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1. TOM TAT NOI DUNG LUAN AN

Pé tai luan an da dwoc tién hanh ttr 2021 dén 2024 nham

i) Phan loai va xac dinh trang thai rirng theo mirc tac déng tai VQG Ta Dung
dwa vao anh vé tinh.

i) 'ng dung SDMs nham hé tro' cong tac diéu tra va khao sat thyc dia.

iii) Panh gia dac diém da dang sinh hoc cta cac 1am phan tai VQG Ta Bung.

iv) Phan tich tac dong cla kich ban bién dbi khi hau dén sw thay dbi phan bb
cua cac loai TGQH, qua dé nhan dién nguy co suy giam da dang sinh hoc trong twong
lai.

v) Xac dinh cac vung wu tién vé da dang sinh hoc, tir d6 dé xuét giai phap bao
ton va dinh hwéng quan ly, st dung bén virng tai nguyén rirng tai VQG Ta Bung.

Cac két qua chinh da dat dwoc:

+ Phan loai va xay dung ban dé trang thai rimg duwa vao énh vé tinh: Két qua
phan loai rivng tai VQG Ta Pung dat dé tin cay OA = 85.24%%, Kappa = 0,76 dbi voi
trang thai thdm phu. Dién tich rirng it bi tdc déng chiém 62%, rirng tac déng trung binh
va rirng tac déng manh l1an lwot la 20% va 18%.

+ Ung dung mé hinh SDMs dé xac dinh vung sinh thai tiém nadng, hé tro diéu
tra khdo sat thuc dia: Nghién ctru da lwa chon 10 bién dau vao (Bio01, Bio03, Bio04,
Bio12, Bio16, NDVI, hién trang tham phui rirng, 6 déc, dd cao va pH dat) dé xay dwng
mo hinh SDMs duw bdo phan bd tiém nang cta 10 loai TGQH v&i két qua md hinh dat
AUC = 0,7, khoang tin cay 95% cho th4y do tin cay trong danh gia. Két qua kiém chirng
thwe dia cho thdy 91% 6 mau dw bao cé ghi nhan loai, khadng dinh tinh kha thi cla
SDMs trong diéu kién di¥ liéu han ché va hiéu qua trong tdi wu hoa khao sat thuc dia.

+ Tinh toén chi sé da dang sinh hoc va phén tich tac dong cta dia hinh (d6 déc,
dé cao) dén da dang sinh hoc cta I&m phén:

Hé sinh thai rirng tai VQG Ta Pung dwoc déc trweng béi sw wu thé clia cac loai
phd bién nhw Chod x6t, Nhan rirng, Tram tréng, trong khi 10 loai cay gé quy hiém co
gia tri IVI thap, phan anh tinh trang suy gidm quan thé. Quan xa thyc vat thé hién mic
d6 da dang va 6n dinh cao véi cac chi sé Shannon = 4,82, Simpson = 0,99 va Margalef
= 32,62, phan anh tinh da dang cao dac trwng cua rirng mwa nhiét déi tai Ta Bung.



D6 cao |a yéu tb chi phdi chinh dén phan héa thanh phan loai, trong khi d6 déc chi déng
vai trd th&r yéu. Vung sinh canh trén 1.200m c6 mirc da dang sinh hoc cao hon, trong
khi cac khu vire thap (<1.000m) bj suy gidm thanh phan loai do anh hwéng tir cac hoat
déng cliia con nguoi.

+ D béo phéan bé tiém nang cta cac loai TGQH theo céc kich ban bién déi khi
héu trong tuong lai: Thuat toan MaxEnt da dw bao hiéu qua vung phan bé tiém nang
theo cac kich ban bién déi khi hau ctia cac loai TGQH tai VQG Ta Bung véi AUC giao
dong twv 0,78-0,97, khodng tin cay 95% cho thay db tin cay trong danh gia. Két qua chi
ra rang phan I&n cac loai nghién ctru tap trung & phia Bong—bDong Nam va trung tam
VQG. Duéi kich ban bién dbi khi hau SSP5-8.5, c& hai mé hinh khi hau (EC-Earth3-
Veg, HadGEM3-GC31-LL) déu dy bao sy suy gidm manh pham vi phan bb trong thé
ky XXI, dac biét giai doan 2061-2080. C&c loai nhw Sbi ba canh, TrAm hwong, Dau
hasselt, Dé langbian va Théng tre cé nguy co suy giam nghiém trong, trong khi Xa xi,
Tram nau, Dau baud, Théng nang va Hong quang cho thdy kha nang thich nghi va
phuc hdi cuc bd vao cubdi thé ky.

+ X4c dinh diém hotspots da dang sinh hoc va dé xuét gidi phép bao tén céac
loai nghién ctru tai VQG Ta Bung:

Céc tiéu khu 1795, 1801, 1805, 1804, 1812, 1811 va 1814 la nhirng khu vwc wu
tién vé bao tdn da dang sinh hoc.

Cac &ng dung va gidi phap bao tén tai VQG Ta Bung trong béi canh bién dbi
khi hau nhuw sau:

- Thiét 1ap hé théng giam sat rivng théng minh dwa trén nén tdng GEE, QGIS va
UAV/Drone.

- Khoanh viing bao ton trong diém tai cac tiéu khu 1795, 1801, 1805, 1804,
1812, 1811 va 1814 két hop voi chdt bao vé, tudn tra dinh ky va UAV d& giam ap luc
xam lan.

- Hb tro giam sat va tuan tra thédng qua div liéu ban dé phan bd tiém nang va
hotspots, xay dung thiét ké& tuyén tuan tra va 1ap dat thiét bi canh bao sém suy thoai
sinh canh.

- Wu tién phuc héi va quan ly rii ro tai cac khu viyc phia Tay va Tay Bac cla
VQG — noi sinh canh it phu hop, cung mét sé tiéu khu cé mirc dd tac ddng cao nhw
1795, 1801, 1805, 1804, 1812, 1811 va 1814 — can dwoc dwa vao ké hoach phuc hoi
rirng (trdng bd sung cay ban dia, xuc tién tai sinh tw nhién). Dong thdi, can trién khai
bién phap quan ly rui ro, bao gébm kiém soat chay rirng, khai thac trai phép va chuyén
ddi muc dich st dung dat, nham giam thém ap lwc dbi véi cac sinh cadnh vén da nhay
cam.

- Tich hop quy hoach béo tén bang cach dwa di liéu hotspots vao quy hoach
bao ton phat trién clia VQG, dbng thdi xay dwng hanh lang sinh hoc két ndi Ta Pung
v&i cac khu bao tdn lan can.



Cac giai phap béo ton tai VQG Ta Bung dwoc dinh hwéng theo cach tiép can
tdng hop, két hop gitra thiét 1ap cac vung bao tén nghiém ngét, phuc héi sinh canh va
trng dung cdng nghé hién dai trong giam sat — quan ly.

2. NHPNG KET QUA MO CUA LUAN AN
2.1. Péng gop khoa hoc cua luan an

Luan an mang lai mét sb dong gép mai trong linh viee nghién ctru sinh thai va
bao ton cac loai thwe vat TGQH, cu thé nhw sau:

i) Tiép can lién nganh tich hop gitra cdng nghé va sinh thai hoc:

Luan &n ap dung cach tiép can da phwong phap, két hop di¥ liéu thue dia véi cac
cong cu hién dai nhw vién tham, GIS, hoc may va phan tich théng ké nham nang cao do
tin cay trong phan tich da dang sinh hoc va mé hinh héa phan bé loai TGQH.

i) Panh gia hiéu qua trng dung mé hinh SDMs cho cac loai TGQH:

Két qua nghién ctru cla luan an cho thay tinh kha thi cia mé hinh SDMs v&i cac
loai TGQH c6 mat dd thap va nhay cam véi tac ddng méi truwéng trong pham vi nghién
cu hep nhv VQG. SDMs thé hién hiéu qua trong viéc hd tro giam sat sinh canh, canh
bao s&m nguy co’ suy gidm va phuc vu quy hoach bao tén cac loai TGQH & quy mé dia
phwong.

iii) M& hinh hoa tac dong cla bién dbi khi hau theo tirng loai cu thé:

Luan an da xay dwng duwoc cac mé hinh dw bao phan bd tiém nang cho 10 loai
TGQH theo kich ban bién dbi khi hau SSP5-8.5 véi cac mébe thoi gian trong thé ky XXI.
Két qua chi ra xu huéng thu hep sinh canh va nguy co’ suy gidm da dang sinh hoc, cung
cap co s& khoa hoc cho cac chién lwoc bdo ton thich ng véi bién dbi khi hau tai dia
phwong.

2.2. Y nghia thyec tién

- Luan an goép phan hoan thién co s& ly thuyét va phuwong phap luan trong
nghién clru da dang sinh hoc théng qua viéc tich hop dir liéu thwe dia, anh vién tham,
GIS, thuat toan MaxEnt va phan tich théng ké. Viéc 'ng dung SDMs khéng chi gitp
xac dinh sinh canh tiém nang va dw bao sw phan bd cla céac loai dwsi tac dong cua
bién dbi khi hau, ma con hd tro’ nhan dién cac khu vue wu tién cho cong tac bao ton.
Két qua nghién ctru gép phan mé réng kha nang ¢ng dung cac céng cu mé hinh hoéa
hién dai vao linh vwc bao tén thwe vat ring.

- Két qua nghién clru la co s& khoa hoc trong céng tac quan ly bao tén, giam
sat cac loai TGQH va hé tre chién lwoc quan ly da dang sinh hoc dai han tai cac khu
rieng dac dung ndi chung va VQG Ta Bung nai riéng trong bdi canh bién dbi khi hau.
Hwéng tiép can tich hop gitra dir liéu thuc dia, vién tham va hoc may cé thé dwoc ap
dung mé& réng cho cac hé sinh thai rirng tw nhién khac tai Viét Nam, gép phan nang
cao hiéu qua quan ly va sir dung bén virng tai nguyén rirng.

3. CAC ’NG DUNG/KHA NANG (NG DUNG TRONG THUC TIEN, NH’PNG VAN
DE CAN TIEP TUC NGHIEN CUU



3.1. Kha nang (rng dung trong thuwc tién

Két qua nghién ctru clia luan an cung cap co s& khoa hoc c6 gia tri thuc tién,
phuc vu cho cong tac quy hoach bao ton, quan ly tai nguyén rirng va giam sat da dang
sinh hoc tai Vuwon québc gia Ta Bung, dong thdi cé tiém nang mé rong (ng dung tai
céac hé sinh thai rirng twong tw tai Viét Nam. Cac két qua nghién ctru c6 thé dwoc tng
dung trong cac linh vyc sau:

+ Hé tro quy hoach bdo tén va phan vung quan ly sinh canh:

Ban db phan b tiém nang cla céc loai thywe vat than gb quy hiém cung cap di
liéu gitip cac co quan quan ly nhw Ban quan ly Vuen qubc gia, Chi cuc Kiém 1am, Sé&
N6éng nghiép va Phat trién néng thon,... xac dinh cac khu vie cé gia tri sinh thai cao.
Nhirng viing cé mirc dd phu hop sinh canh cao cé thé dwoc wu tién dwa vao quy hoach
vung 18i hodc khu vwe phuc héi sinh thai.

+ T6i wu hoa diéu tra thuc dia va giam sét sinh cénh:

Viéc két hop ban dd phan bé tiém ndng va phan loai trang thai rirng gitp dinh
hwéng khao sat hiéu qua, tiét kiém chi phi va nang cao do chinh xac, dic biét déi voi
céac loai ¢o di liéu hién dién han ché. Céac khu vwc diém néng da dang sinh hoc cé thé
duwoc wu tién theo déi thworng xuyén, gép phan phat hién sém nguy co suy thoai sinh
canh va mét loai.

+ Co s& phuc héi rimg va kiém soét suy thoéi sinh canh:

Nhirng khu vuc bi tdc ddng manh nhwng van con tiém nang sinh thai cé thé
dwoc ap dung cac bién phap khdi phuc nhu khoanh nudi tai sinh, tréng bd sung cay
ban dia, hodc kiém soat loai ngoai lai xam hai. Viéc tich hop két qua nghién cru vGi
s tham gia cGia cong déng dia phwong con gop phan thic day bao tén gan lién véi
phat trién sinh ké bén virng.

+ Dinh huéng chién luoc bdo ton trong bdi cadnh bién dbi khi hau:

Théng qua viéc xay dwng mé hinh SDMs két hop v&i kich ban bién dbi khi hau
SSP5-8.5, luan an da cung cap cong cu hiru ich dé danh gia xu hwéng thay dbi sinh
canh cla cac loai quy hiém trong twong lai. K&t qua mé hinh héa cho phép phan tich
nguy co suy gidm hodc dich chuyén vung phan bé loai dwdi tac déng cla khi hau, tir
do xay dwng ké hoach bao ton linh hoat theo tirng giai doan:

2021-2040: Tap trung bao vé vung sinh canh hién hiru va tang cwdng giam sat
tai cac khu vuc dé bj tén thuwong.

2041-2080: Uu tién phuc hdi rirng, bdo tén nguén gen va gia tang tinh chéng
chiu cua sinh canh.

2081-2100: Trién khai cac giai phap chi dong nhw di doi loai dén vung thich
hop hon hodc nhan gidng phuc hdi tai cac khu vue co diéu kién sinh thai méi phu hop.

Ngoai ra, di¥ liéu ban dé phan bé va diém néng da dang sinh hoc con cé thé tich
hop vao cac hé théng hé tro ra quyét dinh trong quy hoach str dung dét, diéu chinh



chinh sach bao tén (rng phd va&i bién dbi khi hau, va xay dwng cac hanh lang sinh hoc
thich trng nham duy tri tinh lién tuc cta sinh canh trong dai han.

Tém lai, cac két qua nghién cteu cla luan an khaéng chi dong gop cho ly luan
ma con cé gia tri thuc tién cao, c6 thé hd tro cac co quan quan ly, td chirc bdo ton va
cdng dbng dia phwong trong viéc xay dwng cac gidi phap quan ly rivng hiéu qua, thich
(ng v&i bién dbi khi hau va hwéng dén phat trién bén virng tai nguyén ring.

3.2. Nhirng van dé can tiép tuc nghién ciru

Bén canh nhirng két qua da dat dwoc, nghién clru van con nhirng van dé can
duoc tiép tuc nghién ctru nhw sau:

+ M& rong pham vi nghién cru vé loai va khu vuec: Cac nghién clru tiép theo
nén m& rong diéu tra toan bd 21 loai thwe vat than gb quy hiém da dwoc ghi nhan tai
Vuwon québc gia Ta Bung, dong thdi ap dung tai cac khu rivng dac dung khac cé diéu
kién twong ddng nham kiém dinh tinh khai quat hda va dé én dinh ctia mé hinh SDMs.

+ Bb sung khéo sat thuc dia tai cac ving c6 xac suat phan b trung binh va
thap: Viéc kiém chirng mé hinh nén dwoc thwe hién day dua trén cac ving cé xac suét
phan bd khac nhau, bao gébm ca cac sinh canh ria va sinh canh thir cdp, nham danh
gia toan dién hiéu suat va mirc dd phu hop sinh thai tiém ndng cla tirng loai.

+ So sanh da mé hinh va xay dwng mé hinh t6 hop: Cac nghién ctru tiép theo
nén thir nghiém nhiéu loai md hinh khac nhau nhv BIOMOD2, Random Forest (RF),
Generalized Additive Models (GAM), ciing nhw cac mé hinh td hop (ensemble models)
dé so sanh hiéu qua, tlr dé lwva chon mé hinh tbi wu theo dac diém sinh thai cla tirng
loai va ttrng khu vire.
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1. SUMMARY OF THE DISSERTATION CONTENT

The dissertation was conducted from 2021 to 2024 with the following
objectives:

i) To classify and assess forest status according to anthropogenic impact levels
in Ta Dung National Park using satellite imagery.

ii) To apply species distribution models (SDMs) to support field investigations
and survey efforts.

iii) To evaluate the biodiversity characteristics of forest compartments in Ta
Dung National Park.

iv) To analyze the impacts of climate change scenarios on the distribution shifts
of rare and endangered tree species, thereby identifying potential risks of biodiversity
loss.

v) To identify priority biodiversity areas and propose conservation strategies
and sustainable forest resource management approaches for Ta Dung National Park.

The main results achieved are as follows:

+ Forest classification and status mapping from satellite imagery. Forest
mapping in Ta Dung National Park achieved high accuracy, with an overall accuracy
(OA) of 85.24% and a Kappa coefficient of 0.76 for canopy cover classification.
Minimally impacted forests occupy 62% of the park, while moderately and heavily
impacted forests account for 20% and 18%, respectively.

+ Application of SDMs for identifying potential ecological zones and supporting
field surveys: Ten predictor variables (Bio01, Bio03, Bio04, Bio12, Bio16, NDVI, current
canopy cover status, slope, elevation, and soil pH) were used to construct SDMs
predicting the potential distribution of ten rare and endangered tree species. The model
achieved an AUC of 0.7 with a 95% confidence interval, indicating reliable
performance. Field validation revealed that 91% of predicted presence grids matched
actual observations, confirming the feasibility of SDMs in data-limited conditions and
their effectiveness in optimizing fieldwork.

+ Biodiversity index calculation and analysis of topographic influences: The
forest ecosystem of Ta Dung is dominated by common species such as Schima



wallichii, Walsura elata, and Syzygium wightianum. In contrast, the ten rare tree
species exhibit low Importance Value Index (IVI), indicating population decline.
Vegetation communities demonstrate high diversity and structural stability, with
indices: Shannon = 4.82, Simpson = 0.99, and Margalef = 32.62 — consistent with
typical tropical rainforest biodiversity. Elevation significantly influences species
composition, while slope plays a lesser role. Areas above 1,200 m show higher
biodiversity, while zones below 1,000 m suffer from anthropogenic pressures resulting
in species loss.

+ Forecasting potential distributions under climate change scenarios: Using the
MaxEnt algorithm, potential distribution zones were projected under SSP5-8.5 climate
change scenarios. AUC values ranged from 0.78 to 0.97 with 95% confidence intervals.
Most species were predicted to occur in the eastern, southeastern, and central regions
of the park. Both climate models (EC-Earth3-Veg and HadGEM3-GC31-LL) projected
sharp distribution declines during the 21st century, especially between 2061-2080.
Species like Trigonobalanus verticillata, Aquilaria crassna, Dipterocarpus hasseltii,
Quercus langbianensis, and Podocarpus neriifolius are at high risk of range loss. In
contrast, Cinnamomum balansae, Canarium littorale, Dipterocarpus baudii,
Dacrycarpus imbricatus, and Rhodoleia championii show some potential for local
adaptation or recovery toward the century’s end.

+ Biodiversity hotspot identification and conservation recommendations: Sub-
compartments 1795, 1801, 1805, 1804, 1812, 1811 and 1814 were identified as
biodiversity conservation priorities.

+ Conservation applications for Ta Dung National Park under climate change
include:

Establishing a smart forest monitoring system using GEE, QGIS, and
UAV/Drone platforms.

Zoning core conservation areas (1795, 1801, 1805, 1804, 1812, 1811 and 1814)
and reinforcing them with guard posts, patrol schedules, and drone surveillance.

Supporting monitoring and patrol efforts with SDM maps and hotspot data, route
planning, and early warning systems.

Prioritizing ecological restoration and risk management in the western and
northwestern zones and highly impacted compartments through native species
reforestation, natural regeneration, fire prevention, and regulation of land-use changes.

Integrating hotspot data into the park’s conservation master plan and
establishing biological corridors linking Ta Dung with nearby protected areas.

These conservation strategies adopt an integrated approach that combines
strict protection, habitat restoration, and advanced technology for monitoring and
management.

2. NEW SCIENTIFIC FINDINGS OF THE DISSERTATION
2.1. Scientific contributions



The dissertation contributes several novel findings to the field of ecological
research and conservation of rare and endangered tree species, specifically as follows:

i) Interdisciplinary integration of technology and ecology:

The study employs a multi-method approach, combining field-based data with
advanced tools such as remote sensing, geographic information systems (GIS),
machine learning, and statistical analysis. This integration enhances the reliability of
biodiversity assessments and improves the accuracy of species distribution modeling
for rare and endangered tree species.

ii) Evaluation of the effectiveness of SDMs for rare and endangered tree
species:

The findings demonstrate the feasibility of applying species distribution models
(SDMs) to species with low population densities and high environmental sensitivity,
particularly within spatially restricted areas such as national parks. SDMs proved
effective in supporting habitat monitoring, providing early warnings of potential
population decline, and informing conservation planning at the local scale.

iif) Species-specific modeling of climate change impacts:

The dissertation developed predictive models of potential distribution for ten rare and
endangered tree species under the SSP5-8.5 climate change scenario, across various
timeframes throughout the 21st century. The results reveal a trend of habitat
contraction and increased biodiversity risk, offering a scientific foundation for designing
localized conservation strategies to adapt to future climate conditions.

2.2. Practical significance

+ The dissertation contributes to the advancement of theoretical and
methodological frameworks in biodiversity research through the integration of field
data, remote sensing imagery, geographic information systems (GIS), the MaxEnt
algorithm, and statistical analysis. The application of species distribution models
(SDMs) not only facilitates the identification of potential habitats and the prediction of
species distribution under climate change scenarios but also aids in delineating priority
areas for conservation. The findings expand the applicability of modern modeling tools
in forest plant conservation efforts.

+ The research outcomes provide a scientific basis for conservation
management and species monitoring, particularly for rare and endangered tree
species (RETS), and support the development of long-term biodiversity management
strategies within special-use forests, especially in Ta Dung National Park, under the
impacts of climate change. The integrated approach—combining field data, remote
sensing, and machine learning—can be extended to other natural forest ecosystems
in Vietnam, thereby enhancing the effectiveness of forest resource management and
promoting sustainable use.

3. APPLICATIONS AND PRACTICAL IMPLICATIONS
3.1. Practical applications



The findings of this dissertation provide a scientific foundation with significant
practical value, supporting conservation planning, forest resource management, and
biodiversity monitoring in Ta Dung National Park. Moreover, these results hold
potential for broader application in other similar forest ecosystems across Vietnam.
The research outcomes can be applied in the following areas:

+ Supporting conservation planning and habitat zoning: Potential distribution
maps of rare and endangered tree species offer essential data for management
agencies—such as national park authorities, forest protection departments, and
provincial Departments of Agriculture and Rural Development—to identify areas of
high ecological value. Zones with high habitat suitability can be prioritized for
designation as core conservation areas or ecological restoration zones.

+ Optimizing field surveys and habitat monitoring: The integration of potential
distribution modeling and forest status classification enhances the efficiency of field
surveys, reduces costs, and improves accuracy—especially for species with limited
occurrence data. Identified biodiversity hotspots can be prioritized for regular
monitoring to facilitate early detection of habitat degradation or species decline.

+ Informing forest restoration and habitat degradation control: Highly impacted
areas that still possess ecological potential can be targeted for restoration using
approaches such as assisted natural regeneration, enrichment planting with native
species, or control of invasive alien species. Incorporating scientific findings with
community-based participation further strengthens conservation outcomes while
promoting sustainable livelihoods.

+ Guiding conservation strategies under climate change: By developing species
distribution models (SDMs) integrated with the SSP5-8.5 climate change scenario, this
study provides a practical tool for assessing future habitat shifts of rare and
endangered tree species. The modeling results allow for risk analysis of range
contraction or displacement due to climate pressures, thereby informing flexible,
phase-based conservation planning:

2021-2040: Focus on protecting existing habitats and intensifying monitoring in
vulnerable areas.

2041-2080: Prioritize forest restoration, genetic resource conservation, and
resilience enhancement.

2081-2100: Implement proactive measures such as assisted migration or ex-situ
propagation in areas with newly suitable ecological conditions.

In addition, the spatial data on species distribution and biodiversity hotspots can
be integrated into decision-support systems for land-use planning, adaptive
conservation policymaking, and the development of climate-resilient biological
corridors to maintain long-term habitat connectivity.

In summary, the dissertation not only contributes to theoretical advancement but
also delivers strong practical value, enabling government agencies, conservation



organizations, and local communities to develop effective forest management solutions
that are adaptive to climate change and aligned with sustainable forest resource
development.

3.2. Future Research Directions

Despite the promising results achieved, several issues remain that warrant further
investigation:

+ Expanding the scope of species and geographic coverage: Future studies
should extend the investigation to encompass all 21 rare and endangered tree species
recorded in Ta Dung National Park. In addition, the modeling framework should be
applied to other special-use forests with similar ecological conditions to test the
generalizability and stability of SDMs across broader landscapes.

+ Enhancing field validation in areas with medium and low habitat suitability:
Model validation should be expanded to include a full range of predicted habitat
suitability zones, particularly marginal and secondary habitats. This would allow for a
more comprehensive evaluation of model performance and improve the accuracy of
ecological suitability assessments for each species.

Comparative modeling and development of ensemble approaches: Subsequent
research should explore alternative modeling techniques such as BIOMOD2, Random
Forest (RF), and Generalized Additive Models (GAM), as well as ensemble modeling
approaches. This will facilitate performance comparisons and enable the selection of
the most suitable models based on the ecological characteristics of individual species
and study areas.
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