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FISH POPULATIONS 1

c© J. J. Miguel, A. Ponosov, A. Shindiapin

Keywords: population modeling; restricted �shing; delay equations.
Abstract: We propose mathematical model to examine management strategies associated with fully protected

marine reserves. We consider two linked populations in adjacent areas, where one is exposed to �shing and the
other is not.

Introduction.

Traditional methods of controlling �shing include: restricting the �shing season, restricting the
number or biomass of �sh captured, restricting the size of �sh captured, restricting the places available
for �shing. The last option includes the establishment of marine reserves, i. e. areas permanently closed
to all �shing. Reserves could help to maintain healthy ecosystems with natural levels of species and
habitat diversity. Therefore, theoretical studies of harvesting strategies are of great interest and have
attracted attention of both scientists and managers.

In this work we use mathematical models to examine management strategies associated with fully
protected marine reserves. We consider two linked populations in adjacent areas, where one is exposed
to �shing and the other is not. Our models allow us to explore the in�uence of a reserve on the levels
of stock biomass and catch. The key issue will also be an user-friendly software for numerical analysis
of e�ective harvesting strategies in the context of protected marine populations.

The fishing industry in Mozambique.

Fishing is an important area of the Mozambican economy, and since l973 production and marketing
of saltwater �sh, shrimp, and shell�sh have increased steadily. Mozambique's o�shore waters contain
tuna, mackerel, sardines, and anchovies but are best known for the shrimp (prawns) that are an
important export commodity. A long-term, sustainable management of the nation's �shing resources
based on scienti�cally approved guidelines is therefore of vital importance. A quantitative understanding
of this kind can only be achieved by combining modern mathematical modeling methods with a
profound knowledge of the biology of the populations.

The main mathematical model.

We consider two regions that have two habitat areas A and B, with a �sh population that dispersing
between the two areas. Assume that �shing takes place only in region B, with region A established as
an marine reserve area or no-�shing zone.

From the point of view of �shery managers, the existence of globally attractive solutions is very
important in order to plan harvesting strategies and sustain the �shing grounds. The life-history
migration characteristics and management parameters, such as the �shing rates and the areas allocated
to the reserve and �shing zones, may in�uence the dynamics of the system.

The following system of delay di�erential equations is studied
dx1
dt = x1(t) [1− xγ1

1 (t)]− a1x1(t) + a2x2(t)
dx2
dt = x2(t) [1− xγ2

2 (t− h)] + a1x1(t)− a2x2(t)− h(x2(t)),
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where ±aixi(t) are migration terms and h(x2(t)) is the harvesting term. The delay in the second
equation is due to the maturity period of the stock which is to be harvested. As in many other
biological models we exploit more general power law nonlinearities instead of logistic ones.

Analysis of this model and its comparison with the non-delay model was done using Mathematica.

REFERENCES
1. MacDonald N. Time lags in biological models. Lecture Notes in Biomathematics: Springer-Verlag, 1978.
2. Miguel J.J. et al. Mathematical models with after-e�ect in population dynamics // Functional Di�. Eq. 1998. �

5 (no. 3-4). P. 377-391.
3. Shea K. et al. Management of populations in conservation, harvesting and control // Trends in Ecology and

Evolution. 1998. �13 (no. 9). P. 371-375.

Àííîòàöèÿ: Ïðåäëàãàåòñÿ ìàòåìàòè÷åñêàÿ ìîäåëü ðàçâèòèÿ äâóõ ñîñåäñòâóþùèõ ïîïóëÿöèé îäíîãî
âèäà ðûá â ñèòóàöèè, êîãäà îäíà èç ðàññìàòðèâàåìûõ ïîïóëÿöèé íàõîäèòñÿ â çîíå, çàïðåù¼ííîé äëÿ
ðûáîëîâñòâà.
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