu gié tri gio(r) tinh toan
khong c6 su khic biét dang ké so voi gia tri md
phong, c6 nghia 1a 2 loai khong c6 mbi tuong quan
vé mit khong gian (quan hé doc lap). Nguoc lai, gia
tri g12(r) tinh toan néu nhé hon gia tri md phong thi
guan hé ctia cdp loai la tuong quan nghich (quan hé
canh tranh).

Bén canh d6, biéu do truc hai chiéu P-M (hinh
2a) duoc st dung dé phan loai cac kiéu lién két
khong gian cia céc cdp loai. Cong thirc tinh P va M
nhu sau (Wiegand et al., 2007):

{ P = -Po (1) + Po" (1)
M= |n(K12 (r)) - |n(K12h (r))

Trong d6: Po(r) la xac suat dé mot ca thé cia loai
2 khong xuat hién trong vong tron ban kinh r chtra
mot ca thé cua loai 1 (Diggle, 2003).

Po(r) =1 - D12(r) v6i Daz(r) 12 ham khodng cach
lang gleng gan nhét hai bién s6, Ky (r) 1a ham K hai
bién sb cua Ripley. Po" (r) = exp (-Azmr?) va Kio" (r)
= nur? 1a cac gia tri Ky vong cia Po (r) va Kiz (r). Gia
tri Po (r) va K2 (r) 1a gia tri thuc té tinh toan duoc
cua Po(r) va Ki2 (r)

(4)
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{a) Biéu dé truc hai chiéu P-M
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Hinh 2. M ta biéu do truc hai chidu P-M va cac kiéu lién két khong gian caa cip loai

Biéu do truc hai chiéu P-M cho phép xéac dinh 4
Kiéu lién két vé mat khong gian ciia 2 loai cdy nhu
sau: (1) P <0, M < 0 cho biét 2 loai tach biét (tach
biét - kiéu 1), cac ca thé cua loai 2 xuat hién xung
quanh cac ca thé cta loai 1 it hon so véi ky vong
trong cac vung lan can ban kinhr. 2) P<0, M >0
cho biét co sur tron 13n mot phan cua cac ca thé loai
2 véi loai 1 (pha tron mot phan - kiéu 2), mét sb
viing lan can ciia loai 1 chira nhiéu cé thé cia loai 2
hon va nhitng vung khéc thi it hon. 3) P>0,M >0
cho biét co sy tron Ian ca thé cia 2 loai (tron 1an -
kiéu 3), cac ca thé cua loai 2 xuat hién thudng xuyén
hon & cac khu vyc 1an can cua loai 1 trong ban kinh
r, hay néi cach khac céc ca thé cua 2 loai dan xen &
mitc d6 cao trén mot quy md nhat dinh. (4) P >0, M
< 0 cho biét cac ca thé cia loai 1 chu yéu phan bd
kiéu cum va mot s it c4 thé cua loai 2 phan b gan
Vi cac cum cua loai 1 (kiéu 4), diéu nay chi xay ra
khi c6 hiéu tng cip hai (su canh tranh giita 2 loai
cdy 1a rit manh) va kiéu lién két nay thuong rat hiém
khi gap trong cac khu rirng ty nhién (Wiegand et al.,
2007). Ngoai ra, hai loai s& khong co6 su lién két vé
mat khong gian (doc 1ap) khi céc gia tri K12 (r) va Py
(r) khong c¢6 su khac biét dang ké s0 v6i mo hinh 1y
thuyét (Wiegand et al., 2007; Martinez et al., 2010;
Wang et al., 2010; Hai & Hien, 2019). Kiém tra su
khac biét gitra mo hinh thuc nghiém va moé hinh 1y
thuyét duoc thyc hién thong qua thir hang (rank) cua
ham théng ké L(r) va D(r), néu thi hang > 195 thi
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su lién két khong gian cua 2 loai méi thyuc su ¢6 y
nghia, nguoC lai thr hang < 195 thi cdp loai khong
c6 sy lién két vé mat khong gian (Wiegand, 2018).

Trong phéan tich mé hinh phan bd, quan hé va cac
kiéu lién két khong gian ctia cac loai cay, wdc lugng
khéng c6 tham s Epanechnikov dugc st dung cho
ham mat d6 véi ban kinh ctra s6 di dong R = 50 m
va d6 phéan giai khong gian 1a 1 m. T4t ca cac mo
hinh khéng gian dugc phéan tich trén phan mém
Programita 2018 véi 199 lan mo phong Monte
Carlo, st dung 5 gia tri I6n nhat va 5 gia tri nho nhat
dé xay dung khoang tin cay xidp xi 95%
(http://programita.org); so dd phan b cia cac loai
cdy rung dugc xdy dung thong qua Package

‘spatstat’ va Package ‘ggplot2’ trén phan mém R
phién ban 4.1.1 (R Development Core Team, 2021).

3. KET QUA VA THAO LUAN
3.1. Mgt sb dic trung co ban cia cac 6
nghién ctiru

Nghién ctru da xac dinh dugc 53 loai cay thudc
31 ho trén OTC 1, trong khi d6 ¢ OTC 2 da ghi nhan
64 loai thugc 34 ho va 6 OTC 3 1a 58 loai thudc 27
ho. Mat d6 (N), duong kinh ngang nguc trung binh
(DBH), tong tiét dién ngang (G) va chi s6 gid tri
quan trong (IV1%) cua céac loai c6 sb cé thé tir 50

cdy/ha tr¢ 1én trong cac OTC duoc thé hién trong
Bang 1. Trong s6 céac loai xuat hién trén cac OTC,
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¢0 6 loai cua OTC 1, 7 loai caa OTC 2 va 7 loai cia
OTC 3 1a céc loai c6 sb lwong cé thé > 50 cay/ha, vi
vay ching 1a nhiing lodi cdy chii yéu cua cac 1am
phan va duoc lya chon dé nghién ciru su vé dic
diém phan b, quan hé va céac kiéu lién két khong
gian. Trong 6 loai cdy chu yéu trén OTC 1, chi c6 5
loi c6 y nghia vé mat sinh thai (IVI% > 5%) 1a Cheo
tia (Engelhardtia roxburghiana), Oi ring
(Tristaniopsis burmanica), Cho x6t (Schima
superba), Bd dé vé do (Styrax suberifolium) va
Chay xiém (Buchanania siamensis). O OTC 2, ¢6 3
loai ¢6 y nghia v& mit sinh thai 1a Boi 161 vang
(Litsea pierrei), Cho x6t (S. superba) va Tram tring

Bang 1. Pac trung co ban cia cac 6 nghién ctiru
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(Syzygium wightianum). Trén OTC 3 thi 7 loai cay
chu yéu bao gdm Cho x6t (S. superba), Dé do
(Lithocarpus ducampii), Com trau (Elaeocarpus
floribundus), Ma sua nam b (Helicia
cochinchinensis), Dé trang (Lithocarpus dealbatus),
Budi bung (Acronychia pedunculata) va Boi loi
vang (L. pierrei) déu 13 cac loai c¢6 ¥ nghia vé mat
sinh thai. Mac du sy chénh léch vé sb loai giita 3
OTC la khong qua 16n (5-11 loai) nhung mat do cay
trén mdi OTC c6 su khéc biét rat rd rang, cao nhat
12 OTC 1 véi 1.839 cay/ha va thap nhat 1a OTC 3
V61 997 céy/ha.

OTC TT Loai ciy N (cAy/ha) DBH (cm) G (m?) IVI (%)
1 Cheo tia 395 11,2 +42 4,463 20,6

2 Oi rimg 370 9.8 +3,1 3,060 16,8

3 Cho x6t 193 14,4 + 5,8 3,700 13,4

4 B6 dé vo do 201 10,6 + 4,4 2,089 10,1

1 5 Chay xiém 215 9,9+3,6 1,884 10,0
6 Bira rimg 74 12,1 +4,1 0,951 41

Cong 6 loai 1.448 11+4,4 16,146 74,9

Loai khac 391 12,8+ 6,9 6,545 25,1

Tdong cong 1.839 11,4+5,1 22,692 100

1 Boi 10 vang 381 14,6 + 9,4 9,073 27,3

2 Cho x6t 155 251+11,3 9,234 19,0

3 Tram tring 126 11,4+8,7 2,062 7.7

4 Dé tring 62 13,9+ 11,1 1,548 45

5 5 Tram v6 do6 86 102 +4,5 0,856 45
6 Xuong tran 59 14 £8,7 1,268 40

7 Trudng vai 59 11+4,5 0,665 3,2

Cong 7 loai 928 152 +10,3 24,705 70,2

Céc loai khac 394 153 +10,2 10,498 29,8

Tdng cong 1.322 152+10,3 35,203 100

1 Cho x6t 129 253+12,9 8,191 18,7

2 Dé do 124 22,1+10,7 5,886 15,0

3 Com tréu 58 27,9+ 13,8 4,432 9,5

4 Ma sura nam bd 80 14,5+7,3 1,664 6,5

3 5 Dé tring 73 13,6 + 8,2 1,453 5,8
6 Buoi bung 85 9.4+4,9 0,753 5.4

7 Boi 10i vang 79 10,9 + 4 0,842 5,2

Cong 7 loai 628 182+ 11,7 23,222 66,2

Loai khac 369 15,5+10,5 10,201 33,8

Téng cong 997 172+11,3 33,423 100

Tén khoa hoc ciia cdc lodi trong cdc OTC: Bo dé vo do (Styrax suberifolium), Boi loi vang (Litsea pierrei), Bira rimg
(Garcinia oliveri), Buoi bung (Acronychia pedunculata), Chay xiém (Buchanania siamensis), Cheo tia (Engelhardtia
roxburghiana), Cho xot (Schima superba), Com trdu (Elaeocarpus floribundus), Dé do (Lithocarpus ducampii), Dé
trdng (Lithocarpus dealbatus), Mg swea nam bé (Helicia cochinchinensis), Oi rimg (Tristaniopsis burmanica), Tram
tring (Syzygium wightianum), Tram vé do (Syzygium zeylanicum), Trieong Vdi (Nephelium melliferum), Xwong trin

(Platea latifolia).

Tuy chung thudc ciing mét Kiéu rimg nhung do
tac dong cua cac nhan to bén ngoai khac nhau c6 thé
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Xuét hién cac quan lac thyc vat thtr sinh véi thanh
phan loai khic nhau (Thin, 2004). Su khéc biét vé
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mat do gitta cac OTC trong nghién ctru nay co thé
do diéu kién méi trudng trén cac OTC 1a khong
gidng nhau, diéu nay dan d&én cing mét loai nhung
mat d¢ & cac OTC c6 su khéc biét dang ké, dé nhan
thdy nhat 1a Cho xot (S. superba) véi sy bién dong
vé mat do tir 129-193 cay/ha ¢ 3 OTC. Céc nghién
ctru trude day da chi ra rang, cac loai thuc vat hap
thu dinh dudng tir cac méi truong dat, nudc va
khong khi; khi cac yéu té méi truong nay thay doi
thi thanh phan loai, s6 lugng cé thé cua loai ciing c6
Su bién d6i theo (Chapin et al., 2002). Do do, trong
mot quan x4 ring, sy phan bd khong gian va thanh
phan loai cay s& c6 su khac biét nhat dinh & cac diém
diéu tra thu thap dix liéu (Tavili & Jafari, 2009).
3.2. Tinh khéng ddng nhit ciia méi truong
song trén cac 6 nghién ctru

Mb hinh khong gian cuia tt ca cac cy thanh thuc
(DBH > 15 ¢m) trén cac OTC duoc ddi chiéu voi mo
hinh CSR dé kiém tra sy khac biét gitra mé hinh thuc
nghiém va mé hinh Iy thuyét & cac quy mé 16n. Mat
do tich lity va khong tich lity bang hai ham Li(r) va
g11(r) duoc st dung cho tat ca cac cay thanh thyc
trén tirng OTC khi thuc hién phan tich nay (Hinh 3).
Ham gi1(r) cho thay cac ca thé cay thanh thuc 6 OTC
1 phan bé cum & khoang cach 1-2 m va & ca cac
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khoang cach r > 10 m (Hinh 3d); trong khi d6 ¢ hai
OTC 2 va 3, cly thanh thuc chi ¢6 kiéu phan b6 ngau
nhién (Hinh 3e, f). Ham L1(r) cling chi ra rang co
su khéc biét vé mat do tich lity clia cac ca thé cay
thanh thuc gittra OTC 1 va hai OTC 2 va 3; trén OTC
1, cac c4 thé cay thanh thyc phan bd cum & tat ca cac
khoang cach con & hai OTC 2 va 3 1 phan bd ngau
nhién & tat ca cac khoang cach tir 0-50 m. Mat khac,
so' dd phan bd cua cac ca thé cay thanh thuc cho thay
trén OTC 1 rat nhidu vi tri trong 6 khong co cay
thanh thuc phan b (Hinh 3a), nguoc lai 6 OTC 2 va
3 thi cdy thanh thuc phan bd dan trai kha déu trén
OTC (Hinh 3b, ¢). Do @6, OTC 1 c¢6 sy khac biét
dang ké gitra mo hinh thyc nghiém va mé hinh ly
thuyét CSR, gia thuyét vé tinh dong nhat ciia moi
truong séng trén OTC 1 khong dugc chap nhan. Déi
v6i hai OTC 2 va 3, do khong tim thiy sy khéac biét
dang ké gitra mo hinh thyc nghiém va mé hinh Iy
thuyét CSR & cac khoang cach 16n nén c6 thé két
luan diéu kién song trén hai OTC nay 14 twong doi
ddng nhat. Dya trén két qua phéan tich mé hinh phan
bé khong gian ciia cac cay thanh thuc, mé hinh IHP
dugc sir dung d6i voi OTC 1 va mé hinh CSR d6i
v6i hai OTC 2 va 3 & cac phan tich v& md hinh
khong gian cua cac loai cidy duoc lya chon trén cac
OTC nay.

{a) OTC 1 (b) OTC 2 {c) OTC 3
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Hinh 3. So d6 phan bd cia tit ca cdy ¢c6 DBH > 15 cm trén cac OTC va mé hinh phan bo khong gian
cia ching dwgc phan tich béi ham gii(r) va Lii(r) dwéi mo hinh ly thuyet CSR

MO hinh thuc nghiém duong mau den, khoang tin cdy 95% (ving mau xam), gid tri Ciia phdn b6 thuc nghiém nam trong
vung mau xam cho bzetphan bé kiéu ngdu nhién, nam bén trén viing mau xdm cho bzetphan bé kiéu cum va nam bén
duwdi viing mau xam cho biét phan bo khong gian la phédn bé déu tai khodng cdch tham chiéu.
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Mb hinh phan b khong gian cua cac quan thé
thuc vat co thé bi anh huong bai tinh khong dong
nhét ciia méi truong séng nhu da 16 dau, do dbc, do
tan che, chét dinh dudng trong dat va khi d6 quan
thé s& bleu hién cac kiéu phan bd khong gian la
khong glong nhau ¢ cac moi truong Song khac nhau
nhu phan bé kiéu cum, déu hoic ngiu nhién (Hu et

, 2019). Getzin et al. (2008) cho rang O cac
khOang céach > 10 m néu cay rimg phan b kiéu cum
thi ta c6 thé giai thich do anh  huong bai tinh khong
dong nhit cia moi trueong Song Tinh khong ddng
nhét cia moi truong Song trén cung mot 6 nghién
ctru & d6i twong rimg mua nhiét déi da duoc ching
minh 14 hién tugng rat phé bién khi mat do tich liy
clia cac ca thé cay thanh thuc c6 xu huéng chuyén
tir phan bd kiéu ngéu nhién sang phan b6 cum & cac
khoang cach 1é6n hon 20 m (Wiegand et al., 2007).

Két qua phan tich tinh khong ddng nhat ciia moi
truong song trong nghién ciru cua ching toi ciing
cho thay diéu kién moi truong trén 6 nghién ctru anh
huong dén mé hinh khong gian cua cac loai, biéu
hién rd nht 1a mat do tich lity cua cay thanh thuc c6
su khac biét dang ké so véi gia tri mo phong 6 tat ca
cac khodng cach 0-50 m trén 6 nghién cau (OTC 1);
két qua nay co su twong dong cao so Véi rat nhiéu
nghién curu da thyc hién trudc day. Trong nghién
ctru md hinh phéan b va mdi quan hé khong gian cua
cac loai cay chu yéu trong rung thir sinh 1a rong
thudng xanh & tinh Chiét Giang — Trung Qudc, Wu
etal. (2018) cling cho rang tinh khong dong nhat ciia
moi truorng song dong mot vai tro rat quan trong
trong viéc hinh thanh quan xa thuc vat ring. Co
cung quan diém trén, Tuan va ctv. (2018) khi nghién
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ctru phan bd khong gian va mdi quan hé tuong tac
ctia mot s6 loai wu thé trong trang thai rimg chua 6n
dinh tai khu bao t6n Thién nhién — Vian hoa Dong
Nai, cac tac gia cling phat hién tinh khong dong nhét
vé moi truong Song trén 0 nghién ctru 14 nguyén
nhan chinh dan dén sy bién dong 16n giira cac dac
trung ctia 1am phan (thanh phan loai, mat do,...) ¢
cac vi tri khac nhau trong OTC, diéu nay tao nén tinh
da dang vé ciu trac khong gian cta ddi tuong nghién
chru.

3.3. Phin bd khong gian ciia cic loai ciy

trong cic lam phan

Két qua phan tich md hinh phén b6 khong gian
cuia 20 loai cay c6 sb luong ca thé > 50 cay trong 3
OTC (Hinh 4) cho thay & quy mo 0-15 m da s cac
loai c6 phén bd kiéu cum véi ti 1é chiém khoang
60% tong sb loai dugc phan tich (4/6 loai cia OTC
1, 6/7 loai cia OTC 2 va 2/7 loai cua OTC 3). Khi
quy mo ting 1én, mo hinh phan bd khong gian cua
cac loai cay trong cac OTC c6 xu huéng chuyén dan
sang phan bd kiéu ngau nhién va déu, chiém khoang
85% tong so loai & quy mod 15-50 m (5/6 loai cua
OTC 1, 6/7 loai ciia OTC 2 va 6/7 loai cua OTC 3).
Ngoai ra, md hinh phan bd khong gian cua cac loai
cdy trong ba OTC ciing cho thiy & OTC 1 (moi
truong song khong dong nhat) khong co phan bd
kiéu déu ¢ tat ca cac khoang cach (Hinh 4a); ngugc
lai, dbi voi hai OTC con lai (didu kién moi truong
Song dong nhat) & quy mé nho khong ¢6 phan bd
kiéu déu nhung sang dén quy mé 16n (r > 15 m &
OTC 2 var>32m & OTC 3) xuat hién phan b kiéu
déu (Hinh 4b, c).

(@)oTC 1 (b) OTC 2 (c)oTC 3
100 100 100
f_ 751 75 751
‘;j 501 50 501 |
o
S 257 25 f 257 UH 7
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— Phan bd ngiu nhién — Phan bb cum
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0 10 20 30 40 50
Khoéng cachr (m)

Phan bé déu

Hinh 4. Két qua phan tich mé hinh khéng gian ciia cic loai nghién ciru trén ciac OTC

Két qua phan tich mo hinh khong gian cia cac
loai cay trong 1am phan 0 nghién ctru nay 1a phu hop
véi quy ludt phan bb khong gian cta cac quan thé
trong cc quan x4 ring tu nhién da dugc ching minh
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& rat nhiéu nghién ctru trude day. Khi nghién ctiru vé
phan b va quan hé khong gian ctia cac loi cay ring
1a rong thuong xanh & A Ludi, tinh Thira Thién Hué,
Dién va Hai (2016) da phat hién ¢6 t6i 16/18 loai
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cay dugc lya chon nghién ciru mé hinh khong gian cum xung quanh céc cdy thanh thuc do co ché phat
¢6 phan bd kiéu cum & cac khoang cach khac nhau, tan giGi han, diéu nay 1a nguyén nhan dan dén mat
trong d6 phan bd kiéu cum chu yéu bét gap ¢ cac d6 cua quan thé & quy mé nho cao hon so véi & quy
khoang cach < 15 m. Yan et al. (2011) khi nghién mo 16n. Két qua nghién ciru md hinh phéan b khong
cliu vé phan b khong gian cia cac loai cay & rang gian cia cac loai cay gd trong kiéu rimg l1a rong
thir sinh Béc Kinh - Trung Qu0c cling tim thay diéu thuong xanh & VQG Kon Ka Kinh cho thiy gia
tuong tu, cac loai cay da phan c6 phan b kiéu cum thuyét 1 duoc chap nhan, diéu d6 cé nghia sy hinh
& quy md nho, biéu hién 1a mat do quan thé thuong thanh cac kiéu phan bd khong gian cia cac quan thé
cao nhat & cac khoang cach tir 1-3 m; & cac quy md cdy rung bi anh hudéng bdi phat tan gidi han, mat d6
I6n hon, cy thanh thuc c6 xu huéng phan bd ngau va tinh khong dong nhat cia méi truong song.
nhién hogc déu nhung chiing van phan b thanh cum 3.4. Méi quan hé va sy lién két khong gian
0 quy mo nho <15m. clia cic loai cy

Phat tan gi6i han da duoc chimg minh la mot Trong nghién clru nay, chung toi di thuc hién
trong nhiing yeu to chinh anh huéng dén mo hinh phan tich tng cong 114 mé hinh khong gian bing
phéan bo khong gian ctia cac loai cay rung (Hubbell ham tuong quan theo cap hai bién sé gio(r) clia céc

& Foster, 1983 Heetal., 1997; Murrell etal., 2002). loai trong 3 OTC (OTC1: 6x5 = 30 cap loai, OTC 2:
Phat tan hat glong bi gisi han vé khong gian lam cho 7x6 =42 cip loai va OTC 3: 7x6 = 42 cip loai). Két

hau hét cac hat gidng roi xudng dudi dat gan goc cay qua phan tich quan hé khong gian cia céc cap loai
me, do d6 cang xa céy me thi so luong hat giong S&  theo OTC (Hinh 5) cho théy & ca 3 OTC méi quan
cang it hO‘{l (Jan;_en,_ }97,0; ConnellZ 1271).AMac 'du hé giita cac cdp loai chu yéu la quan hé doc lap
bi anh huong boi hiéu tng han ché ve khong gian  (chiém tir 75-90% tong sé cap loai). Méi quan hé
d1£1h fhm,n.g se lam’ tang nguy co t‘f vong Cua cac ca canh tranh va tuong hd giita cac cap loai chiém ti &
the cdy tai sinh méi xung quanh cay me, nhung hau thip hon (khoang 10-25%) va biéu hién rd nhat &
hét cac cé the cay tai sinh mdi van thuong phan bo cac khoang cach r < 30 m (Hinh 5a, b, c).
__ @orc1 (b) OTC 2 (c) OTC 3
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Hinh 5. Két quéa phan tich mdi quan hé khong gian ciia cac loai trong cac 6 nghién ciru

ddng nhit, & quy mé nho cac loai co kiéu lién két
chua yéu 1a tach biét (chiém khoang 45% tong sb cap
loai), & quy mé 16n kiéu lién két chu yéu 1a doc lap
(chiém khoang 50% tong sé cap loai). Ddi voi
truong hop moi truong séng trén OTC 1a dong nhat,
kiéu lién két khong gian chu yéu 1a doc lap ¢ ca quy
moé nho va quy md 16n (s cap loai ¢ kiéu lién két
doc lap chiém khoang 40% tong sé cap loai); tuy
nhién, kiéu lién két khong gian 1a tach biét c6 xu
hudng tiang 1én khi quy mo khong gian ting 1én
(Hinh 6b, c).

Két qua phan tich 114 mo hinh khong gian theo
biéu dd truc hai chiéu P-M vé cac kiéu lién két
khong gian cda cac loai trong tung OTC dudi mo
hinh ly thuyét IDP (Hinh 6) cho thay cac kiéu lién
ket khong gian cua céac loai & diéu Kién moi truong
song khong dong nhét (Hinh 6a) va diéu kién moi
truong song ddng nhat (Hinh 6b, ¢) c6 su Kkhac biét
dang ké. Bén canh d6, Hinh 6 cling chira ring & quy
mo nho (r < 15 m) va quy mo6 16n (r > 15 m) cac kleu
lién két khong gian cua cac loai 1a khong gidng
nhau. Trong truong hop méi truong trén OTC khong
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Su khong dong nhat vé moéi truong séng, phat
tan giGi han anh huong d¢én mé hinh phan bd khong
gian cua cac loai, chinh didu nay dan dén kiéu lién
két khong gian giita cac loai thuong 1a doc lap hozc
tach biét trong khong gian, mdi quan hé khong gian
giita chung vi thé ma phan I6n 1a quan hé doc lap.
Trong nghién citu nay, cac quan thé chu yéu phan
bd thanh cum & quy mé nhé va phan bd ngau nhién
hodc déu & quy mé 16n, day 1a bang ching cho thay
phan bd khong gian cia cac loai céy c6 lién quan
chit ché den mdi truong séng va cac loai khac nhau
thi ¢6 nhu cau vé méi trudng song 1a khong gidng
nhau. Két qua nghién citu cho thiy 20 loai cay chu
yéu trén ba OTC phan Ién phan b thanh cac mang
nho khac nhau, diéu nay dan dén co su tach biét hozc
khong lién két vé mat khong gian (doc lap) gitra cac
loai khi xem xét trén quy mé 16n; cac kiéu lién két
khong gian la tach biét hodc déc lap ¢ quy mé 16n
chiém ti 18 xap xi 40% ddi véi mdi kiéu. Phat hién
nay ciing hoan toan phu hop vai két qua nghién ciru
cua Wiegand et al. (2007), Wang et al. (2010). Két
qua nghién cau moi quan hé va cac kiéu lién két
khong gian cua cac loai cay gd trong rimg 14 rong
thuong xanh ¢ VQG Kon Ka Kinh da chang minh
ring gia thuyét tach biét vé moéi truong song gitra
cac loai khac nhau (gia thuyét 2) dwoc chap nhan.

Ngoai ra, két qua phén tich cac kiéu lién két
khong gian trong nghién ctru nay cho thiy ty Ié cua
kiéu lién két pha tron mot phan va tron 13n giira cac
loai thap hon rat nhiéu so véi 2 kiéu lién két tach
biét va doc 1ap & quy mé 16n, diéu d6 chimng té co
rat it co hoi tuong tac gitra cac loai va khong dé xay
ra sy canh tranh hodc dao thai gitra cac loai ¢ cac
khoang cach trén 15 m. Hon nita, mdi quan hé doc
lap gitra cac loai chiém ti I& rat 16n so voi quan hé
canh tranh hoic twong hd, vi vay c6 thé thiy tinh
canh tranh gitta cac loai khong phai 1a nguyén nhan
da didu chinh mé hinh phan bd khong gian cua cac
quan thé cdy rimg 14 rong thuong xanh & khu vuc

0 10 20 30 40 50
Khoang cach r (m)

0 10 20 30 40 50
Khoang cach r (m)

Kiéu tron 1an — Kiéu pha trén mot phan

200

Két qua phan tich cac kiéu lién két khong gian ciia cac loai cdy trén cic 6 nghién ciru

nghién ciru. Wiegand et al. (2007) nghién ctru mbi
guan hé khong gian cua cac loai cdy rung nhiét doi
& Sri Lanka, cac tac gia dd phan tich méi quan hé
cua 2.070 cap loai, két qua co khoang 50% sb cap
loai c6 mbi quan hé doc lap va chi 6% sé cip loai
thé hién su tuong tac khac loai (quan hé twong hd
hodc canh tranh), tir két qua thu dwoc cac tic gia
cling nhan dinh sy tuong tac khac loai 1a khong du
dé anh huong dén cau trac cia quan xa thuc vat.
Peters (2003) khi nghién cttu anh hudng cia mat do
dén phan bd khong gian cia cac loai cdy ring nhiét
d6i ¢ Panama va Malayan phat hién hon 80% cac
loai dugc nghién ciu tai moi diém didu tra déu co
biéu hién tr vong phu thudc vao mat do, mat do cac
c4 thé cung loai ¢ cac khu vuc 1an cén cia cay muc
tiéu cao c6 thé 1am tang ty 18 tir vong cua cdy muc
tidu, trong khi sy khong dong nhit vé thanh phan
loai & cac khu vue 1an can lai 1am ting ty 18 séng sot
clia cAy muc tiéu. Didu nay dwoc giai thich 1a do tac
dong cua cac cay lan can khac loai 1én cay muc tiéu
1a khong giéng nhau, nhung néu cac cay lan can la
cung loai thi su tac dong 1én cdy muc tiu 1a ngang
nhau (Stoll & Newbery, 2005). Trong nghién cuu
nay, khi xem xét mdi quan hé khong gian giira cac
cap loai c6 thé thay dwoc ring mdi quan hé doc lap
chiém da s6 trong ba kiéu quan hé khong gian (doc
lap, twong hd va canh tranh), hién tuong niy ciing
ching minh cho gia thuyét trung lap la thich hop dé
giai thich cho cac mo hinh phan bd khéng gian cua
cdy rung nhiét dai.

Trong ring tu nhién, mirc do phan bé cum caa
cac loai s& giam trong qua trinh phat trién cua cac
quan thé khi tudi cay hoac duong kinh cay tang lén,
xu huong chung 1a phan bé kiéu cum & giai doan cay
non — phan bb ngau nhién & giai doan cay sao — phan
bé déu & giai doan cdy thanh thuc (Wiegand et al.,
2007). Su thay déi md hinh phan b khéng gian cua
cdy rung trong quin xi & cac giai doan sinh truong
bit nguon tir s tac dong cua cac co ché sinh thai cu
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thé (Gavrikov & Stoyan, 1995). Tinh khong dong
nhat vé moi truong song 1a mot yéu té quan trong
anh huong dén sy thay d6i mo hinh phan b khong
gian cia quan thé, nhung sau khi loai trir yéu to
khong dong nhat vé moi truong séng thi han ché
phat tan va su phu thudc vao mat do 13 cac co ché
sinh thai quan trong trong qué trinh hinh thanh cau
tric quan thé cay ring (He & Duncan, 2000; Zhu et
al., 2010). Ty I t&r vong phu thudc vao mat do
thuong diéu chinh mé hinh phan bb khéng gian cua
cac ca thé cay lan cén cung loai, khi ty 1 tur vong
clia cac ca thé 1an cén cung loai ting 1én thi khoang
cach gitra chung sé tang 1én, diéu ndy giai thich cho
hién tugng sau mot thoi gian dai hodc khi duong
kinh cua cdy rimg tang 1én thi mire d6 phan b6 cum
ctia quan thé s& giam xudng (Condit et al., 1992;
Barot et al., 1999; Zhu et al., 2009).

4. KET LUAN

Trong ring l1a rong thuong xanh thugc VQG
Kon Ka Kinh, 3 OTC vé¢i dién tich 1 ha/6 da dugc
thiét lap dé nghién ctru phan bd va quan hé khéng
gian cua cac loai cdy trong kiéu rimg nay. Dic trung
co ban cua cic OTC da duoc xac dinh voi thanh
phan loai dao dong tir 53-64 loai; mat d6 dao dong
tir 997-1.839 cdy/ha; 20 loai cdy véi s6 lugng ca thé
tir 50 cay/ha trd 1én thude 3 OTC da dugc lya chon
dé nghién ctiru v& md hinh phan bd, méi quan hé va
cac kiéu lién két khong gian.

_ Tinh khong dong nhat cua diéu kién méi truong
song trén OTC c6 anh huéng dén m6 hinh phén bod
khong gian cua céc loai cay rung, biéu hién 1a c6 su
khac biét rat I6n vé mo hinh phan bo cua cac loai
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