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Abstract 

The development of several sub-fields of general economics, including those of 
bounded rationality, institutional economics and the evolutionary economics, has 
expanded the scope and intensity of the dialogue both within economics, as well as 
between economists and other scientists. One of the more important 
preoccupations of early evolutionary economics was the development of an 
aggregate growth theory with more realistic micro-foundations of firm behavior. 
Now theorizing and modeling of evolutionary economic processes is also a 
preoccupation of chaos theorists. Fleet evolution in a competitive fishery displays 
many features of interest, one of which is the strong similarity with predator-prey 
relationships in population biology. However, aggregate data on Heel behavior 
sometimes reveal humps or "ears"' which, when fitted to differential equations 
explaining stock and fleet evolution, are smoothed. Such smoothing reveals the 
dominant process, but it filters out other important secondary processes of interest 
to resource managers. These secondary processes can include price effects, 
technological innovation and diffusion, and complexities in the ecosystem that 
change stock parameters. This paper discusses how an evolutionary economics 
approach to modeling firm behavior might be useful in understanding important 
anomalies in the predator-prey trajectory. It concludes with a discussion on the 
management importance of micro-level phenomena on the ultimate trajectory taken 
by the fleet in response to the stock The conclusions are that while the dominant 
predator-prey process is important In explaining competitive dynamics and 
resource depletion, unexpected ecological phenomena and micro-level behavior of 
individual boat owners are also important reasons for precipitous collapses in 
certain fisheries. This may suggest substantial revision in the theoretical and policy 
tools used to manage fisheries. 

Using evolutionary economics to explain PREDATOR-PREY ANOMALIES in 
the fisheries or explaining Micky MOUSE'S EARS 
 
"...A theory of rational behavior must be quite as much concerned with the 
characteristics of the rational actors-the means they use to cope with uncertainly 
and cognitive complexity- as with the characteristics of the objective environment in 
which they make their decisions. " H. Simon (1978) 

Introduction 

A certain renaissance has occurred in institutional economics and in the disciplines 
that were outgrowths of Schumpeter's and Usher's work on innovation and 



business cycles, one representative of which is evolutionary economics. These 
fields seem to have been helped along significantly by the work of the bounded 
rationalists (see, for example Simon, 1978 and Simon 1992), and later by chaos 
theorists interested in evolutionary processes in economics (Leydesdorf and van 
den Besselaar, 1994). Nelson et al (1973) and Nelson and Winter (1974 and 1982) 
discuss the practical aspects of the bounded rationality hypothesis at the firm level 
for the purposes of explaining economic growth. The attempt in their earlier papers 
and their book was to propose an expanded microeconomic theory of firm behavior 
which could be used to explain aggregate behavior. This was to avoid the 
aggregate production function conception of economic growth as found in some 
seminal works of the same period (examples are Solow, 1957 and 1970). Looking 
at the array of articles produced by the evolutionary economists, one is struck by 
two things: 1) The frequent use of biological terminology mainly to explain the 
process of technological change and other "new dialogues" with nature: 2). The 
notable absence of any examples of such a dialogue with another living population. 
In the literature cited by Hodgson (1995) evolutionary economics appears to 
borrow from biology, but does not explicitly address the dialogue with the biotic part 
of nature. 

Fisheries economists have been intently preoccupied with one important dialogue 
humans have with nature. However, until recently, these explanations have been 
based upon a frail link between the behavior of the firm and aggregate fleet 
behavior. These often involve unrealistic assumptions about the technologies 
available to each member of the fleet, and the mechanics of entry and exit. With 
some exceptions, few have been concerned with the management problem implicit 
in the recognition that complex fleet behavior often faces complex stock behavior. 
 
In an earlier paper, Wilson and Lent (1994) proposed what might be called a naive 
approach to the evolution of rule structures in a fishery. It was "naive" because the 
evolution of the fleet was modeled in the aggregate, similar to what is traditionally 
done in most fisheries economics treatments, and by the landmark applied work 
(Bjorndal and Conrad 1987a, 1987b, and 1989), However, at critical times in this 
evolution, the common pool cycle was disrupted by an attempt by the remaining 
fleet to minimize costs by adopting ''simple rules." These rules, adopted one after 
the other, could produce a rule structure similar to those seen in actual fisheries. 
The timing of the adoptions, however, was endogenously created as a function of 
the internal governance costs (called ITCs in their paper). Although bounded and 
sequential rationality was a central element of their work, several critiques can be 
made. First, aggregate production remains a comer stone in the model, which 
made it necessary for them to use the theoretical device of the "representative 
(identical) fisherman." This representative fisherman would decide that a certain 
public policy was in his and the fleet's best interest at a given point in time. This 
''corner stone" remains as an inconsistency between the level of aggregation and 
the dynamics of individual firm behavior. Second, the costs experienced by the 
fleet were only weakly statistically related to the stock. While there is a 
microeconomic or firm level explanation for this based upon the search strategies 
of firms and the behavior of the stock, this is difficult to describe using the 
aggregate mode!. Third, internal costs of coalition, though a real issue in the 
fisheries, are fictive in the model. Finally, the use of differential equations to 
describe a simulated predator-prey relationship over long periods minimized what 
looked to be other interesting processes in the real data of Bjorndal and Conrad 



concerning trajectory drift, causing humps, "ears1[1]," and oscillations. These 
processes cannot be easily explained by using aggregate model approaches, 
although these secondary processes may be the more intriguing and problematic 
for resource managers, 
 
Other sub-disciplines of economics, like institutional economics, have contributed 
important insights on the structure and function of the industry and its public 
managers. However, the processes they describe often remain difficult to 
formalize.  
 
On the other hand, the mathematical formalism offered by neoclassical fisheries 
economics remains unsatisfying for explaining firm level behavior. It is also 
unsatisfying in terms of its compatibility with the broader theory to which it appeals. 
 
The purpose of this paper is to argue, with some examples, that the questions 
raised by those who have looked at the various predator-prey models have forced 
fisheries economics to a sort of theoretical crossroads. From this point onward, and 
due almost entirely to the theoretical advances in other fields of economics, 
fisheries and resource economists should rethink the aggregation assumptions 
implicit in their models.  
 
Further, it is argued that to explain a priori Micky's ears, fisheries modelers should 
take the results of the historical models, backtrack, revise the micro-foundations of 
the static model, and then theorize from there. How each subgroup decides to 
theorize is up to them. Here, however, I concentrate on how certain ideas from 
evolutionary economics might be used to provide models that could more easily 
incorporate complexities in stock and capital dynamics. 

Revisiting the neoclassical theory of the firm for the fishery 

To have an aggregate model from an evolutionary standpoint, we still need a 
concise micro theory of the firm. It is also helpful to keep the assumption (and a 
mechanism) which says that the objective of a firm is still to realize a profit. One 
example of such a micro theory is found in the standard neoclassical literature. 
 
Unfortunately, however, much of fisheries economics theory, in a zeal to prove that 
common pool solutions were different from competitive solutions, developed the 
notion of production out to where marginal revenues equal average cost. There 
was nothing particularly wrong with this observation, except that some texts fail to 
point out that the long-run offer curve in perfect competition, after all adjustments, 
is also the average cost for any industry (or, as some welfare economists (Carrie, 
et al 1971) have pointed out, supply without rents). This situation does have 
something to do with time, but it concerns the conditions under which Ricardian or 
Marxian rents cannot be retained2[2] These arguments raise the question about 

                                                            
1[1] A student who will remain anonymous when presented with a paper by Bjorndal and Conrad (1987a) exclaimed; “There’s Miky’s Ears ! 

hence the tile paper. The comment was also a veiled critique on the usefulness of structural relations to explain dynamic behavior. 

2[2] A common theme in both explanations of retention is the ownership of unique productive factors, leading to diversity in firm cost structure 

and firm performance. This is a common theme in the Austrian theory of the firm and the entrepreneur. On the other hand, rent dissipation can 
occur in any environment where barriers to the exchange of information are difficult to put into place, or when the entrepreneur does not 
innovate. It is also important to point out the relative nature of long-term adjustment. In sectors where such barriers of ownership or 
heterogeneity do not exit or only weakly exit, the time it takes to reach a so-called long rum competitive solution, assuming no entrepreneurial 
behavior, can be very short. The assumption of identical firms and perfect information trivially results in a long rum solution without rents, 
because entrepreneurship is disallowed. Real life convergence to this solution can be expected to be much slower, because of the many forms 
of entreneurship. 



the uniqueness of the results of the static fisheries model, compared to any other 
sector. If they are not so unique, then what are fisheries managers trying to do? I 
argue that certain static fisheries models have unique results, which are useful and 
straightforward. However, they are not the ones we normally use to explain 
industry behavior. 

Friedman (1962 ) develops a concise definition of externality for the firm in his 
discussion of cost curves and supply curves, identifying pecuniary and 
technological externalities. Pecuniary effects are those equilibrium forces that 
occur when there is scarcity in input markets, or satiation in output markets, or 
both. Technological effects are those equilibrium forces that arise when the 
activities of one or more firms affect the technology of another firm. Friedman 
concludes that these two types of externalities force the convergence to the 
competitive equilibrium of the firm and the industry, especially in the absence of 
technological change motivated by scarcity or entrepreneurial skill. With at least 
one fixed factor under stress, say, land or Friedman's terra incognita he calls 
"entrepreneurial capacity3[3]," the offer curves of the firm and the industry slope 
upwards, and under full adjustment, where the fixed factors are paid their 
opportunity costs as well, the offer curve is also the average cost curve. 

This is why certain industries whose firms have a difficult time being unique and 
differentiated (through pricing, or product definition, or technological configuration) 
might converge to long-run equilibrium very rapidly. However, Friedman and others 
imagined non-decreasing provision of factors at ever-increasing prices. 
Friedman himself discusses briefly the backward-bending supply curve, but then 
rejects it, as a violation of the assumption of non-decreasing provision of goods 
and services. He assumed markets for all factor inputs with no environmental 
constraints. The existence of prices for factors and non-decreasing provision forms 
an important part of the neoclassical theory of the firm. 
 
However, economists preoccupied with renewable resources, like the fisheries 
economists, were interested in the impact of exhaustion of primary factors on firm 
and industry cost structures. In effect, most of the notions of sustainability and 
exhaustion can be traced to those economists who have tried to introduce different 
forms of growth functions into economic analyses. 
 
Although this tradition has gained considerable importance in the economic 
literature, there continues to be a methodological flaw in the story told by fisheries 
economists. The flaw is that there is no coherent microeconomic foundation to the 
story of the long-run average cost curve. It flows directly from the construction of 
an aggregate production of effort confronting an aggregate production of stock in 
the ecosystem. Micro-foundations of the firm are ancillary, and not central to, the 
derivation of industry cost structure. The average and marginal cost ideas in the 
neoclassical tradition, on the other hand, are primarily statements about how firms 

                                                            
3[3] Freidman states that "giving OUT ignorance a name does not make us any less ignorant". However, this uncertainty towards the fixed 

factor and residual rents accruing to it is an old conundrum for economists which is still being discussed. Guigou (1982), in an extensive treatise 

on land rent, includes a weighty chapter inspired in large pan by the work of Sraffa, In the Guigou-Sraffa conception, land rent is a 

simultaneously determined value along  with production in certain social and ownership contexts, in which "land" is a product of human 

intervention, as opposed to "soil". For example, although one can imagine that the increase in profits of a firm right after conferral of an ITQ 

quota reveals resource rent under ownership, such ownership will often change the behavior of the firm at the same time. These changes have 

as much to do with the (costly) institution or ownership and the social status of ownership. Therefore, we could just as easily (and perhaps 

more accurately) call them "ownership rents." Finally, it may not follow that resource rents, however they might be defined, arc dissipated even 

in common pool situations. This would argue against using rhetorical devices which assume that the various sources of rent can be "broken 

out." In theory, they might, in practice, it may be impossible. 



are expected to behave. These are then aggregated to the industry level. For 
reasons which have been clearly discussed by Friedman and others, there is no 
reason to believe that an aggregate supply curve under assumptions of exhaustion 
starting at the firm level is equivalent to the supply curve derived from the 
aggregate production of effort. 

To see this, look at Figure 1. Imagine a single fisherman, i, who exerts effort El in a 
fishery with only two other fishermen4[4] In this situation the only thing constraining 
the firm is "entrepreneurial capacity" and possibly pecuniary externalities. As the 
number of potential entrants to a fishery increases in response to shifting demand, 
all will continue to experience pecuniary externalities through an aggregate 
demand curve that is downward sloping, and technological externalities through 
the common use of a single stock offish, (which we assume for now exhibits no 
path dependence). These externalities will be exacerbated by the tendency of each 
firm to increase their effort levels to take fuller advantage of the favorable prices. In 
quadrant A the F(E:j) production functions are the per season applications of effort 
anticipated by firm "i". The four equilibrium are the points where all adjustments in 
responses to changes in the aggregate demand (quadrant D) has ceased for ail 
the fleet. In a sector with identical firms and perfect information (i.e., 
no"entrepreneurial capacity"), these points correspond to the minimums of the 
average variable cost curves (AVC) of the firms. Otherwise, they are points on a 
long run marginal cost curve that bends backwards.  
 
As the firm offer curve has been drawn, its maximum corresponds to the industry 
maximum. Under the assumptions of homogeneous firms, each firm "i" will be in 
equilibrium after full adjustment:: The individual offer curve will also be long term 
average cost, ACLT. The industry equilibrium after full adjustment will be a point 
corresponding to the horizontal sum of all individual levels of production, at a 
certain equilibrium price. In the aggregate, however, this corresponds to a point on 
the average cost curve of the industry (at point "A" for example). If demand shifts 
out, lifting the ceiling under which the capital stock may be allowed to grow, new 
entrants will arrive, more effort will be applied by each participant, and full 
adjustment will occur at point "B," another point on the long run average cost 
curve. However, if the rate of extraction exceeds the rate of provision by the 
ecosystem as shown by the diagram in the upper right quadrant, full adjustment 
will again occur, but at levels lower than the maximum output of the ecosystem 
(points C and D). 

The point of this exercise is to show two important things using simple graphics: 1) 
The long-run offer curve in the fishery under these conditions is derived in almost 
thesame way as the long-run offer curve in any other industry, with almost the 
same economic implications; 2) The main contribution of fisheries economists to 
the general theory is not the inefficiency of rent dissipation at different levels of the 
economy, a result of the competitive condition. It is the study of hew exhaustion 
modifies the behavior, and therefore the cost structures, of firms and industries. As 
it turns out, since many primary industries do use exhaustible resources, including 

                                                            

4[4] We do not have to think of this variable in traditional ways for this exposition. We can say that fishermen plan "fishing campaigns" of a 

certain number of days in a season. This term (from French) seems to be an appropriate way of thinking about cost minimizing application of 

many factors al once. The campaign decision can be complex ; new equipment for some years, new alliances, changes in buyers of output or 

sellers of variable inputs, and changes in search strategy. But, for fishing as in agriculture, once the campaign is planned, a fisherman then 

switches to the business of carrying the campaign oul. 



human capital. the simple fisheries model is an important contribution to a concise 
understanding of sustainability and exhaustion. 

Nevertheless, this clarification then requires rethinking the long-run offer curve 
under the less restrictive assumptions of heterogeneity. This has been a 
preoccupation of fisheries economists also, especially Copes (1962), In standard 
welfare theory, heterogeneity of any type, usually arising from the ownership of 
unique factors, such as "entrepreneurial capacity" gives rise to an offer curve with 
rents accruing to those factors that are not appropriate by other firms. This offer 
curve is called the long run marginal cost curve, and points on it lie above the 
prevailing average cost curve associated with full adjustment. This is the offer 
curve "with rents," It is, as in the competitive model, a measure of the success of 
entrepreneurs within an industry at diversification, appropriation of unique factors, 
ownership of unique factors, and innovation. Using a microeconomic foundation, 
we arrive at the conclusion that the firm and the industry offer curve with rents, or 
the marginal cost curve, can also be backward bending. All firms offering more 
effort in response to price will produce less in total, although they may retain some 
rents due to unique qualities that are within the firm. This result is contrary to the 
conclusions of many authors in fisheries economics. However, some earlier 
authors (Crutchfield and Zellner, 1963) 

  

 

  

Figure 1, The long run supply curves for firm "i" and the industry, under a 
renewable resource constraint. If industry members are completely homogeneous 
in every aspect, all rents are dissipated, by definition, and the supply for the 
enterprise and the industry is the ACLT. If the fleet is heterogeneous, rents are 
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retained, and the supply curve of the firm and the industry is the Long Term 
Marginal Cost, MCLT. Note that the MCLT can also be backward-bending. 

The reason for going on this excursion is to get to a model with micro-foundations 
of the industry that are more visible and operative. Doing this means rejecting parts 
of the static neo-classical fisheries model, especially the nature of the long-run 
supply without rents- However, the revision can be helpful. The static fisheries 
model presented is a direct extension of the general theory of [he firm. The theory 
of the firm also benefits substantially from the concise notions in the fisheries 
model of what exhaustion and sustainability is, and how these notions interact with 
cost structures. The model is important in that it represents a class of problems 
where asset use is not always linked to well-defined markets, a common thing in 
economies. The meaning of "inefficient use of resources" is more in focus, and it 
makes more sense with respect to the general theory of the firm. For example, it is 
easy to understand from this mode! why fishing firms persist in their activities even 
when the resource is over-exploited biologically. Many are still enjoying rents 
(resource rents and those from other "sources"), even in the direst cases of over-
exploitation. It can still pay to fish. Also, tills model makes us rethink what we mean 
by overcapacity. 

Overcapacity is endemic in real economies, especially those facing strong 
uncertainty and capital fixity. Economically rational agents, because they are often 
comparatively efficient at exploiting resource bases, can and will sometimes 
deplete them. This is what most industry observers have known for a long time. It 
is also what some Austrian economists say is the result of a normal (real) 
competitive process. Finally, it is what one would expect given reasonable 
assumptions about firm behavior under cognitive constraints. Real competition in 
the face of complexity is messy and wasteful. Therefore, if the fishing sector 
resembles competition with heterogeneity, then the excess capacity issues faced in 
the general economy may resemble those seen in the fishery. This is at once 
reassuring and irritating. Even without exhaustion, the issue of excess capacity is 
fraught with nuances that makes its measurement and control difficult. For 
example, our model suggests that there are many sustainable capacities, but we 
may only know about them sequentially, and with a considerable amount of 
uncertainty associated with each value- Therefore, the question may be less about 
how to measure and eliminate excess capacity at any point in time, but how much 
idle capacity is normal, socially acceptable, and needed in a real functioning 
economy? A fisheries model with a micro-foundation may get us nearer to 
understanding these types of issues, although the economic rhetorical devices we 
use will change. 

Micro-foundations From an Evolutionary Economics Perspective 

Now that the micro-foundations of the static model of the fisheries have been 
restated, discussing its limitations from the standpoint of the evolutionary 
economists is important. As Nelson and Winter (1974) point out, the core ideas of 
Schumpetarian theory are quite different from those of neoclassical theory. The 
competitive environment within which firms operate is one of struggle and motion. 
It is a dynamic selection environment, not an equilibrium one. The essential forces 
of growth are innovation and selection, with augmentation of capital stocks 
essentially tied to these processes. It is therefore troublesome to begin with 
assumptions of identical firms which grind or race (according to one's assumptions 
about transactions costs) to full adjustment equilibrium. In effect, the big difference 
between evolutionary economics and the neoclassical synthesis, at least according 
to Hodgson (1995), is the rejection of typological essentialism in favor of 



"population thinking." Population thinking is the recognition that humans are 
different, and differently endowed with creative ability. Further, their behaviors are 
often, but not always, determinate. This causes novelty and surprise, and rapidly 
changing or emerging properties within complex relations.  
 
This is why evolutionary economics is sometimes seen as an outgrowth of 
Schumpetarian thought. 
 
The evolutionary economics perspective is necessarily tied to individual firm 
behavior, not as an entity that maximizes a profit function, but rather one that puts 
into place a set of appropriate decision rules in response to the environment it 
confronts. The firm is mainly concerned with routine and the maintenance of 
routinized methods. They effect technological change either when they have the 
funds to commit to it. or when they are in difficulty. An important element of 
evolutionary models is the selection environment. In this regard, demand and 
supply of important factor and output markets, as well as the market for capita! 
goods, is an important aspect of these models. This is why, reworking the static 
fisheries model is important. Full adjustment may occur, but not necessarily. 
Overcapacities may appear, but this is an element of the selection process, and 
largely unavoidable. From an evolutionary economics perspective, these issues 
are part and parcel of the economic process. 

How, then, might evolutionary economists look at the fishing firm? First, parts of 
the firm technology, like the vessel, may be homogeneous, but it is not likely that 
a!! aspects of the firm technology will be identical. Evolutionary economists argue 
that technology has both explicit and latent components that do not necessarily 
reside in the manager, but are dispersed within the firm-This is especially true of 
large firms.  
 
This means that the equilibriums we see in the fisheries are likely not with full 
adjustment, and therefore not on a long run average cost curve. Each firm starts 
from their respective positions dictated by their technological constraints as 
embodied in the machines they use, the way they use them and other 
entrepreneurial skills- Entry into a given fishery is dictated by opportunity cost 
activities in other fisheries, and this opportunity cost is affected by the technology 
used and the institutional and legal barriers the firm faces. Growth of the firm (the 
size of the boat and crew in this example) is not automatic, is time constrained, and 
depends upon how well the firm has earned in the past. Firms who, by bad luck or 
poor management, cannot meet minimum average variable costs regularly will be 
forced to leave the fishery. This can be exacerbated by a declining stock condition 
that forces marginal fishermen out, because technological externalities become 
severe. An important aspect of the selection environment in renewable resource 
industries is the stock. Finally, technological change and exogenous shocks on 
aggregate demand accelerate entry or increases in productive capacity that, while 
not necessarily raising the observable capital in the fishery, can send the stock 
rapidly plummeting. The picture that evolutionary economics paints, is that little is 
cyclic and predictable. there is much path dependence built in, and that certain 
turns of events heighten the likelihood that technological change will take place. 

The Beginnings of an Evolutionary Model 

In this section, a genera! model specification based on the North Sea herring 
fishery and on other studies of predation is suggested. The objective of this 
exercise is to suggest a series of statements that describe the major behavioral 
considerations of a fishing firm, using information and approaches that are readily 



available in the literature. It is also intended to suggest alternative types of dynamic 
modeling that may capture the secondary processes in a predator-prey 
relationship. 

First, the individual firm must be defined. Those who have studied the North Sea 
Herring fishery (Bjorndal, 1989), have gained a substantial amount of information 
on the capital dynamics of the fleet. For example, they have estimated the cross-
sectional production function of the fleet at certain critical time frames in its 
evolution. While the derivation of a long-run cost envelope for the representative 
firm was not the objective of their study, the application of Sheppard's Lemma and 
referring to early work by Cobb and Douglas would give the long-run cost envelope 
of the "representative" firm i. Conducting a cross-sectional analysis of the fleet 
yields the possible expansion path of a representative firm. Many assumptions 
proper to the individual firm, and to the major prevailing variables during the 
season in question, were defined. While the stock may not be a determinate 
variable for any single season, it could be over several seasons 

Consider, therefore, the long-run average output cost for the individual firm derived 
from such a cross-sectional production function, but where scale size in any single 
period is determined by accumulated capital, Kt: 

  

 

  

 
.The first part of the cost equation is derived from the production function and the 
vector of input prices, labor (L), and capital (K). The second part of the cost 
equation says that in any period, accumulated capital of the firm (K), the stock size 
(S), and the fleet size (E) constrains the total output of the firm i . Remember that 
the stock size at t has been determined by the growth in the stock and the 
aggregate harvests of ail firms in the preceding period. In addition, the opportunity 
cost fishery, reflected by the output price of alternative stocks (P0), plays a role. 
 
Assume that at some start time t0 ,  N0 firms are randomly distributed on this 
envelope below a prevailing seasonal price (Pt). For modeling purposes, potential 
entrants to the fishery can arrive randomly having a cost structure anywhere on the 
prevailing envelope, but the probability that the firm will enter is greater, and 
approaches one, as the potential profit becomes greater5[5]. The firm stops fishing 
when the market price becomes lower than the shutdown price. Shutdown prices 
are also determined in part by prevailing opportunity costs incurred in other 
fisheries.  
 
Therefore, the probability that firm i will enter the fishery will be a function of its 
marginal potential profits given its scale size. Changes in N, the number of vessels, 
will be given by average net revenues in the fishery, accounting also for 

                                                            

5[5] This is an example of a practical modeling problem with some theoretical significance. Historical examples of Heel development suggest 

that big, multi-purpose boats, the generalists, are more mobile, because they have higher opportunity costs related in their other activities. 

They may come in later when the pay-oil is more sure, and the technology has been better worked out by specialists. Thus generalists go 

quickly into and out of a fishery, On the other hand, Bjorndal and Conrad give some evidence dial exit out of the herring fishery is relatively 

sticky. Regardless of the actual scale size of the firm, later entrants might tend to have elevated opportunity costs. 
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opportunity costs, and the differential inertia of movement into and out of the 
fishery. However, in the model proposed here, this process is not driven by a single 
differential equation, although several may be involved. 
 
There is sufficient evidence in the industrial literature to assert that output 
decisions of fishing firms during a season are invariant to ex-vessel price, 
supporting the "campaign" point of view. Assume that in any season, that each 
firm's output level is given by their position on the long-run cost envelope for the 
representative firm. This means that their marginal cost curve is vertical. However, 
subsequent output decisions are tied to output price in two ways. First, periods of 
positive profits may incite those who have stayed in the fishery to attempt 
expansion of their firm.  
 
This can be modeled by stating that movement out the long-run envelope is capita) 
constrained, because using equipment wears it out, but firms may also elect to 
invest in capacity enhancing features after having been in the fishery for a certain 
period of time6[6]:  

  

 

  

 
Note that this K we show here is the capital invested in an existing boat in the 
fishery. This capital investment pattern can be defined in more detail, if it is 
believed that different types of capita! investment result in advances farther out the 
envelope. For example, routine maintenance may keep the firm at the same place 
on the envelope, without affecting its output from one season to another. Routine 
replacements of electronics or retrofits may move the firm farther out the envelope. 
Imitative investments move the firm farther out the envelope, but if the diffusion is 
complete, the whole envelope for the fleet may shift up due to technological 
externalities which are diffused rapidly to the fleet, E. 
secondly, scarcity rents, as indicated by the distance between output prices P| and 
shutdown prices Pst ,  will incite some to engage in technological innovation. The 
theoretical framework suggested by Nelson et al (1976) may be used. Changing 
techniques occurs under duress or when the marginal profits to the firm falls below 
the best market return on investment (call it r; Nelson used 0.16). Below this level, 
the firm may either engage in imitation or engage in a local technique search (but 
not both), after which testing may occur. Nelson et al suggest using a distance 
function for imagining the technique change possibilities for the firm: 

  

 

                                                            

6[6] In practice, capacity enhancing investments can be complex and divided up into many sub-groups. which are effected at different 

periods of time. End gear, for example has a different replacement cycle than electronic equipment or hull retrofits, and can affect the 

trajectory of effective effort in the fishery. Thanks to Pascal Le Floc'h for pointing out these facts. 
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where h, h' denotes two different techniques composed of the elasticities of 
production of. for example, labor and capital with weights (WTL and WTK), which 
might indicate the relative ease in making labor adjustments compared to capital 
adjustments. The probability that any firm will attain any distance from the current 
technique would decline linearly with the distance. 
Again, following an idea introduced by Nelson et al, innovations are dispersed 
throughout a fishery over periods following the innovation, through imitative effects. 
The probability that any firm will find a particular technique is proportional to the 
fraction of the industry output produced by that technique for some period t. Finally, 
and very important to the fisheries, a firm may think that it has traveled h, h’ in 
terms of production techniques by innovation or imitation. However, Nelson cites 
that they misjudge the input coefficients by 20% or more about a third of the time. 
This suggests a probability filter, which may be higher or lower for the fishing 
industry. It also means that attempts to move the long-run envelope of the firm is 
not deterministic, and can lead to the failure of the firm. 
Consider now the importance of technological and pecuniary externalities. 
Pecuniary externalities are those affecting output and factor prices, which are 
brought on by the concurrent actions of all economic actors. Large aggregate 
catches in period t will depress output prices in subsequent periods, thus lowering 
the output price roof and possibly driving out those having high opportunity costs. 
High relative prices in related fisheries, which are easily accessible to herring 
fishers, will raise opportunity costs. Therefore, to have a stylized selection 
environment on the demand side would require prices of herring and alternative 
fisheries, and a price index of variable inputs other than Capital. 

As for technological externalities caused by variation in stock size, this information 
might be captured by periodic cross-sectional analyses taking account of changes 
in the number of vessels, or a cross-section/time series analysis with stock size 
included. There are many reasons why a stock parameter may be statistically weak 
in the early phases of a fishery. These are issues mainly concerning complexities 
of stock behavior. However, the point is that stock size eventually operates through 
technological externalities, so the inclusion of stock effects is important. 
Finally, each fisherman will be affected by secular and stochastic effects that 
regulate output demand and input supply. These effects may or may not have 
anything to do with events in the fishery. For example, secular increases in 
population or of net revenue will widen the gap between shutdown and market 
price, which allows firms to remain in the industry and expand their production 
level. Other firms will also be incited to enter the fishery. 

Harvests of the fleet are therefore constrained by the available stock. This is not 
expressed through an aggregate production function of effort, but is observed 
through the individual behavior of each firm. Aggregate output is therefore to the 
following:  

  

  

 

  
 
The points to be considered in this section are the Following: 1) observing a static 
industry offer curve with full adjustment is practically impossible, even in an 
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industry as fluid as the fishery. In the fishery, as with any other industry, the 
entrepreneurial skills embodied in each firm wilt contribute to constant states of 
long-run disequilibrium. 2) The aggregate static offer curve derived from a micro-
foundation approach is a marginal cost concept; under strong price effects, 
vigorous innovation and depletable stocks, the offer curve will bend back upon 
itself. 3) When starting with reasonable assumptions about individual firm behavior, 
it is likely that predator-prey relationships will display Mickey's ears and other 
complex dynamics. When one admits stochasticities and punctuations in 
technological adoption and in output price, such functional forms are further 
accentuated, because the qualities of the dynamic variables change through time. 
Additionally, it is the stochasticities and drift in these secondary effects that are 
potentially problematic to both fisheries and public managers. The fundamental 
predator-prey relationship is well-known, and institutions seemingly emerge to deal 
with these phenomena. The problem, however, is with non-deterministic behaviors 
of entrepreneurs in the face of both extreme complexity and possible stock 
exhaustion, where the possibility of punctuation and discontinuities makes life for 
fishermen and fisheries managers difficult. The fishery is only one industrial sector 
where otherwise normal entrepreneurial behavior may be unsustainable. Nearly all 
renewable resource bases can exhibit the same phenomenon, including human 
resources. 

The work of most economists studying predator prey phenomena is after the fact. . 
. after a history has already happened. One debate within evolutionary economics 
is the place of "thought experiments," or simulations, to understanding what is 
going on in the actual world. While some evolutionary economists reject modeling 
efforts, others have embraced it as a way of adducing truths about complex 
phenomena, and more important, for keeping up with, and possibly getting ahead 
of management problems. 

Stock Anomalies and Evolutionary models. 

With operative pecuniary and technological externalities, expansion of the firm and 
entry into the fishery are limited by the stock and the price vector that the firm 
confronts. However, Bjorndal and Conrad (1989) found no evidence of stock 
effects on the production elasticities in cross-sectional analyses between 1968 and 
1971, although the fleet grew by 165 vessels and although the stock was about to 
collapse.  
 
By 1973, the fleet began to feel these effects precipitously. The phenomenon has 
been explained as schooling behavior that masked the effects of fleet expansion. 
Otherwise highly resilient species that do not display a significant 
biomass/recruitment relationship can collapse, as they did in the Bay of Brest and 
in Quebec in the Magdalen Islands (Boncoeur, 1996: du Payrat, 1996) and then do 
not regain their former levels, even with significant investment in enhancement. A 
tentative explanation is that these stocks have become self-regulating. From the 
depressed levels of the stocks, investment in enhancement could be significant, 
and even permanent. Wilson and Kleban (1993) and Wilson (1995 personal 
communication) cite many cases worldwide where the niche of a heavily fished 
species may have been taken over by another species. 

These are examples of non-reversibilities in the stock dynamics that will tend to 
make convergence to one long-term dynamic equilibrium at best problematic. The 
focus of most of this paper has been on modeling the supply response in a single 
species fishery. However, we have argued in preceding sections that adopting 
micro-foundations of the fisheries model and using evolutionary economics 



approaches will force managers to look more at the ecosystem, and the types of 
life it can support.  

This is because the systematic removal of one or more target species may alter 
energy flows in the marine ecosystem long enough for there to be shifts in 
dominant species, This would show up on a phase plane diagram as an 
adjustment to another, more constrained cycle, nearer to depletion of the stock 
under consideration. The more constrained cycling might be interpreted as the 
niche lost due to the perturbation of the ecosystem. Given that this appears to have 
happened in several areas of the world, it deserves some attention. Virgin or new 
stocks may be better able to weather demand shocks or technological change 
shocks. Once the species loses niches to other species, the target species may be 
more vulnerable to extinction during a vigorous attack by an unwitting industry. 
Individualism, mistrust of scientific information, ignorance and wishful thinking, can 
exacerbate this problem. 

Figure 2 shows some of the secondary processes that can be seen in the literature 
on open access cycling in the fishery. We would expect to see a fishing-down 
phase on an unexploited stock followed by a saturation of the market, and a 
plateau of the first wave of capital in the fishery. This saturation could force some 
vessels out, but more important, could incite adjustments to the technologies of 
those who remain by three means: 1) through normal maintenance of the capital 
stock; 2) through imitative technological adoption; 3) by profit squeeze innovation, 
of the type suggested by Nelson and Winter. These will act to keep pressure on the 
stock. Those who remain will retrench, and in the best of scenarios succeed in 
expanding demand or moving down their long-run envelope without incurring 
immediate technological externalities. Entry may also follow, and diffusion of the 
first generation of technique changes is rapid. The fishery then gets "hammered" to 
a point where the species loses niche and its productive parameters change. As 
this happens, the stock fights back, but from a successively smaller ecological 
niche. Fishermen begin to panic, and try to form institutions of resource use, but 
the success of these rules depends upon the homogeneity of the fleet (see, for 
example, Johnson and Liebcap, 1983). If those left can overcome the costs of 
coalition, some remnant of both the stock and the fleet will remain, possibly in a 
small common pool cycle around an equilibrium point associated with the degraded 
stock and fleet. If the costs of coalition cannot be overcome, hammering continues 
until coalition can occur, or until no one can cover costs. 

An evolutionary perspective can embrace the issue of multiple species in an 
ecosystem, although the thought exercise is more complex. For example, 
fishermen and managers often try to preserve the status quo of species with ITQs 
and moratoria. These things might need to be done as an emergency measure. 
However, beyond this, it may be worthwhile to explore the promotion of diversified 
strategies to assure sustainability over a broader spectrum of the ecology. This 
might suggest management in a way that allows flexibility between species within a 
given ecosystem. Some evolutionary economics reasoning was used to explain the 
humps or ears in real life predator-prey relationships. Technological adoption in 
existing firms could show up as trajectories with precipitous declines in the stock. 
Rapid adoption of a technique of the fishing operation will drive the stock down 
while the number of vessels might remain stable for a time, Finally, changes in the 
structure of the ecology might exhibit themselves as movements of the points of 
convergence away from where one might expect, and toward exhaustion of the 
resource. As a population becomes more intensely exploited, it may lose niche to 
other species in the ecosystem. In losing this niche, the parameters in the 
differential equation for the stock change. If this happens, abrupt changes in either 



entrepreneurial skill or demand parameters will cause the trajectory to collide with 
the capital axis, extinguishing the stock. 

What does an evolutionary economics perspective bring to policy discussions? 
First, there is the realization that there may be no simple structural models that can 
capture the predominant behaviors of the population and the fleet, on a species by 
species basis. Any modeling that occurs should incorporate surprise, due largely to 
our incomplete knowledge of ecological linkages. However, such modeling should 
also incorporate more realistic assumptions about how individual firms behave. 
One behavioral tendency, understood but largely ignored by most economists, is 
the importance of routine, and the penchant of most entrepreneurs for making 
small innovations in this routine as needed. In the fishery, "routine" often means 
sticking with certain species. The more different the species is, the more time, 
effort, and skill are required to change routines. If big innovations appear which can 
be applied to species that are already fully exploited, and public managers are not 
able to enunciate their concerns clearly, then these innovations, if broadly adopted, 
can bring rapid and catastrophic decline to stocks. Fishermen who stick with their 
routines then confront a panic situation where they invoke use rules to rationalize 
the fishery. However, if the species has lost niche to other species in the 
assemblage, or if the structure of the stock has changed, then the original 
trajectory of exploitation may never be regained. 

The second important perspective to the policy debate is the realization that the 
selection environment, and therefore the trajectories, can be dramatically changed 
by resource policy. In practical terms, this means that fisheries development and 
fisheries management are the same thing. Changes in costs of either variable 
inputs or capital will change the cost structure of the fleet, eventually changing 
entry and exit patterns or decisions to expand. Encouraging the normal 
entrepreneurial tendencies expressed in each firm demands careful attention to the 
state of the species and the ecosystem, and a careful management of technology 
diffusion and demand creation. 

Third, evolutionary economics reinforces the idea that instead of worrying so much 
about managing fishermen by direct means, more effort might be devoted to better 
understanding the dialogue the economic system is having with the natural world. 
Most economists can predict what will happen to fleet size if demand for the output 
increases, or if opportunity cost increases-Economists in league with other social 
and cognitive scientists can probably develop clear ideas regarding the decision 
rules of the firm. However, describing the discontinuities of a stock offish or the 
productivity of an ecosystem credibly may be much more difficult. In addition, it 
may also be more important from the standpoint of controlling economic waste 
than many policies that fisheries economists have proposed. This is because a 
large part of the economic problem, in this case, concerns not being able to evolve 
cost-effective institutions during the development of a fishery that will help control 
capacity before the fact, without third party intervention. Evolutionary economists 
and their "thought experiments" may have a role to play in communicating the 
consequences of different development trajectories. However, the complexity they 
bring to policy analysis, and the disturbing consequences they sometimes discuss 
as real possibilities, will push all- fisheries economists, fisheries managers, and the 
fishing industry- into the broader and more turbulent current of general economic 
theor. 
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