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ABSTRACT 

In this paper, the stability nature of Ecological Ammensalism with two species(Ammesnal and Enemy species)is 

discussed. Both the species are strengthened with unlimited resources.  This model is developed by a couple of 

first order non linear differential equations. The behavior of this model is established with Phase plane analysis. 
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I. INTRODUCTION 

Mathematical modeling in Ecosystem has been giving fruitful solutions for many complex situations in nature. 

The concept was thoroughly introduced by  by Lotka [10] and Volterra [15].Many useful concepts of modeling 

have been developed by f Meyer [11], Cushing [5], Gause [7], Paul Colinvaux [12], Haberman [8], Pielou [13], 

Thompson [14], Freedman [6], Kapur [9] etc. Later Pattabhi Ramacharyulu , Acharyulu [1-4] studied the nature 

of different types of Ammensalism. The behavior of unlimited Ecological Ammensal Model is observed with 

Phase plane analysis. 

 

II. NOTATIONS ADOPTED 

N1 (t) : The population rate of the species S1 at time t 

N2 (t) :The population rate of the species S2 at time t 

ai  : The natural growth rate of Si, i = 1, 2. 

a12 :The inhibition coefficient of S1 due to S2 i.e The Commensal coefficient. 

The state variables N1 and N2 as well as the model parameters a1, a2, a12 are assumed to be non-negative 

constants. 

 

III. BASIC EQUATIONS 

The basic equations are given as  

                              (1) 

 

  with initial conditions  N1(0)=c1 and N2(0)=c2                              (2) 
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 In this model, only Fully washed out state is occurred. 

The corresponding equilibrium point is  N 1 = 0; N 2= 0           

By the concept of linearization , 

                  

1
1 1 = a U and

dU

dt   

2
2 2 = a U

dU

dt
                                                                   (3)                                        

and the characteristic equation is  ( –a1) ( –a2) = 0                            

 the roots of which are   =  a1,  =  a2 i.e. both the  roots are negative,     

Hence the steady state is unstable.  

The solutions are obtained as   U1 = 
10U  1a t

e  and U2
 = 

20U 2a t
e  .                                    (4)                                        

Now , the nature of this model is discussed with Phase plane analysis with the considered conditions.                                                    

Case(i): When a1= 0.1, a12=0.5 and  a2=0.5, The Null clines and Trajectories are shown in the Fig.(1) and 

Fig.(2) respectively. 

In this case, The Eigen values are 0.5 and 1 with the eigen vectors (1,0) & (0,1) and the Jacobean  matrix is 

 

 

                         Fig.(1)                                                                   Fig.(2) 

 

Case(ii): When a1= 1, a12=0.5 and  a2=0.5, The Null clines and Trajectories are shown in the Fig.(3) and Fig.(4) 

respectively. 

In this case, The Eigen values are 1 and 0.5 with the eigen vectors (1,0) & (0,1) and the Jacobean  matrix is 
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                               Fig.(3)                                                             Fig.(4)                                                                               

Case(iii).: When a1= 2, a12=0.5 and  a2=0.5, The Null clines and Trajectories are shown in the Fig.(5) and 

Fig.(6) respectively. 

In this case, The Eigen values are 2 and 0.5 with the eigen vectors (1,0) & (0,1) and the Jacobean  matrix is 

 

 

 

                             Fig.(5)                                                             Fig.(6)                                                                               

Case(iv): When a1= 3, a12=0.5 and  a2=0.5, The Null clines and Trajectories are shown in the Fig.(7) and Fig.(8) 

respectively. 

In this case, The Eigen values are 3 and 0.5 with the eigen vectors (1,0) & (0,1) and the Jacobean  matrix is 
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      Fig.(7)                                                             Fig.(8)            

 

Case(v): When a1= 4, a12=0.5and  a2=0.5, The Null clines and Trajectories are shown in the Fig.(9) and Fig.(10) 

respectively. 

In this case, The Eigen values are 3 and 0.5 with the eigen vectors (1,0) & (0,1) and the Jacobean  matrix is 

 

 

 

                        Fig.(9)                                                             Fig.(10)            

Case (vi): When a1= 8, a12=0.5 and  a2=0.5, The Null clines and Trajectories are shown in the Fig.(11) and 

Fig.(12) respectively. In this case, The Eigen values are 3 and 0.5 with the eigen vectors (1,0) & (0,1) and the 

Jacobean  matrix is  
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                             Fig.(11)                                                             Fig.(12)            

 

IV. CONCLUSIONS 

 The original nature of unlimited  Ecological Ammensalism is unstable. The nature can be changed by 

increasing the growth rate of Ammensal Species with the fixed growth rate of enemy species to become 

neutrally stable. No considerable influence is identified by the Ammensal coefficient. 

 

REFERENCES 

[1]. Acharyulu K.V.L.N. and N.Ch. Pattabhi Ramacharyulu. 2012. On the Carrying capacity of Enemy 

Species, Inhibition coefficient of Ammensal Species and Dominance reversal time in an Ecological 

Ammensalism - A Special case study with Numerical approach. International Journal of Advanced 

Science and Technology. 43: 49-58. 

[2]. Acharyulu K.V.L.N. and N.Ch. Pattabhi Ramacharyulu. 2011. A Numerical Study on an Ammensal - 

Enemy Species Pair with Unlimited Resources and Mortality Rate for Enemy Species. International 

Journal of Advanced Science and Technology (IJAST). 30: 13-24. 

[3]. Acharyulu K.V.L.N. and Pattabhi Ramacharyulu. N.Ch. 2011. An Immigrated Ecological Ammensalism 

with Limited Resources. International Journal of Advanced Science and Technology (IJAST). 27: 87-92. 

[4]. Acharyulu. K.V.L.N and Pattabhi Ramacharyulu. N.Ch. 2011. Mortal Ammensal and an Enemy 

Ecological Model with Immigration for Ammensal Species at a Constant Rate. International Journal 

of Bio-Science and Bio-Technology (IJBSBT). 1(1): 39-48. 

[5]. J.M. Cushing.1977. Integro differential equations and delay models  in population  dynamics,  Lecture  

Notes  in  Bio-Mathematics, 20, Springer Verlag, Berlin, Heidelberg, Germany. 



 

623 | P a g e  

 

[6]. [6].H.I. Freedman. 1934. Stability analysis of Predator -Prey model with  mutual interference and density 

dependent death rates, Williams and  Wilkins, Baltimore. 

[7]. .G.F. Gause.1934. The Struggle for Existence. Baltimore, MD, Williams and Wilkins. 

[8]. .R. Haberman. 1977. Mathematical Models, Prentice Hall, New Jersey, USA.  

[9]. .J.N. Kapur. 1988. Mathematical Modeling, Wiley-Eastern, New Delhi. 

[10]. .A.J. Lotka. 1925. Elements of Physical  Biology, Baltimore, Williams and Wilkins. 

[11]. .W.J. Meyer. 1985. Concepts of Mathematical Modeling, McGraw-Hill. 

[12]. .Paul Colinvaux. 1986. Ecology, John Wiley and Sons, Inc., New York. 

[13]. .E.C. Pielou. 1977. Mathematical Ecology, New York, John Wiley and Sons. 

[14]. .D.W.Thompson, On Growth and  Form, Cambridge, Cambridge University Press, 1917. 

[15]. .V.Volterra. 1931. Lecons sen Lu theorie mathematique de la luitte pour la vie, Gauthier- Villars, Paris. 

 

AUTHOR’S BIOGRAPHY 

 

 

 

 

 

 

Dr.K.V.L.N.Acharyulu: He is working as Associate Professor in the 

Department of Mathematics, Bapatla Engineering College, Bapatla which is 

a prestigious institution of Andhra Pradesh. He took his M.Phil. Degree in 

Mathematics from the University of Madras and stood in first Rank,R.K.M. 

Vivekananda College,Chennai. Nearly for the last fourteen years he is 

rendering his services to the students and he is applauded by one and all for 

his best way of teaching. He has participated in some seminars and presented 

his papers on various topics. More than 90 articles were published in various 

International high impact factor Journals. He is a Member of Various 

Professional Bodies and created three world records in research field. He 

authored 3 books and edited many books. He received so many awards and 

rewards for his research excellency in the field of Mathematics. 

 

 

 
 


