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Abstract 

The southeastern coastal landscape of Bangladesh particularly the Cox’s Bazar district Ukhiya-Teknaf region is a globally 

important yet extremely fragile biodiversity zone in the Indo-Burma hotspot. Habitat conditions have changed dramatically due 

to rapid expansion of Rohingya settlements, forest fragmentation and climate-related environmental stresses. However, there is 

little understanding of the quantitative relationship between satellite-derived ecological changes and taxon-specific faunal 

responses. The study uses multi-source geospatial data and statistical modelling to evaluate the environmental drivers of 

vertebrate faunal diversity between 2015 and 2026. Vegetation, thermal, moisture and ecological indicators comprising the 

Normalized Difference Vegetation Index (NDVI), Transformed Difference Vegetation Index (TDVI), Enhanced Vegetation 

Index (EVI), Land Surface Temperature (LST), evapotranspiration (ET) and Ecological Health Index (EHI) were derived from 

Sentinel-2A, Landsat-8/9 and MODIS datasets. These were integrated with secondary biodiversity data standardised from Cox’s 

Bazar South Forest Division, Teknaf Wildlife Sanctuary, Inani National Park, Nishorgo conservation databases, UNDP/UNHCR 

reports and published scientific research. The temporal study indicates a Substantial habitat transformation with a reduction of 

dense vegetation from 36,791 to 24,306 pixels (−33.9%) and an expansion of built-up by 121.2%, from 2015 to 2025. The 

maximum land surface temperature increased from 35.50°C to 48.99°C, indicating increasing thermal pressure. Correlation 

analysis, regression modelling, and multivariate analysis indicated potential associations between vegetation condition 

(NDVI/TDVI/EHI), heat stress (LST), moisture variability (ET), and faunal responses; however, statistically significant evidence 

for these relationships was limited. The observed patterns demonstrated comparably larger connections of mammal and bird 

responses with vegetation degradation and habitat fragmentation, whereas reptile and amphibian responses exhibited greater 

correspondence with heat and moisture variability. The integrated geospatial-statistical approach identifies biodiversity sensitive 

zones and provides scientific basis for habitat restoration and climate resilient conservation planning in rapidly changing tropical 

environments. 
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1. Introduction 

The Indo-Burma biodiversity hotspot is worldwide recog-

nized for its outstanding species richness and ecological im-

portance, but is particularly vulnerable to habitat destruction, 

change in land-use and environmental stress due to climate 

change [1, 2]. The southeastern coastal region of Bangladesh, 

especially Ukhiya and Teknaf landscapes near Cox’s Bazar 

has tropical semi-evergreen forests, protected areas and wild-

life corridors with unique vertebrate assemblages. However, 

the rapid growth of settlements, deforestation, and use of re-

sources have raised the fragmentation of the ecosystem and 

endangered the survival of biodiversity [3, 4]. 

Recent advances in remote sensing and geospatial model-

ling have demonstrated the usefulness of ecological indicators 

derived from satellite data such as NDVI, EVI, LST and evap-

otranspiration for monitoring habitat dynamics, vegetation 

health and climate-driven ecological changes [5-7]. Habitat 

fragmentation and climate variability can change vegetation 

structure, thermal conditions and ecosystem functioning, 

which can influence species distributions [8, 9]. Thus, the in-

tegration of biodiversity records with multi-temporal remote 

sensing and statistical techniques is critical to comprehend 

complicated species environment interactions. 

Previous remote sensing based biodiversity studies have es-

tablished the utility of vegetation, temperature and moisture 

indicators in identifying environmental change [30]. Never-

theless, methodological constraints persist. Satellite generated 

indicators are indirect indices of habitat state and cannot sub-

stitute standardized field-based species inventories for direct 

measurement of species richness [30]. Secondary biodiversity 

records can also vary in survey effort, geographical and tem-

poral coverage, detection likelihood and taxonomic complete-

ness, which may skew estimates of biodiversity change [31, 

32]. Furthermore, models based on short annual time series 

and several correlated environmental factors may have low 

statistical power, unstable coefficient estimates and a greater 

risk of overfitting [33]. Also, the temporal dependence be-

tween consecutive annual observations may contradict the in-

dependence assumption of traditional correlation and regres-

sion models and may lead to false statistical inference [34]. 

Hence, for short ecological time series, cautious exploratory 

approaches based on descriptive trajectories, effect sizes, 

rank-based associations, permutation-based inference and ex-

plicit residual autocorrelation diagnostics may be more defen-

sible than strong multivariable prediction or causal interpreta-

tion [34, 35]. 

The research develops an improved geospatial statistical 

framework to examine temporal variations of faunal diversity 

to landscape change and climate stressors across the 2015-

2026 period. The approach combines satellite-derived ecolog-

ical indicators, verified vertebrate diversity datasets and pre-

dictive modelling to detect trends of vulnerability of biodiver-

sity. Exploratory statistical analyses suggested that vertebrate 

taxa may show different patterns of association with vegeta-

tion degradation, thermal pressure and moisture variability. 

Mammal and avian responses appeared to correspond more 

closely with vegetation-related changes, whereas reptile and 

amphibian responses showed comparatively greater corre-

spondence with thermal and hydrological variability. How-

ever, these patterns require cautious interpretation because the 

short annual time series limits statistical power and the ability 

to establish causal relationships. Such integration provides es-

sential scientific support for climate resilient conservation 

planning, ecological restoration and sustainable habitat man-

agement in the rapidly changing Rohingya settlement land-

scapes of south-eastern Bangladesh. Ecosystem monitoring 

with remote sensing is becoming popular yet there are few 

quantitative studies relating ecological indicators from satel-

lites to long-term observations on fauna by taxa. A major issue 

for research is therefore to better understand the regulation of 

different vertebrate groups depending on vegetation state, heat 

stress and moisture fluctuation. 

1.1. Objectives 

The main objectives of this research are: 

1) To assess spatiotemporal variation of vertebrate faunal 

diversity, richness trends and degradation trajectories in 

the south-eastern Rohingya settlement zones of Bangla-

desh between 2015-2026. 

2) To integrate multi-source remote sensing indicators 

(NDVI, TDVI, EVI, LST, ET, and EHI) for characteriz-

ing habitat quality, ecological stress, and climate-in-

duced environmental changes. 

3) To quantify the links between satellite derived environ-

mental determinants and taxon-specific faunal responses 

in terms of correlation, regression modelling and multi-

variate statistical techniques. 

4) To establish an integrated geospatial-statistical system 

for identifying biodiversity sensitivity zones and for sup-

porting climate resilient habitat conservation, restoration 

and management methods. 

1.2. Research Significance and Scope 

In this section, we present an integrated methodology for 

the analysis of temporal relationships between satellite-de-

rived environmental variables and vertebrate faunal responses 

in the Rohingya settlement landscapes of southeastern Bang-

ladesh. The study combines vegetative, thermal, moisture and 

ecological variables with taxon-specific biodiversity records 

to assist in the identification of potential patterns of ecological 

fragility among mammals, aves, reptiles and amphibians. 

However, the statistical links are viewed as exploratory eco-

logical associations because of the low adjusted R2 values and 
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statistically non-significant p-values resulting from the regres-

sion models. The findings may help future field based biodi-

versity monitoring, habitat restoration, wildlife corridor pro-

tection and climate-resilient conservation planning in the 

Ukhiya–Teknaf region. The study covers the 2015-2026 pe-

riod and analyses environmental and faunal changes at the 

landscape level, rather than causal correlations at the species 

level. 

2. Materials and Methods 

2.1. Study Area 

 
Figure 1. Geomorphological and ecological landscape characteristics of the Ukhiya-Teknaf study area in southeastern Bangladesh, illustrat-

ing forest ecosystems, protected habitats, coastal-hilltransition zones, watershed structure and ingya settlement expansion within the faunal 

diversity assesments framework (2015-2026). 
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The study was undertaken in the Ukhiya and Teknaf Upazi-

las of southeastern Bangladesh (Cox’s Bazar), representing 

forest ecosystems, protected habitats, coastal landscapes, and 

settlement-forest transition zones that sustain diverse verte-

brate groups. This is a highly dynamic socio-ecological land-

scape, where rapid development of Rohingya settlements, for-

est degradation, habitat fragmentation, and climate-related 

stresses have altered ecological conditions. The conversion of 

natural habitats into built-up regions has created significant 

challenges for maintaining wildlife connectivity, ecosystem 

functionality, and long-term ecological resilience. The re-

gion’s diverse terrain, heterogeneous vegetation structure, and 

proximity to marine and forest ecosystems make it a critical 

landscape for assessing faunal responses to environmental 

change. The interaction between topographic variability, veg-

etation dynamics, and anthropogenic pressure creates a unique 

ecological gradient for investigating biodiversity vulnerability. 

The Digital Elevation Model (DEM) was integrated to char-

acterize elevation variability, terrain influence, and settlement 

expansion patterns, providing additional insights into habitat 

susceptibility and landscape transformation. 

By combining topographic information with satellite-de-

rived ecological indicators and biodiversity datasets, this 

study establishes a comprehensive geospatial framework for 

understanding climate-sensitive habitats, identifying biodiver-

sity risk areas, and supporting conservation strategies in rap-

idly changing settlement-dominated landscapes. The area 

therefore serves as an important natural laboratory for evalu-

ating how environmental stressors influence vertebrate diver-

sity and habitat resilience under increasing anthropogenic 

pressure. 

2.2. Data Source and Acquisition 

The study utilized data from a variety of satellite sources, 

environmental data, and biodiversity data to assess the impact 

of landscape change and climate stress on faunal diversity in 

the southeastern Rohingya population areas from 2015 to 

2026. For Land Surface Temperature (LST) estimation, the 

Landsat-8 and Landsat-9 Collection 2 Level-1 images were 

downloaded from the United States Geological Survey (USGS) 

Earth Explorer [10]. Sentinel-2A Level-2A images down-

loaded from the Copernicus data platform were used to calcu-

late vegetation and ecological indicators such as NDVI, TDVI, 

EVI and Ecological Health Index (EHI) [11]. MODIS eight-

day composite ET products (500 m spatial resolution) were 

captured and processed for assessment of evapotranspiration 

[12]. 

Given the considerable cloud variability of the tropical 

monsoon environment, scenes with minimum cloud cover 

were selected for each analysis year. Digital Elevation Model 

(DEM) datasets were used as ancillary elevation information 

to describe terrain variability and settlement expansion trends. 

Fauna diversity data were sourced from records of protected 

areas in Cox’s Bazar South Forest Division, Teknaf Wildlife 

Sanctuary, Inani National Park, Nishorgo conservation data-

bases, UNDP and UNHCR publications and peer-reviewed bi-

odiversity research. The merged data sets thus provided a thor-

ough basis for testing links between environmental changes 

and vertebrate diversity patterns. 

2.3. Methodological Framework Workflow 

A complete geospatial-statistical process was developed to 

study the associations between environmental change, habitat 

modification and faunal diversity responses in the Rohingya 

settlement landscape in southeastern region. The framework 

integrates multi-source remote sensing datasets, ecological in-

dicators, topographic information and secondary biodiversity 

records in sequential analytical steps. First, the satellite data 

were acquired and pre-processed to extract vegetation, tem-

perature, moisture and ecological stress indicators. These en-

vironmental factors were later linked to taxon-specific faunal 

datasets to explore species-environment interactions. The 

workflow also involves spatial-temporal analysis, correlation 

assessment, regression modelling and multivariate statistical 

techniques to uncover major ecological variables driving ver-

tebrate diversity trends. This comprehensive methodology al-

lows identifying sensitive regions to biodiversity and provides 

scientific support for the management of climate-resilient hab-

itats and the prioritization of restoration and conservation 

plans. 
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Figure 2. Integrated geospatial framework for quantifying environmental drivers and vertebrate faunal diversity responses in the southeastern 

Rohingyia settlement landscape during 2015-2026. 

2.4. Remote Sensing Data Processing (NDVI, 

TDVI, EVI, LST, ET, EHI) 

The satellite data were processed using arc GIS, involving 

atmospheric correction, radiometric calibration, band stacking, 

mosaicking, spatial alignment and clipping to the study area. 

Vegetation indices (NDVI, TDVI and EVI) were obtained 

from Sentinel-2A data. The EHI was produced by merging 

vegetation condition and environmental variables to deter-

mine ecosystem stability. LST was derived from the thermal 

bands of Landsat-8/9 by applying radiative transfer techniques 

with emissivity correction, and the moisture dynamics were 

characterized using MODIS evapotranspiration products [12]. 

All obtained indicators were normalized for comparison in 

spatio-temporal assessment and merged with validated faunal 

datasets. Environmental drivers in the statistical analyses were 

important for vegetation condition (NDVI/EHI) and for ther-

mal stress (LST) and moisture variability (ET). Vegetation 

variables were more strongly correlated with mammals and 

birds, while thermal and moisture variables were more im-

portant for reptiles and amphibians. 

2.5. Faunal Diversity Data Compilation and 

Sources 

Faunal diversity was evaluated by comprehensive compila-

tion of secondary biodiversity datasets from government, con-

servation organizations, international agencies and published 
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scientific literature. Information on species occurrence and di-

versity was collected from Cox’s Bazar South Forest Division 

[18], Teknaf Wildlife Sanctuary [19], Inani National Park [20], 

Nishorgo conservation database [21], UNDP [22] and UN-

HCR [23] environmental reports and peer-reviewed biodiver-

sity studies with scholarly references. For consistency with 

temporal biodiversity evaluation the compiled datasets were 

grouped into key vertebrate groups namely mammals, aves, 

reptiles and amphibians. The datasets provided the needed in-

formation for the ecological baseline and the annual biodiver-

sity response to evaluate faunal changes at the landscape scale 

from 2015-2026; 

2.6. Faunal Dataset Pre-processing, Validation 

and Remote Sensing Integration 

Pre-processing of the compiled faunal datasets included re-

moval of duplicates, correction of discordant species records 

and standardisation of taxonomy to approved vertebrate cate-

gorisation systems. Mammalian nomenclature and national 

conservation status were checked against the IUCN Red List 

of Bangladesh: Volume 2-Mammals [29]. To increase de-

pendability species observations were cross-validated be-

tween institutional databases, conservation reports and pub-

lished scientific sources. Biodiversity records were matched 

to the study period and annual taxon-specific responses sum-

marized to ensure temporal comparability. The dataset was 

employed as an indicator of the landscape-scale biodiversity 

response, rather than an absolute estimate of extinction, due to 

constraints of secondary observations such variations in sur-

vey intensity and detection frequency. The validated faunal 

data were merged with remote sensing derived environmental 

indicators (NDVI, TDVI, EHI, LST and ET) for correlation 

analysis, multiple regression modelling and multivariate as-

sessment of species-environment correlations. This synergis-

tic paradigm allowed us detection of taxon-specific sensitivity 

patterns and environmental drivers of biodiversity change 

across the landscape of the southeastern Rohingya camp. 

2.7. Estimation of Taxon-specific Richness-

equivalent Responses 

After the data compilation, pre-processing and validation 

procedures outlined in Sections 2.5 and 2.6, the aggregated 

vertebrate dataset was split into four taxonomic groups: mam-

mals, bird species, reptiles and amphibians. The 2015 refer-

ence dataset consisted of 334 recorded vertebrate species, in-

cluding 43 mammals, 210 bird species, 54 reptiles, and 27 am-

phibians. These values served as the taxon-specific reference 

baselines for analyzing temporal change. 

Benchmark estimations were based on annual values validated 

by adequately comparable secondary biodiversity records. 

The relative percentage degradation from the 2015 baseline 

was determined for each taxonomic category as: 

𝐷{𝑖,𝑡} =  (
𝑅{𝑖,0}−𝑅{𝑖,𝑡}

{𝑜𝑏𝑠}

𝑅{𝑖,0}
) ×  100          (1) 

where Di,t represents the relative degradation percentage of 

taxon i in benchmark year t, Ri,0 represents the richness of 

taxon i in the 2015 reference year, and 𝑅{𝑖,𝑡}
{𝑜𝑏𝑠}

 represents the 

consolidated richness estimate obtained from the available 

comparable secondary records for benchmark year t. 

Comparable taxon-specific records were not available for 

every year in the study period. Thus, when an annual value 

was absent between two reported benchmark years, the miss-

ing value was calculated independently for each taxonomic 

group using linear interpolation, a well-established approach 

for imputing missing observations in time-series data with de-

fined limits [36]: 

𝑅{𝑖,𝑡}
{𝑖𝑛𝑡}

= 𝑅{𝑖,𝑎}
{𝑜𝑏𝑠}

+ (
𝑡−𝑎

𝑏−𝑎
) (𝑅{𝑖,𝑏}

{𝑜𝑏𝑠}
− 𝑅{𝑖,𝑎}

{𝑜𝑏𝑠}
)       (2) 

where  𝑅{𝑖,𝑡}
{𝑖𝑛𝑡}

 represents the interpolated richness-equivalent 

response of taxon i for missing year t; 𝑅{𝑖,𝑎}
{𝑜𝑏𝑠}

 and 𝑅{𝑖,𝑏}
{𝑜𝑏𝑠}

 rep-

resent the benchmark richness estimates for the nearest pre-

ceding year a and succeeding year b, respectively; and a<t<b. 

Linear interpolation was conducted separately for mammals, 

avian species, reptiles and amphibians. 

The linear interpolation assumes a constant rate of change 

between the previous and the next benchmark measurement. 

It was applied solely to internal data gaps bounded by two ac-

cessible benchmark values and not utilized to extrapolate be-

yond the reported temporal range [36]. 

The relative degradation percentage for an interpolated year 

was subsequently calculated as: 

𝐷{𝑖,𝑡}
{𝑖𝑛𝑡}

= (
𝑅{𝑖,0}−𝑅{𝑖,𝑡}

{𝑖𝑛𝑡}

𝑅{𝑖,0}
) ×  100           (3) 

The overall vertebrate richness-equivalent series was ob-

tained separately from the pooled overall benchmark records, 

rather than being computed from the rounded taxon-specific 

values reported in Table 3. If a total annual value was missing 

between two recorded total benchmark years, it was calculated 

using the same linear-interpolation procedure: 

𝑅𝑇,𝑡
𝑖𝑛𝑡 = 𝑅𝑇,𝑎

𝑜𝑏𝑠 + (
𝑡−𝑎

𝑏−𝑎
) (𝑅𝑇,𝑏

𝑜𝑏𝑠 − 𝑅𝑇,𝑎
𝑜𝑏𝑠)         (4) 

where 𝑅𝑇,𝑡
𝑖𝑛𝑡  represents the interpolated total richness-equiva-

lent response for missing year t. 𝑅𝑇,𝑎
𝑜𝑏𝑠 and 𝑅𝑇,𝑏

𝑜𝑏𝑠 represent the 

consolidated total benchmark estimates for the nearest preced-

ing year a and succeeding year b, respectively. 

Overall relative degradation from the 2015 total reference 

baseline was calculated as: 

𝐷𝑇,𝑡 = (
𝑅𝑇,0−𝑅𝑇,𝑡

𝑅𝑇,0
) × 100            (5) 
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where (𝐷𝑇,𝑡) represents the overall relative degradation per-

centage in year (t), (𝑅𝑇,0) represents the total vertebrate refer-

ence value in 2015, and (𝑅𝑇,𝑡) represents either the benchmark 

or interpolated total richness-equivalent response for year (t). 

No equal or arbitrary weighting was applied across the four 

taxonomic groups. Taxon-specific response trajectories were 

calculated separately using their respective 2015 reference 

baselines, whereas the consolidated total response trajectory 

was derived independently from the available total benchmark 

estimates. 

All computations were done using unrounded numbers 

when they were available; only the final values in the table 

were rounded to one decimal place. The interpolated decimal 

values were expressed as richness‐equivalent responses rather 

than as actual species counts. They are not to be considered 

fractional species, documented local extinction, or inde-

pendently field-verified annual species richness. Interpolation 

was only used to generate continuous descriptive trajectories 

between observed benchmark years and was not utilised to an-

ticipate biodiversity conditions outside the observation period 

available. 

2.8. Statistical Analysis and Interpretation 

The whole set of annual richness-equivalent response tra-

jectories for 2015–2026, including the benchmark and inter-

nally interpolated values reported in Section 2.7, were used 

for descriptive temporal evaluation and exploratory statistical 

analysis. Summary statistics and graphical trajectories were 

first used to describe temporal changes in environmental var-

iables and taxon-specific richness-equivalent responses. 

Exploratory multiple linear regression models were used to 

explore possible correlations between the selected satellite-de-

rived environmental variables and the richness-equivalent re-

sponses of mammals, bird species, reptiles and amphibians. 

Regression outputs, including model coefficients, (R2), ad-

justed (R2) and (p)-values were kept to offer a transparent ex-

planation of the direction and relative size of the observed cor-

relations. 

The analysis had only ~ 11-12 yearly observations and sev-

eral environmental factors, hence the ratio of data to predictors 

was insufficient for robust confirmatory modelling. Fitting 

models to short datasets might result in unstable coefficients, 

low statistical power and a higher risk of overfitting [33]. Also, 

some environmental indicators are representative of correlated 

ecological processes and may hold redundant information. So, 

the regression models were viewed as exploratory association 

models rather than robust predictive or causal models. 

For the richness-equivalent response trajectories, values 

were obtained by interpolation between the available bench-

mark observations, as stated in Section 2.7 [36]. Such interpo-

lated values are important for generating continuous descrip-

tive trajectories, but they are not independent field observa-

tions. Therefore, classical (p)-values were preserved for trans-

parency and interpreted judiciously, not as the only confirm-

ing evidence for environmental causality [37]. 

Because the observations were made once a year, the time 

dependence between succeeding years was also considered 

when the data were interpreted. In brief time series, there is 

little power to reliably estimate temporal autocorrelation, and 

the usual assumption of independence may not be fully met 

[34]. As such, the regression results were examined primarily 

for direction of association, effect size, fit of the model, and 

consistency with the descriptive ecological trajectories. The 

regression results were not interpreted as evidence of a causal 

relationship. 

Statistical analyses were used to detect potential taxon-spe-

cific response patterns and associations with the environment. 

Environmental indicators with positive or negative regression 

coefficients were considered as possible related variables, not 

statistically established predictors. The data did not statisti-

cally significantly support strong environmental prediction, as 

overall model findings were non-significant (p>0.42) and ad-

justed (R2) values were low (∼0.04–0.06). The findings 

should therefore be considered exploratory and hypothesis-

generating and require verification using larger time series 

data sets and systematic field-based biodiversity monitoring. 

Formal autocorrelation estimates were not treated as definitive 

because of the short annual series and the inclusion of inter-

polated observations. Potential temporal dependence was 

therefore retained as a limitation, and the regression results 

were restricted to exploratory interpretation. 

2.9. Software and Computational Tools 

Satellite-image pre-processing, atmospheric correction, 

cloud masking, band extraction, raster stacking, spatial align-

ment, clipping, spectral-index calculation, raster classification 

and map preparation were performed using ArcGIS Desktop 

10.8.2 (Esri, Redlands, California, USA). Land use and land 

cover change analysis and associated geospatial modelling 

were performed using TerrSet 2020 (Clark Labs, Clark Uni-

versity, Worcester, Massachusetts, USA). 

Secondary biodiversity records were assembled, collated 

and validated using Microsoft Excel 2021 (Microsoft Corpo-

ration, Redmond, Washington, USA). Taxon-specific refer-

ence baselines, relative degradation percentages, linear inter-

polation of missing internal observations, taxon-specific and 

total richness-equivalent responses, and accompanying data 

tables were also calculated and prepared in Microsoft Excel 

2021. Calculations were performed using the available un-

rounded values wherever possible, and only the final values 

reported in the manuscript were rounded to one decimal place. 

Exploratory correlation and multiple linear regression anal-

yses were performed using R version 4.6.1 (R Foundation for 

Statistical Computing, Vienna, Austria). The statistical out-

puts comprised regression coefficients, R2, adjusted R2, and p-

values. The statistical visualizations were also prepared with 

R version 4.6.1. The regression models were understood as 
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exploratory models of association, rather than as confirmatory models of prediction or causation (Section 2.8). 

3. Statistical Analysis and Ecological Modelling 

3.1. Spatial Distribution of NDVI Classes in the Study Area From 2015 to 2026 

 
Figure 3. Spatiotemporal dynamics of NDVI classes in the study area during 2015–2026. 

The NDVI classification obtained from Sentinel-2A (Figure 

3) shows the time change of vegetation conditions in the 

Ukhiya - Teknaf landscape between 2015 and 2026. The Sen-

tinel-2A images were obtained from the ESA Copernicus plat-

form (MSI sensor, Tile ID: 46QDJ, 10 m spatial resolution) 

Level-2A surface reflectance products and processed in 

ArcGIS by applying atmospheric correction, cloud masking, 

band extraction, raster stacking, spatial alignment and clip-

ping to the study area. The red (Band 4: 665 nm) and near-

infrared (Band 8: 842 nm) spectral bands were used to deter-

mine the vegetation condition: 

𝑁𝐷𝑉𝐼 =
(𝑁𝐼𝑅−𝑅𝐸𝐷)

(𝑁𝐼𝑅+𝑅𝐸𝐷)
=

(𝑏𝑎𝑛𝑑 8−𝑏𝑎𝑛𝑑 4)

(𝑏𝑎𝑛𝑑 8+𝑏𝑎𝑛𝑑 4)
         (6) 

Sentinel-2A Band 

𝑁𝐷𝑉𝐼𝑛𝑜𝑟𝑚 =
𝑁𝐷𝑉𝐼−𝑁𝐷𝑉𝐼𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝑚𝑎𝑥−𝑁𝐷𝑉𝐼𝑚𝑖𝑛
           (7) 

where B8 represents near-infrared reflectance and B4 repre-

sents red reflectance. 

There are six established classes: Water Bodies 

(<0.018015), Barren Land (0.018015-0.140), Built-up Areas 

(0.140-0.270), Grasslands (0.270-0.360), Shrub Vegetation 

(0.360-0.720), and Dense Vegetation (≥0.720). The NDVI 

analysis demonstrated gradual change of vegetation associ-

ated with changes in terrain and increase of settlement. The 

normalized NDVI data revealed the occurrence of temporal 

variations with relatively steady vegetative conditions during 

2015-2018, severe decline during 2019-2020 and partial re-

covery after 2021. However, the state of vegetation was still 

low compared to the previous levels suggesting the continuous 

ecological pressure. The spatial NDVI classes showed a loss 

of dense vegetation and an increase of disturbed land-cover 

classes, indicating habitat fragmentation and declining eco-

system quality. These vegetation dynamics were later com-

bined with TDVI, EVI, EHI, LST, ET and faunal diversity in-

dices to assess habitat degradation and biodiversity risk. 
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3.2. Environmental Indicators and Habitat 

Condition Assessment (2015-2026) 

Vegetation dynamics from Sentinel-2A NDVI categoriza-

tion are important for understanding habitat alteration in 

Ukhiya-Teknaf area. However, the state of vegetation alone 

cannot adequately explain the vulnerability of the ecosystem 

and responses of fauna. Other environmental indicators gath-

ered from satellites, including TDVI, EHI, land surface tem-

perature (LST) and evapotranspiration (ET) were evaluated to 

describe the broader ecological conditions affecting habitat 

suitability in 2015-2026. Previous research have measured 

these environmental changes using multi-index remote sens-

ing techniques [3, 4]. Settlement development has been asso-

ciated with increased vegetation stress, temperature variability, 

moisture imbalance and ecosystem degradation in previous 

studies. These variables were included in the current analysis 

as environmental drivers rather than replicating the prior land-

scape-level assessment, to analyses their correlations with 

taxon-specific faunal diversity responses. 

Table 1. Summary of satellite-derived environmental indicators and their ecological significance during 2015-2026. 

Environmental 

indicator 
Data source Ecological representation Relevance to faunal diversity assessment 

NDVI 
Sentinel-2A MSI (Band 4 

& Band 8) 

Vegetation density and habitat 

condition 

Determines habitat availability and vegetation-

dependent species support 

TDVI Sentinel-2A MSI 
Vegetation structure and moisture-

related stress 

Indicates habitat complexity and microhabitat al-

teration 

EHI Integrated ecological index 
Ecosystem stability and environ-

mental stress 
Represents overall habitat quality deterioration 

LST Landsat-8/9 thermal bands 
Surface thermal condition and cli-

mate pressure 

Indicates thermal stress affecting climate-sensitive 

taxa 

ET 
MODIS evapotranspira-

tion product 

Moisture availability and ecosys-

tem water balance 

Represents hydrological suitability, especially for 

amphibians and reptiles 

 

The combined environmental indicators show that the hab-

itat conditions in the research area are under increasing eco-

logical stress during the study period. Vegetation related indi-

ces (NDVI and TDVI) are indicative of changes in habitat 

structure whereas LST and ET are indicative of growing im-

pact of thermal and moisture associated restrictions. The trend 

of ecological state reflected by EHI reveals the cumulative ef-

fects of landscape disturbance, vegetation deterioration, and 

climate pressure. These environmental changes offer the eco-

logical backdrop in which to assess faunal diversity responses, 

with different taxonomic groupings likely to show varied de-

grees of sensitivity, based on habitat dependency and physio-

logical characteristics. 

Previous remote sensing studies have successfully detected 

landscape and environmental changes, but their ecological im-

pact on diverse vertebrate taxa is poorly documented. Here, 

we integrate these environmental metrics with secondary bio-

diversity data to evaluate the effects of habitat modification 

and climate stresses on mammals, aves, reptiles and amphibi-

ans across the Rohingya settlement landscape. 

Table 2. Annual values of normalized vegetation indices, evapotranspiration, ecological health index, and temperature during 2015-2026. 

NDVI_ Normalized TDV_Normalized ET_ High (mm/d) ET_ Low(mm/d) EHI Temp_High 

0.2407 0.8059 52.8000 10.7000 0.3389 35.50 

0.2247 0.7823 53.0000 10.2000 0.3143 35.68 

0.2665 0.8274 52.8000 11.5000 0.4147 32.17 

0.2603 0.8138 51.9000 6.3200 0.4068 36.60 

0.2316 0.7856 53.0000 13.5000 0.3106 37.65 

-0.1615 0.8095 53.2000 16.3000 0.2063 36.60 

0.1482 0.6482 51.4000 13.7000 0.2437 36.52 
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NDVI_ Normalized TDV_Normalized ET_ High (mm/d) ET_ Low(mm/d) EHI Temp_High 

0.2493 0.8091 50.3300 18.7000 0.3631 40.67 

0.2661 0.8188 53.8000 9.9000 0.3900 37.23 

0.2463 0.7968 58.6000 14.5000 0.3706 32.67 

0.2376 0.8171 56.2000 14.4000 0.3868 48.99 

0.24195 0.80695 57.5 14.6 0.395 37.23 

 
Figure 4. Temporal dynamics of integrated environmental indicators (NDVI, EHI, ET, and LST) representing habitat condition and ecological 

stress patterns in the southeastern Rohingya settlement landscape of Bangladesh during 2015–2026. 

Table 2 & Figure 4 presents the integrated temporal re-

sponse of vegetation condition, ecological health, thermal 

stress and moisture dynamics of the Ukhiya-Teknaf landscape 

during the period 2015-2026. The NDVI showed a rather con-

stant trend over 2015-2019 but decreased sharply in 2020, 

which indicates that rapid population expansion caused severe 

impact on habitat and vegetation deterioration. Vegetation 

state was below the prior baseline indicating insufficient eco-

logical restoration, however partial recovery was evident by 

2021. The pattern of EHI was similar with ecological stability 

being higher in 2017-2018 and a rapid fall during the disturb-

ance period, indicating the combined effects of habitat altera-

tion and environmental stress. In contrast, the increasing LST 

values, reaching 48.99°C in 2025, suggest greater heat stress 

due to plant loss and changes in land surface. Some ETs have 

increased recently indicating local recovery, but not full eco-

system recovery, and different ETs have displayed different 

vegetation-moisture relationships. These joint environmental 

reactions provide a basis for explaining faunal diversity 

changes. Mammals and birds are more affected by vegetation 

loss and fragmentation, while reptiles and amphibians are af-

fected by heat and moisture fluctuation. Similar landscape 

level alterations were also documented by Hamid and Rahman 

[3, 4] supporting the role of combining geospatial indicators 

in assessment of biodiversity vulnerability. 
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Figure 5. Multi-source compilation framework of secondary faunal diversity datasets used for vertebrate diversity assessment. 

Table 3. Temporal dynamics of vertebrate faunal richness and degradation responses (2015-2026) derived from multi-source biodiversity 

datasets in the southeastern Rohingya settlement landscape of Bangladesh. 

2015 43 0 210 0 54 0 27 0 334 0 

2016 43 0 210 0 54 0 27 0 334 0 

2017 35.3 18 178.7 14.9 45.7 15.3 24.2 10.2 283.9 15 

2018 24.4 43.3 135 35.7 34.2 36.7 20.4 24.4 213.2 35.9 

2019 16.7 61.3 103.8 50.6 26 51.9 17.6 34.6 165 50.9 

2020 12 72.09 85 59.52 21 61.11 16 40.74 134 59.88 

2021 12 72.09 85 59.52 21 61.11 16 40.74 134 59.88 

2022 11.4 73.5 84 60.1 20.3 62.5 15.9 41.2 131.2 60.7 

2023 10.8 74.9 81 61.4 19.5 63.9 15.5 42.5 126.8 61.9 

2024 10.2 76.2 78.2 62.8 18.9 65 15.4 43.1 122.5 63.4 

2025 9.5 78 75.5 64.1 18.2 66.2 14.9 44.8 116.6 65.1 

2026 8 81.4 70.6 66.3 17.2 68.1 14.6 45.9 109.8 67.2 

Note: Benchmark values were derived from consolidated and comparable secondary biodiversity records. Values for years without directly 

comparable records were estimated by linear interpolation between the nearest preceding and succeeding benchmark years. Decimal values 

represent richness-equivalent responses rather than direct species counts. No extrapolation was performed beyond the available benchmark 

period. Identical values for 2015–2016 and 2020–2021 indicate benchmark intervals for which the consolidated secondary records did not 

support an independently distinguishable annual change. 

3.3. Temporal Trend and Statistical Analysis of 

Modelled Vertebrate Richness Responses 

(2015-2026) 

Analysis of secondary biodiversity statistics (Figure 5) 

showed a gradual reduction of predicted vertebrate richness in 

the Ukhiya-Teknaf region from 2015 to 2026. The collected 

data set provided a pre-influx baseline of about 334 known 

species of vertebrates, including 43 mammals, 210 birds, 54 

reptiles and 27 amphibians. The biodiversity trajectory trend 

changed from a relatively stable baseline era (2015-2016) to 
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the increasing ecological stress after rapid growth of settle-

ments, as reflected in the degradation intensity gradient in Fig-

ure 6 and the annual contraction matrix in Table 3. The first 

significant decline was recorded in 2017 in parallel with the 

onset of habitat modification related to settlement. The simu-

lated richness reduced from 334 to around 283.9 modelled 

richness units, a reduction of over 15%. Taxon-specific re-

sponses showed that mammals (18%) were the most sensitive 

group in the early stages, followed by reptiles (15.3%), birds 

(14.9%) and amphibians (10.2%). This pattern suggests a 

comparatively rapid response of habitat-dependent taxa to in-

creasing fragmentation and disturbance. Analogous patterns 

have been found in tropical ecosystems, where land-use 

change and habitat isolation are disproportionately affecting 

specialist vertebrate taxa [13, 14]. 

 
Figure 6. Heatmap representation of temporal variation in vertebrate taxonomic richness decline and degradation intensity across the south-

eastern Rohingya settlement landscape (2015–2026). 

The most notable ecological shift happened between 2018 

and 2020 when the heatmap showed substantial deterioration 

intensity across all vertebrate taxa. The estimated richness tra-

jectory By 2020, the modelled vertebrate richness response in-

dicated a reduction equivalent to approximately 134 species, 

a decrease of 59.88% compared to the baseline condition. 

Taxon-specific responses differed significantly, with the 

greatest contraction shown by mammals (72.09%), followed 

by reptiles (61.11%), birds (59.52%) and amphibians (40.74%) 

(Table 3). This period is a critical phase of the ecological 

change in the settlement area with a large-scale vegetation loss, 

habitat fragmentation and landscape reorganization. Mam-

mals’ strong response indicates their reliance on broad, con-

tiguous ecosystems and transportation routes. Large-bodied 

species, notably elephants, are very susceptible to habitat iso-

lation as disturbance of corridors hinders movement, lowers 

connectivity and increases risks of human-wildlife conflicts 

[15]. Similar effects of fragmentation have been reported 
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worldwide, with larger mammals being more sensitive to 

landscape isolation than disturbance-tolerant species [16, 28]. 

After 2021, the degrading path of the heatmap was rela-

tively slower but steady. The projected dataset indicated a 

modelled richness response equivalent to approximately 109.8 

species by 2026 under the observed environmental degrada-

tion trajectory, representing a 67.2% reduction from the base-

line richness condition. The highest anticipated sensitivity was 

for mammals (81.4%), followed by reptiles (68.1%), birds 

(66.3%) and amphibians (45.9%) (Table 3). The figures are 

predictions of biodiversity response to observable trends in 

environmental deterioration, not direct evidence of proven 

species loss. The ongoing contraction indicates that recovery 

of the habitat was still constrained by prolonged fragmentation, 

diminished ecological connectedness and changed environ-

mental circumstances in spite of lower immediate disturbance 

intensity after implementation of measures for stabilization of 

the settlement. 

The temporal pattern also shows divergent reactions be-

tween disturbance tolerant and habitat specialist organisms. 

Generalist species that can use modified settings may be able 

to persist under transformed landscape conditions, while spe-

cialists that depend on forest, e.g. hornbills, primates and for-

est-associated amphibians, are more sensitive to reductions in 

habitat complexity and microclimatic instability. Ecological 

filtering mechanisms have been reported in fragmented tropi-

cal ecosystems, where disturbance benefits adaptable species 

and decreases the number of specialists in biological commu-

nities [17]. Overall, the temporal assessment provides a de-

scriptive trajectory consistent with progressive biodiversity 

reduction and landscape modification associated with settle-

ment expansion. 

 
Figure 7. Temporal trajectory of ecological health deterioration and taxon-specific vertebrate degradation patterns in the southeastern Roh-

ingya settlement landscape of Bangladesh (2015–2026). 

Combined secondary faunal observations and geospatial in-

dicators suggested potential associations of vertebrate re-

sponses with vegetation degradation, thermal stress and habi-

tat fragmentation. These findings provided the ecological ba-

sis for the subsequent exploratory correlation, regression and 

multivariate analyses of environmental factors potentially as-

sociated with faunal diversity patterns. 

3.4. Integrated Statistical Assessment of 

Environmental Predictor Associations With 

Vertebrate Diversity Responses 

We conducted integrated statistical analyses to assess rela-
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tionships between environmental indicators and taxon-spe-

cific vertebrate responses along the temporal biodiversity pat-

terns estimated from the secondary faunal dataset (Figure 5), 

heatmap intensity analysis (Figure 6), and annual richness 

contraction matrix (Table 3). The integrated assessment of 

vegetation condition (NDVI, TDVI), ecological stability 

(EHI), thermal stress (LST) and moisture dynamics (ET) pro-

vided an ecological framework to understand how environ-

mental changes corresponded with modelled biodiversity re-

sponses across the southeastern Rohingya settlement land-

scape. 

The time trajectories given in Figures 7 and 8 suggest a 

change from a reasonably stable ecological state in 2015-2016 

to an increased environmental stress throughout 2017-2020, in 

the midst of substantial habitat modification, vegetation de-

cline and landscape fragmentation. The strongest simulated 

response to the expected deterioration scenario in 2026 was 

for mammals (81.4%), followed by reptiles (68.1%), birds 

(66.3%) and amphibians (45.9%). Mammals depend on broad 

habitats, corridors of migration and landscape connectivity, 

which respond more robustly. Large-bodied mammals are 

sensitive to fragmentation in tropical environments, where 

habitat isolation diminishes ecological connectedness and in-

creases susceptibility (Fahrig, 2003; Haddad et al., 2015). 

 
Figure 8. Temporal trajectory of vertebrate richness decline and taxon-specific degradation responses in the southeastern Rohingya settlement 

landscape of Bangladesh (2015–2026). 

The temporal richness trajectory in Figure 8 also supports 

that a structural transformation of vertebrate groups occurred, 

rather than a short-term fluctuation in population. The total 

vertebrate richness dropped from a pre-disturbance baseline of 

334 species to about 134 species in 2020 and a forecast 109.8 

species in 2026. The biggest drop was recorded in the disturb-

ance phase of 2017-2020 marked by fast forest conversion and 

settlement growth. This pattern aligns with worldwide biodi-

versity studies that link species reduction in tropical environ-

ments to land-use change and habitat isolation [13, 24]. 

Table 4. Ecological interpretation of environmental predictor associations with vertebrate diversity responses (2015-2026). 

Taxon 
Environmental variables showing 

stronger ecological associations 
β coefficient direction R2 Adjusted R2 Model p-value 

Mammals 

degradation 
NDVI, EHI, LST 

NDVI (−), EHI (−), 

LST (+) 
0.479 0.045 0.4458 
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Taxon 
Environmental variables showing 

stronger ecological associations 
β coefficient direction R2 Adjusted R2 Model p-value 

Aves degradation NDVI, EHI, TDVI 
NDVI (−), EHI (−), 

TDVI (−) 
0.48 0.046 0.4447 

Reptiles degrada-

tion 
LST, TDVI, ET 

LST (+), TDVI (−), ET 

(−) 
0.475 0.038 0.4524 

Amphibians degra-

dation 
LST, ET, EHI 

LST (+), ET (−), EHI 

(−) 
0.489 0.062 0.4289 

 

The associations involving LST, ET and EHI were con-

sistent with the physiological dependence of amphibians on 

stable microclimatic conditions. Previous studies have shown 

that amphibians are particularly sensitive to variations in tem-

perature and moisture because of their permeable skin and de-

pendence on suitable terrestrial and aquatic microhabitats [25, 

26]. 

 
Figure 9. Radar-based visualization of integrated ecological stress 

responses and vertebrate taxonomic degradation patterns during 

2015–2026. 

Further support for taxon-specific ecological responses was 

provided by the multivariate visualizations. The degradation-

based radar assessment (Figure 9) suggested an increasing di-

vergence between environmental stress indicators and patterns 

of faunal response. The multivariate visualisations suggested 

comparatively stronger associations of mammal and avian re-

sponses with vegetation-related indicators, whereas reptile 

and amphibian responses showed comparatively stronger as-

sociations with thermal and moisture-related indicators. These 

descriptive patterns are consistent with the ecological sensi-

tivity of habitat-specialist taxa to landscape transformation 

[17]. 

The corresponding richness-based multivariate visualiza-

tion is presented in Figure 10. 

 
Figure 10. Radar-based visualization of vertebrate richness dynam-

ics and taxonomic responses under changing environmental condi-

tions during 2015–2026. 
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Figure 11. Parallel coordinate visualization of temporal shifts in vertebrate taxon-specific richness and degradation responses across the 

southeastern Rohingya settlement landscape (2015–2026). 

Table 5. Multiple regression analysis of vertebrate richness response to environmental changes. 

Taxon richness Main controlling variables Relationship R2 Adjusted R2 Significance 

Mammals richness NDVI, EHI, LST 
Vegetation loss & thermal stress 

reduced richness 
0.479 0.045 p=0.4457 

Aves richness NDVI, TDVI, EHI Habitat degradation reduced richness 0.48 0.047 p=0.4441 

Reptiles richness LST, ET, TDVI Thermal/moisture instability effect 0.477 0.041 p=0.4497 

Amphibians rich-

ness 
ET, LST, EHI Moisture stress sensitivity 0.488 0.06 p=0.4308 

 

Multiple regression analysis was undertaken to further eval-

uate the associations between environmental indicators and 

taxon-specific responses (Table 5). The direction and relative 

magnitude of the estimated coefficients suggested possible 

taxon-specific ecological relationships. Mammalian responses 

showed descriptive associations with NDVI, EHI and LST, 

whereas avian responses showed descriptive associations with 

NDVI, TDVI and EHI. Reptile responses were descriptively 

associated with LST, ET and TDVI, while amphibian re-

sponses showed descriptive associations with ET, LST and 

EHI. These patterns were treated as exploratory ecological as-

sociations rather than evidence of statistically significant pre-

dictive relationships. 

The regression models produced R2 values ranging from 

0.475 to 0.489; however, the adjusted R2 values were low 

(0.041–0.060), and all overall model p-values exceeded 0.42. 

Given the small number of annual observations and the num-

ber of environmental variables included, the coefficient esti-

mates may be unstable and susceptible to overfitting. Thus, 

the results provide limited statistical evidence of associations 

between the environmental indicators and taxon-specific re-

sponses. The indicators should not be interpreted as statisti-

cally significant predictors or causal drivers. The observed 

patterns require validation using longer time series and addi-

tional field-based biodiversity data. 

Table 6. Integrated assessment of geospatial environmental indicators and their ecological contributions to vertebrate faunal diversity re-

sponses in the southeastern Rohingya settlement landscape (2015-2026). 

Environmental indicator Effect on biodiversity Sensitive taxa Statistical evidence 

NDVI decline Habitat loss and fragmentation Mammals, Aves Regression evaluated 

EHI decline Ecological instability All taxa Regression evaluated 

LST increase Thermal stress Amphibians, Reptiles Regression evaluated 
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Environmental indicator Effect on biodiversity Sensitive taxa Statistical evidence 

ET variation Moisture imbalance Amphibians, Reptiles Regression evaluated 

TDVI change Vegetation structure change Reptiles, Aves Regression evaluated 

 

Taken together, the results indicate a set of biodiversity-risk 

patterns that should be examined further using field-based 

monitoring and longer temporal datasets. In this study, the re-

mote-sensing indicators were used as ecological surrogates of 

habitat condition rather than as direct measurements of faunal 

change. Their combined use nevertheless provided useful in-

formation on changes in vegetation condition, thermal stress 

and moisture availability, consistent with their established ap-

plication in biodiversity and habitat assessment [5, 27]. 

Table 7. Summary and ecological interpretation of environmental indicators associated with vertebrate diversity responses across the Roh-

ingya settlement landscape (2015–2026). 

Predictor Effect direction Ecological interpretation Most sensitive taxon 

NDVI Negative relationship with degradation Vegetation decline increases habitat loss Mammals & Aves 

EHI Negative relationship with degradation Ecological instability reduces habitat quality All vertebrates 

LST Positive relationship with degradation Thermal stress increases biodiversity vulnerability Amphibians & Reptiles 

ET 
Negative relationship with richness 

loss 
Moisture regulation controls habitat suitability Amphibians 

TDVI Negative relationship with degradation Vegetation structure decline affects habitat complexity Reptiles & Aves 

 

The synthesis presented in Tables 4-7 suggests that the ob-

served biodiversity responses were associated with a combi-

nation of changes in vegetation condition, ecological stability, 

temperature, moisture availability and habitat structure rather 

than with a single environmental factor. Declining NDVI and 

TDVI values reflected deterioration in vegetation condition 

and habitat structure, while the decline in EHI suggested in-

creasing ecological stress. The increase in LST indicated 

greater thermal pressure, and variation in ET reflected 

changes in moisture conditions that may influence habitat suit-

ability. Given the limited statistical support from the regres-

sion models, these results are interpreted as descriptive eco-

logical associations rather than evidence of predictive or 

causal relationships. 

The broadly similar patterns observed in the temporal as-

sessment (Figures 7-8), multivariate visualizations (Figures 9-

11) and exploratory regression analyses (Tables 4-7) provide 

a consistent, although preliminary, picture of taxon-specific 

vulnerability. Mammalian and avian responses showed com-

paratively stronger descriptive associations with vegetation-

related indicators, whereas reptile and amphibian responses 

showed comparatively stronger associations with thermal and 

moisture-related indicators. These findings require confirma-

tion through longer time series and standardized field obser-

vations, but they offer a useful basis for guiding habitat resto-

ration, forest-corridor protection and climate-resilient biodi-

versity management in the Ukhiya–Teknaf ecosystem. 

4. Conclusion 

An integrated geospatial-statistical approach was created to 

study environmental change and vertebrate faunal responses 

over the southeastern Rohingya settlement landscape of Bang-

ladesh during 2015–2026. Multi-source remote-sensing indi-

ces such as NDVI, TDVI, EHI, ET and LST were analyzed 

together with consolidated secondary biodiversity information. 

This incorporation provides us with a descriptive framework 

to investigate the relationship between changes in vegetation 

condition, temperature stress, moisture availability and habitat 

structure and taxon-specific faunal response patterns. 

During the research period, a significant change in the land-

scape was noted, including a 33.9% reduction in thick vegeta-

tion, 121.2% growth in built-up areas and an increase in max-

imum land surface temperature from 35.50°C to 48.99°C. The 

predicted overall vertebrate richness-equivalent response de-

clined from 334 reported species in the 2015 reference base-

line to around 109.8 richness-equivalent units by 2026. This 

decimal figure is a simulated reaction and should not be con-

strued as a direct species count or evidence of confirmed local 
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extinction. The most substantial shift was found during 2017–

2020, which coincided with rapid development of settlements, 

habitat modification and growing fragmentation. 

The four vertebrate groups showed different sensitivities to 

ecological impacts. By 2026, the highest predicted degrada-

tion response was seen for mammals (81.4%), followed by 

reptiles (68.1%), birds species (66.3%) and amphibians 

(45.9%). Mammalian and avian responses were comparatively 

more strongly described by vegetation related variables such 

as NDVI, TDVI and EHI. In comparison, the reactions of rep-

tiles and amphibians exhibited significantly stronger descrip-

tive relationships with the thermal and moisture-related mark-

ers, especially LST and ET. However, the low adjusted R2 val-

ues, overall model p-values >0.42, and small number of an-

nual observations suggest that these correlations were not sta-

tistically significant. Hence, their status as preliminary eco-

logical connections rather than established predictive or 

causal impacts should be acknowledged. 

The historical, ecological and statistical studies together of-

fered a tentative description of overall biodiversity vulnerabil-

ity in the Ukhiya–Teknaf area. Although the results need val-

idation with larger time series and systematic field-based bio-

diversity monitoring, the potential utility of combining re-

mote-sensing indicators with secondary faunal records for 

conservation evaluation was revealed. The trends discovered 

can promote habitat restoration, protection of forest corridors, 

climate-resilient ecosystem management and long-term biodi-

versity monitoring in rapidly changing tropical environments. 

5. Recommendation 

1) Geospatial-based biodiversity monitoring and early warn-

ing framework 

A continuous biodiversity-monitoring framework should be 

established by combining NDVI, TDVI, EHI, ET, LST and 

land-use indicators with standardized field observations. Such 

a framework could be used to monitor potential ecological 

stress, detect emerging patterns of habitat degradation and 

support timely conservation responses. Remote-sensing indi-

cators should be treated as ecological surrogates and periodi-

cally validated against field-based biodiversity records. 

2) Habitat restoration and ecological connectivity improve-

ment 

Priority should be given to improving habitat quality and 

maintaining landscape connectivity, particularly for large 

mammals and forest-dependent species. Degraded forest areas 

should be restored using native vegetation, and fragmented 

ecological corridors should be re-established where feasible. 

Restoration priorities should be informed by field assessments, 

habitat suitability and the spatial patterns identified through 

geospatial analysis. 

3) Wildlife corridor protection and taxon-specific conser-

vation 

Key wildlife corridors should be protected, and taxon-spe-

cific conservation measures should be developed for threat-

ened mammals, forest birds and herpetofauna, including rep-

tiles and amphibians. Particular attention should be given to 

areas where habitat fragmentation, thermal stress and chang-

ing moisture conditions may increase ecological vulnerability. 

4) Climate-resilient ecosystem management 

Nature-based adaptation measures should be applied in ar-

eas experiencing increasing temperature and moisture stress. 

These measures may include forest rehabilitation, wetland 

protection and the conservation of climate-sensitive micro-

habitats that support ectothermic organisms. Their effective-

ness should be evaluated through regular ecological and mi-

croclimatic monitoring. 

5) Long-term biodiversity database development and pre-

dictive modelling 

A long-term biodiversity information system should be de-

veloped by integrating standardized field surveys, secondary 

biodiversity records, remote-sensing data and relevant envi-

ronmental observations. Future statistical and species-distri-

bution models should be developed and validated using longer 

time series, larger sample sizes and independent field obser-

vations before being applied for prediction or conservation de-

cision-making. 

6) Integrated conservation governance and stakeholder col-

laboration 

Geospatial evidence should be incorporated into coordi-

nated conservation planning involving government agencies, 

researchers, conservation organisations and local communi-

ties. Participatory monitoring and data-sharing arrangements 

should be encouraged to support sustainable landscape man-

agement. These actions would contribute to SDG 13 (Climate 

Action), SDG 15 (Life on Land) and SDG 17 (Partnerships for 

the Goals). 

Abbreviations 

AI Artificial Intelligence 

DAAC Distributed Active Archive Center 

DEM Digital Elevation Model 

EHI Ecological Health Index 

EOSDIS Earth Observing System Data and 

Information System 

ESA European Space Agency 

ET Evapotranspiration 

EVI Enhanced Vegetation Index 

GIS Geographic Information System 

ID Identification 

IUCN International Union for Conservation of 

Nature 

LP Land Processes 

LST Land Surface Temperature 

MODIS Moderate Resolution Imaging 

Spectroradiometer 

MSI Multispectral Instrument 

NASA National Aeronautics and Space 
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Administration 

NDVI Normalized Difference Vegetation Index 

NIR Near-infrared 

SDG Sustainable Development Goal 

TDVI Transformed Difference Vegetation Index 

UN United Nations 

UNDP United Nations Development Programme 

UNHCR United Nations High Commissioner for 

Refugees 

USGS United States Geological Survey 

CODE OR 

SYMBOL 

Elaboration 

B4 Band 4 

B8 Band 8 

L3 Level 3 

MOD11A2 Modis/Terra Land Surface 

Temperature/Emissivity 8-day Level 3 

Global 1-km Sinusoidal Grid Product 

NDVImax Maximum Normalized Difference 

Vegetation Index 

NDVImin Minimum Normalized Difference 

Vegetation Index 

NDVInorm Normalized Difference Vegetation Index 

R2 Coefficient of Determination 

SIN Sinusoidal Grid Projection 

Author Contributions 

Nurul Hamid: Conceptualization, Formal Analysis, Inves-

tigation, Project administration, Resources, Software, Visual-

ization, Writing – original draft 

Md. Redwanur Rahman: Conceptualization, Data cura-

tion, Methodology, Supervision, Validation, Writing – review 

& editing 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, 

G. A. B., & Kent, J. (2000). Biodiversity hotspots for conser-

vation priorities. Nature, 403, 853-858.  

https://doi.org/10.1038/35002501 

[2] Sodhi, N. S., Koh, L. P., Brook, B. W., & Ng, P. K. L. (2010). 

Conservation biology for all. Oxford University Press.  

https://doi.org/10.1093/acprof:oso/9780199554232.001.0001 

[3] Hamid, N., & Rahman, M. R. (2026a). Land use and land cover 

change detection and impacts on biodiversity due to Rohingya 

settlement: A GIS and ENVI-based imagery analysis in the 

south-eastern region of Bangladesh. International Journal of 

Modern Science and Research Technology, 4(7), 435-453.  

https://doi.org/10.67317/IJMSRT26JUL092 

[4] Hamid, N., & Rahman, M. R. (2026b). Monitoring biodiversity 

and climate change impacts in Rohingya settlement areas of 

south-eastern coastal Bangladesh using multi-indexing remote 

sensing approach. International Journal of Modern Science 

and Research Technology, 4(7), 502-528.  

https://doi.org/10.67317/IJMSRT26JUL100 

[5] Pettorelli, N., Laurance, W. F., O’Brien, T. G., Wegmann, M., 

Nagendra, H., & Turner, W. (2014). Satellite remote sensing 

for applied ecologists: Opportunities and challenges. Journal 

of Applied Ecology, 51(4), 839-848.  

https://doi.org/10.1111/1365-2664.12261 

[6] Pettorelli, N., Vik, J. O., Mysterud, A., Gaillard, J. M., Tucker, 

C. J., & Stenseth, N. C. (2005). Using the satellite-derived 

NDVI to assess ecological responses to environmental change. 

Trends in Ecology & Evolution, 20(9), 503-510.  

https://doi.org/10.1016/j.tree.2005.05.011 

[7] Xue, J., & Su, B. (2017). Significant remote sensing vegetation 

indices: A review of developments and applications. Journal of 

Sensors, 2017, Article 1353691.  

https://doi.org/10.1155/2017/1353691 

[8] Fahrig, L. (2003). Effects of habitat fragmentation on biodiver-

sity. Annual Review of Ecology, Evolution, and Systematics, 34, 

487-515.  

https://doi.org/10.1146/annurev.ecolsys.34.011802.132419 

[9] Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., & 

Courchamp, F. (2012). Impacts of climate change on the future 

of biodiversity. Ecology Letters, 15(4), 365-377.  

https://doi.org/10.1111/j.1461-0248.2011.01736.x 

[10] United States Geological Survey. EarthExplorer. Available 

from:  

https://earthexplorer.usgs.gov/ (accessed 25 August 2026) 

[11] European Space Agency. Copernicus Data Space Ecosystem. 

Available from:  

https://dataspace.copernicus.eu/ (accessed 25 August 2026) 

[12] NASA LP DAAC. (2021). MODIS/Terra Land Surface Tem-

perature/Emissivity 8-Day L3 Global 1 km SIN Grid V061 

(MOD11A2). NASA EOSDIS Land Processes Distributed Ac-

tive Archive Center.  

https://doi.org/10.5067/MODIS/MOD11A2.061 

[13] Newbold, T., Hudson, L. N., Hill, S. L. L., Contu, S., Lysenko, 

I., Senior, R. A., Börger, L., Bennett, D. J., Choimes, A., Collen, 

B., Day, J., De Palma, A., Díaz, S., Echeverria-Londoño, S., 

Edgar, M. J., Feldman, A., Garon, M., Harrison, M. L. K., 

Alhusseini, T., … Purvis, A. (2015). Global effects of land use 

on local terrestrial biodiversity. Nature, 520, 45-50.  

https://doi.org/10.1038/nature14324 

[14] Haddad, N. M., Brudvig, L. A., Clobert, J., Davies, K. F., Gon-

zalez, A., Holt, R. D., Lovejoy, T. E., Sexton, J. O., Austin, M. 

P., Collins, C. D., Cook, W. M., Damschen, E. I., Ewers, R. M., 

Foster, B. L., Jenkins, C. N., King, A. J., Laurance, W. F., 

Levey, D. J., Margules, C. R., … Townshend, J. R. (2015). 

Habitat fragmentation and its lasting impact on Earth’s ecosys-

tems. Science, 344(6187), 150-155.  

https://doi.org/10.1126/science.1250728 

http://www.sciencepg.com/journal/ajrs


American Journal of Remote Sensing http://www.sciencepg.com/journal/ajrs 

 

97 

[15] United Nations Development Programme (UNDP), & United 

Nations Entity for Gender Equality and the Empowerment of 

Women (UN Women). (2018). Report on environmental im-

pact of Rohingya influx. United Nations Development Pro-

gramme Bangladesh. 

https://www.undp.org/bangladesh/publications/report-envi-

ronmental-impact-rohingya-influx 

[16] Crooks, K. R., Burdett, C. L., Theobald, D. M., Rondinini, C., 

& Boitani, L. (2017). Quantification of habitat fragmentation 

reveals extinction risk in terrestrial mammals. Proceedings of 

the National Academy of Sciences, 114(29), 7635-7640.  

https://doi.org/10.1073/pnas.1705769114 

[17] Bregman, T. P., Lees, A. C., MacGregor, H. E. A., Darski, B., 

de Moura, N. G., Aleixo, A., Barlow, J., & Tobias, J. A. (2016). 

Using avian functional traits to assess the impact of land-cover 

change on tropical forest biodiversity. Diversity and Distribu-

tions, 22(10), 1075-1086. https://doi.org/10.1111/ddi.12485 

[18] Cox’s Bazar South Forest Division, Bangladesh Forest Depart-

ment. (2026). Official website of Cox’s Bazar South Forest Di-

vision. Government of the People’s Republic of Bangladesh. 

https://forestsouth.coxsbazar.gov.bd 

[19] Cox’s Bazar South Forest Division: Forest management and 

biodiversity information. Government of the People’s Republic 

of Bangladesh. https://forestsouth.coxsbazar.gov.bd/ 

[20] Protected areas and wildlife conservation information: Inani 

National Park. Ministry of Environment, Forest and Climate 

Change, Government of the People’s Republic of Bangladesh.  

https://bforest.gov.bd/ 

[21] Nishorgo Network. Nishorgo: Protected Areas, Biodiversity 

Conservation and Co-management Information System. Avail-

able from: https://nishorgo.org/ (accessed 25 August 2026). 

[22] Nishorgo Network. Teknaf Wildlife Sanctuary: Protected Area 

Profile and Biodiversity Information. Available from: 

https://nishorgo.org/project/teknaf-wildlife-sanctuary/ (ac-

cessed 25 August 2026). 

[23] United Nations Development Programme. (2024). Bangladesh 

environmental and biodiversity conservation resources.  

https://www.undp.org/bangladesh 

[24] United Nations High Commissioner for Refugees. (2025). Op-

erational data portal: Bangladesh refugee response and envi-

ronmental information resources.  

https://data.unhcr.org/en/situations/myanmar_refugees 

[25] Betts, M. G., Wolf, C., Ripple, W. J., Phalan, B., Millers, K. A., 

Duarte, A., Butchart, S. H. M., & Levi, T. (2017). Global forest 

loss disproportionately erodes biodiversity in intact landscapes. 

Nature, 547, 441-444. https://doi.org/10.1038/nature23285 

[26] Stuart, S. N., Chanson, J. S., Cox, N. A., Young, B. E., Ro-

drigues, A. S. L., Fischman, D. L., & Waller, R. W. (2004). 

Status and trends of amphibian declines and extinctions world-

wide. Science, 306(5702), 1783-1786.  

https://doi.org/10.1126/science.1103538 

[27] Scheele, B. C., Pasmans, F., Skerratt, L. F., Berger, L., Martel, 

A., Beukema, W., Acevedo, A. A., Burrowes, P. A., Carvalho, 

T., Catenazzi, A., De la Riva, I., Fisher, M. C., Flechas, S. V., 

Foster, C. N., Frías-Álvarez, P., Garner, T. W. J., Gratwicke, 

B., Guayasamin, J. M., Hirschfeld, M.,.. Canessa, S. (2019). 

Amphibian fungal panzootic causes catastrophic and ongoing 

loss of biodiversity. Science, 363(6434), 1459-1463.  

https://doi.org/10.1126/science.aav0379 

[28] Nagendra, H., Lucas, R., Pradinho Honrado, J., Jongman, R. H. 

G., Tarantino, C., Adamo, M., & Mairota, P. (2013). Remote 

sensing for conservation monitoring: Assessing protected ar-

eas, habitat extent, habitat condition, species diversity and 

threats. Ecological Indicators, 33, 45-59.  

https://doi.org/10.1016/j.ecolind.2012.09.014 

[29] International Union for Conservation of Nature (IUCN) Bang-

ladesh. (2015). Red List of Bangladesh: Volume 2—Mammals. 

IUCN Bangladesh Country Office, Dhaka, Bangladesh. 

https://www.iucnredlist.org/ 

[30] Pettorelli N, Laurance WF, O’Brien TG, Wegmann M, Nagen-

dra H, Turner W. Satellite remote sensing for applied ecologists: 

Opportunities and challenges. Journal of Applied Ecology. 

2014; 51(4): 839–848.  

https://doi.org/10.1111/1365-2664.12261 

[31] Boakes EH, McGowan PJK, Fuller RA, Chang-qing D, Clark 

NE, O’Connor K, Mace GM. Distorted views of biodiversity: 

Spatial and temporal bias in species occurrence data. PLoS Bi-

ology. 2010; 8(6): e1000385.  

https://doi.org/10.1371/journal.pbio.1000385 

[32] MacKenzie DI, Nichols JD, Lachman GB, Droege S, Royle JA, 

Langtimm CA. Estimating site occupancy rates when detection 

probabilities are less than one. Ecology. 2002; 83(8): 2248–

2255.  

https://doi.org/10.1890/0012-

9658(2002)083%5B2248:ESORWD%5D2.0.CO;2 

[33] Babyak MA. What you see may not be what you get: A brief, 

nontechnical introduction to overfitting in regression-type 

models. Psychosomatic Medicine. 2004; 66(3): 411–421.  

https://doi.org/10.1097/01.PSY.0000127692.23278.A9 

[34] Pyper BJ, Peterman RM. Comparison of methods to account 

for autocorrelation in correlation analyses of fish data. Cana-

dian Journal of Fisheries and Aquatic Sciences. 1998; 55(9): 

2127–2140.  

https://doi.org/10.1139/f98-104 

[35] Yu H, Hutson AD. A robust Spearman correlation coefficient 

permutation test. Communications in Statistics—Theory and 

Methods. 2024; 53(6): 2141–2153.  

https://doi.org/10.1080/03610926.2022.2121144 

[36] Moritz S, Bartz-Beielstein T. imputeTS: Time series missing 

value imputation in R. The R Journal. 2017; 9(1): 207–218.  

https://doi.org/10.32614/RJ-2017-009 

[37] Wasserstein RL, Lazar NA. The ASA statement on p-values: 

Context, process, and purpose. The American Statistician. 2016; 

70(2): 129–133.  

https://doi.org/10.1080/00031305.2016.1154108 

 

http://www.sciencepg.com/journal/ajrs


American Journal of Remote Sensing http://www.sciencepg.com/journal/ajrs 

 

98 

Biography 

Nurul Hamid is an Assistant Professor in the Botany Discipline under the Ministry of Education, Government of 

Bangladesh, and currently a PhD Fellow at the Institute of Environmental Science (IES), University of Rajshahi, 

Bangladesh. His research expertise lies in ecology, biodiversity conservation, and geospatial science, with a strong 

focus on understanding ecosystem dynamics and environmental change. His research integrates spatial ecological 

modelling to assess biodiversity patterns and ecosystem changes. Through interdisciplinary ecological and geospatial 

approaches, his work supports evidence-based conservation, sustainable resource management, and informed envi-

ronmental policy development. He is committed to advancing biodiversity research and ecosystem conservation under 

changing environmental conditions. 

Md. Redwanur Rahman is an academic and researcher at the Institute of Environmental Science, University of 

Rajshahi, Bangladesh. His research interests include ecology, biodiversity, ecosystems, climate change, and sustain-

able natural resource management. His research particularly focuses on biodiversity, aquatic food systems, environ-

mental pollution, microplastics, and the impacts of human activities on ecosystems. He also investigates species in-

teractions, ecosystem functioning, and the effects of environmental and climatic changes on biodiversity. Through 

field-based ecological studies and laboratory analyses, his research contributes to a better understanding and sustain-

able management of aquatic and terrestrial ecosystems. 

 

 

http://www.sciencepg.com/journal/ajrs

