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ABSTRACT

Fisheries mis-management, including over allocation of fishing vessels, and illegal fishing
practices in the Arafura Sea shrimp fishery had resulted in over exploitation of shrimp stock and
economic losses. lmprovement of fisheries management had decreased illegal fishing practices
and permitted fishing effort to the level closer to the optimal economic level, resulting in the optimum
profit. Unfortunately, the optimum profit was not the only objective, the management of fisheries in
Indonesia has multiple conflicting objectives that could not be achieved simultaneously. The result of
the analysis presented here shows that multiple objective programming technique can be used to
determine a compromise solution to the conflicting objectives in the fisheries management.
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INTRODUCTION

Arafura Sea is the most important fishing ground
for shrimp fishery in Indonesia. The shallow waters of
this fishing ground are highly productive (Bailey ef
a\.,1987), as this area is regularly enriched by nutrient
rich upwelling (Wyrtki, 1961) and nutrient inputs
transported by water mass from the dense forest in
the hinterland of Papua and from the dense mangrove
area along the west coast of Papua (Sadhotomo ef
al.,2003). The stock size of shrimps in the Arafura
Sea was estimated to be about 45% of the total size
of shrimp stocks in Indonesia (Ministry of Marine
Affairs and Fisheries of Indonesia, 2006). The
trawlable area for shrimp fishing in the Arafura Sea
was about 74,000 km2, with water depths ranging from
10-50 meters (Naamin, 1984; Sadhotomo et al.,
2oo3).

The commercial fishing operation targeting
shrimps in the Arafura Sea was started in the early
1970s after the findings rich shrimp stocks and the
introduction of the double rigged shrimp trawl in that
fishing area during the late 1960s, prompted by strong
international demand for shrimp (Bailey et al.,1987).
Trawl became one of the main fishing gears in
Indonesia as it was the most productive fishing gear
for demersal fisheries. The fishing capacity of trawl
fleet in theArafura Sea was continuously developed,
causing substantial reduction in the abundance of
demersal stocks in this area. Widodo et al. (2001)
evaluated the development of demersal fishery,
including shrimp fishery, in the Arafura Sea and
concluded that the stocks of demersal fishes and
shrimps in this area were over exploited. However,
fishing companies have continuously expressed their
interest to develop demersal fishing business in the

Arafura Sea. Private sectors argued that profit could
still be generated in theArafura demersal fishery even
though the demersal fishery resources have been
reported to be over exploited. The over exploitation of
shrimp stock in the Arafura Sea has threatened
sustainability of these resources and resulted in
resource rent loss. This condition had been worsened
by illegalfishing practices undertaken by Indonesians
and foreigners (Purwanto, 201 0).

The Arafura Sea shrimp stock is a renewable
resource having capability to recover when it is
harvested, as long as the fishing intensity does not
exceed the resource carrying capacity (Naamin, 1984;
Badrudin et al.,2OO2; Punrvanto, 2O1O). Increasing
fishing intensity to the level higher than the carrying
capacity results in the lower production and the lower
economic benefits. An appropriate management
strategy is required to sustained fishery resources
and to optimise economic benefit from the utilisation
of these resources as stated in the FisheriesAct No.31
of 2004. Other consideration in managing fishery
resources is the objective of fisheries development.
Based on the current policies of the Government of
Indonesia in marine fisheries, there are four main
objectives of fisheries development, namely alleviation
of poverty (pro poor), creation of job opportunity (pro
job), promotion of economic growth (pro growth),
sustaining natural resources, and environment (pro
environment). Considering those objectives of fisheries
management, therefore, the objectives of theArafura Sea
shrimp fishery management and development should
be (1) to sustain fishery resources, (2)to optimise fishers'
income, (3) to increase employmentopportunities, and
(4) to optimise fishery production for domestic
consumption and for processing to promote economic
growth.
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The Arafura Sea shrimp fishery should also be
managed to sustain fishery resources while optimising
fi shers' incomes, employment opportunity, and fi sheries'
contribution tothe nationaleconomy. Based on the result
ofthe study in the Java sea fishery Puruvanto (2003)
shows that the management strategy intended to
optimisefisherc'income (objective 2) would also ensure
sustainability of fishery resources (objective 1).
Meanwhile, increasing employment opportunities
(objective 3), and maximising fishery production
(objective 4), which also means increasing fish
production to its maximum possible level, would not
result in optimum fishers' income. Furthermore,
maxi mising employment opportunities may threaten
the sustainability of fishery resources. These
objectives cannot be achieved simultaneously as there
are conflicts between objectives 1 and2 on one hand,
and objectives 3 and 4 on the other. These can also
be relevant to the Arafura Sea shrimp fishery. An
appropriate strategy is required to achieve these
conflicting objectives of fisheries management.

The first objective of this study, therefore, was to
formulate a bio-economic model of the Arafura Sea
shrimp fishery. This modelthen was used to evaluate
the economic of this shrimp fishery, including the
impact of illegal fishing practice, and to estimate
optimum levels of fishery that would be used in the
formulation of the fishery management strategy
accom modating conflicting objectives.

MATERIALSAND METHODS

A bio-economic modelwas used here to describe
the economic conditions of shrimp fishery relating to
fishing effort (E). This model, as introduced by Gordon
(1954) with the production model developed by Schaefer
(1957), consists of thefollowing equations:

lI=TR-TC

bo and b, = coefficients of the production function

Equations (1)-(4) was used to evaluate the
development of the shrimp fishery with regard to gross
revenue, cost, labor and profit, and the impact of illegal
fishing practices on resource rent loss.

When the only objective of fisheries management
was maximising profit, fishing effort was controlled at
the level of production where optimum profit was
gained, which was maximum economic yield.
maximum economic yield and fishing effort to produce
maximum economic yield (E".") can be estimated
by using the following equations:

MEY=a2l4b-c2l(4bp2) ...... (5

E*rr=al2b-cl (2Pb) . .. ' '.. .. ' (6

As there were conflicts between objectives in
managing fisheries, namely between optimising
fishers' income and sustaining fishery resources on
one hand, and maximising employment opportunities
and fishery production on the other, a multiple objective
programming modelwas developed and used in this
study with E"r, and E"." as the lower limit and the
upper limit reference points, respectively. The multiple
objective programming modelconsisted of two objective
functions, namely maximising fishers' income lzt\)l
and maxi misi n g em ployment opportunity IZZ(x)|,
subjecting to a number of constraints. This modelwas
mathematically represented as fol lows:

Maximise 2.,(x)= II =TR-TC . ......... . ................ (7

MaximiseZr(x)=TL=m.E..... ..............(8

Subject to:

TR=p.Y ......... (9

TC=c.E .... .... ... (10

Y=bo E-b, E2 ...... .. .. ...... (11

EtE"r" ...........(12

E.E"r" . ..(13

where:

m : average number of fishers working on a
fishing vessel

This multiple objective policy analysis consisted
of three steps, namely (1) estimating pay otf matrix

where:

II
TR
TC

p

c
E

= profit gained in the shrimp fishery
= total revenue of fishing
= total cost of fishing
= annual production of shrimp fishery
= average price of shrimps
= average cost of fishing per unit effort
= fishing effort
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elements, (2) approximating a set of efficient solutions,
and (3) determining the best compromise solution.

The elements of a pay off matrix were estimated
by optimising each of the objectives separately and
then computing the value of other objectives (Romero
& Rehman, 1989). The set of efficient solutions of the
trade off between two objectives, that is efficient in
the Paretian sense (Cohon, 1978; Romero & Rehman,
1989), was then generated using the non inferior set
estimation method (Cohon et al., 1979). Based on
the Pareto principle, the solutions are efficient or
optimal when a higher value of an objective can only
be achieved by decreasing the value of another
objective (Cohon, 1978; Balachandran & Gero, 1984;
Romero & Rehman, 1989). The programming model
for non inferior set estimation was formulated by Cohon
(1 978); Cohon et al. (1979) as follows:

The best compromise solution, the solution that
is closest to the ideal point, was determined by using
compromise programming (Zeleny, 1973; Romero ef
al., 1987\. To avoid biased results due to the
differences in measurement units of the objectives,
relative deviations were used (Zeleny,1973). The
following mathematical programming formulation was
used to solve the best compromise solution (Romero
et a1.,1987):

Minimisedoo.......... ......(16

Subject to:

w p 1 IZU yZ 1 
g)lt (zU yzy )Sdoo . ...... . . . . ....... ... ( 1 Z

wp2 IZU 2-Z2g)ll (zU 2-21_2 )Sdoo . . . . ......... . . ... . ., ( 1 8

where:
doo = the relative deviation from an ideal solution
wpv = the weight attached to the importance of' Zu$);the importance of the objectives are

equal in this analysis, so wpr=1

Those non linear programming problems were
solved by using the GAMS/MINOS software (Brooke
et al., 1992). Coefficients or parameters used for the
programming in this study are presented in Table 1.
Meanwhile the data on effort of theArafura Sea shrimp
fishery in 1996-2007 are from Purwanto (2008; 201 0).

Maxi m i se (zU 2-\_2) z 
1 
g)+ (ZU yZu)zz$) .. ... (1 4

Subject to:

xeF

= the ideal solution for objective y [Zv(x)], the
optimum levelof the objective resulting from
the single objective optimisation

= the anti ideal solution for Zy(x)
= the feasible set
= the constraints which define F, these are

equations (2)-(4) and (9)-(10)

Table f . Coefficients or parameters used in the study

(1e

where:
zU'y

ztv
F-
X

Coefficients or parameters Value Unit Source
p 6.0 US$/kilogramc 303,703 us$/vesset/year Ill?I9?1"_t11,1_slitp;_i"" pJ,lpis"l-.!Li-' Fisherv Association

be 148.97
b1

Euev
Eusv

-0.121
406 Vessels, standardised in Purwanto (2008; 2010)

616 shrimp trawl vessel

RESULTSAND DISCUSSION

Results

Development of the Fishery and its Optimum
Level

Estimated revenue increased with increasing
fishing effort in early development of the fishery. After

reaching the maximum revenue, further increase in

the effort resulted in lower revenue. Meanwhile. the
cost of fishing increased with increasing effort (Figure
1). Therefore, the same revenue from theArafura Sea
shrimp flshery may be produced with the lower fishing
effort and lower cost, generating higher resource profit
(Figure 1).
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Figure 1. The estimated total revenue, total
cost, and profit generated in the
Arafura Sea shrimp fishery at
different level of fishing effort.

The estimated optimal profit that could be generated

from the utilization of the shrimp stock in theArafura
Sea was about US$ 11 9.8 million per year by operating
406 shrimp trawl vessels (Figure 1). The quantity of
shrimps that could be harvested at this level of effort
was 40,551 tonnes per year, which was maximum
economic yield. This economically optimal level of
fishing effort (Erur) was lower than the level of fishing
effort resulting in the maximum sustainable yield and
the maximum fishing revenue.

Meanwhile, the estimated profit per unit fishing
vessel in the Arafura Sea shrimp fishery decreased
with increasing fishing effort (Figure 2). On the contrary,
increasing fishing effort increased the number of fishers
in the Arafura Sea shrimp fishery.

The actual effort during 1996-2007 exceeded the
economically optimal effort (E"."), indicating that the
shrimps stock in the Arafura Sea was economically
over exploited during that period. Consequently, the
profit of fishing was not optimum. Figure 3 shows that
the worst conditions of theArafura Sea shrimp fishery
happened in year 2000. Fishing operation in the
Arafura Sea by permitted vessels as well as illegal
vessels was very substantial in 2000. The shrimp stock
was economically overfished in 2000 (Figure 3),
resulting in very high resource rent loss.
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in theArafura Sea shrimp fishery at
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Frgure 3. Fluctuations of fishing effort and profit,

and the optimal levels of effort (EME')

and profit in theArafura Sea shrimp
fishery 1996-2007.

The resource rent losses during 1996-2007 (Figure
4)was an impact of mismanagement and illegalfishing
practices in the Arafura Sea shrimp fishery. The
number of vessels received fishing licences to operate
in the Arafura Sea was greater than the economically
optimum number of fishing vessels. This over
allocation of fishing iicenses had resulted in the loss
of resource rent. Higher rent loss resulted from higher
over allocation. Similady, higher rent loss resulted from
higher intensity of illegal fishing practices. The fishing
effort and the rent loss in 2000 were even the highest
during 1996-2007, which were about 801 vessels and
about 94% of the potential profit, respectively (Figure
3 and 4; Table 2). Since 200'1 the Government of
Indonesia had improved fisheries management,
covering the development of licencing service capacity
and quality, and the development of fisheries
surveillance capacity and activity, including re-
registration of fishing licence to ensure that the fishing
holders are Indonesians and their vessels are
Indonesian flag vessels. There were a number of
fishing licences withdrawn as proper documents
couldnot be submitted during re-registration period.
Consequently, the fishing effort and the rent loss
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declined sharply after 2000. Figure 4 indicates the
decline tendency in the number of vessels received
fishing licences and the intensity of illegal fishing
practices.

Figure 4

1996 r99E 2000 2002 2004 2006

Year

Fluctuations of resource rent losses
as an impact of illegal fishing and
mis-management in theArafura Sea
shrimp fishery, 1 996-2007.

Table2.

Conflicting Objectives and the Best Compromise
Solution

Table 2 shows that controlling fishing effort to the
level that biologically optimum, that was 616 vessels,
resulted in the maximum sustainable yield. At this
effort level, the total revenue was also maximum.
However, the profit was lower than the potential profit.
At this biologically optimal fishing effort, the rent loss
was about 27o/o of the potential profit. Meanwhile,
controlling the fishing effort to the level that
economically optimum, where the profit was at the
maximum level, the shrimp production resulting was
not at the maximum level. The number of fishers was
lower than the number of fishers when the effort was
controlled to the levelthat biologically optimum (Table
2). Therefore, the multiple objectives of fishery
management, namely maximising shrimp production,
maximising profit of fishery, maximising fisher income,
and maximising job opportunity for fishers while
ensuring sustainability of shrimp stock, could not be
achieved simultaneously as those are conflicting
objectives.

Fishing effort, the number of fishers, estimated shrimp production, catch per unit of effort, total
revenue, total cost, and profit generated in the Arafura Sea shrimp fishery in 2000, 2005, and
their optimal levels

.....'..' Perrnitted fishing

- 
tll€galfishing

-..o-Total

u nits Year 2000 Year 2005
Biologically Economically
optimum optimum

Fishing effort ve ssels
l.lumber sf fishers people
Ehrirnp production trrnneslyear
Catch per unit effnrt tonneslvessel

801
16.8t'1
.41 .681
52 "0?

24S.93
?43,3 3

u..bu

o

509
1 0.6 fig
44.4 fi7
fi7"33

:66 75
1 5,1 70
11t 05

220

616
12,936
,1 A CEt

74 4g
274 93
186 95
BT gfi

t4J

406
I,5?6

40.551
99.81

243 15
123 "39
118 16

295

Totalrevenue
Totalcnst
Totalprofit

US$ million/year
US$ million/year
US$ nrillion/ye ar

Proft per vessels US$ 1000fuear

When the strategy was optimising profit, fishers'
income would increase, and shrimp stock would be
sustainable. The strategyto optimise shrimp production,
on the other hand, would optimise raw material for shrimp
processing, and would increase livelihood opportunity
for fishers. Figure 5 illustrates the trade off between the
objectives of optimising economic profit of fishery and
increasing employment opportunities constrained by
E"., and E"r, as the lower limit and the upper limit
reference points, respectively. The compromise
solution to this conditions resulted from the multi
objective optimisation with those Imit reference points.

The estimated levels of employment and total fishers'
income at point A result from the strategy of income
optimisation. On the other hand, point B represents
the strategy of maximising employment opportunities
constrained by Er." (Figure 5). Non feasibility of
simultaneously achieving the optimum income and the
optimum employment can be shown from the position
of the co-ordinate of these ideal solutions, that is point
H in Figure 5, which is outside of the frontier of the
income employment trade off. The best compromise
solution for the conflict between the two objectives is
represented by point K in Figure 5.
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A trade off curve for the employment
opportunity, measured by the number
of fishers, and total income gained by
fishers in theArafura Sea shrimp fish-
ery.

There are a number of consequences of achieving
the best compromise solution as presented in Table
3. lf the pre'rious priority of the fisheries management
and developmentwas provided to increasing domestic
fish consumption and maximising employment
opportunities with E"." as an upper limit of the fishing
effort, the best compromise solution should be
achieved by decreasing the number of vessels to 536
units. This strategy decreased the number of fishers
but increased the profit. On the contrary lf the previous
priority of the fisheries management and development
was provided to increasing maximising profit of fishery
with Er." as an lower limit of the fishing effort, the
best compromise solution provided higheremployment
opportunities by increasing the number of vessels to
536 units, which decreased the profit that could be
gained.

Profits gained, number of fishers, number of fishing vessels, and shrimp production, vessel
productivity, and profit per vessel at different reference points for the Arafura Sea shrimp fishery
management

5,1

Figure 5.

Table 3.

Efficient
points

Numbel
Retecnce poinb or vests fr"iiSlii*o

Negativedeviation Relativedeviation
Numberoffishe6 Shrimpproduction Vesselpaoductiyity Profitpervessel Number - ... Number(people) (tonnes/year) (tonnes/year) (us$103/yea.) 

furiiSlli"-r irr::li"T','il'' "E:;"^
8,532 40,551 99.8 294.8 0 4,395 0 100
11.248 45,078 84.1 2007 12.2 1,679 38 38K

B

Euev 406 1 19.8
Compromise solution 536 107.6

616 12.927 45.851 31.874.5 142.9

The profit and their negative deviation at the best
compromise solution were US$ 107.6 million/yearand
US$ 12.2 millionlyear, respectively (Table 3).
Meanwhile, the number of fishers and their negative
deviation at the best compromise solution were 11,248
people and 1,679 people, respectively (Table 3). At
the best compromise solution, the degree of closeness
of profit and labourto the ideal points were equal; the
relative deviations from their ideal solutions were about
38o/o.

To implement fisheries management and
development policy with conflicting objectives,
therefore, the best compromise solution should be
adopted. The fishing effort should be controlled to the
level of 536 vessels to achieve the best compromise
solution for the Arafura Sea shrimp fishery.

Discussion

The result of the analysis presented previously
shows that mis-management, including over allocation
of fishing vessels, and illegal fishing practices in the
Arafura Sea shrimp fishery had resulted in over
exploitation of shrimp stock and economic losses.

42

lmprovement in the Indonesian fisheries
management policy, including improvement in the
fishery licensing system and re-registration of vessels
holding fishing licences, development of the fisheries
surveillance and increasing law enforcement had been
undertaken by the Government during 2001 -2005. The
improvement had resulted in the lower number of
vessels holding fishing vessels, as fishing licences
had been withdrawn from the vessels that could not
submit proper documents during re-registration
process, and the decline in the intensity of illegal
fishing practices. Consequently, the number and the
total tonnage of the shrimp and fish trawl vessels
operated were decline during year 2001-2005. The
fishing effort decreased from 801 vessels in 2000 to
509 vessels by 2005, which was lower than the effort
to produce maximum sustainable yield (Table 2).
These resulted in positive impacts to the abundance
of the shrimp stock, as indicated by the catch per
unit effort (Cadima, 2003), and to the shrimp fishery,
as indicated by higher productivity, higher profitability
and lower rent loss (Table 2 and Figure 4). As the
shrimp resource is a fast growing one, the shrimp
stock in theArafura Sea biologically recovered, and
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the rent loss was very small, about 6% of the potential
profit, by 2005. Clearly, the results of the improvement
in fisheries management are remarkable.

Current fisheries management practices need to
take into account the biotic, a-biotic, and human
components of ecosystems in which fisheries operate.
There is a recognition of the multiple objectives and
values of fishery resources and marine ecosystems
within the context of sustainable development. The
concept of sustainable development requires an
ecosystem approach to fisheries, which is a holistic
approach that balances both human well being and
ecologicalwell being. The demand has increased to
implement an ecosystem approach to fisheries that
strives to balance diverse societal objectives (Food
and Agriculture Organization, 2003). Management of
fisheries is a complex task, as society has a number
of objectives to achieve from the use of fishery
resources. These include conservation, economic, and
social objectives. However, these objectives often
conflict, due to the varying opinions of the many
stakeholders (Mardle & Pascoe, 1999). The bio-
economic model of Arafura Sea shrimp fishery
developed here reveals the effects of fisheries
management to achieve different objectives, by
implementing different reference points, on changes
in bio-physical and economic conditions. The result
of the analysis shows non feasibility of simultaneously
achieving the multiple conflicting objectives of fishery
management, namely maximising shrimp production,
maximising profit of fishery, maximising fishers'
income, and maximising job opportunity for fishers
while ensuring sustainability of shrimp stock. Each
one of these fishery management objectives should
be achieve with different reference points. A similar
case was reported by Purwanto (2003) in the Java
Sea small pelagic fishery. The multiple objective
programming modeldeveloped and applied here had
demostrated the potential usefullness of multiple
objective programming technique in determining a
compromise solution to the conflicting objectives in
the management and development of fisheries that
can be used to provide justification and further
information to the planning process.

CONCLUSION

1. On the basis of the result of the analysis shows, it
can be concluded that fishedes mis-management,
including over allocation of fishing vessels, and
illegal fishing practices in theArafura Sea shrimp
fishery had resulted in over exploitation of shrimp
stock and economic losses. lmprovement of
fisheries management that had been undertaken

bythe Government of Indonesia during 2001-2005
had decreased illegal fishing practices and
permitted fishing effort closer to the optimal level
that increased economic profit.

2. The objectives of management and development
of fisheries in Indonesia were conflicting objectives.
The result of the analysis also shows that multiple
objective programming technique can be used to
determine a compromise solution to the conflicting
objectives in the fisheries management and
development.
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