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A brief introduction shows that fishery science has paid
special attention to the problems posed by the exploitation
of the living resources in the sea since at least the beginning of the 20th century. While the list of those working in the
field is a long one, it was probably HJORT (1908) and PETERSEN (1892) that played the leading role of doing the first
research work in this field. Initial efforts referred to the relationship between species and rough observations of the impact of fishing on the abundance of available resources.
This situation arose out of the important fact that marine resources were seen to be inexhaustible. Although this assumption may appear to be strange and somewhat irrational, it was the one that somehow powered the dynamics
of all fishing operations. BARANOV (1918) believed that the
growth of fish was uninterruptedly exponential. Fish biomass would accordingly grow in the same way. A succession of research workers concerned themselves with these
problems during the first half of the 20th century but almost
all research work was limited to the study of the biological
characteristics of the animals being exploited and, to a certain degree, the distribution of size and weight, and the inference from these data of the more or less favourable situation of the resource being exploited. The time distribution
of data on size enabled growth as a consequence of the
cyclical character of size to be detected and even measured in a very approximate way (PETERSEN 1892) and this
was followed by studies that aimed at establishing age. At
the same time, advances were being made in basic research like the structure of fish scales, where the existence
of marked relationships with the annual cycle could be established fairly clearly, enabling not just age, which was of
maximum interest, but also growth type to be established
more exactly (LEA). Other important aspects like, for example, the reproductive process and the time of spawning
were also researched in depth. While all of these aspects
were important, there are two that are fundamental. The first

* Author for correspondence: Carles Bas. Institut d’estudis Catalans. Secció de Ciències Biològiques. Carme, 47. 08001 Barcelona,
Catalonia (Spain). Tel. 34 93 270 16 20. Fax: 34 93 270 11 80. Email:
seccb@iec.es

was the Lotka-Volterra model formula, the most successful
attempt at modelling the relationship between prey and
predator (LOTKA (1922)-VOLTERRA (1928)). Taking the exploitation of marine resources as just basically a relationship
between prey (exploitable marine resources) and predator
(in this case, fishing vessels), the formula was the first attempt to interpret and evaluate this relationship and draw
conclusions from it. The next important step was the approach made by Russell (RUSSELL 1931) whereby a situation
of equilibrium exists that is characterised by the following
dynamic equation:
R+C=M+F
This simple expression enables the process of interaction between the available resource and fishing to be modelled. Firstly, it introduces the concept of time individuality,
territory and action concerning the action of fishing in itself.
Recruitment, R, is the process by which a new generation
of the resource gets integrated into the part of the population that can be fished within the context of previously established conditions. Growth, C, gives the increase in the
resource biomass during a certain unit of time. The natural
mortality rate, M, corresponds to the natural process that
leads to the reduction of the exploitable resource biomass
during the same unit of time and space. Lastly, F represents the resource decrease brought about by the action of
the predator (fisherman) or, in simple terms, is an index of
the amount of fishing that occurs. There obviously needs to
be a certain level of stability maintained in the RUSSELL formula for there to be a specific dynamic equilibrium between the productive capacity of the resource itself and the
decrease attributed to the different types of mortality.

Present-day routines
After this historical introduction, an explanation needs to be
given of what is the signification of the Fishery Science. For
many authors, it is merely the study and analysis of the
group of possible strategies aimed at regulating the actions
of man on renewable marine resources. For others, it in-
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cludes the modelling of marine populations that are subject
to exploitation. The former is a biased vision that only takes
strategies aimed at exploitation into account with a certain
measure being given to the behaviour and in particular the
reactions of the exploited population. What is basically interesting in the second case is that the population or exploited
resource is considered within the context of the species itself, especially when this affected by the action of fishing.
The situation is undoubtedly much more complex and, at the
same time, conceptually much simpler. In a clear predatorprey relationship, and fishing should be seen as such, one
must bear in mind the entire ecological complexity of the
system together with the socio-economic side that makes up
the second part of the whole and which is closely related
with a whole other reality. In short, this is a system situated
within the ecological context and preyed on by another system that has mechanisms within its own dynamic structure
(the socio-economic aspect) and both interact in fisheries.
This could also be called ecobio-socioeconomics.
A large number of ecological studies developed by authors specialising in this field at the present time, are in reality demography studies and give a large number of numerical formulae that are not always clearly useful. With the other
aspect, attention focuses on control and given that this poses numerous difficulties, mention should be made of the
most recent viewpoint known as precautionary strategy
(LLEONART 1998, between several authors).
Reliable authors (MARGALEF 1974) recognise that research
into fishing has given a great boost to the development of certain aspects of ecology although there appear to be certain
problems when considering its importance in the approaches
made by ecological science. Many authors are now basically
concerned with exploitation and conservation strategies like
the aforementioned precautionary strategy or behaviour.
The process of ecological and socio-economic interaction that is characteristic of fisheries analysis needs to be
mentioned here and particularly that this interaction takes
place in two specific areas, i.e. as an exploitable resource
and in the action of fishing.
Fishery science from a classical point of view developed
out of the aforementioned considerations, and especially RUSSELL’s approach, from the 1940s onwards. SCHAEFER 1954,
RICKER 1954, BEVERTON-HOLT 1965, JONES 1961 and GULLAND
1971 were amongst the first to develop the basic elements for
formulating production and analytical models that have been
used for many years right up to the present day, and which
have enabled two important objectives to be achieved. The
first is the evaluation or quantification, albeit in a very rough
and approximate way, of the exploitable biomass. The second is that they enable the most appropriate standards for
maintaining the aforementioned equilibrium to be derived.
The formulae presented by both SCHAEFER 1954 and BEVERTON
and HOLT 1956 are sufficiently well known by researchers and
it is not necessary to give detailed information here, although
it is useful to point out the important advantages that they offer, together with the problems involved, which, to a large extent, have still not been overcome even today.
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The first, which is particularly obvious in models of production, is simply that of dispensing with the factors that are
involved in the process and putting the attention only on
what is considered to be initial and end aspects (input and
output), in other words the action of fishing, fishing effort and
the catch obtained. Experience and practice have shown
that without knowing what factors are involved in the
process, it is impossible to move on from very rough information that in the best of cases is merely an approximation.
In the case of analytical models, while internal aspects like
natural mortality, growth and, to a certain degree, recruitment
are taken into account, the fact that the resource is not isolated but that it is intimately connected with the environment that
surrounds it, whether this is a live one or a physical one, is not;
in other words, the ecological aspect is left out. There was
clearly a basic reason for this because it was impossible to
handle an excessive number of parameters or excessively
complicated formulae in the 1940s. On the other hand, an important factor that complicated the issue was that it is connected with density-dependent processes that can only be
considered with models that were excessively complicated.
Nevertheless, these formulae have been good enough to
control exploited populations. It must be born in mind here
that these formulae require certain prior assumptions to be
made, including the fact that the parameter for natural mortality, M, must be considered to be a stable value, which has
been shown to be erroneous (VETTER 1988). Moreover, given
the difficulty in assessing recruitment, it is not accounted for
and its calculation is reduced to the unit of recruit in order to
avoid the difficulty. Only a comparative index of abundance
is thus obtained and this would need to be multiplied by an
estimated factor that refers to recruitment as such.
Lastly, there is one other aspect that causes difficulty and
this is that the factor of fishing mortality derives in fact from
the action of fishing measured as fishing power and fishing
effort. Without having to carry out a thorough analysis of
these concepts, it is easy to understand the difficulty involved in correctly interpreting and measuring these parameters because there are many circumstances that are involved in making a correct estimation of them. Furthermore,
it needs to be born in mind that while fishing mortality is possibly not only the most important parameter in the dynamic
equilibrium equation expressed by RUSSELL, it is also the only
one that can be controlled by man in his attempts to establish or maintain the necessary equilibrium so that the resource and fishery undertakings can be maintained in the
right proportions. Lastly, between fishing itself and the catch
connected with fishing mortality, F, a certain proportion is
expressed by the catchability factor, q. In most cases, this
factor is considered to be constant although experience has
shown that this is not so and that in fact it varies constantly
due to reasons that have to do with ecological and ethological circumstances and even the fishing strategy. In this respect, it must be born in mind that while they express subtle
distinctions, the catchability concept, availability and accessibility all modify the aforementioned relationship. Given
that, according to the basic concepts governing the usual
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formulations, space is limited, that distribution is random,
and the assumption that the situation is in equilibrium, which
are circumstances that rarely occur, the aforementioned parameters can be considered as being constant in these conditions without this leading to any serious error in the models
in approximate terms.
Several unimportant strategic variations followed although
the conceptual structure of the models remained unchanged. An important yet non-significant improvement was
introduced by POPE (1972) in the concept of generations or
cohorts, more specifically known as the virtual population
analysis. This innovation basically involves analysing each
generation that makes up a population, which provides a
more detailed analysis of the population structure. If an individualised analysis can be made of each of the different generations that normally make up an exploited population (the
number will depend on the average age of the population),
not only will a more detailed picture be obtained but it will
also be possible to detect the impact that different circumstances have in each case, which is especially important at
the time when recruitment takes place. The method followed
by POPE to analyse each cohort enables the calculation of
abundance to be made each year from the time when the extinction of the generation under study occurs in practice. By
backtracking, a detailed-enough calculation can be made of
the number of recruits that started the generation being examined. As well as providing an analysis of the exploited
population that is more correct, the method enables variations from one generation to the next to be detected (as has
just been explained) and although it is not capable of examining the causes, it clearly shows their existence and stimulates new approaches for considering this situation.
Another important innovation is multi-specific analysis,
which is particularly interesting when there are ecological interrelationships of a generally trophic nature between different species being exploited. There are numerous examples
although the classic one refers to the exploitation of krill,
whales and seals. Massive fishery undertakings that seriously reduce krill biomass and that endanger the stability of the
whale and seal populations that fundamentally feed on the
krill can be accounted for with this analysis. On the contrary,
the indiscriminate catch of cetaceans or phocidae may give
rise to an unbalanced increase in krill. These types of models are more complex than the previous ones because they
have to take account of the interrelationships that exist between the different exploited species. This case needs to be
distinguished from the simple simultaneous exploitation of
various species, particularly when there is a priority one, for
example, the case of cod, hake, etc. where a specific
species is being fished and the others, although they are not
rejected, are at least not taken account of with regard to the
control of fishing. The problem becomes more important
when there are various species that are normally exploited
and which are all important for fishing, and amongst which
there is no mutual interference, at least in terms of the trophic relationships but where there are marked differences concerning the different parameters characterising the analysis
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of the populations (growth, natural mortality, etc.). Regulation is generally speaking very complicated because it is difficult to make the minimum catch sizes coincide and consequently recommended meshes and other preventative
measures. This situation is very evident in certain fisheries in
coastal areas and particularly those situated in the Mediterranean Sea.
These points of view have been fundamental in the research of fishing in exploited areas over a period of years although it is becoming increasingly obvious that it is very difficult to understand and accordingly model processes that
cannot be explained just from the point of view of their internal dynamics in view of the fact that these are totally connected with the processes that surround and condition
them. The first aspects considered are related with the possibility of somehow measuring the trophic relationships between the resource being exploited by fishing and the available food, a predator-prey relationship that is reflected in a
way by the LOTKA-VOLTERRA formula mentioned above. This
situation has been gone over in numerous journals, congresses and especially in the model presented by ANDERSONURSIN (1977). The characteristic of the model is that it analyses the importance of the abundance of food in the stability
of the exploited population. There are numerous examples
that show that the greater availability of food gets translated
into an increase in growth of the specimens that make up the
exploited populations and accordingly in an increase in fishing. Firstly, the easier the model the better and it must be
said that a characteristic of the model, which is not so highly
considered these days, is its complexity. In the case of the
biological processes and even more so with ecological type,
this question is particularly important. A second aspect has
to do with variations in available food caused by fluctuations
in the environment. This circumstance is especially important when the food consists of higher links in the trophic
chain (phytoplankton and zooplankton) that are highly sensitive to variations in environmental conditions. It is well known
that in proportion to the distance of food source at the beginning of the chain, the oscillations are gentler and the environmental impact is indirect. It seems that the true line to follow when integrating the model of population dynamics
should be by setting some particular parameter that expresses in overall terms not just the quantity or quality of the
food but also the energy absorbed. It is possible that this
may simplify the structure of the model and make it easier to
apply. This new approach would obviously introduce some
basic parameters in this analysis that are connected with the
environment (temperature, salinity, nutrients, etc.) although
this would undoubtedly occur later on in the matter being
given consideration.

Exposition of the classic models
Between the more used and classic models here are considered the following:
General yield after the Beverton-Holt formula
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Ωne − nK (t ρ −t 0 )
n = 0 F + M + nK
∞

Yω = FR e − M ρW∞ ∑

If only the yield per recruit is considered (
lation is:
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R ), the reformu-
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can diminish the encounter rate between the male and female components of the reproductive process. This phenomenon not only affects the success of reproduction, a
process situated between reproductive stock and hatching,
but also explains why excessively degraded stocks find it
impossible to recover current expression:

∞

R = F − M ρW∞ ∑

R=

1  β
1− 
α
γ

– Schaefer’s formula
Y = aEe − bE
Y
= ae − bE
E
(E = fishing effort)
– Fox’s formula

α and β are density-dependent parameters connected
with the larval mortality that varies according to the species
and the time between t0 (hatching) and tρ (recruitment). R
tends to have an asymptotic value when E (number of fish
eggs) tends to be ∞. E∞ = 1/∞ are curve of the slope is the
same as β.

Y = aEe − bE
Y
= ae − bE
E

Parameters

1
α + βE

Different phenomena were understood from these results
such as existing mortality, for example, although the problem is twofold; on the one hand, knowing when the critical
moments are when maximum natural mortality occurs and,
on the other, knowing what processes are actually taking
place. A very simple fact (comments SHARP) is especially encouraging in this respect. If it can be made clear that natural
mortality in the pre-recruitment period is very high and the
objective of fisheries control is merely to ensure a minimum
number of reproducers, it would be much more efficient to
reduce mortality prior to recruitment, even by just a little,
than all of the measures that are being practised at the present time. As far as what is known at the present time, certain
critical moments occur in this mortality, which needs to be
separated into mortality M´ connected with density and mortality M´´ connected with processes that are intrinsic. Disregarding the moment of fecundation, the highest mortality occurs at the moment when the yolk sack is exhausted and the
larva begins to feed in a more or less active way. Both the
abundance of food and the fact that this food is of the appropriate quality to serve as food, in particular concerning the

RECRUITMENT

PROGENY (millions)

Up to this point, an analysis has been made of the models
used yet it is worthwhile mentioning how the parameters involved in the different models are measured and interpreted.
Variations have occurred in the way that the recruitment
process parameter has been calculated and it is the models
by RICKER (1954) (see Fig. 1), and BEVERTON and HOLT (1966)
that in principle stand out.
The main problem however arises from the fact that there
is no clear relationship in practice between what can be considered and the lack of experimental support. In this aspect,
mention must be made of the ALLEE (1949) phenomenon in
connection with the inherent difficulties of successful fecundation when the reproducer density is excessively low, which

R=

PARENTAL STOCK (millions)

ADULT STOCK

Figure1. Relation between the reproducing stock and the progeny. a) scheme according to Ricker; b) other recruitment schemes depending
on the perturbing factors (Ricker).
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size in relationship to the diameter of the larva’s mouth, are
important in this circumstance. This study led to the analysis
of larval muscular structure, which clearly indicates any possible states of food shortage, along with the analysis of the
stomach content of young fry. The impact of the environment
on the initial phases of development of the larva, especially
at times of maximum lability, can also be established or,
even better, checked.
Growth is another parameter that is fundamental and has
been intensively investigated as a result, both from the physiological point of view in terms of measurement, and as practical interpretation when used in modelling. In this respect, it
must be pointed out that things have moved on from the descriptive phase of growth based on the comparison of size
over time to a vision of the physiology of growth itself from
von Bertalanffy’s formula that is based on comparisons between catabolism and anabolism. From here, and by using
different strategies, a useful formula can be obtained that
enables a large quantity of data to be handled. This is the
well-known von Bertalanffy formula although the approach
has more to do with the ideas of Beverton-Holt, which developed the basic ideas proposed by von Bertalanffy. Using
von Bertalanffy’s ideas, and by assuming certain simplifications, the proposed formula is as follows:
Lt = L∞ (1− e − K (t −t 0 ) )
which gives a numerical representation of growth. It is important to point out the meaning of L( which is the maximum
asymptotic value (and which the species under consideration tends towards). The specific parameter is K connected
with the previous one through metabolic activity. In this
case, there is a solid scientific basis although the numerical
transformations that are necessary for handling a large
quantity of data introduce a wide margin of uncertainty. Lastly, to has little biological meaning given the experimental
verification.
It is clear that the key problem in the study of growth is
determination the age. Things here move on from the calculation of age groups (PETERSEN 1892), based on the fact
that, in general terms, the reproduction period is limited in
time and gets repeated periodically (annually) so that the
modes observed in the distribution of size correspond with
the different age classes, and growth after the first age
group or class sampled. The numerous difficulties that occur with this system have been improved by following different techniques, amongst which the one put forward by
BATTACHARIA (1967) is possibly the most effective. Other
methods are based in similar situations, like the regularity
of growth cycles that get recorded in certain types of osseous structure. Fish scales were initially used for they contain a series of markings that correspond to each year of
life. Scales were then replaced by otoliths because all
species have otoliths whereas some fish do not have
scales. Moreover, growth rings in these structures that correspond to periods of intense and slow growth (annual cycles) as well as daily and even 12-hourly growth can be detected, together with the different special features that have
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occurred in the life of the fish (changes in habitat, stress,
etc.). This enables a more precise monitoring of the growth
process to be made through better estimates of age. Indepth study of the structure of otoliths has enabled not only
a more accurate study of the process to be made but also,
and what is even more important, the characteristic and individual features of the life of each individual to be reformulated. The application of new technologies enables the time
and intensity of different events in the fish’s life to be ascertained. Nevertheless, the formula based on von Bertalanffy
or others like GOMPERTZ’s formula that are more or less useful, do not completely conform to reality, largely on account
of certain phenomena connected with differential or allometric growth. Certain variations in the form mean that the
size/weight relationships closely connected with behaviour
(index of condition) vary over time and, therefore, to correctly assess these data, variations in the allometric relationships would need to be taken into account. Furthermore, the fact that the different variations in these relationships
have a close relationship with the ecological, physiological
and ethological changes that take place during the life of
the fish (migrations, reproductive period, etc.) would appear to be confirmed. In any case, changes in the type of
growth are fundamentally important not just in the way that
they affect the growth of each individual but also, and to a
much more important degree, the variation affecting the
biomass as a whole. It is accepted that these variations at
the present time happen as a response to environmental
variations that, according to circumstances, affect each of
the generations that make up the population. In the overall
context of growth, the concept of form is very important and
not just in itself because it is the plastical expression of the
equilibrium between the internal system and the ecological
system that encompasses it.
Two parameters, that could be grouped together as one
(mortality), need to be considered in the general formula.
From the practical point of view, however, it is useful to separate the part due to natural causes from that caused by
man acting as a predatory element. Natural mortality, the
first aspect, is a broad term that takes account of all of the
facets that cause a decrease in the biomass, irrespective of
man. This parameter has usually been accounted for in formulae as a fixed, stable parameter that is very difficult to assess, while it gives approximations that are simple and
roughly approximate. It has been suspected for some time,
however, that this parameter is not only unstable but that it
undergoes wide variations in time. This variability has been
demonstrated according to the estimations of VETTER (1988)
who checked this question. The fact that this variation is important during the period prior to recruitment, particularly
during the initial stages of life, was already well known although the present confirmation refers to the post-recruitment period and contravenes the idea of natural mortality
being a constant parameter, which has normally been accepted. This is highly important because the value of M has
a direct impact on the existing biomass and in consequence
the conservation patterns will be of one sort or another ac-

494

cording to the value of M and even more so if this parameter
varies throughout time in relationship with the variations in
environmental and ecological characteristics. It is well
known that few fish are eliminated as a result of natural death
or illness. A large part of the value of M will thus be caused
by predation by other species. Calculating this runs up
against serious difficulties and the tables drawn up by PAULY
(1987) in relation to environmental temperature present serious difficulties connected, on the one hand, with the biological characteristics of each species and, on the other, with
the impact of the environment on growth, an aspect that has
already been mentioned above.
The other component is fishing mortality. This parameter
is important because it is the only one that can be subjected
to control in the initial equation and it presents a lot of problems as regards correct interpretation. In fact, the catch is
the result of fishing mortality and it depends directly on what
is known as the fishing effort, i.e. it is the result of the application of a certain fishing power during a certain period of
time to the stock being exploited. As such, it would appear
that there is no particular problem but questions arise when
numerous difficulties that may occur are observed when
fishing power is measured, which is influenced by a wide
number of variables. An example is the application of the
concept of time, which is not always easy to interpret because measurement depends of the fishing techniques and
how they are used. Another factor that is highly important
derives from the apparent proportionality established between the catch and the fishing effort. This proportionality,
signified by q, is also considered to be a constant factor
known as the catchability constant. The differences between
the concepts of catchability, availability and accessibility
certainly need to be clarified although at all events it is obvious that while in some fishery undertakings q can be considered to be constant, at least for long periods of time, this is
not so in many other fishery undertakings especially where
artisanal methods are used, like most coastal fisheries and
more specifically in the Mediterranean. The value of q constantly and rapidly changes from one period to another and
this makes it difficult to establish a correct relationship. The
appropriate analysis of the behaviour of q compels not just a
detailed, in-depth study of the ecological characteristics to
be made but also and particularly the behaviour of the
species and especially its responses to different fishing actions. This type of research in the study of behaviour is lacking.
In general, knowledge of the aforementioned parameters
is necessary in order to prepare the models used to interpret
the dynamic processes and the more correct this knowledge
is, the better the model will be, despite any inherent limitations. In this respect, models of production (the relationship
between catch and effort) will clearly be easier to apply than
any kind of analytical model. Furthermore, in terms of the relationship between the catch and effort (CPUE – catch per
unit of effort), the result gives an index that measures abundance, Despite the serious imperfections that are involved,
this model is extensively used for obtaining information on
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the situation of exploited populations, along with the impact
of fishing at the same time.
In most exploited populations, however, it is not possible
to obtain the necessary data and even less so in the case of
statistical series that offer a minimum degree of reliability. In
these cases, PAULY (1979) used a strategy that enables the
aforementioned parameters to be estimated from a minimum
quantity of information practically consisting of the demographic distribution of the catches. This system enables information to be obtained on age, growth, natural mortality
and levels of selectivity that, together with certain data on
catches and effort, give analytical models that are more
credible than production models.
BAS et al (1955) propose a graphic expression combining
several basic data-information to present situation of a particular stock related his exploitation level (see Fig. 2).
One of the problems posed by models, together with all of
the theory normally followed in the study of populations subjected to exploitation, is that they refer to very important fishers that are characterised by a certain unidirectional pressure around a certain species such as cod in the North
Atlantic, hake to the south of Ireland, etc. In the majority of
cases, however, the real situation of the populations being
exploited is quite different in that small communities where
the majority of species are of commercial interest are being
fished. This makes it enormously difficult to interpret the fishing effort parameter because this parameter is directly linked
with the species considered to be the priority objective of the
fishery operation. In certain circumstances, fishing effort can
certainly be applied to the whole of the multi-specific exploited population although a very detailed analysis would really
be necessary because the effort generally has a specific direction. That does not mean, however, that if the preferred
species does not appear, generally as a result of a low q value (catchability), then the fishing effort can be put on other
species or indirectly on all of the community exploited as a
whole. Another very important aspect, which is especially
apparent in fishery operations using artisanal methods near
the coast, has to do with the fact that a large part of the catches consist of specimens that are smaller than what is considered the natural recruitment size. This causes an important
distortion in the application of models because a certain level of recruits is accounted for although a very high percentage of catches are clearly made up of specimens that in principle should not be fished. Two highly important examples
are hake and red mullet in Mediterranean fisheries. Both
species have a high reproductive capability so in normal or
favourable conditions, from the environmental point of view,
there is quite literally an explosion of young fry that are smaller than recruitment size. Given that a large amount of fishing
involves these small specimens, model-building receives a
strong impact from the structure of fishing operations that remove a large part of the exploitable biomass from what can
potentially be fished. So, on the one hand, the recruitment
parameter does not correspond with the real situation and,
on the other, mortality per recruit is highly increased, which
leads to distortions in the calculations. CADDY (1989) has
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Figure 2.. Graph relating the size distribution, the relation by sizes, age-size and size of the first reproduction (Bas et al.). a) poor-cod; b) blue
whiting.

drawn attention to this highly important aspect, which increases the need for new approaches to modelling.
Furthermore, if the trophic relationships factor was introduced at some time as an important element in the modelling of the dynamics of exploited populations and at the
same time as an expression of the relationships between the
exploited resource and the ecological environment (other
living elements) the majority being considered as food of the
resource, it becomes increasingly obvious that a more close
relationship is absolutely necessary between the exploited
resource and the medium in the broadest sense of the word.
Establishing relationships with the other living beings is no
longer enough because the environmental impact (different
masses of water, ocean currents, the effect of the wind)
needs to be established, and in the most appropriate way
possible, because this is a basic element in primary production and consequently has an influence on overall productivity. From the movement of different currents, the location of
marine fronts and whether these are the talus or the result of
friction between different masses of water, fingers with a
high headwater productivity, the presence of cyclical eddies
that cause the upwelling of deep water rich in nutrients, inflows of fresh water, coastal lagoons and reefs and, in a
broader sense, the geomorphology of the continental shelf
and talus, all of these elements have to be taken into account when formulating an understanding of the marine
ecology where a resource, whether it is a unispecific or multispecific one, is located. This is the only way to establish a

position that is minimally solid enough for it to be tested as a
valid model.

Current approaches: tensions and emerging
aspects
Despite the important advance made by the contributions of
the aforementioned authors, the biggest difficulties arise
from the fact that it is becoming increasingly obvious that
there is no clear explanation of the understanding of the dynamics of exploited resources, and the different attempts
that have been made have not come up with solutions that
are sufficiently correct. The problems come from both a lack
of perspective concerning the relationship between the resource exploited and the entourn in which it is situated and,
as a consequence of all of this, the difficulty in controlling or
managing this in order to achieve a sustainable situation.
One of the biggest difficulties derives from the fact that traditional models assume situations of equilibrium whereas experience clearly shows that bioecological systems normally
operate in situations that are not in equilibrium or that are extreme. One of the problems is due to the fact that it is not
possible to establish a stock’s potential if it is not subjected
to over-exploitation; the problem is as to find an adequate
way of reducing the effort. Given the situation of uncertainty
that exists, a choice must be made between two different dynamics. It is therefore a situation that is closely connected
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with the action of fishing and not directly with what is generally known as fishing biology, an expression that does not really make much sense.
There are two aspects that are important. The first is that
the maximum trophic efficiency, or the adequate conversion
of food into matter resource, happens relatively early on and
can serve as a reference for establishing the minimum size
for fishing (selectivity), while the second is that maximum
economic yield is established before the theoretical maximum sustainable yield. Just as behaviour is important in the
study of the resource, so the analysis of its behaviour is fundamental in the study of the economic impact. In this respect, models are based on an idea of stock defined as being a structure that maintains characteristic levels of growth,
reproduction and natural mortality and that is also subjected
to a set strategy of fishing. This structure can be considered
to be like a super-organism that has its own processes of selection and evolution. In any case, these structures undergo
certain disturbances that, instead of returning to a stable
equilibrium, attain situations that are cyclical. The relationship with its surroundings (environment, other species,
economy, etc.) is what causes the variations and, according
to their nature, the type of variation. The study of long historical series, especially those that refer to stocks/populations
situated in areas of high productivity and large potential biomass, shows the existence of large, cyclical oscillations.
Up to this point, the variations influenced by what can be
considered to be the internal dynamics of the resource have
been referred to, although the importance of the dynamics of
the fishing fleet (fishing power and fishing effort) also needs
to be taken into consideration for it is closely linked. Very little analysis has been made of these parameters despite the
fact that their influence is highly important and even essential for the correct management of the exploitation of marine
resources. There is a need for greater attention being paid to
the correct understanding of how they (HILBRON – WALTERS
1992), operate because his accurate modelling facilite the
correct and global model of the fishery. In this respect, it is
important to gain not just a greater understanding but also to
make a in-depth study of the resource’s most sensitive aspects, such as pre-recruit and reproducers. Insisting yet
again on the importance of behaviour, spatial distribution is
highly important and the existence of concentrations, due to
either environmental (hydrographic fronts) or trophic (abundance of food) causes, can give rise to erroneous estimations of abundance as a consequence of the false interpretation of the CPUE in connection with variations in
vulnerability. These situations can affect different parameters, especially recruitment and in a direct way the relationship between the parental stock of the reproducer and the
number of recruits. From another point of view, the need for
long series of data presents very important problems because it is very difficult to obtain homogeneous sets. In this
respect, a more in-depth use of Bayes theorem may enable
series that are somewhat heterogeneous to be used without
overlooking the fact that there is clearly a certain influence in
all of these cases between the different values/data of a se-
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ries. In this respect, the possibilities offered by the fuzzy set
theory should also not be overlooked. Finally, it should be
born in mind that, in many cases, more information appears
in the observed deviations than in the whole of the sum of
data itself. In this aspect, being able to pay special attention
to critical moments (recruitment, reproduction, migrations,
etc.) through the detection of deviations can provide correct
and useful information in a relatively easily way in terms of
the gathering of information. Attempts can be made to obtain more correct information so that the parameters and,
more importantly, the deviations that occur can be assessed. On this same point, historical series with time deviations are very interesting although a careful biological analysis is necessary in order to explain the process in a
comprehensive way. Situations of this type occur when comparisons of series of abundance between reproducers and
recruits are made. These situations give rise to cyclical or
half-cycle relationships that are highly interesting and are
commented on further on.
Following the analysis of the parameters, models that give
an estimation of the biomass are necessary to provide instruments so that appropriate strategies for managing fishery operations can be proposed. As has already been pointed out, the models of production are too rough because the
data are not reliable enough and the estimation of the maximum sustainable yield (MSY) is a low efficiency contribution. Amongst other things, it will never be possible to know
the reaction of a stock to fishing without fishing ever having
been done there before. This model seeks to estimate the
abundance although the CPUE is not always strictly proportional to it. Methods of acoustic assessment, despite all of
the errors that they may incur, can provide direct estimations
of biomass.
A very important question in reference to fishery operations is the system’s ability to regenerate itself. Some resources have a high ability to recover, especially species
that are closely linked with the initial links of the trophic chain
or directly influenced by environmental (oceanographic or
geomorphological) parameters that directly influence the
processes of recruitment or changes in natural mortality.
These types of situation, which are very frequent, have been
given little consideration although they strongly distort the
perspectives because they give rise to variations in abundance, especially in the youngest age classes. This recovery ability does not correspond to cyclical variations but appears to be more the result of variations in the system’s
basic production capacity together with special characteristics of the exploited resource.
An important aspect to take into account is the recovery
ability of certain types of marine resources. Phenomena like
population collapses need to be more intensively studied
because, on the one hand, the influence of the ALLEE effect
(ALLEE 1949) can interfere with possible recovery and, on
the other, one also needs to take into account that economic
collapse (minimum economic profitability) occurs before the
real extinction of the resource. This gives the resource an
opportunity to recover when the ecological circumstances
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are favourable enough although this does depend on the
species that is depleted.
It is important to pay maximum attention to the behaviour
of the fishing fleet and in particular to its fishing power.
Whereas the behaviour of the ecological predator has been
studied, little attention has been paid in research to the significance of this specific predator (fishing power). and it may
be these more effectively In the future, it may be possible to
more effectively assess technological interactions that are in
a way just as important as ecological ones.
Whenever maximum catch quantities, commonly known
as TAC (total allowable catch), need to be indicated, a matter that seriously need to be considered is of ensuring the
minimum quantity of females to provide a reasonable number of hatches/recruits. In this respect, one should bear in
mind the questions concerning reproductive behaviour, the
ALLEE phenomenon and the high mortality that is typical
during pre-recruitment. Each species and situation deserves special attention without overlooking the gender distribution that is not always the same. SARDA and collaborators have detected interesting differences in some species
(Aristeus antennatus), and this also occurs between different sizes of the same species. All of these circumstances
make fishery operations (restrictions in fishing strategies,
fishing techniques, different types of limitations, fishing quotas, minimum sizes, etc.) highly complex and uncertain and
a highly conscientious analysis therefore needs to be made.
«Pulses» occur in the majority of fishery exploitations that
are sometimes due to good ecological conditions that act as
a stimulus for the economy and on other occasions to economic stimuli that force a higher rate of fishing exploitation,
even in cases where the resource is being overexploited. A
very clear example of this has occurred in the exploitation of
the majority of the fishing resources in the Mediterranean.
These situations are difficult to control and are in general
heading towards a point where it will be difficult for them to
recover. A reasonable decrease in the economic stimulus
helps to improve the situation. Yet again, the application of
so-called «precautionary conduct», fundamentally to the
socio-economic aspect, gives very positive results.
Up to this point, special attention has been paid to the
aspects related with the action of fishing vessels on the resource and the different aspects and problems posed by
research in this field. This brings us to the point of considering the situations that have to do more directly with the
strictly ecological side of the problem. It is essential to establish a correct relationship between the dynamics of the
exploited resource, whether this is one or various species,
and its ecological relations. The need is truly widely recognised although important technical problems arise here.
The approach expounded by PALOVINA (1984) will be particularly taken into account here, and the contributions made
to this by CHRISTENSEN-PAULY (1992, 1993 and 1995) and
JARRE-TEICHMANN (1991), which which have given rise to the
ECOPATH models that are based on the ideas expounded by
ODUM (1969). The authors are convinced that, in order to
correctly assess a certain resource, it is necessary to not

497

only assess/estimate its biomass along with the parameters
that characterise its dynamics but also to establish the relationships with its surroundings that are determined by a series of fluxes (Fig.3) between the different components.
These models are based on trophic interactions. The possibility of maintaining a certain level of ecological sustainability in a fishery can thus be assessed. To sum up, a series of
compartments in the construction of a flow model are taken
into account. It is a question of measuring the energy balance of each component, expressed according to consumption:
consumption = production + respiration + unassimilated food
With regard to consumption, reference can clearly be
made to the internal elements of the system itself, along with
external contributions. As for production, reference is made
to the fraction consumed by predators, along with the fraction exported out of the system and the part that turns into
«detritus», a fraction that has become important in the dynamics of the system from the overall point of view. Production, referred to as the element i, is the result of total predation on i plus the loss of i not due to predation plus the
catches made of i and, lastly, other i and non-specific losses. The production corresponding to i can also be expressed as a function of Bi – P/Bi. Loss due to predation is:


∑  B j ⋅ Q B ⋅ DC ji 
i 

j
Other losses not caused by predation
(1− EE i ) − Bi + P B

i

In this case, a situation of equilibrium is expressed by the
following equation


Bi ⋅ P B ⋅ EE i − ∑  B j ⋅ Q B ⋅ DC ji  − E xi = 0
i 

i
j
where i = a component; j = a predator of i; Bi = biomass of
i; P/Bi = production of i per unit of biomass (in case there is
stability, this will correspond to total mortality); Q.Bi = consumption of a component per unit of biomass; D.Cji = the
average fraction of i in the diet of the predator j expressed in
units of mass; EEi = ecotrophic efficiency of i (part of the total production consumed by the predators or exported out of
the system); Exi = system exportation and exportation out of
the system (emigration or fishing). In some cases, there is
frequently a lack of information in some of the parameters
for some i being considered. The model will be correct and
balanced when information is available for all of its components. In this respect, it is highly important to know what
the strategies of behaviour are of the different species that
make up the system. Some ecological models (JORGENSEN
1994) provide an understanding of the relationships between the components, as well as a flow analysis. In this
sense, an assessment of the cost that fishing represents for
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a)

b)

Figure 3. ECOPATH model (from PAULY-CHRISTENSEN). a) the size of the boxes are +/– proportional to the logarithm of biomass. Arrows documents of interrelations; b) ECOSIM model (WALTER et al).

the whole of the ecosystem could be tested. If this could be
appropriately developed, it would be of great importance for
prospective approaches.
Some authors in their recent works (CHRISTENSEN-PAULY
1992) also refer to ODUM (1969). They take account of
twelve measurable characteristics, out of the total of twenty-four characteristics pointed out by the author, for detecting the state of evolution of an ecosystem. The system of
equations indicated above is used to obtain a balance between masses. The largest part of production in marine

ecosystems is used for predation or for fishing and very few
animals, especially in the more advanced sections, die of
old age, natural mortality or as a result of illness. Nevertheless, one must bear in mind some cases where natural or
spurious causes cause mortality on a massive scale (red
tides) although these are always very point-specific. The
fundamental element for understanding the dynamics of the
ecosystem is to calculate the interrelationships and relationships with the adjacent strategies. The dynamics of this are
set within a certain context that is defined by the system’s
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the carring capacity. Any variations or changes that may occur in the system’s overall carrying capacity can bring about
very important oscillations in its internal dynamics. This
could be considered to be the framework or context of the
setting, which delimits the real possibilities of the dynamics.
Variations in its components, where the action of fishing in
almost all cases has a very important significance, will always adapt to the system’s carrying capacity. Ecosystems
that have their dynamic structure (mutual relationships) degraded by the heavy pressure of exploitation (fishing) are always a long way from their maximum carrying capacity.
Within the context of the different levels of development in
the dynamic relationships in the ecosystem, fishing always
acts in the middle and/or end levels and the impact that it
has will be related with this situation. The exploitation of
small or medium-sized pelagic species thus has a different
impact on the overall strategy to that of species situated in
the more evolutined sections that are more likely to have
achieved a higher level of equilibrium in the system. On the
surface levels in the sea, the group included in the large migrators (end links) have the possibility of resisting changes
in the environment by making use of their great mobility and
ability to shift location. The study of the stocks of striped tuna
(Katsuwonus pelamis) in the North Atlantic is a good example.
Furthermore, the demersal species, which make up the
benthos, use another type of overall strategy and at the
same time have a lower resistance to disturbance such as
that caused by fishing. Nevertheless, greater attention
needs to be paid to certain aspects concerning the strategy
of benthic systems. Firstly, a lot of attention needs to be paid
to the significance of detritus, especially that caused by the
population (plankton and others) in the surface layers of the
sea. The possibilities of intermediate elements (bacteria, filterers, detritivors, etc.) using the detritus enables supplementary food to reach the resources that live near the bottom. Secondly, consideration needs to be given to the
important role played by the living beings that are capable of
making significant nictohemeral vertical migrations (Euphausia, mictofidos, etc.) and of transporting material and
energy from the surface layers to the bottom with hardly any
loss. Predators of these at the bottom have a lot more biomass and nutritional energy. Lastly, another important aspect is related with the vertical migratory ability of certain
benthic fish, for example gadids and merluccius, that are
capable at night of reaching depths that are a long way from
the bottom which increases the possibilities of more food. To
sum up, more information is needed on a whole series of
strategies that needs to be considered in order to correctly
interpret all different types of ecological relationship.
Amongst all of the models that have been mentioned
above, a variant considered recently and that is more effective is the ECOSIM model (WALTERS et al, 1997), which takes account of the conduct of prey, its spatial distribution and
availability in relation to the predator. There is thus a progression from the simple balance of mass that is typical of
the ECOPATH model to a new, more dynamic one. The primary
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production of the overall system can be considered to be
constant although this is surely incorrect, and parallel to this
it could be represented by the carrying capacity that operates, as has already been mentioned, like a framework for
the whole. Within the framework of the system, one aspect
that needs to be taken into account and that is certainly not
very frequent is gastric saturation. Specific studies of this
are necessary. The encounter mechanisms between prey
and predator are amongst the many aspects that need to be
considered between prey and predator because, far from
what might appear to be so, this does not happen by
chance. All of this is closely related with availability (Vij) that,
as has already been mentioned, is very changeable and
does so very rapidly. The ECOSIM model contributes to a
highly interesting aspect, i.e. the role of detritus, which is
seen to be increasingly important. The model also presents
a series of problems in that species with low levels of fecundity are incapable of transmitting certain improvements that
follow on from an improved abundance of food to the system. In other cases, increases in the value of F leads to a decrease in natural mortality. This, together with other problems related with the stability of M, deserves more attention.
In very complex models that have a lot of compartments,
small changes can give rise to large variations, especially in
the Vij parameter. Tropical systems are a good example of
this. Lastly, this model can be of use in obtaining useful results, especially of the relationships that are considered to
be determinant in the system as a whole; while great quantity of information is not always more useful, what is necessary
is for the information to be fundamental and determinant.
The understanding and research of an adequate strategy
for managing a resource and the in-depth study of the ecological relationships that the exploitable resource is involved
in, together with the interactions that characterise both of
these aspects, constitute what is known as Fishery Science.

The future and how to approach it
Having examined the basic concepts concerning how models are conceived in order to understand the dynamics of exploited populations, one can see how it becomes a progressive chain of factors that are in principle separate (exploited
population and the mechanism of exploitation) until an attempt is made to bring them all together in a wider context
that is formed of their ecosystem (in terms of the biological
research of the resource). As for exploitation, this facet
tends to be related with the group of broader strategies that
determine the socioeconomics of fishing. This latter aspect
has received little attention by the researchers of fishery
population dynamics. Nevertheless, the pressure that fishing exerts must also undoubtedly be added to the advances
made by the ECOPATH-type models in an assessment of the
ecological network where the resource is found. A model
which is developed to clearly and flexibly show the relationships between the different components of an ecosystem
and that has been developed to a certain strategic level,
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considering all of the difficulties that are involved, would undoubtedly not be sufficiently developed in terms of the socio-economic approach. This is especially important if one
tries to introduce this concept into the overall model of the
behaviour of fishing.
MARGALEF (1976) proposes a formula derived from the
LOTKA-VOLTERRA expression with the following formula:
dN p
= τ 'pN p − bN p2 − VN pN h
dt
where Nh is equal to fishing population, which is similar to a
kind of fishing effort. Variations in this value would be as follows:
dN h
= mdN n − ωN p (t − τ ) − N h (t − τ )
dt
where md would be the cost per unit of fishing effort and
the drift in time, which is equal to the time necessary for the
fishing change, given a specific fishing strategy. This delay
is a very frequent aspect in ecological/biological/economic
processes and it is highly important to design strategies that
can estimate it, even though this may be in just an approximate way.
This here is obviously an initial approach although one
should bear in mind that interaction between the strictly
ecological and the economic models occurs by following
guidelines, regulations and controls that have been extensively developed although where the level of uncertainty
(HILBORN-WALTERS, 1992) is particularly relevant. This situation is again support on the concept of precautionary fishing.
In this respect, the future of fishery science will be situated
somewhere between estimations made of the exploited resource in the context of the ecosystem’s dynamics (the eco-

logical aspect) and the dynamics of the socio-economic network. Both of these two facets are clearly firmly based on scientific foundations that are characteristic of both branches of
science. Fishery science gets its particular characteristics
from the fact that the inclusion of both strategies occurs in a
clearly specific way. A guide model could be considered to
have the following aspects; an economic structure with particular characteristics that derive from the nature of its objective (a highly vulnerable resource); economic pressure that
brings to bear on the massive components of the network of
the trophic chain; and lastly a social action that tries to maintain an equilibrium between the two actions and which has a
high degree of uncertainty as its greatest difficulty.
While the LOTKA-VOLTERRA approaches, together with the
contributions made by ANCONA (1964), are now considered
too old-fashioned, it is necessary to revise the points of view
expounded by them because they are considered to be basic instruments for making progress in this direction. The
fundamental elements are:
dN p
= Vp − N p
dt
dN p
= md − N d
dt
Np = population of the prey; Nd = population of the predator; r = rate of increase of the prey; md = mortality rate of the
predator. The interaction produces a decrease in Np in proportion to N. Also, the mortality rate of the prey
mp = v Nd
N increases its biomass according to Np.
vd = wNp
In the previous equations, v and w are rates of relationship.
So, finally
dN p
= rpN p − VN p ⋅ N d
dt
Nd
= ωN d N p − md ⋅ N d
dt
These relationships clearly do not take the influence of
other species that interact in the ecosystem into account, as
the ECOPATH model tries to state. The whole, made up of two
species, will remain stationary if
rp = m p − VN d
md = rd = ωN p

Figure 4. Relations between prey and depredator (from MARGALEF and
D’ANCONA). N1: prey. N2: depredator. Two relations prey/depredator.

Although this situation is considered to be stationary, oscillations can and do occur. As has already been mentioned,
it is important to bear in mind the time lag effect that is very
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evident in some relationships and that disturbs the situation
of equilibrium. If Kp and Kd are considered to be the values
of Np and N in the case of mixed populations in a stationary
situation, the following equations are obtained:
Kp =

md

ω

r
Kd = pV
It can also be considered that
Np
= np
Kp
Nd
= nd
Kd
when the population stays highly stationary and in this case
np = nd = 1.
The most serious difficulties arise, on the one hand, from
the lack of specific knowledge of the behaviour of the systems that interact and, on the other, from the lack of specific
instruments for processing the information. It has already
been mentioned that a lot of problems are created as a result of the degree of uncertainty that arises from the lack of a
correct understanding of the bioecology, on the one hand,
and of the socio-economics, on the other, together with the
lack of reliable information. A process as important as the
stock reproducer/recruits relationship seems to adapt well to
a cyclical type of analysis (SOLARI et al, 1998; BAS et al, 1999).
It is also important here to consider that some of the constants accounted for in these last formulae appear to have a
fractal structure.
Consideration of the elasticity of population sets together
with the methodology fuzzy sets theory may possibly offer
important opportunities as an instrument of mathematical
processing.
The analysis of elasticity enables the effects of changes in
survival, growth and reproduction in a particular bioecological level with a complex biology to be estimated and compared. It is a new instrument in the study of population dynamics and its application is highly important for the
conservation and management of populations. Demographic parameters are taken into account, together with the asymptotic value of the population growth. This new view is
highly important at the present time for the assessment of
populations because it is easy to calculate and there is an
obvious connection with the empirical data. Fewer data are
needed and populations can be generalised with a wide
range of biological features. Furthermore, the analysis of
elasticity enables the functional dependence of population
growth and demographic parameters to be explored.
Prospective and retrospective analyses can be combined
and explored to add to the understanding of the growth of
populations, variations in the life expectancy rate and the
level of uncertainty in the application of conservation measures. It is also interesting to be able to relate demographic

studies with biological and genetic evolution and thus help
find the most appropriate form of management in each case.
Despite the fact that the concepts of elasticity, susceptibility,
convenience and gradient selection are not always sufficiently clear, they do help to relate demography with evolutionary dynamics in a constructive way. Different considerations that refer to this matter suggest that general
recommendations on control can be made from an understanding of the species’ biology. In some cases, variability
and density-dependence are highly important although research needs to be implemented in any case because sufficient information is not available for the majority of species.
(HEPPELL, PFISTER, de KROON, 2000).
Lastly, while there are many considerations that could be
expressed to round off these thoughts, the concept expounded by SHERMANN and collaborators (large marine
ecosystems, LME) may well provide the best set of proposals for action in terms of the more immediate future, provided
that the different ecological and socio-economic components are dealt with within the lines of current research. The
contribution made by the ideas of LME is also important because, and to repeat this fact one final time, this comprises
the different bio-ecological and socio-economic components in an interactive and iterative way.
Finaly it is necessary to consider the evolutionary ecology in
assessment and management fish stoks (HUTCHINGS, 2000)
and to consider commercial fishing as a massive, incontrolled,
experiment in evolutionary selection and it’s the effects on several adaptative traits (STOKES and LAW, 2000). In summary evolutionary ecology will improve the success of fishery ressource
management in long term and, thereby, support the sustainable management of the wold’s fish resources.
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