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Abstract: Species dispersal from a territorial zone is a complex process. The reasons for species
dispersal are determined by both natural and human factors. The purpose of this study is to develop
a cost surface for a hypothetical landscape that accounts for various species dispersion features.
With tigers (Panthera Tigris Tigris) as the focal species, a model for a hypothetical landscape has been
built to predict the dispersion patterns of the species' individuals from one habitat patch to another.
Initially, four major factors influencing tiger dispersal are explored. Following that, Game Theory
assigns a score to each grid in the landscape matrix based on the landscape features in the focal
landscape. Specific predefined ratings are also utilized for scenarios that are very complex and may
change depending on variables, such as the interaction of the dispersing tiger with co-predators.
The two scores mentioned above are combined to create a cost matrix that is shown across a
landscape complex to estimate the impact of each landscape component on tiger dispersal. This
approach helps wildlife managers develop conservation plans by recognizing important
characteristics in the landscape. The results of the model like the one described in this work might
be beneficial for a wide range of wildlife management activities such as corridor management, smart
patrols, and so on. A cost surface over any focal landscape may serve as a basis for policy and
purpose design based on current landscape conditions.

Keywords: computation; cost allocation; dispersal; game theory; landscape

1. Introduction

Individuals of many species disperse from one habitat patch to the another for a variety of
reasons, including ecological factors and human disturbances (Fourcade, 2016). For a few species,
dispersion outside of their native area is a regular occurrence and a required part of their life cycle
(Clobert et al., 2009, Montero-Pau and Serra, 2011). Several landscape characteristics in every focal
landscape complex might inhibit or facilitate such dispersals (Shanu et al., 2019). To study these
dispersals, the possibility of dispersion, and dispersal patterns of individuals of distinct species, it is
critical to understand the interaction of the species with the underlying landscape features (Carter et
al., 2015).

The dispersal of species occurs naturally, as aforementioned. In order to avoid inbreeding,
control food chain pressure, and maintain other ecologically significant features of each focal
landscape, species disperse from one home range to the next (Bulte and Damania, 2008). Therefore, a
vital aspect of nature that is necessary to maintain equilibrium among various phenomena and,
consequently, to maintain the ecological balance is species dispersal (Holloway and Miller, 2017). It
might take place in a single Protected Area (PA) or across several PAs. Because both of these
dispersals are essentially the same, they have a shared origin. Any focal landscape may experience a
variety of kinds of collaboration, defections, support, and multilayer conflicts, all of which can
facilitate or obstruct species dispersal (Egyed and Grunbacher, 2004).

Landscape complexes have a variety of biotic and abiotic traits and are dynamic. These traits
come together to form a group of elements that interact with the dispersing species and provide it
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with support on either a favorable or negative scale (JRsted et al., 2017). Therefore, a specie's
individual dispersion is an emergent phenomenon resulting from the interactions of the landscape
complex. Additionally, each parameter interacts with different species in different ways, and each
species receives a distinct level of support or inhibition. Hence, it may be claimed that a species'
movement and mobility patterns within a landscape are unique to that species (Chassagneux et al.,
2019). For instance, the mobility of an elephant (Elephas maximus) might not be supported by the
presence of a large chital (Axis axis) population in any landscape grid, however the dispersion of a
tiger (Panthera tigris tigris) might. The discussion above explains how each species interacts with
landscape factors differently, leading to species-specific movement patterns in any focal landscape.

Finding and analyzing the tiger's dispersal patterns in a hypothetical environment that has all
essential components of any landscape is the aim of this study. The tiger is the focal species. Such a
model would need to understand why an individual migrates outside of their natal range, which
would be a vital objective (following the life event models of tiger). To accommodate the demands
and wants of a dispersing tiger, the knowledge learned about the reason for migration may be
employed (Damodaran, 2007). To understand more about the dispersing tiger's travel behaviour,
these demands might potentially be reproduced.

One method to achieve the aforementioned objective is to initially divide the landscape into
grids of equal size. As a consequence, each grid functions as an element of the landscape's matrix.
The interactions in each grid are then simulated to produce a cost surface that is placed over the
landscape matrix, resulting in scores for each grid that indicate whether it encourages or prevents
tiger passage across it (Jones and Kaiser, 2005).

This paper's major goal is to present a fundamental computational framework for better
understanding and forecasting tiger dispersal patterns in any setting. Every claim made in this study
is supported by cognitive definitions of a dispersing tiger's needs and the presence or absence of
particular landscape quality in every grid of the landscape matrix (Brady et al., 2009). As a result,
every encounter is greatly influenced by the main landscape structure.

In this paper, the difficulty of understanding tiger dispersal patterns in a landscape is treated as
a cost allocation problem. The reason why tigers leave their native habitat is then incorporated into
the job via dispersion weights. A cognitive evaluation of tiger requirements based on dispersion
causes determines the dispersion weights (Kacprzak, 2019). It provides the dispersion coefficient for
each landscape characteristic, demonstrating how much each attribute impacts the grid's cost
distribution. Additionally, we model the interaction of each attribute using a two-player prisoner's
dilemma game, and the payoffs are merged with the dispersion coefficients to provide a starting cost
to each grid (Cho, 2014). One of the most important and variable features of the environment that
affects tiger dispersion is the presence or absence of co-predators in the grids (Reddy et al., 2012).
Only a few hardbound scores are provided, and even the presence of co-predators is classified based
on relative strengths in order to produce a secondary cost matrix on the landscape matrix. The
original and secondary matrices are combined to provide the final cost matrix for the entire landscape
complex.

The following arguments do not take into account any real-world information gathered by a GIS
procedure and a typical field investigation. The findings might serve as a model for conservationists
and wildlife managers to utilize when making judgments about tiger dispersal patterns since it
focuses on the existence or absence of attributes in different grids in the complex and the ease of
mobility.

The foundation for the work's materials and methods is laid out in succeeding section, and the
hypothetical landscape that was used to construct and evaluate the mathematical model presented
in this study is explained further. Finally, the study's methodology is detailed, and the remainder of
the paper is devoted to the study's outcomes, analysis, and conclusion.
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2. Matrices, Dispersal Weights and Game Theory

The current paper offers a model for realistic cost allocation for dispersing tigers in a complex
terrain using a few particular areas of mathematics. The fundamental concepts of various subjects are
discussed in this part to make the work self-contained.

Matrix: A matrix is a collection of rows and columns that each have the same amount of entries.
The element arrangement of a matrix is represented formally as follows:

A=
mXn

where the elements of the matrix Ay, is denoted as a;;|i€{1,2,3,..,m}&j€e{1,2,3,..,n} and the
order of the matrix is mXn, which signifies that there are m rows and #n columns in the matrix (Pfaffel
and Schlemm, 2012). The landscape is structured as a matrix with grids as its elements.

Dispersal Weights: The term "dispersal weight" refers to a set theoretic technique to ordering the
components of any given set based on their probability and needs (Gutman, 2021), as proposed in
this work. For a given set A = {a;,a,, as,..,a, } and a given set of parameters B = {b;, b,, b3} for
deciding the importance of each element in A, the Dispersal weight M is given as:

M = rank(a;)| a;e A, where, rank(a;) = | ©= operartion between elements of B. (i)

ity 00,0b5)

The importance of dispersal weights has been addressed since they will be used to rate landscape
features based on the reason for tiger dispersion.

Game Theory: Game theory has been utilized to simulate the interaction (Webb 2007) between
landscape characteristics and migratory tigers in this study. A game is defined as a three-tuple G =
(P, 0, D , where P={P, Py, P;,..,B,} denotes the number of players, 0= {6,, 6,,
03, ..., 0,,} denotes the strategy set for each player, and [ denotes the associated payoff for each
player, such that [[p xp,x.xp, = Op, X Op, X ....X 0p, , where 6;,i={1,2,3,..,n} denotes the
strategy chosen by player P; from the strategy set O for a move. Thus, when one player plays a certain
strategy against the other, the payoff is the score they receive (Shanu et al., 2019).

There are many different types of games that may be used to mimic interactions. In order to
represent the binary interactions between the tigers and the landscape characteristics in this work, a
two-person’s prisoner dilemma game has been used. The game is represented as:

G = ({P, P,},{C,D},{(R,R),(S,T),(T,S), (P, P)}) (i)

where {P;, P,}, present two players of the game. Next, {C,D} represent the game's strategy set in
which each player can either cooperate (C) or defect (D). In a strategic form, the payoff matrix
expressed in the form of a set in the above representation is expressed as:

P2
¢ D

C [(RR) (S,T)]
p l@s @p)

where, R represents the reward for mutual cooperation and has a numeric value of 3, S represents
the sucker's payoff and has a numeric value of 0, T represents the reward for defect temptation and
has a numeric value of 5, and P represents the punishment for mutual defection and has a numeric
value of 1 (Hofbauer and Sigmund 1998; Webb 2007). As a result, the reward matrix may alternatively
be represented numerically as:

P2
C D

Pl C [(3,3) (0,5)
p (50 11
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The ideas in this work are based on the binary interaction between tigers and each grid's
landscape characteristics. The two-person prisoner dilemma game was utilized to record these
exchanges (Shanu & Bhattacharya, 2018).

3. Hypothetical Landscape for the Study

The hypothetical landscape that was used in this work for modelling purposes is shown in
Figure 1. The presence of humans, animals as prey, non-forested terrain, and water bodies are all
crucial landscape aspects to take into account (Trisurat, 2010). Only a few crucial aspects are looked
at with the aim of presenting the model and related mathematical framework. There are many more
biotic and abiotic elements that will be present in the landscape and all of these parameters must be
considered while working on the tiger dispersal pattern.

The forest region mentioned here includes dense, moderately dense, open, and meadow-like
woodlands. The presence of people symbolizes the land used for farming, animal grazing, and village
settlements. All preferred species as well as injured species that the tigers could devour are included
in the prey base. The non-forested terrain includes wasteland, which is devoid of vegetation. The
final assessed water base parameters cover all sources of water, from naturally flowing rivers to
department-built waterholes (Jhala et al., 2011). The landscape matrix is divided into important pixels
using a grid for evaluation and afterwards observation of the landscape features. The model is created
to take into consideration the presence or absence of dominating tigers over dispersing tigers, and
each pixel of the landscape matrix is considered as a tiger habitat and territory in the hypothetical
environment. As a consequence, each grid's collection of parameters is shown as:

G = {WB,FA, HP,PB, NF} (i)

where, WB represents water base, FA represents forested area, HP represents human presence, PB
represents presence of a prey base and NF represents non-forested land.
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Figure 1. Hypothetical Landscape for the study.
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4. Methodology

To demonstrate the model suggested in this work, a portion of the landscape matrix containing
all the characteristics given in the Hypothetical Landscape section is studied with the border
indicated in Figure 2.
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Figure 2. Region extracted from the landscape matrix with all defined components for Modeling.

In order to comprehend tiger dispersal patterns better, the work aims to create a cost matrix that
can be dispersed across the landscape. It should be noted that the cost matrix would depend on the
source and sink aspects of the landscape (Etherington, 2016). When we discuss the source, we are
referring to the elements from which a member of a species starts to disperse, whilst the other
elements serve as sinks. For instance, the sink grids may be expressed as follows if F3 is the source
grid in Figure 2:

S={a;|i€e{AB,C, ... J}j€e{1,2,3,..,9}i #Fandj #3 (iv)

The preceding explanation clearly indicates that the costs of dispersion for every element of S
must be assessed. All of the discussed criteria are required during these evaluations, and one of the
most important aspects is the presence or absence of other predators (Presser and Luoma, 2013). The
existence of co-predators in the region and surroundings is a crucial factor in the tiger dispersion
(Jhala et al., 2008). Table 1 shows an assumption for the landscape section selected, with 1 indicating
the presence of stronger co-predators or individuals, -1 indicating the presence of weaker individuals,
and 0 indicating the absence of any individual.

Table 1. Presence/Absence of Co-predators with F3 as the source grid.

Code

1 0o 0 0 0 0 0 0 0 0
0 00 0 0 1 0 0 -1

0 0o 0 0 o TN -1 1 -1
0 0o 0 0 0 0 1 -1 1 1
0 0o 0 0 0 -1 1 1 -1 1
0 00 0 -1 1 -1 1 1 1
0 0o 0 0 1 -1 1 1 -1 1
-1 0o 0 0 -1 1 1 -1 1 1
-1 10 0 1 1 -1 1 1 1
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Initially, the cause for an individual's dispersion is an essential factor in determining their
dispersal pattern. Four critical life events from the tiger life cycle that influence the tiger dispersal
pattern are examined for the sake of modelling. These occurrences are extremely beneficial because
they allow to better grasp the physical and cognitive requirements of the dispersing individual
(Ramesh et al., 2009). While modelling the dispersal situation and understanding the dispersal
patterns, it also alters, the costs associated with each grid. These events, the reasons for dispersion,
have been encoded in a manner, which are described in Table 2 and are quite valuable for modelling.

Table 2. Reasons for Dispersion.

1 Dispersion for dominance M1
2 Dispersion away from home M2
3 Dispersion for Food M3
4 Dispersion for Breeding M4

Given the ramifications of the preceding, the cost of each grid is computed utilizing the
landscape complex characteristics contained in the grid, the cause for dispersion and the
presence/absence of co-predators. In this work, the cost is determined by three factors and given
below as:

(e = (Zi:{q 1;;91 a X [lr, 6y + @|0] Q)Mk) i:j (v)

where o indicates the dispersion coefficient based on the cause for tigers' dispersion. []r, Gij (M
represents the payoff received by modelling a 2-Person’s prisoner dilemma game between the
dispersing tiger and each parameter of set G present in the grid G;;, given the reason for dispersion My
and (p|0]|q)y, represent the score received due to presence, absence as well as the dominance of
co-predators in the grid.

For a more in-depth knowledge of the cost evaluations discussed above, the entire landscape
may be seen as a network, with each grid acting as a vertex and the connections between the grid’s
8-neighborhoods acting as edges (Tabassum et al., 2018). Preferential movement in the proposed
research work determines the beneficial links for tiger dispersion. The parameters of the grid or the
components of G depending on the cause for dispersion using the dispersion weights are ranked over
the network as shown in Table 3.

Table 3. Ranking of parameters based on Dispersion Weights.

Code

N NN (W
— W W (-
Q1 |01 (G [
W= (=N
L LCEE N

This is used to calculate the dispersion coefficient a. Membership value or the dispersion
coefficient has been obtained based on the rank of the parameters according to their needs as:

o = n@)ranks1 .
= 2(6) (vi)

Range of a lies between 0 and 1.  Earlier studies of the recent past have been utilized to get the
values of o, based on various reasons for dispersion (Shanu et al., 2019). The values of a obtained on
the application of dispersion weights are shown in Table 4.
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Table 4. Value of a obtained using Table 3.

Code
0.6 1 0.2 0.8 04
0.8 0.6 0.2 1 04
0.8 0.6 0.2 1 0.4
0.8 1 0.2 0.6 04

After determining the degree of influence each element may have on the grid's cost, the
interactions in the landscape are simulated using game theory (Turner, 1989). The interaction of
migrating tiger with the landscape factors is a key focus of this work. As a result, we represent the
problem in this work using the dispersing individual as one of the players in a two-person prisoner's
dilemma game, with the landscape characteristics as the other players (Shanu et al., 2019). Therefore,
the game's payoffs are obtained as:

[Iriger, p(Strategy(Tiger), Strategy(D)),D € G (vii)

Each of the factors in set G either encourages or hinders tiger mobility in the landscape complex.
Table 5 illustrates the contribution of each parameter to any grid's cost, as well as the degree of
support for migration of an individual through the grid.

Table 5. Payoff of elements of G contributing to the grid costs.

WB  Cooperate Cooperate 3 Water is an supportive element for any species

FA  Cooperate Cooperate 3 Forest cover supports presence and survival of wild species

Any human presence hinders the flow of species and usually

HP Defect Defect -5 .

neglected by species for movement
PB  Cooperate Defect 5 Prey base provides food elements to the moving tigers
NF Defect Defect 1 No effect other than restricting movement of individuals

As aforementioned, the presence or absence of co-predators is one of the most significant factors
in determining tiger dispersion; the work aims to quantify the impact of this on the cost of a grid.
Because interactions with co-predators can take many forms and applying game theory to describe
the interaction of a dispersing tiger with co-predators may be problematic. Further, while these
interactions may yield a benefit, they may also have negative consequences such as injuries,
weakening, and other conflict-related losses, all of which can limit individual's mobility. With this in
focus, the study assigns a high inhibitory discrete value of -10 to interactions with greater predators
and a low supporting score of +3 to interactions with weaker predators. The score has been set at 0
for regions with no co-predators.

5. Results & Discussion

The suggested methodology has been used to conduct a thorough investigation of landscape
characteristics for the computation of grid costs over a landscape complex in order to better
understand the tiger dispersions (Yumnam et al., 2014). The cost allocation is done using the part of
the hypothetical landscape depicted in Figure 3 and the example with F3 as source. The tables below
illustrate the presence and absence of parameters in the landscape matrix grids. In each table, 0
indicates the absence of the parameter whereas 1 indicates its presence.
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Figure 3. Component of landscape matrix.

Table 6. Presence/Absence of Water Body.

Code

Table 7. Presence/Absence of Forested Area.

Code

Table 8. Presence/Absence of Human Presence.

Code
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Table 9. Presence/Absence of Prey Base.

Code
0 0 0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1
0 1 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 1 1
Table 10. Presence/Absence of Non-Forested Area.
Code
0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0

The scores are generated by modelling each interaction between a dispersing tiger and a
landscape parameter after acquiring the presence and absence details of the parameters in the
landscape matrix for all four distinct causes for migration (Epps et al., 2007), explained in Table 2.
The dispersion weight is calculated using the causes for dispersion, and the value of the dispersion
coefficient reflects this as had been explained in Table 4. In addition to the aforementioned factors,
the costs of co-predator presence are taken into account. The final cost surface for all of the dispersion
causes investigated in this study is computed and given in the form of a matrix in the Tables 11-14.

Table 11. Cost matrix over the landscape obtained for dispersion for dominance.

Code

-7 4.8 4.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
5.2 4.8 1.8 1.8 4.8 -5.2 4.8 4.8 7.8 -7
1.8 1.8 1.8 T B 6 -7 6

1.8 1.8 1.8 1.8 1.8 4.8 -7 6 -7 -7
1.8 1.8 1.8 4.8 3 6 -7 -7 6 -7
4.8 4.8 4.8 1.8 7.8 -7 6 -7 -7 -7
4.8 4.8 2 3.8 -5.2 6.4 -7 -7 6 -7
7.8 4.8 2 2 6 -7 -7 6 -7 -7

6 -5.2 2 2 -6.6 -7 6 -7 -7 -7
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Table 12. Cost matrix over the landscape obtained for dispersion away from home.
Code
-8.2 4.2 4.2 24 24 24 24 24 24 24
4.6 4.2 24 24 4.2 -5.8 4.2 4.2 7.2 -8.2
24 2.4 24 24 4.2 - -8.2 4.8 -8.2 4.8
24 24 24 24 24 4.2 -8.2 4.8 -8.2 -8.2
24 24 24 4.2 1.8 4.8 -8.2 -8.2 4.8 -8.2
4.2 4.2 4.2 24 7.2 -8.2 4.8 -8.2 -8.2 -8.2
4.2 4.2 0.8 3.2 -5.8 5.2 -8.2 -8.2 4.8 -8.2
7.2 4.2 0.8 0.8 4.8 -8.2 -8.2 4.8 -8.2 -8.2
4.8 -5.8 0.8 0.8 -7.8 -8.2 4.8 -8.2 -8.2 -8.2
Table 13. Cost matrix over the landscape obtained for dispersion for food.
Code
-8.2 4.2 4.2 24 24 24 24 24 24 24
4.6 4.2 24 24 4.2 -5.8 4.2 4.2 7.2 -8.2
24 2.4 24 24 4.2 - -8.2 4.8 -8.2 4.8
24 24 24 24 24 4.2 -8.2 4.8 -8.2 -8.2
24 24 24 4.2 1.8 4.8 -8.2 -8.2 4.8 -8.2
4.2 4.2 4.2 24 7.2 -8.2 4.8 -8.2 -8.2 -8.2
4.2 4.2 0.8 3.2 -5.8 5.2 -8.2 -8.2 4.8 -8.2
7.2 4.2 0.8 0.8 4.8 -8.2 -8.2 4.8 -8.2 -8.2
4.8 -5.8 0.8 0.8 -7.8 -8.2 4.8 -8.2 -8.2 -8.2
Table 14. Cost matrix over the landscape obtained for dispersion for breeding.
Code
-7 5.4 54 24 24 24 24 24 24 24
5.8 54 24 24 54 -4.6 54 54 8.4 -7
24 2.4 24 24 5.4 - -7 6 -7 6
24 24 24 24 24 54 -7 6 -7 -7
24 24 24 54 3 6 -7 -7 6 -7
54 54 54 24 8.4 -7 6 -7 -7 -7
54 54 2 44 -4.6 6.4 -7 -7 6 -7
8.4 54 2 2 6 -7 -7 6 -7 -7
6 -4.6 2 2 -6.6 -7 6 -7 -7 -7

The proposed work offers a fundamental mathematical framework for calculating the costs of a
collection of landscape components that may help or hinder tiger’s dispersion from one location to
another. The overall study's problem is to offer a computational model to extract the cost for
landscape grids, modeling the cognitive knowledge and behaviour of tigers, using it to learn about
tiger’s dispersion patterns (Rifaie et al.,, 2015). A significant result of this work is an in-depth
investigation of the factors and how the tigers can use these factors for their mobility. The study also
reveals important grids where tiger’s mobility may be tracked and observed as they leave their native
region. This can be highly beneficial for wildlife stakeholders in terms of conservation and landscape
design.

The work's main findings are given in the form of a matrix, which is represented by a series of
tables: Tables 11-14, which reveal several insights related to tiger dispersion. Finding the cost surface
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first uses the reason for the tiger's departure from its native area, which aids in the identification of
the dispersing tiger's primary needs, and therefore the dispersal pattern. It also highlights the most
important grids in the terrain where the tigers can disperse and settle, allowing more attention to the
connecting pathways (Penjor et al., 2019; Minor and Urban, 2008).

The results demonstrate that there is a cost associated with each grid. The following is how the
acquired costs in this work are linked to the tiger movement:

Cost of grid « Support for tiger movement (viii)
As a result, the higher the cost, the more likely the tiger is to disperse through the grid.

The cost and the tiger dispersion pattern owing to the expenses are examined after obtaining
information on the tiger dispersion patterns utilizing the costs connected with the landscape complex
(Sharma et al., 2013). Figure 4 depicts the study and highlights a number of significant findings. First,
it demonstrates that when tigers disperse out of their home area or for food, the costs are identical,
and therefore the dispersion pattern is similar. Then, with minor modifications, it shows a link
between the cost and the dispersion pattern of tigers dispersing for dominance or breeding.
Furthermore, it is observed that tigers going out for dominance and breeding have more mobility
choices than tigers travelling out for food or leaving their home zone. It also informs that tigers

moving for food and outside of their native range are both inexperienced and younger than the other
dispersing tigers, or they are elderly and defeated.

Comparitive Analysis of Cost Recieved for all
the four reasons of migration

80%
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Figure 4. Analysis of results for all the 4 categories of movement.

Species dispersal is a crucial aspect to comprehend in order to obtain understanding about a

doi:10.20944/preprints202303.0396.v1

variety of conservation concepts (Meretsky et al., 2011). Wildlife corridor design, habitat suitability
index, and other essential aspects are some of the key conservation concepts associated with species
dispersal (Aziz and Rasidi, 2014; Perkl, 2016). The creation of a cost surface across the landscape
complex aids not only in comprehending dispersal but also in determining dispersal patterns, which
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may then be used for conservation reasons (Horns and $Ekercioglu, 2018). Because of the preceding
discussion, it is clear that a cost surface over a landscape matrix aids in the development of suitable
conservation models.

Another insight provided by the suggested approach in this study is the ability to extract the
sensitivity of a grid for tiger dispersal across it (Yumnam et al., 2014). It is clear which grids aid tiger
dispersal and which grids obstruct tiger dispersal. As a result, the costs and vulnerability of a grid
are related as follows:

1 .
vulnerability of the grid (IX)

cost of a grid «

Understanding a grid's vulnerability is critical because it depicts grids that may require human
intervention in order to facilitate tiger dispersion and hence protect the species (Rathore et al., 2012).
As a result, related vulnerabilities may be viewed as a guiding concept for developing ideal
conservation measures.

Numerous analogies and comments made above imply the requirement of constructing the cost
surface throughout a landscape matrix. All of the conversations point to the fact that finding a cost
matrix and projecting it onto a surface helps to understand how different species disperse across a
complex environment and how they do so, which in turn helps with conservation using different
models.

6. Conclusions

The current study seeks to obtain a cost surface over the landscape complex, which displays the
landscape complex as a matrix, and detect the tiger dispersal pattern as well as their underlying scope
of existence in a grid using a iterative computational approach.

In this work, a cost surface over the landscape matrix is created using dispersion weights and
game theory, and it can be used to examine actual tiger dispersion in any complex environment. The
first cost matrix was produced by modelling a game involving landscape level properties and tigers
and integrating it with dispersal coefficients. The interactions of co-predators are also shown in a
second cost matrix, which is combined with the first cost matrix to produce the final cost matrix for
the landscape.

The suggested model's cost surface design is primarily focused on linear static interactions,
which overlooks several crucial non-linear aspects like the amount of co-predation, the degree of
cooperation or defection, and so on (Wikramanayake et al., 2008). In order to provide a basic
computational basis for extracting a cost surface in the tiger's focus landscape complex, the task is
purposefully kept simple. A simplifying presumption in the study was the lack of several contacts
with distinct co-predators in a single grid. Firstly, the priority in this work had been to focus on cost
matrix generation for dispersion patterns, thus improving the quality of interactions rather than the
quantity of interactions, and secondly, the work focuses on learning about dispersion through a grid
rather than understanding complexities within a grid. These two reasons justify this lack of
consideration of multiple interactions (Warneryd et al., 2020). These simplifications could not always
match the cost surface scenario in the actual world. With the tiger as the focal species, it may be
anticipated that the proposed effort may lead to the publishing of a computational template for cost
surface design, which may be significantly improved by including field and GIS data from realistic
concerns.

The cost surface identified in the focal landscape complex by dispersion weights and the
application of game theory has been mentioned. The cost surface serves just as a skeleton design, as
seen by the payoffs of the 2-person's prisoner’s dilemma game. It is stressed that the results produced
in this study require fine-tuning through appropriate validation with actual field data in order to be
relevant for wildlife policy concerns. A secondary sort of restriction emerges from a lack of
knowledge of the reasons for the tiger's departure from its natural habitat. The dispersion of the
species can be caused by a variety of factors, including a combination of factors (Croteau, 2010). In
this study, just one reason for developing a unique cost surface was examined. As a result, while they
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may be utilized to produce cost surfaces, they do not tell how well these cost surfaces truly help with
problem detection.

The majority of the paper focuses on how computational algorithms and concepts that can be
used to generate a cost surface over any landscape complex in order to better understand the
dispersion patterns and use them for conservation purposes. It provides a basic computational
foundation that, when combined with accurate field data and GIS modelling may be extremely
beneficial to wildlife conservationists and managers (Rautela et al., 2022).
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