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Abstract

Studies on the management of renewable
resources in a multi-species framework usually
neglect the importance of species existence
values, while only harvesting benefits are
considered explicitly in examining the impacts
of biological interaction on the optimal
populations and the inefficiency caused by free
access. This paper provides some economic
insights into the concerns of species’ existence
values in multi-species setting.  Surprisingly,
it is found that species’ higher existence values
do not necessarily lead to higher optimal
populations. Instead, the type of biological
interaction may play a significant role in
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determining the effects of existence values on

exploiters’ behaviors, because the biological

interaction can have positive or negative

impacts on agents harvesting as well as

species’ populations

Keywords: existence value, extinction, multi-
species, renewable resource

Studies on renewable resources, especially
fisheries, have been focused on the problem of
over-exploitation caused by free access
resulting from the lack of well-defined property
rights to the resources. As it is known,
inefficiency occurs when property rights are not
well defined and the resources are freely
depleted to a level under social optimum
because individual exploiters do not take into
account the effect of his harvesting on others.
To eliminate the inefficiency, the externalities
ignored by individual exploiters must be
internalized. Nevertheless, most previous
studies aim at the externalities from harvesting
activities that deplete the resource stocks to a
non-optimal level; on the other hand, the
externalities caused by the biological interaction
between different species have not been
emphasized until recent years.  When the
biological interaction is considered in decision-
making, behaviors of individual exploiters will
be substantially affected by the interplay of the
forces from both the harvesting and the



biological externalities. Thus, the degree of
over-exploitation could be largely different
from what we have recognized from previous
studies.

The first economic analysis dealing with the
issue of biological interaction appears to be
done by Anderson (1975) in studying the
optimal harvesting under a framework of
biologically interdependent fisheries. Among
following researches, May et al. (1979) offer
the guidance to the problems in managing
multispecies resources, while Neher (1974) and
Getz (1979) shows that, for maximizing
harvesting profits, it is possible to optimally
deplete one of the interdependent populations to
extinction. However, most of these studies
have focused the problem on the case of
predator-prey interaction until Falk (1988) and
Flaaten (1991) turn their attentions to the case
of competing species. Recently, Fischer and
Mirman (1992) examine the effects of
biological externalities on harvesting in a model
of two interdependent species in which a log-
linear growth function is adopted when each
agent is allowed to catch one of the two species.
It is found that different types of biological
interactions could lead to different levels of
inefficiency away from the optimal harvesting.
For example, the biological interaction of
symbiotic relationship leads to a higher level of
harvesting because the positive effects each
species has on each other are neglected, while
the predator-prey relationship lead to a lower
stock of prey and a higher stock of predator
compared to the optimal cooperation outcome.
Fischer and Mirman (1996) later incorporate
both the harvesting externalities and biological
externalities into the bioeconomic model,
allowing each agent to catch both species, to
analyze the behaviors of harvesting agents
under different types of biological interactions.
More recently, Datta and Mirman (1999) extend
the analysis to the effect of strategic market
manipulation on the common property
resources in the presence of harvesting and
biological externalities.  Again, different types

of biological relationship results in different
levels of over-exploitation since the biological
interactions can display positive or negative
effects on the species’ populations. In contrast,
unlike the log-linear growth function used by
Fischer and Mirman, Chiarella et al. (1984)
construct a general model of fishery and
analyze four sets of conditions for satisfying a
socially optimal outcome. Without an explicit
form of growth function, only a general
conclusion is provided by Chiarella et al, but
the corresponding harvesting or population
level can not be known.

Despite many significant conclusions have
been drawn, none of these multi-species studies
have precisely incorporated species’ existence
values, which are the benefits received by
individuals and/or the society from the species’
existence even there is no direct use of the
resources involved, into analysis.

The purpose of this paper is to further discuss
the issue on over-exploitation resulting from
both harvesting and biological externalities in
the presence of existence value (non-use value).
By incorporating the existence value into a
bioeconomic model, the effects of non-
harvesting  benefits on specie$ optimal
populations can be known under different types
of biological interactions. It is found that
higher existence values do not necessarily lead
to higher optimal populations because the
biological interaction can have positive or
negative impacts on agents’ harvesting as well
as species’ populations.

In addition, the optimal conditions for
depleting the species to extinction will be
derived in terms of economic and biological
parameters used in the model.  This study also
shows that the species’ existence value can be
significant for determining whether depleting
the species to extinction is optimal for the
resource exploiters. Under different types of
biological interaction, the existence value may
have substantially different effects on sustaining
the species’ populations from extinction.



We have discussed the importance of
species’ existence values for determining the
optimal populations in the cases of different
biological interactions with the setting of simple
and logistic growth functions.  This study
offers numerous economic insights into this

concern that has not been emphasized
previously.  Surprisingly, it is found that the
species’ higher existence values do not

necessarily lead to higher optimal populations.
In contrast, the effects of existence values on
optimal populations are sensitive to the type of
biological interaction as well as the functional
forms of species’ growth. In particular, when
the biological interaction is a predator-prey
interaction, the species’ existence values will
have ambiguous cross effects on the optimal
populations. Besides, agents' non-cooperative
harvesting will not always lead to lower
species’ populations compared to the case of
cooperation under different types of biological
interactions, and consequently, non-cooperative
harvesting could lead to under-exploitation or
over-exploitation.

As the issue on preserving endangered
species and environmental biodiversity has
drawn enormous attention in recent years, it
seems interesting to incorporate specie$
existence values into the economic analysis of
resource management. Apparently, this study
attempts to consider the role of species
existence values for resource exploiters in their
determination of harvesting behaviors by
allowing the presence of both the harvesting
and the biological externalities. ~ As many
studies on multi-species resource have suffered,
the result from this study does not lead to a
general conclusion but only the economic
insights based on special assumptions and an

explicit model setting. However, this study
should still embody considerable policy
implications.  For example, in recent years, the
dispute over whaling in the Antarctic and some
coastal areas has raised enormous concerns on
the protection of marine species. Studies have
show that the ecosystem in the Antarctic
contains a compound biological relationship
among different whales and other marine
species. While different countries place
different existence values on these marine
species as well as intend to harvest some of the
species, it would be valuable to recognize the
interplay of the existence values and the
species’ biological interactions. To derive the
optimal harvesting and conservation policies for
different countries and/or the whole global
community, the considerations of this study
should not be ignored.
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