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LOI CAM DOAN

Luan 4an Tién si nay dugc hoan thanh theo Chuong trinh dao tao tién si tai
Truong Pai hoc Tay Nguyén, khoa 3 (2021 — 2024). T61 xin cam doan cOng
trinh nghién clru nay 1a cua ban than toi.

Puoc su cho phép, mot phﬁn s6 lidu trong luan an duoc st dung tir cac cong
trinh, bao gdm: Du an nghién ciru PEER (Partnerships for Enhanced Engagement
in Research; Puoc tai tro boi Co quan Phat trién Qubc té Hoa Ky (USAID) va
duoc trién khai bai Vién Han 1am Khoa hoc, K¥ thuat va 'Y hoc Qubc gia Hoa Ky
(NASEM), mi s AID-OAA-11-00012 “Nghién citu phwong phdp sir dung da dir
liéu trong bdo ton da dang sinh hoc tai tinh Pak Néng, Tay Nguyén, Viét Nam (2017
2021)” do PGS.TS. Nguyén Thi Thanh Huong lam cha nhiém; Dé tai cip B6 ma sb
B2019-TTN-02: “Nghién ciru ddic diém cdu tric, tdi sinh va xdc dinh kha ning phuc
hoi rieng tw nhién tai Vieon Quéc gia Ta Ping, tinh Pak Néng (2019-2021)” do TS.
Nguyén Thanh Tan lam chil nhiém; Va dé tai khoa hoc cép tinh “Nghién curu cac loai
ché phdn b6 tai Vieon Quoc gia Ta Puing, xdc dinh gid tri va dé ra cdc gidi phdp bdo
ton, phat trién c6 hiéu quad (2022-2025)” do PGS.TS. Nguyén Thi Thanh Huong lam
chu nhiém.

Trong cac cong trinh ké trén, toi 1a mot trong nhiing thanh vién nong cbt va
dam nhiém vai tro thu ky khoa hoc. Toan b cac dir li€u déu duoc trich dan va ghi
r& ngudn gbc trong luan an.

Dik Lik, ngay thing  ndm 2025

Tac gia

Phan Thi Hiang



LOT CAM ON

Trong sudt qua trinh hoc tap va thuc hién luan an, tdi xin bay t6 1ong tri 4n sau
sdc t61 PGS.TS. Nguyén Thi Thanh Huong va PGS.TS. Luu Hong Truong — 1a C6,
Thay da tan tinh hudng dan, hd tro va dong hanh cuing t6i trong sudt qua trinh nghién
ctru. Pac biét, t6i xin guri 101 cam on chan thanh nhat téi C6 PGS.TS. Nguyén Thi
Thanh Huong — nguoi da tryc tiép dinh hudng, chi dan tin tim va ludn dong hanh
cung to1 qua tung giai doan cua nghién ctru, giap t61 hoan thién luan an nay.

To1 xin tran trong cdm on Ban Gidm hi¢u Truong Pai hoc Tay Nguyén, Khoa
Nong nghiép, Phong Pao tao Sau dai hoc va Bo mon Lam nghi¢p da luén quan tam,
tao diéu kién thuan loi cho toi trong sudt qua trinh hoc tap va nghién ctru.

To1 cling xin chan thanh cam on cac thanh vién trong nhoém nghién ctru RIM —
Trudng Pai hoc Tdy Nguyén, nhitng ngudi da hd trg toi trong viée thu thap s liéu
thuc dia, chia sé¢ kinh nghiém va déng hanh cung t6i trong sudt qua trinh thuc hién
luan an. Pic biét, t6i xin trin trong cam on ThS. Nguyén Duc Pinh va ThS. Nguyén
Thé Hién, hai chuyén gia thuc vat, da tan tinh hd tro t6i trong cong tac dinh danh thyc
vat trong cac dot diéu tra thyc dia.

Loi cam on sdu sdc xin duoc gui téi Lanh dao va cac can bo Vuon Quéc giaTa
Pung vi sy ho trg nhiét tinh, tao diéu kién thuén loi trong qua trinh thu thap dir li¢u
tai thuc dia, gop phﬁn quan trong vao su hoan thanh ctia nghién ctru nay.

T6i trén trong su chia sé chuyén mon cia cac dong nghiép va ban be, nhiing
nguoi da trao ddi hoc thuét, khich 18 toi trong hanh trinh hoc tap va nghién ctru.

Cubi cung, t6i xin guri 101 cam on sau séc tdi gia dinh — nhitng nguoi 1a diém
tua tinh than ving chéc, ludn & bén canh, dong vién va tao moi diéu kién t6t nhat dé
t6i co thé vuot qua thir thach va hoan thanh chiang duong hoc tap, nghién ciu
ctia minh.

Tran trong cam on!

Pak Lak, ngay  thang  nam 2025

Tac gia

Phan Thi Hiang
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KY HIEU VIET TAT

it Pay di Nguyén nghia
CSDL Cosodirlicu Co so dir licu
CR Critically Endangered Cuc ky nguy cip
Dis Diameter Breast Height Puong kinh than cay tai vi tri ngang nguc
DEM Digital Elevation Model Mb hinh s6 héa d6 cao
D Magalef index Chi s6 Magalef
D Gini - Simpson index Chi s6 gini — Simpson
Elev Elevation DO cao
EN Endangered Nguy cap
EX Extinct Tuyét chung
EW Extinct in the Wild Tuyét chung trong tu nhién
F Frequency Tan suét
FAO Food and Agriculture Organization T chtic nong luong thé gidi
GIS Geographic Information Systems Hé thong thong tin dia 1y
GPS Global Poisition system H¢ théng dinh vi toan cau
H Shannon index Chi s6 Shannon
H Height Chiéu cao cdy (m)
Hotspots Hotspots Céc diém nong
TUCN The International Union for Conservation of Lién minh qu b té va bao ton thicn nhién
Nature
i Important Value Index Chi s quan trong cua loai
LC Least Concern It quan tim
LULC Land Use and Land Cover Sur dung dat va 16p phu dat
K Kappa Hé s6 phan biét Kappa
Hientrang Hién trang tham phu Hién trang tham phu rirng
MAE Mean Absolute Error  Sai s6 tuyét ddi trung binh
MaxEnt Maximum Entropy Entropy cuc dai
ML Machine learning Hoc may
MLC Maximum Likelihood Classification Phén loai theo kha ning t6i da
NDVI Normalist Difference Vegetable Index Chi s6 khac biét thuc vat chuén hoa
NT Near Threatened Géan bi de doa
OA Overall Accuracy D9 chinh xac tong thé
OTC O tiéu chudn O tiéu chuan
TK Tiéu khu Tiéu khu
TGQH Thén gd quy hiém Thyc vat than gd quy hiém
PA Producer’s accurary D0 chinh x4c ngudi san xuat
PC% Percent Contribution Muc dd dong gop
P1% Permutation Importance Murc d6 anh huong
RDF Random Forest Rirng ngau nhién
RCPs Representative Concentration Pathways ~Kich ban bién dbi khi hau
RMSE Root Mean Square Error Sai s6 trung phuong trung binh
SDMs Species distribution modelling M5 hinh phén bd loai
SE-2A Sentinel 2A V¢ tinh Sentinel 2A
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¢4t Pay di Nguyén nghia
Soil pH pH dit pH dat
Slope Slope Do dbc
SSP Shared Socioeconomic Pathways Kich ban bién d6i khi hau
SR Surface Reflectance Phan xa bé mit
SVM Super Vector Machine Vector may hd trg
UA User’s accurary D9 chinh xac nguoi st dung
VQG Vuon qubc gia  Vuodn qudc gia
vu Vulnerable Sip nguy cp
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MO DAU
1. Sw cén thiét ciia nghién ciru.

Suy giam sinh canh va phan bd cua cac loai thyuc vat rung, dac biét la cac loai thyc
vat than g6 quy hiém (TGQH), dang tré thanh mot trong nhirg nguyén nhan chinh dan
dén suy giam da dang sinh hoc, gy mét can bang cu triic va chiic ning ctia hé sinh thai
rimg. Tinh trang ndy dong thoi anh hudng dén sinh ké cua cac cong dong phu thude vao
tai nguyén rimg, dit ra nhimg thach thirc 16n trong cong tac quan 1y va bao ton tai nguyén
thién nhién (IPBES, 2019). Do d6, viéc nghién ciru va bao ton cac loai thuc vat TGQH
13 yéu cau cap bach, gop phan vao chién lugc phat trién rimg bén viing va bao dam an
ninh sinh thai tai cac ving trong diém.

Trong boi canh bién d6i khi hau ngay cang phirc tap va kho luong, cac yéu to
moi trudong nhu nhiét do, lugng mua, do 4m va anh sang déu anh huong dén qua trinh
sinh truong, tai sinh va phan bd cua thuc vat, dic biét 1a cac loai TGQH c6 bién do
sinh thai hep d& bj ton thuong hon trude su thay doi nay (Andereg et al., 2020). Vi
vay, du béao su dich chuyén phan b6 cua cac loai TGQH duéi cac kich ban khi hau
khac nhau 1a can thiét dé xac dinh cac vung sinh canh tiém nang, dé xuét khu vuc vu
tién bao ton va hd trg hoach dinh chinh sach ung pho dai han.

Khong chi khi hau, cac yéu t6 dia hinh nhu do cao, d6 ddc va huéng phoi ciing
anh huong dén quy luat phan bd cua thuc vat rimg. Nhiéu nghién ctru d3 chimg minh
dia hinh anh hudng dén su bién thién ciia da dang sinh hoc theo chiéu khong gian, tir
do chi phéi cAu tric va dong thai cua quén xa thuc vat (Gairola et al., 2008; Hu et al.,
2023). Do vy, viéc phan tich su twong tac giita dicu kién dia hinh va phan bd loai 1a
co s& khoa hoc quan trong dé xay dung cac chién luoc bao ton hiéu qua.

Cung véi do, su phat trién nhanh chéng cta cong nghé s, dic biét 13 vién tham
(RS), hé thong thong tin dia 1y (GIS) va hoc may (ML), d3 mé ra hudng tiép can méi
cho nghién ctru sinh thai va quén ly tai nguyén thién nhién. Trong dd, md hinh phan
bd loai (SDMs) véi thuat todn MaxEnt da chirng minh uu thé trong vi¢c xac dinh
vung phan bé tiém ning dua trén mbi quan hé gitta su hién dién cua loai va cac yéu
t6 moi truong (Aradjo et al., 2007). Tuy nhién, viéc tng dung SDMs cho cac loai
TGQH van con han ché, do pham vi phan bd hep, mat do thép va do nhay cao trudc

bién d6i moi trudong. Chinh vi vay, viéc phat trién cdc mo hinh du bao cé do tin cay,
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tich hop dir liéu thuc dia va vién tham, 1a hudng tiép can can thiét dé nang cao hiéu
qua bao tdn (McClure et al., 2020).

Viée két hop SDMs véi dit liéu vién tham, GIS va diéu tra thuc dia khong chi cai
thién do chinh x4c trong mé phong phan bd, ma con thiic day nghién ctru lién nganh
giita sinh thai hoc, cong nghé s6 va quan 1y tai nguyén rimg. Pay 14 xu thé khoa hoc
hién dai, phi hop véi dinh huéng ting cudng tmg dung coéng nghé trong bao ton da
dang sinh hoc. Pong thoi, cach tiép can nay dap g cac chién luoc qudc gia nhu Chién
luoc quéc gia vé da dang sinh hoc dén nam 2030, tim nhin dén nam 2050; Chién luoc
phat trién 1am nghiép Viét Nam dén nim 2030, tim nhin dén nam 2050, trong d6 déu
nhan manh vai trd trung tim ctia khoa hoc — cong nghé trong bao ton cac loai nguy cap.
Diéu nay cling pht hop véi viée trién khai Nghi quyét 57-NQ/TW ngay 22/12/2024
ctia BO Chinh tri vé linh vuc 1am nghiép.

Trong bdi canh d6, Vuon qudc gia (VQG) Ta Pung tinh Pak Nong 13 khu vuc ¢o
dia hinh phan hoa theo do cao va c6 murc do da dang sinh hoc cao, véi trén 1.400 loai
thuc vat bac cao trong do co nhiéu loai TGQH c6 gia tri sinh thai va bao ton nhu: Xa
xXi (Cinnamomum balansae), Dau baud (Dipterocarpus baudii), Tram huong
(Aquilaria crassna) hay con goi 1a Gié bau, Dau hasselt (Dipterocarpus hasseltii),
Héng quang (Rhodoleia championii), Thong tre (Podocarpus neriifolius) hay con goi
la Thong tre 14 dai va Thong nang (Dacrycarpus imbricatus),... (Bao cdo da dang sinh
hoc ciia VQG Ta Pung, 2022). Tuy nhién, cho dén nay, khu vuc ndy van thiéu nhimng
nghién ctru tich hop da phuong phap giita dir liéu thuc dia, vién tham, GIS va hoc may
nham phan tich, du bao va hd tro cong tac bao ton loai TGQH. Sy thiéu hut dir liéu hé
thng va ban d6 sinh canh tiém niang dan dén nhimg han ché trong giam sat va quy
hoach bao t6n, nht 1 khi bién doi khi hau va suy giam da dang sinh hoc ngay cang
gia tang.

Tt nhitng 1y do néu trén, nghién ctru “Ung dung da phwong phdp trong nghién
civu cdc loai thwe vat TGOH tai VOG Ta Piing, tinh Pak Néong” 1a cap thiét, co v
nghia khoa hoc va thuc tién. Két qua nghién ctru khong chi gop phan xay dung co s&
dwr li€u dinh lugng phuc vu cong tac bao tdn tai dia phuong, ma con cod thé mé rong
ap dung cho cac hé sinh thai rimg nhiét di tuong dong trong bdi canh bién doi khi

hau ngay cang gia tang.
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2. Muc tiéu nghién ciru.
% Muc tiéu téng quat
Nghién ctru hudng téi viéc cung cip co sé khoa hoc va thuc tién cho cong tac
quan 1y, bao ton va str dung bén vitng tai nguyén rirng, dic biét 1a cac loai TGQH tai
VQG Ta bung. biéu nay dugc thuc hién thong qua viéc tich hop dit 1i¢u thyc dia
v6i cong nghé vién tham, GIS va hoc may nham phan tich dic diém phan b, danh
gia da dang sinh hoc va du bao cac kich ban bién d6i khi hau.
< Muc tiéu cu thé:
+ Phan loai va xac dinh trang thai rung theo muc tdc dong tai VQG Ta Pung
dua vao anh v¢ tinh.
+ Ung dung SDMs nham hd trg cong tac diéu tra va khao sat thuc dia.
+ Panh gi4 dic diém da dang sinh hoc cta cac 14m phéan tai VQG Ta Pung.
+ Phan tich tic dong cta kich ban bién d6i khi hau dén sy thay doi phan b cia
cac loai TGQH, qua d6 nhan dién nguy co suy giam da dang sinh hoc trong tuong lai.
+ X4c dinh cac viing uu tién vé da dang sinh hoc, tir d6 dé xuét giai phap bao ton
va dinh hudng quén 1y, sir dung bén viing tai nguyén rimg tai VQG Ta Pung.
3. Pham vi nghién ciru.
- Pham vi déi twong
Déi twong nghién ciru 1a 10 loai cdy gd TGQH trong téng sb 21 loai duoc thong
ké tai VQG Ta Pung, bao gom: X4 xi (Cinnamomum balansae), Dau baud
(Dipterocarpus  baudii), Trdm huong (Aquilaria crassna), Dau hasselt
(Dipterocarpus hasseltii), Hong quang (Rhodoleia championii), Thong tre
(Podocarpus neriifolius), Thong nang (Dacrycarpus imbricatus), Dé langbian
(Quercus langbianensis), S6i ba canh (Trigonobalanus verticillata), va Tram nau
(Canarium littorale).
- Pham vi khong gian
Nghién ctru dugc thyuc hién trén dia ban VQG Ta Pung, noi ¢ sy phan bd dic
trung cua cac loai dugc nghién ctiru. Pay ciing 1a khu vuc timg chiu ap luc vé st dung
dat va bién do6i rimg trong qua khtr. Mic du hién nay da dugc bao vé tét hon, song
khu vuc ndy van tiém an nguy co bi tac dong béi cac hoat dong phat trién kinh té —

xa hoi vung dém va anh huong cua bién doi khi hau
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- Pham vi ngi dung

Luén 4n tip trung chu yéu vao cac van dé chinh sau:

+ Danh gia hi¢n trang, clu tric da dang sinh hoc cua lam phén.

+ Ung dung vién tham, GIS, SDMs va hoc may dé du bao phan bd tiém ning
ctia cac loai dudi cac kich ban bién ddi khi hau.

+ Phan tich cac ving phan bé tiém ning va vu tién 1am co s& cho bao ton va
quan ly.

Nghién ciru khong di sdu vao phan loai hinh thai, giai phiu hay di truyén hoc
ctia loai, ma chi tap trung vao khia canh phan bb khong gian — thoi gian va tac dong
clia cac nhan td moi truong, khi hau.

- Pham vi thoi gian

Dir liéu phén tich bao gdm chudi s6 liéu 19 bién khi hau trung binh giai doan
1970-2000, s6 liéu anh vién tham, GIS va thuc dia trong giai doan 2022-2024, dong
thoi str dung céc kich ban bién doi khi hau dén nam 2021 va 2100 dé du bao.

4. 'Y nghia khoa hoc va thyec tién.

- Y nghia khoa hoc

Luan 4n goép phan hoan thién co s& 1y thuyét va phuong phap ludn trong nghién
ctru da dang sinh hoc thong qua viéce tich hop dit liéu thuc dia, anh vién tham, GIS, thuat
toan MaxEnt va phan tich thong ké. Viéc ing dung SDMs khong chi gitp xac dinh sinh
canh tiém niang va du bao sy phan bd cia cac loai dudi tac dong cua bién doi khi hau,
ma con hd trg nhan dién cac khu vuc wu tién cho cong tic bao ton. Két qua nghién ciru
g6p phan mo rong kha ning tng dung cac cong cu md hinh héa hién dai vao linh vuc
béo ton thuc vat rung.

- Y nghia thuc tién

Két qua nghién ciru 1a co s& khoa hoc trong cong tac quan 1y bao ton, giam st
cac loai TGQH va hd tro chién lugce quan 1y da dang sinh hoc dai han tai cac khu rimg
dic dung néi chung va VQG Ta Pung ndi riéng trong bdi canh bién doi khi hau.
Hudng tiép can tich hop gitra dit li¢u thuc dia, vién tham va hoc may co thé duoc ap
dung mé rong cho cac hé sinh thai rimg ty nhién khac tai Viét Nam, gép phan nang

cao hi¢u qua quan ly va st dung bén viing tai nguyén rung.
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5. Nhirng diém méi ciia nghién ctru.

Lu4n 4n mang lai mot s dong goép méi trong linh vuc nghién ctru sinh thai va
bao tdn céc loai thue vat TGQH, cu thé nhu sau:

i) Tiép cdn lién nganh tich hop giita cong nghé va sinh thdi hoc:

Luén an 4p dung cach tiép can da phuong phép, két hop dit liéu thuc dia véi cac
cong cu hién dai nhu vién tham, GIS, hoc may va phan tich thong ké nhdm nang cao d6
tin cdy trong phén tich da dang sinh hoc va mé hinh héa phan bé loai TGQH.

ii) Panh gia hiéu qua wng dung moé hinh SDMs cho cdc loai TGQH:

Két qua nghién ciru cta luan an cho thay tinh kha thi cia mé hinh SDMs véi
cac loai TGQH c6 mat do thép va nhay cam voi tac dong moi truong trong pham vi
nghién ctru hep nhu VQG. SDMs thé hién hiéu qua trong viéc hd trg giam sat sinh
canh, canh bao sém nguy co suy giam va phuc vu quy hoach bao ton cac loai TGQH
O quy mo dia phuong.

iii) M6 hinh héa tac dong ciia bién doi khi hdu theo tirng lodi cu thé:

Luan 4n da xay dung duoc cac md hinh du bao phan bd tiém nang cho 10 loai
TGQH theo kich ban bién doi khi hau SSP5-8.5 v&i cic mdc thoi gian trong thé ky
XXI. Két qua chi ra xu huéng thu hep sinh canh va nguy co suy giam da dang sinh
hoc, cung cép co s khoa hoc cho céc chién luge bao ton thich tng véi bién d6i khi
hau tai dia phuong.

6. Cau triic ciia ludn an.

Lu4n an c6 150 trang v6i 20 Bang va 62 Hinh. Gém c6 phan M¢ déu (5 trang),
Chuong 1: Tong quan van dé nghién ctru (25 trang), Chuong 2: Pdi 5 tugng, pham
vi, ndi dung va phuong phép nghién ctru (26 trang), Chuong 3: Két qua nghién ciru
va thao lun (76 trang), Két luan, ton tai va kién nghi (5 trang); Tai liéu tham khao

(13 trang); va Phu luc.

14



CHUONG 1: TONG QUAN VAN DPE NGHIEN CUU
1.1. Thyec vat than gé quy hiém — Khai niém va y nghia.

Khai niem

Theo TUCN (2021), thie vat TGQH 1a nhém loai c6 gia tri sinh thai va kinh té
cao (g6 quy, duoc liéu, cay cong nghiép), song dang phai ddi mit voi su suy giam manh
vé s6 luong va nguy co tuyét ching do khai thac qua mirc va thiéu bién phap bao vé
hiéu qua. IUCN phan loai tinh trang bao tdn dua trén mirc do de doa tuy¢ét chung thanh
cac cAp: tuyét chung (EX — Extinct), tuyét chung trong tu nhién (EW — Extinct in the
Wild), cuc ky nguy cap (CR — Critically Endangered), nguy cap (EN — Endangered),
sap nguy cip (VU — Vulnerable), gan bi de doa (NT — Near Threatened) va it quan tim
(LC — Least Concern).

Tai Viét Nam, hé thong vin ban phap Iy nhu Sdch dé Viét Nam (2007) va Nghi
dinh 06/2019/ND-CP (dugc cap nhat boi Nghi dinh 84/2021/NP-CP) 1a nhiing can
clr trong quan 1y va bao ton loai nguy cap. Sach dé khong chi liét ké cac loai ban dia
c6 nguy co tuyét ching ma con 1a co s¢ xay dung chinh sach bao ton. Pong thoi, viec
thuc thi Céng wée CITES (2021) ciing khang dinh cam két ciia Viét Nam trong quéan
Iy va kiém soat budn ban qudc té cac loai thuc vt hoang di quy hiém.

Trong pham vi nghién ctru nay, viéc lua chon loai TGQH dugc xac dinh dua
trén cac nhém tiéu chi chinh sau: (i) Co s& khoa hoc va phép 1y: dua vao Sdch do Vieét
Nam (2007), Danh Iuc IUCN (2021) va Nghi dinh 84/2021/NP-CP vé quan 1y loai
nguy cap, quy hiém; (ii) Tinh didc thu sinh thai va nguy co suy giam tai VQG Ta
Pung, thé hién & pham vi phan bd hep, mat do quﬁn thé thép hodc chiu ap luc tac
dong trong twong lai; (iii) Tinh thuc tién va kha thi trong bao ton, bao gdm kha ning
phat hién trong diéu kién thuc dia, hién trang sinh canh, muc d6 de doa, murc do hiéu
biét vé& phan bé loai, ciing nhu ngudn lyc va kinh nghiém trién khai bao ton tai dia
phuong.

Y nghia

TGQH giir vai tro thiét yéu ca vé sinh thai, kinh té va van héa — xa hoi:

V& sinh thai, chung thuong 13 nhirng loai wu thé trong ciu trac rimg, gop phan
duy tri cAn bang hé sinh thai, tao sinh canh cho nhiéu loai dong — thuc vat khac, dong
thoi c6 y nghia trong qua trinh tudn hoan vat chat, diéu hoa khi hau va bao vé dat

(Brockerhoff et al., 2017).

15



Vé kinh té, nhiéu loai TGQH cung cép g5 co gia tri cao, dugc liéu quy, hodc
san pham phuc vu céng nghiép va doi sdng, gop phan nang cao thu nhap cho cong
d6ng dia phuong néu duoc khai thac hop 1y (Brockerhoff et al., 2017).

V& vin hoa — xd hoi, nhiéu loai ciy gd quy hiém gin lién véi doi sdng tin
ngudng, phong tuc, va ban sic vin héa cua cac dan tdc, dong thoi mang gia tri gido
duc, nghién ctru va du lich sinh thai (U.S. Forest Service).

Chinh vi vy, viéc nhin dién, bao tdn va phat trién bén vitng TGQH khong chi
c6 ¥ nghia bao vé da dang sinh hoc ma con gép phan dam bao sinh ké 1au dai, giit gin
tri thirc ban dia va thuc hién cac cam két qudc té vé phat trién bén viing va thich Gmg
bién d6i khi hau (FAO, 2020).

1.2. Vién tham va GIS trong nghién ctru tai nguyén rirng.
1.2.1. Nguyén ly va wng dung co bdn.

Thuat ngir vién tham (Remote Sensing) bat dau dugc sir dung pho bién tir nhiing
nam 1960 va nhanh chdéng tré thanh mot cong cu hiru hiéu trong nhiéu linh vuc nhu
khoa hoc Trai dit, nghién ctru moi trudong va quan 1y tai nguyén (Lillesand et al.,
2014). Vé ban chat, vién tham 13 phuong phap thu thap thong tin gian tiép thong qua
viéc ghi nhén va phan tich buc xa dién tir hodc phan xa nang luong tu bé mit Trai dat
ma khong can tiép xuc truc tiép véi dbi tuong. Cong nghé nay cho phép thu nhan dix
lidu anh & nhiéu dai pho khac nhau, véi do phan giai khong gian va thoi gian da dang,
qua d6 tao diéu kién thuan loi cho viéc giam sat bién doi maoi truong, khi hau, tai
nguyén thién nhién va da dang sinh hoc (Zhang et al., 2024; Lillesand et al., 2014).
Nhitng tién bo gan day, dic biét trong dit liéu vién tham quang hoc c6 do phan giai
cao, dd nang cao dang ké chat luong thong tin va mé rong pham vi tmg dung nghién
ctru (Nguyén T.T. Huong, 2022).

Bén canh d6, hé thong thong tin dia Iy — GIS (Geographic Information System)
13 mot nén tang cong nghé may tinh hd tro quan 1y, luu tri, tich hop, phan tich va hién
thi dir liu khong gian tir nhiéu nguén khac nhau. Véi kha nang xtr 1y va tryc quan
hoa dit liéu dia 1y, GIS ngay cang trd thanh cong cu thiét yéu trong quy hoach d6 thi,
phat trién néng 1am nghiép, bao vé moi trudng va bao tén tai nguyén thién nhién
(Nguyén T.T. Huong, 2022). Khi két hop v6i vién tham, GIS cho phép khong chi theo
ddi bién dong 16p phi thuc vat ma con phén tich sdu hon vé cdu tric va chirc ning

cua hé sinh thai rimg (Wulder et al., 2004).
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Ngay nay, vién tham va GIS khong chi duoc g dung trong nghién ctru ma con
tré thanh cong cu cdt 16 trong quan 1y rimg va da dang sinh hoc. O cap do toan cau,
FAO d3 trién khai nén tang SEPAL nham hd tro cic qudc gia giam sat rimg va bao
c4ao REDD+ dua trén dir liéu vién tham (FAO, 2021). Bén canh d6, EU Deforestation
Regulation (EUDR, 2023) yéu cau minh chirng khong mat rimg trong chudi cung ting,
diéu nay chi kha thi nho cac hé théng giam sat dua trén VT—GIS. Céc dich vu toan
cau nhu NASA FIRMS cung cip canh béo chay ring theo thoi gian thuc, trong khi
Global Forest Watch (WRI, Google, ESA, NASA) theo doi mét rung, carbon va tac
dong khi hau. Tai Viét Nam, Hé thong theo ddi dién bién tai nguyén rimg (FRMS) do
Téng cuc Lam nghiép quan 1y da tich hop dit liéu vién tham — GIS dé cap nhat dién
tich ring hang nam, phuc vu béo céo qudc gia. Pong thoi, cac chuong trinh REDD*
va chi tra dich vu mdi truong rimg (PES) ciing dwa nhiéu vao dir liéu vién tham, GIS
dé giam sat két qua va dam bao tinh minh bach.

Nhiing tng dung trén cho thay vién tham va GIS da trg thanh cong cu chién
lugc trong quan 1y, giam sat va ra quyét dinh, khong chi ¢ tim nghién ctru ma con &
tam hoach dinh chinh sach va thuc thi quan 1y tai nguyén rimg. Tuy nhién, van con
thiéu cac nghién ctru tng dung tich hop cong nghé voi sinh thai hoc dé danh gia hiéu
qua tng dung trong viéc md hinh héa phan b loai, danh gia tic dong cua bién doi
khi hau trong céc hé sinh thai dic thu nhu cac loai TGQH. Pay chinh 1a khoang tréng
ma luan 4n hudng toi nham thir nghiém cac phuwong phép tiép can phu hop trong bdi
canh bao t6n loai tai quy mé dia phuong.

1.2.2. Anh Sentinel-2A trong phén tich trang thdi rirng.

Trong cac ngudn di lidu vién tham, anh Sentinel-2A (SE-2A) thuéc Chwong trinh
Copernicus ctia Co quan Vii tru chau Au (ESA) n6i bat nhd b cam bién 13 dai phd, bao
phii tir ving anh sang kha kién dén can hong ngoai, voi do phan giai khong gian tir 10—
60 m. V& tinh c6 chiéu rong dai quét 290 km va chu ky lip lai 5 ngay, nhd d6 cung cip
dit lidu chi tiét va lién tuc vé bé mat Trai dat, dac biét hitu ich trong giam sat 16p phu thuc
vat, bién dong str dung dét, quan 1y rimg va méi trudng (ESA, 2021)

Dit liéu SE-2A duoc phan phéi theo nhiu cap d6 xtr Iy khac nhau:

Level-0 va Level-1A: dir liéu thd, gan nhu chua qua xtr Iy nén it dugc s dung

rong rai trong nghién clru;
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Level-1B: dit li¢u da dugc hi¢u chinh birc xa nhung chua gén dinh vi dia ly, méc
du da tich hop mo6 hinh hinh hoc vat ly;

Level-1C: dit liéu d3 duoc hiéu chinh hinh hoc véi sy hd tro ctia méd hinh s d6
cao (DEM), céc gia tri phan xa chuan hoa t6i dinh khi quyén (TOA) va di kém tham s
cho phép quy d6i sang birc xa mit dat. O cap nay, dir liéu cung cap cac dai phd véi do
phan giai 10 m, 20 m va 60 m, tham chiéu theo hé toa 30 UTM/WGS84.

Trong nghién ctru nay, dir liéu SE-2A cip Level-1C duoc lra chon vi ba 1y do
chinh: (i) truy cap mo, mién phi va dé tiép can; (ii) 6 phan giai 10 x 10 m phi hop cho
phan tich tham thyc vat; va (iii) hé thong dai pho da dang, dép tng tot yéu cau phan tich
16p phi1 bé mit va tai nguyén rimg. Viéc st dung dir liéu cdp 1C khong chi dam bao do
tin cdy trong phan loai tham phu va xay dung ban do trang thai rimg ma con gitp nha
nghitn cou chu dong trong quy trinh @ x¢ Iy dix  liéu

(https://www.esa.int/Applications/Observing_the Earth/Copernicus/Sentinel-2).

Trong cac ngudn dir liéu vién tham, anh Sentinel-2A thudc chuong trinh
Copernicus cua Co quan Vii tru chau Au (ESA) ndi bat nhd bo cam bién 13 dai phé, bao
phil tir ving anh sang kha kién dén can hong ngoai, voi do phan giai khong gian tir 10—
60 m. V& tinh c6 chiéu rong dai quét 290 km va chu ky lap lai 5 ngay, cung cap dit liéu
chi tiét va lién tuc vé bé mat Trai dat, ddc biét hiru ich trong giam sat 16p phu thuc vat,
bién dong sir dung dat, quan Iy ring va méi truong (ESA, 2021).

1.2.3. Phan logi dnh vé tinh bang thugt todn phan logi Support Vector Machine (SVM).

Khdi qudt vé phan logi anh sé

Phan loai anh vé tinh 1a budc can thiét trong qua trinh xay dung ban d0 hién trang
rimg. V& ban chat, ddy 1a qua trinh phan tich nham x4c dinh va nhém cac ddi tuong c6
dic diém quang phd twong tir, tir d6 phan biét cac dic trung khac nhau hodc cac 10p st
dung dat khac nhau ma ching dai dién. Phuong phap nay duoc goi 1a phan loai anh.
Trong phan loai anh sd, thong tin vé gi tri phd dugc st dung dé nhan dién va phén loai
timg pixel riéng 1¢ dya trén dic diém quang phd ciia né. Két qua cudi ciing 14 tat ca cac
pixel trén anh dugc gan vao mot 16p cu thé nhu mat nudc, rung khop, rung thuong
xanh...(Nguyén Thi Thanh Huong, 2021). Viéc Iya chon thuét toan phan loai phu hop
¢6 ¥ nghia quyét dinh dén do chinh xac cta két qua (Adugna et al., 2022).

Céc phuong phép truyén théng ban dau, ching han nhu Maximum Likelihood
Classification (MLC), Iterative Self-Organizing Data Analysis (ISODATA) hay K-
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nearest neighbor (kNN), da dong vai tro nén tang trong linh vuc phén loai anh. Tuy nhién,
cac phuong phap ndy con nhiéu han ché khi xtr 1y dit liéu phirc tap hodc da chiéu. Véi sy
phat trién manh mé cta hoc may, cac thuat toan hién dai, ddc biét 1a Support Vector
Machine (SVM), ngay cang duoc tmg dung rong rii nhd kha ning xir Iy dit liéu da chidu
va nang cao do chinh xac phén loai. Diéu nay dic biét quan trong trong nghién ctru lam
nghiép, noi dit liéu thudng ¢ tinh da dang, phuc tap va dé bi nhiéu (Ka Hei et al., 2024;
Nguyén T.T. Huong, 2022).

Nguyén ly co ban cua SVM

SVM la mot thuat toan hoc may c¢é giam sat, chu yéu dugc sir dung trong phan
loai va ciing ¢ thé ap dung cho phan tich hdi quy. Muc tiéu cia SVM 1a tim mét siéu
phang tdi uu trong khong gian dic trung dé phan tach cac 16p dir liéu mot cach rd
rang. Thudt toan nay dugc gidi thiéu bai Cortes va Vapnik (1995) va di tro thanh nén
tang cho nhiéu ing dung phan loai va dy doan trong thuc tién.

Hinh 1.1 minh hoa nguyén ly hoat dong ctia SVM trong bai toan phan loai hai
16p. Trong do, mdi diém dit liéu duoc biéu dién dudi dang vector va gan nhan thudc
mot trong hai 16p (thudng 1a +1 hodc -1). Muc tiéu ciia SVM 1a xéac dinh siéu phang
phan tach sao cho khoang cach dén cic diém gan nhét cua mdi 16p — goi 1a “18”
(margin) — 12 16n nhat. Viéc toi da hoa 1& gitip tang tinh 6n dinh va kha nang phan biét

gitra hai 16p dit liéu (NASA, 2021; Mountrakis et al., 2011).
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Hinh 1.1. M6 hinh thué:lll toan SVM (hps://www.researchgate.net/figure/ Classification-of-
data-by-support-vector-machine-SVM _fig8 304611323)

Thuat toan SVM st dung hai cach tiép can chinh: i) Ap dung khai niém 1é mém
(soft margin), cho phép mot sé diém dir liéu vi pham ranh giéi phan tach (ndm sai

phia hodc trong viing bién). Piéu nay gitip mé hinh c6 thé xu 1y dit liéu nhiu va ting
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tinh linh hoat trong thyc tién; ii) Sir dung 4nh xa phi tuyén (non-linear mapping) dé
chuyén dir liéu sang mot khong gian c6 sb chiéu cao hon, noi ma dit liéu tré nén kha
phan tuyén tinh. Khi d6, mét siéu phang tuyén tinh trong khong gian méi s& tuong
mg véi mot bé mit phan tach phi tuyén trong khong gian ban dau (Zhu et al., 2017).

SVM trong phdn logi [op phu rung

Téng quan cua Mountrakis va cong sy (2011) trén hon 100 cong trinh d3 chi ra
rang SVM vuot troi hon nhiéu thuit toan phén loai truyén thong, dic biét trong tng
dung phan loai 16p tham phi rimg va dat néng nghiép tir dit liéu vién tham. Cac nghién
ctru gan day ciing tiép tuc khang dinh hiéu qua cia SVM trong xir 1y tap dit lidu phuc
tap, bao gom ca dit liéu nhiéu hodc kho phéan tuyén tinh, nhd kha ning khai quat hoa
cao. Piéu nay cho phép SVM tao ra cic ban d6 tham phii rimg ¢ d9 tin cay, gop phan
nang cao hiéu qua giam sat, quy hoach va quan Iy tai nguyén theo hudng bén vimg
(NASA, 2021).

Tinh hi€u qua cua phuong phdp SVM trong phén loai 16p phu va tai nguyén
rimg tiép tuc duoc cung cb qua nhiéu nghién ctru gan day, voi sy da dang vé ngudn
dir liéu va muyc tiéu tmg dung. Michelini va cong su (2022) da chirng minh rang viéc
tich hop dir liéu siéu phd va LiDAR trong mé hinh SVM, cing véi chién lugce ti uu
hoéa siéu tham s6, khong chi cai thién kha nang phén loai loai cdy ma con nang cao do
chinh xéc trong udc tinh thé tich va sinh khdi rung — vuot trol so voi thuat toan
Random Forest (RF) trong cliing diéu kién. Bén canh d6, nghién ctru cia Tan va cong
su (2024) tai VQG Serra da Estrela (B6 Pao Nha) cho thdy SVM c6 thé duoc trién
khai hiéu qua trong cc img dung bao ton va giam sat chdy ring, khi két hop anh vé
tinh SE-2A véi dir liéu khao sat thuc dia; két qua dat do chinh xac tong thé 92,75%
va hé s6 Kappa 0,9, phan anh db tin cdy cao ctia mé hinh. Ciing trong bdi canh dit
liéu da dang va moi truong phan loai phic tap, Lemenkova (2024) da sir dung anh
Landsat dé theo ddi bién dong tham phu va dat dugc do chinh xac tong thé 93%, tiép
tuc khang dinh tinh 6n dinh va linh hoat ctia SVM trong céc tinh hudng tmg dung
thue tién.

Tai Viét Nam, sy quan tam ddi v6i thuét toan SVM trong linh vyc vién tham,
dac bi¢t 1a phan loai tham phu rung, ngay cang gia tang, phan dnh xu huéng hoi nhap
v6i cac phuong phap phén tich tién tién trén thé gidi. Nghién ctru ctia Nguyén Thi

Thanh Huong va Poan Minh Trung (2020) sir dung anh SE-2A dé phan loai 10 loai
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tham phu tai tinh Dak Nong cho thay do chinh x4c tong thé dat 82,9%, vuot troi so
v6i thuat toan RF (78,5%). Két qua nay khang dinh wu thé rd rét cia SVM trong diéu
kién ring nhiét d6i c6 dia hinh phirc tap, noi sy khac biét quang pho giira cac 16p phi
thuong khong 16 rang. Tiép nbi huéng nghién ctru nay, Ping Vii Khic (2023) di 4p
dung anh Landsat 8 OLI dé phan loai 16p phu, dat do chinh xéac tong thé trén 91%
cung hé sb Kappa 0,9, tiép tuc cho thiy kha ning thich Gtng manh mé& ctia SVM d6i
v6i dit liéu thyc tién. Gan ddy, Trinh Thu Thuy va Lé Nhu Nga (2025) d3 tién hanh
so sanh hé thong gitta SVM va phuong phép phan loai x4c suét t6i da (MLC) trén anh
Sentinel-2A. Két qua chi ra ring SVM khong chi dat d6 chinh x4c tong thé cao hon
(83,59% so v6i 78,36%) ma con co hé sé Kappa vuot troi (0,815 so véi 0,756), khing
dinh tinh on dinh va d¢ tin cay ctia SVM trong cac bai toan phén loai 16p phu. Nhiing
cong trinh nghién ctru ndy tiép tuc cung cb bang ching vé hiéu qua va tinh bén viing
cua SVM trong phan loai 16p phu rirng tai Viét Nam.

Tong quan nghién ctru cho thay, viéc Iya chon thuét toan phu hop sé c6 y nghia
hiéu qua trong xdy dung ban d6 hién trang rimg tir anh vé tinh, nhat 1a khi dit liéu
phuc tap va da chiéu. Trong s6 cac thudt toan hién dai, SVM ndi bat véi kha nang xu
Iy dir liéu phi tuyén, khai quat hoa tot va duy tri do tin cdy trong méi truong nhiéu
nhiéu. Do d0, luan an lya chon SVM dé phan loai trang thai rung tai VQG Ta DPung,
nham cung cap dit liéu ddu vao cho cac phan tich tiép theo va kiém chung hiéu qua
cua thuat toan trong diéu kién rung nhiét déi Viét Nam.

1.3. Tong quan vé nghién ctru da dang sinh hoc ciia thue vt than gé.
1.3.1. Cdc chi sé da dang sinh hoc.

Céc chi s6 da dang sinh hoc déng vai trd quan trong trong nghién ctru sinh thai
hoc, gitip dinh lwong va theo ddi su bién ddi cta hé sinh thai theo thoi gian va khong
gian. Ké tir cudi thé ky 19, nhitng chi s6 nay di dwgc phat trién va ung dung rong rii
dé phan anh sy phan bé ciing nhu mirc d6 phong phu cia cac loai trong quan x3, dua
trén cac mau thu thap ngau nhién (Richard, 2009). Nho @6, ching trd thanh cong cu
nén tang hd tro viée ra quyét dinh trong quan 1y tai nguyén va bao ton thién nhién,
dic biét trong bdi canh bién ddi khi hau va suy thodi méi truong ngdy cang gia ting
(Wudu et al., 2023).

V& 1y thuyét, cac chi s6 da dang thudng dwa trén hai cach tiép cén chinh: (i)

phan tich théng ké mat d6 twong dbi ctia cc loai va (ii) ing dung 1y thuyét thong tin
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dé danh gia cau trac quan xa. Cach tiép can thir nhét tap trung vao do phong phii loai
(species richness) va mirc d6 dong déu (evenness) giita cac loai (Sabatini et al., 2022);
trong khi cach tiép can thir hai sir dung cac chi sé6 nhu Shannon-Wiener (H’) va
Simpson (D) nham phan 4nh tong hop sé luong loai va su phan bd cua chiing trong
quén xa (Shannon, C.E. & W. Wiener, 1949; Simpson, E.H., 1949 va Chen et al.,
2022).

Bén canh d6, sinh thai hoc phan biét ba cép do chinh cua da dang sinh hoc:
alpha (a — tai mot dia diém), beta (8 — giita cac dia diém) va gamma (y — toan ving).
Tuy 14 cac khai niém phan tich nhung chung thudng duoc lugng hoa bang cac chi sd
cu thé. Chang han, da dang alpha thuong dugc do bang Margalef (d), Shannon-Wiener
(H’) va Simpson (D); trong khi da dang beta c6 thé sir dung céac chi s6 twong dong
nhu Jaccard hodc Serensen.

Trong khudn kho cua nghién ciru nay, cac chi so dugc sir dung bao gom: IV7
nham dénh gia vai tro sinh thai twong d6i cua timg loai trong quan x4; chi s6 Margalef
(d) @& phan anh s6 luong loai (phong pht loai); cac chi sé Shannon-Wiener (H’) va
Simpson (D) phan anh tong hop ca mirc d6 phong phii loai va su phan b6 dong déu
ctia cac loai trong quan x4, tir d6 cung cAp cai nhin sau hon vé ciu trac da dang sinh
hoc va chi s6 loai hiém (IR) nham xéac dinh ty 1& va sy hién dién twong dbi ciia cac
loai hiém, gop phan danh gia gia tri bao ton ctia quan xa. Viéc st dung céc chi sé nay
dua trén kha nang phan anh dic trung sinh théi va gia tri tng dung trong giam sat —
bao ton (Kitikidou et al., 2024).

Trong sb d6, chi s6 d dugc Margalef dé xuét vao nam 1958 duoc xem 13 cong
cu hiru hiéu dé danh gia phong phu loai tai mot khu vuc nhét dinh, cho phép so sanh
murc do da dang giita cac hé sinh thai khac nhau va phan tich anh huong cua cac yéu
t6 moi trudng dén phan b loai. Magurran (2004), ciing da hé thong héa cac phuong
phap do luong da dang sinh hoc, trong d6 nhan manh vai tro cia H’ va D trong phan
tich tinh 6n dinh va chuc nang h¢ sinh thai, nhiing yéu tb cbt 15 phuc vu bao ton va
phat trién bén viing tai nguyén thién nhién.

Nhiéu nghién ctru d lam rd mdi lién hé giira cac chi s6 da dang va diéu kién
sinh canh. Trong nghién ctru tai VQG Khangchendzonga (Pong Himalaya, An D),
Sinha va cong su (2018) di phat hién chi sé d c6 mdi twong quan nghich véi do cao

(R*=0,734; p <0,002), trong khi D c6 xu hudng tang theo dd cao (R* = 0,3395; p <
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0,077) va H’ giam dan, cho thiy tic dong cta dia hinh dén cau trac quan xa. Két qua
nay cho thay da dang loai khéng chi chiu anh hudng boi sé lwong loai ma con boi sy
phan b cia chung theo khong gian dia 1y.

Tuong tw, Chen va cong su (2022) di ap dung céc chi sb nhu Richness va H’ dé
phan tich sy da dang sinh hoc trong hé sinh thai rimg tai Trung Qudc, dong thdi nhin
manh vai trd khoa hoc cta cac chi sé ndy trong bao ton va quan Iy. Mé rong huéng
tiép can, Odei va cong su (2023) da tng dung phan mém ma ngudn mé RStudio dé
phan tich tac dong anh hudng cia mic d6 da dang loai va muc d6 dong déu
(Evenness) dén trit luong sinh khdi rimg va két luan mirc d6 dong déu cia loai anh
huong dén ciu tric va chirc nang sinh thai. Nhimg két qua ndy gop phan cung cip co
so khoa hoc cho viéc xay dung céc chién lugce bao ton va phuc hoi rimg bén viing
trong bdi canh bién doi khi hau toan cau.

Tai Viét Nam, viéc ing dung céac chi s6 da dang sinh hoc trong nghién ctru
thuc vat rimg di nhan duoc sy quan tim ngay cang cao trong nhitng nim gan day.
Mot trong s6 d6 1a nghién ctru ciia Nguyén Vin Hanh (2013) tai rimg Son Tra (Pa
Ning), trong d6 céac chi sé H’, D va d dugc sir dung dé danh gia da dang loai cay gd.
Két qua cho thdy mirc 46 da dang tuong ddi cao, song c¢6 xu hudng suy giam theo
thoi gian. Tiép ndi hudng tiép can dinh lugng nay, nghién ciru cia Pham Hong Tinh
va Mai Sy Tuén (2016) tai VQG Xuan Thuy di st dung cac chi sé twong tu dé phan
tich c4u triic quan xi rimg ngap man. Dit liéu thu duoc khong chi phan dnh kha ning
phuc hoi ctia hé sinh thai duéi tac dong moi trudng va con ngudi, ma con minh ching
cho tinh hiru dung cua céac chi s6 da dang sinh hoc nhu mdt cong cu khoa hoc trong
danh gia tinh bén viing ctia hé sinh thai rimg.

Céc nghién ctru gan day da mo rong pham vi khao sat va hé sinh thai nghién
ctru, mang lai cai nhin da chiéu hon vé tinh da dang loai tai cac ving sinh thai. Lé
Thai Hung va cong su (2020), khi khao sat rimg tai huyén A Ludi (Thira Thién Hué),
ghi nhén gié tri chi s6 H’ dao dong tur 2,61 dén 3,12, phan anh muc d¢ da dang trung
binh dén cao trong quan xa cdy g thudc ho Dau — mot nhom loai cé gia tri sinh thai,
ddng thoi cung cap dir liéu khoa hoc dinh hudng quan 1y rimg bén virng. Trong khi
d6, nghién ctru cia Duong Trung Hiéu va cong su (2020) tai Khu bao ton Pong Son
— Ky Thuong (Quéang Ninh) cho thiy murc do da dang loai con chiu anh hudng tir didu
kién dia hinh va trang thai ring. Chi s6 H’ tai day dao dong tir 2,97 dén 3,7 trong do
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rung kin thuong xanh sau tic dong c6 murc da dang cao hon so véi rung sau khai thac.
Nhitng phét hién nay cho thy tinh da dang loai khong chi phy thudc vao trang thai
rimg ma con chiu chi phéi manh mé béi yéu t6 dia hinh va tac dong khai thac.

Tiép ndi cac nghién ctru trude, trong giai doan 2017-2021, Nguyén Thi Thanh
Huong va cong su thuc hién nghién curu tai tinh bik Nong trong khuon khd du an
USAID. Véi cach tiép can tich hop da ngudn dir liéu bao gém diéu tra thuc dia, anh
vé tinh va mé hinh sd dia hinh (DEM), nghién ctru da dinh Iugng da dang thyc vat
than gd thong qua céac chi sb IV, d, H’ va D, dong thdi phan tich mdi quan hé giira
dia hinh va phan b da dang loai. Két qua di cung cip bang chung khoa hoc ¥ nghia
phuc vu cong tac bao tdn hé thuc vat than gS tai dia phuong.

Tong quan cho thay céac chi sd da dang sinh hoc nhu d, ', D, IVI va IR 1a
nhing céng cu dinh lugng phan anh cau tric va chirc ning cua quan xi. Céc chi s6
nay da dugc phat trién va ung dung trong nhiéu hé sinh thai khac nhau trén thé gidi,
d6ng thoi ngay cang dugc chi trong tai Viét Nam. Tuy nhién, phan 16n cic nghién
cuu hién nay moi chi dung lai ¢ viéc mo ta sy da dang va phan bd loai, trong khi mbi
quan hé giita cac chi s6 da dang va cac yéu to sinh canh (nhu dia hinh, d6 cao) van
chua dugc quan tim dang ké. Ngoai ra, chua c6 nhiéu nghién ctru tich hop céc chi sd
da dang voi dir liéu vién tham dé dénh gia vé cdu truc da dang quan xi. Pay 1a khoang
trong ma ludn an nay hudng t6i, théng qua viée Gmg dung tich hop giita diéu tra thuc
dia, dir li¢u anh vé tinh va phan tich dinh lugng nham phan tich da dang loai cay go
tai VQG Ta Pung, qua d6 cung cip dit liéu khoa hoc phuc vu cong tac quan 1y va bao
t6n bén viing.

1.3.2. Ung dung cong nghé vién tham va GIS trong nghién ciru da dang
sinh hoc.

Trong bdi canh bién ddi khi hau va suy thoai tai nguyén rimg van dang dién ra theo
thoi gian, viéc tich hop cong nghé vién tham va GIS trong nghién ciru da dang sinh hoc
dang tré thanh hudng tiép can hién dai va hiéu qua. Cach tiép can nay cho phép danh gia
toan dién sy thay doi cia hé sinh thai ké ca khong gian va thoi gian, dic biét phu hop véi
cac hé sinh thai rimg va quan xa thuc vat TGQH (Immitzer et al., 2023). Viéc két hop
gifta dit liéu anh vé tinh, cong cu GIS va diéu tra thuc dia khong chi ning cao hiéu qua
trong gidm sat, quan 1y tai nguyén ma con cung cip nén tang khoa hoc hd tro xiy dung

cac chién luoc bao ton bén viig (Soubry et al., 2021). Trong d6, cac yéu td dia hinh nhu
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d6 cao va d6 doc dugce xem la bién s6 sinh thai quan trong c6 anh hudng dén cAu trac
quin x3, mirc d6 da dang va su phan bd loai trong hé sinh thai rimg. D6 cao chi phdi cac
yéu t6 khi hau nhu nhiét 4o, 6 am, lugng mua, tir d6 tac dong dén kha nang thich nghi
va phan b ctia cac loai thuc vat (Rahbek, 2005). Trong khi d6, d6 déc anh hudéng dén
kha ning gitr nudc, tdc d6 x6i mon va phan bd chét dinh dudng trong dat — nhitng yéu t6
quyét dinh mat do va thanh phan loai tai timg vi tri dia hinh (Gaston, 2000).

Nhiéu nghién ctru trén thé giéi dd ching minh tiém ning cua vién tham va GIS
trong phan tich da dang sinh hoc, ddc biét ddi véi cac loai TGQH. Nam 2024, Xing
va cong su di cho rang dit lidu anh vé tinh c6 thé cung cap ngudn thong tin quan trong
trong giam sat su bién dong quan xa, nhung cach tiép can ndy mdi dung lai & muc
quan sat sy thay doi tong thé ma chua di siu vao ting loai cu thé. Trong khi do,
Vinicius va cong su (2025) da tién thém mot bude khi tich hop anh SE-2A véi dir licu
thuc dia dé udc luong chi s6 da dang sinh hoc, xay dung ban do phan bé loi va phan
tich anh huong cua dia hinh, cho thiy uu thé ciia phuong phap két hop dir liéu da
ngudn. Tuong tw, nghién ciru ciia He X va cong sy (2023) tai diy Himalaya sir dung
mo hinh s6 d6 cao (DEM) két hop GIS dé mé hinh héa phan bd loai, qua d6 nhan
manh vai trd chi phdi ctia yéu t6 dia hinh d6i v6i su thay d6i da dang theo d6 cao.

Trong mot hudng tiép can khac, Kumar va cong su (2024) da sir dung cac k¥
thuat phan tich théng ké trong RStudio két hop véi dir liéu méi trudng trich xuét tir
anh vé tinh dé danh gia muc do phong phu loai theo bién thién dia hinh. Cac mé hinh
hdi quy tong quat va phan tich da bién d chi ra méi lién hé chat ché gitra diéu kién
moi truong va dic tinh sinh thai cia quan xa. Nhin chung, nhirng nghién ctru nay cho
théy hiéu qua vuot troi clia viée tich hop cong nghé vién tham, GIS va phan tich dinh
lugng trong nghién ctru da dang sinh hoc (Markus et al., 2023).

Tai Viét Nam, viéc ung dung cong nghé GIS va vién tham trong nghién ctru thuc
vat than g6 dang dan khang dinh vai tro can thiét trong viéc hd tro phan tich khong gian
va xay dung cac chién lugc bao tdn dua trén dit liéu dinh luong. Bao Huy va cong su
(2014) da sir dung GIS dé phan tich phan bd cac loai thuc vat quy hiém tai ik Lik, tir
d6 dé xuit giai phap bao t6n mang tinh dia phuong. Hudng tiép can nay c6 wu diém &
kha nang truc quan hoa phan bd loai, nhung chua khai thac sau dit liéu pho tir anh vé
tinh. O budc phat trién cao hon, Nguyén Thi Thanh Huong va Chau Thi Nhu Quynh
(2018) da két hop anh Landsat 8 v6i cac chi s6 thuc vat dé phan tich méi lién hé gitra di
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liéu vién tham va chi sd da dang sinh hoc cua thuc vat than gS. Két qua cho théy ton tai
mdi tuong quan c6 ¥ nghia thdng ké giita dic tinh phd va su da dang loai, mé ra tiém
ning tmg dung cta dir liéu vién tham trong du dodn va giam sat bién dong da dang sinh
hoc theo khong gian — thoi gian.

Tiép ndi cac hudng nghién ctru nay, giai doan 2017-2021, Nguyén Thi Thanh
Huong va cong sy di trién khai nghién ctru tai rimg 14 rong thuong xanh tai tinh Dik
Noéng nhim dinh luong mirc d6 da dang cua céc loai thyc vét than gb. Phuong phap
tich hop anh SE-2A, Landsat v6i diéu tra thuc dia va phan tich khong gian trén
ArcGIS, QGIS cung xir Iy thong ké bang RStudio da dugc ap dung. Nghién ciru da
xdy dung ban dd phan bd loai, dong thoi phan tich tac dong cua yéu td dia hinh dén
cAu triac quan xa. Két qua khong chi cung cép dit liéu dinh luong ¢ gia tri cho quan
Iy ring tai dia phuong, ma con gop phan cung cb co so khoa hoc phuc vu quy hoach
va thich ing v6i bién d6i khi hau.

Mic du vién tham va GIS di dugc cong nhan 1 nhitng cong cu hiru hiéu trong
nghién ctru va giam sat da dang sinh hoc, song tai Viét Nam, viéc tich hop cac cong nghé
nay voi cac phuong phap phan tich dinh luong hién dai van con twong d6i han ché, dic
biét d6i v6i nhom thyc vat TGQH.

Bén canh d0, cac phan tich vé anh huong cta yéu t6 dia hinh (nhu d6 cao, do dbc)
dén cAu trac va muc d6 da dang sinh hoc con thiéu tinh hé théng va chua két ndi gitra dir
liéu sinh thai thyc dia v6i cac md hinh khéng gian. Nhitng khoang tréng nay dit ra yéu
cau can thiét dbi v4i cac nghién ctru tiép can lién nganh, tich hop gita dit liéu vién tham,
GIS, diéu tra thuc dia va phan tich dinh luong nham phan tich cAu trac da dang sinh hoc
va cac yéu tb chi phdi su phan bo loai.

Trén co s do, luan an dugc thuc hién vai muc ti€u ing dung cach tiép can tich hop
ndi trén vao nghién ctru da dang sinh hoc tai khu vuc VQG Ta Pung, qua dé dong gop
co so dir lidu khoa hoc phuc vu quan Iy va bao ton bén viing cac loai TGQH tai
dia phuong.

1.4. Sir dung mé hinh phén b loai (SDMs) dé du bio phan bé tiém niing theo
cac kich ban bién ddi khi hau va xac dinh cac diém hotspots da dang sinh hoc.
1.4.1. Khdi niém vé kich bén bién déi khi hiu va cdc bién khi hiu.
Theo T6 chitc Nong lwong Lién hop qudc (FAO, 2009), khi hau dugc xac dinh

thong qua cac yéu td chinh nhu nhiét d6, d6 4m, lugng mua, 4p suat khi quyén va birc
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xa mat troi. Dic diém khi hau cia mot khu vue chiu anh huong boi nhiéu yéu t6 khac
nhau, bao gé)m vi tri dia ly, dia hinh, d6 cao cling nhu sy hién dién cta 16p bang tuyét
va cac dong hai luu gin d6. Viéc phan loai khi hau thuong dua trén céc chi s6 dinh
lugng vé nhiét d6 va luong mua nham mé ta sy khac biét gifta cac vung khi hau trén
thé gioi.

Uy ban Lién chinh phu vé Bién d6i Khi hau (IPCC, 2023) ciing nhdn manh rang
bién d6i khi hiu co tic dong sau rong dén su phan bd cua cac loai thuc vat, dic biét 1a
nhing loai c6 pham vi phan bd hep. Vi vdy, viéc mo phong sy phan bd hién tai va tiém
ning ciia cac loai trong bdi canh bién doi khi hau dong vai trd quan trong trong cong tac
bao ton va quéan 1y tai nguyén thién nhién.

Pé danh gia tic dong cua bién doi khi hau, IPCC di dé xuat cac kich ban phat
thai khi nha kinh, dugc goi 1a Representative Concentration Pathways (RCPs), phan
anh cac kich ban khi hiu khac nhau dya trén mtrc 40 phat thai khi nha kinh vao khi
quyén. Bdn kich ban chinh gdm RCP2.6, RCP4.5, RCP6.0 va RCP8.5 da dugc st
dung dé mo hinh héa cac kich ban khi hau twong lai (Hinh 1.2.). Mdi kich ban thé
hién mot mirc do phat thai khac nhau va cac tac dong cua nhiét do ddi vé6i hé théng

khi hau toan cau.

PCC Representatve Concentration Pathays Nim 2046-2065 2081-2100
;EEE  RCP26 1004t 16)  10(03 10 1.7)
Tg m RCP4.5 1,4 (0,9 t0 2,0) | 1,8 (1,1 t0 2,6)
” w © RCP6 1,3(0,8t0 1,8) 2,2 (1,4t03,1)
: uztnr.uj 2020 200 2060 2080 zmnd ) RCP8.5 2,0(1,4t02,6) 3,7(2,6to04,8)

Hinh 1.2. Kich ban bién d6i khi hiu véi di doan sy ting I1én ciia nhiét dd

(http.//www.dcc.gov.vn, 2023) ) .
Hinh 1.2 trinh bay cac kich ban RCP trong du bao bién doi khi hau. Theo

RCP2.6 — gia dinh giam phéat thai manh — nhiét d§ toan cau co thé tang khoang 1,0°C
vao gitra thé ky XXI va duy tri 6n dinh dén cudi thé ky. Trong khi d6, RCP8.5 — kich
ban phat thai cao — du bao mirc ting 1én dén 3,7°C vao cudi thé ky. Céac kich ban
trung gian nhu RCP4.5 va RCP6.0 phan 4nh mtrc tdng nhiét dd vira phai. Nhitng du
bao nay cho théy twong lai khi hau phu thuoc vao hanh dong hién tai, déng thoi hd
trg mo hinh héa tac dong khi hdu va hoach dinh chién luoc thich ung hi€éu qua
(IPCC, 2023).
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Trong nghién ciru nay, cac kich ban bién d6i khi hau duoc xay dung dya trén
hai md hinh khi hau toan cau la EC-Earth3-Veg va HadGEM3-GC31-LL, voi dir liéu
khi hau duoc 1y tir bo co s& WorldClim. Pay 12 hai trong s6 cac m6 hinh khi hau pho
bién va duoc str dung rong rii trong cong dong khoa hoc qudc té. Ca hai mé hinh déu
tham gia vao Du an So sanh M6 hinh Khi hau Giai doan 6 (CMIP6 — Coupled Model
Intercomparison Project Phase 6), mot sang kién nghién ciru toan ciu c¢6 quy mo 1on
nhim so sanh, danh gia va cai thién hiéu qua mé phong khi hau cta cac mé hinh khi
hau hién co. Viéc EC-Earth3-Veg va HadGEM3-GC31-LL dugc lya chon trong nhiéu
nghién ctru thuéc CMIP6 cho thﬁy muc do tin cay, tinh dai dién cao va kha nang mo
phong cac yéu té khi hau phirc tap trong cac bdi canh dia Iy va thoi gian khac nhau
(Dobler et al., 2024).

EC-Earth3-Veg la mot mo6 hinh h¢ théng khi hu tich hop, dugc phat trién boi
lién danh EC-Earth Consortium. M6 hinh nay két hop cac thanh phan khi quyén, dai
duong, bang bién va dat lién, dong thoi tich hop mo-dun tham thyuc vat dong, cho

phép mo phong twong tac gitta khi hau va tham thuc vat (https://ec-earth.org/ec-earth-

and-cmip/ec-earth3-and-cmip6).
HadGEM3-GC31-LL 1a m§t m6 hinh khi hau toan cau thugc thé h¢ tha ba ciia
dong mé hinh HadGEM, do Trung tdm Khi twong Met Office ctia Vwong qubc Anh

phat trién. M6 hinh nay tich hop cac thanh phan khi quyén, dai dwong, bing bién va
dat lién; trong d6 stir dung d6 phan giai ngang N96 (~135 km) cho khi quyén va dét
lién; véi dai duong va bang bién st dung ludi ORCA1 (~1°). Nho ¢ d6 phan giai cao
va kha ning moé phong chi tiét, HldGEM3-GC31-LL dugc sir dung rong rai trong
nghién ciru dy bao khi hau va danh gia tac dong cua bién ddi khi hau trén quy mo

toan cau (https://ukesm.ac.uk/wp-content/uploads/2022/06).

Hé thong Kich ban Phét trién Kinh té - X& hoi (Shared Socioeconomic
Pathways — SSP) duoc xdy dung nhdm cung cdp bdi canh toan dién hon cho cac
nghién ctru bién doi khi hau, bang cach tich hop cac yéu té kinh té, xa hoi va nhan
khau hoc vao md phong phat thai khi nha kinh va tac dong khi hau (Hausfather &
Peters, 2020). Cac kich ban két hop giira SSP va cac mirc phat thai khi nha kinh, nhu
SSP1-2.6, SSP2-4.5, SSP5-8.5, dugc su dung rong rai trong mo hinh khi hau CMIP6
nham mo phong cac tuong lai khi hau khac nhau

(https://pme.ncbi.nlm.nih.gov/articles/PMC8917170). Cu thé nhu sau:
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SSP1-2.6: Kich ban phat trién bén viing voi mirc phat thai thap. Gia dinh xa
hoi tién t6i phat trién xanh, giam bét binh ding, st dung ning luong hiéu qua. Mirc
gia tdng birc xa 1a 2.6 W/m? vao nam 2100.

SSP2-4.5: Kich ban trung binh, phan anh xu hudng hién tai voi chinh sach khi
hau & muc trung binh. Muc buc xa dat 4.5 W/m? vao nam 2100.

SSP5-8.5: Kich ban phat thai cao, dya trén ting trudng kinh té nhanh sir dung
nang lugng hda thach. Pay 1a mot trong cac kich ban cé tdc dong khi hau nghiém
trong nhét, vi bire xa dat 8.5 W/m? vao nam 2100.

Theo IPCC AR6 Summary for Policymakers, nhitng kich ban nay déu dong

vai tro quan trong trong nghién ctru khi hau (https://climate-scenarios.canada.ca/). Vi

vay, hé thong SSP dugc xay dung dé sir dung trong CMIP6 dan thay thé cho hé thong
RCP da stir dung trong CMIP5 (Hausfather & Peters, 2020).

RCP8.5 va SSP5-8.5 déu mo ta kich ban phét thai khi nha kinh rat cao, tuy
nhién SSP5-8.5 dugc xem la phién ban mé rdng va hién dai hon ciia RCP8.5, do da
tich hop thém cac gia dinh vé bdi canh kinh té - xa hoi nhu toc d6 ting truong kinh
té, nhu cau nang luong va cau trac dan sd. Vi vy, nghién ctru nay da sir dung mo hinh
khi hau duoc phan tich theo kich ban phat thai SSP5-8.5 trong cac giai doan cua thé
ky XXI (2021-2040, 2041-2060, 2061-2080 va 2081-2100).

Kich ban SSP5-8.5, dai dién cho murc phat thai cao nhat trong bo CMIP6, duogc
xem 14 vién canh khi hau cuc doan nhat c6 thé xay ra trong twong lai (Dobler et al.,
2024). Viéc lua chon kich ban nay nhdm muc tiéu danh gia tac dong 16n nhat c6 thé
anh huong dén da dang sinh hoc thuc vat TGQH, tir 6 xay dung cac phuong an thich
g c6 tinh toan dién va chi dong hon. Céach tiép can nay dam bao rang néu co thé
d6i phé hiéu qua voi kich ban cuc doan nhat, thi cac kich ban nhe hon nhu SSP2-4.5
cling s& nam trong kha nang tng pho, qua d6 ting cudong ning luc hoach dinh va linh
hoat trong quéan 1y bao ton tai nguyén thién nhién.

Theo IPCC (2023), c¢6 19 bién s6 khi hau sinh thai, trich xut tir dit liéu nhiét do
va lugng mua hang thang, thuong dugc st dung trong nghién ctru sinh thai va danh gia
tac dong cta bién d6i khi hau dén da dang sinh hoc (Bang 1.1). Cac bién nay tao nén bd
dit liéu sinh khi hau can thiét cho mé hinh SDMs, gitip phan tich mdi lién hé gitra yéu t6

khi hau va sy hién dién, phan b cia loai. Phuong phap niy 1a nén tang dé 1ap ban do
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phan b loai theo cac kich ban khi hau twong lai, qua d6 hd tro hiéu qua cho chién luoc
bao ton va quan 1y tai nguyén thién nhién.

Bang 1.1. M ta tém tit cac bién khi hau

STT | BIO Bién khi hiu STT | BIO Bién khi hiu

1 | BIO1 Nhiét do trung binh hang | 11 | BIOIl | Nhi¢t do trung binh cua
nam quy lanh nhit

2 | BIO2 Pham vi trung binh ngay 12 | BIO12 | Lugng mua hang nam

3 | BIO3 Pang nhiét (BIO2 / BIO7) | 13 | BIO13 | Lugng mua cia thang
(x 100) am w6t nhat

4 | BIO4 Nhiét d6 theo mua (46 léch | 14 | BIO14 | Lugng mua cua thang
chuén x 100) kho han nhét

5 | BIOS Nhiét d6 t6i da cua thang | 15 | BIO15 | Lwong mua theo mua
4m nhit

6 | BIO6 | Nhiét do toi thiéu ctia thang | 16 | BIO16 | Lwong mua ciia Quy am
lanh nhét nhét

7 | BIO7 Pham vi nhiét 46 hang nam | 17 | BIO17 | Lugng mua ctia Quy kho
(BIO5-BIO6) nhit

8 | BIOS Nhiét 6 trung binh cuaQuy | 18 | BIO18 | Luong mua cua Quy
am nhit noéng nhat

9 | BIO9 Nhiét 6 trung binh cuaQuy | 19 | BIO19 | Luong mua cua Quy
kho nhét lanh nhét

10 | BIOI0 | Nhiét d§ trung binh cua
Quy néng nhét;

Viéc tich hop nhiing bién s6 khi hau nay vao mé hinh sinh thai khong chi giup
phan tich cac xu hudng bién d6i khi hau ma con cung cap co so khoa hoc cho cac nd
Iie bao vé mdi trudng sdng va quan 1y bén viing tai nguyén thién nhién trong bdi canh
khi hau dang bién d6i (Thuiller et al., 2009).

Nhu vay, phan tich tong quan cho thdy bién doi khi hau 13 yéu t6 anh huong
dén hé sinh thai va su phan bd cta cac loai thuc vat, dic biét 1a nhom thuc vat TGQH
¢6 pham vi phan b hep va do nhay cam sinh thai cao. Viéc sir dung cac mo hinh khi
hau toan ciu tién tién nhu EC-Earth3-Veg va HadGEM3-GC31-LL cung véi kich ban
phat thai SSP5-8.5 trong khudn kho CMIP6 khong chi phan dnh béi canh khi hau cuc
doan nhét c6 thé xdy ra, ma con cho phép danh gia rii ro & mic cao nhat nham xay
dung cac phuong an thich tng hiéu qua. Bén canh do, viéc tich hop 19 bién khi hau
sinh thai tir co s¢ dit liéu WorldClim vao mé hinh SDMs la cach tiép can khoa hoc da
duogc thira nhan trong cac nghién ctru trén quéc té, giup mo phong hiéu qua su phan
bd hién tai va tiém nang cua loai dudi cac kich ban khi hau tuong lai. Trén co s¢ do,
luan an di lya chon cac phuong phap va mé hinh nay nhim dinh luong anh hudng

ctia bién d6i khi hau dén su phan b cia thyc vat TGQH.

30



Tuy nhién, cac nghién ciru hién nay phan 1én van tap trung vao mé hinh héa
khi hau ¢ quy mé toan cdu hodc vung rong, trong khi cac phan tich & cip do dia
phuong — dac biét ddi véi nhom thuc vat TGQH — con tuong ddi han ché. Khoang
trbng nay 1a van dé ma luan 4n dit ra nham giai quyét, voi muc tiéu dong gop thém
dan liéu thyc chimg, cung cap thong tin cho cong tac bao ton thuc vat trong bdi canh
bién d6i khi hiu ngay cang gia ting.

1.4.2. Gidi thiéu vé mé hinh SDMs.

Mo hinh SDMs 1an dau tién dugc gidi thiéu vao khoang giita nhitng nim 1980
va da dan khang dinh vai tro quan trong trong cac nghién ctru sinh thai va bao ton ciia
thé ky 21. Hién nay, SDMs duogc xem la cong cu hitu hi€u trong viéc hd tro hoach
dinh chién lugc quan 1y rimg va bao ton da dang sinh hoc, dic biét c6 y nghia trong
bbi canh bién d6i khi hau ngay cang gia ting (Franklin, 2010; Elith et al., 2009). Cac
mo hinh nay, con dugc goi 1a mo hinh thich nghi sinh thai hay m6 hinh du bao moi
truong séng, hoat dong dua trén viéc phan tich mbi quan hé giita su phan bd cua loai
va cac yéu td moi truong, tir d6 dua ra dy bdo khoa hoc vé pham vi sinh thai cua
chung (Peterson et al., 2001).V&i su phat trién ciia cong nghé vién tham, GIS va hoc
may, SDMs ngay cang duoc cai tién va tmg dung rong rii hon trong nghién ctru sinh

thai hoc va bao ton (Phillips et al., 2008).

Climatic ibndisa
data “ Sdata
Soil ‘ l Suitability
data - SDM j - s
Presence/Absence Climate change
data projections

Hinh 1.3. Dit liéu diu vao ciia SDMs
(https.//en.wikipedia.org/wiki/Species_distribution_modelling)

SDMs yéu cau dir liéu dau vao da dang (Hinh 1.3), bao gém théng tin vé vi tri
dia 1y cua loai, mat d6 va mirc d6 phong phu cua quan thé, cing véi cac yéu té moi
treong nhu dit 1iéu khi hau, 16p pha thuc vat, dic diém thd nhudng, nhiét d6 va luong
mua (Phillips et al., 2008).

Quy trinh xay dung SDMs thudng c6 cac bude chinh sau: (i) thu thap dit liéu vé
vi tri xuat hién cta loai; (ii) tong hop thong tin vé cac yéu tb méi trudng tir co so dir

li¢u khong gian tai cac khu vuc ghi nhan sy xuét hién cua loai; (111) str dung dir liéu
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moi trudng dé ude tinh mdi quan hé va hiéu chinh mé hinh; va (iv) du bao pham vi
phan bd tiém ning cua loai dya trén cac mo hinh thong ké hodc thuat toan hoc may
(Phillips et al., 2008).

Ngué)n dit liéu c6 thé dugce thu thap tir cac co s¢ dit liéu sinh hoc toan cau nhu
Global Biodiversity Information Facility (GBIF) va OBIS (Ocean Biogeographic
Information System), hodc tir khao sat thyuc dia. Dir liéu khi hau co thé dugc khai thac
tir cac ngudn nhu WorldClim va CHELSA; trong khi dit liéu vién tham c6 thé dugc
liy tir GEE hodc NASA. Cac 16p dit liéu nay duoc phan tich bang phuong phap thong
ké va thuat toan hoc may nham du bao bién dong méi truong song do bién do6i khi
hau, hd tro hiéu qua cong tac bao ton. RStudio, v4i hé sinh thai cdc gbi phan mém
manh mé&, cung cap nén tang linh hoat cho xtr 1y, phan tich va truc quan hoa dit liéu,
d6ng thoi tich hop cac thuat toan hoc may gitp ning cao d6 chinh xac dy bao
(Hijmans et al., 2005).

Mot s6 package thuong duoc st dung dé xay dung va phan tich SDMs bao gom:

+ Dismo: Cung cap cic cong cu dé phan tich mo hinh phan bd loai, hd trg cac
thuat toan nhu MaxEnt, hoi quy logistic, mo hinh cay quyét dinh. Ngoai ra, gbi nay
con cho phép nhap dit liéu, tao ban d6 phan b va danh gia hiéu suat mé hinh (Hijmans
et al., 2005).

+ Raster: Cho phép thao tac voi dit liéu khong gian & dinh dang raster, giup xu
1y cac 16p thong tin moi truong nhu nhiét do, d6 cao va luong mua. Pay 1a yéu td
quan trong dé cung cap cac bién doc 1ap trong mo hinh phan bd loai (Hijmans et al.,
2005).

+ Biomod2: Ho tro viéc xdy dung va so sanh nhiéu mé hinh SDMs khac nhau,
bao gdbm GAM, GLM, MaxEnt, Random Forests. Diéu nay giup cac nha nghién ctru
lya chon mo hinh ¢6 dd chinh x4c cao nhét cho cac du doan sinh thai (Arayjo et al.,
2007).

+ MaxEnt: Pay 1a mot trong nhiing thuét todn pho bién nhét trong du doan phan
bd loai. MaxEnt 13 trién khai thudt toan trong RStudio, hd tro manh cac phan tich vé
phan bd loai, d& dang tich hop véi cac cong cu khac trong hé sinh thai RStudio
(Phillips et al., 2008).

Ngoai ra, cac géi nhu sf'va sp trong RStudio cling giup xtr 1y dit liéu khong gian

vector va raster hiéu qua, tdng kha nang tich hop va phan tich dir li¢u dia ly trong
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SDMs (Hijmans et al, 2005). Sy két hop gitra thuat toan hoc may va dit liéu khong
gian trong moi trudng RStudio mang lai nén tang linh hoat cho nghién ctru phan bd
loai, hd trg thiét thyc cho cong tac bao ton va quan 1y tii nguyén thién nhién

(Hinh 1.4).

Latitude

108.00°E
Longitude

Hinh 1.4. M6 hinh phan b6 SDMs

Hiéu suét ctia cic md hinh SDMs dugc danh gia thong qua chi sé6 AUC (Area
Under the Curve), mot thudc do pho bién thé hién kha ning phéan biét gitta cac diém
hién dién va Véng mat (Phillips et al., 2006). AUC duogc xac dinh 1a dién tich dudi
duong cong ROC (Receiver Operating Characteristic), phan anh mdi quan hé gitta ty
1€ phat hién dung (True Positive Rate — TPR) va ty I¢ bao dong gia (False Positive
Rate — FPR) (Phillips et al., 2008).

Vé mit 1y thuyét, AUC c6 thé dugc xac dinh bang tich phan xac dinh nhu sau:

AUC=f f(x)dx
0

Trong dé: f(x) la ham biéu dién TPR theo FPR.
Tuy nhién, do ROC thuong dugc xay dung tir cac diém roi rac trong thuc té,
AUC dugc x4p xi bang phuong phap hinh thang (trapezoidal rule), theo cong thtc:
n—1

AUC ~ Z (FPR;,, — FPR;) -

=1

TPR;+1 + TPR;
2

Vi n 1a s6 diém trén dudong cong ROC, cac gia tri FPR;va TPR; dugc sap xép
theo thtr tu ting dan cua FPR. Phuong phap ndy cho phép danh gia chinh xac hiéu
sudt mo hinh trong viéc phan loai gitra hai 16p (vi du: c6 mat va khong co mit caa
loai) trén toan bd ngudng du doan. AUC 1a mot gia tri s6 do dién tich duéi duong

cong ROC, dao dong tir 0 dén 1, thé hién kha ning cia mé hinh trong viéc phan biét
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gifra sy hién dién va Véng mit cta loai dua trén cac bién moi truong (Porfirio et al.,
2014).

Theo White va cong su (2023), gia tri AUC 1a mot chi s6 déng tin cay dé phan anh
hiéu sudt té)ng thé ctia mé hinh phan loai. Cu thé nhu sau:

AUC = 0,5: Mb hinh khong t6t hon doan ngiu nhién.

0,7 <AUC <0,8: M6 hinh ¢6 d0 chinh xac kha.

0,8 <AUC < 0,9: M6 hinh ¢6 do chinh xac tdt.

AUC > 0,9: M6 hinh ¢6 d6 chinh xac rat cao.

Ngoai ra, viéc danh gia hiéu suat thuong phai di kém véi khoang tin cay
(confidence interval — CI), trong d6 khoang tin ciy 95% 13 mtrc phd bién nhim dam bao
do tin cay trong suy luan thong ké (White et al., 2023).

Dir liéu dénh gia dugc chia thanh hai phan: 70% dung dé huan luyén mé hinh
va 30% con lai dé kiém dinh va xac thyc (Hinh 1.5). Cach phan chia nay cho phép
danh gia hiéu qua mo hinh va kiém tra kha ning tong quat hoa khi ap dung & cac khu
vuc sinh thai khac nhau (Elith et al., 2009). Tuy nhién, trong diéu kién dir liéu han
ché, m6 hinh van c6 thé xay dung ma khong can tap kiém dinh. Thuat toan MaxEnt
van cho két qua 6n dinh vé6i s6 diém hién dién téi thiéu tir 2 dén 10, dic biét voi cac
lodi ¢6 phan b hep, néu duogc hiéu chinh phu hop va str dung céc ky thuat danh gia
ndi tai nhu cross-validation hodc Jackknife dé lua chon bién méi truong co y nghia
sinh thai (André et al.,2016 va Bean et al., 2012).

Rtudio
ile Edit Buid Debug Prc

& A Golofiefuncion

Y n._ﬁmcﬁun.R
Buceonsae O v @ Brn B ¢ 4 Bsoue -

Points(currentEnv[[1]], n=700,p=species_occ)

outpath <-"0UT/SDM_Maxent_cachl
currentModel <- b_model_ma(species_occ_train,outpath)

currentMap <- b_makemap(currentModel, outpath=outpath,fname = "PredictMap_xaxi")

el <- evaluate(currentModel, p=species_occ_train, a=bgl, x=currentenv)
€2 <- evaluate(currentModel, p=species_occ_test, a=bgl, x=currentknv)

jpeg(paste0(outpath, "evaluate.jpg”), width = 600, height = 300)

/4

Hinh 1.5. DPanh gia hi¢u suat mo hinh
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Trong qué trinh kiém tra d¢ chinh x4c ctia cdc md hinh SDMs, kiém dinh chéo
(cross-validation) dong vai trd quan trong, dic biét 1a phuong phap kiém dinh chéo
khéi khong gian (spatial block cross-validation). Phuong phap nay chia khong gian
nghién ctru thanh céc khdi doc lap vé mat dia 1y, sau dé tién hanh huin luyén va kiém
tra m6 hinh trén ting khoi riéng biét. Cach tiép can nay gitp giam thiéu su twong
quan gitra cac tap dir liéu huén luyén va kiém dinh, tir d6 cai thién tinh khach quan,
d6 chinh x4c va kha ning tong quat hoa ctia mé hinh (Aragjo et al., 2007).

Qua tong quan céc nghién ctru trén cho thdy, SDMs 1a céng cu hiéu qua trong
du doan phan bé loai va danh gia tac dong moi trudong, dac biét khi tich hop dir lidu
khong gian (khi hau, thd nhudng, 16p phi) vi cac thuat todn hoc may trong RStudio.
Str dung céc g6i nhu MaxEnt, Dismo, Raster, Biomod2 cung cic phuong phap danh
gia AUC va cross-validation gitp nang cao d0 chinh xac va d¢ tin cdy cia mo hinh.
Vi vy, luan 4n da ap dung SDMs dé mo phong phan bd hién tai va tiém ning cia
thuc vat TGQH, phuc vu dinh huéng bao ton thich ung voi bién d6i khi hau.

1.4.3. Ung dung mé hinh SDMs trong dw bdo phén bé loai va xdc dinh cdc diém
nong da dang sinh hoc.

Trong nhitng nim gan ddy, cac mo hinh phan b sinh canh tiém ning nhu
SDM s d3 dugc ing dung rong rai va hiéu qua trong sinh thai hoc nham dy doan kha
nang xuat hién va phan b cua cac loai dudi tac dong cta bién d6i khi hau. SDMs cho
phép tich hop dir liéu phan bd dia 1y cua loai voi cac bién méi trudng (khi hau, dia
hinh, tham phu, ...), tir 46 xdy dung ban d6 sinh canh phu hop, hd tro t6i wu hoa diéu
tra thuc dia va hoach dinh chién lugc bao ton. Trong sb céc cong cu thudéc nhom
SDMs, MaxEnt 1a mdt trong nhiing thuét toan duoc sir dung pho bién nho kha ning
md hinh hoa véi dit liéu hién dién han ché. Nam 2024, Zhang va cong sy da ap dung
phuong phap niay dé mo phong ving phan b tiém ning cua loai Angelica dahurica
tai Trung Qué)c, su dung 22 bién méi truong va dat do chinh xac cao voi chi s6 AUC
14 0,879. Khong chi dimng lai & mé phong hién trang, nghién ciru ndy con nhan manh
vai tro cua cac yéu td do cao va do ddc trong viée chi phéi phan bé loai, két qua nay
cling duoc cung cb boi nghién ciru cua He va cong sy (2023).

Trong mot img dung tuong tr, Xue va cong su (2024) di két hop MaxEnt véi
dir liéu thuc dia, dit liéu trie tuyén va cac kich ban bién doi khi hau thudc nhém SSP

dé du bao vung phan bo tiém nadng cua loai cdy quy hi€ém Pseudotsuga neoveitchii.

35



Viéc 1ong ghép cac yéu t6 khi hau twong lai khong chi gitip nang cao tinh thuc tién
cia m6 hinh ma con déng vai tro dinh huéng trong xay dung cac chién luge bao ton
thich ing véi diéu kién bién d6i méi truong. Nhitng nghién ciru nay cho thay tiém
nang 16n cia MaxEnt khong chi trong viéc moé phong hi¢n trang ma con du bao cac
kich ban sinh canh trong twong lai hd tro cong tic quy hoach va bao ton da dang
sinh hoc.

Tai Viét Nam, hudng tiép can ndy ciing dd budc dau duoc trién khai nhim
phuc vu nghién ctru phan b loai va bao ton da dang sinh hoc thich tng vé6i bién ddi
khi hau. Pinh Tién Tai va cong sy (2020) da Gng dung MaxEnt dé du bao ving phan
bo tiém nang cua loai Xa xi (Cinnamomum balansae) tai khu vuc Bic Trung B§ va
mién Béc. Vi 52 diém hién dién cung 9 bién moi trudong, mo hinh dat gia tri AUC =
0,861, cho thdy murc d6 tin cdy twong dbi cao. Tuy nhién, nghién ctru nay chu yéu tap
trung vao mot loai dac hiru.

O mdt quy mé rong hon, Vién Sinh thai hoc Mién Nam (2017-2021) da két
hop MaxEnt véi dir liéu sinh khi hau dé x4y dung ban do phan bd va xac dinh céc
diém nong (hotspots) da dang sinh hoc ctia nhiéu loai thuc vat quy hiém tai Tay
Nguyén va Nam Trung Bo. Cach tiép can ndy cho thay vu diém khi phén tich trén
pham vi canh quan rong, vira hd trg quy hoach bao ton, vira nhan dién dugc cac khu
vuc uu tién giam sat lau dai.

Gan day, P6 Quang Tung, Hoang Vian Sam va cong su (2024) di phét trién
hon khi str dung MaxEnt két hop v&i mo hinh phan b khong gian dé danh gia nguy
co suy giam mdi truong sdng cua loai cdy quy hiém Pterocarya tonkinensis. Két qua
khong chi du bao ving phan bd hién tai ma con xac dinh duoc cac khu vyc tiém ning
trong twong lai, bao gdm ca Tay Nam Véan Nam (Trung Qudc) va lanh thd Viét Nam,
qua d6 m& rong pham vi ing dung ctia mo hinh ra ngoai bién gidi qudc gia.

Cac két qua budce dau cta cac nghién ciru da cho thay tiém ning ctia mo hinh
SDMs trong nghién ctru va bao ton thue vat tai Viét Nam. Viéc tich hop dit liéu vién tham
v6i cac cong cu GIS va nhiing thudt toan hoc may hién dai nhu MaxEnt ngay cang cho
thiy vai trd quan trong trong nghién ctru sinh thai khong gian va bao ton da dang sinh
hoc. Nam 2019, Wang va cong sy, khi nghién ctru loai ¢6 sinh quy hiém Davidia
involucrata Baill tai Trung Qudc, dd chimg minh tiém ning cua cach tiép cin nay. St

dung 63 diém phan bd va 19 bién sinh khi hau tir WorldClim, nhom tac gia di xay dung
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mé hinh MaxEnt v&i do chinh xac rit cao (AUC>0,9), déng tho1i du bao sinh canh thich
hop cuia loai s& bi thu hep manh dudi tic dong cua bién doi khi hau. Nghién ctru nay cho
thdy MaxEnt khong chi mo phong hién trang phan b ma con c6 gié tri 16n trong du béo
kich ban tuong lai.

O mot huong tiép can khac, Choe va cong su (2021) da md rong ung dung
SDMs khi két hop véi dir liéu vién tham MODIS dé uéc tinh sy phong phu tiém ning
ctia cac loai trén toan ban dao Triéu Tién. Két qua dat hé sd twong quan Pearson =
0,98, phan anh do chinh xac rat cao, déng thoi chimg minh tinh hitu dung ctia phuong
phap nay trong bdi canh thiéu dir liéu thyc dia. Nho d6, nhom tac gia di xac dinh
duogc cac khu vire ¢6 gia tri sinh hoc cao, dong vai trd nhu cac diém nong (hotspots)
can uu tién bao ton.

So sanh hai nghién ctru c6 thé thiy, Wang va cong su (2019) nhin manh kha
nang du bao bién doi sinh canh loai dudi cac kich ban khi hau, trong khi Choe va
cong su (2021) tap trung vao ude lugng sy phong pht da loai trén pham vi khong gian
rong va dir li¢u han ché. Nhu vay, du tiép can theo nhirng hudng khac nhau, ca hai
déu khang dinh wu thé cua viéc tich hop dir liéu vién tham, GIS va hoc may trong
nghién ctru bao ton.

Tai Viét Nam, mot sd nghién ciru di bude dau tich hop vién tham va dir lidu
thuc dia nham phan tich da dang loai va mdi lién hé voi dic diém dia hinh. Nguyén
Thi Thanh Huong va cong su (2017-2021) da tich hop anh SE-2A va Landsat v&i hé
théng GIS va cong cu phan tich RStudio dé tinh toan céc chi sé da dang sinh hoc tai
rung 14 rong thuong xanh ¢ tinh Dak Nong. Pong thoi, nghién ciru ciing 1am rd anh
hudng cia cac yéu té dia hinh ddi voi ciu tric quan xa thuc vat, qua d6 gop phan
cung cap dit liéu khoa hoc cho viéc quan 1y va bao ton ring trong diéu kién dia hinh
phuec tap ¢ khu vuc Tay Nguyén.

Phat trién hudng tiép can ndy, Tran Quang Béo va cong su (2022) da sir dung két
hop dir liéu Sentinel-2, Sentinel-1 véi md hinh s6 d6 cao (DEM) dé d4nh gia bién dong
rimg va phén tich mdi tuong quan giira dia hinh va sy thay doi 16p phu tai huyén Dak
Glong, tinh Pk Néng. So véi nghién ctru trude, cong trinh ndy nhan manh hon vai trd
cta dir liéu radar va anh da thoi gian trong giam sat dong thai rung.

Céc cong cu phan tich hién dai nhu RStudio, vén duoc ing dung rong rii trong

nghién ctru quoc té dé lugng hda moi quan hé gitra cac bién sinh thai va phan bo loai
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(Kumar et al., 2024; Kass et al., 2025) nhung van han ché tai Viét Nam. Bén canh do,
mac du cac mo6 hinh SDMs da ching minh hi€u qua trong vi¢c xac dinh céc diém
nong (hotspots) da dang sinh hoc trén co s¢ tich hop khong gian — thoi gian (Elith et
al., 2009; Markus et al., 2023), song cach tiép can ndy van chwa dugc phd bién rong
rai trong nghién ctru ¢ Viét Nam.

Trong bdi canh bién ddi khi hau ngay cang dién bién phirc tap, viéc du béo va
m6 phong phéan bd loai tré thanh mét cong cu can thiét phuc vu cong tac bao ton da
dang sinh hoc. Tong hop cac nghién ctru trong va ngoai nude cho thay, mé hinh SDMs
khi duoc tich hop véi dit liéu thuc dia, anh vién tham, GIS va cic cong cu phan tich
thong ké hién dai, di ching minh hiéu qua trong viéc: (i) xac dinh cic khu vic phin
b tiém nang, (ii) du bao tic dong cta bién doi khi hau 1én sinh canh, va (iii) nhan
dién céac diém nong vé da dang sinh hoc dé uu tién bao vé. Trong sb cac thuat toan
duoc sir dung dé xay dung mo hinh SDMs, MaxEnt dugc danh gia l1a cong cu hiéu
qua, dac biét khi xir 1y di liéu hién trudng con han ché, cho phép moé phong phan bd
loai véi d0 tin cay.

Tuy nhién, tong quan tai lidu cho thay van ton tai mot s6 khoang tréng nghién
cuu. Tai Viét Nam, viéc ung dung SDMs chu yéu moi dung lai & mic d§ mo phdong
phan bé hién tai ma chua tich hop day du cac kich ban khi hau twong lai dé dy bao xu
huéng bién doi khong gian phan bd loai trong dai han. S6 lwong cac nghién ctru tap
trung vao cac loai thuc vat TGQH - nhém c6 vai trd sinh thai, bao tdn van con
han ché.

Xuat phat tir nhitng khoang tréng d6, luan an nay st dung SDMs (vé6i thuét
toan MaxEnt) két hop vai dir liéu vién tham, GIS va cac kich ban bién d6i khi hau dé
mo phong va dy bao phan bd cua cac loai thuc vat TGQH theo khong gian va thoi
gian, tir d6 cung cap co s¢ khoa hoc cho viéc bao ton loai hidu qua va bén viing.

1.5. Thao luan

Trong bdi canh suy giam da dang sinh hoc dang dién ra trén pham vi toan cau,
nhiéu nghién ctru d3 cho thiy hiéu qua cua viée tich hop dir liéu thuc dia, vién tham,
GIS va mo hinh SDMs trong mé phong phan bd loai, xac dinh sinh canh tiém ning
hd trg cong tac bao ton. Cac cong cy nay hitu ich dbi v6i nhom thue vat TGQH, vén

c6 pham vi phan bo hep va nhay cam voi cac bién dong moi truong. Tuy nhién, tong
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quan tai liéu cho thiy van con ton tai nhitng khoang tréng nghién ctru can dugc
quan tam:

+ Vé noi dung va pham vi nghién ciru

Sb luwong nghién ctru tng dung tich hgp SDMs, vién tham, GIS va thuat toan
MaxEnt cho cac loai thuc vat TGQH van con han ché, dic biét & cac khu rung nhi¢t
d6i nhu Viét Nam. Viéc két hop gitra dir 1i€u thuc dia va cong nghé khong gian dé
phan tich da dang sinh hoc van con rat khiém tén. VQG Ta Pung — khu vuc chuyén
tiép sinh thai gitra Tay Nguyén va Nam B9, dia hinh c6 su phan hoa theo dd cao, giau
loai quy hiém va dic hiru — dén nay van chua c6 nghién ctru toan dién tich hop da dir
liéu nhu dir liéu thuc dia, vién tham, GIS, mo hinh du bao nhu MaxEnt va kich ban
khi hau dé xac dinh phan bd tiém ning va diém nong da dang sinh hoc cho cac
loai TGQH.

+ Vé phwong phdp va cdch tiép cdn

Phuong phap diéu tra truyén thong tuy cung cép dit liéu chi tiét nhung bi gidi
han vé khong gian, thoi gian va chi phi. Trong khi d6, MaxEnt di duoc chimg minh
hiéu qua trong viéc mo hinh héa véi dit liéu hién dién han ché. Tuy nhién, tai Viét
Nam, viéc ing dung MaxEnt cho cac loai thuc vat TGQH con it. Nhiéu nghién ctru
chua khai thac dy dua dir liéu khi hau twong lai va chua phan tich anh hudng cta yéu
t6 dia hinh (d6 cao, do déc) dén cu trac va phan bd loai. Déng thoi, Viéc su dung
SDMs nhu mét cong cu hd trg diéu tra thuc dia nham t6i vu hoa nguén luc hién cling
chua duoc khai thac hiéu qua.

Tir nhitng khoang tréng néu trén, luan an nay dinh hudng phat trién mot cach
tiép can tich hop gitra dir liéu thuc dia, vién tham, GIS, MaxEnt, RStudio va GEE
nhim nghién ctru cac loai thuc vat TGQH tai VQG Ta Pung. Pay 13 mot hudng tiép
can can thiét va tiém nang, gop phan nang cao hiéu qua du bao phan b loai, hd trg

cong tac bao ton va quan Iy hé sinh thai trong bdi canh bién doi khi hau.
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CHUONG 2: POI TUQNG, NOI DUNG VA PHUONG PHAP
NGHIEN CUU
2.1. Pbi twong va dia diém nghién ctru.
2.1.1. Péi twong nghién civu.

Trong tong sd 21 loai than g quy hiém dugc ghi nhan tai VQG Ta Pung (Bao
c4o Da dang sinh hoc VQG Ta Dung, 2022, chi tiét tén loai duoc 1iét ké trong Bang
2.1), nghién ctru da lya chon 10 loai tiéu biéu dé phan tich. Viéc lya chon thuc hién
trén co s& can nhéc ca yéu t6 khoa hoc va thuc tién, véi céc tiéu chi cu thé nhu sau: 1)
Gia tri bao ton: Cac loai duoc lua chon déu duoc Xép hang trong Danh luc Po6 ITUCN
(2021) va Sach D6 Viét Nam (2007), thé hién ¥ nghia ndi bat vé bao ton; ii) Vai tro
sinh théi: Pay 1a nhiing loai gitr c6 y nghia trong hé sinh thai ring nhiét déi thuong
xanh, vira tham gia c4u triic ting tan rimg, vira duy tri chirc ning sinh thai, gop phan
6n dinh va bao ton da dang sinh hoc; 1ii) Gia tri kinh té — van hoa: Nhiéu loai c6 gia
tri str dung cao (gd quy, tinh dau, nhua thom...), gan voi sinh ké va van hoa dia
phuong; chinh vi vy, ching tirng chiu ap luc khai thac trong qua khir va van tiém an
nguy co bi tac dong trong tuong lai; iv) Tinh sin c¢6 cua dit liéu: Thong tin phan bd
cua céc loai dugc thu thap tur ca diéu tra thuc dia va tu liéu tha cép, dam bao do tin
cay cho viéc phan tich va mo hinh hoa; Sy uu tién trong quan ly: Trong qua trinh tham
van, can bo quan Iy tai VQG Ta Pung xac nhan rang cac loai nay 13 ddi twong wu tién
trong cong tac bao ton, phu hop véi dinh huéng quan 1y tii nguyén rung tai dia
phuong. Pac biét, viéc phan tich 10 loai nay khong chi gitip nhan dién hién trang phan
bd ma con cho phép du bao dudi cac kich ban bién doi khi hau, tir 46 cung cap co s&
khoa hoc phuc vu quy hoach bao ton va phuc hoi rimg bén viing.

Danh sach 10 loai nghién ctu nhu sau: Xa xi (Cinnamomum balansae), Dau
baud (Dipterocarpus baudii), Trim huong hay con goi 13 Gi6 bau (Aquilaria crassna),
Dau hasselt (Dipterocarpus hasseltii), Hong quang (Rhodoleia championii), Thong
tre hay con goi 1a thong tre 14 dai (Podocarpus neriifolius), Thong nang (Dacrycarpus
imbricatus), Dé langbian (Quercus langbianensis), SOi ba canh (Trigonobalanus
verticillata) va Tram nau (Canarium littorale).

Bang 2.1: Danh muc céc loai than g nguy cap, quy hiém tai VQG Ta Ping

STT Tén Viét Tén khoa hoc IUCN | SDVN | ND§4
1 Goi do Aglaia dasyclada \48
2 | Goinép Aglaia spectabilis LC VU
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STT Tén Viét Tén khoa hoc IUCN | SDVN | Nb§4

3 | Cho dai Annamocarya sinensis EN

4 | Caodigainhiéu | Castanopsis ferox VU

5 | Xaxi Cinnamomum balansae EN VU 1A
6 | Dau baud Dipterocarpus baudii VU

7 | Déu hasselt Dipterocarpus hasseltii EN

8 | Dauke Dipterocarpus kerrii EN

9 | Huynh duong Dysoxylum loureiri VU

10 | Com la bang Elaeocarpus apiculatus VU

11 | Tau mdt quy Hopea mollissima EN

12 | D¢ qua vat Lithocarpus truncatus LC VU

13 | Dé dé nhung Lithocarpus vestitus EN

14 | Dé langbian Quercus langbianensis NT VU

15 | Séi ba canh Trigonobalanus verticillata NT EN

16 | Dau mit Dipterocarpus costatus EN EN

17 | Thong nang Dacrycarpus imbricatus LC LC

18 | Tram niu Canarium littorale VU VU

19 | Tram hwong Agquilaria crassna CR CR

20 | Théng tre Podocarpus neriifolius LC LC

21 | Hong quang Rhodoleia championii LC LC

(Nguon: Bdo cdo da dang sinh hoc VQG Ta Ping, niam 2022)
Ghi chu. Loai nghién cuu la loai dwoc in dam
2.1.2. Dja diém khu vwc nghién ciru.

VQG Ta bung nam trén dia phan hanh chinh cua xa Pik Som, huyén DPik

G’Long, tinh Bk Nong, thudc khu vuc Tay Nguyén (nay 1a VQG Ta Pung, tinh Lam
Pong). Toa do dia 1y cuia VQG Ta Pung trai dai tir 11°47°27” dén 11°59°20” vi do
Bic va 107°53°10” dén 108°06°32” kinh d6 Pong (Hinh 2.1).

Ranh gi6i bao gom:

+ Phia Béc: Giap v6i Cong ty 1am nghiép Dak R’Ming, huyén Dak Glong, tinh

Dik Nong va BQL rimg phong ho Phi Liéng, xa Phi Liéng, tinh Lam Dong;
+ Phia Nam: Giap véi xa Dinh Trang Thuong, tinh Lam Déng;

+ Phia Pong: Giap véi BQL ring Lan Tranh (tinh Lam Pdng) va xi Pa

K’Nang, tinh Lam Pong;
+ Phia Tay: Giap Vién Khoa hoc lam nghi€p Nam Trung B¢ - Tay Nguyén va

x4 Pak Som, tinh Lam Pong.
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Hinh 2.1. Khu vure nghién ctiru VQG Ta Dung

2.2. N¢i dung nghién ciru.

1) Phan loai va xay dung ban do trang thai rung dya vao anh v¢ tinh:

+ Tién xt 1y 4nh v¢ tinh va tao méit na rung.

+ Phan loai, danh gia két qua phan loai va xay dung ban d0 trang thai rimg.

(ii) Ung dung mé hinh SDMs dé xac dinh ving sinh théi tiém ning, hd tro diéu
tra khao sat thuc dia:

+ Xay dung co sd dir liéu dau vao phuc vu mé hinh héa SDMs.

+ Phan tich muc d6 da cong tuyén cuia céac bién dit liéu.

+ M5 hinh héa vung sinh thai tiém ning cta cac loai TGQH hd trg khao sat thuc
dia.

iii) Tinh toan chi s6 da dang sinh hoc va phén tich tac dong cua dia hinh dén da
dang sinh hoc cua 14m phan:

+ Tinh to4n céc chi s6 da dang sinh hoc nhu chi sé quan trong (IVI), Margalef
(d), Shannon—Wiener (H’), Simpson (D) va chi sb loai hiém (IR).

+ Phén tich anh hudng cua dia hinh (d0 dbc, @6 cao) dén da dang thuc vat than
gd tai VQG Ta Pung.

(iv) Du bao phan bd tiém ning cua cac loai TGQH theo céc kich ban bién d6i
khi hau trong tuong lai;
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+ Xay dung co s¢ dit lidu dau vao cho cdc md hinh dy bao tiém ning theo cac
kich ban bién ddi khi hau.

+ M6 phong phan bd tiém ning ciia cac loai TGQH tai VQG Ta Pung.

+ Du bao su thay d6i phan bé tiém ning cua cac loai TGQH dudi cac kich ban
khi hau khac nhau trong giai doan tr 2021-2100.

(v) Xac dinh diém hotspots da dang sinh hoc va dé xuét giai phap bao tdn cac
loai nghién ctru tai VQG Ta DPung.

+ Xac dinh cac diém hotspots da dang sinh hoc cta cac loai TGQH.

+ Pé xuat giai phap bao ton cac loai nghién ctru tai VQG Ta Pung.

2.3. Phuong phap nghién ciru.
2.3.1. Phuong phdp ludn.

Nghién ctru ndy duoc trién khai trén nén tang tiép can hé thong va tich hop da
phuong phap, nham phén tich dic diém phan bd, mirc 46 da dang sinh hoc va dé xuat
dinh hudng bao ton cac loai thuc vat TGQH tai VQG Ta bung trong bdi canh bién
d6i khi hau. Cach tiép can nay cho phép két ndi dit liéu thuc dia v6i cong nghé vién
tham — GIS va cac phuong phap phan tich thong ké — mo hinh héa, tir d6 vira phan
anh khach quan sy thay d6i khong gian — thoi gian, vira nang cao gi tri tng dung cua
két qua nghién ctru.

Dir liéu vién tham (anh Sentinel-2A va chi s NDVI), véi kha ning bao phu
rong va cap nhat lién tuc, duoc sir dung dé phan loai trang thai rimg thong qua thuat
toan SVM. Hé thong GIS dong vai tro tich hop céc 16p dit lidu khong gian — bao gdm
anh vién tham, ban d6 dia hinh, khi hau, dit va dir liéu thuc dia — dé t6 chirc, phan
tich va tryc quan hoa thong tin. Nho d6, qué trinh mo hinh hoa phan bb loai, xac dinh
ving sinh thai tiém ning va danh gia da dang sinh hoc dugc trién khai trén nén tang
dir liéu déng tin cay va c6 kiém chimg.

Trén co sé d6, nghién ctru tap trung vao mo hinh hoa phan bé loai bang SDMs
dua trén cac yéu t6 khi hau, dia hinh, sinh canh va thuc dia; déng thoi xac dinh cac
diém noéng da dang sinh hoc (hotspots) c6 ¥ nghia vu tién bao ton trong diéu kién khi
hau bién d6i. Viéc két hop linh hoat giita cac phdn mém mé ngudn mé (nhu QGIS, R,
GEE) va thwong mai (nhu ArcGIS) dugc dinh hudng nhu mot giai phap k¥ thuat nham
t61 wu hoa quy trinh xir 1y dit liéu, mé hinh hoa, trie quan hoa va ning cao kha ning

tmg dung thuc tién.
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Cach tiép can nay tao nén mot mach nghién ctru thong nhat, tir thu thap va tich

hop dir li¢u dén mo hinh hoa va dy bao, bao dam tinh khoa hoc chit chd va kha nang

gii trinh cao. Hinh 2.2a thé hién khung logic phuong phap, 1am rd méi lién két giira

muc ti€u nghién ctru, ndi dung trién khai, phuong phap str dung va két qua dau ra.

Trong khi Hinh 2.2b trinh bay cu thé tién trinh tiép can nghién ctru theo timg giai

doan, tir phan tich anh vién tham dén mé hinh hoa phan bd loai va danh gia da dang

sinh hoc, phén tich tac dong cua kich ban bién doi khi hau dén su thay d6i phan bd

loai TGQH, x4c dinh céc diém hotspots va dé xuat giai phap bao ton. Hai so d6 nay

dong vai tro tong quan héa phuong phéap luan tiép can cta luan an, dong thoi cho thay

tinh tich hop va hé thong xuyén sudt toan bd qua trinh nghién ciru.
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Hinh 2.2a. Khung logic nghién ciru
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Hinh 2.2b. Tién trinh tiép cin nghién ciu
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2.3.2. Phwong phdp nghién civu cu thé.
2.3.2.1. Co sé lwa chon doi twong nghién civu.

Quy trinh lya chon doi tuong nghién ctru dugc trién khai nhu sau: tir danh sach
21 loai cay gd quy hiém ghi nhan tai VQG Ta Pung (B4o céo da dang sinh hoc, 2022),
nghién ciu ap dung két hop Multi-Criteria Decision Analysis (MCDA) va
Participatory Rural Appraisal (PRA) dé tong hop, phan tich va ddi chiéu cac tiéu chi
lya chon, bao dam tinh khach quan va khoa hoc (Esmail et al., 2018).

Nam nhém tiéu chi chinh dugc xem xét gom:

(i) Co s6 khoa hoc va phap 1y — can ¢t vao hé thong phan loai mic do de doa
trong Sach do Viét Nam (2007), Danh lyc Bé IUCN (2021) va Nghi dinh
84/2021/NP-CP, nham bao dam y nghia bao ton;

(i) Tinh dic thu sinh thai va nguy co suy giam — xem xét pham vi phan bd hep,
mat do quﬁn thé thép hoac chiu tdc dong tu bién d6i khi hau va hoat dong cua
con nguoi;

iii) Gid tri kinh té — vin hoa — vu tién cac loai c6 gia tri str dung (gb quy, tinh
dau, nhya thom) gén véi sinh ké va van hoa cong déng, thuong chiu ap luc khai thac;

(iv) Tinh san ¢6 va do tin cay cua dir 1iéu — dya trén thong tin tir diéu tra thuc
dia, bdo cdo da dang sinh hoc, bao dam nén tang dir liéu cho phan tich va mé
hinh hoa;

(v) Su vu tién trong quan 1y — xac dinh thong qua tham van 10 can bo k¥ thuat
va quan 1y tai VQG Ta Pung, phan anh muic d6 cap thiét trong bao ton ciing nhu kha
ning tng dung két qua nghién ctru vao thuc tién quan 1y.

Céc ¥ kién tham véan duoc lugng héa bang MCDA va phan tich theo cac yéu
t6: kha ning phat hién va tiép can loai ngoai thuc dia, hién trang sinh canh, mic do
de doa, sy hiéu biét vé phan bd, cing v6i ngudn lyc va kinh nghiém quan 1y tai dia
phuong. Két qua tong hop giup d6i chiéu, thong nhat va sang loc ra cac loai dap tng
tdt nhat bo tiéu chi.

Thong qua quy trinh nay (Hinh 2.3), tir 21 loai ban dau, luan 4n xac dinh duoc
10 loai tiéu biéu vira c6 ¥ nghia bao ton, vira kha thi trong nghién ciru. Mot sb loai
tuy hién chi dugc xép & muc “sip bi de doa” hoic “nguy co thip” theo phéan loai qudc

té, nhung do ghi nhan su suy giam ngoai thuc dja va dwoc dia phuwong danh gia co
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nguy co cao trong tuong lai, van dugc dua vao phan tich. Viéc lya chon ndy cing co

tinh khach quan va co s¢ khoa hoc cua nghién ctru.
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Hinh 2.3. Théo luin lya chon cac loai nghién ctru tai VQG Ta Dung
2.3.2.2. Phit trién co sé dir li¢u.
Co s dit liéu dugc sir dung trong nghién ctru bao gdm dir liéu khong gian va phi
khong gian duoc thu thap tir ngudn dit liéu thir cAp va so cip, gdm co:
i) Dit liéu ban do sb 6 sin
Bao gdm cac ban dd chuyén dé lién quan dén VQG Ta Pung nhu ban d hién
trang ring, ban dd dia hinh... duoc thu thap tr VQG Ta Pung (2021) va duogc cap
nhat vao nam 2024 (Phu luc 16) dya trén két qua cua dé tai nghién ctru khoa hoc cép
tinh: "Nghién ciru cdc loai ché phdn bé tai Vieon Quoc gia Ta Ping, xdc dinh gid tri
va dé ra cdc giai phdp bao ton, phat trién c¢é hiéu qua". Cac ban d6 nay c6 dinh dang
s6 (shapefile, raster) va duoc xir 1y, tich hop vao hé théng GIS nhiam hd tro phan tich
khong gian va xay dyng md hinh SDMs.
ii) Dir liéu khi hau va kich ban bién d6i khi hau:
Khi hdgu hién tqi: st dung bo dit li¢u 19 bién khi hau trung binh giai doan 1970—
2000 tr WorldClim v2.1 (Hijmans et al., 2005).
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Kich bdn bién doi khi hdu: sit dung kich ban SSP5-8.5 véi do phan giai 30s,
tr hai m6 hinh khi hau toan cau EC-Earth3-Veg va HadGEM3-GC31-LL thuoc
chuong trinh CMIP6 (WorldClim).

iii) Dit liéu vién tham va chi s6 vién tham

Anh vé tinh: tap hop cac canh anh SE-2A (2022) tir nén tang GEE, duoc cit
theo ranh gigi VQG Ta Pung dé phuc vu phén loai va lap ban d6 trang thai rimg.

Chi s6 thuc vidt NDVI (Normalized Difference Vegetation Index): tinh toan tir
anh SE-2A, dung dé mé ta tinh trang thyc vat va mic do che phu tan rung.

(iv) Dit liéu dia hinh va dat

Pia hinh: do cao, 36 doc va hudng phoi dugc trich xudt tr mé hinh sb do cao
(DEM) trén nén tang GEE.

Pat: dir liéu pH dat duoc 1y tir co s¢ SoilGrids (ISRIC) trén GEE, phat trién
dua trén mo hinh hoc may tir dir 1i€u thuc dia toan cau.

(v) Dtr li¢u thuc dia

Nguon so cdp (2022-2024):

65 6 mau diéu tra thuc dia; 428 diém ghi nhan su xuét hién cua loai.

Céc thong sb diéu tra, ghi nhan: toa do, anh sang, nhi¢t 4o, do am, duong kinh
than cay (D13), chiéu cao cdy (H), mirc do tac dong.

Nguon thir cdp:

35 6 mau va 90 diém ghi nhan tir dy an PEER (2017-2021).

66 diém ghi nhan tir dé tai cAp B6 B2019-TTN-02 (2019—-2021) tai VQG Ta
Pung.

2.3.2.3. Phan loai va xdy dwng bin do trang thdi rirng dwa vao dnh vé tinh.
- Thu thdp va tién xir Iy dnh vé tinh

Trong nghién ctru nay, dir licu SE-2A nam 2022 dugc thu thap cho toan bd
ranh giéi VQG Ta Dung, bao gdm hai giai doan: mua kho (01/01-30/04/2022) va
mua mua (01/05-31/12/2022) dé tang cudng do chinh xac phan loai (Nguyen et al.,
2020). Do dic thu viing nghién ciru thuong xuyén bi may che phu, tong cong 17 canh
anh SE-2A da duoc st dung dé bao dam du dix liéu bu may va tao anh to hop
(composite) dai dién cho ting mua. D li€u dau vao 1a bd Level-2A (Surface
Reflectance) do Copernicus/USGS cung cp trén GEE, di duoc hiéu chinh khi quyén
bang thuat toan Sen2Cor, hiéu chinh hinh hoc dya trén DEM va ding ky khong gian
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theo hé tham chiéu toan cau, vd&1 sai sO hinh hoc <0,5 pixel

(https://sentinels.copernicus.eu).

Pé loai bé anh hudng may va bong may, nghién ctru ap dung thuat toan mit
na may theo diém anh (cloud & shadow mask) dya trén S2 Cloud Probability két hop
voi 16p QA. Cac canh co ty I¢ may che phu toan canh >30% dugc loai bo; mot sb
canh may cao van duoc gitt lai néu sau khi mask con di ving khong bi che phu. Toan
b dir liéu sau tién xir Iy duoc t6 hop bang phuong phap trung vi (median composite)
dé giam anh huong ngoai lai, qua d6 tao anh dai dién cho timg mua.

(https://gisgeography.com/sentinel-2-bands-combinations).

Trong nghién ctru ndy, sau bang phd chinh duoc lya chon dé phuc vu phén loai
bao gom B2 (Blue), B3 (Green), B4 (Red), B8 (NIR), B11 (SWIR-1) va B12 (SWIR-
2). Pay la cac bang duoc sir dung phd bién do phan anh tot dic tinh sinh 1y — sinh thai
ctia tham thyc vat va diéu kién bé mat (Gao et al., 2024). Cac bang 20m (SWIR) dugc
ndi suy vé 10m dé dong nhat d6 phan giai voi cac bang VNIR/NIR. Bén canh do6, dé
tang cuong kha ning phan biét giita cac 16p tham ph, chi s6 NDVI da duoc tich hop.
Chi s6 NDVI dugc xac dinh dua trén su khac biét phan xa gitra dai can h@)ng ngoai
(Near Infrared -NIR) va dai anh sang dé (RED), trong d6 thuc vat phan xa manh anh
sang VNIR va hip thy manh anh sang dé RED (Soubry et al., 2021). Cong thirc dung
tinh chi s6 NDVI nhu sau:

NDVI=(NIR-RED)/(NIR+RED) = (B8-B4)/(B8+B4) (2.1)

Ngoai ra, cac bién dia hinh (d6 cao, do dbc) tir DEM ciing dugc tich hop dé
nang cao kha nang phén loai trong diéu kién dia hinh phuc tap.

Tat ca dit liéu duoc chuin hoa va quy chiéu vé hé toa d6 UTM Zone 48N,
WGS84, dam bao dong bo trong toan bd qua trinh xir Iy va phén tich.

- Tao mdt na rirng va xdy dwng div ligu méu phén logi

+ Tao mat ng rung

Budc dau tién ciia nghién ciru 14 tao mit na rimg (forest mask) nham tach riéng
rimg ty nhién ra khoi cac loai dat khac nhu rimg trong, dat ndng nghiép, khu dan cu,
dat tré)ng,. .. Viéc xay dung mat na dugc thyc hién b'fmg phan loai ¢6 giam sat nhi
phan (rimg/khong rimg) dua trén cac ving huan luyén dugc khoanh vé truc tiép trén
anh nén c6 do phan giai cao, anh vé tinh di tién xir 1y va kinh nghiém giai doan. Cac
ving mau dugc gan nhan thanh hai 16p: ¢6 riung (1) va khong rumg (0).
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Mo hinh SVM duoc huan luyén trén tap dit liéu miu, sau d6 ap dung dé phan
loai toan bo khu vuc nghién ciru, tao ra ban d6 nhi phan rimg/khong rimg. Két qua
dugc hau xtr 1y (loc da sd, 1ap 16 nho) nham giam nhidu va tang tinh lién tuc. Sau
cung, ban d6 mit na rimg dugc sir dung dé cét anh vé tinh (subset), chi giit lai phan
dién tich rimg ty nhién. Pay 1a dau vao quan trong cho budc phan loai tiép theo dé
xac dinh muc dd tac dong cua rung.

+ Thu thdp bo dir liéu mau déphdn logi theo murc do tac dong

Sau khi xay dung mat na rung, nghién ctru lya chon 600 diém mau dai dién cho
cac trang thai khéac nhau cta rirng tu nhién trong khu vuc nghién curu.

Quy trinh thu thap mau duogc tién hanh qua céc bude sau: Trudce hét, anh SE-2A
sau hi€u chinh duogc gidi doan truc quan dua trén khoa gidi doan, kinh nghiém chuyén
gia va duoc két hop ddi chiéu vé6i ban d6 hién trang rimg VQG Ta Pung cung anh do
phan giai cao (Google Earth, PlanetScope) dé nhan dién 16p phu trang thai rimg. Céc
trang thai rirng theo mirc d6 tac dong (rung it bi tdc dong, rirng bi tac dong trung binh;
rimg bi tac dong manh) duoc phan biét dua trén cac to hop pho RGB (B4-B3-B2) va
gia mau (B8-B4-B3) (Nguyén Thi Thanh Huong, 2022). Tiép theo, 600 diém maiu
dugc chon ngau nhién vaéi khoang cach >= 200m, (Lillesand et al., 2014). Cudi cing,
khao sat thuc dia duoc tién hanh nham kiém ching két qua phén loai va thu thap dir
liéu sinh théi (46 tan che, cAu trac t?mg, thanh phén loai cay ga). Dua trén anh vé tinh
d6 phan giai cao két hop voéi dir liéu diéu tra thuc dia va kién thire chuyén gia, cac diém
mau duoc gan nhan theo ba muc tic dong chinh: (i) it hodc khong tic dong, (ii) tac
dong trung binh, va (ii1) tdic dong manh. Cu thé nhu sau:

Rimng bi tac dong it: Co d6 tan che trung binh tir 0,6-0,8, ciu trac 14m phan 6n
dinh v6i 3—5 tang phan biét 1 rang, s6 luong ciy gb c6 dudng kinh 16m (D1 3> 40 cm)
kha nhiéu, hau nhu khong c6 du vét khai thac hodc xam hai dang ké.

Rumng bi tac dong trung binh: Cau trac 1am phan twong déi 6n dinh nhung cac
chi ti€u 1am hoc thép hon so véi rung it bi tdc dong; do tan che khoang 0,5-0,6, sb
luong cdy gb 16n it hon; xuét hién rai rac cac dau vét tac dong nhu gdc chit hodc 16i
mon nho.

Rung bi tdc dong manh: Céu tric téng bi pha v§, do tan che phé bién chi 0,3—

0,4; s6 luong cay gb 1on rat it, thay vao do 1a cAy nho tai sinh thi sinh; ddy leo va 15
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6 chiém uu thé, che phu >25% dién tich 6 mau; nhiéu dau vét tac dong nhu géc
chat cti.

Toan bd quy trinh xay dyng va xu ly dir li¢u mau duoc thuc hién thong qua
nén tang GEE va thuc dia.

- Phan logi anh vién tham bang thudt toin SVM

Trong nghién ctru nay, thuit toan SVM dugc lya chon nho kha nang xu 1y hi¢u
qua céc tap dit liéu phd bién c6 tinh chit phi tuyén va da chiéu (Nguyén Thi Thanh
Huong, 2022; Cortes & Vapnik, 1995). SVM v61 ham kernel Radial Basis Function
(RBF) duoc trién khai trong méi trudng RStudio, cho phép phan tach bién quyét dinh
t6i wu giira cac 16p phod.

Hai tham s6 chinh ctia mé hinh — Cost (C) va Gamma (y) — duoc t6i wu hoa dé
nang cao dJ chinh xac phan loai (Kavzoglu et al., 2009). Qua trinh hi¢u chinh tham
s6 duogc tién hanh bang cach két hop k¥ thuat tham dinh chéo 10 1an (10-fold cross-
validation) v&i phuong phap Grid Search, nham xéac dinh t6 hop tham s t6i wu. Viéc
huan luyén mo hinh dugc 1ap lai bang vong lap thii cong véi vong lap thu cong for (i
in 1:10) {} nham dam bao tinh lip lai va kiém soat quy trinh huan luyén

(https://rpubs.com/markloessi/506713).

Tap dir liéu diém mau duoc chia theo ty 1& 65:35, trong d6 65% s6 diém dugc
st dung lam dir li¢u huin luyén (training data), con 35% diém mau doc 1ap duoc
dung dé kiém dinh (validation data). Céch tiép can ndy bao dam kha nang danh gia
khéach quan hi€u qua phan loai cia md hinh.

- Ddnh gid chit lwong phén logi va thanh ldp bin do

Theo Congalton and Green (1999) bang ma tran 13 phuong phap hiéu qua nhat dé
danh gia do chinh x4c. Bang ma trin 1 sai sb giita cac pixel di dugc phan loai va
pixel trén thyc té, ma tran sai sb 1a két qua théng ké. Két qua danh gia dya trén cac
chi tiéu do chinh xac chung (Overall accuracy), d6 chinh xac nguoi san xuat (Producer
accurary) va do chinh xac nguoi sir dung (Use accuracy) va hé s6 Kappa.

+ Do chinh x4c toan bo (Overall Accuracy): 1 ty sé giita tong s cua tit ca cac

pixel dugc phan loai dung so véi tong sd tit ca cac pixel dugce phéan loai:

04 ===l 410 (2.2)

+ Do chinh xac ngudi st dung UA (User’s accurary): Ty s6 pixel duoc phan loai
chinh x4c so véi tong sd pixel theo hang, dwoc hiéu 1a ti 16 s miu phan loai ding cua 1
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loa1 LULC so véi té)ng s6 mau thyuc dia (mau thyc té) cua loai LULC do.
U, = ;‘—leoo (2.3)
+ D6 chinh x4c ngudi san xuét Pa (Producer’s accurary): sb pixel duoc phan loai
chinh xac so véi1 téng sb pixel theo cot goi la Producer’s accuracy (Pa), dugc hiéu 1a
ti 16 s miu phan loai dung cua 1 loai LULC so véi tong sé miu két qua phén loai
(mau dy doan) cua loai LULC d6.
P, = ;‘—meo (2.4)
- Ngoai ra, viéc danh gia mirc do quan hé giita thuc té va két qua phan loai con
dura vao chi s6 Kappa (Bang 2.2). Hé s6 Kappa nam trong pham vi tir 0 dén 1 va biéu
thi su giam theo ty 1¢ vé sai s6 duge thuc hién bé“tng mot yéu to phan loai hoan toan

ngau nhién.
r r
N Z xii - Z ('xi+'x+i )
= i=l i=]

K== (2.5)
N — N )
i=1

Trong dé: N la tong so pixel ldy mau; r la sé 16p doi twong phén logi; Xii la so pixel
diing trong Iop thiv i (i= 1,2, ....,r); Xi+ la tong pixel I6p thir i ciia mau (logi thuc té/tong gid tri
theo hang); X+I la tong pixel ciia I6p thiv i sau phén loai (logi gidi dodn/tong gid tri theo cot).

Bang 2.2. Gia tri mirc d9 chit ché theo chi s6 Kappa

GiatriK Mirc do phan biét
Below 0.00 Thap

0,00 — 0,20 Nhe

0,21 — 0,40 Vira

0,41 — 0,60 Tuong d6i chat
0,61 —0,80 Chit

0,81 — 1,00 Rat chat

(Nguon: Trich theo Nguyén Thi Thanh Huwong, 2022)
+ Thanh 1ap ban d6 trang théi rimg: Str dung phin mém ArcGiS/QGIS dé
bién tap ban d6. Phuong phap xir Iy va phan loai SVM duoc so ¢4 ¢ Hinh 2.4
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Hinh 2.4. So d6 tiép can xay dung ban dé tham phi rirng
2.3.2.4. Ung dung mé hinh SDMs dé xdc dinh ving sinh thdi tiém nding, hé tro
diéu tra khdo sdt thue dia.

Mo hinh SDMs duoc ap dung nhim dy bao ving sinh thai tiém ning cho su
xuat hién cta cac loai nghién ctru, qua d6 t6i vu héa qué trinh diéu tra thyc dia, giam
chi phi va ngudn lyc bang cach tap trung vao nhimg khu vuc ¢ xac suat hién dién
cao.

- Dir ligu dau vao dé xdy dung mé hinh SDMs hé tro diéu tra khdo sdt thuc dia.

Mo hinh dugc xay dung tir hai nhom dit liéu chinh:

Dir liéu thuc dia: Bao g@)m 156 diém hién dién duoc ké thira tir cac nghién
ctru trude (90 diém tir du an PEER va 66 diém tir dé tai cAp B6 B2019-TTN-02), dugc
dinh vi bang GPS va chuan hoa phuc vu mé hinh MaxEnt (Phillips et al., 2008).

Dir liéu méi trwong: gdm 25 bién duoc chuan hoa vé do phan giai 30s (~1
km), bao gdm: (i) 19 bién khi hau trung binh giai doan 1970-2000 duoc tai tir
WorldClim 2.1; (ii) 3 bién dia hinh tir mé hinh DEM (d¢ cao, do dbc, hudéng phoi);
(iii) 1 bién hién trang tham phu rimg (Phu luc 16); va (iv) 2 bién NDVI va pH dat
duoc tai va xu 1y trén GEE.

Tét ca cac 16p dit li€u trén dugc tham chiéu hé toa d6 UTM WGS 84, Zone 48.
- Phan tich mirc dp céng tuyén giiva cdc bién dau vao
Trudce khi xay dung mé hinh SDMs, cac bién méi truong duoc xir Iy nham giam
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da cong tuyén va gitr lai nhitng yéu t6 sinh thai quan trong (Dormann et al., 2013).
Daiu tién, nghién ctru két hop phan tich trong quan Pearson dé loai bo hién tuong da
cong tuyén, sang loc cac bién co hé sb tuong quan cao (|r| > 0,85) va phan tich thanh
phan chinh (PCA) dé rut gon dit liéu va lya chon tap bién dai dién c6 ¥ nghia sinh thai
(Jollifte et al., 2016; Schober et al., 2018). Sau do, mtrc d§ dong gop cua cac bién
dugc danh gia bang phuong phap Jackknife, qua hai budc: (i) chay mé hinh véi timg
bién riéng 1¢ dé xac dinh kha ning dy bao doc lap va (ii) loai bo ting bién dé kiém tra
murc suy giam hiéu suit, qua d6 nhan dién bién quan trong. Quy trinh dwogc thyc hién
trén RStudio vai cac goi chuyén biét, ddm bao nang cao kha nidng khai quat hoa cta
mo hinh.

- Xdy dung mé hinh SDMs hé tro diéu tra khdo sdt thuc dia

Thiét ldp mé hinh:

DPé dinh huong khao sat thuc dia va xac dinh cac khu vuc tiém nang co6 kha
nang xuat hién loai, nghién ctru 4p dung md hinh SDMs véi thudt toan MaxEnt.
MaxEnt dugc lya chon nho kha nang xtr 1y dir li€u chi co diém hién dién va dam bao
hiéu qua trong diéu kién sb luong mau han ché (Phillips et al., 2008).

B0 dit liéu dau vao gdm 156 diém hién dién loai. Dit liéu dugc chia thanh hai
tap: 70% (109 diém) cho huan luyén va 30% (47 diém) cho kiém dinh, theo phuong
phap chia ngdu nhién (Mousazade et al., 2019). M6 hinh duoc thiét 1ap voi 700 vong
lap va ap dung xéac thuc chéo k-fold (k = 10) nham giam sai léch va nang cao do tin
cdy (Zang et al., 2024).

DPdnh gid hiéu sudt mé hinh:

Hiéu qua du bao cia mo hinh duge danh gia thong qua chi sd AUC. AUC dugc
xéc dinh 1a dién tich dudi dudong cong ROC phan anh méi quan hé giita ty 18 phat hién
dung (True Positive Rate — TPR) va ty 1¢ bao dong gia (False Positive Rate — FPR)
(Phillips et al., 2008).

Vé mit ly thuyét, AUC ¢6 thé duoc xac dinh bé'mg tich phan xac dinh nhu sau:

AUC =[] f(x)dx (2.6)
Trong dé: f(x) la ham biéu dién TPR theo FPR.
Tuy nhién, do ROC thuong dugc xay dung tir cac diém roi rac trong thuc té,

AUC dugc xp xi bang phuong phap hinh thang (trapezoidal rule), theo cong thic:
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AUC ~ X751 (FPRyyy — FPR) - 0

(2.7)

Véin 13 s6 diém trén duong cong ROC, céac gia tri FPR;va TPR; dugc sip xép
theo thir ty ting din ciia FPR. AUC 1a mot gia tri dao dong tir 0 dén 1, thé hién kha
nang cua mo hinh trong viéc phan biét gitra sy hi¢n dién va Véng mat cua loai dua
trén cac bién méi trudng (Porfirio et al., 2014).

Mo hinh dugc danh gia 1a dang tin cay khi ca tap hudn luyén va kiém dinh déu
dat AUC > 0,7 v6i khoang tin cay 95%, phan anh kha ndng phan bi¢t rd gilta cac vi
tri c6 va khong c6 loai (Phillips et al., 2008). Theo thang phan loai pho bién, AUC tir
0,7-0,9 cho thay mé hinh c¢6 do chinh xac tot, con AUC > 0,9 thé hién do chinh xac
rat cao (White et al., 2023).

Xay dwng ban doé ving sinh thdi tiém ndng hé tro diéu tra thyc dia:

Khi ing dung MaxEnt dé xay duyng mé hinh phan bé tiém ning phuc vu diéu
tra thuc dia, viéc xac dinh ngudng du doan 1a budc can thiét nham nang cao dg chinh
x4c va tinh tng dung ctia mé hinh. Nghién ctru 4p dung ngudng xéc suat trong khoang
0,21-0,89, qua do loai bo cac khu vuc c6 xac suét rat thép (<0,21) va han ché sai léch
do tap trung qua mirc vao cac ving co xac suat cuc cao (> 0,89) (Liu et al., 2005).
Trén co s do, ban dd phan bd sinh thai tiém ning hd trg thuc dia duoc phan thanh
bén mirc d6 phu hop: Khong phu hop: < 0,21; Phu hop thap: 0,21-0,44; Phu hop
trung binh: 0,44-0,67; Phu hop cao: 0,67-0,89.

Céch phan chia nay vira dam béo tinh bao quat trong xac dinh ving phin b
tiem ning, vira hd tro thiét ké myén khao sat thuc dia hi¢u qua.

Quy trinh trién khai mé hinh:

Qua trinh xay dung va phan tich mé hinh MaxEnt dugc thuc hién trén nén tang
RStudio, két hop v6i phan mém ArcGIS va/hodc QGIS dé xir 1y, hiéu chinh va bién
tap ban d0. Cac thu vién chinh trong RStudio gdm: openx1sx, raster, sf, dismo, rJava,
RColorBrewer, tidyverse, ggpubr va t€p ham tuy chinh source ("function. r"). TOM
tit quy trinh phan tich gdm cac budc:

i) Tién xit Iy di liéu: Dt liéu dau vao duoc nhép tir tép CSV thong qua openx1sx.
Dit liéu khong gian duoc chuan hoa duéi hai dinh dang: vector (s£) va raster (raster).
Danh sach cac 6 mau va diém hién dién cta loai dugc xir 1y, loc va td chuc b?lng cac

ham tir tidyverse (Vi du nhu dplyr, ggplot2, ...).
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ii) Xay dwng mé hinh SDMs: M6 hinh MaxEnt duoc thuc hién bang goi dismo,
hoat dong trén nén Java. Dit liéu dau vao gém cc diém hién dién thuc dja va tap hop
bién moi truong raster da xir 1y.

iii) Ddanh gid mé hinh: Hiéu suit dugc danh gia théng qua chi sb AUC, tinh toan
tryc tiép bang cong cu trong disrmo.

iv) Xudt di¥ liéu va truc quan héa két qua: Két qua moé hinh dugc xuat dudi cac
dinh dang khong gian pho bién (shape file - shp) bang s£. Dit liéu dau ra duoc truc
quan héa thong qua ban d6 va biéu do st dung ggpubr va RcolorBrewer, thé hién ving
phan bb sinh thai tiém ning cua cac loai nghién curu.

Bién tdp ban do: Céac ban dd phan b cudi cung duoc xir 1y, hiéu chinh va bién
tap bang ArcGIS va QGIS dé phuc vu trinh bay va phan tich.

- Kiém chitng két qud xdy dung moé hinh SDMs thong qua khdo sdt thuc dia

Két qua dy bao cia mo hinh SDMs dugc kiém ching béng khao sat thuc dia
tai ca nhitng diém du bao “c6” va “khong c6” su hién dién loai. Trong khoang xac
suét tr 0,44-0,89 (dai dién cho vung c6 kha ndng hién di¢n cao), cac 6 mau dugc bd
tri ngau nhién va toa d6 trung tdim duogc trich xuat bang phan mém QGIS. Ngoai ra,
nghién ctru cling khao sat tai mot s6 vi tri ¢6 xac sudt hién dién thip (<0,21). Do gidi
han vé thoi gian va ngudn luc, nghién ctiru khong thé kiém chimg toan bo cac diém co
X4c Sudt rat thép; thay vao d0, 35 toa do trung tim duoc chon ngau nhién dé dam bao
tinh dai dién. Tai cac diém nay, vi¢c khao sat thuc dia dugc md rong trong ban kinh
300 m theo bon hudng chinh (Pong, Tay, Nam, Bic) nham tang do tin ciy cia qua
trinh kiém chtng (Austin & Heyligers, 1989).

Tom tat qué trinh xdy dung mo hinh mé hinh SDMs, t6i uu hoa qua trinh diéu

tra thuc dia duoc thé hién tai Hinh 2.5
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Hinh 2.5. So' d6 héa qua trinh xidy dung md hinh mé hinh SDMs, t6i wu héa
qua trinh diéu tra thye dia
2.3.3.5. Thiét ldp 6 méu, thu thip div liéu thue dia.

Trude khi tién hanh khéo sat, phuong phap PRA duoc 4p dung thong qua thao
luan nhoém véi can bd VQG Ta Pung va cong dong dia phwong nham thu thap thong
tin so bd vé pham vi phan bé cua céc loai nghién ctru (Hinh 2.6). Thong tin nay dugc
két hop v6i két qua md hinh SDMs va ban d6 trang thai ring dé dinh hudng vi tri bd

tri 6 mau, ddm bdo tinh dai dién va hi¢u qua khdo sat.

Hinh 2.6. Thio luin xic dinh théng tin phan b, dy kién tuyén diéu tra
Thiét ldp 6 mau
Pé dam bao twong thich khong gian gitra dit liéu vién tham va diéu tra thyc

dia, cac 6 tiéu chuan (OTC) duoc thiét lap kich thude 30 x 30 m (twong tng cum 3 X
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3 pixel anh SE-2A). Kich thudc nay gitp giam nhiéu cuc bg, hiéu tng bién va phu
hop véi quy mo khao sat, tir d6 nang cao do tin cdy khi tich hop dit liéu vién tham
vdao GIS (Nguyén T.T. Huong, 2022; Kindt & Coe, 2005; Plourde & Congalton,
2003).

Mbi OTC tiép tuc dugc chia thanh 9 6 don vi (10 x 10 m), gitip thuan loi cho
viéc do dém va thu thap sb liéu tang cay gd 16n (Hinh 2.7). Vi tri cac OTC duoc xdc
dinh dua trén két qua ban dd mé hinh SDMs hd trg khao sét thuc dia, qua do6 bao dam
tinh dai dién va khach quan trong qua trinh 14y mau (Hinh 2.7).

Sau khi thiét 1ap OTC dau tién, cac OTC tiép theo dugc bd tri theo bén hudng
(Pong, Tay, Nam, Béc), cach nhau 50 m. Néu tai OTC ghi nhan sy hién dién loai cay
gd quy hiém, hé théng OTC tiép tuc md rong cho dén khi khong phat hién thém loai
muc tiéu (Netto et al., 2017; Henrys et al., 2024). Cach tiép can nay giap giam sd
lugng 6 “rdng” va nang cao hiéu qua khao sat. Tuy nhién, do dic diém phan bb hep
va mat do thép cua loai thuc vat TGQH tai khu vuc nghién ctru, chi c6 4 OTC dap
g diéu kién mo rong, phan anh han ché nhat dinh ctia phuwong phap trong bdi canh
loai phan tan.

Téng cong 100 OTC (30 x 30 m) duoc st dung trong nghién ciru, gdm 65 6
méi diéu tra va 35 6 ké thira tir cac nghién ctu trude (Hinh 2.8). Cac OTC duoc bd
tri doc theo tuyén diéu tra dja hinh tir chan nii 1én céc dai cao hon, theo phwong phap
ban dinh hudng (Gillison & Brewer, 1985; Whittaker, 1967).

Noi dung diéu tra tai OTC

Trong mdi OTC, toan bd ciy gb c6 D13 > 6 cm dugc ghi nhan vao phiéu diéu
tra (Phu luc 15), véi cac chi ti€u: tén loai, duong kinh (D1 3), chiéu cao, phém chit,
murc d6 tac dong va cac yéu td sinh thai lién quan. Ngoai ra, cic thong tin méi trudng
nhu do déc, do am, pH dat cling dugc do dac.

Céc thiét bi sir dung bao gdbm: GPS Garmin 65 dé dinh vi, Sunto (PM5/1520)
va may do laser Nikon Forestry Pro dé do chiéu cao, khoang cach, do doc; thude day
dé do D13 va chiéu cao cay nho; day 1ap OTC; cung thiét bi do am va pH dat VT-05.

Dt li¢u thu thap tur thuc dia dugc nhap vao Excel va xur 1y thanh cac 16p dir
lidu: toa d6 phan bd, dic diém sinh thai, diéu kién dia hinh va muc do tac dong.

Dinh danh thuc vat

Pé dam bao tinh chinh xéc, viéc dinh danh loai duoc thyc hién truc tiép tai
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hién truong dudi sy hd trg cta cac chuyén gia thyc vat hoc. Viéc nhan dang dya trén
cac dic diém hinh thai nhu 14, hoa, qua (néu c6), va than (Bridson & Forman, 1992).
Céc tai liéu ddi chiéu gém: Flore Générale de I’Indochine, Flore du Cambodge, du
Laos et du Viétnam, Cay co Viét Nam, Flora Malesiana, va Flora of Thailand. Tén
khoa hoc dugc chuan héa theo hé thong qudc té moi nhat (World Flora Online; The
World Checklist of Vascular Plants).

Céc cay ¢6 D13 > 6 cm s& duoc diéu tra theo mau phiéu diéu tra (Phuy lyc 15)
da duoc chuan bi trude, bao gSm céc chi tiéu: tén loai, D13, chiéu cao, phém chit,
murc d6 tac dong va cac yéu td sinh thai lién quan. Day 14 16p cay gb trudng thanh,
dong vai trod truc tiép trong ciu trac va chirc ning sinh thai cta rimg, dong thoi phan
anh rd dic diém cla quﬁn xa thuc vat.

30m

h 4

Hinh 2.7. So d6 b6 tri 6 miu Hinh 2.8. Céc 6 miu dugc thu thap
2.3.2.6. Tinh todn chi so da dang sinh hoc va phén tich dnh hwéng ciia dia
hinh (@6 cao, dp doc) dén da dang sinh hoc ciia lam phan.
- Tinh todn cdc chi sé da dang sinh hoc
Pé danh gia da dang loai tai khu vuc nghién ctru, nam chi sb sinh thai duoc
stt dung goém: chi s quan trong (IV1), Margalef (d), Shannon—Wiener (H’), Simpson
(D) va chi s6 loai hiém (IR). Céc chi s6 nay dugc ap dung trong nghién ctru da dang
sinh hoc nham phan anh su phong pht, phan bd va tin suat xuat hién cta loai trong
quan x3 (Magurran, 2004).
Chi sb quan trong 7VT dugc tinh theo cong thirc ciia Cur-tis va MclInstosh (1950).
IVI=RD + RF + RBA (2.8)

Trong d6: RD (Relative Density) la mdt d¢ twong doi ciia lodi (%), RF (Relative
Frequency) la tan so twong doi ciia lodi (%), RBA (Relative Basal Area) la tiét dién ngang
twong doi cia lodi (%).
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- Chi s6 phong phu loai Margalef (d) dugc st dung dé dinh lugng sy phong
phu loai tai khu vuce nghién ctru. Chi sé d dugce tinh bang cong thic:
d=(S-1)/In N (2.9)
Trong do: S la s6 heong lodi, N la tong sé cd thé trong 6 mau.
- Chi sb Shannon — Wiener (H) 1a chi s6 da dang dugc st dung phé bién, tinh
dén ca su phong phu va su can bang cua cac loai hién dién trong quan xA.

H' = -Yi,p(Inp) hay H' = =i, HIn(F (2.10)

=17y

Trong do: s la 56 lwong loai; P;la ti I¢ cd thé cia lodi I so véi lwong ca thé toan bé
mau (pi = n: /N); N la tong cd thé trong toan b mau, N; la s6 lwong cd thé lodi i
- Chi s Simpson (D) dugc st dung dé tinh da dang tai khu khu vuc nghién ctru.

D=1-%%,p? (2.11)
Trong do: piIa ti I lodi i trén tong s6 cdc cd thé (pi = ni/N); S I tong s6 lodi
- Chi s6 loai hiém (The rarety index-IR): dugc tinh theo cong thirc:
IR = (1 - ijxloo
N (2.12)

Trong do: N i tong s6 6 quan st; n la 56 6 ¢6 lodi tim thdy, chi 56 IR dao dgng tir 0100 va diroc
phan logi nhu sau: 78 < IR < 95: hiém (R); 95 < IR <97: rat hiem (MR); IR > 97: cuc ky hiem (RR)
(Guarino & Napolitano, 2006, trich dan tir Blana, 1980).

Céc chi s6 da dang sinh hoc dugc tinh toan dya trén s6 liéu thu thap tir diéu tra thuce

dia va sir dung goi phan tich Vegan trong phan mém théng ké RStudio.

- Phén tich dnh hwéng ciia dia hinh dén da dang sinh hoc

+ Phan cd'p dir liéu dia hinh.

Nghién ctru xem xét hai yéu té dia hinh chinh 1 d6 cao va do dbc, véi dir liéu
dugc trich xuat tir mo hinh s6 d6 cao (DEM) do phan giai 30 x 30 m, xir 1y trén nén
tang ArcGIS (h¢ toa d0 UTM WGS84, zone 48N). Theo Bdo cdo da dang sinh hoc VQG
Ta Pung (2022), khu vuc ndy gém ba dang dia hinh: nti cao (1700—1982 m), nii trung
binh (700—1700 m) va nai thap (600~700 m). Trén co sé d6, nghién ciru phan thanh sau
khoang d¢ cao (<600 m; 600-800 m; 800—1000 m; 1000—-1200 m; 1200—1400 m;
>1400 m) va bon nhém d6 ddc (<15°, 15-20°, 20-25°, >25°). Do khong ¢6 6 mau dudi
600 m, khoang nay khong dugc dua vao phan tich.

Phén b6 6 mau theo cac cip do6 cao va do doc dugc thong ké trong Bang 2.3 va

minh hoa & Hinh 2.9a, b.

60



4

Bang 2.3. S0 6 mau dwoc bo tri & cac dai cao va cac cap d¢ doc

Do cao S6 6 mau Do déc S6 6 mau
H2: 600 _800m 18 S1: <15° 39
H3: 800 1000m 20 S2: 15-20° 23
H4:1000 _1200m 23 S3:20-25° 21
H5:1200 _1400m 29 S4:>25° 17
H6 >1400m 10
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Hinh 2.9a. Ban d6 d9 cao Hinh 2.9b. Bin db d¢ doc
Hinh 2.9. Ban d6 dé cao va d9 déc VQG Ta Pung

+ Phuwong phadp phan tich

Pé danh gia anh hudéng cua dia hinh dén sy thay d6i thanh phan loai cay gd,
nghién ctru str dung chi s6 khoang cach Jaccard, phan cum Ward.D2 va phan tich da
chiéu phi dinh lugng (NMDS).

Chi sb Jaccard (dj) phan anh murc do sai biét vé thanh phan loai giita cic nhom,
dua trén su hién dién/véng mat loai, vdi gid tri tr 0 (tuong d@)ng hoan toan) dén 1
(khac biét tuyét d6i) (Jaccard, 1901).

Chi sb khoang cach Jaccard dugc xac dinh theo cong thuc:

_ (b+c)x100 (213)

J (a +b+c)
Tiong do: a la 56 lwong loai hign dién chung cho ca hai mau; b la s6 lwong loai chi hién dién
trong mau dau tién; ¢ Ia s6 lwong lodi chi hién dién trong mau thir hai.
Phan cum Ward.D2 duogc ap dung nham nhom céc dai d6 cao va do dbc co thanh
phan loai twong dong, bang cach téi thiéu hoa tong phuwong sai ndi nhém (WSS), tao
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su dong nhat trong ting cum va sy khac biét 1 giita cac cum (Murtagh & Legendre,
2014; Oksanen et al., 2020).

NMDS duoc sir dung dé tryc quan hoa sy bién dong thanh phan loai giita cac 6
mAu trén co s& ma tran khoang cach Jaccard, dic biét phu hop véi dit liéu phi tuyén
tinh hodc khong tuan theo phan phdi chuan (Oksanen et al., 2017).

Toan bd qua trinh xtr Iy s6 liéu duoc thyuc hién trén RStudio véi gb1 vegan .

i
[

Diéu tra & mau thue dia

Tém tét qua trinh phan tich da dang sinh hoc duogc thé hién tai Hinh 2.10

Google Earth
Engine
oy —
ArcGis
Hiéu chinh va
bién tip ban dé

J ¥

Ban 46 46 déc, dé
cao, hidng phoi, 4

pH dit_

Phin tich da dang sinh hoc

S6 ligu thye dia

v Y .

e N N N
Vegan package va Biodiversity Vegan package va metaMDS Vegan package
R stuido 4.4.0 R stuido 4.4.0 R stuido 4.4.0
T d H,D Dygccars NMDS
hS AN AN y

Hinh 2.10. So' d6 hoa qua trinh phan tich da dang sinh hoc
2.3.2.7. Dw bdo phén bé tiém ning ciia cdc loai TGOH theo cdc kich ban bién

doi khi hiu trong twong lai.

- M6 phéng phén bé tiém ndng ciia cdc lodi nghién civu theo cdc kich ban bién
doi khi héu

Thuat toan MaxEnt dugc lya chon dé xay dung mé hinh dy bao phan bd tiém
nang cta cac loai TGQH trong bdi canh bién doi khi hau. Pay la phuong phap duoc
str dung rong rii trong cac nghién ciru du bao phan bd loai nho kha ning xur 1y dit liéu
hién di€n mot cach hi€u qua va cho d6 tin cay cao (Phillips et al., 2008).

* Dif lidu dau vao

Dit liéu thye dia: Téng cong 584 diém hién dién dugc dinh vi bang GPS va tich
hop vao co so dit liéu GIS (428 diém thu thap mai két hop voi 156 diém tir cac nghién
cuu trude).

Dir liéu méi trwong: 10 bién sinh thai dugce chon loc thong qua phén tich
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Jackknife, gdm: nhiét do trung binh nim (Bio01), d6 dang nhiét (Bio03), bién thién
nhiét d6 theo mua (Bio04), lwgng mua trung binh nim (Biol2), luong mua quy 4m
nhat (Bio16), NDVI, hién trang tham phu rimg, d6 dbc, do cao va pH dit.

Dit liéu khi hdu twong lai: Luan an st dyng hai mo hinh khi hau toan cau EC-
Earth3-Veg va HadGEM3-GC31-LL thuoc CMIP6, theo kich ban phat thai cao SSP5-
8.5, cho bén giai doan: 2021-2040, 2041-2060, 2061-2080 va 2081-2100. Hai mo
hinh nay dugc lya chon vi ¢6 hiéu suat cao trong mé phong khi hau Pong Nam A va
da dugc Umg dung rong rai trong cac nghién ctru tac dong khi hau (O’Neill et al.,
2016). Pong thoi, Pham Hung va cong su (2024) ciing khang dinh tinh phu hop cia
chung trong mé phong lwong mua va nhiét do tai luu vuc thuong ngudn séng Pong
Nai — khu vuc bao gdbm VQG Ta Pung.

Viéc wu tién kich ban cuc doan SSP5-8.5 nham muc tiéu danh gid muc do ton
thuong 16n nhét c6 thé xay ra ddi véi sinh canh va cac loai TGQH, tir 46 xay dung
cac giai phap thich ing mang tinh phong ngtra. Cac kich ban nhe hon (SSP1-2.6,
SSP2-4.5) khong duoc sir dung trong nghién ciru nay do chua phan anh day du rui ro
trong diéu kién khi hau tuwong lai (Hausfather & Peters, 2020).

* Thiét Idp va ddnh gid mé hinh

Mo hinh dugce trién khai trong RStudio véi 700 vong lap, 4p dung phuong phap
xac thuc chéo k-fold (k = 10). Dt li€u hién dién dugc chia theo ty 1€ 70:30 (408 diém
huén luyén, 176 diém kiém dinh) (Mousazade et al., 2019). Hiéu suit dugc danh gia
bang chi s6 AUC va khoang tin cdy, trong 6 mé hinh duoc coi 1a dang tin cay khi
AUC >= 0,7 va khoang tin cdy 95% (Phillips et al., 2008).

* Phdn loai ving phén bé tiém nang theo cdc kich ban bién doi khi hdu

Trong phan tich tac dong clia bién d6i khi hau dén phan bo loai, mé hinh SDMs
st dung thuat toan MaxEnt cung cép mot dai lién tuc céc gia tri xac suit tr 0 dén 1,
phan anh muc d phu hop sinh canh tai ting vi tri khong gian (Liu et al., 2005).

Khac véi tng dung khao sat thuc dia, noi can thiét 1ap ngudng tir 0,21 - 0,89 dé
t6i uu hoa viéc xac dinh vi tri o su xuat hién loai, viéc phan tich cac kich ban bién
d6i khi hau phai giit nguyén toan bo phd gia tri nay nham danh gia mot cach toan dién
xu huéng thay d6i sinh canh trong tuong lai. Trén co so d6, ving phan b tiém ning
dugc phan loai thanh bon murc @6 phu hop sinh thai: khong ph hop (< 0,25), phi hop
thip (0,25-0,5), phu hop trung binh (0,5-0,75) va phu hop cao (0,75-1).

Céc phan mém ArcGIS va QGIS duoc sir dung dé hiéu chinh ban d6 va thyc hién
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céc phan tich khong gian chi tiét.
Dé lam 13 sy khac biét giira hai huéng tiép can mo hinh hoa phan b loai, Bang
2.4 trinh bay sy so sanh vé myc dich sir dung, ngudn dit liéu va phuong phap giita mo

hinh SDMs h trg khao sat thuc dia va mé hinh du bao phan b6 loai theo céc kich ban

bién d6i khi hau.

Béang 2.4. So sanh mo hinh SDMs khao sat thuce dia va SDMs theo kich ban khi hau

b tiém nang hién tai, tir d6
dinh hudéng khao sat thuc
dia hiéu qua

Tiéu chi SDMs hé trg diéu tra SDMs theo cac kich ban bién
khio sat thue dia d6i khi hau
Muc dich sir dung | Hd tro xac dinh ving phan | M6 phong su thay d6i phan b loai

trong twong lai theo kich ban khi
hau

Dir liéu moi truong

10 bién sinh thai BioOl,
Bio03, Bio04, Biol2,
Biol6, NDVI, hién trang
tham pha rimg, d6 doc, do
cao va pH dat

10 bién sinh thai Bio0Ol, Bio03,
Bio04, Biol2, Biol6, NDVI, hién
trang tham phu rimg, d6 doc, do
cao va pH dat

Dir lieu thuce dia

156 diém ké thura tir cac
nghién curu trude

584 diém bao gém 428 diém thu
thap méi két hop véi 156 diém tir
cac nghién cuu trudce

toan MaxEnt trong R

Hiéu suit danh gia bang
AUC (> 0,7) va khoang tin
cay 95%

Dir liéu khi hdu Khong st dung Hai mé hinh khi hau toan cau EC-

tuong lai Earth3-Veg va HadGEM3-GC31-
LL thudéc CMIP6, theo kich ban
phat thai cao SSP5-8.5 trong giai
doan 2021-2100

Phuwong phap M6 hinh SDMs v6i thudt | M6 hinh SDMs véi thuat todn

MaxEnt trong R
Hiéu sudt danh gia bang AUC (>
0,7) va khoang tin cdy 95%

2.3.2.8. Xdc dinh diém hotspots da dang sinh hoc va dé xudt gidi phdp bdo ton
cdac loai nghién cvu tai VQG Ta Dung.
- Xdc dinh cac diém hotspots vé da dang sinh hoc:

Céc diém hotspots da dang sinh hoc dugc x4c dinh thong qua phan tich chong
16p (overlay analysis) giita ban d6 phan bé tiém ning ciia loai, dit liéu hién trang tham
phu rimg, trang thai ring va muc do tic dong cua con ngudi (Nguyén T.T. Huong,
2022; Myers et al., 2000). Ban d6 hién trang tham pht rimng va trang thai rimg dong
vai tro 16p nén dé ddi chiéu véi két qua khao sat thyc dia, tir 46 nhan dién nhimg khu

vuc cO bién doi vé cau tric sinh thai.

64



Dit lidu vé murc d6 tac dong ciia con ngudi dugc thu thap bang phuong phap
két hop quan sat truc tiép va thao luan c6 sy tham gia cua ngudi dan cung can bd
VQG Ta Pung, nham tich hop tri thirc ban dia va kinh nghiém quan 1y thyc tién (Cam
nang nganh Lam nghiép, 2006). Mirc d6 tac dong tai cac 6 mau diéu tra duoc phin
thanh bdn cap:

Cép 1 — Khéng bi tac dong: Ring nguyén ven, chwa c6 du hiéu can thiép,
tham thuc vat 6n dinh, t?mg tan khép kin.

Cép 2 — Tac dong thap: Xuét hién can thiép nhe nhu 16i di nho, hai luom 1am
san phu, song chua lam thay ddi cu tric sinh canh; mat do cdy va do che phu van
duy tri cao.

Cép 3 — Tac dong trung binh: Rimng ¢ biéu hién suy giam cau tric véi ting
tan thua, nhiéu khoang tréng, su xuat hién cta loai xam l4n, va duong mon 16n.

Cép 4 — Tac dong cao: Khu vuc c6 mat do cay thap, xuat hién rig nghéo kiét
hodc dat tréng, kém theo dau hiéu chay rung hodc hoat dong nhan sinh manh.

Nhirng khu vuc vira c6 kha nang xuat hién loai cao (gia tri do phu hop sinh
thai > 0,5) vira chiu ap luc tac dong & muc 3 (trung binh) hodac murc 4 (cao) dugc xac
dinh 13 diém nong da dang sinh hoc, déng thoi 1a khu vue can duoc uu tién quan ly
va bao ton (Myers et al., 2000).

Quy trinh xtr Iy va phan tich dir liéu khong gian duoc thuc hién chu yéu trén
RStudio, két hop véi phan mém ArcGIS va QGIS dé bién tap va hiéu chinh ban db.
Céac thu vién chinh st dung gom: raster, sf. dismo, rJava, tidyverse, ggpubr,
rColorBrewer, va source("function.R").

- Dé xudt gidi phdp bdo ton cdc lodi nghién cieu tai VOG Ta Pung

Trén co s6 két qua nghién ctru, luan an da tong hop dit liéu, danh gia thuc trang
va tién hanh thao luan véi Ban Quan 1y cliing can bo k¥ thuat VQG Ta Pung dé dé
xuét cac giai phap bao ton va phat trién bén virng cac loai thuc vat TGQH. Cac giai
phap nay dugc xiy dung dua trén sy két hop giita bang chimg khoa hoc va kinh
nghi¢m thyuc tién dia phuong, nham dam bao tinh kha thi va phu hop voi diéu kién

sinh thai — xa hdi cua khu vuc nghién ctru.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Phan loai va xdy dung ban dd trang thai rirng dwa vao anh vé tinh.
3.1.1. Tién xir Iy danh vé tinh va tao mt ng rirng.

Trong nghién ctru ndy, dit liéu vién tham dugc sir dung dé xay dung ban dd
phan loai mirc d6 tic dong rimg tai VQG Ta Pung, cung cap co so dit liéu khong gian
phuc vu phan tich mé hinh phan bé loai (Xu et al., 2023).

3.1.1.1. Tién xir Iy anh vé tinh.

Sau khi loai bo cac canh c6 may che phu trén 30% va ap dung thuat toan mat
na may — bong may, tong cong 17 canh anh Sentinel-2A duoc chon dé to hop dir liéu.
Phuong phap t6 hop trung vi (median composite) dd giup 1am giam anh hudng cua
gia tri ngoai lai, gitip bé mat phan xa pho 6n dinh va “muot” hon.

Két qua cho thiy, dit liéu sau tién xtr 1y dat chat luong cao, véi ty 1& dién tich
bi che phit may con lai <5% va phan b chii yéu ¢ cac dinh ndi cao. Sai s6 hinh hoc
sau khi hiéu chinh va dong bo hoa cac canh anh nhé hon 0,5 pixel, ddp ing yéu cau
cho céc phén tich phan loai va mé hinh hoa tiép theo.

Déi voi dir liéu phd, sau bang chinh (B2, B3, B4, B8, B11, B12) da duoc tai
tao dong nhat & do phan giai 10 m, tao diéu kién thuan loi cho viéc phan loai chi tiét
d6i twong rimg va cac 16p tham phu khac. Chi s6 NDVI dugc tinh toan cho ca hai
mua, thé hién 1o su khac biét phan xa gifra tham thyc vat va cac doi tuong khong cé
thue vat.

Ngoai ra, dit li€u dia hinh tr DEM (d0 cao, d0 déc) duogc tich hop, gitip mo ta
t6t hon sy bién doi khong gian trong diéu kién dia hinh phirc tap ctia Ta Pung. Cac
16p dir liéu ndy gép phan quan trong trong viéc nang cao d¢ tin cdy cta phan tich
khong gian (Gao et al., 2024) va hd tro giai thich cac két qua phan bd thuc vt trong
cac budc phan tich sau.

Dit liéu anh vién tham duoc tong hop theo tirng mua nghién ciru. Két qua xir
ly bang phuong phép lay gia tri trung binh cho thay cac tap anh dai dién thu dugc co
d6 on dinh pho cao va mirc nhidu thap hon dang ké so vé6i anh gdc. Hinh 3.1 minh
hoa su khéc biét gitta anh trudc va sau xur 1y, qua do thé hién rd hiéu qua cua budc to
hop trung binh trong viéc nang cao chat lwong dir liéu dau vao cho cac phan tich

tiép theo.
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Anh DEM Anh NDVI
Hinh 3.1. Xur ly anh v¢ tinh SE- 2A cia VQG Ta Dung

3.1.1.2. Két qua xdy dwng mdt na rieng dé phan tich rieng tw nhién.

Viéc tach rirng tu nhién ra khoi céac loai hinh str dung dat khac 1a bude quan trong
trong nghién ctru, boi céc loai cay gb quy hiém, déi twong chinh cua luan an, chi yéu
phan b trong hé sinh thai rimg tu nhién. Néu khong loai bo cac khu vuc khac nhu
rimg trong, dat nong nghiép, khu dan cu hay dat tréng, két qua phan loai va du bao
phan b loai c6 thé bi nhidu va dan t&i sai léch trong danh gia sinh thai. Do dé, 16p
mat na rung tu nhién dong vai trdo nhu mot bo loc khong gian, giap khoanh ving pham
vi sinh canh tiém ning, dong thdi nang cao dd tin cay cho cac phan tich tiép theo.

Két qua phan loai nhi phan (rirng/khéng rimg) cho thiy dién tich rirng tu nhién
dugc tach biét rd rang voi cac loai hinh khic nhu ring trong, dat nong nghiép, khu
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dan cu va dét tréng. Sau budce hau xir Iy (loc da sd, lap 16 nho), ban d6 mit na rimg
c6 tinh lién tuc cao, han ché duoc hién trgng nhidu 16m dém thuong gip trong phin
loai anh vién tham. Hinh 3.2 va Hinh 3.3 minh hoa két qua phan tach khu vuc thanh
2 16p phu riéng biét 1a c6 rung tu nhién (rirng) va khong co6 rung ty nhién (khong
rimg). Dua trén két qua nay, thong ké dién tich cho thiy tong dién tich tu nhién tai
VQG Ta Pung 1 21.977,42 ha, trong d6 dién tich rimg ty nhién chiém 17.261,97 ha
(78,54%), con lai dién tich khong c6 rimg tu nhién chiém 4.715,45 ha (21,46%). Pay

1a 16p dir liéu dau vao can thiét dé xay dung bd miu phan loai va phuc vu cho cac

phan tich tiép theo.
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430000

Hinh 3.2. Bén do phén tich rimg tai VQG Ta Pung va dién tich (ha) tirng 16p phi

Véi ty 1& rimg chiém 78,54%, phan 16n dién tich ring & trung tdm va phia Pong Bic
tao nén sinh canh 6n dinh, thun loi cho sy ton tai va phat trién ctia nhiéu nhom loai,
dac biét 1a cac loai TGQH. Nguoc lai, & cac khu vuc ven ring va phia Tay, noi dat
khong c6 rimg con chiém ty 1& dang ké, su phan bd cua nhiéu loai quy hiém bi thu hep
va chiu rdii ro cao hon do ap luc khai thac va bién d6i sinh canh. Diéu nay cho thay viéc
bao vé cac ving c6 rimg va phuc hoi dién tich khong rimg c6 ¥ nghia ddi vé6i duy tri

quan thé va mo rdng sinh canh cia nhom loai TGQH.
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Hinh 3.3. Mt na rirng tu nhién VQG Ta Dung
3.1.2. Phén logi, dinh gid két qud phan logi va xdy dwng bin do trang
thdi riurng
3.1.2.1. Xdy dung by méu gidi dodn.

Téng cong 600 diém mau (Hinh 3.4) da duoc thu thap va sir dung trong qua
trinh phén loai trang thai rimg, bao gdm ba 16p: rimg bi tac dong it, rimg bi tac dong
trung binh va rung bi tdc dong manh. Trong do, 390 diém (65%) dugc dung lam dit licu
huén luyén cho thuét toan phéan loai SVM, va 210 diém con lai (35%) duogc st dung dé
kiém dinh d6 chinh xac ctia mé hinh. Dit liéu dugc phan chia theo phuwong phap ngiu
nhién c6 kiém soat, dam bao sy phan bd dong déu va dai dién cho ting 16p tham phu
trong pham vi nghién ctru (Rana et al., 2021). Hinh 3.4 minh hoa vi tri mot s6 khu vuc
1dy mau, trong khi Bang 3.1 tom tat két qua ddi chiéu diém mau thyc dia voi dic trung

trén cac loai anh.

PHUC THO

Hinh 3.4. So' @6 phén bd cic diém miu phan loai
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Biang 3.1. Pic diém nhin dang cac trang thai rirng trén anh

Lop | Trang thai
STT Mo ta SE-2A PlanetScope Google Earth
phu rirng

Mau xanh dam,
. . dong nhit; tin
Riung bi | rimg day, phu kin
1 , R , va lién mach. Mitrc
tac dong it d6 gb ghé cao do
tan cady tu nhién
xen tang

Mau xanh nhat
Rung bi | xen 1an nau; xuat
] L hién cac khoang
2 | Co tac dong tréng nho. Muc do
gd ghé trung binh
do c6 sy dut gay
nhe trong tan

rung | trung binh

Mau xanh nhat
pha nau nhat; tan
rung khong lién
tuc, nhiéu ving
3 tac dong tréng 1o rét. Muc
do go ghe thap, be
manh mat  twong ddi
phing do mét 16p
tan cao, rung bi
phén manh

Rung bi

Mau nau vang
dong déu, khong
c6 diac diém thuc
4 Khéng rimg vAt ndi bat. B mat
bang phang hoac it
gd ghé, dic trung
cho dat tréng,
nong nghi¢p

Chu thich:

Rirng bi tac dong it: La cdc dién tich rung cé do tan che khoang 0,6-0,8; cdu triic khd 6n dinh voi 3-5
tang phdn biét o, s6 heong cdy ¢6 dwong kinh 16n nhiéu.

Rirng bi tdc dong trung binh: La cdc dién tich ¢é cdu tric twong doi on dinh, ciing tieong tir nhie rimg bi tdc
dong it song cdc chi tiéu khdc déu thap hon, nhie @9 tan che quan sat khodng tir 0,5-0,6.

Rirng bi tdc dong manh: La cdc dién tich ¢é day leo nhiéu, cdu tric bi phd vé, rdt it cdy cé dwong kinh
lom, thuong xen voi 16 6, d@b tan che ph(f bién 0,3-0,4.

Pt khdc: Cac dién tich nhw dit nong nghi{ép, dat trong, mat mede, dit 6 rimg trong chiea thanh rimg.

3.1.2.2. Phan loai va xdy dung bdn do trang thai ring theo cdac mirc do tac dong
Dudi mat na rung ty nhién, qua trinh phan loai cac trang thai rung theo cac
muc do tdc dong duoc thuc hién. St dung mo6 hinh SVM duoc huén luyén nhiéu lan
thong qua ky thuat thim dinh chéo 10 1an (10-fold cross-validation), két hop véi Grid
Search dé danh gia tat ca to hop cia cac gia tri:
Cost (C): {271,29,21, ..., 28} twong duong {0.5, 1,2, 4, 8, 16, 32, 64, 128, 256}
Gamma (y): tir 0,1 dén 2 voi bude nhay 0,1
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Két qua, t6 hop tot nhat dat duoc tai C = 28=256 va y = 1, v6i Classification
Error = 0,055, twrong duong dd chinh xéac 94,5%. (Bang 3.2).

Gamma (y)
20191817 161514131211 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

Hiéu Suat M6 Hinh SVM Theo Cost (C) V& Gamma (y)
; So sénh Accuracy (%) gilta cac t hop C va Gamma tot nhét
-+ 0057 [EEKSUCENNSPERMMNEIINN 0066 0066 0056 9.6 '
- 0052 0.147 0133 0.071 0.068 0.068 0.080 3 g 014
0111 0.064 0.079 0.087 0.096 0070 0,10 94.5%
0111 0,067 0.057 0.145 0.147 0.080 a4.5
- 0062 0141 0.076 0.081
0139 0110 0.142 0.059 0.070 0.055 0.083 012
0.132 0121 0.086 0.062 i @
008 0056 0081 0083 £ i %3 w3
H 8943
80102 3
i g é
g < u% 0%
0082 0061 0073 | 0093 L 942
0.092 0.072 0.062 0.084
. -0.08
‘ %1
0087 0059 !
| -
- -0.06 9.0 . - . - .
0,084 0,076 0106 €=256, y=1.0 (=64, y=1.0 C=128,y=09 C=128,y=1.1 C=64,y=1.1
0059 0084 0085 0140 Ta hop C va Gamma
05 80 160 640 1280  256.0
Cost (C)
Parameter tuning of ‘svm’:
- sampling method: 10-fold cross validation
- best parameters:
cost gamma
256 1.0

Bang 3.2. Hiéu suiat md hinh SVM theo Cost (C) va Gamma (y)
Két qua danh gia do chinh xac phan loai trang thai rimg tai VQG Ta Pung bang
thuat toan SVM duoc thé hién tai Bang 3.3.
Bang 3.3. Danh gia d¢ chinh xac tung 16p phu trang thai rirng

Rirng bi Rirng bi Rirng bi User’s
SE-2A TD it ™D TB TD manh Tong Accuracy (%)
Rung bi TD it 92 3 5 100 92,0
Rung bi TP TB 3 50 7 60 83,3
Rimg bi TH 5 8 37 50 74,0
manh
Tong 100 61 49 210
Producer’s Overall Accuracy: 85,24%
Accuracy (%) 92,0 82,0 7553 Kappa Coefficient: 0,76

Két qua phan loai trang thai rimg tir anh SE-2A cho thay d6 chinh x4c tong thé
(OA) dat 85,24%, voi hé ) Kappa = 0,76, phan anh dd chinh xac phan loai dat dugc
kha cao. Trong ba 16p phan loai, 16p “Rimg bi tic dong manh” c6 d6 chinh xac thap
hon so v&i hai 16p con lai. Nguyén nhan chil yéu xuét phat tir sy bién dong 16n vé dic
trung quang pho trong cting mét 16p, khién mé hinh khé nhén dién duoc cac tin hiéu

6n dinh (Nguyen T.T. Huong, 2011). Diéu nay ciing cho thiy sy phtc tap cia viéc
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phan biét cac trang thai rung khi mirc do tac dong tao ra cac dang canh quan da dang
va chong 14n quang phd.

Tir két qua phan loai trén, ban d6 tham phu di duogc bién tap nhu Hinh 3.5 va théng
ké dién tich cta céc loai tham phu dugc trinh bay trong Bang 3.4.
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Hinh 3.5. Ban d6 tham phii rimg VQG Ti Dung
Bang 3.4. Thong ké dién tich 16p phii trang thai ring

SE-2A
STT | Phan loai thim phii rimg D“f;l‘at)‘c“ TV 18 (%)
1 | Rung bi tac dong it 10.629,72 62%

Rurng bi tac dong trung
binh

3 | Rung bi tdc dong manh 3.111,37 18%

3.520,88 20%

Téng cong 17.261,97 |  100%
Két qua phan loai trang thai dudi mat na ring cho thiy trong tong dién tich

rung ty nhién voi 17.261,97 ha, rung it bi tdc dong chiém 62%, rung bi tdc dong trung
binh chiém 20% va rimg bi tic dong manh chiém 18%. Phan bd khong gian cho thiy
rimg it bi tac dong tap trung chu yéu tai khu vuc 18i cia VQG, phan anh tinh nguyén
ven cao hon, trong khi cac dién tich rirng bi tdc dong manh thuong xuét hién & vung

ria rung hodc cac khu vuc tiép gidp voi dat ndong nghi€p, noi chiu ap luc 16m hon tur
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hoat dong cua con nguoi.

Ban d6 trang thai ring phan theo mutrc do tac dong (it tac dong, tac dong trung
binh, tic dong manh) trong két qua nay duoc sir dung trong phan tich chong 16p nham
xé4c dinh céac diém hotspots vé da dang sinh hoc; trong khi d6 ban dd hién trang tham
phi rimg (Phu luc 16) ké thira tir nghién ctru cia Nguyén Thi Thanh Huong va cong su
(2024) duoc st dung nhu 16p dir liéu dau vao dé xay dung mé hinh SDMs.

3.2. Ung dung mé hinh SDMs dé x4c dinh ving sinh thai tiém niing, hd tro diéu
tra khao sat thuc dia.
3.2.1. Xdy dung co s¢ dit liéu ddu vao phuc vu mé hinh héa SDMs.
3.2.1.1. Bién sinh thdi va khi hiu.
- Bién sinh thdi

Téng cong 6 16p dit liéu sinh thai dugc st dung, bao gém: do dbe, @6 cao, hudng
phoi, chi s6 NDVI, pH dat va hién trang tham phu rimg. Céc 16p dit liéu nay da duoc
chuan hoa, xir 1y va quy chiéu vé ciing hé toa d6 dé dam bao tinh dong b khi tich hop
vao md hinh SDMs cho céc loai nghién ciru tai VQG Ta Pung. Két qua xir Iy va phan

bb khong gian cua cac bién duoc thé hién trong Hinh 3.6.

Bién dia hinh
(d9 doc, do cao,
hudng photi)

a) Do cao b) bo doc c) Huong phoi

Bién NDVI va

pH dét w’ " ..ﬁ;-'“;'"; ', i

a) NDVI b) pH dit

Bién hién trang
tham phu rung
(sir dung tir két
qua nghién cuu
khac tai khu
vuc)

MN: mit nudc; DT: dat trong; DT2: dat trong
¢b cay tai sinh; NN: dat nong nghlep, LOO:
tre, nira, 16 6; HG2: hdn giao tre, nua, 16 6 véi
cdy gb; HG1: hdn giao cay gd véi tre, nira, 10
0; LK: Rung 14 rong va 1a kim; TXthua: rung
thuong xanh thua; TXday: rung thuong xanh
day dic; RT: rimg trong

Hinh 3.6. Dit li¢u bién dia hinh, NDVI, pH dit va hi¢n trang tham phi rirng

- Bién khi hdu
B dir liéu khi hau bao gdm 19 bién chuin héa (Bio01-Bio19), phan anh cac
dic trung vé nhiét d6 va luong mua theo thang, quy va trung binh nim. Py 14 nhiing
bién chinh thuong duoc str dung trong cac nghién ctiru du bao phan bd loai. Chi tiét
tirng bién khi hau duogc trinh bay trong Bang 3.5 va phan bd khong gian dugc minh
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Bang 3.5. M ti cAc bién khi hau tai VQG Ta Dung

i

»»»»»»»

_we2.1_30s_bio_05

= 7

wc2.1_30s_bio_06

wc2.1_30s_bio_08

,,,,,,

wc2.1_30s_bio_10 wc2.1_30s_bio_11

......

= alia = aw e
N i 2
i l H ij_" § l
i -~ I L

p B T S

Bién | Ponvi | Thip nhiat | Cao nhat Bién khi hiau

Bio01 °C 16,0 22,5 Nhiét do trung binh hang nam

Bio02 °C 8,1 9,6 Pham vi trung binh ngay

Bio03 % 60,5 65,3 Do dang nhiét

Bio04 °C 98,0 140,0 Nhiét d6 theo mua

Bio05 °C 22,5 28,9 Nhiét d6 toi da cua thang 4m nhat

Bio06 °C 8,6 15,5 Nhiét d6 toi thiéu ctia thang lanh nhat

Bio07 °C 13,2 14,8 Pham vi nhiét d0 hang nam

Bio08 °C 16,4 22,9 Nhiét d6 trung binh ctia quy 4m nhat

Bio09 °C 14,7 20,6 Nhiét d6 trung binh cta quy kho nhat

Biol0 °C 17,2 23,9 Nhiét dg trung binh cia quy néng nhét

Bioll °C 14,7 20,6 Nhiét d6 trung binh cta quy lanh nhét

Biol2 Mm 1715 2093 Luong mua hang nam

Biol3 Mm 274 335 Luong mua ctia thang 4m nhat

Biol4 Mm 9 15 Luong mua ctia thang kho nhat

Biol5 % 66 69,3 Luong mua theo mua

Biol6 Mm 764 960 Luong mua ciia quy 4m nhat

Biol7 Mm 63 81 Luong mua ctia quy kho nhat

Biol8 Mm 508 640 Luong mua ciia quy nong nhat

Biol9 Mm 63 81 Luong mua ciia quy lanh nhat
(Nguon: World Clim 2.1)

wc2 1_30s_bio_13 wc2.1_30s_bio_14 wc2.1_30s_bio_15

xxxxx oho Longhute Longeads

wc2.1_30s_bio_16 wc2.1_30s_bio_17 we2.1_30s_bio_18

...........

w021 _30s_bio_19

.b.

Hinh 3.7. Céc bién khi hiu tai VQG Ta Pung (Nguén: World Clim 2.1)

3.2.1.2. Dit liéu vé diém hién dién ciia cdc loai nghién cvru.

Dé dinh hudng khao sat thuc dja, nghién ctru di tng dung mé hinh SDMs véi
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thuat toan MaxEnt nhu mot bude tién khao sat nham thiét ké hé théng 6 mau mot
cach hi¢u qua va tiét kiém nguén luc. BO dit liéu dau vao gém 156 diém hién dién cua
cac loai nghién ctru, duoc st dung tir du an PEER va dé tai cip Bo B2019-TTN-02.
Céc diém nay phan b trén nhiéu dang sinh canh khac nhau trong ranh gi¢i VQG Ta
bung, phan anh tinh dai dién cho sy da dang diéu kién sinh thai cua khu vuec. Tap dix
liéu nay dong vai trd nén tang cho viéc huin luyén mé hinh MaxEnt, tir d6 xay dung
ban do du bao ving phan bd tiém ning. Phan bd khong gian cua cac diém hién dién
duoc thé hién tai Hinh 3.8.

Vi tri ghi nhan mét sé loai than gé quy hiém tai VQG Ta Bung

1325000N

1320000N

1315000N

Chu giai
— Giao théng
— 86ng subi
Buong binh do
[ Tiéu khu
biém ghi nhén loai
Cép cao o (m)
8 600 - 800
800 - 1000
1000 - 1200
B 7200 - 1400
. > 1400

1310000N

1305000N

430000E 435000 440000E 4450008 450000 455000 460000E
Ty & 1100.000

Hinh 3.8. Vi tri ghi nhan cic loai nghién ciru tai VQG Ta Dung
3.2.2. Phén tich mirc d¢ da céng tuyén ciia cdc bién div liéu.

Trong nghién ciru ndy, phan tich twong quan Pearson duoc sir dung dé sang
loc cac bién c6 hé s6 twong quan cao (|| > 0,85), trong khi phan cum thtr bac
(Hierarchical Clustering) duoc sir dung dé nhém cac bién c6 mdi twong quan lai
v6i nhau va phan tich thanh phan chinh (PCA) duoc 4p dung d¢ lua chon tap bién
dai dién c6 y nghia sinh thai.
3.2.2.1. Phan tich twong quan Pearson

Két qua phan tich chi tiét twong quan Pearson duoc trinh bay trong Hinh 3.9
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Hinh 3.9. Két qua phan tich twong quan Pearson

Ghi chii: Bio0l: Nhiét dj trung binh hang nam; Bio02: Pham vi trung binh ngay; Bio03: Pdang nhiét (¢ dang
nhiét); Bio04: Nhiét do theo mua; Bio05: Nhiét do 16i da ciia thang am nhat; Bio06: Nhiét do t6i thiéu cia
thang lanh nhét; Bio07: Pham vi nhiét do hang nam; Bio08: Nhiét do trung binh cua quy am nhdt; Bio09:
Nhiét @3 trung binh ciia quy khé nhat; Biol0: Nhiét do trung binh ciia quy néng nhat; Bioll: Nhiét dg trung
binh cia quy lanh nhat; Biol2:Lwong mwa hang nam, Biol3: Lwong mwa cua thang dm wét nhat; Biol4:
Luwong mua ciia thang khé han nhat; Biol5: Lwong mua theo mia; Biol6: Lirong mira ciia quy dm nhdt; Biol7:
Lirong muea ciia quy khé nhat; Biol8: Liong mua ciia Quy néng nhat; Biol9: Lwong miea ciia quy lanh nhdt;
Aspect: Huéng phoizelev: P cao; Slope: P doc; Hientrang:Logi hinh tham phui; soil-pH: pH ddat; NDVI; chi
56 thuc vit NDVI.

Ma tran tuong quan Pearson phan anh mirc d6 lién hé tuyén tinh giita ting cip
bién, v6i hé s r dao dong tir -1 (nghich bién hoan toan) dén +1 (thudn bién hoan
toan), trong khi r = 0 biéu thi khong c6 twong quan.

Két qua phan tich tuong quan tai Hinh 3.9 cho thiy céc bién khi hau (cac bién
“Bi0”) ¢6 xu hudng twong quan manh véi nhau; nhiéu cap bién dat hé s6 tuong quan
tuyét dbi 16n hon 0,7, phan anh sy déng bién rd rét gilra cac yéu t6 nhiét do va luong
mua. Vi dy, Bio08 va Biol0 c6 twong quan thuan rét cao (r — +1), trong khi Biol2
va Bio04 thé hién mbi twong quan nghich manh (r = -0,9). Tréi lai, cac bién dia hinh
— sinh thai nhu d6 cao (Elev), d6 déc (Slope), NDVI, va pH dit (Soil pH) nhin chung
c6 mdi twong quan yéu dén trung binh v6i nhom bién khi hau, cho thiy ching cung
cap thong tin bd sung doc 1ap cho mé hinh. M6t s6 quan hé nhu: NDVI ¢6 twong quan
trung binh v6i 16p hién trang tham phu rung (r = 0,5); d0 cao (Elev) c¢6 twong quan
thuan véi Biol6 (r = 0,8) va nghich v6i Biol7 (r = -0,5), phan anh anh hudng cua dia

hinh dén phan bd luong mua; pH dét co twong quan rat thip hodc nghich nhe vdi cac
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bién khi hau nhu Bio02 va Bio03.

Céac mbi quan hé trén déu dat mirc ¥ nghia thong ké p <0,05, dam bao do tin
cay cta két qua. Trén co s& nay, nhitng bién c6 twong quan cao (|r|>0,85) duoc gop
nhém nhim giam thiéu hién twong da cong tuyén. Tuy nhién, vi Pearson chi phan anh
moi lién hé tuyén tinh timg cip, nén nghién ctru tiép tuc str dung phan tich phan cum
thr bac nham xac dinh cdc nhom bién c6 mdi lién hé chit ché. Két qua thé hién ¢ so
d6 Hinh 3.10.

Hierarchical Clustering Dendrogram tir ma tran tuong quan Pearson
1.4

Khoang cach (1 - |r])
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Hinh 3.10. So @0 phan cum thir biac (Hierarchical Clustering) cac nhém bién

Két qua phan cum thir bic cho thiy sy phan héa giira cac nhém bién méi truong
va duoc chia thanh ba nhém chinh dua trén mic do tuong quan gitra chung nhu sau:

+ Nhom 1 bao gém céc bién nhiét d6 nhu Bio 01, Bio 05, Bio 06, Bio 08,
Bio 09, Bio 10, Bio_11, Hiéntrang va elev la nhitng bién lién quan dén nhiét do trung
binh, cuc dai, cuc tiéu va mua néng. H¢ sb tuong quan ndi nhom kha cao véi || >
0,85 cho thay cac bién ndy mang thong tin sinh thdi gan nhu twong ty nhau. Trong
bdi canh xay dung mo hinh phan bd loai, viéc gitr lai toan b cac bién nay l1a khong
can thiét, ma nén luya chon cac bién dai dién c6 y nghia sinh thai cao nhat (Xue et al.,
2024; Schober et al., 2018).

+ Nhom 2 gdm céc bién phan anh su bién dong nhiét d6 nhu Bio 02, Bio 03,
Bio 04, Bio 07 clng véi chi s6 NDVI. Mbi lién hé chit ch& trong nhom nay cho thay
ctia sy bién thién khi hau anh huéng dén tham thuc vat.

+ Nhom 3 14 t6 hop da yéu td, bao gdm cac bién dja hinh (elev, Slope, Aspect),
dat (soi_pH) va cac bién khi hau nhu Bio 12 dén Bio 19. Sy két ni giira cac yéu to

nay cho thay tinh tuwong tac phirc tap gitta diéu kién dia hinh — dat dai va khi hau. Viéc
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cac yéu to nhu Slope, Aspect, va soi_pH cung thuéc mot nhanh cho thay vai trd nén
tang cta dia hinh va tinh chat dat dbi voi phan bd loai.

Nhitng phan nhom trén gitp lam rd moi quan hé sinh théi giita cac yéu té khi
hau, dia hinh va tham thuc vat tai khu vuc nghién ctru. Cach tiép can nay tuong dff)ng
v6i nghién ctru cua Farag & Shabbara (2022) khi mé ta phan b cua loai Funaria
hygrometrica ¢ Ai cap. Céc tic gia ndy di 4p dung phan tich trong quan Pearson két
hop véi phan cum dé lua chon cac bién dai dién, qua do gitr lai cac bién c6 mirc anh
huong 16n nhu Bio01, Bio03, Bio06, Bio08, Bio09 va Bioll, dia hinh, hién trang
tham phu rung.

3.2.2.2. Phén tich thanh phan chinh — PCA.

Sau khi phan nhom cac bién méi truong bang phuong phap phan cum thi bac,
nghién ctru tiép tuc 4p dung phan tich PCA nham lua chon tap bién dai dién cho timg
nhom, vira giam thiéu hién tuong da cong tuyén, vira giit lai cac bién cd y nghia sinh
thai cao (Schober et al., 2018).

Két qua PCA (Hinh 3.11) cho thiy phan 16n sy khac biét trong dit liéu duoc
giai thich bai hai yéu t6 chinh: i) khi hau — dat dai (Dim1) va ii) dia hinh — tham thuc
vat (Dim2). Dim1 chiém 59,1% phan anh anh hudng cta khi hau va dat dai, trong khi
Dim2 chiém 16,9%, lién quan dén dia hinh va tham thuc vat. Téng cong, hai yéu td
nay da giai thich dén 76% su bién thién trong dit liéu. Piéu d6 cho thiy phan 16n

thong tin quan trong da dugc tom lugce trong hai truc chinh nay.

Variables - PCA

Dim2 (16.9%)

Dim1 (59.1%)
Hinh 3.11. Két qua phan tich PCA
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Quan sat hinh trén (Hinh 3.11) cho thy cac bién nhu Biol9, Biol8, Biol6,
Biol4, Biol3, Biol12, NDVI, Elev va Soil pH c6 vector dai va nam gﬁn chu vi dd thi,
phan &nh muc d§ dong gop 1on vao phuong sai dit liéu va c6 vai tro chinh trong viéc
giai thich su phan b loai. Nguoc lai, cac bién nhu Slope va Aspect c6 vector ngan,
cho thiy mirc déng gop thap hon.

Trén co s két qua phan tich twong quan Pearson, phan cum thir bic va PCA,
tlr 25 bién mdi truong ban dau, nghién ctru da sang loc va lya chon dugc 16 bién dai
dién (loai bé 9 bién co6 cong tuyén cao hodc dong gop thap) dé dua vao phan tich
Jackknife nham kiém tra mirc do dong gop cia timg bién ddi v6i mo hinh SDMs. 16
bién nay duoc chia thanh cic nhom nhu sau:

+ Nhom bién khi hdu (10 bién): Bao gom cac yéu t6 lién quan dén nhiét do,
lurgng mua va bién dong khi hau theo muia, gdm c6: Biol9 (Luong mua cua quy lanh
nhat); Biol6 (Lwong mua cia quy 4m nhat); Biol4 (Luong mua cua thang kho nhat);
Biol3 (Luong mua cua thang 4m nhat); Biol2 (Luong mua hang nim); Bio07 (Pham
vi nhiét 46 hang nim); Bio04 (Nhiét do theo mua); Bio 03 (D6 dang nhiét); Bio02
(Pham vi trung binh ngay); Bio01 (Nhiét d¢ trung binh hang nam).

+ Nhém dia hinh va tham thuc vt gom 6 bién: Slope; Elev, Soil pH, Aspect,
Hientrang va NDVI.

Viéc Iyra chon bién theo huéng tich hop cac nhoém yéu té khi hau, dia hinh va
tham thyc vat khong chi gitp loai bo cac bién du thira ma con gop phan ning cao y
nghia sinh thai va hiéu suat du bao ctia mé hinh SDMs. Céch tiép can ndy phan anh xu
hudng twong ty voi két qua ctia Zangiabadi va cong sy (2021) trong nghién ctru vé loai
Prunus eburnea tai Iran, khi phan tich PCA cho thidy mo hinh str dung dong thoi cac
bién khi hau, dia hinh va tham thuc vat dat d6 chinh x4c cao hon (AUC = 0,93-0,94)
so v&i cac mo hinh chi stir dung bién khi hau (AUC = 0,80-0,90). Tuong tu, Mahmoud
va cong sy (2025) khi xay dung SDMs cho ba loai ban dia vung DPia Trung Hai cling
nhan dinh rang viéc tich hop thém céc chi s vién tham nhu NDVI sé& giup nang cao
hiéu qua du bao so voi md hinh don bién, cho thay gia tri cua cach tiép can da yéu td
trong nghién ciru phan bd loai.

Tom lai, nghién ctru di 1an lugt loai bo cac bién da cong tuyén bang phan tich
Pearson, nhom cac bién c¢6 quan h¢ chdt ché qua phan cum thr bac va lya chon céac
bién dai dién bang PCA. Cach tiép cin nay vira dam bao giam thiéu tring lip théng

tin, vira gilr lai cac bién c6 y nghia sinh thai noi bat. Két qua, xac dinh duogc 16 bién
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moi trudng chinh, 1am co s& cho budc phan tich Jackknife tiép theo nham danh gia
murc do dong gop cua ting bién trong viéc xdy dung mé hinh SDMs.

3.2.2.3. Kiém tra mirc d¢ déng gop ciia cdc bién dir liéu vao viéc xdy dung
mé hinh SDMs.

Phuong phap Jackknife 1a mét cong cu phd bién dé danh gia tim quan trong
ctia cac bién moi trudong trong moé hinh SDMs (Zang et al., 2024). Phan tich nay cho
phép kiém tra kha ning du bao doc 14p cua tirng bién va muc suy giam hiéu suat khi
loai bo bién d6 khoi mé hinh. Nho vay, nghién ctru xac dinh dugc nhitng bién c6 anh
hudng chi phdi, dong thoi loai trir cac bién it y nghia, gop phan ning cao tinh khai
quat va doé tin cay cua mo hinh du bao.

Viéc theo ddi su thay d6i AUC khi loai bo timg bién gitp danh gia mac do
quan trong ctia bién ddi v6i moé hinh. Néu viéc loai bo mot bién lam AUC giam (ky
hi¢u D), bién d6 dugc xem 1a can thiét vi gop phén nang cao do chinh xéac. Nguoc lai,
néu AUC tang (ky hiéu U), bién d6 c6 thé gy nhiéu va nén dugc loai bo (Muscarella
et al., 2014; Elith et al., 2008). Két qua tai Bang 3.6 cho thay cac bién Bio 04, Slope,
Elev, Hién trang tham phu rimg, NDVI va Soil pH déu dong vai tro quan trong, vi khi
loai bo chiing dan dén sy suy giam dang ké gia tri AUC. Két qua nay twong dong voi
phat hién nghién ctru ctia Tesfamariam va cong su (2022) vé loai Podocarpus falcatus
tai Ethiopia, trong d6 cac bién dia hinh (Elev, Slope) ciing vi mot s6 bién khi hau
(Bio03, Bio04, Biol7-Bio19) duogc xac dinh 13 cac yéu t6 chi phdi hiéu suit ciia mo
hinh MaxEnt.

Bang 3.6. Xac dinh bién quan trong lam ting hoic giam AUC biang phuong
phap JackKnife

Loai

Variable

vu b/u|/b U |D |U |D | U|D|U|D|U|D|U|D|U|D]|U

Bio 01
Bio 02

Bio_03

Bio 04

Bio_07

Bio 12

Bio_13

Bio 14

Bio 16

Bio_19

Slope
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Loai

Aspect

Elev

D D

Hientrang

Ndvi

U |D

Solph

D

Ghi chi: aquicr: Aquilaria crassna (Tram hwong), canapi: Canarium littorale (Trdm ndu); cinnba:
Cinnamomum balansae (Xa xi),; dacrim: Dacrycarpus imbricatus (Thong nang); diptco: Dipterocarpus baudii
(Ddu baud ); diptha: Dipterocarpus hasseltii (Dau hasselt); trigove: Trigonobalanus verticillata (S6i ba canh);
querla: Quercus langbianensis.(Dé langbian); podone: Podocarpus neriifolius (Thong tre); rhodch:
Rhodoleia championii (Hong quang); Aspect: Hieong phoi; Slope: P¢ doc; Elev: Pj cao,; Hientrang: Hién
trang tham phii rieng; Nadvi: chi sé thiee vat ; Soilph: pH ddt); U: AUC tang; D: AUC gidm.

Béng 3.7 trinh bay hai chi s6 chinh dung dé danh gia vai tro cta cac bién moi
truong trong mo hinh SDMs bao gdm Percent Contribution (PC%) va Permutation
Importance (P1%). Trong d6, PC% phan anh mitc d6 dong goép cia bién trong qua
trinh huén luyén mé hinh, con PI% thé hién mutc do anh huong cta bién khi gié tri
ctia né bi hoan d6i ngau nhién. Viéc két hop ca hai chi s6 nay cho phép danh gia toan
dién ca ¥ nghia thong ké va gid tri sinh thai cia timg bién (Muscarella et al., 2014).

Két qua phan tich cho thay Bio04 (nhiét d6 theo mua) 1a bién chi phdi manh
mé nhat, v&i PC va PI rat cao ¢ nhiéu loai, chéng han Canarium littorale — Tram nau
(PC =52,9%, P1 =96,9%), canapi - Tram nau (PC = 52,9%, PI = 96,9%), cinnba - Xa
xi (PC=41,5%, P1=70,8%), querla - D¢ langbian (PC = 55,6%, PI =80,7%) va podone
- Théng tre (PC = 84,9%, PI=99,6%). Diéu nay cho thiy Bio04 co thé giir vai tro dang
ké trong viéc giai thich phan bd loai tai khu vuc nghién ctru.

Bén canh do, Bio03 (do déng nhiét) cling thé hién murc anh huong dang ké, voi
PC cao & aquicr - Tram huong (32,6%), diptha - Dau hasselt (39,8%, PI = 43,1%) va
trigove - S6i ba canh (44,7%, PI = 21,5%). Biol6 (lugng mua quy 4m nhat) déng vai
trd quan trong ddi vé6i diptco — Ddu baud (PC = 55,5%, PI = 64,2%) va trigove - SOi ba
canh (PC = 50,8%). Ngoai ra, Biol2 (Ivong mua hang nim) cho thdy anh hudng 1d &
aquicr - Tram huong (PI = 60%) va podone - Thong tre (PC = 47,2%), hd trg thém bang
chimg vé vai tro sinh thai ciia lugng mua. Bio01 (nhiét d9 trung binh nim) tuy it n6i
trdi nhung van co gid tri dang ké & dacrim — Thong nang (PC = 8,7%, P1 = 39,9%) va
querla - D¢ langbian (PC = 42,6%).

Trong nhom bién tham thyuc vat va dia hinh, NDVI gilr vai tro then chdt, dic
biét & aquicr - Tram huong (PC = 55,7%) va rhodch — Hong quang (PC = 33,9%, PI =
16,0%). Hién trang tham phu rimg ciing c¢6 PC dang ké & ¢ dacrim — Thong nang (PC

81

aquicr | Canapi | cinnba | dacrim | diptco | diptha | trigove | querla | podone | rhodch




=32,1%, PI = 29,2%). Céc yéu t6 dia hinh nhu Elev va Slope thé hién anh huéng &
mot s6 loai, vi du canapi - Tram nau (Elev: PC = 15,9%) va diptco — Dau baud (Slope:
PC = 12,1%), trong khi PI cta Elev & rhodch — Hong quang ciing dat 23,2%. Soil pH
tuy khong ndi bat nhung van dat PI = 12,7% ddi v6i rhodch — Hong quang, cho thay
vai tro bo sung nhét dinh trong mé hinh.

Téng hop két qua tir Bang 3.6 va Bang 3.7, nghién ctru lya chon 10 bién ¢o ¥
nghia sinh thai dé chay mé hinh du bao phan bd tiém ning, bao gém céc bién sau:
Bio01, Bi1003, Bio04, Bio12, Bio16, NDVI, hi¢n trang tham phu rung, do dbc, do cao
va pH dat. So véi cac nghién ctru trudc ddy, két qua cua luan an vira thé hién sy ké
thira vira ¢6 nhitng diém mo rong. Pinh Tién Tai va cong su (2020) khi phan tich phan
b6 loai X4 xi tai Bic Trung B va mién Bic Viét Nam da st dung chu yéu cac bién
khi hau (Bio02, Bio03, Bio04, Bio06) két hop véi bién d6 dbc va loai dat. Tuong tu,
Zang va cong su (2024) trong nghién ctru vé lodi Angelica dahurica & Trung Qudc
cling bo sung cac bién tham thuc vat, 46 doc, do cao va pH dat bén canh nhém bién
khi hau.

Diém khac biét trong nghién ctru hién tai la viéc tich hop déng thoi chi sb
NDVI va 16p hién trang tham phi rimng — hai bién dugc trich xuét truc tiép va phan
loai tir anh vién tham vao mé hinh SDMs bén canh céac bién khi hau va dia hinh truyén
théng. Phén tich cho thay, khi b6 sung NDVI, gia tri AUC tiang 1én, phan anh sy cai
thién trong kha niang phan biét gitta cac diém c6 va khong c6 su xuat hién loai. Két
qua nay nhat quan v6i nghién ctru ciia Schwager & Berg (2021), trong d6 NDVI ciing
duoc xac dinh 1a bién quan trong, giup nang gia tri AUC tir 0,96 1én 0,98; dong thoi
cac tac gia nhdn manh tinh wu viét ctia mod hinh da bién so voi don bién trong du béo
phan bd loai.

Tir nhitng so sanh nay c6 thé thiy, luan an khong chi ké thira cac cach tiép can
phé) bién vé st dung bién khi hau va dja hinh, ma con m& rong b%mg viéc tich hop
thém bién vién thim phan anh trang thai tham thyc vat. Pay 1a dong gop c6 ¥ nghia,
vira ning cao hiéu qua du bao vira gia ting gia trj sinh thai cia mé hinh, déng thoi
thé hién tinh méi trong nghién ctru lién quan dén nghién ctru vé thuc vat than gb

quy hiém.
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Bang 3.7. Két qua phén tich sw 4nh huéng ciia cac bién dén sw phan bd cia cac loai TGQH

Loai aquicr canapi cinnba dacrim diptco diptha trigove querla Podone rhodch
Variable | PC | PI | PC | PI |PC | PI | PC | PI | PC PI |[PC | PI [ PC | PI [ PC | PI |[PC  PI |PC PI
Bio 01 - -1 5,1 -1 3,0 - 871399 10,7 - - - - -1 42,6 | 85 - - - -
Bio 02 - - - - - - - - - - - - - - - - - - - -
Bio_03 32,6 -1 5,6 -1 49 -1 581194 10,2 731398 |43,1| 63 44,7 1,7 70| 03| 04| 5,2 21,5
Bio_04 - -152,9196,9 | 41,5 | 70,8 - - | 14,5 8,7 - -1 16,7 - 1556|807 849|996 | 0,1 5,5
Bio 07 - - - -1 63176 09| 94 - -1 L6 -1 0,2] 45 - - - -1 08 14,2
Bio_12 9,8 60| 12,4 -| 3,6 - | 15,8 - - - 123,0 - | 18,5 | 47,2 - - - - - -
Bio 13 09| 1,1 - -1 39| 65 - - - - - -1 2,3 - - - - - - -
Bio 14 - - - - - -1 3,1 -1 0,8 -121,6 -1 52| 3,7 - - - -| 16,0 -
Bio_16 1,0 | 25,6 | 3,7 - | 14,1 - | 28,8 -1 555 | 64,2 - -1 50,8 - - - - - - -
Bio 19 - - - -1 0,1 -1 09| 1,2 1,0 591 2,5|11,4 - - - -1 23 -1 6,1 6,9
Elev - - 159 3,1 (123 | 2,7 - - - -1 33 - - -1 0,1] 28 - - | 32,7 23,2
Slope - - - -1 0,7 -1 05| 04 32| 12,1 - - - - - - - - - -
Aspect - -| 4,4 - - -1 0,6 - - - - - - - - -1124 - - -
Hientrang - - - -1 7,0 -132,1292| 2,0 - - - - - - - - - - -
Ndvi 55,7 | 13,2 - - 2,1 1,9 28 - - -| 6,8|444 - - -1 1,0 - -1 33,9 16,0
Solph - - - -1 041 05 -1 0,51 20 L7 1,4 1,1 - - - - - -1 52 12,7

Ghi chb: aquicr: Aquilaria crassna (Tram hwong hay con goi la gié bau), canapi: Canarium littorale (Trdm ndu); cinnba: Cinnamomum balansae (Xa xi); dacrim:
Dacrycarpus imbricatus (Théng nang); diptco: Dipterocarpus baudii (Dau baud ); diptha: Dipterocarpus Hasseltii (Dau hasselt); trigove: Trigonobalanus verticillata
(Soi ba canh); querla: Quercus langbianensis.(Dé langbian); podone: Podocarpus neriifolius (Théng tre); rhodch: Rhodoleia championii (Hong quang); U: AUC
ting; D: AUC giam,; Aspect: Huéng phoi; Slope: D6 doc; Elev: P cao; Hientrang: Hién trang tham phii rimg,; Ndvi: chi s6 thuc vit ; Soilph: pH ddt); PC: Percent
Contribution — ti 18 dong gop; PI: Permutation Importance — TAm quan trong cua hoan vi
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3.2.3. M6 hinh héa viing sinh thdi tiém néng ciia cdc loai TGOH hé trg khdo st
thuc dia.

Sau khi lya chon dugc cac bién c6 y nghia sinh thai thong qua phan tich Pearson,
phan cum, PCA va Jackknife, budc tiép theo cua nghién ctru 1a mé hinh héa ving sinh
thai tiém nang cua cac loai TGQH nham hd trg dinh hudng khao sat thuc dia. M6 hinh
MaxEnt dugc thiét 1ap v6i 700 vong lap, ap dung xac thuc chéo k-fold (k = 10) dé nang
cao do tin cdy va giam thiéu sai 1éch trong qua trinh du bao.

Két qua md hinh SDMs hd tro khdo sat thuc dia dugc trinh bay tai Hinh 3.12,
trong d6 mdi loai TGQH dugc mo hinh hoa riéng biét, sau d6 chong 16p dé xay dung
ban d6 phan b tiém ning cua 10 loai tai khu vuc nghién ctru. Xac suit phan b thu duoc
dao dong tur 0,21 dén 0,89 va duoc phan thanh bon mirc d6 sinh canh dua theo nguong
phan loai cta Liu va cong su (2005), bao gém: khong phu hop (< 0,21), phu hop thap
(0,21-0,44), phu hop trung binh (0,44-0,67) va phu hop cao (0,67-0,89). Cach phan
loai nay vira ddm bdo loai trir cac vung khong cd y nghia sinh thai, vira tao co s¢ dinh
hudng thiét ké cac tuyén diéu tra thyc dia (Liu et al., 2005).

Panh gia hiéu suat mo hinh cho thiy gia tri AUC trung binh dat trén 0,7 v&i
khoang tin cay 1a 95% (Hinh 3.13). So v&i thang danh gia, két qua nghién ctru hién tai
dat & muc tot (White et al., 2023). Két qua nay twong dong véi nghién ciru ctia Tang va
cong su (2020) khi mo hinh héa phan bd loai Dendrobium tai Trung Qudc (AUC = 0,7),
dong thoi thap hon so véi Xue va cong su (2024) khi phan tich phan b loai hiém Picea
neoveitchii véi AUC = 0,8. Ngoai ra, Adhikari va cong su (2018) ciing c6 két qua gia tri
AUC cao hon (0,89) trong nghién ctru vé 14 loai thyc vat can nii cao tai cac VQG o
Han Quéc. Nhiing so sanh nay cho thay két qua nghién ciru hién tai nam trong khoang
dur bao kha tot va co tinh Gmg dung thyc tién, dic biét trong diéu kién dir liéu han ché.

Nhu vay, viéc mo hinh hoa khong chi cung cip ban dd phan bé tiém nang lam co
s& cho khéo sat thuce dja ma con tao tién dé dé phan tich sau hon vé da dang sinh hoc,
xac dinh cac vung trong diém bao ton va du bao xu hudng bién dbi sinh canh duéi tac

dong cua bién doi khi hau.
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Hinh 3.12. Ban d0 phén bd tiém ning ciia cic loai nghién ctru hd tro diéu tra
khio sat thuc dia tai VQG Ta Dung

Ving phin bd tiém ning mjt s6 loai than gé quy hiém tai VQG Ta Pung
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Hinh 3.13. Két qua danh gia chat lwgng mo hinh du doan

Trén co s& xay dung mo hinh nhu duogc thé hién Hinh 3.12va dién tich cta tung
vung tiém nang dugc thé hién tai

Bang 3.8.
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Bang 3.8: Phan ving tiém niing phan b cac loai nghién ciru tai VQG Ta Pung

Vung phu hop Ty 1€ (%) Dién tich (ha) Ghi chu
Khong phu hop 12,5% 2.037,66 Phan b rai réc tai cac khu
(<0,21) vue ddi troc, sudn ddc 16n
Phu hop thap 27,5% 4.482,84 Tap trung & vung ria va
(0,21-0,40) cac khu vuc ¢o6 rung thir
sinh
Phu hop trung binh 32,5% 5.297,91 Phan b cha yéu 6 khu
(0,40-0,60) vuc trung tdm phia Tay va
Pong, sinh thai 6n dinh va
it bi tdc dong nhan sinh
Phu hop cao 22,5% 3.667,78 Phia Bong Nam va Nam
(> 0,60) cua VQG Ta Dung. Bay

1a ving ¢6 diéu kién sinh
thai phu hop va 6n dinh

Dua trén ban d6 phan bd tiém ning duoc xay dung tir mé hinh SDMs, nghién ctru

da bo tri bd sung 67 6 mau mai tai cac khu vyce c6 xac suat phan bo loai tur trung binh

dén cao (0,44-0,89). Viéc lya chon ngudng niy nham tap trung kiém dinh tai nhiing

vung c6 kha nang hién dié¢n loai va bo tri 6 mau, qua d6 vira nang cao hi¢u qua khao sat

thuc dia, vira toi uu hoa ngudn lyc. Vi tri cac 6 mau méi dugc trinh bay trong Hinh 3.14,

phan anh sy phan bb khong gian ctia hé thong kiém ching thuc dia d6i voi két qua mo

hinh hoa. Bén canh do6 35 vi tri khong co su xuét hién cua loai cling dugc thu thap trong

khoang gia tri < 0,21 dé kiém ching trudng hop du béo 1a khong co kha ning xuit

hién loai.
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Hinh 3.14. Ban d0 vi tri thiét 1ap 6 miu thyc dia tai VQG Ta Pung
3.2.4. Kiém dinh két qua xdy duwng mo hinh SDMs trén thuc dia.

Pé dam bao tinh khach quan, kiém tra két qua mo hinh dugc thyc hién dua trén ca
ving “c6” va “khong c6” xuat hién loai.

Nham giam thiéu sai léch trong qué trinh chon diém, céac vi tri ddi ching duoc lya
chon ngiu nhién bang cong cu trén QGIS, mang tinh khach quan va han ché anh hudng
ctia yéu t6 chu quan (Fielding & Bell, 1997; Aratjo & Guisan, 2006). Trén co sé d6, 67
toa do trung tam duogc lya chon tai nhirng khu vuc c6 xac suat phan b6 loai tir trung binh
dén cao (0,44-0,89), cung voi 35 toa do trung tam tai cac vung co xac suat xuat hién
loai rat thap (<0,21). Céach tiép can nay gitip ning cao do tin cdy tong thé cia mo hinh.
Két qua doi chig duoc trinh bay tai Bang 3.9 va 3.10.

- Doi véi diém du bdo c6 kha nang xudt hién lodi

Két qua kiém chung tai cac diém du bao c6 loai duoc trinh bay trong Bang 3.9
cho théy c6 61/67 6 mau ghi nhan sy hién dién cta loai nghién ciru, dat d6 chinh xéc
91%, trong khi chi c6 6 6 khong phat hién loai (9%). Két qua nay phan anh murc do tin
cdy cao ctia mo hinh SDMs trong viéc du doan phan bd tiém ning, dong thoi chimg
minh tinh mg dung thyc tién ctia mo hinh trong viéc t6i wu hoa thiét ké tuyén va 6 khao
sat ngoai thuc dia, gitip tiét kiém ngudn lyc ma van dam bao do chinh xac. Két qua nay
cling phu hop v6i nhéan dinh cia Barlow va cdng su (2021) va Cody va cong su (2017),
khi cac tac gia ndy cho rang MaxEnt 1a mot cong cu hiéu qua trong du bao ving phan
bd tiém ning, gop phan nang cao cai thién d6 chinh xac trong cong tac diéu tra thuc dia.

- Déi véi diém dw bdo khéng c6 kha ning xudt hién lodi

Két qua kiém chtng thuc dia tai cac diém ma mo hinh SDMs du bao khong c6
loai xuat hién (Bang 3.10) cho thiy su phi hop hoan toan: 100% diém du bao déu khong
ghi nhan loai ngoai thyc dia. Piéu nay budc dau khang dinh kha nang cia mo hinh trong
viéc x4c dinh cac khu vuc khong thich hop vé sinh canh. Tuy nhién, can luu ¥ ring mot
s6 khu vuc hién khong c6 loai c6 thé timg 1a sinh canh tiém ning trudc day nhung da bi
suy thoai do tac dong ciia cac hoat dong con nguoi trong quéa kh, dan dén suy giam
quan thé (VQG Ta Pung, 2022). Bén canh d6, do han ché vé thdi gian va ngudn luc,
viéc kiém chirmg mai chi tién hanh trén 35 mau ddi ching. Do vay, cac nghién ctru trong
trong lai nén mo rong quy mé kiém chimg va bd tri thém cac 6 miu d6i ching dé gia

tang do tin cay va tinh thuyét phuc ctia mé hinh du bao phan b loai.

87



Bing 3.9. Ghi nhan phén bé ciia cac loai nghién ciru trong cac 6 mau dwoc du bao

STT Toa d§ trung tam Loai quy, hiém c6 mit trong 6 mau dw bao
X Y

1 836633 1314685 Hoéng quang

2 833859 1310914 Hong quang

3 833861 1311986 Dau baud

4 836539 1316370 Tram nau

5 836011 1316499 Hoéng quang, Tram niu
6 833036 1317146 Tram nau

7 832911 1317234 Tram nau

8 833689 1319389 | Dau baud, Hong quang
9 824584 1309525 | Déu baud,
10 824549 1311907 Khéng c6 mit loai quy, hiém
11 824726 1312097 Hoéng quang

12 824727 1309167 | Hong quang

13 824757 1309431 | Dau baud, Hong quang
14 824893 1309826 Hoéng quang

15 824312 1309873 Hoéng quang

16 825116 1311140 | Hong quang
17 824363 1310870 | Khéong c6 mit loai quy, hiém
18 824036 1312089 Tram nau

19 823824 1311855 Tram nau
20 823797 1310987 Dau baud
21 823616 1310796 Thong nang
22 824434 1312694 Dau baud
23 826905 1312616 Hong quang, Tram nau
24 827395 1312460 D¢ langbian
25 827480 1312517 | Déu hasselt
26 827414 1312496 Dau hasselt, Thong nang
27 827058 1312642 | Hong quang, Tram nau
28 827382 1312504 Xa xi
29 827677 1312391 Thong nang
30 827633 1312457 Xa xi
31 828725 1311700 Thong tre, Thong nang
32 830295 1312018 Thong tre
33 830052 1312234 Hoéng quang
34 829888 1313155 Thong tre
35 829454 1309779 Thong nang
36 830087 1309565 Xa xi
37 830588 1309480 Thong nang
38 827898 1312330 Thong nang
39 827981 1312308 Thong nang
40 828058 1312726 Hong quang, Thong nang
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STT Toa d§ trung tam Loai quy, hiém c6 mit trong 6 mau dw bao
X Y

41 828138 1312720 | Dau baud

42 828033 1312795 Thong nang

43 827359 1311940 Xaxi

44 827433 1311944 Xaxi

45 827536 1311943 | Dau baud

46 827664 1312391 Thong nang

47 827594 1312369 Xa xi, Thong nang

48 831885 1309590 Xa xi, Hong quang

49 832306 1309880 Xaxi

50 831849 1309499 Xa xi, Thong nang

51 832070 1309663 Xa xi, Thong nang

52 832192 1309740 Xaxi

53 831911 1309680 Xa xi, D¢ langbian

54 831982 1310015 Xaxi

55 831999 1310163 Xaxi

56 832123 1310097 Xa xi, Thong nang, D¢ langbian
57 831981 1310016 Xa xi, Thong nang

58 831746 1309766 X4 xi, Thong nang, Tram nau
59 831418 1310020 Xa xi, Thong nang

60 831879 1309891 Xaxi

61 832364 1310041 Thong nang

62 832016 1310779 Khong c6 mit loai quy, hiém
63 832178 1310408 Thong nang

64 831698 1310315 Khéng c6 mit loai quy, hiém
65 831871 1310276 Thong nang

66 823690 1310786 | Khéong cé mit loai quy, hiém
67 833660 1310718 Khong c6 mit loai quy, hiém

Ghi chu: Vi ly do bdo ton, cdc toa do loai trong nghién cuu duoc thay doi. Toa dé chinh xdc da
diege chuyén giao cho VOG Ta Ping phuc vu quan Iy va bdo vé tai nguyén rirng bén viing.
Bang 3.10. Ghi nhan khong c6 su hién dién cia cac loai nghién ciru

Toa d§ trung tim Toa d¢ trung tim
STT STT

X Y X Y
1 182905 1314474 19 180321 1312200
2 180051 1310764 20 180279 1312281
3 180076 1311836 21 180296 1312276
4 182847 1316161 22 188550 1309932
5 182322 1316301 23 188221 1310674
6 189363 1317013 24 188360 1310295
7 189240 1317103 25 187896 1310216
8 180064 1319240 26 182693 1315274
9 184584 1309525 27 188659 1311012
10 185449 1311907 28 188643 1311000
11 184726 1312097 29 180348 1312063
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Toa dg trung tAm Toa d) trung tim
STT STT

X Y X Y
12 188313 1310728 30 180364 1312055
13 180340 1312052 31 182928 1314485
14 180379 1312249 32 180030 1310743
15 180377 1312221 33 182864 1316168
16 180362 1312221 34 182322 1316301
17 180463 1311839 35 180064 1319240
18 180328 1312215

Ghi chu: Vily do bao tén, cdc toa do lodi trong nghién citu duoc thay doi. Toa do chinh xac da dwoc chuyén
giao cho VQG Ta Dung phuc vu quan ly va bdo vé tai nguyén riung bén viing.
Duya trén 61 6 mau dugc xac dinh ¢6 su hién dién cua cac loai nghién ctru, cong

tac diéu tra thuc dia dugc tién hanh dé do dém céc chi tiéu can thiét trong 6 mau. Nhiing
dir liéu nay dong vai trd 1a ngudn thong tin thuc dia can thiét, phuc vu cho cac phan tich
tiép theo vé cdu trac 1am phan, dic diém sinh thai va da dang loai, phan tich diém
nong...dong thoi 1am nén tang dé thao luin siu hon vé cc yéu tb chi phdi phan bd va
dé xuat dinh hudng bao ton.

3.3. Tinh to4n cac chi s6 da dang sinh hoc va phan tich tic dong ciia dia hinh (40
ddc, dd cao) dén da dang sinh hoc ciia 1am phan.

3.3.1. Tinh todn cdc chi sé da dang sinh hoc.
3.3.1.1. Chi sé IVI ciia cdc lodi thue vit cdy gé trong lim phan.

Viéc tinh toan cac chi sb da dang sinh hoc dua trén s6 liéu d3 do dém tir 100 6
mau thyc dia, trong d6 65 6 mau méi (61 6 kiém dinh + 04 6 mé rong) va 35 6 ké thira
tir cac nghién ctru trude nhu da dé cap o cac phan trén.

Duya trén cac 6 mau nay, ghi nhan c6 7.962 ca thé cdy gd co duong kinh ngang
nguc (D13) tr 6 cm tré 1én thudce 294 loai, 145 chi va 66 ho thuc vat. Két qua diéu tra
cho thiy c6 3 loai chiém wu thé trong 1am phan bao gdm Cho x6t, Nhan rimg va Trim
trang. Két qua phan tich /77 tai Bang 3.12 cho thay c6 10 loai cdy gb dat gia tri IV1> 5;
day 1a chi s6 co y nghia sinh thai trong hé sinh thai rimg tai khu vic nghién ctru (Curtis
& Mclntosh, 1950); trong khi 284 loai con lai ¢6 IV < 5 va khong ghi nhan loai nao co
gia tri IVI=5. Trong s6 cac loai ¢o IVI cao, Cho x6t cd gia tri IVI cao nhét (8,49), phan
anh vai tro wu thé cua loai ndy trong quan xa thuc vat tai khu vuc nghién ctru. Két qua
nay twong dong véi nghién ctru ciia Chau Thi Nhu Quynh (2019) trong d6 Cho x6t ciing
duoc xac dinh 12 loai vu thé nhét tai khu vuc nghién cuu.

Pung thir hai 1a Nhan rimg véi IV = 7,06, tiép theo 1a Tram tring véi IV =
6,90. Cac loai ké tiép co IVI khong khac biét qua nhiéu. Su chiém wu thé cta ba loai
90



nay cho thay vai tro sinh thai ctia chiing trong viéc duy tri cdu triac va chirc ning cua hé
sinh thai rung (Bang 3.11).

Ngoai ba loai wu thé hang dau, cac loai tir hang 4 dén 10 nhu D¢, Tan boi 101,
Thong nang va Su 14 hep cling c6 gia tri /V1 dao dong tur 5,85 dén 6,58. Sy hién dién cua
cac loai nay gop phan da dang héa céu triic ting cay gd va ting kha nang phuc hoi sinh
thai cho 1am phan. Diéu nay cho thy quan xi thuc vat cdy than gd tai VQG Ta Pung
khong bi chi phéi boi mét vai loai don 16, ma 13 két qua cua su can bang twong d6i gitra
nhiéu loai cdy gd v6i nhau.

Két qua xac dinh cac loai cay gb wu thé trong nghién ctru nay twong dong vai
phét hién ctia Nguyén Vin Quy va cong su (2022) tai VQG Kon Ka Kinh, noi céc loai
uu thé trén ciing dong vai trd chi phdi cau tric quan xa. Tuong tu, Pham Vin Hudng va
cong sy (2021) khi nghién ctru dac diém cau tric rimg tai VQG Ta Dung ciing ghi nhan
ciu tric tang cay gb phu hop v6i xu hudng phan bd va vai tro sinh thai cta cac loai wu
thé nhu duoc trinh bay trong luan 4n.

Nhiing két qua ndy phan anh dic diém cau trac va sy td chiic cia quan xa rimg tai
VQG Ta Pung, vé6i su cin bang giita tinh wu thé va da dang. Qua d6 cho thay hé sinh
thai rung tai day co tinh 6n dinh va bén virng kha cao, vo1 sy dong gop cua nhiéu loai
vao chtrc ning sinh thai va kha ning duy tri sy phat trién bén viing ctia 1am phan (Wudu
et al., 2023).

Bang 3.11. Chi s6 quan trong IVI ciia nhém ciy gb tai VQG Ta Pun

Tén khoa hoc Tén phd thong | RD | RBA | RF | IVI | Xép hang
Schima wallichii Cho x6t 2,36 | 5,22 | 0,91 | 8,49 1
Walsura elata Nhan rurng 28 | 251 | 1,74 | 7,06 2
Syzygium wightianum | Tram trfing 0,62 |5.23 | 1,05 6,9 3
Lithocarpus sp. Dé 2,2513,01 | 1,32 6,58 4
Neolitsea poilanei Tan bo1i 101 3,19 12,06 | 1,32 6,58 5
Dacrycarpus imbricatus | Thong nang 1,9 |2,48 | 1,99 6,37 6
Phoebe angustifolia Su 14 hep 3,01 | 1,03 | 1,99 | 6,03 7
Dysoxylum poilanei Huynh dudng 1,23 | 3,31 | 1,32 | 5,87 8
Michelia mediocris Gidi xanh 1,61 (2,9 1,36 | 5,87 9
Cinnamomum iners Qué rung 2,56 | 1,23 | 2,06 | 5,85 10

Ghi chii: RD — Mdt dé twong doi (%); RF — Tan sudt twong doi (%); RBA la tiét dién ngang twong doi ciia lodi so
Voi tong tiét dién ngang ciia cdc lodi trong lam phan (%); IVI — Chi s6 quan trong.

Pé danh gia vai tro sinh thai cta cac loai nghién ciru trong quan x4, chi sd IVI cua céac
loai nay dugc trinh bay tai Bang 3.12.
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Biang 3.12. Chi s6 quan trong IVI cho cac loai nghién ciru

Tén khoa hoc Tén pho phong RD RBA RF  IVI Xép
hang
Dacrycarpus imbricatus Thong nang 1,9 2,48 1,99 6,37 6
Cinnamomum balansae Xa xi 0,55 3,41 0,8 4,77 16
Rhodoleia championii Hoéng quang 2,29 1,4 0,59 4,28 18
Quercus langbianensis D¢ langbian 0,23 0,78 0,35 1,35 63
Dipterocarpus baudii Dau baud 0,3 0,06 045 081 95
Canarium littorale Tram nau 0,24 0,15 0,38 0,77 101
Dipterocarpus hasseltii Dau hasselt 0,18 0,44 0,1 0,72 105
Trigonobalanus verticillata Soi ba canh 0,14 0,14 0,17 0,45 136
Podocarpus neriifolius Thong tre 0,06 0,03 0,14 0,23 190
Aquilaria crassna Tram huong 0,01 0,01 0,03 0,06 258

Ghi chii: RD — Mdt do twong doi (%); RF — Tan sudt twong doi (%); RBA la tiét dién ngang twong doi cua lodi so
Véi tong tiét dién ngang ciia cdc lodi trong lam phan (%); 1IVI — Chi s6 quan trong
Két qua phan tich chi s6 quan trong /V1 cua cac loai nghién ctu (Bang 3.1) phan

anh mic do wu thé sinh thai va vai tro cua timg loai trong ciu tric quan x3 ring tai khu
vuc nghién ctru. Trong d6, Thong nang c6 IV1 cao (6,37), cho thay mac du 1a ddy loai cdy
g6 quy hiém, song qua trinh thuc dia ghi nhan tai VQG Ta Pung loai nay van phan bd
tap trung & mot s6 sinh canh dic thi véi nhiéu ca thé co kich thudce 16n, dan dén gia tri
mat do, tan s va tiét dién ngang déu cao. Piéu nay giai thich vi sao Thong nang c6 IV1
cao so voi cac loai nghién ciru con lai. Bén canh d6, Xa xi va Hong quang ciing c¢6 IV]
tuong ddi cao (lén lugt 4,77 va 4,28), phan &nh vai tro nhét dinh trong cAu trac rung. Mac
du Hong quang c6 s luong ca thé nhiéu nhung loai nay khong chiém wu thé do kich
thudc cdy nho va phan bd phan tan, 1am giam ty trong trong chi sd IVI. Céc loai con lai,
bao gébm Dé langbian, Dau baud, Tram nau, Dau hasselt va S6i ba canh, c6 IVI duéi 2,
thé hién vai tro thip hon. Pic biét, Thong tre va Tram huong c6 IV7 rit thap (0,23 va
0,06), cho thay day 1a nhitng loai thuc vat TGQH bi suy giam quan thé tai VQG Ta DPung
tuong tng voi chi s6 IR 14 0,0118.
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So sanh IVI giira cdc lodi cdy gb quy hiém va loai phd bién tai VQG Ta Ding

m Cay gb quy hiém
. Lodi phd bién
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Hinh 3.15. So sanh IV giira cac loai nghién ciru va loai pho bién tai VQG
Ta Dung.

Két qua so sanh chi s6 quan trong /77 (Hinh 3.15) cho thay su phan héa giita hai
nhoém loai:

Nhom loai phd bién c6 chi sé quan trong /77 cao va kha dong déu, dao dong tir
khoang 5,8 dén 8,5. Trong khi d6 nhom thyc vat TGQH c6 chi sé quan trong 777 thip
hon nhiéu, phan 16n duéi 2,0.

Trong quén xa thyc vat tai VQG Ta Pung, cic loai ciy gb ¢ gia tri VI cao chu
yéu 1a nhitng loai phd bién va c6 su hién dién cao trong hé sinh thai. Nhimng loai nhu
Cho x6t, Nhin rimg va Tram tring khong chi chiém wu thé vé mat d6 ma con gép phan
duy tri cdu trac sinh thai on dinh cta khu vuc. Trong thuc té, ddy 14 nhiing loai c6 kha
nang tai sinh manh, nho vao dac diém sinh hoc va nhu cau sinh thai thich nghi vo1 moi
truong tai VQG Ta Pung. Bén canh do, do khong thuoc nhdom co gié tri kinh té cao, cac
loai nay it chiu tac dong tir hoat dong clia con ngudi, qua d6 gop phan cing cb tinh bén
viing cua quﬁn xa thuc vat.

Nguoc lai, cac loai quy hiém nhu Tram hwong (Aquilaria crassna), Thong tre
(Podocarpus neriifolius) va Dau hasselt (Dipterocarpus hasseltii) 1ai ¢6 mat do phan bo
rat thip thé hién xu hudng suy giam rd rét ca vé sb luong ca thé va pham vi phan bb.
Theo B4o c4o Da dang sinh hoc VQG Ta Pung (2022), tinh trang nay chu yéu bit ngudn
tir cac hoat dong khai thac qua mirc trong qué khur, dac biét voi muc dich thuwong mai.
Thuec trang nay khong chi phan 4nh tinh hinh tai Ta Pung, ma con 1 vn dé chung trong

cong tac bao tdn da dang sinh hoc ¢ nhiéu khu vuc khac (Xue et al., 2024).
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T cac két qua trén co thé rat ra réng, btrc tranh da dang sinh hoc tai VQG Ta
Dung thé hién hai chiéu huéng d6i 1ap: (i) sy 6n dinh sinh thai nhd sy hién dién twong
dbi can bang cua cac loai pho bién, va (ii) su suy giam & nhom loai thyc vat TGQH va
c6 gia tri bao ton cao.
3.3.1.2. Chi sé Margalef (d), Shannon — Wiener (H’), Simpson (D) ciia ldm phén.

Céc chi sb da dang sinh hoc tai VQG Ta BPung duoc phan tich theo ba nhém cay
gd dua trén duong kinh ngang nguc (D1.3): (i) toan bo cay g6 c6 D13 > 6 cm, (ii) nhom
cay gd trung binh (6 cm <D 13 <20 cm) va (iii) nhom cay gb 1én (D13 > 20 cm). Cach
phan chia ndy cho phép danh gia vai trd sinh thai & cac murc khic nhau: ciy gb nhd va
trung binh thuong c6 tinh da dang loai cao, gop phan tai sinh va ké cin quan x3; trong
khi cay gd 16n 12 loai wu thé, duy tri 6n dinh hé sinh thai, vi khi hau va dong vai tro nguon
sinh san chinh cho sy ké can tu nhién (Richard, 2009). Két qud duogc trinh bay tai
Hinh 3.16.
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Hinh 3.16. Chi s6 da dang sinh hoc ciia IAm phan tai VQG Ta Pung

Két qua phan tich cac chi s6 da dang sinh hoc tai VQG Ta Pung da phan anh cau
trac phan ting cta quan x3 thue vét trong khu vuce nghién ctru.

+ Chi s6 Simpson: Chi s6 Simpson (D) dao dong tir 0 dén 1, véi gia tri cang gan
1 thé hién murc d6 da dang sinh hoc cang cao. Chi s6 D trong nghién ciru nay dao dong
tir 0,98-0,99, phan anh mirc d6 da dang loai rat cao. Két qua nay tuong dong v6i nhan
dinh ctia Ashton (1978), khi ng ghi nhan tai cac khu rimg mua nhiét d6i Dong Nam A
thudng c6 chi sé Simpson trong khoang 0,97-0,99, cho thiy sy 6n dinh va giau loai cua
hé sinh thai 1au doi. So sanh v6i cac nghién ctru gan day, gia tri nay cao hon so véi nghién
clru tai rimg Tan Pha, Dong Nai (D = 0,93; Hop et al., 2024) va VQG Ta Pung (D =
0,92; N.T.T. Huong et al., 2018), nhung twong duong véi két qua nghién ciru cia Nguyén
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Minh Canh va cong su (2024) tai VQG Kon Ka Kinh (D = 0,97). Su nhit quan nay cho
thdy rang khu vuc nghién ctru duy tri dwge mirc 6 da dang sinh hoc cao, ngang bang véi
cac khu rimg nhiét d6i dién hinh trong khu vue.

+ Chi s6 Shannon:

Két qua phan tich ctia nghién ciru cho thay:

Toan bo cay gb (nhom 1): H' = 4,82

Nhoém cay gb trung binh (nhém 2): H'=4,77

Nhoém cay gb 16n (nhom 3): H'=4,57

Sy suy giam nhe vé murc d6 da dang loai theo chiéu ting kich thudc cay gd 1a mot
biéu hién phu hop véi cac quy ludt sinh thai hoc dd dugc ghi nhén tai rimg muwa nhiét déi,
noi ma cac tang cdy cao thudng co chi sé6 H' thap hon so véi ting trung va tang dudi do
su canh tranh anh sang va cac yéu t6 vi mé trong quan xi (Tran Vin Con va cong su,
2013). Trong nghién ctru nay, chi s6 A’ tai VQG Ta Pung dat gié tri cao va co sy on dinh
tuong ddi gitta cac nhom kich thude cdy gd, dic biét rd nét & nhom cay gb trung binh (H’
= 4,77), phan anh tinh phong phu loai va mutrc 46 dong déu cao trong quan thé. Gia trj H'
= 4,57 § nhom cdy 10n la twong dong vai két qua cua Ka Hei va cong su (2024), khi ghi
nhan tai mot s6 khu rimg nhiét d6i dién hinh ¢ Pong Nam A, ciing nhu nghién ctru cua
Nguyén Van Hanh (2013) tai Khu bao ton thién nhién Son Tra véi H' = 4,6. Diéu nay
cho théy hé sinh thai tai VQG Ta DPung van gilt dugc su da dang sinh hoc, déng thot
phan 4nh sy phén tang sinh thai ctia quan xa thyc vat tai day.

+ Chi s6 d dugc sir dung dé danh gia do phong phi loai trong quan xa thyc vat.
Két qua phan tich cho thiy chi s6 Margalef ctia ba nhém cay gd 1an luot 1a:

Nhém toan bd cdy gd (nhém 1): d = 32,62

Nhém cay g6 trung binh (nhém 2): d = 31,65

Nhém ciy gb 16n (nhém 3): d = 25,95

Chi s6 d cao trong nhoém cdy gd trung binh va nho, phan anh su phong phu loai
16n tai khu vuc nay phi hop véi xu hudng véi cac rimg nhiét d6i khac, noi s6 luong loai
nhiéu nhit thuong ndm trong cac ting cdy trung sinh (Hardwick et al., 2022). Két qua
nay ciling phu hop véi nghién ciru caa Chau Thi Nhu Quynh (2019) trong d6 néu rang da
dang sinh hoc tai VQG Ta Pung c6 muc do cao va on dinh. Ngoai ra, mot nghién ctru
gan day tai rimg mua & khu vue mién trung Viét Nam ciing ghi nhén gi tri chi sé d dao

dong trong khoang 28-33, v6i muc cao nhit ¢ ting cdy trung binh, cho thdy xu hudng

95



chung vé su phan bd phong phu loai trong cac hé sinh thai rimg nhiét d6i (Nguyen,
Rodriguez-Hernandez et al., 2022).

Két qua phan tich ba chi s Simpson, Shannon-Wiener va Margalef déu cho thay
tinh da dang sinh hoc cao cia quan x4 thuc vat tai VQG Ta Dung, trong d6 nhom cy gd
trung binh c6 muc d6 da dang cao hon so v6i nhém cdy gd 16n. Piéu ndy phan anh quy
luat phan tang sinh thai cua rimg nhiét d6i, khi thanh phan loai thudng giam dan & cac
cap kich thude 16n hon (Richard, 2009; Li et al., 2023).
3.3.1.3. Chi sé lodi hiém ciia lam phan.

Chi s6 loai hiém 1a mot chi s6 dung dé do luong murc d6 hiém gip cia cac loai
trong mot khu vuc nghién ctru, thuong duoc st dung trong cac nghién ctru vé da dang
sinh hoc va bao tén. Chi sb nay duoc tinh toan dya trén s6 luong ca thé cua tung loai va
su xudt hién cua chiing trong quan xa thuc vét (Leroy et al.,2013).

Két qua phan tich tai Phu luc 8 cho thay trong tong s6 294 loai cay dugc ghi nhan
tai khu vuc nghién ctru, c¢6 82 loai dugc xac dinh 1a loai it xuat hién (nhiing loai chi xuat
hién tir 1-3 c4 thé trong qua trinh diéu tra). Chi s6 loai hiém twong ddi cta toan khu vuc
10,1807 cho thiy céc loai hiém chiém khoang 18% trong tong quan thé thuc vat. Diéu
nay phan anh mtrc d6 da dang nhung ciing nhay cam cua hé sinh thai. Trong s6 82 loai
it xuat hién nay, 17 loai chi ghi nhan dugc 3 c4 thé, 18 loi chi ¢ 2 ca thé, va 47 loai chi
c6 duy nhat 1 c4 thé. Cac loai xuat hién véi sb lugng rat it, ddc biét 1a nhirng loai chi c6
1 ca thé, cho thiy su nhay cam cao ctia quan thé trude cac tac dong bén ngoai nhu bién
d6i khi hau va hoat dong ciia con ngudi.

Trong s6 cac dbi twong nghién ciru, chi ¢6 Trim huong 13 thudc danh sach loai it
xuat hién, chi véi 02 ca thé dugc ghi nhan. Piéu nay ching té rang loai ny c6 thé dang
phai dbi mit véi nguy co giam dan s6 luong va phan bd trong twong lai.

Chi s6 loai hiém phy thudc vao chat lugng va pham vi khong gian ctia qua trinh
diéu tra thyc dia, do chi sb nay dugc xac dinh dya trén $b luong ca thé va tan sut xuét
hién cua tung loai trong khu vuc nghién ctru. Vi vay, phuong phap khao sat va mac do
bao phii ctia cac 6 tiéu chuan s& anh hudng truc tiép dén do chinh xac va tinh dai dién
ctia chi s6 (Leroy et al., 2013).

Trong nghién ctru ndy, cac tuyén diéu tra va OTC chu yéu duoc b tri tai cac khu
vuc sinh thai dién hinh — noi ¢6 su hién dién rd cta cac loai muc tiéu. Tuy nhién, chua

tién hanh khao sat toan dién trén tt ca cac loai va khu vuc trong toan bd VQG Ta Pung.
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Do d6, két qua chi s6 loai hiém trong nghién ciru ndy can duoc hiéu 13 c6 tinh chét trong
dbi, phan anh phr:in nao xu hudng ma chua khai quat toan b hé thuc vat khu vuec.

3.3.2. Phén tich anh hwéng ciia dia hinh (dp déc, dp cao) dén da dang thuc vit
than gé tai VOG Ta Ping.

3.3.2.1. Phan tich sw twong dong thanh phdn loai theo dia hinh bang chi sé
Jaccard va phdn cum Ward.D2.

Chi s6 khoang cach Jaccard (dj) cung véi phuong phap phin cum phan cip
Ward.D2 dugc st dung nham dinh luong mirc d6 twong ddng vé thanh phan loai gitta
cac khu vuce c6 dic diém d6 cao va do doc khac nhau (Richard, 2009). Két qua dugc thé
hién tai Hinh 3.17 va Hinh 3.18. Két qua phan cum phan anh méi quan hé sinh hoc giita
cac dai do cao, do déc.

Phéin cym dai d@ cao theo thanh phén loai thie vit thin gb Phan cym dai do doc theo thanh phan loai thyec vat thin go

0.420
D1<15 —

05 06 07
DO0)m

0410
D4:>=25

Heghi

03 04
HE>=14
H4:[1000-1200)m
H5[1200-1400)m
H3[B00-1
HZ[600-B00/m —
Heighit
0,400

D2{15-20)
D3{20-25)

distlacarnd
hlust (*, *ward DZ")
dist)acard

helust (*, “ward. D2")

Hinh 3.17. Phan cum dai d(’j cao theo thanh Hinh 3.18. Phan cum dai d() déc theo thanh

phan loai thyc vit thin go phén loai thwe vét than g (Chi sb dj—
(Chi so dj — Ward.D2 ) Ward.D2)

Két qua nghién ciru cho thy c6 sy phan chia thanh phan loai tai VQG Ta Pung
theo dai do cao vo1 hai nhom chinh:

+ Nhém tht nhat: Bao gom cac dai cao tir 1.000m trd 1én. Trong do, su twong
ddng vé thanh phan loai thé hién rd giita cac dai cao 1000 — 1200m (H4) va 1200-1400m
(H5) vé6i (dj < 0,4). Tir 1.400m trd 1én (H6), thanh phan thuc vat than g thay ddi so véi

cac dai cao dudi 1.400m, voi dj <0,5.
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+ Nhom thir hai: Bao gém céc dai cao dudi 1.000m, trong d6 cho thay thanh phan
thuc vat cé su khac biét 1on gitra cac dai cao 600 — 800m (H2) va 800 — 1000 m (H3), voi
di~0,7.

Trong Hinh 3.16, truc tung biéu thi mutrc do khac biét (dis-similarity) giira cac dai
dd cao, dugc tinh dua trén chi sb dj. Su tach biét cua dai H6 (>1400m) tai vi tri cao trén
biéu dd cho théy thanh ph'?m loai tai khu vuc nay c6 su khac biét so voi cac dai do cao
con lai.

O nhém céc dai thap (H2 va H3, tir 6001000 m) véi chi s dj ~ 0,7 phan anh
mitc d khac biét vira phai. Tuy nhién, khi d6 cao vuot ngudng 1000m, thanh phan loai
thé hién sy thay doi rd nét hon. Cuy thé, cac dai tir 1000-1400m (H4 va H5) va dai
>1400m (H6) c6 gia tri dj dao dong tir 0,4 dén 0,5, cho thay c6 su bién dong trong cu
trac quén xa thuc vat.

Két qua cho thay do cao 1a yéu t6 anh hudong dang ké dén ciu triic va thanh phan
loai rirng. Sy phan hoa ¢ d6 cao >1400 m phan anh sy thich nghi cta cac loai chuyén biét
véi diéu kién sinh thai vung cao nhu nhi¢t do thép, am do cao, anh sang khuéch tan....
Do d6, can uu tién bao ton cac sinh canh ving cao nhu H6 dé duy tri quan xa dic thu.
Nguoc lai, khoang dai cao 1000—1400m thé hién vai trd ving dém, hd trg két ndi sinh
canh giita hé sinh thai viing thap va ving cao. Két qua nay ciing dugc bao cio bdi nghién
clru ciia Sanjeewani va cong sur (2024), khi nhom tc gia chi ra rang do cao c6 anh hudng
dén sy hinh thanh ciu tric quﬁn xa va sy phan b6 loai tai cac khu rung mua nhiét doi.
Pong thoi, nghién ctru cia Baéz va cong sy (2022) ciing cho thiy su anh hudng ciia do
cao dén ciu trtc qu'ém xa tai cac h¢ sinh thai ring nui nhi¢t doi.

Tuong tu, v6i cap do déc duoc chia thanh hai nhom:

+ Nhom thir nhit bao gom D1 (<15°) va D4 (>25°)

+ Nhom thir hai bao gébm D2 (15°-20°) va D3 (20°-25°)

Két qua phan tich chi sb dj két hop voi thuat toan phan cum Ward.D2 tai VQG Ta
Pung (Hinh 3.17) cho thay su khac biét vé thanh phan loai giira cac cap do doc 1a khong
dang ké. Cac gia tri dj gitra cac cip dai ddc déu ndm trong khoang hep, dao dong tir 0,40
dén 0,43, phan anh muc do trong ddng cao giita cac quan xa thuc vat & cac bac doc khac
nhau. Cu thé, khoang cach thap nhit duoc ghi nhan gifta hai cap D2 va D3 véi dj = 0,40,
trong khi khoang cach 16n nhét 1a giita D1 va D4 ¢6 dj = 0,43. Sy 6n dinh nay cho thiy,
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dd doc khong phai 1a yéu to chi phoi chinh dén cau tric va thanh phan loai ciia quan xa

cay go0.

Nhéan dinh nay cling nhat quan voi két qua nghién ctru cua Lolila va cong sy

(2023) tai cac khu rimg can ndi nhiét d6i & Tanzania. Nhom tac gia da chi ra rang do déc

dong vai trd thir yéu trong viée giai thich sy thay doi ciia thanh phan loai, trong khi cac

yéu tb nhu do cao dja hinh va khi hau lai c6 anh hudng chi phdi rd rét. Didu ndy ham y

rang thanh phan loai trong cac quan xa thue vat than gb tai VQG Ta Pung c6 kha ning

thich nghi linh hoat véi sy bién thién ctia d6 ddc, tir 46 gbp phan duy tri tinh 6n dinh cua

cau truc quan xa ¢ nhiéu cap dia hinh khic nhau. Pong thoi, khi xay dung cac mo hinh

dur bao phan b loai hoic dé xuét giai phap quan 1y da dang sinh hoc, cac yéu té vé do

cao va khi hau can dugc uu tién xem xét hon so véi yéu tdé do doc, nham dam bao tinh

chinh x4c va hiéu qua tmg dung trong thuc tién.

3.3.2.2. Phin tich da chiéu phi dinh lwong NMDS.

Phéan tich NMDS la mét k¥ thuat giam chiéu dit liéu dua trén ma tran khoang cach

sinh thai, thuong st dung chi ) dj dé hién thi cAc mau theo su tuong déng vé thanh phﬁn

loai trong khong gian da chiéu (Kruskal, 1964). Str dung cac goi 1énh trong géi Vegan

trén phan mém RStudio dé thuc hién phan tich NMDS véi chi s6 dj. Két qua nhu sau:

- Phan tich NMDS voi do cao

Két qua phan tich thé hién tai Hinh 3.19 va Hinh 3.20

0 Non- mencf R 0.964
a Linear fit R =077

Ordination Distance

Observed Dissimilarity
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Hinh 3.20. Phan tich NMDS cua cac dai cao

Biéu d6 Shepard (Hinh 3.19) thé hién mdi quan hé giita khoang cach duoc du doan
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bd1 mo hinh (Ordination Distance) va khoang cach dugc quan sat trong dir li¢u thuc dia

(Observed Dissimilarity). Pudng cong biéu thi su sai 1éch giita cac khoang cach du doan

va thuc t&, duoc thé hién boi su chénh 1éch gitra cac diém dir liéu va duong cong. Gia tri
2=(,964 cho thiy m6 hinh NMDS d giai thich tét dit liéu phi tuyén.

Gi4 tri stress duoc ghi nhan 14 0,18 (khong thé hién trén biéu d6 Shepard ma duoc
xuét ra khi chay 1énh NMDS) nidm trong gi6i han phi hop (< 0,2) theo Kruskal (1964).
Nhu vay két qua cho thiy mé hinh 13 pht hop va déng tin cdy trong phan tich NMDS.

Két qua tryc quan hoa phan tich NMDS tai Hinh 3.19 cho thay su phan tach giita
cac OTC thudc dai cao H2 (600-800m) va H3 (800-1000m) so vdi cac OTC & céac dai
cao >1000m. Piéu nay cho thdy do cao c6 anh huong dén thanh phan loai. O cac dai
cao H4 (1000-1200m), H5 (1200-1400m) va H6 (>1400m), sy phan hoa vé thanh phan
lodi van ton tai nhung & mirc d6 thap hon.

Két qua nay c6 thé duoc giai thich tir hai nhom nguyén nhan chinh, trong d6 c6 ca
cac y kién dugc ghi nhan tir dai dién VQG Ta Pung trong cac hoi thao chuyén dé:

(i) Tac dong nhan sinh tqi cdc dai thap (600—1000 m):

Céac khu vuc & do cao thip thuong chiu anh hudng manh tir hoat dong khai thac
rimg va chuyén doi muc dich st dung dét, dan dén suy giam tinh da dang loai. Pay 1a
xu thé pho bién & nhiéu khu rimg nhiét doi, noi dia hinh bang phang hodc dé tiép can
tao diéu kién cho sy can thi¢p cia con nguoi (FAO, 2020). Két qua nay phu hop vai
nhan dinh kinh dién cta Thai Van Tring (1978, 1999) vé mbi quan hé giita do cao va
su phan bd quan xi thyc vat, dong thoi twong dong v4i nghién ctru ctia Nguyén Thi
Thanh Huong va cong su (2018), khi chi ra rang cac khu rimg ving thip thuong co
mirc da dang loai thap hon do chiu 4p lyc manh tir khai thac va nong nghiép. So sanh
rong hon, Xiaoyang va cong su (2021) tai tinh Van Nam (Trung Qudc) ciing ching
minh rang d cao c6 anh hudng dang ké dén thanh phan loai cdy g, véi cac khu vuc
ving cao, noi it chiu tic dong nhan sinh s& duy tri duoc su phong ph loai tot hon. Sy
tuong dong giita cac két qua trong va ngoai nudc cho thdy do cao khong chi 1a yéu t6
sinh thai ty nhién, ma con anh hudng dén muc do dé bi tén thuong ciia hé sinh thai
trudc tac dong cua con nguoi.

+ Tdc déng cia dia hinh va diéu kién sinh thdi ¢ cdc dai cao (>1000 m):
Dia hinh dbc, hiém tré va kho tiép can tai nhirng khu vuc nay han ché dang ké su

can thiép ctia con ngudi, tir d6 gitp hé sinh thai rimg duy tri tinh 6n dinh va mutc d6 da
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dang sinh hoc cao (Korner, 2021). Bén canh d6, cac yéu t6 khi hau — sinh théi thay doi theo
d6 cao, ching han nhu nhiét d6 giam dan, d6 4m va 4p sudt khi quyén bién ddi, cung véi
dic tinh dat (46 day tang dat, kha nang giit nude va dinh dudng) dd gop phan hinh thanh
cac kiéu tham thyc vat dic trung cho timg dai cao. Nhu Thai Van Trimg (1978, 1999) da
nhan manh, sy két hop giita khi hau va dia hinh 13 yéu t6 quyét dinh c4u tric va phén chia
vanh dai thuc vat.

Két qua tai Phu luc 6 (sé loai theo cép do cao) thé hién su phan bd cua cac loai
thuc vat theo timg cip do cao. Phan tich NMDS nay cho thiy cac loai ¢6 xu huéng
phan bd tap trung trong cic nhom do cao khac nhau, phan anh su thich nghi cua céac
loai v&1 moi truong sinh thai dac trung & mdi dd cao. Tuy nhién, sy xuét hién ctia mot
sO loai tai cc ranh gidi giira cac nhom d6 cao 13 minh chtng cho tinh thich nghi linh
hoat cua céc loai nay trong cac moi truong khac nhau.

- Phdn tich NMDS theo dé doc

Tuong tu, nghién ctru tién hanh phan tich NMDS theo d6 dc, thu dugc két qua thé

hién & Hinh 3.21 va Hinh 3.22 nhu sau:

Ordination Distance
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Hinh 3.21. Biéu dd Shepard ciia cac cip .
do dbe Hinh 3.22. Phan tich NMDS cua cac dai d¢ doc

Biéu d6 Shepard (Hinh 3.21) cho thdy mo hinh NMDS d4 tai hién t6t cau tric dit lidu
phi tuyén, voi gid tri R? = 0,964, phan anh sai 1éch twong dbi nho giita khoang cach du doan
va quan sat. Theo thang danh gia ctia Kruskal (1964), ddy 1a mtc phut hop, cho thiy mo
hinh ¢6 d6 tin cay cao trong viéc biéu dién céu trac dit lidu.

Két qua tryc quan hoéa tai Hinh 3.22 va Phu luc 7 (Sé loai theo cép do déc) cho théy

su phan bd céc loai thuc vat than g khong hinh thanh cac cum phan tach rd rang giita
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cac cap do doc. Biéu d6 NMDS thé hién sy chong 1an dang ké giira cic nhom, phan anh
rang d6 doc tuy c6 anh huong dén phan bd loai nhung chi & mirc d6 han ché. Néi cach
khac, tai VQG Ta Pung, do doc khong phai 13 yéu td quyét dinh cau triic thanh phan loai,
ma vai tro chi phdi c¢6 thé thudc vé cac bién dia hinh khac (nhu do cao) hodc cac yéu tb
moi truong — sinh thai lién quan.
Dé 1am rd hon tic dong cta yéu td dia hinh, nghién ctru tiép tuc tinh toan céc chi s6
da dang sinh hoc theo ting cdp d6 cao va cip do doc. Két qua tai Hinh 3.23 phan 4nh
xu hudng bién dong cua da dang loai dudi cac diéu kién dia hinh khac nhau, tr d6 cho

phép so sanh va doi chiéu mirc d§ anh hudng cuia tig yéu to.

Cép cao do 30 Ll

I H2(600-800)m

215

H3.(800-1000)m
HA{1000-1200)m
H5{1200-1400)m
HE:>=1400m

20

Gia tri

467 475 451 4,46

463 437 473
323

38

0,99 0,99 0,98 0,98
N S —(—

0,96 093 099 0,98 099

Margalef Shannon Simpson

Simpson

Margalef ‘Shannon Chisd ba Dang Sinh hoc
Chi s6 Da dang sinh he

(a) ®)

Hinh 3.23. Chi s6 da dang sinh hoc theo cip dd cao (a) va cip dd dbc (b)
Theo quan diém sinh thai rimg ctia Thai Vian Trimg (1978,1999), thanh phén loai
trong quan xa thyc vat 1a két qua cua su tac dong tong hop tir nhidu yéu t6 moi trudng,
trong d6 c6 do cao va do doc. Két qua phan tich cua luan an phu hop v6i nhan dinh nay
khi cho théy da dang thuc vat than gb c6 xu hudng thay ddi theo dd cao. Cu thé, chi sd
Margalef, phan &nh mtrc d phong phu loai, tang tir 9,8 (& dai cao 600—800 m) 1én 26,97
(¢ dai cao >1400 m). Pong thoi, chi sé Shannon ciing ting tir 3,23 1én 4,73, cho thiy

muc do da dang va sy phan bé dong déu cao hon & cac sinh canh vung cao. Chi so

Simpson duy tri 6n dinh & muc cao (0,96-0,99), phan anh cAu trac quﬁn X4 ¢6 tinh 6n

dinh cao trén toan b gradient d cao.

Cép do déc
D1:<15
D2{15-20)
D3{20-25)
D4:>=25

Nguoc lai, tac dong cua do déc dén da dang loai 1a khong dang ké. Chi sé Margalef

giam nhe tir 29,71 (¢ cap D1 < 15°) xubng 21,58 (& cip D4 > 25°), nhung mirc chénh

1éch nay khong 16n va chua phan anh rd sy bién doi vé s6 lugng loai. Tuong tu, chi s6
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Shannon dao dong trong khoang hep (4,46-4,75), cho thdy mirc do da dang va phan bd
ddng déu cua loai khong thay ddi dang ké gitra cac cAp do dbc. Chi sé Simpson van duy
tri & mirc rat cao (0,98-0,99), khang dinh tinh 6n dinh ctia quan xa trén toan bo gradient
d6 ddc. Nhitng két qua nay phu hop v6i nghién ciru ciia Negi va cong sy (2024) tai ving
Dong Himalaya (An b9), trong d6 do cao dugc xéac dinh la yéu td chi phéi manh dén
cAu triic va da dang loai, trong khi do ddc chi dong vai trod tht yéu.

Téng hop cac phan tich cho thdy, tai VQG Ta Dung, do cao 1a bién méi truong
quyét dinh su phan héa thanh phan loai va da dang sinh hoc ctia quin xa thuc vat than
g0, trong khi anh hudng cia d6 déc & mirc han ché. Nhan dinh nay c6 y nghia thyc tién
khi goi mé riang cac giai phap quan 1y va bao ton rimg can dugc diéu chinh linh hoat
theo dai cao, dic biét trong bdi canh bién do6i khi hau — khi sy thay d6i vé nhiét do va
luong mua doc gradient do cao c6 thé tac dong dén tinh 6n dinh cua quén Xa.

3.4. Dy bao phan b tiém ning ciia cac loai TGQH theo cac kich ban bién ddi khi
hau trong twong lai.

3.4.1. Xdy dwng co sé dir liéu diau vao cho cic mé hinh dw bdo tiém ning theo cdc
kich ban bién doi khi hiu.

Khac vé1 muc 3.2.3, noi m6 hinh SDMs dugc xay dung chu yéu nham hd tro
thiét ké va to chtrc khao sat thuc dia, ndi dung trong phan nay tap trung vao du bao phan
bd tiém nang cua cac loai thyc vat TGQH dudi tac dong cua bién ddi khi hau trong
twong lai. Thuat toan MaxEnt tiép tuc dugc st dung nho uu thé trong xur 1y dit liéu hién
dién han ché va kha niang mé phong xac suat phan b loai trén khong gian rong. Tuy
nhién, co s& dit liéu dau vao & bude nay dugc mo rong hon, bao gém:

(i) Dit liéu thuc dia véi 584 diém hién dién, két hop giira cac két qua diéu tra méi
va dit liéu ké thira (Bang 3.13);

(ii) Bo 10 bién sinh théi dai dién, da duoc lwa chon thong qua quy trinh phan tich
Pearson, phan cum thtr bac, PCA va kiém dinh Jackknife; bao gém: Bio0l - nhiét do
trung binh ndm, Bio03 — d¢ dang nhiét, Bio04 - bién thién nhiét do theo miia, Biol2-
lirong muwa hang ndm, Biol6- hrong mura quy am nhdt, NDVI, hién trang tham phii rirng,
do doc, do cao, va pH dat.

(iii) Dt liéu khi hau twong lai tir hai mé hinh khi hau toan cau EC-Earth3-Veg va
HadGEM3-GC31-LL, theo kich ban phat thai cao SSP5-8.5, & bon giai doan 2021-2040,
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2041-2060, 2061-2080 va 2081-2100 (Phu luc 12). Cac m6 hinh nay phu hop trong mod
phéng nhiét d6 va lugng mua trén luu vue (Pham Hung va cong su, 2024).

Céch tiép can nay cho phép danh gia xu hudng dich chuyén khong gian séng va
thay ddi sinh canh cua cac loai TGQH trong bdi canh khi hau toan ciu bién dbi, tir 6
cung cép bang chimg khoa hoc cho cong tac quan 1y va bao ton dai han.

Bang 3.13. S6 lwgng diém ghi nhan 10 loai nghién ciru tai VQG Ta Pung

STT Tén loai S6 lwong diém ghi nhan ngoai thuc dia
1 Tram huong 2
2 Tram nau 25
3 Xa xi 81
4 Thong nang 99
5 Dau baud 91
6 Dau hasselt 25
7 Soi ba canh 28
8 D¢ langbian 34
9 Thong tre 14

10 Hong quang 185

3.4.2. M6 phéng phdn bé tiém naing ciia cdc loai TGOH tai VOG Ta Diing.

Trong nghién ctru nay, sé lwong diém hién dién cua cac loai nghién ciru dao dong
tir 14 dén 185 diém, ngoai trir loai Tram huong (Aquilaria crassna) chi ghi nhan duoc
02 diém. Viéc han ché s6 luong diém hién dién, dic biét doi voi cac loai hiém, c6 thé
lam giam d¢ on dinh ctia mo hinh. Tuy nhién, nhiéu nghién ctru da chi ra rang thuat toan
MaxEnt van c6 thé hoat dong hiéu qua voi co mau rat nhd. Cu thé, André va cong su
(2016) cho thiy MaxEnt c6 thé cho két qua 6n dinh ngay ca khi s6 diém hién dién t6i
thiéu chi tir 2-10, dic biét v6i céc loai ¢ pham vi phan bd hep, néu qua trinh phan tich
duoc hi¢u chinh va ap dung céc cong cu danh gia ndi tai nhu cross-validation hodc
Jackknife. Tuong ti, Bean va cong su (2012) ciing khing dinh ring d6i véi cac loai
hiém, mién 1a cac bién méi truong duoc lya chon c¢6 ¥ nghia sinh thai théng qua phan
tich Jackknife, thi mé hinh MaxEnt vin c6 thé dat d6 tin cdy chdp nhan dugc ngay ca
khi s6 diém hién dién dusi 10.

Do d6, mic du ton tai han ché vé sd diém hién dién cua mot sd loai, viée ung dung

MaxEnt trong nghién ctru ndy van c6 gia tri khoa hoc va tinh thuc tién, cho phép xay
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dung cac kich ban du bao phan bd tiém nang cua cac loai dua trén dit li¢u hién co, déng
thoi cung cap thong tin quan trong phuc vu cong tic quan 1y va bao ton tai VQG
Ta Pung.

- M6 hinh phdn b6 tiém ndng cia lodi Tram hirong

Ving phan bé tiém ning cua loai Tram huong tai VQG Ta Dung (Hinh 3.24),
dugc xay dung dua trén dir li¢u da lga chon. Do ) lugng ca thé ghi nhan dugc trong
thuc dia chi gé)m hai c4 thé, toan bd dit lidu nay duoc st dung dé huan luyén mo hinh,
thay vi 4p dung quy tic phan chia pho bién 70%—30%. Cach tiép cén nay la can thiét
trong boi canh loai c¢6 tan suat xuat hién rat thdp va muyc tiéu chinh 14 khoanh vung tiém
nang sinh canh hon 1a du béo xac suat chinh xac (Liu et al., 2005).

Két qua md hinh cho thy gia tri AUC dat 0,9, phan anh mtc 6 phu hop nhat
dinh trong viéc phan biét cac khu vuc tiém ning. Tuy nhién, véi dic thu sé miu hién
dién rat han ché, két qua nay dugc str dung nhu mot co sé tham khao cho viéc khoanh
vung sinh canh tiém niang, hon 13 nham danh gia chinh xac vé d6 phan bé cua loai.

Ving phén b tiém niing loai trim hwong (Aquilaria crassna) tai VQG Ta Dung
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Hinh 3.24. Bin d6 ving phan bo tiém ning ciia loai Tram hwong tai VQG Ta Pung
- M6 hinh phdn bé tiém néing ciia lodi Trdm ndu
Hinh 3.25 trinh bay viing phan bd tiém ning cta loai Tram nau véi 25 diém hién
dién ngoai thuc dia, trong d6 17 diém (70%) dung huan luyén va 8 diém (30%) dung
kiém dinh mé hinh.
Két qua cho thiy AUC dat 0,84 & tap huan luyén va 0,80 & tip kiém dinh. Ban

dd phan b tiém ning chi ra rang khu vuc c¢6 mirc d6 phu hop cao tap trung & phia Pong
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va Pong Nam VQG Ta Pung, trong khi phia Tay va Tay Bic co gia tri du doan
thip hon.

Ving phén bd tiém ning loai Tram niu (Canarium littorale) tai VQG Ta Ding
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Hinh 3.25. Ban d6 viing phan bo tiém ning ciia loai Tram nau tai VQG Ta Pung
- Mé hinh phdn bé tiém nang cua lodi X xi
Hinh 3.26 cho thay ving phan bé tiém ning cua loai X4 xi dugc xay dung tir 81
diém hién dién (70% dung huan luyén, 30% kiém dinh). M6 hinh dat AUC = 0,9, phan
anh kha nang phan biét tét giira khu vure ¢6 va khong c6 loai. Két qua ban do cho thay
ving c6 gid tri du doan cao tap trung chil yéu & phia Pong Nam VQG Ta Pung, trong
khi phia Tay va Ty Béc c6 mirc d6 phu hop thap hon.

Ving phin bé tiém ning loai X4 xi (Cinnamomum balansae) tai VQG Ta Ding
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Hinh 3.26. Ban dd viing phin bd tiém ning caa loai X4 xi tai VQG Ta Dung
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- M6 hinh phén bé tiém nang cua lodi Théng nang

Két qua khao sat ghi nhan 99 ca thé Thong nang tai VQG Ta Pung. Mo hinh dy
doan dugc xay dung vdi 66 diém hién dién, dat AUC = 0,93, trong khi tap kiém dinh
v6i 33 diém cho AUC = 0,92.

Hinh 3.27 14 ban d6 phan bd tiém ning ctia Thong nang. Két qua chi ra, cac khu
vue ¢6 gia tri du doan cao tip trung chu yéu & phia Dong Nam, noi ¢ diéu kién sinh
thai thuan loi nhu dg cao trung binh dén cao, do 4m cao, hé théng song subi hd trg va
tham thuc vat rung day dac, gitp duy tri vi khi hau on dinh, phu hop vo1 sy phat trién
cua loai.

Nguoc lai, cac khu vyc phia Tay va Tay Bic c6 murc d pht hop thap hon, ¢6 thé do
d6 dbc 16m, diéu kién dat khong thuan lgi, hoac tac dong tir hoat dong con ngudi nhu khai
thac tai nguyén, giao thong, va bién doi str dung dat. Piéu nay cho thiy loai Thong nang c6
xu hudéng wu tién sinh truong trong moi truong co dé am 6n dinh va nén rimg it bi tac dong,
phu hop véi dic diém sinh thai cua cac loai ciy hat tran.

Ving phan b tiém ning loai Théng nang (Dacrycarpus imbricatus) tai VQG Ta

Pung
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Hinh 3.27. Bin d6 ving phén bd tiém ning cia loai Thong nang tai VQG Ta Pung
- Mb hinh phdn bé tiém ndng ciia loai Dau baud
Hinh 3.28 trinh by viing phan b tiém ning cua loai Dau baud, duoc xay dung
tir 91 diém hién dién ngoai thuc dia. M6 hinh dat AUC = 0,90 ¢ tdp huan luyén (64
diém) va 0,86 & tap kiém dinh (25 diém). Két qua dy bao cho thay khu vuc co gia tri
phan bd cao tap trung chu yéu ¢ phia Dong Nam VQG Ta Pung, trong khi cic ving phia
Tay va Tay Bac c6 mic do phu hop thap hon.
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Ving phan b tiém ning loai Dau baud (Dipterocarpus baudii) tai VQG Ta Ding
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Hinh 3.28. Ban do viing phin b tiém ning ciia loai Diu baud tai VQG Ta Pung

- M6 hinh phén bé tiém ndng cia lodi Dau hasselt

Trong nghién ctru, chi ghi nhan dugc 25 ca thé Dau hasselt ngoai thuc dia. M6

hinh MaxEnt dat AUC = 0,93 ¢ tap huin luyén va 0,94 ¢ tap kiém dinh, phan anh hi¢u

suat du bao tét. Ban d6 phan bd tiém nang (Hinh 3.29) cho thay cac khu vuc phu hop

nhit tp trung chii yéu ¢ phia DPong Nam VQG Ta Pung, noi ¢6 diéu kién sinh thai thun

loi cho loai. Nguoc lai, cac khu vuc phia Tay va Tay Béic c6 muc d6 phi hop thap hon,

do phan 16n dién tich ring & khu vuc nay 16 6 va tre ntra, von khong tao diéu kién sinh

thai thich hop cho Dau hasselt. Viéc cac diém ghi nhan thyc té tring khép véi ving du

doan cao cho thdy mo hinh di phan 4nh twong ddi tot xu huéng phan bd cia loai. Vi

vay, can uu tién bao v¢ va quan 1y cac sinh canh phia Pong Nam nham duy tri va phuc

hoéi quan thé Dau hasselt trong tuong lai.
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Ving phén b tiém niing loai DAu hasselt (Dipterocarpus hasseltii) tai VQG Ta Ding
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Hinh 3.29. Ban dd viing phan b tiém ning ciia loai DAu hasselt tai VQG Ta Pung

- M6 hinh phdn bo tiem nang cua loai Soi ba canh

Qua qua trinh khao sat, nhom nghién ciru da ghi nhan 28 ca thé cia loai S6i ba

canh tai VQG Ta Pung. Gia tri AUC danh gia mé hinh trén 20 diém xay dung va 8 diém

kiém tra 1an luot 13 0,97 va 0,96.
Ban d6 phan bd tiém ning cua loai Soi ba canh tai VQG Ta Pung (Hinh 3.30)

cho thay pham vi sinh canh phu hop chu yéu tap trung tai phia Nam va DPong Nam cia

khu vuc nghién ctru. Cac khu vuc phia Tdy va Bic cia VQG Ta Pung c6 muc d6 phu

hop thip hon.

Vung phan b tiém nang loai Sdi ba canh (Trigonobalanus verticillata) tai VQG Ta
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Hinh 3.30. Ban dd ving phén b tiém ning ciia loai Soi ba canh tai VQG Ta Pung
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- M6 hinh phdn bé tiém ndng cia lodi Dé langbian

Hinh 3.31 trinh bay ving phan b tiém ning cta loai Dé langbian tai VQG Ta Pung
dua trén 34 c4 thé ghi nhan dugc trong qua trinh diéu tra. Gia tri AUC dat 0,94 ddi véi tap
huan luyén (23 diém) va 0,92 d6i véi 11 diém dung dé kiém dinh.

Ban d0 phan b tiém ning ctia loai Dé langbian tai VQG Ta Pung cho thiy ving
sinh canh pht hop chu yéu tap trung & phia Nam va Dong Nam ctia khu vue nghién ciru.

Ving phan b6 tiém nang loai Dé langbian (Quercus langbianensis) tai

VQG Ta Pung
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Hinh 3.31. Ban d6 ving phan b6 tiém ning ciia loai Dé langbian tai VQG Ta Pung
- Mé hinh phén bé tiém nding ciia loai Thong tre
Trong qué trinh khao sat, chi ghi nhan dugc 14 ca thé Thong tre tai VQG Ta Dung.
Ving phan bd tiém ning cua loai dugc xay dyung tir cic diém hién dién (Hinh 3.32), vé6i
AUC dat 0,96 & tap huin luyén (10 diém) va 0,80 & tap kiém dinh (4 diém). Cac khu
vuc ¢6 sinh canh phu hop véi Thong tre chi yéu nam & phia Pong va Pong Nam, khu

vuc phia T4y va Tay Bic ctia VQG Ta Dung c6 muc do phu hop thap hon.
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Ving phan bd tiém ning loai Théng tre 14 dai (Podocarpus neriifolius) tai VQG Ta

Pun,
430000 435000 440000 445000 450000 455000 460000 465000
Chi gidi N
E1| T3 Ranh gis S B
S| T3 Rann gici l,.r‘ \ A g " :
b 1 8
snn 5 ! il AUC= 0958 AUC= 0,808
= Puong giao thong / ,z
Thiy vin / i o o
a P—_ —_ ——_.c P ——— v
Puong déng mirc Il N ¢ i v
s e
g z - g 2 mm 2
Y e ]
S| v nuse H ) 8 g 7 32
” I3 2 4 Y o 9@ e @
Xéc sut dy dodn i 3 $ o : o
0-0.25: Khong ph hop 7 W g . [
0.25 - 0.5: Phi hop thip ! oo 2o
s . ) { o 3 E]
S|/ ™M 0.5 - 0.75: Phu hop trung binh } B € 4 g
8
||| . 075 - 1: Phi hop cao r‘ g ° °
ol S e S - c—
00 02 04 06 08 10 00 02 04 06 08 10
8 o
§ g False positive rate False positive rate
| s
¢ -
- lg‘ ’/
g ) g
s ‘1% o | 25  skn g

430000 435000 440000 445000 450000 455000 460000 465000

Hinh 3.32. Ban dd viing phan b tiém ning ciia loai Thong tre tai VQG Ta Pung
- M6 hinh phén bé tiém ndng cua lodi Hong quang

Hong quang 13 loai ¢ s6 lwong ca thé ghi nhan 16n nhét trong nghién ciru voi
185 diém hién dién. Ban d6 phan bd tiém ning (Hinh 3.33) cho thiy pham vi phan b
rong, phan anh sy thich nghi tot cta loai véi diéu kién khi hau hién tai tai VQG Ta Pung.
Mo hinh dat gia tri AUC = 0,78 cho ca tip huin luyén (130 diém) va kiém dinh
(65 diém).

Ban d6 phéan b tiém ning cua loai Hong quang tai VQG Ta Pung cho thiy ving
sinh canh phu hop trai rong trén nhiéu khu vuc trong pham vi nghién ctru, dic biét 1a
phia Nam, Pong Nam va rai rac & khu vuc trung tim va phia Bac. Diéu nay cho thay
loai ndy c6 kha nang thich nghi voi nhiéu diéu kién sinh thai khac nhau, nhung van uu

tién nhirng vung c6 dg cao trung binh, d§ am cao.
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Vung phan b tiém niing loai Héng quang (Rhodoleia championii) tai VQG Ta Pung
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Hinh 3.33. Ban d6 vung phan bd tiém ning ciia loai Hong quang tai VQG Ta Pung

* Nhan xét chung: Két qua phan tich cho thay thuat toan MaxEnt da dy bao hiéu
qua ving phan bd tiém ning cia loai tai VQG Ta Pung véi gia tri AUC dao dong tir
0,78 dén 0,97, khoang tin cay 95%. Diéu nay cho thiy do tin cdy kha tét cia mé hinh
trong viéc danh gia su thich nghi sinh thai cua cac loai. Xu hudng twong tu cling dugc
ghi nhan trong cac nghién ctru gan day nhu Zang va cong su (2024) dat AUC = 0,89 khi
du bao phan b6 loai Angelica dahurica, trong khi Wei va cong su (2024) ghi nhan AUC
0,96 dbi v6i loai quy hiém Ormosia microphylla. Nhimg két qua ndy ctng cd tinh hiéu
qua cua MaxEnt nhu mdt cong cu hitu hiéu trong du bao phan bd thue vat noi chung va
cac loai thyc vat TGQH néi riéng, dua trén dit li€éu moi trudong.

Két qua mo hinh phan bo loai thuc vat TGQH tai khu vuc nghién ctru cho théy
hau hét cac loai ¢6 xu huéng phan bé chii yéu & phia Pong Nam, noi cé diéu kién sinh
thai thuan loi, trong khi phia T4y va Tdy Bic c6 mirc d6 phu hop thap hon.

Khi két hop v6i ban d6 hién trang tham phu rirng (Phu luc 16), ban d6 trang thai
rumg (Hinh 3.2), ban d6 d6 cao va d6 déc (Hinh 2.8) va mé hinh phan b tiém ning cua
cac loai TGQH (Hinh 3.24 - Hinh 3.33), ¢6 thé nhan thiy sy anh hudng cta cic nhan t6
nay dén murc d6 phu hop sinh thai cua cac loai cdy. Khu vuc phia Pong Nam va ving
trung tdm ciia VQG Ta Pung c6 dia hinh phirc tap, véi do ddc cao (15° - 25° va >25°)
va do cao dao dong tir 1.000 - 1.400m va trén 1.400m. Nho dia hinh ddi nti hiém tré co
thé da lam cho khu vuc ndy it chiu tic dong tir cac hoat dong con ngudi. Piéu nay di

gitip duy tri hé sinh thai rimg nguyén sinh mot cach bén viing. Thém vao d6, sy hién
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dién cua dién tich ring tu nhién 16n cing mang ludi song sudi day dic tao diéu kién duy
tri 36 Am thich hop, thuan lgi cho sy phat trién cua cac loai TGQH. Do vay, da sb céc
loai nghién ctru phan bd tap trung tai khu vire ndy, noi hoi tu cac diéu kién sinh thai Iy
turdng dé bao ton va phat trién quan thé ty nhién.

Nguoc lai voi khu vuc Pong Nam, ving Tay va Tay Bic VQG Ta Pung c6 do
che phu rirng thip hon, chii yéu do suy thoai dét va tac dong nhan sinh. Dia hinh noi day
c6 cao do trung binh chi 600—1.000 m, d6 ddc thap (<15°), lam giam kha ning gitt nudc
va tao diéu kién sinh thai kém thuan loi cho su phat trién ctia nhiéu loai cay gb. Ban d6
hién trang tham phu ring (Phu luc 16) cho théy dién tich 16n tai khu vuc nay thude céac
nhom mat nudc (MN), dat tréng (LOO), dat ndng nghiép (NN), rimg trong (RT) va ring
16 6 — tre nra, phan anh sy bién d6i manh trong cdu trac tham thuc vat dudi tac dong
ctia con ngudi. Hé qua 1a cac loai cdy TGQH it xuat hién tai khu vuc Ty va Tay Bic.

* Phan b tiém niing ciia 10 loai TGQH c6 thé dwoc tém tit nh sau:

Thong tre va Thong nang: Hai loai ndy chil yéu xuat hién tai ring ty nhién & do
cao trén 1.200 m. Khu vuc nay c6 khi hau mat mé, do 4m 6On dinh, tao diéu kién 1y tudng
cho su phat trién cua cac loai hat tran duoc nghién curu.

Tram huong, X4 xi, Dau baud, Sdi ba canh, Dau hasselt va Dé langbian: Céc loai
nay phan b chu yéu ¢ ving c6 do cao trung binh tir 1.000 - 1.400m. Pay 1a khu vuc co
rimg tu nhién c6 hé thong song sudi phong phu, gitup duy tri d6 4m dét cao va vi khi hau
6n dinh.

Hoéng quang, Tram nau c6 phan bd rong hon & so vai cac loai khac, phan bd & do
cao tir 600m tré lén.

Mot diém dang luu ¥ 1 tit ca cac loai duge mo hinh héa déu cé phan bd tiém
nang chu yéu tap trung tai cac khu vyc c6 do dbc tir 15° trg 18n, mac du vé mit sinh thai,
nhiéu loai hoan toan c6 kha nang sinh truong tai dia hinh dc thap hon. Két qua nay co
thé phan anh thién léch dit liéu (sampling bias) do anh hudng tir lich st st dung dat.
Theo thong tin thu thap tir can bo kiém 1am va cong dong dia phurong, cac khu vuc bang
phing (<15°) thuong di timg chiu tac dong manh tir hoat dong khai thac hoic chuyén
d6i muyc dich str dung, dan dén sy ving mit thtr cap cua cac loai cay gd quy hiém — tirc
1a nhing loai c6 thé tirg phan bd tai ¢6 nhung hién da bién mat do ap luc nhan sinh.

Bén canh d6, phuong phap 14y mau hién trudng chi yéu duoc thue hién tai cac

khu vuc con ghi nhan sy hién dién cuia loai, trong khi cac ving tiém nang nhung bi suy
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thoai nghiém trong trong quéa khir lai it duogc khao sat. Piéu nay din dén kha ning mo
hinh danh gi4 sinh canh phu hop hién tai, nhung c6 thé chua phan anh ddy da pham vi
sinh thai tiém ning cua loai trong diéu kién ty nhién. Do d6, két qua mo hinh héa can
duoc hiéu 1a dai dién tuong ddi cho hién trang sinh canh hién nay.

* Ung dung ciia md hinh héa phan b tiém ning trong quan Iy va bao ton tai VQG
Ta Dung:

Tir két qua xay dung ban d6 phan b tiém ning cac loai cdy TGQH, nghién ctru
cung cap dit liéu sinh thai c6 gia tri hd tro cong tac quy hoach va dinh huéng quan 1y da
dang sinh hoc tai VQG Ta Pung. Mot s6 ing dung tiém nang bao gom:

+ DPinh hudéng bao tdn theo sinh canh phu hop: Cac khu vuc dugc xac dinh co
murc d§ phu hop sinh thai cao, dac biét & phia BDong, Pong Nam va vung trung tam, co
thé duge uu tién dua vao ké hoach bao ton dai han, v6i dinh huéng xay dung ving 13i
hodc khu vuc phuc hoi sinh thai.

+ Hb tro lap ké hoach diéu tra thuc dja: Ban do tiém nang giup xac dinh cac vi
tri co6 kha nang hién dién loai cao, tir 46 t6i wu hoa nguén luc trong céc hoat dong khao
sat, dac biét hitu ich vdi nhitng loai ¢é dit liéu hién dién han ché.

+ Phat hién sém cac khu vyc suy giam tiém ning sinh thai: Nhitng ving c6 tiém
nang thap hodc giam sut theo thdi gian ¢ thé duoc danh gia dé xac dinh nguyén nhan
va dé xuit bién phap quan 1y thich hop nhu kiém so4t xAm 1an hodc tai tao tham thuc
vat ban dia.

3.4.3. Dw bdo sw thay déi phéin bé tiém ning ciia cdc loai TGOH dwdi cdc kich bén
khi hdu khac nhau trong giai doan tuwr 2021-2100.

3.4.3.1. Dw bdo sw thay déi phén bé tiém ning ciia loai Xd xi tai VOG Ta Pung theo
cdc kich bén bién doi khi hiu trong twong lai.

Két qua mod phong ving phan b tiém ning cua loai X4 xi theo kich ban SSP5-
8.5 (Hinh 3.34, Hinh 3.35) cho thdy xu huéng suy giam manh sinh canh trong thé ky
XXI, v6i mic d6 nghiém trong ting dan dén giita thé ky, sau d6 c6 du hiéu phuc hoi
nhe vao giai doan 2081-2100.

Vé6i mo hinh EC-Earth3-Veg, sinh canh loai giam nhanh tir du thé ky, dat mirc
thap nhat giai doan 2061-2080 (xac suat chi con 0,002-0,006), réi mé rong nhe trd lai
cubi thé ky, chii yéu ¢ trung tdm VQG Ta Pung. Tuy nhién, phan 16n cac khu vuc hién

dién hién tai déu ghi nhan bién dong am, phan anh tic dong tiéu cuc tir khi hau
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khic nghiét.

M6 hinh HadGEM3-GC31-LL ciing cho két qua twong tu nhung muc suy giam
nghiém trong hon. Trong giai doan 2021-2080, viing c¢6 xac suat phan b cao bi thu hep
manh, gia tri bién dong am phé bién tir -1,00 dén -0,25. Du cudi thé ky co6 su 6n dinh
hon va xuat hién mot sd khu vuc cai thién, song nhin chung kha nang phuc hoi khong
da bu dip suy giam trude do.

Két qua cho thay sinh canh cta X4 xi c¢6 nguy co thu hep dang ké trong bdi canh
bién ddi khi hau, déng thoi nhdn manh sy can thiét cta cac nghién curu thyc dia va bi¢n
phap quan 1y bo trg dé danh gia va nang cao kha nang thich Gmg cua loai.

EC-Earth3-Veg_ssp585

Ving phan bS loai Sy thay 06 gia tr) Gia tn) thay d6i tai
theo kich ban BOKH dy doén kha néng phén bd Giém phan bS hién tai cia loai

pi sl
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2021-2040
i
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Hinh 3.34. Dy do4n vung phan b loai X4 xi theo kich ban BDKH mé hinh EC-
Earth3-Veg, ssp585
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HadGEM3-GC31-LL_ssp585
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Hinh 3.35. Dy doan viing phan bd loai X4 xi theo kich ban BDKH mé hinh
HadGEM3-GC31-LL, ssp585
So sanh giita hai mé hinh cho thiy HadGEM3-GC31-LL du bao muc do suy thoai
sinh canh nghiém trong hon so vo1 EC-Earth3-Veg (Hinh 3.36). Trong khi EC-Earth3-
Veg cho thiy tiém ning phuc hdi vao cudi thé ky, thi HadGEM3-GC31-LL phan anh
mot vién canh tidu cuc hon, kha ning thich nghi bi han ché néu cac yéu t6 khi hau tiép

tuc dién bién theo chiéu hudng cuc doan.

Xu hudng bién déi xac suat phan bé loai Xa xj theo hai mé hinh khi hau
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Hinh 3.36. Xu hwéng bién ddi xac sudt phan bd tiém ning cia loai X4 xi theo thoi
gian dwéi tic dong ciia bién ddi khi hau (SSP5-8.5).
3.4.3.2. Dw bdo sw thay déi phin bé tiém nding ciia loai Tram hwong tai VOG Ta
Duing theo cdc kich bén bién déi khi hiu trong twong lai.

Két qua trinh bay tai Phu luc 12 m6 phong tir hai mé hinh khi hau EC-Earth3-Veg
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va HadGEM3-GC31-LL theo kich ban phat thai cao SSP5-8.5 déu phan anh xu hudng
suy giam manh trong pham vi phan bé cta loai Tram huong theo thoi gian, v6i ddu hiéu
thu hep ving sinh canh phu hop va khong cé kha nang phuc hoi vao cubi thé ky.

Dén giai doan 2061-2100, su thu hep ving phan bd dién ra manh m& hon, véi
nhiéu khu vuc ¢ mirc dd pht hop sinh thai giam xudng gan bang 0, lam gia ting nguy
co suy giam quan thé nghiém trong, thAm chi din dén mat loai tai mot s khu vuc trude
day c6 sinh canh phu hop.

Phén tich mirc d6 thay d6i gia tri du doan kha ning phan b ciing cho thiy su suy
giam 13 rét trén dién rong. Trong giai doan 2021-2080, gié tri thay doi dao dong tir -0,2
dén -0,75, dic biét tai cac khu vuce ria sinh canh. Pén giai doan 2081-2100, mot sb vung
c¢6 dau hiéu phuc hoi nhe nhung van & mirc thap, cho thay sy thich nghi cta loai co thé
khong du dé bu dip su suy giam sinh canh kéo dai trong thé ky 21.

So sanh gitra hai mé hinh (Hinh 3.37) cho thay, HadGEM3-GC31-LL dy bao mirc
do suy giam nghiém trong hon so v61 EC-Earth3-Veg, dac biét tai cac khu vuc ¢6 mirc
d6 phu hop sinh thai cao hién tai. M6 hinh nay khong cho thay ddu hiéu phuc hdi vao
cubi thé ky, diéu nay dong nghia véi nguy co mat sinh canh hoan toan néu khong c6 cac
bién phap bao t6n kip thoi.

EC-Earth3-Veg
AGEM3-GC
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Hinh 3.37. Xu huéng bién doi xac suit phan bé tiém ning ciia loai Tram hwong
theo thoi gian dudi tac dong cia bién ddi khi hau (SSP5-8.5).
3.4.3.3 Dw bdo sw thay déi phén bé tiém nang ciia loai Tram ndu tai VOG Ta Piing
theo cdc kich bin bién déi khi hdu trong twong lai.
Két qua mo6 phong (Phu luc 12) cho thiy loai TrAm niu c6 xu hudng suy giam

manh vé pham vi phan bd trong nura dau thé ky XXI, sau do xuét hién mot sb tin hiéu
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6n dinh cuc bo vao cudi thé ky.

Véi EC-Earth3-Veg, xac suat phan bd giam lién tuc trong ba giai doan dau
(2021-2080), nhiéu khu vuc xuéng dué6i 0,1. Bén 2081-2100, mot sd vung trung tam
ghi nhén su hoi phuc nhe (x4c suit ting dén 0.4), phan anh tiém ning thich nghi
nhét dinh.

Nguoc lai, HidGEM3-GC31-LL ghi nhan xu huéng mé rong sinh canh & nira dau
thé ky, nhat 1a tai phia Nam va Dong Nam (x4c suat 0,25-0,8), nhung tir 2061 tr& di lai
suy giam dan, dén cudi thé ky nhiéu khu vuc ria giam xudng dudi 0,25.

So sanh hai mé hinh (Hinh 3.38) cho thay su khéc biét : EC-Earth3-Veg nhan manh
nguy co suy giam kéo dai trong sudt thé ky, trong khi HadGEM3-GC31-LL phan anh
kha nang mo rong tam thoi trudce khi suy giam vé cudi thé ky.

Dién bién xac sudt phan bé tiém nang cda loai Trém nau theo hai mé hinh khi hau

0.6 EC-Earth3-Veg
—a— HadGEM3-GC31-LL
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Hinh 3.38. Xu hwéng bién ddi xac sudt phan bd tiém ning cia loai Tram nau theo
thoi gian dwdi tac dong ciia bién ddi khi hau (SSP5-8.5).
3.4.3.4 Dw bdo sw thay doi phin bé tiém néng ciia loai Théng nang tai VOG Ta Piing
theo cdc kich bin bién déi khi hdu trong twong lai.

Két qua phan tich tai Phu luc 12 chi ra rang pham vi phan b6 tiém nang cua loai Thong
nang c6 xu hudng suy giam nhe trong thé ky XXI. Tuy nhién, cac mé phong khong ghi nhan
nguy co mat hoan toan sinh canh vao cudi thé ky, cho thiy kha nang duy tri nhét dinh trong
diéu kién khi hau bién doi.

Theo mo6 hinh EC-Earth3-Veg, pham vi sinh canh phu hop cua loai c6 xu huéng thu
hep dan theo thoi gian. Dac biét, trong giai doan 2061-2080, nhiéu khu vuc ghi nhan xac sut

hi¢n dién gidm xuong dudi 0,3 — phan anh sy suy thodi ro rét vé di€u kién sinh thai. Mac du
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vdy, dén cudi thé ky (2081-2100), qua trinh suy giam c6 diu hiéu chiing lai, khi nhiéu khu
vue duy tri mirc xac suat phan bd trong khoang 0,2-0,4. Dién bién nay cho thiy kha ning
thich nghi sinh thai trong ddi cia loai Théng nang trude ap luc ctia bién doi khi hau kéo dai.

Mo hinh HadGEM3-GC31-LL phén anh xu huéng 6n dinh hon trong nira dau thé ky
XXI. Trong giai doan 2021-2060, x4c suat phan bd ctia loai duy tri & murc trong ddi cao (tir
0,25 dén 0,75), cho thiy diéu kién sinh canh khong thay d6i dang ké. Tuy nhién, tir 2061—
2080, md hinh ghi nhan su suy giam nhe, dac bi¢t tai cac khu vuc ria sinh canh, véi xéac Suat
hién dién giam xudng dudi 0,3. Xu hudng nay tiép tuc kéo dai dén cudi thé ky, voi nhiéu khu
vuc chi con xac suat phan bd tir 0,1 dén 0,3. Két qua cho théy su thu hep nhe va co kiém soat.

So sanh gitra hai mé hinh (Hinh 3.39) cho thay sy khac biét vé dong thi suy giam
phan bd theo thoi gian. Trong khi EC-Earth3-Veg phan anh qua trinh suy giam dan déu nhung
¢6 diu hiéu chiing lai vao cubi thé ky, thi HIdGEM3-GC31-LL md ta mot sinh canh twong
d6i On dinh ban dau, trudc khi thu hep nhe véo giai doan cudi. Piéu nay chi ra rang loai Thong
nang c6 kha nang thich nghi sinh thai nhat dinh trong bdi canh khi hau thay doi, tuy nhién dé
dam bao duy tri sinh canh 1au dai va 6n dinh, van can thiét phai trién khai cac bién phap bao
ton phtt hop va chu dong hon.

Dién bién xac suat phan bé tiém nang cua loai Théng nang theo hai mé hinh khi hiu

EC-Earth3Veg
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Hinh 3.39. Xu hwéng bién ddi xac sudt phan bd tiém niing ciia loai Thong nang

theo thoi gian dwdi tic dong ciia bién déi khi hau (SSP5-8.5).
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3.4.3.5. Dw bdo sw thay déi phin bé tiém néng ciia loai Dau baud tai VOG Ta Piing
theo cdc kich bin bién déi khi hdu trong twong lai.

Dir liéu tai Phy luc 12 phan anh rd su bién dong trong pham vi phan bd tiém ning
ctia loai Dau baud trong thé ky XXI. M6 phong tir cic mo hinh khi hau cho thdy xu
huéng suy giam trong giai doan giita thé ky, nhung dong thoi ghi nhan nhimng dau hiéu
phuc hdi nhe vao cudi thé ky.

Theo m6 hinh EC-Earth3-Veg, sinh canh cua loai duy tri trang thai trong d6i 6n
dinh trong ntra dau thé ky XXI, véi xac suét xuat hién dao dong trong khoang tur 0,2 dén
0,8. Tuy nhién, dén giai doan 2061-2080, mo6 hinh bat dau ghi nhan sy suy giam r0 rét
vé mirc d phu hop sinh thai, khi nhiéu khu vuc c¢6 xac suat hién dién giam xubng duéi
0,4 — phan anh su thu hep cua vung sinh canh thich hop.

Dén giai doan 2081-2100, xu hudng phuc hdi nhe bat dau xuat hién, dic biét tai cac
khu vuc trung tim, v6i xac suat phan bo tang tré lai 1én khoang 0,25-0,75.

Tuong tu, mé hinh HadGEM3-GC31-LL phan anh mét xu hudng 6n dinh hon
trong phan 16n thé ky XXI. Trong giai doan 2021-2080, ving phan bd tiém ning cua
loai duy tri tuong ddi on dinh, véi xac suat xuit hién dao dong tir 0,25 dén 0,75, cho
thiy moi trudng sdng van phu hop véi sy ton tai cua loai. Tuy nhién, dén giai doan
2081-2100, md hinh bat dau ghi nhan su suy giam nhe, voi mot s6 khu vuc c6 xac suét
phan bd giam xudng dudi 0,5.

Hinh 3.40, so sanh giita hai mo hinh cho thay su khéac biét trong dong thai bién
d6i pham vi phan bo cua loai Dau baud. EC-Earth3-Veg dy bao su suy giam rd rét hon
trong giai doan gitra thé ky, nhung dong thoi ciing ghi nhan kha ning phuc hdi nhe vao
cubi thé ky. Trong khi d6, HadGEM3-GC31-LL phan 4nh mdt sinh canh 6n dinh hon
trong phan 16n thé ky, trudc khi c6 xu hudng suy giam nhe vao giai doan cudi. Nhitng
két qua nay cho thiy loai Dau baud c6 kha nang thich nghi nhét dinh trudc tac dong cua
bién d6i khi hau. Tuy nhién, cac thay d6i vé nhiét do, d6 4m va cac yéu td sinh thai khac
van co thé gay anh huong tiéu cuc dén kha nang phan bd cua loai trong tuong lai, doi
hoi cac chién luoc bao tén va quan 1y sinh canh phu hop dé dam bao tinh bén vimng

lau dai.
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. BDién bién xéac suat phan bd tiém nang cla loai Dau baud theo hai md hinh khi hau
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Hinh 3.40. Xu hwéng bién ddi xac suat phan bd tiém ning ciia loai Diu baud theo
thoi gian dwdi tac dong ciia bién ddi khi hau (SSP5-8.5).
3.4.3.6 Dw bdo sw thay déi phin bé tiém nang ciia loai Dau hasselt tai VOG Ta
Diing theo cdc kich béin bién doi khi hiu trong twong lai.

Két qua mo phong tir hai mé hinh khi hau EC-Earth3-Veg va HadGEM3-GC31-
LL (Phu lyc 12) cho thdy xu huéng suy giam rd rét pham vi sinh canh tiém ning cia
loai Dau hasselt trong thé ky XXI, véi mirc d6 suy giam manh nhat ghi nhan trong nira
sau cua thé ky. Nguy co mat loai vao cudi thé ky 1a dang lo ngai néu khong co cac bién
phap can thiép kip thoi.

Theo m6 hinh EC-Earth3-Veg, loai van c6 kha nang tdn tai tai mot sd khu vuc
trong giai doan 2021-2040, véi xac suét phan b6 dao dong tur 0,1 dén 0,3, mac du da co
dau hiéu suy giam. Dén giai doan 2041-2060, pham vi phan bd tiép tuc thu hep véi xac
suét hién dién giam con 0,05-0,2, phan anh sy thoai hoa rd rét cua sinh canh. Giai doan
2061-2080 danh dau thoi ky suy giam nghiém trong nhat, khi x4c suat xuat hién giam
xubng dudi 0,1 — cho thdy diéu kién méi trudng séng khong con dap tng duoc nhu ciu
sinh ton cua loai. Mic du mé hinh ghi nhan mot s6 dau hiéu phuc hoi nhe vao giai doan
2081-2100 (x4c sudt phan b ting 1én trong khoang 0,1-0,5), tong thé pham vi sinh
canh van bi thu hep dang ké so véi hién trang.

Trong khi d6, m6 hinh HadGEM3-GC31-LL phan 4nh mo{t xu hudng tuong tu
nhung c6 sy 6n dinh trong d6i hon trong nira dau thé ky. Giai doan 2021-2040, pham
vi sinh canh cta loai duy tri & mirc kha pht hop, voi xac suat phan bd dao dong tir 0,25
dén 0,75. Tuy nhién, tor 2041-2060, diu hi¢u suy gidm bat diu xuét hién, khi xac suét
giam con 0,1-0,6. Giai doan 2061-2080 chung kién su thu hep manh hon, véi xac suét
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chi con 0,2-0,5 tai nhiéu khu vuc. Dén giai doan 2081-2100, xac suat tiép tuc giam
xubng dudi 0,25, phan anh sy suy giam nghiém trong vé chat luong sinh canh va kha
ning sinh ton ciia loai.

So sanh hai mé hinh tai hinh 3.41 cho thiy su khac biét vé thoi diém va mirc do
suy giam. EC-Earth3-Veg ghi nhan xu huéng suy giam tir giai doan dau thé ky, trong
khi HadGEM3-GC31-LL phan anh diéu kién 6n dinh hon trong ntra dau thé ky, trudc
khi ghi nhén su suy giam rd rét vao cudi thé ky. Su khac biét ndy co thé xuit phat tir
cach mbi mo hinh xr Iy cac yéu td khi hau anh hudng dén kha nang thich nghi sinh thai
cua loai.

Bién dong xac sudt phan bé tiém nang cua loai Dau Hasselt theo hai mé hinh khi hdu

EC-Earth3-Veg
HadGEM3-GC31-L
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Hinh 3.41. Xu hwéng bién ddi xac sudt phan bd tiém ning ciia loai DAu hasselt
theo thoi gian dudi tic dong ciia bién ddi khi hau (SSP5-8.5).
3.4.3.7 Dw bdo sw thay doi phéin bé tiém nang cia loai Soi ba canh tai VOG Ta
Diing theo cdc kich ban bién déi khi hdu trong twong lai.

Két qua phan tich tir Phy luc 12 cho thay loai S6i ba canh c¢6 xu huéng suy giam
dang ké vé pham vi phan b tiém ning trong thé ky XXI, mic di mirc do suy giam co su
khac biét gitra hai m6 hinh khi hdu. M6 hinh EC-Earth3-Veg du b4o xu hudng suy thoai
manh va kéo dai, véi nguy co mat hoan toan sinh canh phu hop vao cudi thé ky. Cu thé,
trong giai doan 20212060, sinh canh cua lodi van con duy tri tai mot s6 khu vuc gidi han,
v6i xac sut xuat hién dao dong tir 0,1 dén 0,2. Tuy nhién, tir 2061 dén 2100, xac suat
hién dién tai phﬁn 16m céc khu vuc giam xuéng dudi 0,1, phan anh diéu kién sinh thai
khong con dap ing dugce nhu cau sinh ton cua loai.

Nguoc lai, m6 hinh HadGEM3-GC31-LL ciing ghi nhén xu huéng thu hep pham
vi phan bd, song & mirc d6 nhe hon so véi EC-Earth3-Veg. Trong nira dau thé ky (2021—
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2060), sinh canh van duy tri 6n dinh v6i xac suat phan bd dao dong tir 0,25 dén 0,75. Tur
2061-2100, xac suat ndy giam xudng khoang 0,2—0,6, phan anh qué trinh suy thoai bat
dau dién ra rd nét hon.

Nhu vay, ca hai mé hinh déu ddng thuin vé nguy co suy giam pham vi sinh canh
ctia loai Sdi ba canh trong thé ky XXI dudi tic dong cia bién ddi khi hau (Hinh 3.42).
Tuy nhién, EC-Earth3-Veg cho thdy muc d6 suy giam nghiém trong va sém hon, trong
khi HadGEM3-GC31-LL phan anh xu hudng 6n dinh twong dbi trong giai doan dau, véi
suy thoai dan vé cubi thé ky. Su khac biét nay nhiéu kha ning xut phat tir phuong phap
tiép can va tham sb hoa sinh thai khac nhau giita hai mo hinh. Du vay, két qua tir ca hai
kich ban déu nhan manh sy can thiét cia cac bién phap bao tdn chu dong va dai han
nham duy tri va phuc hoi sinh canh phi hop cho loai trong bbi canh khi hau toan cau
tiép tuc bién doi.

C'B?ié‘n dbng xac suat phan bé tiém nang cla loai S6i ba canh theo hai mé hinh khi hau
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Hinh 3.42. Xu hwéng bién doi xac suat phin bd tiém ning ciia loai S6i ba canh
theo thoi gian dudi tac dong cia bién ddi khi hau (SSP5-8.5).
3.4.3.8 Dw bdo sw thay doi phin bé tiém nang ciia loai Dé langbian tai VOG Ta
Duing theo cdc kich ban bién déi khi hdu trong twong lai.

Dua trén két qua mo phong tir hai mo hinh khi hau EC-Earth3-Veg va HadGEM3-
GC31-LL (Phu lyc 12), loai Dé langbian dugc dy bdo s€ trai qua qué trinh suy giam
nghiém trong vé pham vi sinh canh phu hop trong thé ky XXI, véi nguy co mét sinh
canh cao vao cudi thé ky.

Theo mé hinh EC-Earth3-Veg, qua trinh suy thodi sinh canh bat dau tir giai doan
2021-2040, voi xac suat xuat hién cua loai giam xudng con 0,05-0,4. Trong hai giai

doan tiép theo (2061-2100), xu hudng nay tré nén nghiém trong hon, khi nhiéu khu vue
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ghi nhan x4c suit xuat hién dudi 0,1 hoic gan bang 0, cho thiy diéu kién sinh thai khong
con dap Gmg nhu cau sinh t6n cua loai.

Mo hinh HadGEM3-GC31-LL cling phan anh xu hudng suy giam sinh canh
twong ty, nhung dién tién cham hon trong nira dau thé ky. Trong giai doan 2021-2060,
sinh canh van dugc duy tri tai mot s6 khu vuc, véi xac suat xuét hién dao dong tur 0,1
dén 0,8. Tuy nhién, tir 2061 tré di, qua trinh suy giam gia ting rd rét, khi nhidu khu vue
chi con xéc suat dudi 0,15. Dén cubi thé ky (2081-2100), phan 16n cic ving phan bd
tiém ning trudc day khong con phi hop sinh théi.

Téng thé, ca hai md hinh déu du bio nguy co suy giam manh quan thé Dé
langbian trong thé ky XXI, dic biét nghiém trong vao giai doan cudi (Hinh 3.43). Trong
khi EC-Earth3-Veg cho thdy su suy thoai khoi phat sém va dién ra kéo dai, thi
HadGEM3-GC31-LL phan anh su 6n dinh twong ddi trong giai doan dau, nhung suy
giam nhanh chong vé sau. Su khac biét nay co thé bat ngudn tir cach méi mo hinh tich
hop yéu t6 thich nghi sinh thai cia loai vao qua trinh md phong. Tuy nhién, ca hai kich
ban déu cho thdy vé mirc do rili ro cao va nhan manh tinh cap thiét cua cac bién phap
bao t6n nham giam thiéu tac dong tiéu cuc cua bién doi khi hau dbi voi sy ton tai 1au dai
cua loai nay.

., Bién dang xéc sust phan bo tiém ning cia loai Dé langbian theo hai md hinh khi hau

EC-Earth3-Veg
®- HadGEM3-GC31-LL

0.6
0.5

0.4

4t phan bé tiém nan

Xac su

0.2

0.1

90 2021-2040 2041-2060 2061-2080 2081-2100

Giai doan

Hinh 3.43. Xu huéng bién doi xac suit phan bd tiém ning ciia loai Dé langbian
theo thoi gian dwdi tic dong ciia bién déi khi hau (SSP5-8.5).
3.4.3.9. Dw bdo sw thay doi phin bé tiém ndng ciia lodi Théong tre tai VOG Ta Ping
dwdi tic dpng ciia cdc kich ban bién déi khi hau.
Két qua mé phong tir hai mé hinh khi hau EC-Earth3-Veg va HadGEM3-GC31-

LL (Phu lyc 12) déu chi ra xu huéng suy giam dang ké trong pham vi phan b tiém ning
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ctia loai Thong tre dudi tac dong cta kich ban bién d6i khi hau SSP5-8.5. Tuy nhién,
muc d6 va toc dd suy giam co6 sy khac biét gitta hai mo hinh.

Cu thé, m6 hinh EC-Earth3-Veg du bao sinh canh cua loai s€ suy thoai nghiém
trong, voi su thu hep 10 rét bt dau tir gitra thé ky XXI va c6 nguy co mat hoan toan vao
cudi thé ky. Dic biét trong giai doan 2061-2100, xac suit phan bd tiém ning giam xudng
gan bang 0, phan anh diéu kién sinh thai khéng con phu hop dé duy tri sy tn tai cia
loai. Piéu nay nhan manh nguy co tuyét ching cuc bd néu khong cé cac bién phap can
thiép bao ton kip thoi.

Nguoc lai, m6 hinh HaddGEM3-GC31-LL cho théy mot kich ban kha quan hon,
khi pham vi sinh canh van duoc duy tri & mot sé khu vuc trong sudt thé ky XXI, du ¢o
xu huéng thu hep. Mtic suy giam dién ra tir tir va khong dan dén su bién mat hoan toan
ctia sinh canh phu hop vao cubi thé ky, goi ¥ kha ning thich nghi sinh thai nhat dinh
cua loai hoac su hién dién cua cac vung vi khi hau c6 thé hd tro su séng con.

Nhu vay, mo6 hinh EC-Earth3-Veg danh gia tdc dong khi hau nghiém trong hon
so v6i HadGEM3-GC31-LL (Hinh 3.44). Du theo bat ky kich ban nao, ca hai mé hinh
déu canh bao vé& xu hudng suy giam sinh canh cua loai Théng tre, tir d6 dit ra yéu cau
cap thiét vé cac chién luge bao ton chi dong va linh hoat nhim dam bao tinh bén vimng
cho loai trong bdi canh khi hau thay d6i nhanh chong.

0 Bién dong xac suét phan bé tiém nang cua loai Théng tre theo hai mé hinh khi hau
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Hinh 3.44. Xu hwéng bién ddi xac sudt phan bd tiém ning ciia loai Thong tre theo

thoi gian dwéi tac dong ciia bién ddi khi hiu (SSP5-8.5).
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3.4.3.10. Dw bdo sw thay déi phin bé tiém néng ciia loai Hong quang tai VOG Ta
Dung dwdi tic dpng ciia cdc kich bén bién déi khi hdu.

Két qua tir hai mé hinh EC-Earth3-Veg va HadGEM3-GC31-LL (Phy luc 12)
cho thay su 6n dinh twong di trong pham vi phan bd cua loai Hong quang trong sudt
thé ky XXI, voi mot s6 bién dong nhe theo ting giai doan.

Ca hai m6 hinh déu chi ra rang loai khong c6 nguy co suy giam manh hay mét
sinh canh hoan toan, ma thay vao d6, pham vi phan bé duy tri 6n dinh, tip trung chi yéu
¢ khu vuc phia Bong Nam. Xac suat xuét hién cua loai dao dong tur 0,2 dén 0,75 trong
sudt cac giai doan tir 2021-2100, cho thay diéu kién sinh thai van phu hop dé loai
ton tai.

Mic du loai c¢6 thé thich nghi véi diéu kién khi hau thay ddi, cac bién phap bao
tdn van can dugce trién khai dé duy tri su 6n dinh cua sinh canh. Dic biét, can giam sat
dai han, bao v¢é cac khu vuc trong diém, va nghién ctru kha nang thich nghi sinh thai
nham dam bao diéu kién song cho loai trong tuwong lai.

Toém lai, két qua nghién ciru cho thy bién doi khi hau khong gay ra su suy giam
manh d6i voi pham vi phan bd ciia loai Hong quang (Hinh 3.45), nhung viéc duy tri sinh
canh 6n dinh théng qua cac chinh sach bao ton hop 1y van 1a diéu can thiét.

OBBi_é'n déng xac sudt phan bé tiém nang cda loai Hong quang theo hai mé hinh khi hau
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Hinh 3.45. Xu hwéng bién ddi xac sudt phan bd tiém ning cia loai Hong quang

theo thoi gian dwdi tic dong ciia bién déi khi hau (SSP5-8.5).
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3.4.3.11. Tdc dgng ciia bién déi khi hdu dén phén bé dia ly ciia cdc lodi nghién civu

tai VQG Ta Dung.

So sanh pham vi phan b ctia 10 loai TGQH tir hai m6 hinh khi hau (EC-Earth3-

Veg- SSP5-8.5 va HadGEM3-GC31-LL- SSP5-8.5) theo bon giai doan thoi gian trong
thé ky XXI, két qua tai Bang 3.13.

Bang 3.13. So sanh mirc d9 phan bo ciia 10 loai ciy gd quy hiém theo hai mé hinh khi
hau véi bon giai doan thoi gian trong the ky XXI

Loai EC-Earth3-Veg- SSP5-8.5 HadGEM3-GC31-LL- SSP5-8.5
2021- 2041- 2061-2080 2081- | 2021- | 2041- 2061— 2081-
2040 2060 2100 2040 2060 2080 2100
Xa xi Suy Tiép tuc | Suy giam Phuc Suy Suy Suy giam | Phuc hoi
giam suy giam | manh nhat | hdinhe | giam giam 10 cham
nhe nhe nhe
Tram Suy Suy giam | Suy giam Khéng | Suy Suy Suy giam | Khong
huong giam manh nghiém phuc giam giam nghiém | phuc hoi
trong hoi manh trong
Tram Suy Tiép tuc | Thuheprd | Phuc On Tiép tuc | Suy giam | Suy gidm
nau giam suy giam hoi nhe | dinh suy
giam
Thong Thuhep | Thuhep | Chiinglai | Phuc Thu Thu hep | Chirng Thu hep
nang nhe dan hdi nhe hep nhe dan lai
Dau Thuhep | Suy giam | Suy giam | Phuc | Thu Suy Phuc hoi | Suy giam
baud nhe nhe manh hdi nhe hep nhe | gidm nhe nhe
nhe
Dau Suy Tiép tuc | Suy giam Phuc Suy Tiép tuc | Suy giam | Mat sinh
hasselt giam suy gidm | manh hoi giam suy 0 canh
khong giam
dang ké
S6i ba Bitdau | Tiép tuc | Suy giam Mit Suy Suy Suy giam | Mt sinh
canh suy giam | suy giam | manh sinh giam giam manh canh
canh nhe
D¢ Suy Suy gidm | Suy thoai Kho Bit dau | Suy Suy gidm | Suy giam
langbian | giam 10 rét manh duy tri | suy giam manh
giam
Thong Suy Tiép tuc | Suy giam Suy Suy Tiép tuc | Suy giam | Mat sinh
tre giam suy gidm | manh giam giam suy 10 canh
manh gidm
Héng Thu hep | Thuhep | Phuc hoi Phuc Thu Thu hep | Phuc hdi | Phuc hoi
quang nhe hoi hep nhe

- Anh huong cua nhiét do va do am den phdn bo tiem nang cua loai

Két qua tir hai mo6 hinh khi hau EC-Earth3-Veg- SSP5-8.5 va HadGEM3-GC31-
LL- SSP5-8.5 cho thdy su gia ting nhiét do va suy giam d6 4m do bién ddi khi hau co
anh huong dang ké dén ving phan b tiém ning cua cac loai thuc vat TGQH.

Trong sb 10 loai nghién ctru, S6i ba canh, Tram hwong, Dau hasselt, Dé langbian
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va Thong tre c¢6 xu hudng suy giam manh vé pham vi phan bé theo céac kich ban bién
d6i khi hau va c6 nguy co tuyét chung cuc bd vao cubi thé ky XXI. Nguoc lai, cac loai
X4 xi, Tram nau, Dau baud, Thong nang mac du bi suy gidm nhung van c¢6 kha nang
duy tri 6n dinh hon. Pang chu ¥, loai Hong quang thé hién kha ning thich nghi sinh thai
cao, voi su suy giam nhe trong giai doan dau, nhung sau d6 6n dinh dan vao gitra va
cudi thé ky XXI.

+ Xu huéng suy giam phan bb theo thoi gian

Ca hai mo hinh khi hau déu ghi nhan xu huéng suy giam dién tich phan b ciia
hau hét cac loai nghién ciru trong ba giai doan dau tién (2021-2040, 2041-2060, 2061—
2080). Dic biét, giai doan 2061-2080 ching kién muc suy giam manh nhét, khi dién
tich sinh canh phu hop bi thu hep déng ké. Tuy nhién, loai Hong quang c¢6 xu hudng duy
tri 6n dinh va khong bi anh huéng nghiém trong nhu céc loai khac.

Nguyén nhan chinh cua xu hudng suy gidm nay 1a su gia tdng nhiét d cuc doan
va su suy giam do am, ddc biét trong cac kich ban phat thai cao (SSP5-8.5). Theo nghién
ctru cua Barlow va cong sy (2021), khi nhiét d§ vuot qua ngudng thich hop, gidi han
sinh thai ctia cac loai bi thu hep, anh hudng dén kha ning sinh ton va mo rong pham vi
phan b.

Két qua nghién ciru vé xu hudng suy giam phan b loai theo cac kich ban bién
d6i khi hau 1a phu hop véi xu huéng chung duge ghi nhan & cac cong bd qudc té. Cu
thé, nghién ctru ctia Wei va cong su (2024), Xue va cong su (2024) da chi ra rang pham
vi phan bd cta nhiéu loai thuc vat co nguy co thu hep dang ké trong diéu kién khi hau
tuong lai, dac biét dudi cac kich ban khi hau khéc nghié¢t. Tuwong tu, Tang va cOng su
(2020) ciing ghi nhan sy suy giam tiém nang phan bo cia loai cdy thudc quy Dendrobium
tai Trung Qué)c, cho théy tac dong 10 rét cua bién doi khi hau dén céc loai c6 pham vi
phan bd hep va diéu kién sinh thai dac thu.

+ Kha niang phuc hoi va thich nghi sinh thai

Mic du xu huéng suy giam chiém wu thé trong phan 16n thé ky XXI, két qua mo
phong cho thiy mét s6 loai nhu X4 xi, Tram nau, Dau baud, Théng nang va Hong quang
c6 dau hiéu phuc hdi trong giai doan 2081-2100. C4 hai mé hinh HadGEM3-GC31-LL-
SSP5-8.5 va EC-Earth3-Veg- SSP5-8.5 déu du béo sy 6n dinh cta mot sb6 khu vuc sinh
canh, phan 4nh kha ning thich nghi muon va phuc hdi sinh thai timg phan cia céc loai

lau nam dudi diéu kién khi hau bién d6i (IPCC, 2022).
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Tuy nhién, mutc d6 phuc hoi nay khong da dé bu dap hoan toan ton that da tich
lity trong giai doan trudc d6. Pidu nay phu hop véi gia thuyét vé do tré sinh thai cua
thue vat lau nam, déng thot dét ra thach thuce 16n cho cong tac bao ton. Néu qua trinh
suy giam kéo dai va quan thé bi suy giam xudng dudi ngudng phuc hdi, hé qua c6 thé
1a mat da dang di truyén va giam kha nang thich nghi trong tuong lai.

Giovanni va cong su (2022) ciing ghi nhan xu huéng twong tu khi phat hién rang,
mic di mot sb hé sinh thai rung thé hién dau hiéu va mirc do hoi phuc nay khong du dé
dao nguoc cac suy thoai trude do. Nhitng loai c6 kha ning thich nghi muén c6 thé van
d6i mat voi nguy co cao néu quan thé giam xudng dudi ngudng sinh thai then chdt can
thiét cho phuc hoi.

+ So sdnh hai mo hinh dy bao EC-Earth3-Veg va HadGEM3-GC31-LL:

M6 hinh EC-Earth3-Veg du bao xu hudng suy gidm nhe hon va c6 kha nang phuc
hoi sinh canh t6t hon vao cubi thé ky XXI. Trong khi d6, HadGEM3-GC31-LL dua ra
kich ban tiéu cuc hon, vo1 mic do suy giam manh hon trong ba giai doan dau va kha
ning phuc hdi rat han ché vao cubi thé ky. Su khac biét ndy c6 thé bat ngudn tir co ché
mo hinh hoa: HaddGEM3-GC31-LL- SSP5-8.5 c¢6 d6 phan gidi cao hon, nhay cam hon
v6i cac yéu té khi hau cuc doan, trong khi EC-Earth3-Veg- SSP5-8.5 tich hop sau hon
cac yéu tb sinh quyén nhu vong tuan hoan carbon va co ché phuc héi sinh hoc. Dit liéu
trong Bang 3.14 cho théy su khéc biét trong du bdo murc tdng nhiét o toan cau gitra hai
mo hinh khi hau nay.

Bang 3.14. Du bao mirc ting nhiét d) toan ciu theo cc kich ban phat thai khi
nha kinh trong mo hinh HadGEM3-GC31-LL va EC-Earth3-Veg

M6 hinh SSP1-2.6 SSP2-4.5 SSP5-8.5
(phat thai thép) (phat thai trung binh) (phat thai cao)
HadGEM3- 1,5-2,00¢ 2,5-3,5°C >4,5°C
GC31-LL
EC-Earth3-Veg 1,3-1,8°C 2,2 -2,8°C ~4,0°C

HadGEM3-GC31-LL c6 xu huéng nhay cam hon véi cac yéu té vi khi hau, trong
khi EC-Earth3-Veg chu trong vao mbi quan h¢ gitra khi hdu va h¢ sinh thai (Tong et al.,
2023). Diéu nay cho thay rang viéc sir dung da mo hinh trong nghién ciru sinh thai 1a
can thiét dé c6 danh gia toan dién hon vé cac kich ban bién ddi khi hau, tir 46 dé xuit
chién lugc bao ton phu hop.

+ Pinh huéng chién luoc bao ton trong bdi canh bién d6i khi hau

Két qua nghién ctru cho thiy rang su gia ting nhiét do va suy giam d6 4m c6 thé
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anh huong dén ving phan bd tiém ning cta cac loai TGQH, véi xu hudng suy giam
trong phan 16n thé ky XXI.

Tuy nhién, xu hudng phuc hoi vao cudi thé ky ciing mo ra co hoi bao tdn néu co
cac chién luge quan 1y phu hop. Do dé, can co cac bién phap bao ton chi dong dé giam
thiéu nguy co tuyét ching cuc bd nhu: Giam sat su thay d6i phan bé loai trong ting giai
doan, tir 6 diéu chinh chinh sach bao ton linh hoat.

Ngoai ra viéc sir dung da mé hinh khi hau trong nghién ctru sinh thai dé cai thién
d6 chinh xac ctia cac dy bao vé sinh canh twong lai ciing can duoc quan tim.

Trudc tinh hinh bién d6i khi hau ngay cang phic tap, cac chién luoc bao tén can
dugc trién khai mot cach chu dong va thich tng, tap trung vao duy tri va phuc hoi sinh
canh theo tung giai doan nhu:

e Giai doan 2021-2040: Uu tién bao vé cac vung sinh canh 15i, ting cudng gidm
sat bién dong sinh thai.

e Giai doan 2041-2080: Thyc hién céc bién phap phuc hoi rimg, bao vé ngudn gen
va duy tri ving phan bd trung binh.

e Giai doan 2081-2100: Néu c6 nguy co mat sinh canh, can trién khai cac chuong
trinh nhan giéng dén cac khu vuc c6 diéu kién sinh thai pht hop hon.

Tom lai, bao ton loai trong bdi canh bién d6i khi hau doi hoi cac giai phap linh
hoat va tich hop, trong d6 can két hop giita bao vé ving sinh canh hién cé, phuc hoi
rung, va nghién ctru cac mo hinh di cu sinh canh, nham dam béo sy tOn tai 1au dai cua
cac loai TGQH trong thé ky XXI.

3.5. X4c dinh diém hotspots da dang sinh hoc va dé xuét giai phap bao ton cac loai
nghién ctru tai VQG Ta Dung.
3.5.1. Xdc dinh cdc diém hotspots da dang sinh hoc ciia cdc loai TGQH.

Két qua du bao phan bd tiém ning theo cac kich ban bién doi khi hau di cung
cap birc tranh tong quan vé xu huéng dich chuyén sinh canh cua cac loai TGQH. Tuy
nhién, dé phuc vu truc tiép cho cong tac bao tdn, can xac dinh cac diém hotspots — noi
vira co sy tap trung cao vé da dang loai, vira chiu ap luc tac dong tiém ning tir hoat dong
nhan sinh. Pay 13 budc tiép ndi can thiét nhim chuyén hoa két qua mé hinh thanh cong
cu (mg dung trong thyc tién quan 1y va bao ton.

Trong nghién ctru ndy, cac ban dd phan b tiém ning cia ting loai duoc tich hop
v6i dit liéu ban d6 hién trang tham phu rimg, ban do trang thai rimg va mirc do tac dong

130



1315000 1320000 1325000

1310000

1305000

ctia con nguoi dé xac dinh cac diém hotspots da dang sinh hoc tai VQG Ta Pung. Cach

tiép can nay cho phép nhan dién nhiing khu vuc cé diéu kién sinh thai thun loi cho nhiéu

loai nhung ddng thoi cling 14 ving dé bi ton thwong, phan anh rd tinh cap thiét trong cong

tac bao ton va phuc hoi sinh canh.

Viéc khoanh ving cac diém hotspots giup Ban quan Iy VQG uu tién bd tri ngudn

luc gidm sat, bao v€ va phuc hoi tai nhitng khu vuc rui ro cao, tir dé giam thi€u nguy co

suy thoai sinh canh trong bdi canh bién d6i khi hau. Két qua duoc thé hién tai Hinh 3.46,

cho théy ban dd phan bd cu thé cua tung loai, déng thoi chi ra cac khu vuc dang chiu tac

dong manh (cap 3 va 4) — 14 nhitng ving can duoc wu tién bao ton.

Diém néng da dang sinh hoc lodi TrAm hwong (Aquilaria crassna) tai VQG Ta Pung

430000 435000 440000 445000 450000 455000 460000 465000
-
Chi gii
Mitc d¢ tic dong Pradiiva 5
e B Mt nuoc H
A 4 Kh:
T3 Ranh gi
L Je
= Dudng giao thing Piém nong (‘*\_ 8
Thiy vin . Hotpot { H
Puing déng mirc i i

000STET

_NA
W

465000

0000TET

00050

430000 435000 440000 445000

Diém nong da dang sinh hoc loai X4 xi (Cinnamomum balansae) tai VQG Ta Ping

430000

435000

440000 445000

Lok,

450000 455000 465000

|
|

Chi gidi

Mitc d§ tic dong

1325000
000SZET

3 Ranh gigi

— Duimg giao thng
Thiy vin

T

0000ZET

Puimg déng mirc

1320000
—

000STET

0000TET

000S0ET

S ——
460000 465000

455000

131

1325000

1320000

1325000

1320000
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Diém néng da dang sinh hoc loai DAu baud (Dipterocarpus baudii) tai VQG Ta Dung

430000 435000 440000 445000 450000 455000 460000 465000
— = N
8| S
a) 3 I Mt nude 5
4 Kha ning xuat
Ranh giGi Khong xu
T C6 khi nang xut hién lodi
&||| — Duome giao thong piém ning ]
a8 Thity vin I Hotpot §
Duong déng mirc

000STEL

0000TET

]
25 5 km| S
 —]
— e —
435000 455000 460000 465000

Diém nong da dang sinh hoc loai Si ba canh (Trigonobalanus verticillata) tai VQG
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Diém néng da dang sinh hoc loai Diu hasselt (Dipterocarpus hasseltii) tai VQG Ta
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Hinh 3.46. Ban do hotspot da dang sinh hoc ciia loai nghién ciru tai VQG Ta Pung

Két qua phan tich cac diém hotspots tai VQG Ta Pung cho thdy c¢6 sy chong lan

0 rét gitta viung phan bd ti€ém nang cua céac loai TGQH va cac khu vuc chiu tac dong

nhan sinh. Nhitng khu vyc c6 muc d tic dong cao, dac biét tap trung & phia Dong,



Pong Nam va mot phan trung tdm ciia VQG, duge xac dinh 12 nhitng ving ¢ gid tri wu
tién trong bao tén. Pay 1a nhitng khu vuc vira ¢6 tiém ning sinh thai cao cho nhiéu loai,
vira chiu strc ép 16n tir hoat dong cia con ngudi, do d6 tiém an nguy co suy thoai sinh
canh néu khéng c6 cac bién phap quan 1y kip thoi. Két qua chi tiét duoc trinh bay trong
Bang 3.16, chi ra cac vung vdi cac tiéu khu can duogc do uvu tién bao ton.

Bang 3.15. Cac tiéu khu wu tién bio ton theo tirng loai nghién ctru

Loai Tiéu khu wu tién bio ton
Tram hwong 1795, 1805,1804, 1812
Tram nau 1795, 1805,1804, 1812
Xa xi 1795, 1805,1804, 1812
Théng nang 1795, 1805, 1804, 1812
Dau baud 1795, 1805, 1801, 1804, 1812
Dau hasselt 1795, 1805, 1801, 1804, 1812
S6i ba canh 1805, 1812, 1804
D¢ langbian 1795, 1805, 1804
Thong tre 1795, 1805,1804, 1812
Hong quang 1795, 1805, 1812, 1814, 1811, 1804

Két qua cua ludn an nay c6 nhiéu diém twong dong voi cac nghién ciru trudc vé
x4c dinh diém nong da dang sinh hoc tai cac khu ring nhiét do1, khi cac khu vuc ¢6 muc
do xuét hién loai cao thuong cling 1a noi chiu ap lyc 16n tir khai thac gS va chuyén doi
rung sang muc dich khac.

V& phuong phap, luin an sir dung md hinh MaxEnt dé xdy dung ban dd phan bd
tiém nang ciia cac loai cay gb quy hiém (TGQH). Ban dd nay sau d6 duoc chong ghép
v6i cac 16p thong tin vé hién trang tham phu ring, trang thai rimg va mic do tac dong
clia con ngudi nham xac dinh cic diém néng da dang sinh hoc. Trong nghién ciru nay,
diém hotspots dugc xac dinh 1a nhitng khu vuc vira c¢6 kha nang xuét hién loai cao (gia
tr1 do phu hop sinh thai > 0,5) vira chiu &p lyc tac dong & mirc 3 (trung binh) hodac mirc
4 (cao). Cach tiép can tich hop nay khong chi gitp khoanh dinh viing phan bé tiém ning
ma con 1am rd mdi lién hé giira sinh canh thich hop va 4p luc tic dong, tir d6 ting gia
tri tng dung cho cong tac quy hoach bao ton.

Két qua ndy co6 su twong ddéng véi nghién ctru ciia Sun va cong su (2024), khi

133



nhom tac gia két hop MaxEnt véi dit liéu 16p phu dat (LULC) va muc do tac dong dé
xéac dinh diém hotspots thuc vt tai Songnen Plain (Trung Qudc). Tuong tu, Jeong va
cong su (2024) ap dung phuong phap nay cho hai loai dong vat quy hiém ¢ Han Qudc,
trong khi Lian va cong su (2024) tich hop MaxEnt véi ban d6 16p phu dé lap ban d6
giau loai va khoanh ving diém hotspots cac loai quy hiém & Van Nam (Trung Qudc).
Nhitng vi du nay cho thdy xu huéng sir dung MaxEnt khong chi dirng & viée du bao
phan b6 tiém ning ma con dugc md rong sang phan tich da 16p dit liéu nhim xac dinh
khu vue wu tién bao ton.

Tai Viét Nam, Nguyen, T. T., Gliottone, 1., & Pham, M. P. (2021) da ap dung
MaxEnt v&i cac bién khi hau dé duy bao phan bd hién tai va tuong lai cia loai
Cunninghamia konishii & mién Bac. Mic du nghién ctru nay chua két hop thém cac yéu
t6 nhu LULC hay trang thai rirng dé xac dinh diém néng, nhung van cho thiy hiéu qua
clia MaxEnt trong khoanh dinh viing uu tién bao t6n. So véi cac cach tiép can trudc,
ludn an nay c6 budc tién moi khi tich hop dit liéu hién trang tham phi ring, trang thai
ring va muc do tac dong, tir d6 nang cao kha ning phan 4nh thyc tién va gia tri ing
dung ctia mo6 hinh.

Vé két qua, cac nghién ctru trude day déu cho thdy nhitng khu vic c6 mirc d6 da
dang loai cao thudng tring khép véi cac diém néng da dang sinh hoc. Nghién ctru nay
cling phan anh xu hudéng do, khi x4c dinh dugc cac vung phia Pong, Pong Nam va trung
tam ctia VQG Ta Dung 1a noi hdi tu diéu kién sinh thi thuén lgi cho nhiéu loai TGQH.
Déng tho1i, day cling chinh 1a cac khu vuc chiu &p luc manh tir hoat dong nhan sinh, cho
thidy mbi quan hé tuong tac giira tiém ning da dang sinh hoc va nguy co tac dong trong
thuc tién quan ly.

Trén co s& phat hién ctia nghién ciru, cic phan tich chi tiét vé timg loai, xac dinh
cac khu vuc quan trong dugc mé ta nhu sau:

- Khu viee quan trong cia lodi Tram hwong

Phan tich ban d6 cho thiy pham vi phan bé tiém ning ciia TrAm huong tap trung
chu yéu & khu vire phia Pong Nam va trung tim, noi c6 muc d6 chong 16p cao véi cac
tac dong nhan sinh. Dac biét, cac tiéu khu 1795,1805, 1804, 1812 1a nhitng khu vuc vira
c6 gia tri da dang sinh hoc cao, phan bd tiém ning nhung vira chiu 4p lwc 16n tir hoat
d6ng nhén sinh va thay ddi sinh canh.

- Khu vuc quan trong cua loai Tram ndu
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Loai Tram nau c6 pham vi phan bd tiém ning cao tai cac khu vuc phia Pong va
Dong Nam ctia VQG, véi céc tiéu khu 1795, 1805, 1804, 1812 cin dugc uu tién
bao ton.

- Khu vuc quan trong cua loai Xa xi:

Loai X4 xi ¢ tiém ning phan bd chu yéu ¢ khu vuc phia Pong va Pong Nam
ciia VQG VQG Ta Bung, noi c6 do phu hop sinh canh cao. Cac tiéu khu 1795, 1805,
1804, 1812 14 nhitng khu vuc can vu tién bao ton, do tiém ning phan bd cao va murc do
tac dong lon.

- Khu vuc quan trong cua loai Thong nang

Két qua cho thiy pham vi phan bé tiém ning ctia Thong nang tip trung chu yéu
& khu vuc phia Pong va Pong Nam, dong thoi noi day chiu tac dong cao (mirc 3 - 4),
lam gia tang nguy co suy gidm sinh canh.

Mot sb tiéu khu co gié tri bao ton cao cho loai nhung ciing chiu ap luc 16n c6 thé
ké dén 1795, 1805, 1804, 1812. Nhiing khu vuc nay déu thé hién su chong 1an giita viing
phan bd sinh canh ctia loai va mirc d6 tic dong nhan sinh.

- Khu vuee quan trong cia lodi Dau baud

Mot 6 tiéu khu c¢6 mirc do chdng 16p cao va can dugc uu tién bao ton bao gdbm
tiéu khu 1795, 1805, 1801, 1804 va 1812,

- Khu viee quan trong ciia loai Dau hasselt

Két qua cho thay khu vuc phia Pong va Pong Nam cta VQG 14 noi tap trung
pham vi phan b tiém ning cao cta loai, véi gia tri du doan tir 0,5 dén 1,0 thé hién dicu
kié€n sinh thai thuén lgi cho sy sinh truong va phat trién. Cu thé, cac khu vuc quan trong
can wu tién bao ton bao gdm 1795, 1805, 1801, 1804 va 1812.

- Khu vuc quan trong cua loai Soi ba canh

Dua trén ban d6, c¢6 thé xac dinh mét sd tiéu khu c6 murc dd chéng 16p cao, can dugc
wu tién bao ton, bao gdm tiéu khu 1805, 1812 va 1804.

- Khu vue quan trong cua loai Dé langbian

Két qua phan tich cho thiy loai Dé langbian c6 pham vi phan bd tiém ning cao
tap trung chu yéu ¢ khu vuc trung tdm va phia Dong Nam.

Mot s6 tiéu khu c6 mirc d6 wu tién bao ton cao bao gdm 1795, 1805 va 1804.
Nhitng khu vyc nay vira c6 tiém ning phan bd cao nhung dong thoi chiu ap luc 16n tir

hoat dong nhan sinh.
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- Khu vuc quan trong cua loai Thong tre

Ban d6 hotspots da dang sinh hoc ctia loai Thong tre tai VQG Ta Pung phan anh
mitc d6 chong 16p giira pham vi phan bé tiém ning cua loai va cac tic dong méi trudng,
nhan sinh.

Dua trén ban dd, co thé xac dinh céc tiéu khu c6 mirc d6 vu tién bao ton cao, bao
gbm tiéu khu 1795, 1805, 1812 va 1804.

Khu vue quan trong cia loai Hong quang

Hong quang c¢6 ving phan bd rong trén toan bo khu vuc nghién ciru, cho thay
kha nang thich nghi sinh thai tot cia Hong quang. Tuy nhién, dui ¢c6 pham vi phan b
rong, nhung mot s6 khu vue van chiju ap luc manh tir cac tdc dong nhan sinh, dac bi¢t la
tai cac vung noi muc dd tac dong dat tr mic 3 dén 4. Cac tiéu khu c6 muc do vu tién
bao t6n cao 1a 1795, 1805, 1812, 1814, 1811 va 1804.

Céc ddi twong nghién ctru tai VQG Ta Pung déu c6 pham vi phan bd tap trung
chu yéu o phia Pong, Pong Nam va mot phan trung tim ciia vudn, noi ¢6 muc do chong
16p cao vai cac tdc dong nhan sinh. Viéc xac dinh cac khu vuc c6 gia tri bdo ton quan
trong gitp dé xuat cac giai phap bao vé hiéu qua, nham bao tén quan thé loai va duy tri
tinh bén vitng cua hé sinh théi rimg tai VQG Ta Pung.

Nhw vay: Két qua phan tich cac diém hotspots tai VQG Ta Pung cho thiy pham
vi phan bé tiém ning cua 10 loai TGQH chu yéu tap trung ¢ phia Pong, Pong Nam va
mot phan trung tam, véi cac tiéu khu 1795, 1801, 1805, 1804, 1812, 1811 va 1814 duoc
xéc dinh 13 viing trong diém bao ton. Pay 13 nhitng khu vuc vira c6 gia tri da dang sinh
hoc cao vira chiu mirc d¢ tdc dong cao trong qua khir va van tiém an nhirng rui ro hi¢n
tai.

Trén co s6 két qua xac dinh cac diém hotspots da dang sinh hoc, mot sb ung dung
thuc tién duge khuyén nghi tai VQG Ta Pung. Cuy thé:

+ Khoanh viing uvu tién bao ton: Cac tiéu khu c6 muc do chong 16p cao gitta phan
b6 tiém nang cua loai va muc d6 tac dong (nhu 1795, 1801, 1805, 1804, 1812, 1811 va
1814) c6 thé duoc xac dinh 1a vung trong diém, can tap trung ngué)n luc dé bao vé va
giam sat.

+ Hb tro giam sat va tuan tra: Dir liéu diém hotspots gitp dinh hudng xay dung
cac tuyén tuan tra, giam sat va lip dat thiét bi theo ddi nhdm phat hién sém nguy co suy

thoai sinh canh.
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+ Phuc hdi sinh canh: Nhirng khu vuc ¢6 mirc do tac dong manh nhu 1795, 1801,
1805, 1804, 1812, 1811 va 1814 nhung van c6 gié tri bao tdn c6 thé ap dung trién khai
cac bién phap phuc hdi rimg, nhu tréng bd sung ciy ban dja, khoanh nubi tai sinh hodc
kiém soat loai ngoai lai xdm l4n. Viéc két hop véi cong ddng dia phuong trong phuc hdi
va quan 1y sinh canh ciing duogc khuyén nghi, nham gin bao t6n v6i phat trién sinh ké
bén vitng.

+ Tich hop ban d6 hotspots vao quy hoach bao tn s& tao diéu kién két néi VQG
Ta Pung véi cac khu rimg 1an can, gop phan hinh thanh hanh lang sinh hoc lién ving.
Pay 1a giai phap quan trong dé nang cao hiéu qua bao ton cac loai cdy gd quy hiém trong
bbi canh bién doi khi hau, khi ma cac sinh canh thich hgp ¢6 xu hudng thu hep va dich
chuyén theo khong gian.

3.5.2. Pé xudt gidi phdp bdo ton cdc loai nghién civu tai VOG Ta Pung.

a) Co hodi va thach thirc trong cong tic bao ton cic loai TGQH tai VQG
Ta Pung:

Trén nén tang cac két qua nghién ciru da duoc trinh bay & cac phan trude, hoi thao
tham véan da dugc td chire v6i su tham gia cia Ban lanh dao va can b k¥ thuat VQG Ta
Pung nham chia sé két qua, dong thoi thao ludn cac giai phap bao ton trén co sé khoa
hoc va thyc tién quan 1y tai dia phuong (Hinh 3.46). Cong cu phan tich SWOT duoc ap
dung (Bang 3.16) dé nhéan dién mét cach hé théng cac diém manh (Strengths), diém yéu
(Weaknesses), co hdi (Opportunities) va thach thirc (Threats) dac thu cua khu vuc
nghién cuu.

Viéc két hop dir 1iéu mé hinh héa, két qua kiém chimg thuc dia va phan tich SWOT
cho phép dé xuat cac giai phap bao ton khong chi dya trén tiém nang sinh thai ma con
phan anh dung nhitng diéu kién va han ché trong thuc tién quan ly. Day 1a budc trung
gian quan trong nham chuyén héa cac két qua nghién ctru tir mirc do 1y thuyét sang cong
cuhd tro ra quyét dinh, phuc vu truc tiép cho cong tac bao ton da dang sinh hoc tai VQG
Ta Pung. Két qua thao luan dugc téng hop tom tat trong Bang 3.16.

Bang 3.16. Phan tich SWOT trong cdng tic bao ton da dang sinh hoc tai VQG Ta

Pung trong bdi canh bién d6i khi hau

Strengthenness (Piém manh) Weaknesses (Diém yéu)

- VQG Ta bung co6 dién tich rung ty nhién 1én (= - Ngudn luc tai chinh, nhan luc va trang thiét
17.200 ha), d6 che phu cao, nhiéu vung con gilt dugc bi phuc vu tuan tra — giam sat con han ché.
tinh nguyén sinh.
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- Da dang sinh hoc phong phti: ghi nhan 294 loai cay
0, trong d6 c¢6 nhiéu loai quy hiém nam trong Sach Po
Viét Nam va IUCN.

- Pia hinh phtrc tap, kho tiép can (trén 1.200 m),
gitip giam ap luc khai thac truc tiép ciia con ngudi.

- Pi ¢6 hé théng ban dd phan bd tiém ning va
hotspots tir két qua nghién ctru, hd trg tryc tiép cho
cong tac quan ly va giam sat.

- Ban Quan 1y VQG c6 doi ngii can b k§ thuat
chuyén trach, kinh nghiém trong cong tac bao ton va
hop tac nghién cuu.

- Hé thong giam sat sinh canh chu yéu dua
vao phuong phap truyén thong, chua tmg dung
ddng b UAV, LiDAR va dit liéu vé tinh.

- Cong tac kiém chimg thyc dia chwa bao phu
hét cac sinh canh, dic biét tai vung c6 xac suét
phan bb loai thap.

- Nhiéu loai TGQH (nhu Tram hwong, Théng
tre, Dau hasselt) co6 mat do ca thé thép, dan dén
kho khan trong phuc hdi va nhan giéng.

- Su phdi hop giita cac bén lién quan (cong
ddng, chinh quyén, doanh nghiép) chwa thyc su
chat ché va hi¢u qua.

Opportunities (Co hoi)

- Su quan tim cuia Nha nudc va cac td chie qubc té dén
bao ton da dang sinh hoc va thich tmg bién d6i khi hau
ngay cang tang.

- Kha ning tich hop két qua nghién ctu (SDMs,
hotspots) vao quy hoach bao ton va phat trién kinh té —
xa hoi dia phuong.

- Cac cong nghé méi (Al vién tham, UAV, GIS) mé ra
co hdi nang cao nang luc giam sat va quan ly tai nguyén
rung.

- Xu huéng phat trién sinh ké bén viing gin véi bao ton
(CBNRM, du lich sinh thai, chi tra dich vu moéi truong
rung).

- Mang luéi hop tac nghién ctru qudc té, cac du an hd tro
ky thudt va tai chinh (Erasmus+, USAID, WWF, IUCN)
san co.

Threats (Thach thirc)

- Tac dong cua bién ddi khi hau (nhiét do
tang, lwong mua bién dong) lam suy giam
hodc dich chuyén sinh canh phu hop cua
nhiéu loai.

- Ap lyc tir cac hoat dong nhan sinh: khai
thac trai phép, chdy rumg, chuyén ddi muc
dich str dung dat, phat trién nong nghiép.

- Su xam l4n cua loai ngoai lai va suy thoai
dét tai cac khu vuc ria rung.

- Suy giam quan thé ty nhién & mot so loai
TGQH, nguy co mat da dang di truyén.

- Téc d6 phat trién kinh té — xa hoi tai khu
vuc Tay Nguyén lam gia ting nguy co xung
dot gitra muc tiéu bao ton va phat trién.

- Piém manh (Strengths):

Két qua phan tich SWOT (Bang 3.16) cho thdy VQG Ta Dung c¢6 nhiéu lgi thé

ndi tai trong cong tac bao tdn. Diém manh 16n nhét 1a dién tich rung tu nhién rong

(=17.200 ha), tinh nguyén sinh cao va sy da dang sinh hoc phong phu, vdi 294 loai cay

g6 da duoc ghi nhan, trong d6 c6 nhiéu loai quy hiém nim trong Sach D6 Viét Nam va

danh muc ITUCN. Bia hinh phirc tap, d9 cao 16n va kho tiép can (trén 1.200 m) gitip giam

thiéu tac dong truc tiép ctia con ngudi. Ngoai ra, luan an d bude dau xay dung hé thong

ban dd phan b tiém ning va hotspots, cung cip cong cu hd trg truc tiép cho quan Iy va

giam sat. Ban Quan 1y VQG ciing c6 ddi ngti can b chuyén trach c6 kinh nghiém trong

cong tac bao ton va hop tac nghién ctru. Tuy nhién, van ton tai nhi€u diém yéu.

- Weaknesses (Diém yéu)

Nguén lyc tai chinh, nhan sy va trang thiét bi phuc vu tudn tra, giam sat con han

ché; hé thong giam sat sinh canh chii yéu duya trén phuong phap truyén théng, chua tng

dung rong rai UAV, LiDAR hay dir li€u v¢ tinh. Cong tac kiém chung thyc dia chua bao

phu day du cac sinh canh, dic biét 1 nhitng khu vure c6 x4c suat phan b loai thap. Mot

s6 loai TGQH nhu Tram huong, Thong tre, Dau hasselt c6 mat do ca thé thép, lam gia
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tang kho khin trong phuc hdi va nhan gidng. Ngoai ra, sy phdi hop giira cac bén lién
quan (cong ddng, chinh quyén, doanh nghiép) con thiéu chit ch& va hiéu qua.

- Opportunities (Co hoi)

Sy quan tim ngdy cang gia ting tir Nha nudc va cac td chirc qudc té vé da dang
sinh hoc va bién d6i khi hau tao diéu kién thuan loi dé 10ng ghép bao ton vao chién luge
phat trién. Xu huéng phat trién sinh ké bén virng dya trén mé hinh cong dong (CBNRM),
du lich sinh thai va chi tra dich vu méi trudng rimg dang mo rong. Céc tién bd cong
nghé méi (Al, UAV, GIS, SDMs) cung véi mang ludi hop tac nghién ciru va hd tro tai
chinh qudc té (Erasmus+, USAID, WWEF, TUCN) 1a ngudn lyc quan trong dé nang cao
nang lyc gidm sat va quan 1y. Nguoc lai, VQG Ta Pung ciing phai d6i dién nhiéu thach
thtrc.

Threats (Thach thirc)

Bién d6i khi hau voi su gia ting nhiét d6 va bién dong luong mua lam suy giam
hoic dich chuyén sinh canh phi hop cho nhiéu loai. Cac 4p lyc nhan sinh nhu khai thac
trai phép, chay rimg, chuyén d6i muc dich sir dung dit va mé rong nong nghiép tiép tuc
de doa hé sinh thai. Sy xam lan ctia loai ngoai lai, suy giam quan thé ty nhién ctia mot
s6 loai TGQH, cung tdc do phat trién kinh té — x4 hoi nhanh tai Tay Nguyén lam gia
tang nguy co xung dot gitta muc tiéu phat trién va bao ton.

Két qua phan tich SWOT da chi ra rd nhiing diém manh, diém yéu, co hdi va
thach thirc dac thu trong cong tac bao ton da dang sinh hoc tai VQG Ta Bung. Trén co
s& d6, cac nhom giai phap bao ton dugc xay dung theo hudng tan dung loi thé ndi tai,
khai thac hiéu qua co hoi bén ngoai, ddng thoi khic phuc han ché va giam thiéu rui ro.
Céch tiép can nay vira dam bao tinh phi hgp v6i bdi canh thuc tién, vira gop phan dinh
hudng quan 1y bao ton theo hudng chii dong, khoa hoc va bén viing.

b) Dé xuit giai phap bao ton loai TGQH thich ng véi bién déi khi hau tai VQG
Ta Dung.

Céc nhém giai phap cy thé gém cé:

(i) Nhém chién liege SO (phat huy diém manh — tén dung co hoi)

Dua trén loi thé vé da dang sinh hoc cao va dia hinh phtrc tap, két hop voi cac nguén
luc hop tac qudc té, nhom giai phap nay tap trung vao:

Ung dung cong nghé hién dai (UAV, LiIDAR, dit liéu vé tinh da thoi gian) va GIS dé

nang cao nang luc gidm sat, phat hién sém nguy co suy thoai.
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Phat trién hop tac nghién ctru va bao ton quéc té, tin dung vu thé vé tinh da dang
loai cia VQG dé thu hut ngudn lyc tai chinh — k¥ thuét.

Gan bao ton v6i phat trién du lich sinh thai va gido duc méi trudng, nham vira bao
vé tai nguyén vira nang cao nhan thirc cong déng va tao ngudn thu bén viing.

Phat trién cac chuong trinh béao ton dua vao cong dong (CBNRM), gin bao ton vai
sinh ké bén viing (du lich sinh thai, néng — 1am két hop).

Tich hop dit liéu diém hotspots va phan bd tiém ning vao quy hoach phat trién kinh
t& — x4 hoi dia phuong, nham dong thoi dat muc tiéu bao tdn va phat trién. Viéc chong 16p
gitta khu phéan bé tiém ning cao va ving chiu tac ddng manh cho thay nhiing khu vuc can
vu tién bao ton va phuc hdi nhu 1795, 1801, 1805, 1804,1812, 1811 va 1814. Pdng thoi,
thong tin vé phan bd tiém ning loai trong twong lai (dudi tic dong cta bién d6i khi hau)
gitp VQG Ta Pung chi dong diéu chinh quy hoach theo hudng thich tng nhu vu tién dau
tu phuc hoi & cac viing ¢ tiém nang sinh théi cao.

(ii) Nhém chién lwoc ST (phat huy diém manh — giam thiéu thach thic)

Tan dung loi thé rimg nguyén sinh va dja hinh hiém tr& dé ddi pho véi cac tac dong
tiéu cuc tir bién ddi khi hau va khai thac trai phép, cu thé nhu sau:

Khoanh ving bao v¢ nghiém ngét tai cac tiéu khu trong diém (1795, 1801, 1805,
1804, 1812, 1811 va 1814).

Thiét 1ap cac ving bao ton 13i it bi tic dong nhan sinh, két hop véi hé théng canh
b4o sém va quan 1y rii ro nhur phong chay chita chdy, ngin chiin khai thac gd va 1am san
ngoai gd trai phép, kiém soat loai ngoai lai xam 14n.

Phéi hop kiém 1am va cong dong trong kiém soat khai thac, phong chay chita chay
va tng phé bién doi khi hau.

(iii) Nhém chién liege WO (khéc phuc diém yéu — tdn dung co hoi)

Pau tu nang cap ha tang quan 1y, bo sung trang thiét bi gidm sat rimg hién dai va mo
rong mang ludi tram quan trac khi hau — sinh thai.

Mo rdng hop tac véi cac t6 chirc bao ton qudc té dé bu dap han ché vé ngudn luc tai
chinh va nhéan lyc k¥ thuat.

Tang cuong dao tao can bd quan 1y va nghién cru sinh dia phwong, két hop véi
chuyén giao cong nghé tir cac du an hop tac qudc té.

Tang cuong ning luc cho can bd ki thuét thong qua cac khoa tap huin vé SDMs,

GIS, va cong cu giam sat hi¢n dai.
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Hoan thién co s& dir liéu da dang sinh hoc, diic biét 1a cho 21 loai cay gb quy hiém,
nham phuc vu tot hon cong tac du bao va quy hoach bao ton.

(iv) Nhém chién hege WT (giam thiéu diém yéu — han ché rii ro)

Tap trung giam thiéu nguy co tir khai thac, suy thodi va bién d6i khi hau, théng qua:

Kiém soét chit ch& khai thac gd, 1am san ngoai gd va san bit dong vat hoang da.

Phuc hdi sinh canh tai cac khu vuc bj tac dong manh béng tréng bd sung loai ban
dia va xic tién tai sinh tw nhién.

Thiét 1ap hanh lang sinh hoc két ndi VQG Ta Pung véi cac khu bao ton 1an can dé
tang kha ning thich tmg ctia quan xa.

Ul tién phuc hoi rung tai nhitng khu vyc bi tac dong manh (céac tiéu khu 1795,
1801, 1805, 1804, 1812, 1811 va 1814), thong qua trong bd sung ciy ban dia va xiic tién

tai sinh tu nhién.
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CHUONG 4. KET LUAN, TON TAI VA KIEN NGHI

4.1. Két luan
a) Mot s6 két luan chinh

Lu4n 4n d3 cung cip co sé khoa hoc cho cong tac quan 1y va bao ton bén viing
cac loai thuc vat TGQH tai VQG Ta Pung. Viéc tich hop vién tham, GIS, mé hinh
SDMs, hoc may va phan tich thong ké di chimg minh tinh hiéu qué trong nghién ctru
da dang sinh hoc va danh gia tac dong ctia bién doi khi hau ¢ quy mé canh quan. Céc
san pham ban dd phan bd tiém ning va ban do hotspots khong chi phuc vu truc tiép cho
quan 1y bao ton ma con cho thiy tinh ing dung thuc tién ctia cac cong nghé nay. Mot s6
két luan chinh dugc tom tit nhu sau

i) Phdn logi va xdy dwng ban do trang thdi rieng dira vao anh vé tinh: Két qua phan
loai rung tai VQG Ta BPung dat do tin cdy OA = 85.24%%, Kappa = 0,76 ddi véi trang
thai tham phu. Dién tich ring it bi tac dong chiém 62%, rimg tic dong trung binh va
rimg tic dong manh lan luot 13 20% va 18%.

ii) Ung dung mé hinh SDMs dé xdc dinh viing sinh thdi tiém ndng, ho tro diéu tra
khdo sdt thue dia: Nghién ctru di Iya chon 10 bién dau vao (Bio01, Bio03, Bio04, Bio12,
Biol6, NDVI, hi¢n trang tham phu rirng, do dbc, d6 cao va pH dét) dé xay dung mo hinh
SDMs du bao phan bé tiém ning ciia 10 loai TGQH véi két qua mo hinh dat AUC =0,7,
khoang tin cdy 95% cho thiy do tin ciy trong danh gia. Két qua kiém chimg thue dia cho
théy 91% 6 mau du bao c6 ghi nhan loai, khéng dinh tinh kha thi cia SDMs trong diéu
kién dit liéu han ché va hiéu qua trong toi ru hoa khao sat thuc dia.

iii) Tinh todn chi s6 da dang sinh hoc va phan tich tac déng cia dia hinh (@6 déc,
do cao) dén da dang sinh hoc cua lam phdn:

Hé sinh théi rimg tai VQG Ta Pung duoc dic trung boi sy wu thé cia cac loai phd
bién nhu Cho x6t, Nhan rimg, Tram trang, trong khi 10 loai cdy gb quy hiém cé gia tri
IVI thép, phan anh tinh trang suy giam quﬁn thé. Quﬁn x4 thuc vat thé hién mire do da
dang va 6n dinh cao vdi cac chi sb Shannon = 4,82, Simpson = 0,99 va Margalef= 32,62,
phan 4nh tinh da dang cao dic trung cua rirng muwa nhiét doi tai Ta Pung. D6 cao 1 yéu
t6 chi phdi chinh dén phan hoa thanh phan loai, trong khi d6 ddc chi dong vai tro thir
yéu. Ving sinh canh trén 1.200m c6 mirc da dang sinh hoc cao hon, trong khi cac khu
vuc thap (<1.000m) bi suy giam thanh phan loai do anh huéng tir cac hoat déng cuia con
nguol.
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vi) Dir bdo phdn bé tiém ndng ciia cdc loai TGOH theo cdc kich ban bién doi khi
hdu trong twong lai: Thuat toan MaxEnt d du bao hiéu qua ving phan bd tiém ning
theo céc kich ban bién d6i khi hau cta cac loai TGQH tai VQG Ta Pung v6i AUC giao
dong tir 0,78-0,97, khoang tin ciy 95% cho thay d9 tin cdy trong danh gia. Két qua chi
ra rang phan 16n cac loai nghién ctru tip trung & phia Pong—Pong Nam va trung tim
VQG. Dudi kich ban bién doi khi hau SSP5-8.5, ca hai mé hinh khi hau (EC-Earth3-
Veg, HadGEM3-GC31-LL) déu dy bao sy suy giam manh pham vi phin b trong thé ky
XX1, dac biét giai doan 2061-2080. Cac loai nhu Soi ba canh, Tram huong, Dau hasselt,
D¢ langbian va Thong tre c6 nguy co suy gidm nghiém trong, trong khi Xa xi, Trdm nau,
Dau baud, Thong nang va Hong quang cho thay kha ning thich nghi va phuc hdi cuc bo
vao cudi thé ky.

v) Xdc dinh diém hotspots da dang sinh hoc va dé xudt gidi phdp bdo ton cdc lodi
nghién cvu tai VQG Ta Pung:

Céc tiéu khu 1795, 1801, 1805, 1804, 1812, 1811 va 1814 14 nhitng khu vuc uu
tién vé bao ton da dang sinh hoc.

Cac ung dung va giai phap bao ton tai VQG Ta Pung trong bdi canh bién d6i khi
hau nhu sau:

+ Thiét 1ap hé théng giam sat rimg thong minh dya trén nén tang GEE, QGIS va
UAV/Drone.

+ Khoanh ving bao ton trong diém tai cac tiéu khu 1795, 1801, 1805, 1804, 1812,
1811 va 1814 két hop véi chét bao vé, tuan tra dinh ky va UAV dé giam ap luc xam lan.

+ HJ tro gidm sat va tuln tra thong qua dit liéu ban dd phan bd tiém ning va
hotspots, xdy dung thiét ké tuyén tudn tra va lap dat thiét bi canh bao sém suy thoai sinh
canh.

+ U tién phuc hdi va quan 1y riii ro tai cac khu vyc phia T4y va Tay Bac cia VQG
— noi sinh canh it phu hop, cung mot s6 tiéu khu c6 mirc do tac dong cao nhu 1795,
1801, 1805, 1804, 1812, 1811 va 1814 — can dugc dua vao ké hoach phuc hdi ring
(trdng bd sung cay ban dia, xuc tién tai sinh ty nhién). Pong thoi, can trién khai bién
phap quan 1y rui ro, bao gém kiém soat chay ring, khai thac trai phép va chuyén doi
muc dich st dung dat, nham giam thém ap luc ddi véi cac sinh canh von da nhay

cam.
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+ Tich hop quy hoach bao ton bang cach dua dir liéu hotspots vao quy hoach bao
t6n phat trién cia VQG, ddng thdi xay dung hanh lang sinh hoc két ndi Ta Pung véi cac
khu bao ton 1an cén.

Céc giai phap bao t6n tai VQG Ta Pung duogc dinh hudng theo cach tiép cin tong
hop, két hop giira thiét 1ap cac ving bao ton nghiém ngat, phuc hoi sinh canh va tng
dung cong nghé hi¢n dai trong giam sat — quan 1y.

4.2. Ton tai
Bén canh nhiing két qua da dat dugc, nghién ctru van ton tai mot s6 han ché nhét
dinh do cac diéu kién khach quan va chu quan, cu thé nhu sau:

i) Gidi han vé pham vi lodi nghién ciru: Trong tong s6 21 loai TGQH duoc ghi nhan
tai VQG Ta Pung, luan an méi chi tap trung diéu tra chi tiét va phan tich 10 loai tiéu
biéu. Piéu nay co thé chua phan anh toan dién sy da dang va dac diém phan bd cua tat
ca cac loai quy hiém trong khu vurc.

ii) Gidi han vé kiém chitng mé hinh & cac viimg c6 xdc sudt thdp: Do han ché vé
thoi gian va ngudn luc, trong luin 4n nay méi tap trung kiém ching mé hinh vao céc
khu vuc c6 xac suat phan bd cao, trong khi cac viing c6 xéac suat thap hodc trung binh
chua duoc khao sat day du, co thé din ti bo sot nhitng sinh canh tiém ning.

iii) Kiém chitng thuc dia con chua toan dién: Cac diém Véng mat (absence) chua
duoc kiém chung ddy du, c6 thé anh huong dén danh gia d6 dic hiéu (specificity) cta
mo hinh.

iv) Han ché trong viéc so sanh mé hinh: Nghién ctru chi tng dung mo hinh MaxEnt
trong du bao phan bd loai. Cac mé hinh khac nhu BIOMOD?2, Random Forest (RF),
Generalized Additive Models (GAM) hay Ensemble models chua dugc thir nghiém dé
d6i sanh, danh gia va lya chon mé hinh téi wu. Diéu nay han ché kha ning khang dinh
hiéu suat tot nhat ctia mé hinh dang sir dung.

4.3. Kién nghi
Dua trén nhiing két qua dat duogc va cac han ché da dugc chi ra, luan an dé xuat mot
s6 kién nghi nhdm dinh huéng cho nghién ctru va quan 1y trong twong lai:
(i) Vé nghién ciru khoa hoc
Trong cac nghién ctru tiép theo, co thé xem xét mé rong pham vi phén tich sang toan
b6 21 loai TGQH hién dién tai VQG Ta Pung, dé phan anh day du hon gia tri da dang sinh

hoc va tao co so dir liéu toan di¢n hon cho cong tac bao ton.
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Viéc kiém chimg thuc dia cling nén dugc tdng cuong, dac bi¢t tai cac khu vuc co xac
sut phan b thap hoic trung binh, nhdm nang cao do tin ciy va tinh dai dién ctia mé hinh
du bao.

Bén canh d6, can khuyén khich viéc thir nghi€ém va dbi sanh nhiéu mo hinh dy béo
phan b loai khac nhau (nhu Random Forest, GAM, BIOMOD2, Ensemble models) bén canh
MaxEnt, dé c6 co sé lwa chon phwong phap phi hop nhat véi timg didu kién sinh thai va tap
dit liéu cu thé.

Ngoai ra, viéc tich hop thém cac bién méi truong dong nhu khi hau vi mo, dic diém
dat, ciing nhu cac yéu t6 kinh t& — xa hoi, s& giup phan tich duoc da chiéu hon, tir 46 nang
cao kha ning giai thich va tmg dung két qua nghién ctru vao thuc tién quan 1y — bao ton.

(ii) Vé qudn Iy bdo ton

Ban Quan Iy VQG Ta Pung nén xem xét xdy dung mang ludi giam sat dai han, két
hop ting dung cic cong nghé hién dai nhu UAV, LiDAR va dif liéu vé tinh da thoi gian, nham
phat hién sém cac bién dong sinh canh va xu hudng suy thoai.

Can uu tién khoanh viing bao ton trong diém tai cac tiéu khu co gia tri da dang sinh
hoc cao hoac dang chiu ap luc 16n, d@)ng thoi trién khai cac bién phép phuc hdi sinh canh, bao
g0m tréng bo sung cac loai ciy ban dia va xuc tién tai sinh tu nhién.

Viéc tich hop dit liéu ban dd hotspots va ban dd phan bd tiém ning vao quy hoach
quan 1y bao t6n s& gop phan két ndi VQG Ta Pung véi cac khu bao ton 1an can, qua d6 hinh
thanh hanh lang sinh hoc lién viing, ting cudng hiéu qua bao ton da dang sinh hoc trong boi
canh bién d6i khi hau.

(iii) Vé céng dong va chinh sach

Pay manh béo ton dua vao cong dong (CBNRM), gin véi phat trién sinh ké bén viing
nhdm giam ap luc khai thac va nang cao ¥ thirc, sy tham gia ctia ngudi dan. Tang cudng phdi
hop lién nganh trong kiém soat chay rimg, ngin chan khai thac trai phép va quan 1y chat ché
chuyén ddi muc dich st dung dat. Mo rong hd tro k¥ thuat, tai chinh va chia sé dir liu dé
thuic day nghién ciru va hop tac lién ving. Dong thoi, phat trién cac chién luoc thich tmg bién
d6i khi hau & quy mo rong hon, ning cao ning luc bao ton dai han cho hé sinh thai rimg Tay

Nguyén trong diéu ki¢n thuc tién va ngudn luc san co.
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PHU LUC
PHU LUC 1. Code tii anh v¢ tinh SE-2A trén GEE

VoAb W=
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// Khai bao tap hop anh Sentinel 2

var s2 = ee.ImageCollection(COPERNICUS/S2_SR');

// Tai ranh gidi tr Google Drive

var Ca = ee.FeatureCollection(‘users/pthang/RG_Tadung'); //
Map.addLayer(Ca, {color: 'Red'}, "SA");

var region = Ca.geometry().bounds().coordinates().get(0).getInfo();
// Define period //xac dinh thoi gian quan tam.

var startdate = ee.Date.fromYMD(2022,1,1);

var enddate = ee.Date.fromYMD(2022,12,31);

. // Define geograpic domain

. /Nloc theo tieu chi quan tam

. //Map.centerObject(Ca,8);

. // filter s2 data</pre>

. var Sentinel2 = s2.filterBounds(Ca)

filterDate(startdate, enddate)
filterBounds(Ca);

. print(Sentinel2, 'Sentinel2");
. Map.addLayer(Sentinel2,

{min:0,max:3000,bands:["B4","B3","B2"]},'sentinel 2');

. Map.addLayer(ee.Image(Sentinel2.first()),

{min:0,max:3000,bands:["B4","B3","B2"]},'cloud');

. // cloud function to remove clouds
. // Sentinel 2 cloud function
. var cloudfunction ST2 = function(image) {

// 1f band 4 is higher than 1600, the pixel is considered as cloudy.
var quality = image.select("QA60").unmask();

//get pixels above the threshold

var cloud01 = quality.gte(100);

var b4 = image.select("B2");

/I Get pixels above the threshold.

var cloud = b4.gt(1540);

//create a mask from high likelihood pixels

var cloudmask = image.mask().and(cloud.not().and(cloud01.not()));
//mask those pixels from the image

return image.updateMask(cloudmask);

-1

. // remove the clouds

. var ST2 nocloud = Sentinel2.map(cloudfunction_ST2);
. print(ST2_nocloud, 'no may');

. Map.addLayer(ee.Image(ST2 nocloud.first()),

{min:0,max:3000,bands:["B4","B3","B2"]},'no cloud');

. var count = Sentinel2.size();

. print('Count of Sentinel2: ', count);

. var count = ST2 nocloud.size();

. print('Count of ST2 nocloud: ', count);

. //reduce to median value per pixel

. var median_ST2 = ST2 nocloud.median();
. print(median_ST2, 'median_ST2");

. Map.addLayer(median ST2,

{min:0,max:3000,bands:["B4","B3","B2"]},'median_ST2 all');

. //Map.addLayer(median_ST2.clip(Ca),
. // {min:0,max:3000,bands:['B11,B8,B4']},'median ST2');
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Map.addLayer(median_ST2.clip(Ca),
{min:0,max:3000,bands:["B4","B3","B2"]},'median_ST2');

//INDVI = (NIR - red) / (NIR + red)

var ndvi = median_ST2.normalizedDifference(['BS', 'B4']);

var vegPalette = ['red', 'blue’, 'yellow', 'green'];

Map.addLayer(ndvi, {min: -0.1, max: 0.8, palette: vegPalette}, 'NDVI');

var median_ST2 = median_ST2.addBands(ndvi);
print(median_ST2, 'median_ST2'");

var dataset = ee.Image('USGS/SRTMGL1 003");

var elevation = dataset.select('elevation');

var slope = ee.Terrain.slope(elevation);
Map.addLayer(dataset.clip(Ca), {min: 0, max: 2000}, 'dataset');

var median_ST2 = median_ST2.addBands(elevation);
print(median_ST2, 'median_ST2');

var region = Ca;
Export.image(median ST2.clip(Ca).toFloat()
.select('B2','B3','B4','B5','B6','B7','B8','BSA",'B11','B12'",'nd"), "SE_2A TD 2022",
{maxPixels: lel3,
region: region,
crs: 'EPSG:32648',
scale: 10})

//Hien thi outline cua khu vuc nghien cuu

var empty = ee.Image().byte();

var sa_outline = empty.paint({featureCollection: Ca, color: 1, width: 2});
Map.addLayer(sa_outline, {palette: 'FF0000'}, 'StudyArea');
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PHU LUC 2. Code tii ban dé pH dit trén GEE

// Dataset - khai bao bd dir liéu
var soil_ph = ee.Image('projects/soilgrids-isric/phh20_mean');
//Check data - kiém tra thong tin b dir liéu
print(soil_ph)
// Define boundary or AOI - xac dinh viing can tai
var RG_Tadung = ee.FeatureCollection(‘users/thehientnu/CR_TaDung');
// Display boundary to google map - hién thi viing - ranh gidi 1én ban d6
Map.addLayer(RG_Tadung, {color: 'Red'}, "Area of interest");
// convert polygon to geometry
var ta_dung = RG_Tadung.geometry();
// Select bands or layer - lya chon band hodc 16p//divide value to 10
var soil_ph_tadung = soil_ph.select('phh20 0-5cm_mean').divide(10);
// Display map to google map - zoom va hién thi dit liéu theo ranh gidi
Map.centerObject(ta_dung, 12);
Map.addLayer(soil ph tadung.select('phh20 0-5cm_mean').clip(RG_Tadung),
palette: ['blue', 'green’, 'yellow', 'red']}, 'Soil pH');
// Export image - xuét dit liéu da chon theo hé toa do va ti 1é
Export.image.toDrive({

image: soil ph tadung,

description: 'Soil pH Ta Dung',

scale: 30, // @6 phan giai mét

region: ta_dung,

fileFormat: 'GeoTIFF',

crs: 'EPSG: 4326

s
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PHU LUC 4: POAN CODE LENH TiNH CHI SO NMDS
rm(list=Is())
### Goi package

library(openxlsx) # doc file excel
library(tidyverse)

library(vegan)

library(ggrepel) #label text
source("function.R")

### Doc du lieu

# danh sach cac o mau
OMauTaDung <- read.xlsx("DataPlot.xIsx", sheet = "Plot")
# bang du lieu do cay
TreeTaDung <- read.xlsx("DataPlot.xIsx", sheet = "Tree")
# danh sach loai
SpeciesTaDung <- read.xIsx("DataPlot.xlsx", sheet = "Species") %>%
dplyr::select(spcode,LatinName, TenPhoThong, Family,Genus,TaxonRank, L.10loai )
##### tao bien cac cap cao do va do doc
OMauTaDung <- OMauTaDung %>%
mutate(CaoDo_level = case_ when(CaoDo >= 1400 ~ "H6:>=1400m",
CaoDo >= 1200 ~ "H5:[1200-1400)m",
CaoDo >= 1000 ~ "H4:[1000-1200)m",
CaoDo >= 800 ~ "H3:[800-1000)m",
CaoDo >= 600 ~ "H2:[600-800)m",
TRUE ~ "H1:<600m"),
CaoDo_level = factor(CaoDo_level,
levels=c("H1:<600m","H2:[600-800)m","H3:[800-1000)m","H4:[1000-1200)m","H5:[1200-
1400)m","H6:>=1400m")),
DoDoc level = case when(DoDoc >= 25 ~ "D4:>=25",
DoDoc >= 20 ~ "D3:[20-25)",
DoDoc >= 15 ~ "D2:[15-20)",
TRUE ~ "D1:<15"),
DoDoc_level = factor(DoDoc _level, levels=c("D1:<15","D2:[15-20)","D3:[20-25)","D4:>=25")))

#loc bo cac dong khong co D13 va tinh tiet dien ngang them m2
TreeTaDung <- TreeTaDung %>%
filter(!is.na(D1.3_cm)) %>%
mutate(G = ((D1.3_cm/2)/100)"2*pi) %>%
left_join(OMauTaDung %>%
dplyr::select(KiHieuO,CaoDo_level, DoDoc_level), by="KiHieuO")
#iHi##H#H# Dem so loai theo cac cap cao do
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SoLoaiTheoCaoDo <- TreeTaDung %>%
group by(CaoDo _level) %>%
summarise(SoLoai=n_distinct(LatinName), SoCay=n())
View(SoLoaiTheoCaoDo)
#it FIG.
SoLoaiTheoCaoDo %>%
pivot_longer(cols=-CaoDo_level,names to = "Group", values_to = "value") %>%
ggplot(aes(x=CaoDo_level, y=value, fill=Group)) +
geom_col(position = "dodge", color="black")+
geom_text(aes(label=value), position = position_dodge(width = .9),
vjust=-0.5, size=5)+
theme bw(15)+
labs(x = "Cap cao d¢",
y ="S6 lugng",
fill = "Nhoém")
ggsave("OUT/IV-NMDS/SoLoaiTheoCaoDo.pdf", height = 8, width = 10, units = "in")
#### Tinh Loai quan trong va chi so da dang sinh hoc theo tung cap cao do
list CaoDo <- OMauTaDung$CaoDo_level %>% unique()
Tree H All=1VI ALL =bioD_All = figure <- list()
for (h in list_CaoDo){
print(h)
# danh sach o mau theo cao do
H omau <- OMauTaDung %>%
filter(CaoDo_level == h)
# loc danh sach cay theo cao do
Tree H All[[h]] <- TreeTaDung %>%
filter(KiHieuO %in% H_omau$KiHieuO)
# tinh IVI theo cap cao do
IVI_ALL[[h]] <- Tree_ H_All[[h]] %>% b_IVI(TongSoOMau = nrow(H_omau))
figure[[h]] <-b_plot IVI rank(IVI_ALL[[h]],pn=h)
# Tinh Chi so da dang sinh hoc theo cap cao do
bioD_All[[h]] <- IVI_ALL[[h]] %>% summarise(b.biodiv.index(n))
bioD_All[[h]]$Group <- h
H
# gop cac ket qua lai
bioD res_all <- do.call(bind rows,bioD_All)
#Ve figure so sanh chi so da dang sinh hoc
bioD_res_all %>%
dplyr::select(-Richness) %>%
pivot_longer(cols=-Group,names_to = "Index", values_to = "value") %>%

ggplot(aes(x=Index, y=value, fill=Group)) +
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geom_col(position = "dodge", color="black")+
geom_text(aes(label=round(value,2) %>%
str_replace_all("\\.",",")), position = position_dodge(width =.9),
vjust=-0.5, size=6)+

#scale fill manual(values = c("#252525","#525252", "#ccceec","#TTHTHT"))+

theme bw(18)+

labs(x = "Chi s6 Pa Dang Sinh hoc",

y ="Gia tri",
fill = "CaoDo")

ggsave("OUT/IV-NMDS/BIOD _ketqua.pdf", height = 10, width = 15, units = "in")
library(ggplot2)
library(ggpubr)

# Ve figure so sanh IVI
library(ggpubr)
names(IVI_ALL)
ggarrange(figure[[2]],figure[[5]],figure[[1]], figure[[3]],figure[[4]], ncol = 2, nrow = 3)
ggsave("OUT/IV-NMDS/IVI ketqua.pdf", height = 15, width = 12, units = "in")
# xuat Excel
names(IVI_ALL) <- str_sub(names(IVI_ALL),1,2)
for(iin 1: 5){

IVI_ALL[[i]] <- IVI_ALL[[i]] %>%

mutate_if(is.numeric, round,2) %>%
left_join(SpeciesTaDung, by="LatinName")

H
write.xIsx(IVI_ALL, "OUT/IV-NMDS/IVI_ALL.xlsx")

Hi#tH#HH#HH# PHAN TICH THEO CAP DO DOC
#i##H##H#H# Dem so loai theo cac cap cao do
SoLoaiTheoDoDoc <- TreeTaDung %>%

group by(DoDoc level) %>%

summarise(SoLoai=n_distinct(LatinName), SoCay=n())

View(SoLoaiTheoCaoDo)
#it FIG.
SoLoaiTheoDoDoc %>%
pivot_longer(cols=-DoDoc level,names_to = "Group", values_to = "value") %>%
ggplot(aes(x=DoDoc _level, y=value, fill=Group)) +
geom_col(position = "dodge", color="black")+
geom_text(aes(label=value), position = position_dodge(width = .9),
vjust=-0.5, size=5)+

theme bw(15)+
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labs(x = "Cap do dbc",
y ="S luong",
fill = "Nhom")

ggsave(""OUT/IV-NMDS/SoLoaiTheoDoDoc.pdf", height = 8, width = 10, units = "in"")
#### Tinh Loai quan trong va chi so da dang sinh hoc theo tung cap cao do
list DoDoc <- OMauTaDung$DoDoc level %>% unique()
Tree H All=1VI ALL =bioD_All = figure <- list()
for (h in list DoDoc){
print(h)
# danh sach o mau theo cao do
H omau <- OMauTaDung %>%
filter(DoDoc _level == h)
# loc danh sach cay theo cao do
Tree H AIl[[h]] <- TreeTaDung %>%
filter(KiHieuO %in% H_omau$KiHieuO)
# tinh IVI theo cap cao do
IVI_ALL[[h]] <- Tree H_All[[h]] %>% b_IVI(TongSoOMau = nrow(H_omau))
figure[[h]] <-b_plot IVI rank(IVI_ALL[[h]],pn=h)
# Tinh Chi so da dang sinh hoc theo cap cao do
bioD_All[[h]] <- IVI_ALL[[h]] %>% summarise(b.biodiv.index(n))
bioD_All[[h]]$Group <- h
H
# gop cac ket qua lai
bioD _res_all <- do.call(bind_rows,bioD_All)
#Ve figure so sanh chi so da dang sinh hoc
bioD res_all %>%
dplyr::select(-Richness) %>%
pivot_longer(cols=-Group,names_to = "Index", values_to = "value") %>%
ggplot(aes(x=Index, y=value, fill=Group)) +
geom_col(position = "dodge", color="black")+
geom_text(aes(label=round(value,2) %>%
str_replace_all("\\.",",")), position = position_dodge(width =.9),
vjust=-0.5, size=6)+
#scale fill manual(values = c("#252525","#525252", "#ccceee","#{TTH") )+
theme bw(18)+
labs(x = "Chi s6 Pa Dang Sinh hoc",
y ="Gia tri",
fill = "Cap do dbc")
ggsave("OUT/IV-NMDS/BIOD _ketqua_theoDoDoc.pdf", height = 10, width = 15, units = "in")
# Ve figure so sanh IVI
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library(ggpubr)
names(IVI_ALL)
ggarrange(figure[[2]],figure[[3]],figure[[1]], figure[[4]], ncol = 2, nrow = 2)
ggsave("OUT/IV-NMDS/IVI ketqua DoDoc.pdf", height = 15, width = 12, units = "in")
# xuat Excel
names(IVI_ALL) <- str_sub(names(IVI_ALL),1,2)
for(iin 1: 4){
IVI_ALL[[i]] <- IVI_ALL[[i]] %>%
mutate if(is.numeric, round,2) %>%
left join(SpeciesTaDung, by="LatinName")
H
write.xIsx(IVI_ALL, "OUT/IV-NMDS/IVI_ALL_theoDoDoc.xlsx")
Hit#HHHHH# Phan tich NMDS Theo Cap CAO DO
#HiHH#HHHA#H Tao ma tran loai va cap cao do
SoLoaiTheoCaoDo2 <- TreeTaDung %>%
group by(LatinName,CaoDo_level) %>%
summarise(n=n_distinct(LatinName), .groups = "keep") %>%
ungroup() %>%
pivot_wider(names_from = CaoDo_level, values from =n, values_fill = 0)
SoLoaiTheoCaoDo3 <- SoLoaiTheoCaoDo2 %>%
mutate(sum = rowSums(across(where(is.numeric))))
SoLoaiTheoCaoDo3$sum %>% table
write.xIsx(SoLoaiTheoCaoDo3,"OUT/IV-NMDS/SoLoaiTheoCaoDo.x1sx")
NhomLoaiTungCapCaoDo <- SoLoaiTheoCaoDo3 %>%
filter(sum==1)
colSums(NhomLoaiTungCapCaoDol,-1])
HiHHHHRHHEHAA#HH# Tinh khoang cach jaccard giua cac cap cao do theo thanh phan loai
mydata <- t(SoLoaiTheoCaoDo2[,-1]) %>% as.data.frame()
distJacard <- vegdist(mydata, method = "jaccard")
he <- helust(distJacard, method = "Ward.D2 ")
plot(hc)
HittH#HHHAH Phan tich NMDS
#Tao dataframe theo dinh dang chuan cua ham metaMDS
TreeAll <- TreeTaDung %>%
left join(SpeciesTaDung, by="LatinName") %>%
group_by(KiHieuO,CaoDo _level, spcode) %>%
summarise(n=n(), .groups = "keep") %>%
pivot wider(names_from = spcode, values_from = n, values_fill = 0) %>%
ungroup()
TreeAll2 <- TreeAll %>% dplyr::select(-KiHieuO, -CaoDo_level)
rownames(TreeAll2) <- TreeAlI$KiHieuO
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### chuan hoa lai data

TreeAll2 <- decostand(TreeAll2, "log")

## Phan tich NMDS voi distance jaccard

TD NMDS <- metaMDS(TreeAll2,k=3, distance = "jaccard")

## Stressplot

stressplot(TD_NMDS)

#stress value

TD NMDSS$stress

# xem nhanh ket qua

plot(TD _NMDS)

## Ve figure

sites <- scores(TD_NMDS, display = "sites") %>% as.data.frame()
spps <- scores(TD NMDS, display = "species") %>% as.data.frame()

spps$spcode <- row.names(spps)

sites$KiHieuO <- TreeAll$KiHieuO
sites$CaoDo_level <- TreeAll§CaoDo _level
# Calculate the hulls for each group
hull_sites <- sites %>%
group by(CaoDo_level) %>%
slice(chull(NMDS1, NMDS2))
p<-ggplot()+
geom_polygon(data = hull_sites, aes(x=NMDS1, y=NMDS2, fill = CaoDo_level), alpha=0.5)+
geom_point(data = spps, aes(x=NMDS1, y=NMDS2))+
geom_label repel(data = spps, aes(x=NMDS1, y=NMDS2, label = spcode),
fill = NA, color="black",size =5, label.size = NA,
min.segment.length = 0, segment.linetype = 2,
segment.size = 0.4, parse = TRUE, max.overlaps = 15)+
geom_point(data = sites, aes(x=NMDS1, y=NMDS2, col = CaoDo_level, shape = CaoDo_level)) +
theme bw() +
labs(fill="Cap Cao Do",col="Cap Cao Do",shape="Cap Cao Do")
p
p + theme(legend.position="none")
ggsave("OUT/IV-NMDS/NMDS2.pdf", height = 10, width = 10, units = "in")
i PHAN TICH NMDS Theo Do doc
SoLoaiTheoDoDoc2 <- TreeTaDung %>%
group by(LatinName,DoDoc_level) %>%
summarise(n=n_distinct(LatinName), .groups = "keep") %>%
ungroup() %>%

pivot_wider(names from = DoDoc_level, values from = n, values_fill = 0)
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SoLoaiTheoDoDoc3 <- SoLoaiTheoDoDoc2 %>%

mutate(sum = rowSums(across(where(is.numeric))))
SoLoaiTheoDoDoc3$sum %>% table
write.xlsx(SoLoaiTheoDoDoc3,"OUT/IV-NMDS/SoLoaiTheoDoDoc.xIsx")

NhomLoaiTungCapDoDoc <- SoLoaiTheoDoDoc3 %>%
filter(sum==1)
colSums(NhomLoaiTungCapDoDoc[,-1])
HiHHH A Tinh khoang cach jaccard giua cac cap cao do theo thanh phan loai
mydata <- t(SoLoaiTheoDoDoc2[,-1]) %>% as.data.frame()
distJacard <- vegdist(mydata, method = "jaccard")
hc <- hclust(distJacard, method = "Ward.D2 ")
plot(hc)
#Tao dataframe theo dinh dang chuan cua ham metaMDS
TreeAll <- TreeTaDung %>%
left_join(SpeciesTaDung, by="LatinName") %>%
group_by(KiHieuO,DoDoc_level, spcode) %>%
summarise(n=n(), .groups = "keep") %>%
pivot wider(names_from = spcode, values_from = n, values_fill = 0) %>%

ungroup()

TreeAll2 <- TreeAll %>% dplyr::select(-KiHieuO, -DoDoc level)
rownames(TreeAll2) <- TreeAlI$KiHieuO

### chuan hoa lai data

TreeAll2 <- decostand(TreeAll2, "log")

## Phan tich NMDS voi distance jaccard

TD_NMDS <- metaMDS(TreeAll2,k=3, distance = "jaccard")

## Stressplot

stressplot(TD_NMDS)

#stress value

TD_NMDS$stress

# xem nhanh ket qua

plot(TD_NMDS)

## Ve figure

sites <- scores(TD_NMDS, display = "sites") %>% as.data.frame()
spps <- scores(TD_NMDS, display = "species") %>% as.data.frame()
spps$spcode <- row.names(spps)

sites$KiHieuO <- TreeAll$KiHieuO

sites$DoDoc_level <- TreeAll$DoDoc_level

# Calculate the hulls for each group

hull_sites <- sites %>%
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group by(DoDoc level) %>%
slice(chul(NMDS1, NMDS2))
p<-ggplot()+
geom_polygon(data = hull_sites, aes(x=NMDS1, y=NMDS2, fill = DoDoc_level), alpha=0.5)+
geom_point(data = spps, aes(x=NMDS1, y=NMDS2))+
geom_label repel(data = spps, aes(x=NMDS1, y=NMDS2, label = spcode),
fill = NA, color="black",size =5, label.size = NA,
min.segment.length = 0, segment.linetype = 2,
segment.size = 0.4, parse = TRUE, max.overlaps = 15)+

geom_point(data = sites, acs(x=NMDS1, y=NMDS2, col = DoDoc_level, shape = DoDoc_level)) +

theme bw() +
labs(fill="Cap d6 doc",col="Cip do dbc",shape="Cap d6 doc")
p

p + theme(legend.position="none"

ggsave("OUT/IV-NMDS/NMDS2 DoDoc.pdf", height = 10, width = 10, units = "in")
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PHU LUC 5. POAN CODE LENH TiNH IVI VA CHI SO PA DANG
rm(list=1s())
### Goi package

library(tidyverse)

library(openxlsx) # doc file excel
library(ggrepel) #label text
library(vegan) #tinh chi so da dang
library(abdiv) #tinh chi so margalef
library(ggpubr)

library(scales)

### Viet cac function dung nhieu
source("function.R")

### Doc du lieu

# danh sach cac o mau
OMauTaDung <- read.xlsx("DataPlot.xIsx", sheet = "Plot")
# bang du lieu do cay
TreeTaDung <- read.xlsx("DataPlot.xIsx", sheet = "Tree")
# danh sach loai
SpeciesTaDung <- read.xIsx("DataPlot.xlsx", sheet = "Species") %>%

dplyr::select(spcode,LatinName, TenPhoThong, Family,Genus,TaxonRank, L.10loai)
# loc bo cac dong khong co duong kinh, tinh Dien tich goc G va Chi nhom duong kinh
TreeTaDung <- TreeTaDung %>%

filter(!is.na(D1.3_cm)) %>%

left join(SpeciesTaDung, by="LatinName") %>%

mutate(G = ((D1.3_cm/2)/100)"2*pi, # unit: m2

gD1.3 =case_when( D1.3_cm >=20 ~ ">=20",
TRUE ~ "[6-20)"),
gD1.3 = factor(gD1.3, levels= c("[6-20)",">=20")))

### Thong ke chung
nrow(TreeTaDung) # so than cay
# dem so cay o moi nhom cap kinh
TreeTaDung %>%

group by(gD1.3) %>%

summarise(n=n())
# Dem so cay co duong kinh tren 1m
TreeTaDung %>%

filter(D1.3_cm>=100) %>%

group_by(LatinName) %>%

summarise(n=n()) %>%

View()

# Dem tong so loai
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TreeTaDung$LatinName %>% n_distinct()
# Dem so luong loai chi ho da dinh
TreeTaDung %>%
filter(TaxonRank!="ChuaBiet") %>%
summarise(sp=n_distinct(LatinName),
Fa=n_distinct(Family),
Ge =n_distinct(Genus))
# Dem so luong loai theo ho
SoLoaiTheoHo <- TreeTaDung %>%
filter(TaxonRank!="ChuaBiet") %>%
group by(Family) %>%
summarise(n=n_distinct(LatinName)) %>%
arrange(desc(n))
# Fig
ggplot(SoLoaiTheoHo, aes(x=reorder(Family,n), y = n))+
geom_col() +
geom_text(aes(y = n/2,label=round(n,2)), col="white")+
coord flip() +
theme bw(14) +
labs(y="S6 loai", x = "Ho")
ggsave("OUT/II-IVI/Fig.LoaiTheoHo.pdf", height = 15,width = 8)
# Tinh IVI va chi so sampson, shanon, Evenness ===
# Toan bo cay khao sat ====
IVI_All <- TreeTaDung %>% b_IVI(TongSoOMau = 100)
bioD all <- IVI_All %>% summarise(b.biodiv.index(n))
bioD_all$Group <- ">=6"
# Nhom cay co D1.3 >=20 cm ====
IVI_grA <- TreeTaDung %>%
filter(gD1.3==">=20") %>%
b_IVI(TongSoOMau = 100)
#Tinh chi so da dang sinh hoc
bioD A <-IVI grA %>% summarise(b.biodiv.index(n))
bioD_AS$Group <- ">=20"

# Nhom cay co D1.3 [6-20) cm ====
IVI grB <- TreeTaDung %>%
filter(gD1.3=="[6-20)") %>%
b_IVI(TongSoOMau = 100)
#Tinh chi so da dang sinh hoc
bioD_ B <- IVI grB %>% summarise(b.biodiv.index(n))
bioD_B$Group <- "[6-20)"
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# gop cac ket qua lai
bioD_res_all <- bind_rows(bioD _all,bioD A,bioD_B) %>%
mutate(Group= factor(Group,levels=c(">=6","[6-20)",">=20")))
#Ve figure chi so da dang sinh hoc
bioD res_all %>%
dplyr::select(-Richness) %>%
pivot_longer(cols=-Group,names_to = "Index", values_to = "value") %>%
ggplot(aes(x=Index, y=value, fill=Group)) +
geom_col(position = "dodge", color="black")+
geom_text(aes(label=round(value,2) %>%
str_replace_all("\.",",")), position = position_dodge(width = .9),
vjust=-0.5, size=5)+
#scale fill manual(values = c("#252525","#525252", "#ccceec","#TTHTHT))+
theme bw(15)+
labs(x = "Chi s6 Pa Dang Sinh hoc",
y ="Gia tri",
fill = "D1.3(cm)")
ggsave("OUT/II-IVI/BIOD_Index_ketqua.pdf”, height = 6, width = 8, units = "in")
#iHiH#H# Ve ket qua IVI
pl <-b_plot IVI rank(IVI All pn=">= 6cm")
p2 <-b_plot IVI rank(IVI grA, pn=">=20cm")
p3 <-b_plot IVI rank(IVI grB, pn="[6-20)cm")
ggarrange(pl,p2,p3)
ggsave("OUT/II-IVI/IVI ketqua.pdf", height = 15, width = 12, units = "in")
### luu ket qua
IVI_All <- IVI_All %>%
mutate_if(is.numeric, round,2) %>%
left_join(SpeciesTaDung, by="LatinName")
IVI grA <-1VI grA %>%
mutate if(is.numeric, round,2) %>%
left join(SpeciesTaDung, by="LatinName")
IVI_grB <- IVI_grB %>%
mutate_if(is.numeric, round,2) %>%
left join(SpeciesTaDung, by="LatinName")
write.xIsx(IVI_AIL"OUT/II-IVI/IVI_All.xIsx")
write.xIsx(IVI_grA,"OUT/II-IVI/IVI_grA xIsx")
write.xIsx(IVI_grB,"OUT/I-IVI/IVI_ grB.xlIsx")
write.xlsx(bioD res all,"OUT/II-IVI/bioD res all.xlsx")
#it# TINH CHI SO DA DANG SINH HOC CHO TUNG O MAU
DanhSachOMau <- OMauTaDung$KiHieuO %>% unique()
ChiSoDDSH <- list()
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for(iin 1:100){
(KiHieuOMau <- DanhSachOMau[i])
DuLieuCayMoiO <- TreeTaDung %>%
filter(KiHieuO ==KiHieuOMau)
DuLieuCayMoiO %>% b_IVI(TongSoOMau = 1)
SoCayTheoLoai <- DuLieuCayMoiO %>%
group_by(LatinName) %>%
summarise(n=n())
res <- b.biodiv.index(SoCayTheoLoai$n)
res$KiHieuO <- KiHieuOMau
ChiSoDDSH][[i]] <- res
H
ChiSoDDSH <- do.call(bind_rows,ChiSoDDSH)
write.x1sx(ChiSoDDSH,"OUT/II-IVI/ChiSoDDSHOTC xIsx")
#HiHHHH# Margalef
ggplot(ChiSoDDSH, aes(x=KiHieuO,y=Margalef, group=1))+
geom_line(color="#33a02c")+
geom_point(color="#33a02c", size=2)+
theme bw(14) +
theme(axis.text.x = element_text(angle = 90)) +
labs(x="Ki Hiéu O Mau", y="Margalef Index") +
coord_flip()
ggsave("OUT/II-IVI/Margalef.pdf", height = 15, width = §, units = "in")
ggsave("OUT/II-IVI/Margalef Ngang.pdf", height =5, width = 14, units = "in")
Hit#HH##H# Shannon
ggplot(ChiSoDDSH, aes(x=KiHieuO,y=Shannon, group=1))+
geom_line(color="#33a02c")+
geom_point(color="#33a02c", size=2)+
theme bw(14) +
theme(axis.text.x = element_text(angle = 90)) +
labs(x="Ki Hiéu O Mau", y="Shannon Index (H)") +
coord_flip()
ggsave("OUT/II-IVI/Shannon.pdf", height = 15, width = 8, units = "in")
ggsave("OUT/II-IVI/Shannon Ngang.pdf", height = 5, width = 14, units = "in")
Hi#HHE#HH Simpson
ggplot(ChiSoDDSH, aes(x=KiHieuO,y=Simpson, group=1))+
geom_line(color="#33a02c")+
geom_point(color="#33a02c", size=2)+
theme bw(14) +
theme(axis.text.x = element_text(angle = 90)) +

labs(x="Ki Hiéu O Mau", y="Simpson Diversity Index (D)") +
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coord flip()
ggsave("OUT/II-IVI/Simpson.pdf", height = 15, width = 8, units = "in")
ggsave("OUT/II-IVI/Simpson_Ngang.pdf", height = 5, width = 14, units = "in")
###Rarity INDEX ====
### Phuong phap theo goi RARITY
#install.packages("Rarity")
library(Rarity)
# chuan hoa du lieu
regional.occ <- IVI_All$n
names(regional.occ) <- IVI_All$LatinName
# Tinh rarity weights cho tung loai
rarity.weights <- rWeights(regional.occ, normalised = T)
summary(rarity.weights§ W)
## Xem so loai hiem gap
rarity.weights$R %>% table
#Dem so loai co ghi nhan it
rarity.weights %>%
filter(R==1) %>% .$Q %>% table()
# Calculation of Index of Relative Rarity cho toan bo khu vuc
Irr(regional.occ, rarity.weights)
#HiHHHIHH Xuat bang ket qua
rarity.weights$LatinName <- rownames(rarity.weights)
rarity.weights <- rarity.weights%>%
left_join(SpeciesTaDung, by="LatinName")
view(rarity.weights)

write.xlsx(rarity.weights, "OUT/II-IVI/Rarity Weight.xIsx")
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PHU LUC 6: SO LOAI GHI NHAN THEO CAP PQ CAO
https://docs.google.com/spreadsheets/d/ 1 Mt4KcWhND4UgqPCQPPiv4Rj4dQeiMudx/edit?us
p=drive link&ouid=103653515047984621798 &rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1qecSdTU49f8QBWASH{uCjlt19JVOSSbl/edit?usp=
drive_link&ouid=103653515047984621798&rtpof=true&sd=true

PHU LUC 7. SO LOAI GHI NHAN THEO CAP PQ DOC
https://docs.google.com/spreadsheets/d/1yAeqn8yzUOnv8Y S5s1aWhttps://docs.google.com/spreadshee
ts/d/18bm8Gh2zQD1MXC15p1jcrhKisdERCM68/edit?usp=drive_link&ouid=1036535150479846217
98&rtpof=true&sd=trueb8r0TihdRVToA/edit?usp=drive link&ouid=103653515047984621798&rtpof

=true&sd=true
https://docs.google.com/spreadsheets/d/1faWjMR-XgiAvWiDRpNmrt1b-t-
jfGHDS/edit?usp=drive link&ouid=103653515047984621798&rtpof=true&sd=true

PHU LUC 8. CHI SO LOAI HIEM
https://docs.google.com/spreadsheets/d/1u6xQty93 XtBi9OWCweemSwRbvPPsWbAHO/edit?u
sp=drive link&ouid=103653515047984621798&rtpof=true&sd=true
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https://docs.google.com/spreadsheets/d/1Mt4KcWhND4UgqPCQPPiv4Rj4dQeiMudx/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1Mt4KcWhND4UgqPCQPPiv4Rj4dQeiMudx/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1qecSdTU49f8QBWA5HfuCjIt19JVOSSbl/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1qecSdTU49f8QBWA5HfuCjIt19JVOSSbl/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1yAeqn8yzUOnv8Y5s1aWb8r0TihdRVToA/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1yAeqn8yzUOnv8Y5s1aWb8r0TihdRVToA/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1yAeqn8yzUOnv8Y5s1aWb8r0TihdRVToA/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1yAeqn8yzUOnv8Y5s1aWb8r0TihdRVToA/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1faWjMR-XgiAvWiDRpNmrt1b-t-jfGHDS/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1faWjMR-XgiAvWiDRpNmrt1b-t-jfGHDS/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1u6xQty93XtBi9WCweem5wRbvPPsWbAHO/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1u6xQty93XtBi9WCweem5wRbvPPsWbAHO/edit?usp=drive_link&ouid=103653515047984621798&rtpof=true&sd=true

PHU LUC 9: CODE LENH PE THU'C HIEN PHAN TiCH PERSON VA
PCA

rm(list=ls())
library(raster)
library(tidyverse)
WCPath ="../0-BaseMap/TD_wc2.1_30s_bio"
WClvariable <- list.files(path = WCPath, pattern="_tif", full.names = TRUE)
# stack bien khi hau worldclim
currentEnv <- stack(WCvariable)
varname <- names(currentEnv) [>
str_remove_all( "wc2.1_30s_|TDbio30s21 | 30s|TD_")
names(currentEnv) <- varname
#projection
crswgs84 <- "+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs"
proj4string(currentEnv) <-sp::CRS(crswgs84)
# Tinh toan ma trin twong quan Pearson
jnk=layerStats(currentEnv, 'pearson’, na.rm=T)
correlation_matrix=jnk$'pearson correlation coefficient'

### Ve so do tuong quan

library(ggcorrplot)

ggcorrplot(round(correlation_matrix, 1), he.order = F, type = "upper", lab = TRUE,
lab_size = 3)
ggsave("OUT/CorrPearson.pdf”, height = 10, width = 10)
# Chuyén ma trin twong quan thanh danh sach céc cdp bién va hé sb twong quan
correlation_pairs <- as.data.frame(as.table(correlation_matrix))
colnames(correlation_pairs) <- c("Variablel", "Variable2","Correlation")
# Hién thi cac cip bién c6 mirc d cdng tuyén cao
high_correlation_pairs <- correlation_pairs [>
filter(Variablel != Variable2) [>
mutate(high_corr = ifelse(abs(Correlation) > 0.8,1,0)) >
arrange(desc(high_corr), Variablel)
openxlsx::write.xlsx(high_correlation pairs,"OUT/high_correlation_pairs.xlsx")

# # Loai b6 cac ciip bién gidng nhau va tring 13p va Loc ra céc cip bién cé hé sb twong quan tuyét dbi 16n hon ngudng (vi du: 0.8)
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# correlation_pairs <- data.frame(t(apply(correlation_pairs,1,sort)))
# colnames(correlation_pairs) <- ¢("Correlation", "Variablel", "Variable2")
# correlation_pairs <- correlation_pairs[!duplicated(correlation_pairs[c(2,3)]),]

#

#

# # Hién thi cac cip bién cé mirc dd cong tuyén cao
# high_correlation pairs <- correlation_pairs [>

# filter(Variablel != Variable2) |~

# mutate(Correlation=as.numeric(Correlation),

# high corr = ifelse(abs(Correlation) > 0.8,1,0))

# openxlsx::write.xIsx(high_correlation_pairs,"OUT/I-DUDOAN/high_correlation_pairs.xlsx")
HittHHHH PCA
dfcurrentEnv <- as.data.frame(currentEnv)
dfcurrentEnv <-na.omit(dfcurrentEnv)
varname <- colnames(dfcurrentEnv) [>
str_remove_all( "wc2.1_30s_|TDbio30s21_| 30s|TD_")
colnames(dfcurrentEnv) <- varname
# Vi du vé sir dung PCA dé giam thiéu cong tuyén
library(FactoMineR)
library(factoextra)
# Thuc hién PCA
pca_result <- PCA(dfcurrentEnv, scale.unit = TRUE, ncp = 2, graph = FALSE)
# Hién thi két qua PCA
fviz_pca_var(pca_result, col.var = "contrib",repel=T)

ggsave("OUT/PCA.pdf", height =7, width =7
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PHU LUC 10: POAN CODE LENH PE THU'C HIEN PHAN TiCH

JACKKNIFE

rm(list=1s())
### Goi package

library(openxlsx) # doc file excel

library(raster)

#library(rgdal)

library(sf)

library(dismo)

library(tJava)

library(RColorBrewer)

library(tidyverse)

library(ggpubr)

#it#H## FUNCTION

source("../function.R")

#iH#H#H# Load toa do quy hiem

TreeQH <- read.xIsx("DataPlot.xIsx", sheet = "TOADO_QUYHIEM")

#### Dem so luong diem ghi nhan theo loai

TreeQH_ThongKe <- TreeQH %>% group by(LatinName, spcode) %>%
summarise(n=n(), .groups = "drop")

TreeQH_ThongKe

### Tao danh sach loai

listsp <- TreeQH_ThongKe$LatinName

listspcode <-TreeQH_ThongKeS$spcode

HitHHHHHE

### Step 1

#projection

crswgs84 <- "+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs"

# load ban d6 nén

tadung <- st read('../0-BaseMap/MAP/Vector/TaDung RanhGioi LonLat.shp')

# thu muc chua cac bien khi hau hien tai

WCPath = "../0-BaseMap/TD_wc2.1 _30s_bio/"

#WCvariable <- list.files(path = WCPath, pattern="_tif", full.names = F)

WCvariable <- ¢c("TDbio01.tif","TDbio02.tif","TDbio03.tif","TDbio04.tif",
"TDbio07.tif", "TDbiol2.tif", "TDbio13.tif", "TDbio14.tif",
"TDbiol6.tif", "TDbiol9.tif", "TD_Aspect.tif", "TD_Elev.tif", "TD_Slope.tif",
"TD_solpH.tif", "TD_HienTrang.tif", "TD_NDVL.tif")

# stack bien khi hau worldclim

currentEnv <- stack(paste0(WCPath,WCvariable))

varname <- names(currentEnv) [>
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str_remove_all( "wc2.1 _30s_|TDbio30s21_| 30s|TD_")
names(currentEnv) <- varname
proj4string(currentEnv) <-sp::CRS(crswgs84)
# get random point on background
set.seed(134)
bgl <- randomPoints(currentEnv[[1]], n=700,p=b_tospatial(TreeQH))
#HiHHHHI#H Loai | Canarium littorale
contributionTable <- list()
for(sp in 1:10){
#Loc data tung loai
spname <- listsp[sp]
spcode <- listspcode[sp]
print(spname)
spcies_occ <- TreeQH %>%
filter(LatinName ==spname) %>%
b_tospatial()
## Run model voi MaxEnt cho tung loai
outpath <- paste0("OUT/TestJackKnife/",spcode,"/")
#B2 chay model
currentModel <- b_model_ma(spcies_occ,outpath)
contributionTable[[spcode]] <- b_get contribution_table(currentModel)
H
library(openxIsx)

write.xlsx(contributionTable,"contributionTable.x1sx")
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PHU LUC 11: POAN CODE LENH PE XAY DUNG SDMs

rm(list=l1s())

#i## Goi package

library(openxlsx) # doc file excel
library(raster)

library(sf)

library(dismo)

library(rJava)
library(RColorBrewer)
library(tidyverse)
library(ggpubr)

##### Function ====—==

source("function.R")

### Doc du lieu
# danh sach cac 0o mau

OMauTaDung <- read.xIsx("DataPlot.xIsx", sheet = "Plot")
# bang du lieu do cay

TreeTaDung <- read.xIsx("DataPlot.xIsx", sheet = "Tree")

### Trich loc lay danh sach cay co truoc khi khao sat
OMauTaDung_cu <- OMauTaDung %>% filter(ODVTruoc==1)

dsOmau_cu <- OMauTaDung_cu$KiHieuO %>% unique()

## Loc ghi nhan cua 10 loai quy hiem trong o mau truoc
species_occ <- TreeTaDung %>%
filter(!is.na(D1.3_cm), L10loai==1) %>%
filter(KiHieuO %in% dsOmau_cu) %>%
dplyr::select(TreelD,LatinName,Lon,Lat)
# so ghi nhan cua tung loai
dem_sodiem <- species_occ %>%
group_by(LatinName) %>%
summarise(n=n())
# Fig
geplot(dem_sodiem, aes(x=reorder(LatinName,n), y = n))+
geom_col() +
geom_text(aes(y = n/2,label=round(n,2)), col="white")+
coord_flip() +

theme bw(10) +
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labs(y="Diém ghi nhan", x = "Loai")
ggsave("OUT/I-DUDOAN/Fig.diemghinhan.pdf", width = 5)
#
# chuyen sang dinh dang spatial map
#projection
crswgs84 <- "+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs"
#ersutm48 <- "+proj=utm +zone=48 +datum=WGS84 +units=m +no_defs"
coordinates(species_occ) <- ~ Lon + Lat
proj4string(species_occ) <- sp::CRS(crswgs84)
### Xuat File DiemGhiNhanLoai
DiemGhiNhanLoai <-st_as_sf(species_occ) %>% st_transform(32648)
st_write(DiemGhiNhanLoai, paste0("OUT/I-DUDOAN/AIl 10Loai/DiemGhiNhanLoai UTM48N.gpkg"), append = F)
# load ban d6 nén
tadung <- st read('IN/MAP/Vector/TaDung RanhGioi LonLat.shp')
tadungDEM <- raster("IN/MAP/Raster/TaDung_ DEM.tif")
HititH##

### Step 1

# thu muc chua cac bien mo hinh

WCPath ="IN/TD_wc2.1_30s_bio"

WCvariable <- list.files(path = WCPath, pattern=".tif", full.names = TRUE)

HitHH I H##H# VE figure cac bien khi hau ============—==

tdwcraster <- lapply(WCvariable, raster)

tdwemap <- lapply(tdwcraster, b_plot map,tadung)

ggarrange(tdwemap[[1]],tdwemap([[2]], tdwemap|[[3]],tdwemap[[4]],tdwemap[[5]],tdwemap([[6]],
tdwemap([7]],tdwemap[[8]], tdwemap[[9]],tdwemap[[10]],tdwemap[[11]],tdwemap[[12]],
ncol = 3,nrow = 4)

ggsave("OUT/I-SDM/TD_p1-p12.pdf", width = 15, height = 20)

ggarrange(tdwemap[[13]],tdwemap[[14]], tdwemap[[15]],tdwemap[[16]],tdwemap[[17]],tdwemap[[18]],
tdwemap([[19]],
ncol = 3,nrow = 3)

ggsave("OUT/I-SDM/TD_p13-p19.pdf", width = 15, height = 15)

#i## ve bien NDVI

NDVI <- raster("IN/MAP/Raster/TD_NDVI_lonlat.tif")

NDVI30s <- raster("IN/TD_wc2.1_30s_bio/TDbio30s21 NDVI 30s.tif")

NDVIplot <-b_plot map(NDVI,tadung)

NDVI30sPlot <- b_plot map(NDVI30s, tadung)

ggarrange(NDVIplot, NDVI30sPlot)
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ggsave("OUT/I-SDM/NDVLpdf", width = 15, height = 10)
## ve hinh khong anh SENTINEL
SENTINEL <- stack("IN/MAP/Raster/Sentinel2_td 2022.tif")

plotRGB(SENTINEL, axes = TRUE, stretch = "lin", main = "RGB")

## tach thanh 2 bo du lieu voi 70% train va 30% test
set.seed(134)

fold <- kfold(species_occ, k=10)

species_occ_test <- species_occ[fold %in% c(1:3), ]
species_occ_train <- species_occ[!fold %in% c(1:3), ]
nrow(species_occ)

nrow(species_occ_train)

nrow(species_occ_test)

### Chay mo hinh MaxEnt

# stack bien khi hau worldclim

currentEnv <- stack(WCvariable)

proj4string(currentEnv) <-sp::CRS(crswgs84)

# get random point on background

set.seed(134)

bgl <- randomPoints(currentEnv[[1]], n=700,p=species_occ)

### Step 4

## Run model voi MaxEnt

outpath <- "OUT/I-DUDOAN/AII_10Loai/MaxEnt/"

#B2 chay model

currentModel <- b_model ma(species occ_train,outpath)

#B3 Xuat ket qua raster

currentMap <- b_makemap(currentModel, outpath=outpath)
plot(currentMap)

plot(currentModel)

#it## evaluate

el <- evaluate(currentModel, p=species_occ_train, a=bgl, x=currentEnv)
plot(el, 'ROC")

e2 <- evaluate(currentModel, p=species_occ_test, a=bgl, x=currentEnv)
plot(e2, 'ROC")

##### lay gia tri du doan tai cac diem dung de kiem tra

Predict Value <-raster::extract(currentMap, species_occ_test)
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summary(Predict Value)
boxplot(Predict Value)
Hi##HHH# Xem vi tri cac o mau
OMauTaDung =st_as_sf(OMauTaDung, coords = c("LON", "LAT"), crs = crswgs84)
OMauTaDung utm48N <-st_transform(OMauTaDung, 32648)
st_write(OMauTaDung_utm48N, paste0("OUT/I-DUDOAN/AIll_10Loai/OMauTaDung utm48N.gpkg"))
Omau_Value <-raster::extract(currentMap, OMauTaDung)
summary(Omau_Value)
boxplot(Omau_Value)
HiHHHHHHH#H## Chay rieng cho tung loai
# Lay danh sach 6 loai
listsp <- c("Canarium littorale","Dacrycarpus imbricatus","Dipterocarpus baudii","Dipterocarpus Hasseltii", "Quercus
langbianensis.","Rhodoleia championii")
listspcode <- ¢("canapi","dacrim","diptco","diptha","lithsp2","rhodch")
Tree_occ <- TreeTaDung %>%

filter(lis.na(D1.3_cm), LatinName %in%listsp ) %>%

filter(KiHieuO %in% dsOmau_cu) %>%

dplyr::select(TreelD,LatinName,Lon,Lat)
for(sp in 1:6){

#Loc data tung loai

spname <- listsp[sp]

spcode <- listspcode[sp]

sp_occ <- Tree_occ %>%

filter(LatinName ==spname) %>%
b_tospatial()

## Run model voi MaxEnt cho tung loai

outpath <- paste0("OUT/I-DUDOAN/",spcode,"/")

#dir.create(outpath)

sp_occ_utm48N <-st_transform(sp_occ, 32648)

st write(sp_occ_utm48N, pasteO(outpath,"Point_",spcode,".gpkg"))

#B2 chay model

currentModel <- b_model ma(spcies_occ,outpath)

#B3 Xuat ket qua raster

currentMap <- b_makemap(currentModel, outpath=outpath)
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PHU LUC 12: CAC KICH BAN BIEN POI KHi HAU CUA CAC LOAI
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PHU LUC 13. KET QUA TiNH CHI SO QUAN TRONG IVI

https://docs.google.com/spreadsheets/d/18bm8Gh2zQD1MXC15p1jcrhKisdERCM68/edit?usp=
drive_link&ouid=103653515047984621798&rtpof=true&sd=true
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PHU LUC 14. HINH ANH CAC LOAI CAY NGHIEN CUU TAI VUON QUOC GIA TA

PUNG, PAK NONG

Loai

M5 ta dic diém hinh thai

D¢ Langbian- Quercus
langbianensis
Ho: S6i-D¢ - Fagaceae

Phan hang IUCN (2021):

NT - Sép bi de doa
Sach dQ Viét Narr} :
VU - Sédp nguy cap

Cay gb trung binh dén to, cao 15-28 m, dudng kinh 35-50 cm. Canh non c6
l6ng mau nau vang. L4 dai nhu da, hinh bau duc dén hinh miii mac, c& 8-
16 x 2,5-4,5 cm, mét dudi thuong mau 6 liu va khi non c6 16ng to, chop va
goc 14 déu nhon; mép co rang cua nhon ¢ gan chot; gan bén 8-13 doi, cong
O gan mép; cuong 1a dai 1-2 cm. Hoa cai chum 2-3 ¢ trén mt tryc riéng;
vOi nhuy 4-5. Piu khong cuong, hinh chén hay hinh ban cau, cao 1-1,3 cm,
duong kinh 2-3 cm, mit ngoai c6 4-5 vong dong tAm rong voi mép luon
song hay khia tai béo; ddu cao bang 1/3 hach. Hach (hat) hinh trimg nguoc
c6 mo nhon ¢ dinh, cao 2,5-3 cm, dudng kinh 1,5-2 cm. Moc rdi rac trong
rimg nhiét déi thuong xanh am, wa dat do basalt, & do cao/ 900-2000 m.

Ngu&n hinh anh: Hinh anh chup tir cac dot thu thdp 6 liéu ciia NCS

Tram hwong - Aquilaria
crassna

Ho: Tram huong -
Thymelaeaceae

Phan hang ITUCN (2()2 1):

CR - cuc ky nguy cap.

Sach do Viét Nam: CR - cuc

ky nguy cap.

Cay g5 thuong xanh, cao dén 30m; vo mau nau xam, nat doc, canh moc
cong queo, tan thua. L4 hinh trimg thudn hay bau duc, dai 5 - 11cm, rong 3
- 9cm, dau ¢6 miii nhon, géc hinh ném rdng, mép nguyén, mat trén mau luc
bong, mat dudi nhat hon va c¢6 16ng min; gan bén 12 - 20 doi; cuéng l1a dai
2 - 5mm.Cym hoa hinh tin ¢ nach 14 gan ngon. Hoa nho, mau vang lyc. Dai
hinh chudng néng, voi 5 thuy. Canh hoa 10. Nhi 10. Bau 2 6, mdi 6 chira 1
noan, ¢ goc bau c6 tuyén mat. Qua nang hinh trimg nguoc, dai 3 - 5em, c6
16ng mém ngin, mau vang xam, mang dai ton tai. Hat chin mau néu den.
Cay moc rai rac trong rimg nhiét d6i thuong xanh mua miia am nguyén sinh
& dd cao 500 - 1000m trén suon nui. GO ¢ mui thom.

Ngu&n hinh anh: Hinh anh chup tir cac dot thu thdp 6 liéu ciia NCS

Dau hasselt -Dipterocarpus

hasseltii

Day 1a loai cAy gb 16n thudc ho Dipterocarpaceae, cao t&i 4045 m, than
tron thang, goc thuong c6 banh ve. VO cdy mau xdm nau dén hoi cam, bong
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Loai M5 ta dic diém hinh thai
Ho: Dau - vay theo thoi gian. L4 don, moc so le, phién hinh elip dén miii gido rong,
Dipterocarpaceac) dai 9-18 cm, mép nguyén hodc hoi gon song; gan bén ndi 15, mat dudi 1a
Phan hang TUCN (2021): thuong phu 16ng min. Cym hoa nho, gém 3-9 hoa; dai hoa dang 6 ong, phu

CR - Loai cuc ky nguy cap

Séach do Viét Nam: CR —
Loai cuc ky nguy cap

16ng min bén ngoai; nhi dai, mau vang; bau nhyy cd 16ng mém. Qua gom
mot hat cing mang hai canh dai 15-22 cm va ba canh ngan, gitp phat tan
bang gio.

Ngu&n hinh anh: Hinh anh chup tir cac dot thu thdp 6 liéu ciia NCS

Xa xi - Cinnamomum
balansae

Ho: Long nao - Lauraceae

Phan hang IUCN (2021):
EN — Loai nguy cap.

Sach d6 Viét Nam:
EN — Loai nguy cap.

Xa xi la cay gS to, thuong xanh, cao dén 30m, duong kinh than 70 - 90cm,
canh nhan, mau hoi den khi khé. L4 moc cach, dai, hinh trimg, dai 9 — 11
cm, rong 4 — 5 cm, thét nhon vé 2 dau; gan bén 4 - 7 doi, gan gitlra phéng o
mit trén, 16i & mat dudi; cudng dai 2 - 3cm, nhan. Cum hoa chuy & nach 14,
dai 6 cm — 12 cm, phii 16ng mam nau; cudng hoa dai 1 - 3mm, phu long;
bao hoa 6 thuy, c6 long dai 1,5 mm — 2 mm, thudn; nhi hiru thu 9, chia 3
vong, 2 vong nhi ngoai khong tuyén, chi ¢6 10ng, nhi vong thir 3 ¢6 2 tuyén,
tuyén khong chan, nhj 1ép 3, hinh tam giac c6 chan; bau hinh tring, nhén,
voi ngan, nam hinh dia. Qua hinh cau, duong kinh 8mm - 10 mm, dinh trén
6ng bao hoa hinh chén. Moc trong rimg rdm nhiét doi thudng xanh, ¢ do
cao tur 800m tr¢ lén.

Ngu&n hinh anh: Hinh anh chup tw cac dot thu thap s6 liéu ciia NCS
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Loai

M5 ta dic diém hinh thai

Dau baud - Dipterocarpus
baudii

Ho Dau - Dipterocarpaceae

Phan hang IUCN (2021): EN
— Loai nguy cép.

Sach d6 Viét Nam: EN —
Loai nguy cap.

Cay gd cao 20 - 30m, duong kinh 60 - 80cm, than c6 vo nut ngang, kha
day, thit mau do. Canh, cuéngla mat dudi 14, cym hoa c6 16ng cirng, mau
do nhat. La don moc cach, phlen 1a hinh xoan, hinh trimg ngugc hay hinh
bau duyc thudn, gde tu, tron hay gan hinh tim, dinh c6 mii ngan va tu, mép
luon song, gan bén 15 - 18 doi rat ndi & mat dudi. Cuong kha 16n, 1a kém
hinh dai thu6n, mau do, ngoai c6 1ong, trong nhan.Cum hoa bong don it
kép. Cudng chung c6 nhiéu 16ng, dai 9cm, mang 5 - 10 hoa, canh dai hinh
try - trai xoan, c6 nhiéu 16ng mém mau hung, 6ng dai dai 10mm, c6 5 thuy,
nhi hoi ngan hon voi nhuy. Bau hinh trai xoan, ¢6 3 gbc, voi hinh dui co
16ng. Qué bao boc boi dng dai hinh cau, dudng kinh 20 - 25mm, gan nhan.
Pinh ¢6 2 canh 16n ¢6 16ng hinh sao, dai 15 - 18cm, rdng 2,5c¢m c6 gan gitra
dai va cac gan bén ngén.

Ngu&n hinh anh: Hinh anh chup tir cac dot thu thdp 6 liéu ciia NCS

Tram nau - Canarium littorale
Ho Tram - Burseraceae

Phan hang ITUCN (2021):

VU- dé t6n thuong

Séach do Viét Nam: VU - dé
ton thuong

Cay g0 16n thudng xanh, cao 15-30 m, than thang, vo xam nau c6 ranh doc
va bong vay nho, tiét nhya trang hodc vang nhat. L4 kép 1ong chim 1¢, gdm
3-7 14 chét hinh bau duc hodc mac, mép nguyén hodc hoi khia ring, mat
trén xanh dam, mat dudi nhat. Hoa nho mau tréng hodc vang nhat, moc
thanh chim & nach 14 hoic dau canh, thuong ludng tinh hodc don tinh khac
géc. Qua hach hinh thoi, dai 2—4 c¢m, khi chin chuyén nau hoic tim sam, vo
cting, bén trong c6 mot hat. Cay phan bd ¢ rimg thudng xanh am dudi 1000
m, wa sang nhung chiu bong khi non.

Nguon hinh anh: Tir dy an PEER

Thong nang - Dacrycarpus
imbricatus

Ho Kim giao - Podocarpaceae
Phén hang IUCN (2021): LC

Dic diém hinh thai: Thong nang la loai cay gd co kich thudc 16m, than tron
déu, dang than thang dep, cao dén 30 m va duong kinh 50 - 60 cm. Vo than
xam trang.Trén cdy non, 14 moc xép thanh hai day nhu 16ng chim, dai
khoang trén dudi 1 cm, con trén cdy gia, 14 hinh vay nho, dau nhon. Téan

— Nguy co thap ram mau xal}h dam. Non duc moce ¢ nach 14, dai 1 cm. Non cai moc 1¢ hay
Sach do Vié} Nam: LC — tung doi Qdéu canh. Hat hinh tring, dai 0,5-0,6 cm, bong. Cay moc & ring
Nguy co thap nhiét do1 am thuong xanh, gitta cac d6 cao 300 - 2400 m.
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Loai

M5 ta dic diém hinh thai

Ngué‘n hinh dnh: Hinh anh chup tir cac dot thu thdp 6 liéu ciia NCS

Thong tre - Podocarpus
neriifolius

Ho Kim giao - Podocarpaceae
Phan hang IUCN (2021): LC
— Nguy co thip

Sach @6 Viét Nam: LC —
Nguy co thap

Cay gb nhd cao khoang 25m, du-ong kinh c6 thé téi 50cm. Vo xam nau,
mong, nhan. Canh non xanh hodc xanh vang. L4 xép xoan 6c, hinh dai dai
7-15cm, rong 0,9-1,3cm dau va dudi nhon , ddu mat trén xanh bong, mat
dudi xanh vang. Gan gitta n6i rd ¢ ca 2 mat. Nén don tinh , nén dyc hing
tru tron dai 2,5 — Scm, thuong 2 — 3 ndn tép trung & nach 14. ndn céi moc 1€
& lach 14. Chi c6 1 14 nodn phat trién mang 1 nodn dao, cac 14 nodn khac
hop thanh de map. Non hing tring dai 1,2 - 1,6cm d-uong kinh 0,8 — 1 2cm
dé map to gan bang non. Ca moc tur do cao 600 — 1200m

Nguon hinh anh Hinh anh chup tir cac dot thu thap 56 lidu ciia NCS

Hong quang - Rhodoleia

championii

Ho Héng quang -

Rhodoleiaceae

Phan hang: LC — Nguy co
thap

Sach do Viét Nam: LC —

Nguy co thap

Cay go nhé dén trung binh, cao khoang 10—15 m, than tron, tdn ram. L4
don, moc so le, day va cimg nhu da, phién 14 hinh bau dyc hodc trai xoan
nguoc, dai 7-16 cm, rdng 4.5-10.5 cm; mdt trén xanh bong, mat dudi nhat
mau va co thé phu 16p 16ng min hodc 16ng sao md. Gan chinh 3, ndi rd tir
goc cubng 1a dai 3-5. .5 cm. Hoa moc thanh cym ¢ dau canh, c6 dang chum
dau gia, thuong ri xudng. Mdi cum mang nhiéu hoa mau do tuoi hodc héng
dam; canh hoa hinh thia, dai 2.5-3.5 cm, hep ¢ goc, déu tron; nhi nhiéu, dai
bang hodc hon canh, chi nhi roi; voi nhuy ngan, dau nhyy ché thuy 1. Bao
hoa ¢6 nhiéu 14 bic Xep 16p nhu vay, pht 16ng mau nau.Loai nay thuong
gip & cac ving rimg am nguyén sinh hodc thi sinh.Phan b tir 46 cao 600m
trg 1€n.
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Loai

M5 ta dic diém hinh thai

Nguon hinh anh: dy én PEER

Soi ba canh -

Trigonobalanus verticillata

Ho: S6i-D¢é - Fagaceae

Phéan hang IUCN: NT -
Sép bi de doa

Sach d6 Viét Nam: EN -
Nguy cip

Cay g6 16n, cao 25-35 m, dudng kinh 40—70 cm. La moc vong 3, day, hinh
bau duc hodc trimg nguoc, dai 6-14 cm, rong 3-5,5 cm; mép 14 khia tai beo
& phan chot, mat dudi c¢6 16ng hinh sao, dic biét trén gan. Cudng 14 dai 5—
10 mm. Hoa don tinh, moc & nach 14; gié¢ duc dai 5-10 cm, mang 3—12 hoa,
¢6 6 nhi, bao phan ngin; gié ci ciing dai 5-10 cm, hoa cai tap trung 3—
7(15) hoa; bau 3 6, voi nhuy 3, nodn 2 mdi 6. Pau gén nhu khong cuéng,
c6 vay xép lop va xé thuy; mdi dau chira 1-10 hach hinh ba canh, c6 16ng
hinh sao. Moc rai rac trong rung nhiét ddi, trén suon va dinh nuai, ¢ do cao
900-2000 m.

1 .‘D-z‘JAI‘ANS

a
Ty

Nguon hinh anh: Tir dot thu thdp s6 liéu ciia NCS

Nguon hinh anh: Nhém nghién ciru PEER, NCS
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PHU LUC 15. MAU PHIEU PIEU TRA OTC

Miu4: PO DPEM CAY GO TRONG O TIEU CHUAN

|\ R
Toa d0: X Y Do cao:....cccooveeeiiiiiiiis
DPia phuong: Xa.......cccccevvveennen. huyén: ......ccovvveieeieee, PR Tinh: oo,
VQG/KBT ..o R, Tieukhu: ....ooooveiiiiiiic,
Nguoi di€u tra: ...ccocvveeeeieeeeeeeeee e, Ngay dic€u tra: ...../...../ 2022;

L Piéu tra nhan t6 sinh thai

1. Nhin t6 tham thuc vt rirng
KB TUILE: ..ottt e st s e e eeee e s eee e een e e eeseeeaees
TTANG thAT ..ottt ettt et e b e et e bt e ebeesaeeebeesaeeenneen
Ut hop tANg CAY 80 CHINNI.......veeoeeeeeee e
DBdtanche:.....ccoeeeeenniieenn ;G (M2/ha)ieeciieciieeeeee : S6 tz‘ing TUNEZ: ceveeeiveeeieeenns
Loaitre le: ..oooovvvvieiiiiiiiiiiiieen o o Loai thuc bi chinh: oooevveviiiiie s
D0 che phil thre Bi(%0):. ... e et et
Loai cAy g0 tai sinh chil YU ( 2-3 10A1): ... cvoveeeeeeeeeeeeeeeeee e,

2. Dit dai
Mau dat....ooeeee. ; pH dat: ... : Két chu (1 :Xép, 2:hoi chat, 3:chat, 4:rat chat): ...........
Mirc d§ ngdp nudce:(0: Khong; 1: Ngap Nhe; 2: Ngdp ¢ mat NUGC) .eeeeveeeeeeiieniieiieiieeee
DA 61 Yoo, ;
Két von b& mat%:................. ; PO sau tﬁng dat: <30cm; 30 -50; >50CM: wveeeeeeeeeeeeeeereen,

3. Dia hinh
Vi tri (1: Thung lling, 2:B§ng, 3:Chan, 4: Suon, 5: Pinh):...cccooviieieie e,
DO AOC: .o ; Hudng phoi (d0 BAC): cov.veeveeeeeeeeann.

4. Mirc d¢ tac dong
Mirc do tac dong (1:Khong, 2:tac dong thap, 3:tic dong trung binh; 4 tac dong cao

Mirc d¢ Itra rung (1:Khong, 2: Vai nam, 3: HANg naAm): ....oocoeiiiiiiiiiieieieceeeeeee e
II. PIEU TRA CAY GO (CAY CO BUONG KIiNH TU 6CM TRO LEN)
(4} STT D1.3 Phi
‘e . am . ,
10x10m Loai em)y | HO | "4 | CGhicha
2.
II. PIEU TRA CAY TAI SINH (trong 562x2m1a1,3,5,7,9)
Chiéu | Duong | Phim
cao | kinh ciy chat
D3 cay tai Ghi chi
STT Loai >lcm sinh PO cao, d§ doc
1.
2.
3.
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MAiu 3: CAC NHAN TO SINH THAIL VI TRi XUAT HIEN LOAI CAY QUY HIEM
(Trén tuyén khao sat)
Pia phuong: Xa......ccccceevvveennenn. huyén:........ccceeuee.
NGUOT U IA: v Ngay diéu tra: ......... [ /2022

; VQG.............

Piém so:

Toa do X:

Y:

Do cao

Loai cay

D 1_3(cm)

H (m)

Pham chit (a, b, ¢)

S cay quan sat duoc

Tai sinh (D 1 5<6cm, H>1.3m)- dém s cdy
xung quanh diém

1. Nhén t6 lién quan dén rirng

Kiéu riung: Khop, 1/2 rung 14, Txanh, Hon
giao go - tre nlra

Trang thai

Uu hop tang ciy g chinh:

Do tan che:

G (m2/ha)

S tang rimg

Loai tre le

Loai thyc bi chinh

Loai cdy gb tai sinh chi yéu ( 2-3 loai)

2. Dat dai

Mau dat

pH dat

Két cau (1 :Xép, 2:hoi chit, 3:chat, 4:rat
chat)

Pa no6i %:

Két von bé mat%:

Do sdu téng dat: <30cm; 30 -50; >50cm

3.Pia hinh

Vi tri (1:Thung liing, 2:Bang, 3:Chan, 4:
Suodn, 5: Pinh)

b6 doc

Hudng phoi (d6 Bic)

4.Nhan tac

Loai hinh tac dong (1:Khong, 2:sau nwong
ray, 3:khai thac chon)

Mirc d6 tac dong (1:Khong, 2:tac dong thap,
3:tac dong trung binh; 4 tac dong cao

Murc @6 lra rung (1:Khong, 2: Vai nam, 3:
Hang nam)
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PHU LUC 16. BAN PO HIEN TRANG THAM PHU RUNG VQG TA PUNG

BAN DO THAM PHU VUON QUGC GIA TA BUNG
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PHU LUC 17.MOQT SO HiNH ANH KET QUA NGHIEN CUU CUA LUAN AN
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Hinh 1. Mit na rirng Vuon Quoc Gia Ta Pung
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Hinh 2. Ban dd phan tich rimg tai VQG Ta Pung
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Chi gial

ITS2INE IESU'E 107°STAE 1CAYD'E 82 € BOCE 1CASTS0'E 102" 190 10841 2°30°E
= A L L L - L A 1 L
= N = i 2033 i
L] 3 % 0’ - ps
~¢»- . gl RS
v ik R'Mang IR

- s z
';::- . V.vl.'m"f. R -,
® TINU DAK NONG (e’ E o =

Quimg Khe P R =

o -:—..

:’. Didnag rank gicn unh |5
= Dieimag aank gici xi | &
s Dimag canh i

i Ban di trang thii réimyg z

8 ) 4 . Sewtine2 |~

] TINH LAMDONG | gl 7o 2ee ¥
3 2 a8 s L Ticdea T8
S— < Tic dior panh

:!."-'.’t pli b :"J = 1 *ln"_, t 1 2 JE g .:_, < 108 1= 108" "30t 1cé "JU'!: 106927301

Hinh 3. Ban d6 tham phii rirng VQG Ta DPung

Vi tri ghi nhan mét sé loai than gé quy hiém tai VQG Ta Bung
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11.800°N

 Didm ghi nhan lodi

Cép cao 66 (m)
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W > 1400
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Hinh 4. Vi tri ghi nhan cac loai nghién ciru tai VQG Ta Dung
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Hinh 6. Két qua phan tich PCA

220



Ving phan b tiém niing mot s6 loai than gd quy hiém tai VQG Ta Ping
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Hinh 7. Bin dd phan bo tiém ning cia cac loai nghién ciru tai VQG Ta Piing
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Hinh 8. Két qua d4anh gia chat hrong mé hinh du do4n phéan bo tiém niing
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Vi tri thiét 13p 6 mAu nghién ciru tai VQG Ta Ping
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Hinh 9. Ban dd vi tri thiét 1ap 6 miu thye dia tai VQG Ta Pung
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Hinh 10. Chi s6 da dang sinh hoc ciia 1am phan tai VQG Ta Dung
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Phin cum dai dé cao theo thanh phén loai thwe vit thin go
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Hinh 11. Phan cum dai d{ cao theo thanh phan loai thyc vét thin gb
(Chi so0 dj — Ward.D2)
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Hinh 12. Phan cum dai @ doc theo thanh phan loai thuc vat than g (Chi s6
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Cé8p cao do
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Ving phan bd tiém niing loai trim hwong (Aquilaria crassna) tai VQG Ta Dung
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Hinh 19. Ban d6 viing phan bo tiém ning cia loai Tram hwong tai VQG Ta Pung

Viing phén bé tiém ning loai X4 xi (Cinnamomum balansae) tai VQG Ta Diing
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Hinh 20. Ban dé vung phan bd tiém niing ciia loai X4 xi tai VQG Ta Pung
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Ving phan bb tiém ning loai Théng nang (Dacrycarpus imbricatus) tai VQG Ta

Pun
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Hinh 21. Bin db ving phén bd tiém ning ciia loai Thong nang tai VQG Ta Pung

Ving phin bb tiém niing loai Dau baud (Dipterocarpus baudii) tai VQG Ta Ding
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Hinh 22. Bin db ving phan bo tiém ning ciia loai Diu baud tai VQG Ta Piing
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Ving phan b tiém niing loai Dau hasselt (Dipterocarpus hasseltii) tai VQG Ta Dung
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Hinh 23. Ban dd viing phan bo tiém ning cia loai Du hasselt tai VQG Ta Pung

Vung phan b6 tiém nang loai Sdi ba canh (Trigonobalanus verticillata) tai VQG Ta

N
Dun
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Hinh 24. Ban dé vung phan bd tiém niing ciia loai Soi ba canh tai VQG Ta Pung
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Vung phan b6 tiém nang loai Dé langbian (Quercus langbianensis) tai
VQG Ta Pung
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Hinh 25. Ban db viing phan bo tiém ning cia loai Dé langbian tai VQG Ta Pung

Viing phéin b tiém niing loai Théng tre 14 dai (Podocarpus neriifolius) tai VQG Ta

Pung
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Hinh 26. Ban dé vung phan bd tiém niing ciia loai Thong tre tai VQG Ta Pung
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Ving phan bd tiém niing loai Hong quang (Rhodoleia championii) tai VQG Ta Dung
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Hinh 27. Ban d6 viing phan bo tiém ning cia loai Hong quang tai VQG Ta Pung

Ving phan bd tiém ning loai Tram nau (Canarium littorale) tai VQG Ta Pung
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Hinh 28. Bin d6 ving phan bé tiém ning ciia loai Tram niu tai VQG Ta Ping
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Piém néng da dang sinh hoc loai TrAm hwong (Aquilaria crassna) tai VQG Ta Piing
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Hinh 29. Bin dd hotspot da dang sinh hoc ciia loai Tram hwong nghién ctru tai VQG Ta Pung

Diém néng da dang sinh hoc loai Tram nau (Canarium littorale) tai VQG Ta Pung
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Hinh 30. Bin d6 hotspot da dang sinh hoc ciia loai Tram nau nghién ctru tai VQG Ta Pung
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Diém néng da dang sinh hoc loai X4 xi (Cinnamomum balansae) tai VQG Ta Dung
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Hinh 31. Ban db hotspot da dang sinh hoc ciia loai X xi nghién ciru tai VQG Ta Pung

Diém néng da dang sinh hoc loai Thong nang (Dacrycarpus imbricatus) tai VQG Ta

Pung
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Hinh 32. Bin d hotspot da dang sinh hoc ciia loai Thng nang nghién ciru tai VQG Ta Piing
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Diém néng da dang sinh hoc loai Diu baud (Dipterocarpus baudii) tai VQG Ta Pung
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Hinh 33. Ban d6 hotspot da dang sinh hoc ciia loai Dau baud nghién ctru tai VQG T2 Ping

Diém néng da dang sinh hoc loai Dau hasselt (Dipterocarpus hasseltii) tai VQG Ta

Pung
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Hinh 34. Ban d6 hotspot da dang sinh hoc ciia loai Dau hasselt nghién ciru tai VQG Ta Pung
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Diém néng da dang sinh hoc loai Soi ba canh (Trigonobalanus verticillata) tai VQG

Ta Dung
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Hinh 35. Ban d6 hotspot da dang sinh hoc ciia loai Soi vang nghién ciru tai VQG Ta Pung

Diém néng da dang sinh hoc loai Dé langbian (Quercus langbianensis) tai VQG Ta

Dung
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Hinh 36. Bin d6 hotspot da dang sinh hoc ciia loai Dé langbian nghién ciru tai VQG Ta Piing
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Diém néng da dang sinh hoc loai Thong tre 14 dai (Podocarpus neriifolius) tai VQG

Ta Dung
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Hinh 36. Ban d6 hotspot da dang sinh hoc ciia loai thong tre nghién ctru tai VQG Ta Pung

Piém nong da dang sinh hoc loai Hong quang (Rhodoleia championii) tai VQG Ta
Pung
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Hinh 37. Ban d6 hotspot da dang sinh hoc ciia loai Hong quang nghién ctru tai VQG Ta Diing
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