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Abstract

One of the greatest challenges to ecosystems is the rapidity of climate change, and their ability to adjust
swiftly will be constrained. Climate change will disrupt the ecological balances, causing species to track
suitable habitats for survival. Consequently, understanding the species' response to climate change is
crucial for its conservation and management, and for enhancing biodiversity through effective
management. This research intends to examine the response of the vulnerable Buchanania
cochinchinensis species to climate change. We modeled the potential suitable habitats of B.
cochinchinensis for the present and future climatic scenario proxies based on the Shared Socioeconomic
Pathways (SSP) i.e. SSP126, 245, 370 and 585. Maxent was used to simulate the potential habitats of B.
cochinchinensis. The study found ~ 28313 sq km (~ 10.7% of the study area) was a potentially suitable
habitat of B. cochinchinensis for the current scenario. The majority of the suitable habitat area ~ 25169
sg km occurred in the central and southern part of the study area. The future projection shows that the
suitable habitat to largely increase in the range of 10.5-20% across all the SSPs, with maximum gain ~
20% for SSP 126. The mean temperature of the wettest quarter (Bio_08) was the most influential
contributing variable in limiting the distribution of B. cochinchinensis. The majority of the suitable habitat
area occurred in the vegetation landscape. The study shows southward shifting of B. cochinchinensis
habitat by 2050. The phytosociological research determined B. cochinchinensis as Shorea robusta’s
primary associate. Our research provides significant insight into the prospective distribution scenario of
B. cochinchinensis habitat and its response to diverse socioeconomic scenarios, and offers a solid
foundation for management of this extremely important species.

Highlights

e The study emphasizes the robustness of B. cochinchinensis habitat to diverse Socioeconomic
scenarios.

* B. cochinchinensis habitat shows a southward shift in the future (2050).
e B. cochinchinensisis found as an associate of D. sissoo.

e B. cochinchinensis is a promising species in wasteland and dry land management.

1 Introduction

Climate change coupled with anthropogenic stresses pose a great threat to the ecosystem (Ledn et al.
2020). Its combined influence altered environmental niches, forcing species' habitat range to migrate
(Zhongming et al. 2020). The habitat range may expand or contract, influencing the tolerant limits of a
species (Kraemer et al. 2021). Climate change has also caused extinction and several studies have
predicted shifting of species habitat (Hickling et al. 2005; Melles et al. 2011). The increased
anthropogenic pressure has led to exploitation of various important tree species (Acacio et al. 2017).
Thus, understanding a species' potential adaptability to climate change is crucial for ensuring its survival
(Pearson and Dawson 2003; Raxworthy et al. 2003). Especially, species with high socio-economic
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significance are more likely to be affected by such stresses. B. cochinchinensis (Lour.) M.R. Almedia, is
one such tree species that has been overexploited due to its great medicinal and socioeconomic value.
The International Union for the Conservation of Nature (IUCN) has listed the species as vulnerable due to
indiscriminate and illegal logging by local inhabitants (Prasad 2020).

B. cochinchinensis is endemic to the tropical dry deciduous forests of India (Siddiqui et al. 2014) and is
found as an associate of S. robusta, Anogeissus pendula, Tectona grandis, Boswellia serrata and
Madhuca longifolia in natural forests (Sharma 2012). It is a reliable source of income for indigenous
people owing to its delicious wild fruits with pleasant sub-acidic flavour (Malakar et al. 2022) or its seeds
and kernels which are delicious, nutritious, and used in confectioneries as an alternative for almonds
(Singh et al. 2018). The sweet, non-toxic, edible oil produced from the kernels may be employed as a low-
cost alternative of cooking oil (Avani et al. 2019). The species also yields moderate-quality timber with
natural termite resistance, which is used to make light furniture, boxes and crates, tables, match boxes,
and packing cases. With some minor modifications and treatments, its wood holds a great prospect in
the timber industries as they are highly economical (Malakar et al. 2023). The bark contains around 14%
tannin and can be useful in tanning industries. The roots of B. cochinchinensis are astringent, depurative,
acrid, constipating (Kala 2009). The leaf juice can be used as an aphrodisiac, purgative, expectorant,
blood purifier, thirst quencher, and diuretic. (Rajput et al. 2018). Its fruits are used to relieve high body
temperature, fever, cough, asthma etc. (Dai et al. 2002). The paste of its bark and leaves are reported to
treat poisonous snake bites (Shukla et al. 2001).

B. cochinchinensis shows a high tolerance to adverse climatic conditions (Rajput et al. 2018). Its deep
tap roots allow it to maintain high water potentials in scarcity of moisture during severe drought
conditions (Zhang et al. 2007). The species prefers a dry, sub-humid climate. It can withstand a wide
range of temperatures as high as 45°C and low to moderate annual rainfall of 750-1200 mm (Chauhan
et al. 2012). Understanding B. cochinchinensis'response to climate change is the focus of the present
work. To accomplish this, we have utilized Maxent to simulate the potential distribution of B.
cochinchinensis under present and future temperature scenarios. Maxent uses presence data to estimate
the optimal scenario for species distribution (Wisz et al. 2008; Chitale and Behera 2012; Deb et al. 2017,
Kumar et al. 2020). Numerous studies have demonstrated the use of machine learning tools to determine
species response to climate change (Tiwari et al. 2021; Ghosh et al. 2021; Souza et al. 2022; Siddig
2016). Concerning B. cochinchinensis, however, we could find only one such study (Mishra et al. 2021),
that modeled the future prospective distribution scenario, for different Representative Concentration
Pathways (RCPs). Considering the socio-economic relevance of B. cochinchinensis, we assume that
modeling the prospective distribution of B. cochinchinensis under the influence of SSP, can project a more
realistic scenario (Song et al. 2022). Further, phytosociological evaluation is also important for realizing
the relative distribution abundance of this species in the region. We used historical climatic data (1970-
2000) and four different types of future climatic scenarios that are SSPs 126, 245, 370 and 585 from the
MIROCS6 climate model for the year of 2041-2060 to evaluate the habitats suitable for B.
cochinchinensis. Analyzing probable distribution scenarios with respect to its current phytosociological

status, can provide better insights in determining prospective distribution scenarios for a species (Wani et
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al. 2021). The previous study lacks these aspects and we intend to fill these gaps. The present study
aims to (i) study and assess the distribution abundance of B. cochinchinensis(ii) model the potential
distribution range of B. cochinchinensis for the current and future scenario for different SSPs; (iii)
Correlation of the habitat suitability with the phytosociological for B. cochinchinensis. It is expected that
the outcome of the study will provide better insights to the current vegetation scenario of the region,
especially of B. cochinchinensis and its response to diverse socioeconomic scenarios.

2 Materials and Methodology
2.1 Study Area:

The study area lies between 83° E to 90° E latitude and 21° N to 28° N longitude (Fig. 1) and is
surrounded by Bhutan, Nepal and Bangladesh. The study area features diverse landforms, including hills,
plateaus, plains, and the Bay of Bengal coastline (Garai et al. 2022). The Great Himalayan Range located
in the northern portion and the Sundarbans in the southern portion of the study area are the regions of
global importance. Tropical dry and moist deciduous forests, subtropical woods, and subtropical broad-
leaved montane forests are the predominant forest types in the region (Sharma et al. 2022). The central
part is primarily a plateau, and has a prominent tribal population, and is a mineral hotspot of the country.
Consequently, it is the most land-degraded part of the country. Being tribal dominated, Non Timber Forest
Products (NTFP) are a major source of livelihood support to the majority of the marginal population
settled in the forest fringe.

2.2 Field Survey

We used multistage stratified sampling to collect B. cochinchinensis geographical locations from forest
and agricultural landscapes in the study area during the pre and post-monsoon months of 2020-2022.
Trees with DBH >30 cm at 1.37 m above ground were GPS-tagged (Swayze and Tinkham 2022). We
preferred strong canopy cover, no stagheads, injuries, or root-exposed trees for recording coordinates
using the GPS (Garmin etrex 30x) with an accuracy of + 8. We used 10m x 10m grids to survey forest
ranges using the Nested Quadrat Method (Misra 1968). Spatial thinning of occurrence data has been
done to significantly reduce the sampling bias (Aiello-Lammens et al. 2015). Overall 249 ground points
were used for the B. cochinchinensis occurrence. To physically validate the modeled area of B.
cochinchinensis, we randomly visited 47 locations. These locations were not part of prior field surveys.

2.3 Bioclimatic variables and habitat modeling

We used WorldClim version 2.1 bioclimatic data from Bio_1 to Bio_19 (Table S1) with a spatial resolution
of 30 arc seconds (~ 1 km) (Fick and Hijmans 2017) for current and future scenarios, acquired from the
WorldClim site (http://www.worldclim.org). Current statistics represent an average of 1970-2000,
whereas future data span 2041-2060. As a proxy to future socioeconomic scenarios, we used Shared
Socio-economic Pathways (SSPs) i.e. 126, 245, 370 and 585 from the Coupled Model Intercomparison
Project phase 6 (CMIP6). The Global Climate Model (GCM), Model for Interdisciplinary Research on
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Climate 6 (MIROC6) was employed (Sharma et al 2022) to model the potential habitat distribution of B.
cochinchinensis.

To avoid model overfitting (Profirio et al. 2014), highly correlated variables were removed using
multicollinearity tests. Pearson's R value 0.8 was considered as a threshold (Yadav et al. 2021). We
evaluated the probable distribution zone of B. cochinchinensis using Maximum Entropy (MaxEnt) version
3.4.4 (Phillips et al. 2022). Numerous studies (Padalia et al. 2014; Elith et al. 2006; Panda et al. 2018)
have shown that Maxent is the most resilient and accurate tool to model species habitat We clipped the
bioclimatic data using the study area shape file and converted it into the American Standard Code for
Information Interchange (ASCII) format. We arranged all data in the same projection system and uniform
geographical extent to successfully run the model. We considered all the model parameters stated by
Phillips (2017). The mean test AUC for the 15 times replicate runs was 0.853 (Fig. S1) with a standard
deviation of 0.014. Maxent algorithm defines the model accuracy performance through the AUC (Area
Under Curve) value under the ROC (Receiver Operating Characteristic) curve. It determines the continuity
of the model using the trial data (Peterson 2006; Lobo et al. 2008). The most contributing variable was
determined using the Jackknife test (Fig. S2). The test evaluates which bioclimatic variable contributes
most in limiting the distribution of species under the consideration (Young et al. 2011). Figure 2
demonstrates the ROC curve for the most contributing variable Bio_8.

2.4 Calculation of Importance Value Index (IVI):

The number of species and the ratio in which each species is geospatially dispersed in any community
are the most prevalent expressions of any ecosystem which can be measured by calculating the
Importance Value Index (IVI) of the occurring species (Vidhyarthy 2011). Sample quadrates of 10m X
10m were laid down in Tropical moist deciduous forests and Tropical dry deciduous forests, respectively,
to assess tree species diversity. We further analyzed the recorded data quantitatively for calculating
frequency, density, dominance and the relative values of these parameters (Curtis 1959; Misra 1968).
Importance Value Index (IVI) of the available tree species (Mueller-Dombois and Ellenberg 1974) was
calculated based on species dominance because it has been demonstrated to be more appropriate when
calculating IVI for tree communities with greater girth (Bhadra and Pattanayak 2017). Shannon-Wiener
index (Shannon and Weiner 1963), Simpson’s index of diversity (Simpson 1949) and Pielou’s Evenness
index (Pielou 1966) for both forest types were calculated.

2.5 TSS Analysis

We further evaluated the model efficacy using, the overall accuracy, True Skill Statistics (TSS) and kappa
statistics. TSS normalizes the overall accuracy by the accuracy that would have happened by chance
solitary. TSS values > 0.6 represent good to excellent performance (Komac et al. 2016), and imply a
greater agreement between the observed and anticipated species distribution (Allouche et al. 2006).
Kappa statistics vary from - 1 to + 1, where + 1 indicates perfect agreement (Cohen 1960). The calculated
TSS value of 0.58 (Table S2), along with overall statistics of 89% and kappa value of 1, indicates good
model performance.
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3 Results

3.1 Projected distribution range of B. cochinchinensis for
the current scenario

The study exhibited a prominent distribution of suitable habitat of B. cochinchinensis in the central and
southern part of the study area. The study showed that 28313 sq km (~ 10.7% of the total geographical
area of the study region) is currently suitable for B. cochinchinensis habitat. The majority of the ~ 25611
sq km distribution area is located in the central and southern regions. Study also showed a sporadic
distribution in the northern part (Fig. 3a). The modeled potential sites ranged between ~ 33 to 1,225
meters elevation (Fig. S4). The LULC wise distribution analysis revealed that the majority of suitable
habitat ~ 61% occurred under the vegetation class, followed by ~ 25% on cropland (Fig. 3b and Fig. 4).

3.2 Projected distribution range of B. cochinchinensis for
the future scenario (2050)

The study shows that the potentially suitable habitat of B. cochinchinensis is increasing from SSP126 to
SSP370, but for the extreme scenario SSP 585(Fig. 5). The model predicted an increase in suitable
habitat for B. cochinchinensis of ~ 67%, 35.43% and 31.39% for SSP 126, 245 and 370 respectively, but a
slight ~ 3% decrease for SSP 585 than the current suitable habitat area (Fig. 6). The distribution pattern
depicts southward shifting of habitat, and intensifying in the central and southern part.

3.3 Calculation of Importance Value Index (IVI)

The analysis of the Importance Value Index (IVI) from the collected data revealed that S. Robusta showed
the highest IVI for the two studied forests (Fig. 7, Fig. 8 and Fig. S3). This result is very much pertinent as
both Tropical dry and moist deciduous forests are dominated by the species S. Robusta (Sahu et al.
2012). S. robusta demonstrated the greatest Important Value Index (IVI) for the two forests under study,
according to the analysis of the data that was gathered (Table S3 and Table S4). This finding is
extremely relevant because S. robusta dominates both tropical moist and dry deciduous forests. B.
cochinchinensis, the species of interest in this study, comes in second place in tropical moist deciduous
forests and third place in tropical dry deciduous forests. The importance of B. cochinchinensis as a
significant companion in the forests of S. robusta is well established. The study area is the natural
distribution zone of S. robusta, B. cochinchinensis and other major species such as M. longifolia,
Lagerstroemia parviflora, Diospyros melanoxylon, Terminalia alata, and Casearia tomentos are corded
through phytosociological study. All of these species are native to the study area and thrive there
naturally. But, due to the anthropological and varying climatic conditions most of these species are on
decline.

4 Discussion
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The study showed a prevalence of potentially suitable sites of B. cochinchinensis distribution for the
current climatic scenario, in the central and southern part of the study area. The prominent distribution of
B. cochinchinensis on the modeled locations was consistent with field surveys. The mean temperature of
the wettest quarter (Bio_8) contributed the most towards limiting the distribution of B. cochinchinensis.
The results for the future scenario indicate that the potentially suitable habitats will increase or remain
intact across all the SSPs in the central and south-west parts, but will decrease in the south-east portions.
Potentially suitable B. cochinchinensis modelled sites were primarily located in the relatively drier portion
of the study area (Deshmukh and Ganeshani 2013). Thus, it demonstrates its utmost significance in
horticulture practices for dry land and the improvement of the wastelands.(Hiwale and Hiwale 2015). The
larger picture of the modeled habitat scenario depicts an increase in potentially suitable habitat of B.
cochinchinensis across all the SSPs. In particular, the study predicts the optimal scenario for potentially
suitable habitat under SSP 126. This looks logically agreeable, as SSP 126 portrays a sustainable
socioeconomic scenario. Numerous studies have demonstrated the importance of sustaining the use of
natural resources (Qi et al. 2022; Cao et al. 2021). For middle SSP pathways SSP245 and SSP370 also,
the study showed an increase in the potentially suitable habitat of B. cochinchinensis. However, for SSP
585, the overall area may decline slightly. The increase in potentially suitable habitat for middle pathways
i.e. SSP 245 and SSP 370 indicate resilience of B. cochinchnensis to possible climate change conditions
due to increasing socio economic pressure. Yet, resource constraints may cause restricted migration
(Benveniste et al. 2022), as increasing anthropogenic pressure is one of the major causes for diminishing
natural resources (Vanbergen and IPI 2013). Further, the study demonstrating increase in potentially
suitable habitat, only indicates the optimal environmental conditions for growth of B. cochinchinensis.
Yet, considering its social and medicinal significance (Sharma et al. 2012; Rodriguez et al. 2017) and
rising population growth (Pelletier et al. 2019; Sher et al. 2010), the actual scenario of B. cochinchinensis
distribution may be restricted than its current distribution status. Moreover, other factors such as forest
fire (Chowdhury and Hassan 2015) and projected increase in invasive species (Tiwari et al. 2021; Sharma
et al. 2022) are also major concerns for native resources.

The analysis revealed southward shifting of potentially suitable habitat of B. cochinchinensis, with
prominence of distribution may occur in the central part of the study area (Mishra and Tiwari 2018). A
similar study on another drought-tolerant species M. longifolia, also showed southward shifting of
suitable habitat in the eastern Indian region(Garai et al. 2021). Numerous studies focused on the
responses of species to climate change have shown evidence of habitat shifts (McHenry et al. 2019;
Hazen et al. 2013; Liu and Mai 2022; Hu and Dong 2022, Mohammad et al. 2022).

The B. cochinchinensis VI value shows that it grows well in both tropical dry deciduous forests and
tropical moist forests. The higher IVI rank of B. Cochinchinensis in tropical dry deciduous forests
corroborates its arid tolerance (Biswas and Khan 2011). The phytosociological analysis showed, B.
cochinchinensis is one of the major associates of S. robusta, which is the most dominating species in the
study area (Kumar and Saikia 2020). The overlapping of prospective suitable habitat areas with IVl value
points to better growth conditions for B. cochinchinensis.
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Previous research indicates that climate change (Ellwood et al. 2013) and socioeconomic factors (Ray et
al. 2015) have caused B. cochinchinensis to migrate. Due to diminishing vegetation, forests are also
experiencing land degradation stress (Chalise et al. 2019; Solomun et al. 2018). Considering the resilience
of B. cochinchinensis to degraded lands (Rajput et al. 2018), conserving and promoting B.
cochinchinensis in such areas can help address the land degradation. These initiatives should adopt a
mixed plantation strategy in addition to soil moisture conservation measures. The high distribution B.
cochinchinensis was primarily found in mixed natural landscapes. Especially, the Palamau Tiger Reserve
(PTR) being a protected site, consists of a notable distribution of B. cochinchinensis. We did not find the
presence of B. cochinchinensis in the isolation along the agriculture fields or homestead. This points out
that isolated patches are more vulnerable to human and climatic stress (Benchimol and Peres, 2015).

Overall, the study demonstrated the robust resilience of B. cochinchinensis to diverse socioeconomic
scenarios. Correlating, the modeled suitable habitat to phytosociological study and physical validation
(Boral and Moktan 2021; Wani et al. 2021) of the potentially projected sites was the major strength of the
current study. Physical validation of modeled suitable habitats was another strength of this study. The
study showed B. cochinchinensis as the main associate of S. Robusta and grows well in mixed
populations.Present study projected the potential suitable habitats of B. cochinchinensis using the SSP
pathways. Considering the wide use of B. cochinchinensis in the food industry and for medical purposes,
the future distribution scenario with respect to the expected SSP scenarios portrays a more realistic
picture and adds to technical strength of the study (Zhang et al. 2022; Song et al. 2022). Given the
predicted vigorous resilience of B. cochinchinensis to climate change, an ex-situ strategy can be adapted
to further introduce B. cochinchinensis to sites deemed suitable by the present study. The projection of
suitable sites enables better decision making for introducing species into a new area. Another implication
is identification of distribution patches established through the extensive field surveys. The information
on healthy patches enables collection of superior germplasm for propagation activities (Degrande et al.
2013). The prospective shifting of habitats projected by the current and other comparable research
contributes in terms of comprehending the anticipated future alteration of the region's biological
composition and ecosystem services (Inague et al. 2021). The information generated from the study also
contributes to the environmental security framework (Zurlini and Miiller 2008). Taking into account the
drought resistance of B. cochinchinensis, the extension of its habitat, especially in the middle portion of
the study region, points to prospective future prevalence of drought conditions in this part.This region of
the country has the most degraded land conditions (Chamberlain 2013).

Although predictive modeling offers a practical approach for identifying the future potential migration
hot-spots, yet considering the local physical factors would provide a more realistic and locally adaptable
strategy (Horton et al. 2021). Considering the coarser resolution of the bioclimatic variables, the modeled
area may be exaggerated. Moreover, land use change, anthropogenic influences, and invasion does not
seem to decrease, thus including these elements can provide a more realistic assessment. The current
study examined the potential habitat response of B. cochinchinensis using a single climatic scenario,
MIROCS6; however, adopting an ensemble approach could provide more precise estimates. Nevertheless,

addressing such symptoms caused due to anthropogenic influences and climate related concerns and
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adopting a sustained approach is crucial for biodiversity conservation and livelihood support to
indigenous people and communities living in forest fringe. In light of the rapidly changing socioeconomic
scenarios, the study offers further scope for deploying SSPs to address diverse ecological and social
studies.

5 Conclusion

The study found B. cochinchinensis resilient to climate change and highlighted its latent prospects in
terms of its drought and degraded land tolerance potential. The study indicated that by 2050, the suitable
habitat of B. cochinchinensis, will largely expand with prominence in the central part and shift
southward.The species naturally occurs in forest landscape primarily as the major associate of S.
robusta. However, the species' tendency to coexist with naturally occurring forest species offers a barrier
to its cultivation or introduction in suitable forest regions, as a significant part of its highly suited habitat
has been degraded. It is crucial to address these concerns to achieve healthier ecosystems and preserve
ecosystem services indispensable to the indigenous peoples and communities. In order to prevent the
continued depletion of natural resources, land management and conservation strategies focusing on
natural landscapes are recommended.
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Figure 1

Location map of the study area including state boundary of Jharkhand, Bihar and West Bengal

Page 18/25



Bio_08

1.0

13.733 20.983

Figure 2

The ROC curve for Bio_08, the most influential variable in restricting the distribution of B.
cochinchinensis. The graph demonstrates that, value ranging ~ 20 to 27 is most suitable for the
distribution of B. cochinchinensis. The value initially rises from 13.733 and gains the optimal range
between ~20 to 25 before beginning to decline. Bio_08 values greater than 27 fall precipitously to 29.983
before reaching a saturated state.
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Figure 3

(@) Potential distribution range of B. cochinchinensis for current scenario. The map shows the
prominence of the potential distribution range of B. cochinchinensis in the central and southern part. Few
sporadic distributions can also be seen on the northern part. (b)The LULC wise map shows suitable
habitat range mostly occurring over vegetation and cropland classes.
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Figure 4

The graph illustrates LULC class wise distribution of potentially suitable habitats of B. cochinchinensis
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Figure 5

Map showing potential distribution range of B. cochinchinensis for 2050 under different SSP pathways
(@) SSP 126 (b) SSP 245 (c) SSP 370 (d) SSP 585. The graph demonstrates southward shifting of
suitable habitat. The suitable habitat area of B. cochinchinensis to increase across scenarios SSP 126,
245, and 345, but decline for SSP 585.
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Figure 6

Potentially suitable habitat area of (in percentage) of B. cochinchinensis for different shared
socioeconomic pathways. By 2050, the suitable habitat area for B. cochinchinensis is expected to rise for
SSPs 126, 245, and 370, but may slightly decrease for SSP 585, as shown in the graph. The graph depicts
the potential for SSP126 to reach its maximal habitat gain.
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Importance Value Index and Shannon-Weiner diversity Index for tree species available in the study area

falling under Tropical dry deciduous forests (Group 5).
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Figure 8

Importance Value Index and Shannon-Weiner diversity Index for tree species available in the study area
falling under Tropical moist deciduous forests (Group 3)
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