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Abstract. Disturbance of water environment due to organic enrichment by fish activities may
result in the reduction of water quality and sediments. The relative importance of N and P
limitation and released from organic sediment is still an open question. The aim of this paper is
to analyze the locally asymptotic stable from a dynamical system model in the equilibrium of
water ecosystem. Mathematical models are resultant of interaction among four main variables
.d.e.nitrogen and phosphate concentration, phytoplankton abundance, and sediment in the water
ecosystemn at Menjangan Besar, Karimunjawa islands. The four variables are non-linear system
differential equation that will form the dynamical system mathematical model. Local stability
was determined by using Taylor series and Jacobian matrix. The system will be locally
asymptotically stable if eigenvalues are negative. Numerical simulation was used to analyze
the dynamic behavior of the system. From numerical simulation results base, it is concluded
that equilibrium points. Because all eigenvalues of the Jacobian matrix ware negative, the
dynamic system model was locally asymptotically stable.

1. Introduction

Agquaculture can play an important role in meeting human demands in the form of protein-based foods.
Indonesia must prepare itself to face the global challenges in the aquaculture industry or also known as
fish farming [1]. Aquaculture is carried out in the marine environment and in underwater habitats.
Improved fish farming produces a number of major problems for waters. wastewater contains
compounds such as suspended solids, total nitrogen, and total phosphorus which can cause algal
blooms, fish mortality, and increased sediment [2].

Nitrogen and phosphate are limiting nutrients that limit the growth of phytoplankton. Nitrogen is
the basis for making proteins used by aquatic plants in the form of ammonia or nitrate, and plays a role
in the formation of phytoplankton biomass as a producer of water, so that it becomes one of the
parameters of fertility[3]. Phytoplankton has a direct response to nutrients through rapid changes in
biomass, making it good to assess the ecological state of the waters[4]. In the phytoplankton cells,
nitrogen and phosphate reflect the relative proportions needed by phytoplankton to grow [16]. A
model of phytoplankton, zooplankton, and two complementary nutrients, nitrogen and phosphorus was
system nutrients in governing system behavior and in turn in governing water quality control [ 15]
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A complex sediment modeling has been developed to understand the processes that regulate pore
water profiles and sediment-water exchange [12]. However, research on the limits of N and P released
from sediments has not been done much, because of the complex interactions between the N and P
cycles and factors external driving factors lead to dynamics in N or P restriction patterns and internal
release that changes with time [13].

Analysis of the model using a linear analysis technique and found that the sinking of phytoplankton
could affect the system. Local asymptotic stability around interior equilibrium is studied, which
reveals that interior equilibrium loses its stability at some critical value of predation rate [5][6]

This paper aims is to modified the mathematical model from [7][8], to analyze the stability of the
mathematical model. The researcher modified the model from the model [9][10].

2. Mathematical model

The The dynamic model for aquaculture has been discussed which explains the influence of growth of
phytoplankton and sedimentation with changes concentration of nitrogen and phosphate. The modified
model changes phytoplankton, nitrogen, phosphate and sediment can be represented

dpP
—=fP—(u+y)\P,
7 BP—(u+y)

(N
dN
G A+ whS — yN—afP ,
dt ans yN=ap N+F 2)
dF F
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£=,1.*P—.‘9‘S'.
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where P(0)=P =0,N(0)=N,=0,F(0)=F, >0.5(0)=S,>0, with parameters p = phytoplankton

growth rate (day-1); p = sedimentation rate of phytoplantonk (day-1); y =water exchange rate (day-1);
q =proportion of N waste entering the water; A = total waste input (mg g-1 day-1); © =proportion of
remineralization rate of N in the sludge (with remainder remineralization Phosphate) (day-1); 6 =total
remineralization sediment. Here P/ is phytoplankton concentration, N is nitrogen concentration, F is
phosphate concentration, S is mass of N in sludge in pond water.

3. Locally stability analysis

Stability analysis is needed to analyze equilibrium points. Let {p"N";:"_g'] be the equilibrium point

of the dynamical model nitrogen and phosphate concentration, phytoplankton, and sediment. The

equilibrium point is obtained if satisfy 4€ _ dN _ dF _, dS _ | We obtained the equilibrium point
. . o

dt dt dr
{p‘.N‘.F“s‘)=[0.ﬂ.w.0}
o rtv ¥
Then the stability of non linear system at the equilibrium point {p"N"F"S' ) . First, we linearize

the nonlinear system at the equilibrium point [P',N"F',S') using Taylor series as follows (1), (2),

(3). (4)
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Furthermore, the linear differential equation system can be written in the form of a matrix equation
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Furthermore, substitute the equilibrium point{P. N ?‘]:[0
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J is the Jacobian matrix at the equilibrium point
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From the above characteristic equation, eigenvalues is obtained as follows
A=—(-B+y+n)

)‘1:—}/—1}
A==y
A, =—0

Therefore, the stability of the system of equation (1), (2), (3), (4) depends on the value of the
characteristic roots. Based on the stability theory if all eigenvalues of the Jacobian matrix have a
negative value, then the equilibrium point (PN g‘]—’fo gh (1—g)A 0] on this system is locally

ol . . ] —»\ -ﬁ D

asymptotically stable

4. Results and discussions

The simulation will be used to analize the dynamic system model, to check the optimal concentration
of nitrogen and phosphate. Some numerical simulation by using data of nitrogen, phosphate,
phytoplankton and sediment by [7] [8]. Research shows that there is a decrease in the concentration of
nitrogen and phosphate, sediment, and phytoplankton in aquaculture. This is because the rest of the
feed and excretion in the form of nitrogen and phosphate are utilized by marine biota. In order to
validate the model equation (1) (2) (3) (4) some data parameter ieA =3.98,v=0.05,
qg=09,a=054,=0.55,1=0.85,y =0068,0 =006 Further equation (1), (2), (3), (4) is
transformed to equation

4P _ o 368P,

dt (11)
ﬂ =3.582+002718 —0.12N—0.29?PL,

dt N+F (12)
ﬁ =0.398+0.00085 —0.068F —0.297P F S

dt N+ F (13)
ds

—=085P-0001875,
dt (14)
We obtained the equilibrium point is (p'.N'.F'._q']:(0.30,3559.5,3529.0} The mathematical model,
data variable P(0)=0.952,N (0)=0.68,F (0) =0.56,5(0)=0.67 [10][11]. Substitution equilibrium points
to Jacobian matrix obtained.
—0.368 0 0 0
—0.1628 02229 0.125 000271
T -0.1341 0.1029 —0.193  0.1029
0.85 0 0 -0.0018
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det(Al = J) =0
A0 0 0][-038 0 0 0
0 4 0 0| |-01628 02229 0.125 000271
det(A1-J)= - -
0 0 2 0| |-0.1341 01029 -0.193 0.1029
000 2| 08 0 0 00018
A+0368 0 0 0
0.1628 A+02229 -0.125 000271
det(A1-J)=
0.1341  -0.1029 A+0.193 —0.1029
0.85 0 0 4+00018
A+0.2229  —0.125 —-0.00271 0.1628 —0.125 000271
=(A1+0368)| -0.1029  A+0.193  —0.1029 |-(0){0.1341 A+0.193 -0.1029
0 0 A+0.0018| 0.85 0 A+0.001
01628 A4+0.2229 -0.00271 0.1628 A4+0.2229 -0.125
+[0]0.]34] -0.1029 -0.1029 —[0]0.]34] -0.1029  A+0.193
0.85 0 A+00018 085 0 0

=(4+0.368)(0.00005428 +0 03094 +0.41774° + 1)

=(4+0.368)(1+02229)(4+0.193)(1+0.0018)

From the above characteristic equation eigenvalues is obtained as follows 2, =—0.368 4, =—0.2229
2, =-0.193 4,=-0.001% . Based on the theory of stability if the eigenvalues obtained are negative on that
the equilibrium point (p‘_N'_F‘__-;')=(0_30,3559_5,3529_0)then this system is stable asymptotic. Therefore

changes in the concentration of nitrogen and phosphate on sediments and phytoplankton in
aquaculture form a stable system. Furthermore, to analyze the stability of the equilibrium point based
on parameter values, a stability trajectory is drawn around the equilibrium point.
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Figure 1. Trajectories stability around equilibrium points
(0,30.3559,5.8529,0]in(N,F) plane.
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Figure 2. Trajectories stability around equilibrium point

(0,30.3559,5.8529.0) in( F,P) planc.
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Figure 3. Trajectories stability around equilibrium points

(0,30.3559,58529,0) inthe field (S, P) plane.
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Figure 4 Trajectories stability around equilibrium points
(0.30.3559.5.8529,0 ) in the field(N.pP) plane.

Based on Figure 1, Figure 2, Figure 3 and Figure 4 can see the direction of the arrow moving
toward the equilibrium point(P'.N'.F'.s')= (0.30.3559,5.8529.0) - This means that the equilibrium point for

the given parameter is stable. The results of the dynamic system model showed that the concentrations
of nitrogen and phosphate, phytoplankton and sediment decreased

5. Conclusion

It is concluded that model of nitrogen and phosphate concentration, phytoplankton abundance, and
sediment is a non-linear dynamical system model. The numerical simulation concentration of nitrogen
and phosphate are an important factor in the system dynamics. Eigenvalues are used to result analysis
of the stability from the equilibrium point. Furthermore, analysis of locally stability of the dynamical
system was based on the theory of stability. If the eigenvalues are negative, then the equilibrium
point is locally asymptotically stable. From numerical simulation results base, it is concluded that
equilibrium points and the eigenvalues are negative. Because all eigenvalues of the Jacobian matrix
ware negative, the dynamic system model was locally asymptotically stable. Therefore, the dynamical
system phytoplankton population experience decline as a result of decreasing concentration N and P
from sediment. This model is expected to be implemented to minimize the concentration of nitrogen
and phosphorus properly, so that it can be utilized by marine biota.
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