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This is an empirical  analysis  of the Malindi Ungwana Bay prawn fishery in the coast of
Kenya. A resource allocation problem is at the heart of the conflict between artisanal and
commercial trawlers exploiting the prawn fishery in the bay. The Prawn Fishery Management
plan  by the  government  has  not  been fully  implemented  given  its  various  shortcomings,
leading to resource rent dissipation, stock externality, overfishing and a suboptimal fishery.
Analysis of catch and CPUE data indicates the presence of important interactions between the
fleets.  Fisheries  economics  and game theory are applied  here as the theoretical  basis  for
solving  this  problem.  Bioeconomic  modelling  is  used  to  assess  the  status  of  resource
utilization and profitability of the fishery. A two-player game theoretic model is then used to
model the interaction between the fleets and to estimate an optimal resource allocation. This
study confirms that the fishery is operating sub-optimally. In the author’s estimation, there
are higher profits for cooperation than for non-cooperation among the fleets. These profits are
obtained at comparatively lower levels of catch and effort and with better efficiency ratios in
cooperation  than  in  the  non-cooperation  scenario.  Policy  recommendations  on  optimal
solutions to the conflict  have been made. Management strategies for the maximization of
resource rent and the sustainability of the fishery have also been suggested.

Background

The  prawn fishery  at  Ungwana Bay  is  a  domestically  shared  stock targeted  by  artisanal
fishers and semi-industrial prawn trawlers as the main players. The trawlers always exhaust
their prawn share early while the share targeted by artisanal fishers is still healthy.

Previous studies have been confined to addressing the conflict through attempting to identify
the  gaps  in  various  laws  and  policies  in  place.  There  is  little  that  has  been  done  or
documented about the strategic interactions of the stakeholders in this fishery.

The main objective was to determine whether some change in the management policy for the
prawn fishery might better manage the conflict between artisanal fishers and semi-industrial
prawn trawlers in order to increase the social and economic benefits obtained from the fishery
while ensuring its sustainability.

A  game-theoretic  bioeconomic  model  of  the  fishery  is  developed  and  used  to  simulate
scenarios in the fishery while evaluating the potential benefits to each group of participants in
the fishery for non-cooperative and co-operative strategies. The analysis is used as the basis
for recommending viable,  optimal management strategies that will increase benefits to all
parties while ensuring sustainability of the resource.



Method

Using historical catch- effort data, biological parameters for the fishery are estimated using a
linear regression method that does not involve an equilibrium assumption. These estimates
are  then  further  refined  using  a  time-series  estimation  method.  Economic  parameters  are
inferred from previous studies that have been undertaken about the fishery as well as from the
current status.

A surplus production model based on the work of Gordon (1954) and Schaefer (1957) is then
developed  for  the  fishery.  This  model  is  then  applied  in  a  two  player  game-theoretic
framework to model strategic interactions between the players in the fishery and to simulate
how the fishery responds to different scenarios of interaction.

Game  theoretic  simulations  are  performed  for  the  two  different  scenarios.  In  the  non-
cooperative  case,  it  is  assumed  that  the  players  seek  to  maximize  their  own  individual
objective function.  The maximization is  subject  to the actions  of the other  player.  In the
cooperative solution, the assumption is that players collaboratively agree on the amount of
fishing effort to be exerted by each fleet in order to maximize a joint objective function,
which is the total profit of the two fleets. 

Results

Estimates of biological parameters are obtained and estimates of the prawn biomass evolution
over time are made. These are then used to compute the maximum sustainable yield and the
maximum economic yield of the prawn fishery based on each fleets. The results from the
biomass estimations and the static bioeconomic model are used to find the solution to the
game theoretic model.

Higher profits are obtained under cooperation of the fleets than under non-cooperation. These
profits are obtainable from lower levels of catch than those for non-cooperation and at better
efficiency levels. Threat points for the fleets are determined.

Conclusion

Effort levels in the fishery have been high while profitability and efficiency have remained
low. There has been certainly been resource rent drain. 

There are clear strategic interactions between the fleets in the fishery. Optimal management
strategies of the fishery should consider the existence of these and explore measures that can
be applied to ensure cooperation of the fleets in harvesting of the prawn resource while being
equally responsible in the exploitation of the resource.

Property rights based fisheries management is recommended for this fishery given that it will
promote responsible resource stewardship and is associated with maximized economic rents.
The property rights could be in the form of community based fisheries rights or individual
transferable quotas. 

A  recommendation  is  made  for  revision  and  review  of  the  existing  prawn  fishery
management  plan and other  related legislations  and management  measures applied in  the
fishery. This should then be followed by provisions for enforceable incentives that allow for
co-existence of the fleets, co-ownership and co-management of the shared prawn resource.


