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Abstract

A change in attitude is urgently required to provide credibility to and devise methods for
combining and utilising non-scientific information (local knowledge) together with more typical
scientific data. In the midst of vast uncertainty about fish stocks, the climate is right for this
attitude change. Expert systems offer one tool to combine different sources of information in a
meaningful way. We believe that through the simple communication required to gather knowledge
for an expert system, the development of mutual respect will foster co-operation and responsibility
of resource users, scientists and managers, thus providing the basis for improved and more
responsible future management.
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The natural environment displays huge intrinsic volatility, fish production is no exception
(FAO 1994; 1997). It seems common sense that in the face of such uncertainty, the best policy is
to manage for diversity (Gordon and Munro 1996), but since short-term thinking prevails, we
continue to do otherwise. Human nature dictates that humankind predominantly consists of selfish,
narrow sighted, short term thinking individuals, only capable of learning by first hand experience
(Morris 1977, 1995; Diamond 1992). Why consider the future when “in the long-run we are all
dead”? (Lord Keynes  1936). With all eggs placed in one basket, many fisheries have forgone their
buffering capacity to cope with natural variability. The catalogue of catastrophic stock collapses in
many fisheries bears evidence to this. A few classic examples include: Bluefin tuna (Thunnus
thynnus) (Wagner 1996), North Sea herring (Clupea harengus) (Burd 1974) and mackerel
(Scomber scombrus) (Serchuk et al. 1996), northern cod (Gadus morhua) in Atlantic Canada
(Hutchings and Myers 1994), Norwegian spring spawning herring (Clupea harengus) (Dragesund
et al. 1980; Hamre 1990) and British Columbia’s Fraser River sturgeon (Acipenser
transmontanus) (Wood 1995).

In the current climate, fisheries science is admitting its weaknesses, proudly announcing its
recognition of uncertainty. With it, a tidal wave of jargon swells in the management ocean and
terms such as ‘risk averse, conservative strategy, precautionary principle…’ emerge as
management attempts to explicitly encompass the unknown. Despite the overt recognition of
uncertainty, we feel that for the most part, science remains firmly entrenched in its institutionalised
traditional methods.

To be fair, fisheries science has come a long way, especially at finding new ways of using the
same old data. Most scientists probably consider the greatest hurdle that confronts them is finding
and allocating resources to collect relevant information, but we consider that yet a greater barrier
is the reluctance and poor ability to utilise non-scientists knowledge as data. Although it is
disappointing that such a potential wealth of information is either overlooked or dismissed
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immediately without consideration, it is also partly understandable. As most ‘scientists’ (those
trained in scientific disciplines such biology and zoology that have a strong emphasis on hypothesis
testing with proof by statistical methods) seem to intrinsically assume, only data collected in a
scientific fashion can satisfy the rigors of statistical analysis and the strict rules we have established
to make data acceptable. Non-scientists knowledge does not conform to the format or standard of
information we know how to deal with. It’s difficult to access and somewhat awkward to put into
a spreadsheet. We too have been guilty of dismissing this information, but now in recognition find
ourselves delving in to the realm of social science. We support the assertion that social scientists
have been making for some time (e.g. Maguire et al. 1994; Pinkerton and Weinstein 1995); the
need for immediate incorporation of social science in a truly interdisciplinary approach to fisheries
management.

We advocate that fisheries scientists should not just look for new ways of handling old data,
but rather for ways of accessing and incorporating new and different data (information that may
have been available but never used simply because we don’t know how or did not give it
credibility) with more standard data. Non-scientific knowledge is one of the richest, often-
overlooked sources of information that offers immense potential. In a recent panel of the
Department of Fisheries and Oceans (DFO) and critics of how it communicates its science, Earle
McCurdy, president of the Fish, Food and Allied Workers Union, commented that in his view,
“fisheries science is over-dependent on mathematical models and does not rely enough on the
intuitions and experiences of fishermen.” (Strauss 1997). Without such insight, not only are we
missing half the picture, we are also in danger of ‘re-inventing the wheel’. During recent
fieldwork, the skipper of a seine vessel revealed detailed knowledge of herring distribution and
behaviour that to our knowledge has never been published in a scientific journal. Since fisheries
science freely admits uncertainty (Fisheries Management under Uncertainty symposium 1997,
Ludwig et al. 1993, Hilborn and Walters 1992), scientists should be in a position to expand data
sources to those that perhaps previously did not meet the desired scientific specifications. The
current reliance on catch information (much of which is erroneous) and tiny snapshots from
surveys alone seems almost absurd. It is imperative that scientists utilise diverse data sources to
maximum potential. The combination of knowledge and information sources may lead us to
completely new possibilities (Pinkerton and Weinstein 1995).

Fishers knowledge must be considered a primary source of information despite potential
biased perceptions of resource abundance and their own impacts. By virtue of their profession,
most fishers know lots about fish since their livelihood depends upon it. This is especially true of
fish distribution and behaviour. Neis et al. (1996) emphasise this point; “…fishers’ knowledge of
fish stocks is primarily acquired to optimise catches while minimising effort. Therefore, they tend
to closely observe those environmental features which are linked to fishing success: seasonal
movements, habitat preferences, feeding behaviour and abundance dynamics; as well as those
physical attributes that affect fish distribution, the performance of gear and fishing time: wind
direction, currents, water temperature and clarity, bottom characteristics and local assemblage
structures, as well as gear fouling”. The good thing about using fishers knowledge as an
information source, is that it comes compiled. The knowledge of many fishers is based not only
their experience, but on that of their parents, grandparents and others with whom they have fished.

There are many notable references on the importance of local traditional non-scientific
knowledge. Typically anthropologists have been in the forefront of these investigations, but an
increasing number of ecologists are becoming involved. Johannes (1978) provides detailed
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accounts of the knowledge of Palauan fishers in Micronesia, demonstrating how it by far surpasses
the current base of scientific understanding. Other examples include; animal behaviour (Jones and
Konner 1989), resource management (Dahl 1989).

Another obvious source of information are fishery managers who work on the fishing
grounds. They have practical, applied knowledge gained through experience and interactions with
fishers. There is also the requirement for detailed information collected by scientific surveys. Hard
data, collected by scientists in the desired format. Thus we have two types of information; hard
data (scientific format) and practical data (applied knowledge). It is paramount that we close the
gap between these data sources, combining them to reduce uncertainty and build a more complete
understanding (Figure 1). Unfortunately, the attitude of many biological scientists and natural
resource managers to local knowledge has been dismissive (Johannes 1989). Chambers (1980), in
discussing tropical agricultural research and development recognises, “the most difficult thing for
an educated expert to accept is that poor farmers may often understand their situations better than
he does. Modern scientific knowledge and the indigenous technical knowledge of rural people are
grotesquely unequal in leverage. It is difficult for some professions to accept that they have
anything to learn from rural people, or to recognise that there is a parallel system of knowledge to
their own which is complementary, that is usually valid and in some aspects superior”.

William Broderick, a commercial fishermen observes “It has become politically correct to
invoke fishermen as part of the [information-gathering] process … but there is very little will
actually to do it” (Strauss 1997). Often, even if there has been a desire to use non-scientific
knowledge, most have not known how. So, how can we achieve the integration of information
sources? We must start by improving communication. The basic concept is simple, someone talks
to someone else. It is the most basic and elementary of our abilities, one that is in decline.
Sometimes it is not easy to communicate across different planes (we do not say level for fear of
implying status), but it is essential to the establishment of mutual respect which, in turn, is central
to being able to learn from others knowledge. We assert that personal face to face communication
is most effective, since body language is crucial and cannot be interpreted by telephone, fax or
email. All of us know that personal character judgement is fundamental in our evaluations of
others ability.

Aside to the need for communication between scientists and non-scientists, it seems clear
from the many fishery management failures that specific attention should be given to creating
intermediary, professional communicators in the management arena. The separation of science and
politics addressed by Hutchings et al. (1997) could only be effective if a such a role existed.
Stephenson and Lane (1995) embrace the same issue in their focus on Fisheries Management
Science, an integrated approach drawing traditional fields of fisheries science and management
with the scientific approach of management science.

Baines (1989) comments that “To gather and apply traditional knowledge in the name of
mankind is a worthy objective”. However, in reality there are few attempts to apply such
information, combining it in a more rigorous scientific fashion which science demands. One of the
few examples in fisheries science that illustrates how the knowledge of resource users could be
utilised was presented at the 1996 Northwest Atlantic northern cod stock assessment meeting
(Neis et al. 1996). There are four specific areas where the authors show how fishers’ knowledge
of their resources, if gathered in a systematic fashion, could contribute to assessments. The areas
include: stock structure, changes in catchability, information on abundance in a closed fishery and
potential impacts of a reopened capelin fishery on northern cod recruitment. During interviews,
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fishers were asked to describe a typical fishing season (timing, place, gear fished, landings) at
different points in their careers. The most detailed information collected concerned the cod fishery
and cod ecology. Using transparent overlays on regional charts, specific data on locations, gear
type, migration timing and direction, spawning and other ecological attributes were recorded. By
using information on vessel length, capacity and engine power; and gear changes in numbers of
codnets, the authors quantified changes in catchability which could be used to tune the annual cod
stock VPA (virtual population analysis) assessment model via its effect on terminal fishing
mortality (Neis et al. 1996). Hutchings (1996) further comments that the improved
communication with fishers can lead to testable hypotheses regarding the biology of northern cod.

Fishers Fishery managers Scientists

Hard data
(scientific knowledge)

Practical data
(applied knowledge)

Expert system

Communication

A more complete
understanding

Figure 1. Combining sources of data

Constrained by our need for rigorous, testable, credible, accountable methodologies, we must
find a way to record, use and present the information. A format that can be presented and
scrutinised at various levels. It should be accessible and understandable to all.

Knowledge-based systems (Expert Systems) offer an alternative way of representing and
applying our knowledge to solve fisheries problems. Briefly, expert systems are a branch of
artificial intelligence; theories and methods for automating intelligent behaviour. They are
computer programs that provide assistance in solving complex problems normally handled by
experts. Using rules written in natural language, they store knowledge about how a particular
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problem is solved. When the system is asked to solve a problem, it uses this knowledge to infer
solutions. A schematic representation on how an expert system works is shown in Figure 2, with
an outline of the tasks of each component provided below.

User interface

Inference engine

Knowledge base

Knowledge
(Rules)

Facts about
problem Solutions

End user

Facts about
problem Solution

Expert
system

Figure 2.  Schematic of an Expert System (redrawn from Dabrowski and Fong 1991)
Knowledge Base – knowledge is stored as RULES, either in the form of heuristics (rules of
thumb) and/or as and more complex mathematical algorithms. Most rules have the format “IF a
certain situation occurs THEN a known outcome is likely” and several may be combined with
AND statements. The level of certainty in the outcome can be defined explicitly. ‘Rules’ are
gathered from expert sources, manipulated and input to the knowledge base by the “knowledge
engineer”.
Inference Engine - the inference engine determines how rules will be used to infer conclusions.
The engine uses predetermined rules to define different inference strategies. The are two inference
strategies:

i)  Backward chaining - picks a solution and reasons backward testing rules to infer facts
that may substantiate the solution. This strategy is said to be “goal driven” and is
normally used when there are a small number of solutions and a large number of initial
facts. This is essentially a selection process.

ii)  Forward Chaining - used when there is a manageable number of initial conditions and a
large number of potential outcomes. Forward reasoning is “data driven”. Given the



Reviews in Fish Biology and Fisheries, 8(4):481-490

6

conditions it searches forward for possible solutions and therefore may be seen as a
predictive process.

The inference engine compares rules against known facts (input by user), stored in a context file,
to determine if new facts can be inferred. Solutions are returned to the context file.
User Interface - provides the link from system to user. In its simplest form it may be text. More
specifically it may be designed using graphics and hypertext. An important element is the facility to
provide explanation of the actions of the system. At any time the end user should be able to ask,
why?

Typically expert systems are used to solve problems that cannot be solved using a purely
algorithmic approach; those that have an irregular structure, contain incomplete, qualitative or
uncertain knowledge, are considerably complex and where solutions must be obtained by
reasoning from available evidence and sometimes making “best guesses” (Dabrowski and Fong
1991). Much of our understanding of fish distribution, movements and behaviour exhibits these
qualities. Although fishers knowledge on these subjects is often very detailed it does not lend itself
well to mathematical representation and consequently, traditional numerical modelling may not be
well suited. In such circumstances expert systems may provide an appropriate tool. Through
building and testing we move toward practicality, recognising that decisions based on qualitative
and sometimes incomplete knowledge is still better than making decisions without any
understanding (Saila 1996).

Fuzzy logic (Zadeh 1965) can also be incorporated within expert systems. In fact, its
implementation has lifted the development of expert systems out of a stagnant phase. Heuristics
are the food of fuzzy logic and the formal framework for their use in expert systems has yielded
proficient and more easily developed systems.

Fuzzy logic is an organised method for dealing with imprecision of data, especially that which
deals with reasoning. It is not  a logic that is fuzzy but a logic that describes and tames fuzziness.
It is a theory of sets, sets that calibrate vagueness (McNeill and Freiberger 1993). For example,
the classification of fish shoal size by different fishers results in significant overlap of size
categories. Each of the size categories is known as a fuzzy set of the fuzzy variable shoal size
(Figure 3). By allowing us to assign degrees of confidence simultaneously to various possible
options (defining membership functions of a fuzzy set) we are able to take in to account the grey
areas of data, thus providing the ability to more closely reflect the real world. Fuzzy sets deal with
the vagueness that is rife in language, and ironically they are more precise than traditional two
valued or even multi-valued logic since they are able to show the continuum. "Because fuzzy sets
model words mathematically, they map the numerical on to the verbal and can bring these two
worlds in to sync" (McNeill and Freiberger 1993).
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Figure 3.  Membership functions of sets on the fuzzy variable 'shoal size'. The member sets (also
sometimes called subsets) are the linguistic concepts; tiny, small, medium, large and huge. The
slope and degree of overlapping of the memberships functions is the key element determining how
unique or 'fuzzy' the sets are. The degree of confidence on the Y-axis shows our degree of belief in
the linguistic concepts. For example, when shoal size is 1,000 tonnes we are 0.2 confident that
shoal size is large and also 0.4 confident that shoal size is huge. In an expert system both pieces of
information are used simultaneously to make conclusions, thus avoiding the simplistic notion that
something is or is not true, when in fact it may be both to different degrees.

The rules in a fuzzy expert system are usually of the form similar to the following:
IF X is High AND Y is Low
THEN Z = Medium

Where X and Y are input variables (names for a known value), Z is on output variable (a name for
a data value to be computed), High and Low are membership functions (fuzzy subset) defined on
X and Y respectively and Medium is a membership function defined on Z. The antecedent (the
rule’s premise) describes to what degree the rule applies, while the conclusion (the rule’s
consequent) assigns a membership function to each of one or more output variables (Kantrowitz et
al. 1997).

Predicting the spatial distribution and structure of herring shoals based on changes in internal
motivation and behavioural responses to local biotic and abiotic conditions is a current problem in
which the use of fuzzy logic within an expert system is being applied. The knowledge base for the
system draws applied knowledge from interviews with fishers, first nations people, fishery
managers and fisheries scientists together with hard scientific data collected in the field and
previously published sources (Mackinson ongoing research).
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One of the obvious benefits of utilising non-scientists knowledge combined with more typical
scientific data is greater acceptability of fisheries science and the recommendations that it offers.
Stake-holders who may directly be influenced by management actions have contributed
information central to the formulation of scientific recommendations to management. Intuitively,
this involvement provides a sense of worth and pride and thus may be instrumental in fostering
greater responsibility of fishers to the resource. Going one step further, the mutual respect that
could develop through continued dialogue and information sharing may pave the way to localised
co-management of fish stocks. Such a management system may be vital to rebuild the spatial
diversity that many fish stocks once exhibited (and which may be crucial to their resilience). One
example in which fishermen have taken greater responsibility is through a legislated system of co-
management with government regulators in the Lofoten cod fishery of northern Norway (Jentoft
and Kristoffersen 1989). A further example is the management of local-spawning sub-sets of Strait
of Georgia herring in British Columbia. Kew and Griggs (1991) noted that commitment to a
specific place and local control meant that kinship groups developed a sense of belonging which
reinforced feelings of dependence on, and respect for local resources (from Gillis and Ellis 1995).
Current management of the Northwest Atlantic 4WX herring fishery off Nova Scotia has
developed through a system of consultative arrangements and co-management. Through the
Monitoring Working Group an in-season management scheme has been implemented that makes
decisions regarding the appropriate distribution and rate of fishing during the season based on the
best available information. Specific effort has been directed to improving the observation integrity
and intensity by incorporating fishers local knowledge (Stephenson 1997 and pers.comm). Further
examples can be found in Pinkerton and Weinstein (1995) who provide detailed success stories of
community based co-management regimes.

The increased value (ecological, economical and social) of long term thinking and planning
should be set against the potentially huge loss in short term selfish thinking. Fisheries science does
not have the time or money to go and find the answers for itself in its desired scientific format. We
must not ignore the vast source of information we are currently missing out on. To diversify our
data sources and maximise their potential, acceptance and credibility must be given to new and
different forms of data. Specific communication roles may be required as a means to ‘tap’ this
information. More time spent communicating would reduce the present knowledge gap, enhance
mutual respect and foster co-operative responsibility, and thus likely avoid some errors in
management that have resulted in conflict in the past.
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