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Introduction
Pests can be defined as organisms that cause harm: environmental, economic, or epidemiological. Cherrett et al. 
(1971) defined a “pest animal” as “one which is noxious, destructive or troublesome to humans”. Woods (1974) and Hone 
(1994) qualified the definition to incorporate a requirement of causing economic damage. Today we complete the 
definition observing that there are some vertebrates causing problems in agriculture: to crops, to livestock, in and 
around buildings and other equipment, and spreading diseases. Problems also can occur in forestry, in conservation of 
plant and animal species and communities. But although on one hand many wildlife populations can cause damage to 
agricultural and forestry systems, they are also valued as resources, either for their recreational value or for their 
value of existence and contribution to biological diversity. As a result, the economic and regulatory environment in 
which the species exists, whether they are considered as “pests” or as “resources”, often determines the “real nature”
of given species.

Study area
The study was carried out in the San Rossore Estate in Central-West Italy (43°43’N; 10°19’E). 
The 4.653 ha study area lies on the Tyrrhenian Sea coast, West of Pisa, Italy. Bounded by the 
Serchio river to the North, the Arno river to the South, the Tyrrhenian Sea to the West, and 
fenced in on the East, it is characterized by a sub-Mediterranean climate, with mild winters 
and warm and dry summers, and a plain orography. The ground is mainly sandy, and the area 
available to deer consists of grassland, open or bushy, deciduous and mixed woods (Quercus
spp., Fraxinus spp., Populus alba, Populus canescens, Almus glutinosa), pine woods (Pinus
pinea and Pinus pinaster) and marshes; the remainder is sandy littoral vegetation. Moreover, 
1.033 ha of fenced agricultural areas are not available to deer. During the week, the estate 
is closed to the public, while designated areas are open at weekends. However, also during the 
week, the eastern side of the estate is characterized by intense human disturbance caused by 
the presence of farmers, workmen and horses riding and, recently, by tourists having access to 
a visitors’ building; the two entrances to the estate, the two inhabited areas, and the main 
road are localized in this part of the study area. The other most important ungulate of the 
Estate is the wild boar; also this wild species is subjected to management and harvesting.

In this study a bioeconomic model is developed to investigate biological and economic mechanisms 
driving an “optimal control strategy” to manage a fallow deer (Dama dama) population in a Natural Park 
in the Central-West Italy, living in a sub-Mediterranean habitat, where large predators are absent. 
This wild population well represents the double face of the problem, as it is at the same time a pest 
and a natural resource. 

In the first case it causes damage to forestry not only because natural predators are absent, but also 
because two rivers (the Arno river to the North and the Serchio river to the South), the Tyrrhenian Sea 
and an important road bound the natural protected area within a strongly urban land, preventing any 
possible emigration from the Reserve.  At the same time this species is the most representative mammal 
of the Park, for its biological and recreational status. 
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Methods and results
In contrast to a Sporting Estate, where the aim of the owner is to maximize his profit by 
the selling of wild animals and, at the same time, minimize the costs resulting from some 
kind of damage to the vegetation, in a Natural Protected Area in Italy the current laws 
provide that when animals have to be removed because they cause damage to forestry or 
other animal species, the revenues that the Park achieves by the selling of animals have 
to be equal the costs of the wildlife management. The relationship that correlates with 
this condition is shown in Tab. (1) by the equation (1). Our aim is to find the optimal 
number of animals that we could harvest, from our given population in 2004 (Xt), derived 
by annual censuses, such that the revenues from the selling and costs for the management 
will be equal. 

TAB. 1
(1) pwYt – f(Yt, Xt; α, β) × wage/hours = 0

where:

- p = is the price of shot and harvested alive animals, obtained  calculating the  

weighted mean;

- w = is the weight of animals in Kg, obtained calculating the weighted mean;

- f(Yt, Xt; α, β) = are the optimal hours calculated by Equation (1);

- wage/hours = is the ranger wage per hour.

(2) Yt = α + β0Xt + b1 × hours

TAB. 2
Year 2004

Yt = 1335    Xt = 4001
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This could be useful for a Park which could use regional or national funding for other management plans. For the statistical 
analysis, expressed by the equation (2) in tab (1), we used SPSS 9.05, collecting data from 2001 until 2006. This multiple linear 
regression relationship links the size of the cull to the population size and the number of hours of effort applied to the 
harvesting. Our results show that the overall regression is almost statistically significant at the 10% level (Sig. F for the 
overall regression is 0.1). Such a result was expected because with only 6 years of data it is unrealistic to expect a highly 
significant fit. Using the individual parameters obtained by the regression from six years, a cull size Yt for the year 2004 from 
a population of size Xt (the population under culling is composed  by bucks, prickets, yearlings, hinds and fawns), we obtain the 
optimal number of hours of effort for that year (hop). This value (hop) will change for any given cull size (Yt) as the population 
(Xt) changes (see equation (a) tab. 2). Finally, from the equation (1), and using the optimal number of hours that we obtained 
previously for the year 2004, we can calculate the optimal number of animals to be harvested (alive and shot) without incurring a 
financial loss (see equation (b) tab. 2).

Conclusions
There is little uncertainty that wildlife-human conflicts impose significant costs on 
society. Yet, as most wildlife managers, hunters, and nature enthusiasts would agree, 
there is also enormous value associated with the same wildlife resources (Loomis et al., 
1989a). The results obtained by the current research, the first of its type conducted in 
Italy, suggest that, for the year 2004, the optimal number of fallow deer to be harvested 
is 381 animals more than the real number harvested by the Park rangers without incurring 
in a financial loss for the Park. This calculation suggests that it would be possible to 
increase the cull by 29% in 2004 making equal revenues and costs. This kind of research 
could become an important instrument for wildlife managers both in natural protected areas 
and in hunting ones, especially in terms of planning future management strategies (for 
example in a range of 10-20 years or more). The ability of wildlife managers to harvest a
large proportion of a well-defined wildlife population confined to an urban area, a 
sporting estate or a specific and accessible natural area, the presence of fixed set-up 
costs, and an inverse relationship between the population level and the marginal cost of 
harvesting are the central factors making a bio-economic model superior to the traditional 
steady-state approach to wildlife management (Roundeau and Conrad, 2003).

MANAGEMENT OR 
CONSERVATION?

PESTS OR RESOURCES?

WHERE IS THE LIMIT?
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Clark (1976; 1990) coined the term 
“bioeconomics” to describe the economic 
analysis of biological systems, and 
described a conceptual and mathematical 
framework that links the dynamics of 
biological populations with the economic 
imperatives that drive their management. 


