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Chaos in Fisheries Management 

M. Estellie Smith 
State University of New York, Oswego 

What's the Problem? 

In the current process of coping with the crisis in marine fishery resources, the 
United States has developed a management technique centered around the crea- 
tion of eight regional fishery management councils whose primary function is 
to produce plans for both protecting and enhancing utilization of marine 
resources.' A portion of council positions is filled by individuals whose mem- 
bership is mandated (e.g., the director of fisheries for each constituent state); 
other members are selected for fixed terms on the basis of their expertise or work- 
ing knowledge. Despite regional variation, h~weve r ,~  members of the councils 
are predominantly drawn from, on the one hand, public sector personnel (e.g., 
administrators, scientists, technicians) and, on the other hand, the user groups 
- particularly members of the commercial fishing i n d ~ s t r y . ~  

The currently dominant model of public policy theory is that such diverse 
groups bring to the negotiating table a diverse range,of goals combined with spe- 
cial knowledge and practical expertise, the result of which will be consensual 
management programs with which "most people can live most of the time." In 
the case of fisheries management, the process is expected to be capable of 
producing plans that balance long term conservation of the stocks with optimal 
economic utilization of the resources. 

The context within which the councils operate requires members to recognize 
political, economic, sociocultural, and biological forces in play. In brief, during 
the past three decades, the market forces of consumer popularity, technology, 
and an expansion in the human predator population have combined to increase 
inroads on the stocks - which, in turn, has led not just to lower landings but, 
more critically from the biologists' perspective, annual catch statistics indicating 
an ominous emphasis on single (and younger) year classes. The difficulties of 
both management and stock maintenance per se are compounded by such addi- 
tional factors as: (1) the expansion in the number of targeted species which results 
in increasing pressure on the entire food chain and also increases natural preda- 
tion opportunities for some species and removes food resources for others; (2) 
the increase in pollution that may be affecting the reproductive cycle; (3) the al- 
teration, even disappearance of marshes, beaches, and other locales necessary 
for the reproductive cycle of some species - and thus for all in the chain - forcing 
the species dependent on them to move elsewhere or die; (4) the targeting of new 
species about which we know little or nothing, whether of their particular life 
cycle or their place in the food chain; (5) volatile market forces; (6) a rapidly 
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changing commercial fisheries technology (and rising capitalization costs); (7) 
overlapping demands among multiple users; (8) competing life  style^,^ with 
special attention to the concerns of those in fishing communities who see both 
their livelihood and their way of life under attack from all directions. 

Hopes for this type of management process were high at the outset since, de- 
spite all the complexities, uncertainties, and differences of opinion as to the pres- 
ent and future state of affairs, whether for practical or ideational reasons, all 
the participants in the management process are agreed on one thing: Steps must 
be taken to maintain the resources at a viable enough level to sustain the food 
species for future generations. 

As noted, however, this approach involves a delicate juggling of competing 
economic and political interests, conservation and predation, the public and pri- 
vate good. Thus, the history and results of the process since regional council 
management was initiated in March 1977, have satisfied few. Charges of over- 
management compete with counterclaims of inadequate regulation - while con- 
cern over the present and future condition of the stocks grows; claims that we 
have too little data for an adequate analysis conflict with arguments that we are 
buried under data and attention needs to be turned to the production of more 
robust analytical models in order to gain betterunderstanding of what the data 
are indicating. 

Though a more fine-grained analysis might indicate more categorical subtle- 
ties, a first approximation suggests there is one major difficulty that, while hint- 
ed at for a number of years, has yet to be spelled out and addressed: Despite 
that aN accept that, in one form or another, a crisis confronts them, the negotiat- 
ing participants - in all sectors and at all levels of the management process - 
are divided by their differing views of Nature. These views are axiomatic but 
significantly inform each participant's approach to (1) what constitutes critical 
or relevant data; (2) how to interpret those data; (3) how to design crisis- 
appropriate responses. They are variously acquired and systematically integrat- 
ed as one moves through life, making a series of commitments to various modes 
of thinking about the world in order to devise decision-making strategies con- 
sonant with (or at least are not in opposition to) those held by the primary groups 
with whom one lives and works. 

Consensual Management 

It seems clear that at least one of the problems in consensual fisheries manage- 
ment is the basic difference between the ways that representatives of the two 
groups identified in the opening paragraph view the nature of Nature. The conse- 
quences of this difference are twofold; (1) Different information is gathered and 
interpreted differently; (2) there are sharply divergent perceptions of how to 
manage - how to make decisions now that will produce intended results rather 
than unintended consequences. Among the longer-term effects are what each 
group increasi'ngly sees as "the other side's" lack of good faith, good will, and 
ability to come to grips with the basic characteristics of the need of the fisheries 
and the industry. 

Critical as a variety of factors may be in producing the "no i~e , "~  that acts 
as a barrier among those working to manage the fisheries, a more fundamental 
barrier to fishery plan production/implementation seems to be a crystallization 
of two groups, each implicitly holding differing premises about the nature of 
nature and, given that nature, how to study it, analyze it, and, most importantly, 
manage it. 

Given the basic and fundamental difference between the bargaining of par- 
ticipants in the chain that goes all the way from local public hearings and council 
activities by the people on "the Hill" in Congress, Commerce, and Cabinet, 
what has been the result of all this debating, arguing, and horsetrading among 
these diversely-constituted groups who have been charged to "Do Something"? 
What has been the product of the labor of all these individuals who know that 
they must be prepared to negotiate trade-offs, make accommodations, and be 
open to new input (but not so open-minded they're called "airheads" or, worse, 
"sell-outs to the other side")? The majority opinion of participants from all 
sectors is that each plan, once actually implemented, has been insufficient, inap- 
propriate, probably incorrect, and certainly out of date. 

What is critical is that each participant in the negotiation and implementation 
phases of management planning is embedded in a sociocultural matrix from 
which the primary cognitive mode - a way of perceiving and thinking about the 
world - is derived. Membership in and an effective affiliation with the group 
is maintained by articulating its axioms or certain basic, usually unquestioned 
truths. These are the basic formulas that, if challenged, bring frowns or pitying 
smirks and charges that the speaker must be "dumb," "asleep at the wheel," 
or "just plain nuts." Axioms are taken for granted as "right," "rational," and, 
"it goes without saying." Those who assume that others who, like themselves, 
possess an expertise in fisheries also assume that these others hold a set of as- 
sumptions in common. These are taken as "understood" by all who are "truly 
knowledgeable" "possessed of common sense. " 

The Glitch in the System 

The catch is that fisheries management in the modern world requires the involve- 
ment of arange of civil servants, scientists, and user groups participating in some 
or all stages of management plan production and implementation. What are the 
consequences of engaging people with widely differing views of Nature in a 
project to manage Nature by consensus - especially when one of the engaged 
groups also has the primary responsibility for acting according to the rules in 
the day-to-day activities of making a living? 

These models provide the yardsticks individuals and groups use when measur- 
ing "good" versus "bad management." Unfortunately, their fundamental 
difference and the extent to which they are rarely made explicit also create a 
chasm across which dialogue is difficult, if not impossible. "My position" 
(whether derived from scientific research or practical experience) is grounded 
in common sense and will surely generate sound plans; "your position" is too 



general (or too narrow), complex (or too simple), rigid (or ad hoc), costly (or 
inadequately funded for proper implementation), ignores the human element 
(or is too vulnerable to manipulation in the political and economic arenas). If 
or when management programs finally are implemented, such deeply held but 
rarely explicit stated world views - call them, if you will, cognitive modes - are 
liable to lead members of, especially, the targeted user group(s) enthusiastically 
to endorse, comply reluctantly, or rigorously resist the rules and regulations. 

In short, the extent to which a group whose members hold diverse viewpoints 
can produce a workable management plan that does not violate their respective 
axiomatic models (but need not fully reflect them), determines the degree to 
which industry members cooperate in making the plans work. It will, as well, 
influence the extent to which fishery managers will perceive the n'eed to continue 
"fine tuning" the plan, a process that frequently results in continued modifica- 
tion, what has been termed "crisis management" (as when, once in place, the 
history of a plan is marked by a series of emergency actions to deal with "unex- 
pected" overfishing of juveniles or shortfalls in landings) and what user groups 
see - sometimes correctly - as a bewildering and contradictory flow of rules and 
regulations. To this extent, management plans will come close to their target, fall 
short or overshoot in one or another function - or even careen wildly, producing 
devastating, unintended consequences. 

Natural Systems: Linear and Non-linear 

It is when working in the realm of second-guessing nature, particularly the fish 
stocks, that we are able to see this major distinction emerge. There are, on the 
one hand, those who view Nature in classic Newtonian terms; on the other hand, 
there are those whose understanding of natural processes is strikingly parallel 
to the model being suggested by the newly emerging science of C h a ~ s . ~  Adher- 
ents of the first position model the world in terms of linear relationships; those 
of the second, in non-linear interweavings. 

The one group, consisting of the majority of biologists, economists, and ecol- 
ogists - those scientists and technical experts who are the lead members in ma- 
rine research studies and in the state/federal agencies concerned with fisheries 
- see nature as (1) a system and (2) a system in which there is periodic order.7 
Essentially, the study of such a system depends on looking at it locally, studying 
various species, year classes, sub-regions within the marine econiche, the various 
ports and their landings, etc. It involves defining perimeters and parameters, 
identifying relevant variables and utilizing differential equations to describe 
processes that change smoothly over time. In such a system, one must monitor 
and measure within a context that stays constant from Time Measurement XI 
to Time Measurement X2, X, ,  etc. 

Lending itself to the perception of the rightness of such approaches to under- 
standing the workings of Nature is a tendency among fishery managers to speak 
of the reproductive process of the stocks as if there were neither interactions 
among overlapping generations, not unique environmental events affecting 

generations differently. Overlooking such variables can add credence to the 
presupposition that one can directly identify the relationship between the num- 
ber of, say, herring or cod at Time X, and the number for Time X2 - i.e., to ex- 
press stock dynamics as if the Time X2 population is a simple function of the 
Time XI population. 

Perhaps the classic expression of the linear view of population dynamics - 
i.e., the view that the nature is ordered, balanced and in dynamic equilibrium 
- was given by J. Maynard Smith (1968), whose position was that populations 
either remain relatively constant or regularly vary around some presumed 
equilibrium point. In the case of commercial fisheries, biologists frequently as- 
sume that fishing effort accounts for deviations of real populations from this 
model and, in the last decade especially, have moved to sustain the stocks by 
attempting to regulate human predation. As James Gleick put it: 

In a real world system an observer would see just the vertical slice corresponding to one pa- 
rameter at a time. He would see only one kind of behavior - possibly a steady state, possibly 
a 7 year cycle, possibly apparent randomness. He would have no way of knowing that the 
same system, with some slight change in some parameter, could display patterns of a com- 
pletely different kind (1987:73) .~ 

In this cognitive mode, macro-level phenomena are "explained" in terms of a 
reductive or analytic analysis giounded in the perception that whatever is de- 
fined as the observable whole is "the natural result of the interaction between 
the externally related 'parts"' (Madison 1990:91).9 

Members of the second group - for the most part industry members, made 
up of fishermen (and their families), buyers, and processors - see Nature as non- 
random ("Things don't just happen - there's always got to be a reason") but 
unpredictable ("If I knew everything that was going to make one trip a winner 
and another a loser, I'd be God"). Natural processes are complicated and dy- 
namic; causal relations and sequential patterns (if they can be charted at all) 
can stretch over so long a period that they appear aperiodic. Data selected for 
review will appear random, disordered, non-causal in their linkages, and chaotic. 

The view of Nature held by most in the industry encourages them to see their 
world (the fish stocks, the weather, the market, the fishery management process, 
whatever) as continually susceptible to disequilibrium rather than in a linear 
mode where entropic systems are in constant search for equilibrium. This is a 
perspective beginning to find some support among scientists. There are strong 
indications that attempts to understand population dynamics (or the weather, 
economic activity, or most forms of human behavior for that matter) in terms 
of linear relationships that can be captured on a straight line graph can be coun- 
terproductive. In the case of fisheries management, it may not be a feasible mod- 
el for managing the resource and it has certainly failed to win cooperation from 
the industry when plans are actually implemented. Yet, those critically responsi- 
ble for final plan production - in translating the variety of discussions and hear- 
ings that are preliminary to plan submission for federal approval and thus also 



underwrite their final rejection/approval of plans - are, for the most past, linear 
models.IO They approach the understanding of natural processes, as well as the 
human activities and decisions that affect those processes, with the kinds of as- 
sumptions that are both preferred by and required of those who occupy positions 
within what social scientists label "rational bureaucracies" - management 
structures in which public policy decisions are, ideally, made in an objective and 
non-personal fashion. 

Although a recognition of non-linear processes has only been achieved in the 
past decade or so, it's a good guess that industry members (especially those on 
the front lines, the fishermen), have long organized their knowledge of Nature 
intuitively in terms of non-linear relationships. "Little things can mean a lot" 
- and make a big difference. The model of Chaos argues, that t4e dynamics of 
systems can unfold in a non-random but unpredictable fashion. However, they 
are labelled "unpredictable" only because those studying them do not (indeed, 
perhaps cannot) take into account an almost infinite number of small initial per- 
turbations. These are elements ignored, dismissed, and excluded in the decision- 
making involved in identifying relevant current data or model configurations 
but highly determining in both calculated and real outcomes. We all learned the 
principle as school children: 

For want of a nail, a shoe was lost; for want of a shoe, a horse was lost; for want of a horse, 
a rider was lost; for want of a rider, a message was lost; for want of a message, a battle was 
lost; for want of a battle, a war was lost; for want of a war, a kingdom was - and all for 
want of a nail. 

In the dynamic universe being modelled by students of Chaotic systems, no input 
our output can be prejudged to be "irrelevant," or "trivial," and little if any- 
thing can be set aside in a category labelled "All things being equal." In non- 
linear systems, not only does "Every little movement have a meaning all its own" 
but, more importantly, as the "meaning" of that small event or new input moves 
through successive layers of ever-more extensive networks, its significance snow- 
balls; its potential to alter future events or characteristics of the system intensi- 
fies. Thus, small initial conditions can have a major impact "down the line." 
When fishermen and those in the buying and processing sector make decisions 
about resource exploitation, decisions that affect the extent to which they act 
to violate or comply with regulatory regimes, the non-linear models they use to 
make their individual decisions are based on a view of Nature as complicated 
and aperiodic. That view is that each trip, each season, each year's stock almost 
but never quite repeats itself - in short, that the industry operates in a universe 
marked by what scientists from a variety of disciplines are now identifying as 
"Chaotic systems." 

Since it is scientists who are identifying this new model, it is clear that the 
distinction between those arguing for the existence of linear and non-linear views 
of nature is not a difference between scientists and entrepreneurs, pure theory 
and dirty practice, those who are smart and dumb, or altruistic (but only, snarl 

the fishermen, because their incomes aren't affected) and greedy (because, sneer 
the fish managers, they can't see beyond the immediate trip's payoff). People 
can switch from one to another. Industry personnel usually think in linear terms 
when making economic decisions, especially capital investment, and, basically, 
the Chaos model does not deny the basic order of linear thinking dominant in 
rational, linear thinking, only the difficulty (perhaps impossibility) of including 
alf the significant variables in a predictive model." 

Given that the chaos model argues that any small initial condition or action 
by a component of a system can generate consequences that magnify and intensi- 
fy as one moves up to move inclusive systemic levels, it is impossible to have full 
rationality of action. l2 

Sensitive dependence on initial conditions can produce startling conse- 
quences. One of the early proponents of the Chaos paradigm labelled this 
characteristic "The butterfly effect." As Edward Lorenz put it in an important 
and early statement of this approach,13 "the fluttering of a butterfly's wing in 
Rio de Janeiro, amplified by atmospheric currents, could cause a tornado in Tex- 
as two weeks later." Examples of this abound in the real world. Thus, it has been 
suggested that the crisis at the Three Mile nuclear plant - which led to the entire 
U.S. nuclear energy program being indefinitely constrained - resulted from one 
particular workman, at one point in his work schedule, neglecting one gauge 
on the instrument panel he was supposed to monitor - a gauge obscured by the 
overhang of his over-generous belly. 

To further complicate the issue, it is often difficult to distinguish between two 
forms of Chaos. The one results from not including critical but periodic compo- 
nents. The second - that being discussed here - is the result of the fact that in 
a majority of natural, open systems, new information - strangeness - can be 
introduced, and thereby create a new order. Perturbed by noise (by real random- 
ness), real systems will permit a new variant to emerge that cannot be made to 
disappear by future noise. In short, a Chaotic entity can also be one in which 
locally unpredictable innovation - strangeness - can emerge. 

Fisheries as Open, Non-linear Systems 

The non-linear model is a relatively new way of looking at natural systems. What 
are some of the effects of using it to study fishery issues? 

The market and consumer behavior is one important generator of oscillations 
in the system. However, in the case of commercial fisheries, consumer taste and 
market prices also play a role in the equation. Monkfish, once little utilized and 
often discarded as trash fish, has become enormously popular, pricey and scarce 
as a result of Julia Child (riding on the crest of the popularity of gourmet dining 
for the affluent) pushing it on her nationally syndicated TV cooking shows from 
Boston. On the other hand, the same media can report pollution, contamination 
and cases of food poisoning and, of course, when this happens, fishermen stop 
fishing because processors stop buying - and fish buyers stop buying because 
retailers stop buying because consumers stop buying. Similarly, the North Sea 








