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Abstract: Sardines fight dolphin predation by gathering in large groups. This herd 

behavior reduces the probability of being eaten by dolphins. In this paper, considering 

the most general conditions, such as the clustering movement and random movement 

of sardines, we use the separation rule, cohesion rule and the randomness of step 

length and direction to model. We used MATLAB to conduct analysis and simulation, 

and obtained the distribution of sardines and the route map of movement under 

different iterations. At present, mathematical ecology is a branch of biological 

mathematics which develops rapidly and is very active in the world. The analysis and 

simulation of the group movement of animals will help us to understand the movement 

of animals.[1] 
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1. Introduction 

The sardines were coordinated. In the absence of external threats or obstacles, fish 

often come together in a nearly spherical form. When the dolphin comes in contact with 

the fish and even rushes into the fish group, the fish group will conduct cooperative 

avoidance, so it is not easy for the dolphin to track a target in the large fish group. The 

herd behaviour of sardines reduces their chances of being eaten by dolphins. 

 

2. Basic Assumptions 

There are too many situations in this complex environment of the ocean floor. And we 

only focus on sardines fighting the herd behavior of dolphins. Therefore, before the 

model establishment and analysis, the following reasonable assumptions are made 

without affecting the results: 

(1) Sardines live in a limited space; 

(2) Each sardine can be regarded as a mass point; 

(3) Not taking into account the drastic changes in sardine group velocity caused by 
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foraging, retracing and escaping behaviors; 

(4) There is only one predator dolphin; 

(5) Only the two populations of dolphins and sardines are considered, and the 

interaction with other populations is not considered; 

(6) The concentration and distribution of sardines do not change with time; 

(7) At any given moment, only one sardine is selected for the dolphin to be stimulated 

to hunt; 

(8) Sardines can be regarded as a 360-degree circle centered on one sardine. 

(9) The behavior of sardines was analyzed only in two dimensions. 

 

3. Model Analysis 

3.1 rules for cluster actions 

In order to simplify the model, we only analyzed the clustering behavior and random 

behavior of sardines and established the model. Herding behavior is a way of survival 

for sardines that evolved to fight dolphin predation. Sardines naturally gather in groups 

during their journey to ensure their survival and avoid being eaten. There are several 

rules that sardines follow when they move in groups: 

(1) Separation rules: avoid overcrowding with sardines nearby; 

(2) Alignment rules: try to be consistent with the average direction of the sardines 

nearby; 

(3) Proximity rule: move as far as possible toward the center of the nearest sardine. 

 

3.2 random behavior of fish 

Sardines also exhibit random behavior when they are clustered. Random behavior 

refers to the free swimming of sardines in the water, which is basically random, and it 

is a behavior of searching for food and companions on a larger scale. This randomness 

includes the randomness of step length and direction. The former exists in any process 

of the model, while the latter exists only in the random behavior of the model. 

 

4. Model Establishment and Solution 

First, set the separation rules. We introduce a crowding factor to limit the size of 

sardines to control the maximum number of sardines to avoid overcrowding among the 

fish. The selection rules formulated are as follows: 

max

1
δ (0 α 1)
α

=
n

 


                                       (1)

 

Where, δ : the crowding factor; 

α : The extreme value is close to the level; 

maxn : The maximum number of sardines expected to gather in the field. 
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The criterion for measuring whether sardines are too crowded in the field is: if 

Yc/Yinf<δ , the sardines are considered to be too crowded. Where, Yc is the value of a 

certain state perceived by sardines, Yi  is the value of sardines' own state, and nf is the 

number of sardines in visible range. 

The current state of sardines was set as Xi , and the number of sardines in the visible 

domain was set as nf, forming a set of Ji , and 

 i i j iJ x X X Visual                                        (2) 

Where, Xi: current state vector of sardines; 

Xj: the current state vector of the surrounding JTH sardine; 

Visual: sardine's radius of view. 

If  Ji≠φ, it indicates that there are other sardines in the visible field, Click the following 

equation to search for the central position of Xc of other sardines. 

fn

jkj 1

ck

f

( x )
x

n





                                        (3)

 

Where, Xck: the Kth element of the central position state vector Xc; 

Xjk: the Kth element of the Jth sardine Xjk, and j=1,2..., nf. 

Due to the uniform concentration of sardines, according to the restriction of separation 

rules, if the constraint condition is satisfied:  Yc/Yinf=1/nfδ, then the clustering 

behavior (4) is performed, otherwise the random behavior (5) is performed: 
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 (5) 
Where, k=1,2,...,K; 

xck: the Kth element of sardine intermediate position state vector Xc; 

xik: the Kth element of sardine's current state vector Xi; 

Xinextk: the next Kth element of the state vector xinextk; 

Random(step) : Random number between [0,step]; 

e : unit random vector. 

If Ji＝φ, indicating that there are other sardines in its visible domain, perform a random 

behavior (5). 

We set the obtained state variable as the initial state variable of the next cycle, and 

then carried out multiple iterations to simulate the aggregation behavior and random 

behavior of sardines. 

Here, set: 

(1) the number of sardines N is 30; 

(2) the step of sardine movement was set as a random variable varying from 0 to 0.3, 

inextk ikx x Random(step) e  
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and the maximum stride length was 0.3. 

(3) the visual range of sardines is set as a circle with a radius of V=5 centered on the 

individual sardines; 

(4) the sardine activity area is a 2-d area of 20*20. 

We used MATLAB to simulate the movement model of sardines. We can obtain the 

sardine group variation diagram after multiple iterations (figure 1) and the sardine 

group position change process diagram when 50 iterations (figure 2). 

 
Fig. 1 the variation of sardine population with different iterations 

 
Figure 2. shows the process diagram of sardine group position change in 50 iterations 

 
5. Conclusion 

As the number of iterations increases, the convergence becomes more and more 

obvious. The results showed that the sardine swarms accumulated over time. But after 

50 iterations, not all the points are clustered in the same region. The analysis may be 
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caused by the introduction of crowding, the small setting of sardine's field of vision and 

the small number of iterations. 

In this paper, the complex movement behavior of sardines is skillfully specialized into 

the mathematical problem of the motion direction and coordinates of the particle in a 

two-dimensional coordinate system. This makes the problem easy to solve, and the 

result can reflect the real situation of the model, which is close to the reality. 
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