EISSN 2602-473X

s33% [STANBUL
e S UNIVERSITY
WY pRESS AQUATIC SCIENCES AND ENGINEERING

Aquat Sci Eng 2025; 40(1): 22-29 * DOI: https://doi.org/10.26650/ASE20241570813

Research Article

Mathematical Modelling of the Population of Potamon potamios Olivier
1804 in Terms of Climatic Factors

Tugrul Ontiirk®

Cite this article as: Ontlrk, T. (2025). Mathematical modelling of the population of Potamon potamios olivier 1804 in terms of climatic factors.
Aquatic Sciences and Engineering, 40(1), 22-29. DOI: https://doi.org/10.26650/ASE20241570813

ABSTRACT

The amount of the Potamon potamios Olivier 1804 population has many positive/negative effects
on other aquatic life and is essential for aquatic biodiversity. It is therefore important to determine
the population of Potamon potamios Olivier 1804. The population density of Potamon potamios
Olivier 1804 is affected by temperature, precipitation, amount of water, and many other climatic
factors. In this sense, mathematical model based on a fuzzy inference system was made to
determine the population dynamics of this creature considering the climatic data in this study. In
addition, correlation analysis has shown that this model can predict the population of this creature
with 91% accuracy in untested climatic conditions.
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INTRODUCTION

Crabs are found in oceans all over the world, as
well as in many freshwater and terrestrial spe-
cies. There are species with a leg length of sev-
eral metres (Maja kaempferi Temminck, 1836)
with known lengths of less than a few (Pinnoth-
eres pisum (Linnaeus, 1767)) (Brandis, 2001).
Freshwater crabs live in many habitats, from the
cold waters at the top of the Andes to rivers
and lakes in the tropics, swamps and rainforest
floors, and even arid areas. Some freshwater
crab species are fully aquatic, while others are
semi-terrestrial. A few species have adapted to
living in trees and breathing air (Sternberg et al,
1999). Since they have legs, they are in the
Brachyura infrateam of the Decapoda (Ten-
legged) team. Although they have legs , the
first pair of legs close to the head is used for
hunting and catching. They do not have walk-
ing functions. The remaining pairs of legs per-
form the walking work (Brandis et al, 2000).
Crabs are both a high-protein food source and
play a role in the nutrition of some living organ-

isms (Buck et al, 2003). However, their superior
hunting and olfactory abilities, negatively dom-
inate the fast-reproducing protozoa, plankton
and fish populations (Giller and Malmgqyist
2000). Temperature is one of the most import-
ant factors in the distribution of freshwater
crabs. It has been reported that there are spe-
cies of Potamon in the Middle East and species
in Europe (Brandis et al, 2000; Brandis, 2001;
Giller and Malmgvist, 2000. Regarding popula-
tion density, the Potamon potamios Olivier
species is mainly found in the Greek islands and
the island of Cyprus to the southern coasts of
Turkey. It shows less population density in the
parts of the countries up to northeast Egypt
close to the Mediterranean (Brandis et al. 2000).
The regions where the species is most widely
distributed in Turkey are the coastal and interi-
or parts of the Mediterranean (Brandis et al,
2000; Ozbek and Ustaoglu, 2005; Ozbek and
Ustaoglu, 2006; Ontiirk, 2018).

The amount of the P. potamios population has
many positive/negative effects on other aquat-
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ic creatures and is essential for aquatic biodiversity. Therefore, it
is essential to determine the population of P. potamios. The pop-
ulation density of P. potamios is affected by temperature, precip-
itation, amount of water, and many other climatic factors (Ken-
nish, 1996). The main motivation of this study is to determine
how the population dynamics of this creature are affected by cli-
matic data. In this sense, the climate data were measured month-
ly for years between and the number of individuals identified in
this period was recorded. In this study, considering data ob-
tained from field studies, mathematical model based on the
fuzzy inference system was constructed to determine the popu-
lation change. Moreover, it has been shown in the correlation
analysis that the untested data can be estimated with accuracy
thanks to this mathematical model.

Materials and Methods

Data collection

The inputs in this study are the real data obtained from the 11
years of work conducted by Phd. Tugrul Ontiirk between and in
Gokgekaya Dam Lake (Figure 1). In this study, P potamios individ-
uals were collected monthly, and the total number of individuals
was determined. The samples collected during this process were
marked with a water-resistant pen to prevent recounting and re-
leased back into the living spaces.

Distribution of the number of
individuals according to years
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Figure 2. Number of individuals and temperature averages
by years.

Figure 1. General view of the Gokcekaya Dam and its
surroundings.

In addition to the total number of individuals, the annual average
temperature (Figure 2), dam volume , dam water height (Figure
3), annual average wind speed, annual average rainfall (Figure 4)
were measured regularly.

Fuzzy logic approach

It is impossible to precisely define many problems, situations or
events encountered due to the uncertainties they encompass.
Because real life has an extremely complex and chaotic structure.
It is very difficult to define everything we experience in our daily
life with “ 0 ” and “1”, to classify them only between two ex-
tremes like black and white, and to examine them under mathe-
matical precision. Because there are also uncertainties in our
lives that do not have sharp boundaries. Therefore, the necessity
of having exact values about a phenomenon in mathematics has
caused difficulties in practice, and for centuries, scientists have

Gokcekaya Dam volume (hm?3).
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Figure 3. The volume of water collected in the dam and the
height of the water by years.

developed methods to find a solution. Mathematical precision
was not enough despite the limitlessness and complexity of the
universe. Although it is possible to explain concepts such as
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Figure 4. Average wind speeds and precipitation per square
metre in kilogrammes in the study area by the year.

black-white, right-wrong, and good-bad with mathematical
thinking, it is not possible to represent the entire universe with
this binary logic alone. Based on this, the fuzzy set theory was in-
troduced to the literature by Azeri origin Lutfi Aliasker Zade in
1965 with the study "L.A. Zadeh, Fuzzy sets. Information and
Control 8(3):338-353.” With this study, a new perspective was
given to classical logic, which came from Aristotle, and machines
learned the sentences produced by humans. Thus, the two-val-
ued Aristotelian logic consisting of “ 0 ” and “ 1 " has been gen-
eralised by evolving into a technology-supported logic. The
fuzzy set generalises the two-choice membership status of “yes-
no” to the concept of partial membership. In this case, the value
of “ 1" indicates full membership to the set, the value of “ 0 " in-
dicates not being a member of the set, while values between “ 0
"and “ 1 " represent the concept of relative (partial) member-
ship. Accordingly, an arbitrary element in a fuzzy set may belong
to different fuzzy sets according to its degree of membership.
The traditional set approach uses characteristic functions while
expressing the sets. A traditional set with the help of characteris-
tic functions is defined by

Xa v - {01}
N {1 , x€A
0, xgA

where U is the universal set and A € U. In the fuzzy set approach,
membership transitions of the elements in a universal set, fuzzy
sets, occur gradually. If an element is included in any cluster, the

element belonging to that cluster is graded. With this rating, an
ambiguous situation occurs at the fuzzy set boundaries. For this
reason, a function to measure the uncertainty in the case of an el-
ement belonging to a set is defined. Such functions are called
"Membership Function”, and the set formed by this function is
called "Fuzzy Set”. A fuzzy set A can be mathematically ex-
pressed as

Let U be a universal set. The fuzzy set A in U is characterised by
its membership function #a:Uand is defined as a set of ordered
pairs;

A= {(x,,uﬂ(x]):x S U].

As the membership function, u, maps each element of U to a
membership grade between and, the value of p,(x) is interpreted
as the degree to which a point x e U belongs to the fuzzy set A.

In fuzzy sets, an element of a set that “somewhat belongs or
does not belong to a set” is expressed as. As with traditional
sets, the all-or-nothing logic is not true for sets. In the fuzzy sys-
tem, the data to be used as input should be fuzzified, that is,
these data should be converted to values between. The goal of
this process is to express the data in question with verbal expres-
sions. In the fuzzification process, the fixed logic calculations are
determined first. Then, each point in these sets is expressed with
a membership function. There is no limit to what form and how
many membership functions can be. The number of membership
volumes varies according to the knowledge and experience of
the specialist. The most commonly used membership function
types are trapezoidal, Gaussian, and triangular.

Triangle membership function

The triangle membership function is used to specify the input
and output variables in fuzzy logic-based systems. This member-
ship function is determined by three variable real numbers such
as p, g and rand its equation is as follows;

. - in{x=p ==
1(x;p, g, r) = max {mm {q—p‘r—q}’o}
Trapezoidal membership function
The trapezoidal membership function is used to define the input
and output variables, similar to the triangular membership func-
tion, and is defined as follows;
. - infx® g =
u(x;p,q,r) = max {mm {qu’l ],0},

)
r—q

where p, g, rand s are real numbers;

Implementation of the fuzzy inference system

The fact that it is close to human logic and easy to create has
made the Mamdani-type fuzzy inference system very popular in
natural sciences such as physics, chemistry and biology recently
(Ermis et al, 2022; Putti, 2017; Sahiner, 2015; Sahiner, 2016; Sahin-
er, 2018; Sahiner, 2022; Sahiner, 2023). In this study, we used the
Mamdani-type fuzzy inference system to guide the fuzzy logic
models that are planned to be used in future biology studies.
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Determine and predict the P potamios crab population accord-

ing to various climatic conditions on a personal computer with 1 m i L fL
Intel(R) Core(TM) i7 (2.81 GHz) configuration on the MATLAB \ /
R2015a platform, we constructed mathematical model using the “-. / /
Mamdani-type fuzzy inference system, the steps of which are giv- o “:k-" / Il
en below. Our Mamdani inference mechanism has six inputs and B /\ f
one output value. The input variables are months, annual aver- é 06 ‘\\ ff .
age temperature (°C), dam volume (hm?), altitude (dam water £ / \ /
height (m)), annual average wind speed (m/sec) and annual aver- S aal "'~\ f |
age precipitation (kg/m?. The output variable is the population % ' ] \ \ /
of P potamios crab. o \ f
02 \ / .
Crisp Input Variables From Real Data \ \ /
(Inputs) \ \
0 \ \ 1
%N’ 0 1 2 3 4 5 6 7 8 9 10 11
| Months |Temperature‘ Volume | Altitude | Wind Speed ’ Precipitation | monih
= ~ = Figure 6. Membership functions for months.
T L) T ¥ T T T
Inference Rules 8} 2 3
(6 inputs, 1 outputs, 972 rules) 1 —\ y ", g
N
—— \ /
o N\ !
= - \ f
Populations of Crabs E 06F \ ! -
(Output) 5 \
E /
Figure 5. General Structure of the Mamdani Fuzzy Inference g st \\ |
System. g, \ |
02 % ) 1
Fuzzification \\\
In this step, we determined the membership degrees by convert- or =
ing the input and output values to values between with the help ' . ' : L ' L
of the membership functions. Thus, by the fuzzification of our in- 5 0 5 10 15 20 25 30
put and output variables through membership functions, we .
have turned precise numerical values into linguistic variables. As  Figure 7. Membership functions for the temperatures.
a result, based on our experience and expertise, we have made
our output data interpretable according to these verbal evalua-
tions. In Figure 6, months are labelled as follows; 0 = February, 2 1 ' ' ' vé ' ' ' vh
= March, 3 = April, 4 = May, 5 = June, 6 = July, 7 = August, 8 = 1 B /N ’
September, 9 = October, 10 = November, 11 = December. Also, 3
t1, t2, and t3 represent low, medium, and high temperatures, re- 08} \ 74 . -
spectively, in Figure 7. Similarly, linguistic labelling of low, medi- g‘ 3 /
um and high is used in Figures 8, 9, 10, 11 and 12. 2 el \\ / ! |
Inference rules E \ \
In the previous step, we the input variables of our model into ; 04} X -
fuzzy input. In this step, we created fuzzy rules using logical oper- & \
ations such as “if-then”, “and”, "or”, “not” by taking expert Q | ] \ ¥ |
opinions. Then, we obtained fuzzy outputs by processing fuzzy ' \
inputs according to these rules. Briefly, we transformed verbal/ / \
linguistic input and output variables into mathematical form. For 0r :
this, we defined the rules as much as the multiplication of the L L L L ‘ " L L
membership function numbers we defined for each input value 790 780 A0 &0 640 VO|UBri{(]3 a0 S0 0

while determining the rules. That is, since there are input vari-
ables in our model and 4,3,3,3,3,3 defined membership functions

Figure 8. Membership functions for volumes.
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Figure 11.  Membership functions for precipitation.

rules. Some of these rules are as follows;

e Ifmonthis m1, temperature is t2, volume is v3, altitude is a1,
wind speed is w2, and precipitation is p2, then population is
cl,

e If the month is m4, temperature is t3, volume is v2, altitude
is a3, wind speed is w1, and precipitation is p3, then popula-
tion is c3,

e If the month is m4, temperature is t1, volume is v1, altitude
is a2, wind speed is w3, and precipitation is p1, then the
population is c2.

Defuzzification

In the previous step, after we input values to fuzzy numbers un-
der the membership functions, we fuzzy output values under the
rules we defined. However, since these values are the values of
the fuzzy set, they must be turned into crisp values to be pro-
cessed. In this sense, in this step where we reversed the fuzzifica-
tion process, the crisp values obtained by the fuzzification pro-
cess were made comparable with the classical systems.

RESULTS AND DISCUSSION

In this study, real data have been converted into fuzzy values un-
der the rules created with linguistic values, and then a fuzzy infer-
ence system has been built, in which crisp values can be ob-
tained again by fuzzification of these fuzzy values. Our model re-
sults are crisp numbers from the cluster [0,14], the population
scale of P potamios. Estimation of the number of P Potamios
populations is accomplished by outputs from the “if...then” rule
base, where input values are entered. For example, the input
variables month=8, annual average temperature=1.7, dam vol-
ume=828, altitude (dam water height)=389, dam water
height=3.4, and annual average precipitation=58 are not ob-
served in the real data. If one enters these input data into our
fuzzy inference system as [8,1.7,828,389,3.4,58], it is obtained that
the output value is 4.5, which is the P potamios population num-
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ber (see Figure 13). Accordingly, it can be easily obtained that
the number of populations in these input variables should be at

Regression Analysis

R*=0,9126
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= = %‘ During the data analysis, the number of individuals in June was
28l — % - — ignored in all years. Because of the climate zone in which the re-
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species are carried and fed by the female in the abdomen for a
Opened system gokcekaya, 972 rules . . R .
i | e | while until they pass the larval stage. This is seen in many crab

Figure 13.  Rule-based fuzzy inference system.

Thus, based on the climatic and topographic characteristics of
the geographical region where this dam is located, a mathemat-
ical model was created to determine the population number of P
potamios using a fuzzy logic approach. Thanks to this model, the
number of P. potamios populations in the Gokg¢ekaya Dam can
be estimated by entering the previously unobserved and unmea-
sured climatic and geographical data into the rule base of our
fuzzy logic model. The rule base we have constructed in the
Mamdani inference system method has been created by using all
of the 132 dam data obtained from the study carried out by Phd.
Tugrul Ontiirk between 2011-2021 on Gokgekaya Dam (in Turkey)
and benefiting from the experience and opinions of the experts.
Regression analysis is used to measure the relationship between
two or more quantitative variables. Regression analysis was per-
formed to demonstrate the success and accuracy of the created
model. The results obtained in the model were compared with
the real data, and it was shown that the results in this model were
91% compatible (see Figure 14).

As a result, this mathematical model, which we created using the
Fuzzy Logic Toolbox of the MATLAB platform, can determine the
P potamios population number with great accuracy. Therefore,
our study may guide future academic studies on P. potamios
population dynamics in this area.

CONCLUSION

The mathematical model we have created will not only predict
the number of P. potamios population with great accuracy under
future climatic changes but will also enable the effects of the re-

species.

Therefore, female individuals carrying eggs and larvae in June
generally do not leave their nests for protection. They only feed
in a close environment without leaving the nest to meet their nu-
tritional needs. Accordingly, the June were ignored as they
showed variability compared to other summer months.

Our findings have shown us that; The height of the air tempera-
ture, the height of the water level, the excess amount of precipi-
tation and the wind speed have a direct positive effect on the
population density.

For crustaceans such as shrimp and crabs, the water temperature
is an important survival-related environmental factor that not
only directly influences their metabolism, growth, moulting, and
survival but also affects other environmental parameters (e.g.,
dissolved oxygen).

Therefore, the temperature has become an essential factor that
restricts shrimp and crab culture (Ren et al, 2021).

As the air temperature increases, the water temperature also in-
creases. Since this affects the living conditions of P. potamios
positively, it will start the spawning and mating period and in-
crease the number of individuals. However, depending on the in-
crease in temperature, there will be an increase in the amount of
food, as the number of plankton and other monocellular inverte-
brates in the water body will also increase. More food means
more individuals survive (see Figure 15).

The amount of precipitation is important to maintain the water
level at a certain height. Depending on the sufficient rainfall, the
dam water level will remain at a sufficient level. Thus, hiding in

27



. Aquat Sci Eng 2025; 40(1): 22-29
Ontiirk. Mathematical Modelling of the Population of Potamon potamios Olivier 1804 in Terms of Climatic Factors

45

temperalure

Figure 15. The population of crabs depends on the months
and temperature.

the nest, which is also seen in P potamios and many crab spe-
cies, will continue. As the water level decreases, the nests will re-
main on the surface and in the dry area, which can cause the
death of the individual and the offspring (see Figure 16). Because
both the individuals emerging from the larva and the female and
male individuals provide of their nutritional needs from the wa-
ter. What is more important than all these is that the individuals
that hatch from the eggs can only survive in water until they be-
come adults. Systems to meet the oxygen needs in the external
environment have not been developed (see Figure 16). There-
fore, they cannot live in dry and arid areas (Buck et al, 2003).

384

382

precipitation 380

0 altiude

Figure 16. The population of crabs depends on the rainfall and
water level.

Crabs feed on fish eggs or newly hatched fish fry. Therefore, with
this study, the population density can be determined based on
climatic data. Thus, the negative impact on the fish population
can be kept in balance and the healthy growth of the fish popu-
lation can be ensured by taking the necessary precautions in the
regions where fishing is the livelihood.

In addition to all environmental variables, we think that the struc-
ture of the mountains around the research area, the forested
area, and height are effective on temperature and rainfall. In

general, due to the height of the Gékcekaya Dam and the south-
ern part of the southern part, it takes snow and rainfall above
seasonal norms in winter. This maintains the amount of water in
the dam lake. Consequently, the crab population is positively af-
fected. The height map of the Gokgekaya Dam and its surround-
ings is given in Figure 17.

Figure 17. The height map of the Gokgekaya Dam and its
surroundings.

The population dynamics of Potamon potamios can be accurate-
ly predicted using a mathematical model based on fuzzy logic,
and a prediction accuracy of over 90% is achieved under various
climatic conditions. Thus, the population dynamics of Potamon
potamios can be accurately predicted with the climate data to be
obtained in the coming years.

This model not only predicts the P. potamios population with
high accuracy under varying climatic conditions but also pro-
vides a framework for studying the impact of climate change on
similar aquatic species.
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