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ABSTRACT / Attempting to predict the spatial dynamics fish
stocks, as required for management, is an ominous task given
our incomplete understanding of biological and ecological
mechanisms underpinning behavioral responses of fish. Large
gaps still exist in our basic scientific knowledge. Nonetheless,
the knowledge of fishers and fishery managers is not incorpo-
rated into our scientific analyses, even though such informa-
tion is rich in observation since knowledge of fish behavior and
distribution is a prerequisite for their profession. Combining
such observations with more conventional scientific studies
and theoretical interpretations provides a means by which we

may bridge some gaps in our knowledge. Presented here is
an example of how both local and scientific knowledge can be
integrated in a heuristic model. The model, CLUPEX, is devel-
oped in the framework of a fuzzy logic expert system and
uses linguistic statements written in natural language to cap-
ture and combine knowledge sources in the form of IF { THEN
rules. The rules are inferred from interviews with experts and
fishery professionals including fishers, fishery managers, sci-
entists, and First Nations people. The knowledge base, com-
prised of the set of rules, is flexible in the sense that it can
easily be modified to add additional information or change
current information. Using input pertaining to biotic and abiotic
environmental conditions, CLUPEX uses the rules to provide
quantitative and qualitative predictions on the structure, dy-
namics and mesoscale distribution of shoals of migratory adult
herring during different life stages of their annual life cycle.

When it comes to understanding fish behaviour and the many envi-
ronmental factors that help determine and predict it, marine biolo-
gists must often take a back seat. This is hardly surprising. There are
hundreds of times as many fishermen today than there are marine
biologists, and their forebears were plying their trade and passing on
their accumulated knowledge tens of centuries before anyone ever
heard of marine biology. What is surprising is how little effort has been
made by scientists to search out and record this information
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Since many fisheries are at spatial scales of one to
tens of kilometers and occur for periods of days to
weeks, both fishers and fishery managers alike operate
within the same mesoscale realm as the fish. By virtue of
their profession, it is prerequisite that they have prac-
tical, applied knowledge regarding the distribution and
behavior of the target species. Such a rich information
source should not be ignored. Yet typically, traditional
analytical fisheries science has considered local ecolog-
ical knowledge as anecdotal, and for the most part it
has remained absent from fish stock assessment or dur-
ing development of management plans. In contrast, the
approach of social science has been to emphasize the
importance of local knowledge in a sociological and

historical context. This approach has also been largely
unsuccessful in directly incorporating this information
into fisheries management (see Neis and others 1996,
1999 for an exception).

Information on the mesoscale distribution patterns
of fish stocks is particularly lacking, and it is at this
spatial and temporal resolution that studies are re-
quired to develop spatially explicit predictive models
needed for management and to allow us to respond to
change. Despite recent awareness of the profound im-
portance of the spatial distribution of fish stocks to
fisheries management (e.g., Hutchings 1996), much of
our current understanding of fish distribution and be-
havior remains qualitative or highly uncertain. Combin-
ing the observations of fishery professionals with more
conventional hard data from scientific studies and the-
oretical interpretations provides a means by which we
may bridge some gaps in our knowledge (Figure 1).

Local knowledge does not lend itself well to mathe-
matical representation and, consequently, traditional
numerical modelling used for decision making may be
unsuitable (Saila 1996). Here, an alternative way of
representing and applying knowledge is described. A
fuzzy logic (Zadeh 1965, 1973) expert system, named
CLUPEX, is used to combine scientific information and
knowledge of fishers to enhance our understanding of
the spatial dynamics of herring shoals. Briefly, expert
systems are a branch of artificial intelligence, providing
theories and methods for automating intelligent behav-
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ior. They are computer programs that use heuristic
rules to store knowledge, which is used to infer solu-
tions and help provide assistance in solving complex
problems normally handled by human experts. Al-
though not as efficient as human experts, when con-
structed using fuzzy rules, they are able to mimic hu-
man decision-making based on common sense logic.

CLUPEX incorporates two fundamental sources of
information on herring behavior and distribution pat-
terns; (1) practical data: local knowledge from inter-
viewed fishers, fishery managers, and First Nations peo-
ple; (2) hard data: scientific information from
fieldwork studies, published scientific literature
sources, and interviewed fisheries scientists (Figure 1).
All knowledge is incorporated in building the knowl-
edge base, with the assumption of equality in the de-
gree of belief in a piece of information from fishers,
fishery managers, fishery scientists, First Nations peo-
ple, or literature. In this way, the potential of all data
sources is maximized (Mackinson and Nøttestad 1998).
The information from all sources is recorded in a da-
tabase that is cross-referenced directly to rules in the
model.

Using input pertaining to the biotic and abiotic
environmental conditions, CLUPEX uses heuristic
rules to predict structure, dynamics, and mesoscale
distribution of shoals of migratory adult herring during
different stages of their annual life cycle. The predic-
tions are generalized to two different herring species
and may be used broadly to examine the impacts of
shoal structure and distribution on management of

herring fisheries. This paper is not concerned with
technical details of the expert system (see Mackinson
2000 for details), rather it focuses on the collection and
application of local knowledge in the construction of
the system, highlighting how is integrated with quanti-
tative data from field work and literature. The knowl-
edge gleaned from interviews is primarily qualitative
and descriptive in nature. It is used in CLUPEX to
define rules linking biological and environmental fac-
tors to changes in spatial dynamics of herring shoals.

Interview Selection and Technique

A total of 30 formal interviews were conducted: eight
with fishery scientists, seven with fishery managers nine
with fishers, and six with First Nations people, all of
whom were or are herring fishers.

With the exception of one gillnet fisher, who specif-
ically undertook herring surveys, all fishers interviewed
were seine fishers from British Columbia, Canada. They
had a collective experience (CE) of approximately 270
fishing years and provided professional practical local
knowledge. Seiners were specifically chosen as candi-
dates in contrast to gillnetters or roe-on-kelp fishers,
since seine-fishing typically involves an element of
search and thus requires specific knowledge of fish
distribution and movements. The First Nations CE
amounted to approximately 290 fishing years.

Selection of interviewees was deliberately nonran-
dom. An attempt was made to interview those fishers
who had the most experience fishing herring during
different seasons, at different locations, and who held
the respect of other fishers in the community. For this
reason, progressive selection of interviewees was con-
ducted by word of mouth, one candidate suggesting
others to talk to. This method proved to be very suc-
cessful. Fishery scientists and managers were selected
based on their experience with herring. The current
regional herring coordinator and three long-time Brit-
ish Columbia fishery managers (CE approx. 160 years)
offered a more technical field-based perspective that
complemented observations by fishers. Three herring
scientists from the Pacific Biological Station, Depart-
ment of Fisheries and Oceans (CE approx. 75 years),
and a further five from Norway (Institute of Marine
Research and University of Bergen; CE approx. 80
years) provided hard scientific data from field and ex-
perimental studies.

Typical interview duration was two hours but ranged
from one to four hours. With two exceptions, all inter-
views were conducted on a separate individual basis at
the preferred location of the candidate. For help with
language interpretation, it was necessary on one occa-

Figure 1. Combining sources of data (from Mackinson and
Nøttestad 1998).
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sion to interview two fishers together. In another in-
stance, a meeting was held with the First Nations Sliam-
mon band elders and included men and women who
had traditionally been involved in herring fishing prior
to the demise of their local herring stock.

Interviewees were asked to recount what they had
observed regarding distribution and behaviour of her-
ring and to offer possible explanations to account for
their observations. All candidates were asked the same
type of questions, although specific interviews were
free-range or adaptive in the sense that the format and
directness with which the questions were presented
depended upon the context of discussion (Hart 1989).
Allowing discussion to continue openly in this manner
provided insight into many aspects that would have
been overlooked by a questionnaire offering only a
fixed set of responses. All interviewees were questioned
on the same topics. On almost all occasions, new knowl-
edge was acquired.

Using the same technique as Johannes (1978), the
honesty and trustworthiness of the subjects’ answers was
tested by asking two types of questions at a convenient
time during discussion. The first were questions to
which the answer was already well-known (e.g., do her-
ring feed during prespawning?). Responses to these
questions were almost always the correct answer or that
they did not know. The second type of question
sounded plausible, but was one that the fishers were
unlikely to be able to answer (e.g., how do birds locate
herring schools sitting on the bottom during the day?).
In virtually every instance, the response to this type of
question was “I don’t know,” indicating that interview-
ees freely admitted to areas where they were lacking in
knowledge.

Interviews were recorded by hand-written notes,
then subsequently typed and sent to the candidate
within 48 hours for verification of accuracy, correc-
tions, and additions. Prior to interviewing, candidates
signed an informed consent form (University of British
Columbia) affirming that the information received
would remain their property and that reference would
be given directly to them when cited. Details of all
candidates, together with a full transcript of their inter-
views, is recorded in a database.

Responses

There was clear demarcation in the type of re-
sponses given by different interviewees. Typically, fish-
ers were particularly strong on observation, providing
detailed accounts of school structure, distribution, and
behavior, including school sizes, shape, density, depth
distribution, association with specific features, ease of

capture, and specific behavior patterns relating to sea-
son, tide, weather, fishing vessels, time of day, feeding,
occurrence of predators. However, when asked why,
they were generally reluctant or found it difficult to
offer an interpretation for their observations. An at-
tempt to elicit a rank order of factors they considered
important in determining the observed shoal structure,
distribution, and behaviors was unsuccessful. It was
seemingly an almost impossible task for many and was
subsequently abandoned for an alternative approach:
the weight of evidence method (Mackinson 2000).

In contrast, fishery scientists were more familiar and
at ease with offering interpretations for their observa-
tions or experimental findings and, for the most part,
were able to assign an order of relative importance to
the factors contributing to shoal structure, distribution,
and behavior patterns.

Responses of fishery managers were more akin to
those of fishers, being grounded firmly in field obser-
vation. However, due to the nature of their job, most
were uncomfortable with ascribing behaviors to any
particular factor. They tended to err on the side of
caution and uncertainty, usually offering provisos and
comments of exception to any of their observations.
They were, however, more willing than fishers to offer
potential interpretations, and it was apparent that these
were frequently guided by scientific understanding
from colleague fishery scientists.

Remarkably, there were no instances in which knowl-
edge accumulated from any single source opposed an-
other or diverged from that found in scientific litera-
ture. Information either complemented previous
knowledge (from interviewees or literature) or added
additional understanding.

Terms used by interviewees to describe shoals
were frequently different than those used in scientific
literature and, accordingly, some interpretation was
necessary on my behalf. Despite this, with the excep-
tion of the shoal descriptor, ‘fish direction’, inter-
views did not identify any additional descriptors of
shoal structure, dynamics, or distribution that were
not previously identified from literature (Figure 2A).
The point of departure between local knowledge and
that obtained in the literature reflects the functional
nature of the knowledge, particularly that of fishers.
Numerically and proportionally more observations
were directed to shoal features and factors influenc-
ing them that are particularly relevant to the ability
to locate and capture shoals. For example, interview-
ees yielded more comments regarding biophysical
influences on shoals including time of day, moon-
light, topography and substrate, and weather condi-
tions (Figure 2B) and how these influenced shoal
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descriptors such as shoal size, depth distribution,
packing density, ease of capture, speed, dispersion
[mean nearest neighbor distance (NND) and mean
of the average intershoal distance (ISD)], distance to
shore, and association with features. It is noteworthy
that the large number of comments on the effects of

maturation stage reveal the fact that most herring
fishers in British Columbia have extensive knowledge
of prespawning herring, the season during which the
commercial fishery occurs. Tables 1 and 2 provide a
more specific categorisation of the relationships
identified by interviews and literature.

Figure 2. Comparison of descriptors and attributes derived
from interviews and literature sources that were later used in
forming rules. Abbreviations: mean NND 5 mean nearest
neighbour distance; mean av. ISD 5 mean ISD (mean of the

average intershoal distance). Attributes: factors affecting her-
ring shoals. Descriptors: features used to describe herring
shoal structure, dynamics, and distribution.
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Applying Knowledge: Forming Functional
Relationships Using Rules

Heuristic rules written in natural language form the
relationships between attributes influencing herring
and descriptors of shoals (Tables 1 and 2). Rules have
the form: IF a certain situation occurs, THEN a known
outcome is likely, and they may contain several condi-
tions in the IF part linked by AND, OR, NOT, and one
or more elements in the THEN part linked by an AND.
Since the goal is to because to draw a conclusion upon
how behavioural responses to the influence of various
combined factors produce changes in shoal structure,
dynamics, and distribution, attributes are typically used
in the IF part of rules and descriptors in the Then part.
For example: IF food abundance almost nonexistent or
sparse, THEN shoal cohesion low. The majority of rules
are taken directly from the information source, while
others are defined on best inference. For example,
consider the information taken from literature:

The best weather for fishin’ on the hoom fishin’ was after a good sou’
west breeze, and then fall away. You know, drop away. Say a good ol’
force 6 or 7 and then drop away. Drop away to about 2 or 3, 3 or 4.
They used to stick their snouts in then and swim up then, they did. But
on the real hoom fishin’, on the full moon, that could be calm or
anything, yit that allus seemed you got herrin’. On the October full
moon, and November—anywhere about that time. Yis, you could git
’em in fine weather, except when that wun’t very dark and there was
a flat calm. You wun’t git much then. [‘Jumbo’ Fiske (1905–1977)
“probably the greatest herring skipper of the 20th century” (Butcher
1985)].

Together with the knowledge that Jumbo Fiske
fished in an era where the method of herring fishing
was drift-netting, two pieces of information might be
inferred from his comments: (1) herring shoals were
more dispersed and tended to rise in the water after
storms; (2) when it is bright from a full moon, shoals
are more dispersed. The interviews conducted with
herring fishers and fishery mangers in British Colum-
bia, plus other literature sources, support his comments
and add further information. Some of the comments
are given below. Note that the method of fishing by
British Columbia herring fishers is by seine net. In
contrast with the drift-net method, a scattered distribu-
tion of fish results in poor catches.

On the Effects of Weather

“If the weather is bad then the herring shoals go
deep to hide. They may even stop the diurnal migra-
tion” (J. Malatestinic and J. Reid personal communica-
tion).

“In big storms the herring disappear—its thought

that they may go deep at this time” (B. Armstrong
personal communication).

“When there is a big storm the herring may scatter
and disappear” (D. Chalmers personal communica-
tion).

“A strong blow breaks fish up—scatter to bottom. It
tends to spread fish out” (J. Boroevich personal com-
munication).

“On calm days, most rudd oriented toward shore.
On windy days, fish stayed deeper in the water” (Keen-
lyside 1955).

“If weather is bad close to spawning then schools get
disrupted” (L. Gordon personal communication).

“Bad weather tends to scatter them out” (G. Savard
personal communication).

“Weather changes the distribution. If it is bad then it
clearly interrupts the pattern of what the herring are
doing” (G. Thomas personal communication).

“NW winds tend to scatter the fish” (M. Carr per-
sonal communication).

“Catches of drifter boats increase significantly dur-
ing bad weather at pre-spawning—presumably because
the fish disperse. When fish are aggregated in schools
they get poor catches” (Wood 1930)

On the Effects of the Moon

“Usually the herring come up and skimmer out but
if it is a full moon the herring don’t come up so far and
they spread out a lot” (J. Boroevich personal commu-
nication).

“Fish come up and skimmer out at night. The moon
scatters the fish more” (M. Carr personal communica-
tion).

“Moon causes the fish to skim out very thin in the
evening time” (A. Hunt personal communication).

“If there is a bright moon the fish spread out fast and
its difficult to catch them” (J. Reid personal communi-
cation).

“It is poor fishing on a full moon. The fish are not so
concentrated” (J. Lenic personal communication).

“The moon has a lot to do with it. They stay down
when the moon is full. Best to catch them just before
the moon comes out in reduction days because when
the moon comes out they go to skimmers quickly and
go too deep” (V. Wilson personal communication).

“Catches of herring vary with moon phase and the
depth of shoals may be lower when there is a moon.
Clark (1956) reported that Californian sardine fisher-
men tied up during full moon period because they
caught so few fish” (Blaxter and Holliday 1969).

In summarizing the knowledge presented above, two
rules are inferred: (1) IF weather bad (storms and high
winds), THEN relative shoal depth bottom AND nearest
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Table 1. Summary table of relationships between attributes and descriptors used in CLUPEX

Attributes

Descriptor

Structure

Shoal
size

Pack
dens Shape Cohes

Size
comp

Fish
dir

Size
seg

External—biotic
Aquatic predator abundance u

(5,16)
u

(7,8)
u

(3,8)
u

(0,7)
Bird predator type u

(2,2)
Bird predator distribution u

(2,1)
Competition u

(2,1)
u

(1,0)
u

(0,1)
Feeding mode

Food abundance u
(3,3)

u
(4,5)

u
(0,1)

Feeding status u
(4,0)

u
(6,2)

Food depth distribution

Food patch association

Food patch distance

External—abiotic
Vessel avoidance

Current depth

Current direction u
(1,0)

Current strength u
(1,1)

Moonlight u
(7,2)

Oceanographic features

Spawning habitat availability u
(1,1)

Temperature

Tide state

Time of day/light u
(13,6)

u
(1,1)

u
(4,13)

Topography and substrate

Water depth

Weather conditions

Internal—biological
Maturation stage u

(11,4)
u

(8,5)
u

(8,5)
u

(5,3)
u

(4,4)
Stock age structure

aNumbers in parentheses (x, y): x 5 no. of interview records noting relationship. y 5 no. of literature sources noting relationship.

Descriptors—parameters characterizing structure, dynamics, and distribution of shoals. Attributes—factors influencing herring shoal structure, dynamics
and distribution. Abbreviations: Pack dens—packing density; Cohes—shoal cohesion; Size comp—size composition of fish in shoal; Fish dir—shoal
direction with respect to current; Dyn tend—dynamic tendency; Catch ease—ease of capturing a shoal; Int dyn—internal dynamics (schooling or
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Table 1. (Continued)

Descriptor

Dynamics Distribution

Dyn
tend

Catch
ease Int dyn

Swim
speed

Shoal
move NND

mean
ISD

Shoal
depth

Shore
dist

Stock
range

Feat
assoc

Loc
shift

u
(4,2)

u
(2,2)

u
(2,0)

u
(3,0)

u
(7,1)

u
(3,2)

u
(1,0)

u
(1,0)

u
(1,0)

u
(1,0)

u
(2,0)

u
(4,5)

u
(2,3)

u
(3,0)

u
(2,0)

u
(3,1)

u
(3,0)

u
(5,4)

u
(0,2)

u
(2,1)

u
(6,7)

u
(1,4)

u
(3,0)

u
(6,1)

u
(3,2)

u
(1,3)

u
(4,1)

u
(7,1)

u
(0,1)

u
(2,5)

u
(1,2)

u
(2,0)

u
(1,1)

u
(1,2)

u
(1,4)

u
(18,4)

u
(12,6)

u
(16,5)

u
(1,0)

u
(2,3)

u
(5,1)

u
(6,1)

u
(7,5)

u
(4,1)

u
(2,2)

u
(6,2)

u
(4,1)

u
(4,2)

u
(8,0)

u
(12,5)

u
(8,0)

u
(0,1)

u
(3,3) 1

(3,2)

shoaling); Swim speed—mean swimming speed of shoal; NND—mean nearest neighbour distance; mean ISD—mean of the average interschool
distance (distance from one shoal to all other shoals in location; Shore dist—relative distance to shoreline; Stock range—fulfillment of potential
stock range; Feat assoc—association with physical/oceanographic features; Loc shift—likelihood of being displaced from feeding location.
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neighbour distance of shoals high. (2) IF time of day is
dusk OR night AND state of the moon is full and bright,
THEN shoal depth mid-range AND packing density very
low AND ease of capture very low.

The heuristic rules capture knowledge contained in
linguistic expressions given by interviewees. By comput-
ing with words (L. Zadeh personal communication 7
December 1998, UBC, Green College lecture series), it
is possible to form complex, yet still descriptive and
transparent relationships between attributes and de-
scriptors.

In the example rules above, the terms in italics
represent member sets of shoal descriptors defined
as fuzzy variables (Figure 3). While not all rules in the
model use fuzzy definitions, the connection between
fuzzy variables and their member sets and the pro-
cesses of fuzzy inferencing and defuzzification pro-
vides the direct link for combining quantitative and
qualitative knowledge and expressing associated un-
certainty. Fuzzy rules are the key to achieving quan-
titative output from qualitative understanding de-
scribed in the rules using linguistic expressions (for
more details see Mackinson 2000). They avoid the
impractical and almost impossible task of attempting
to relate information in a purely quantitative way,
while still being able to describe continuous func-
tions.

An important potential shortcoming that might be
perceived from the method of pooling collective knowl-
edge into rules is the possibility of having pieces of

knowledge from different experts that are inconsistent
or even conflicting. This aspect is of taken in to con-
sideration in two ways. First, where apparently conflict-
ing information was given during interviews, subse-
quent interviewees were questioned specifically on that
subject in an attempt to clear up potential inconsisten-
cies. Second, where information did conflict, individual
rules were incorporated to capture each piece of knowl-
edge. The confidence in each of the rules was later
weighted using a “weight of evidence” approach (Mack-
inson 2000) that determines the effect on the overall
results. Those with a low evidence contribute little to
the final conclusions.

Quantitative Output from Heuristic Rules

CLUPEX makes a variety of quantitative and qual-
itative predictions on the spatial dynamics of herring
shoals. Using the example of diurnal changes in the
shoal packing density and depth distribution, and
the effects of the moon as previously discussed, we
see that CLUPEX is capable of predicting the pat-
terns that are generally observed in nature (Figure
4). The predicted diurnal changes in shoal structure
and distribution confer well with the typical type-I
pattern (Nielson and Perry 1990) observed in her-
ring throughout most of their adult life cycle (e.g.,
Radakov 1960, Blaxter and Holliday 1969, Thorne
1977, Blaxter 1985, Buerkle and Stephenson 1990,
McCarter and others 1994, Mackinson and others

Table 2. Descriptor and attribute interrelations used in CLUPEX

Shoal
size

Packing
density Shape Cohesion

Fish
direction

Shoal movements u
(3,2)

u
(2,1)

Relative stock size u
(6,2)

Fish length u
(1,2)

Mean swimming speed u
(1,1)

u
(1,3)

u
(1,0)

Shoal size u
(0,1)

u
(0,1)

Shoal depth u
(1,1)

Extent/Area u
(2,0) 1 (3,0) 1

(2,0) 1 (2,1)
Shore distance u

(1,0)
Food size/abundancea

aAttribute interrelation.
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1999). Surveys on the Pacific coast during 1971–1982
found daytime herring schools at 40 m deep dispers-
ing to form relatively uniform, widespread, single

target layers between 10 and 30 m during the night
(Mathisen and others 1983). Thorne (1977) noted
that at night, school volume was higher and herring
were dispersed at lower densities and over wider
areas with considerably less patchiness. Mean day-
time densities were 9 –10.4 fish per m3. During nights
with a bright moon, there is a modification to the
typical diurnal pattern with shoals rising early and
dispersing rapidly (interviews with Boroevich, Carr,
Hunt, Reid, Lenic and Wilson). For further, more
detailed example applications of CLUPEX, the
reader is referred to Mackinson (1999, 2000).

Discussion

Although the magnitude and relevance of local
knowledge in resource management has been recog-
nized for some time (Johannes 1978, Dahl 1989,
Maguire and others 1994, Pitcher and Hart 1998), a
mismatch between that which is known and that which
is used for any practical sense remains. Resource man-
agement decisions are typically based on detailed, yet
limited studies of a more traditional scientific nature—
hard science. Despite recognizing the obvious need to
incorporate local knowledge into science and manage-
ment, two important barriers still exist: the reluctance
to give it respect equal to that given to hard science,
and the inability to incorporate it in a holistic mean-
ingful way (Mackinson and Nøttestad 1998). The
former is deep rooted and requires a fundamental

Figure 3. Membership functions of sets on the fuzzy variable
“packing density.” The member sets (also sometimes called
subsets) are the linguistic concepts; very low, low, medium,
high, and very high. 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 packing density is 100 fish/m3,
we are 0.2 confident that packing density is high and also 0.4
confident that it is very high. 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.

Table 2. (Continued)

Size
segregation

Internal
dynamics

Mean
swimming

speed
Catchability

(q)
Stock

area/range NND
Mean
ISD

Feature
association

Feeding
mode

u
(1,2)

u
(3,1)

u
(0,11)

u
(3,2)

u
(0,1)

u
(2,0)

u
(2,4)

u
(1,1)

u
(1,0)

u
(0,6)

u
(1,2)
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change in our scientific approach, a point recognized
by Chambers (1980), who comments “the most difficult
thing for an educated expert to accept is that poor
farmers may often understand their situations better
than he does. . . . 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.”

Recently, there have been several attempts at achiev-
ing the latter. For example, Neis and others (1996)
conducted a thorough series of interviews with cod
fishers in Newfoundland, the results of which convinc-
ingly demonstrated that local knowledge, formerly
treated as anecdotal and then overlooked, was capable
of contributing detailed scientific information on stock
structure, changes in catchability, abundance during a
closed fishery, and potential impacts of a reopened
capelin fishery on northern cod recruitment. Specific
knowledge of fishers also included awareness of the
relationships between season, winds, tides, water tem-
perature, the presence of other species, and the ease of
capture of fish. Moreover, the relationship between fish
size, value, and effort means fishers take note of the size
distribution of fish (Neis 1992). Case studies by Pinker-
ton and Weinstein (1995) highlight how local knowl-
edge can be applied to great benefit under a system of
community based management. In a study of the Pa-
cific herring bait fishery, Schweigert and Linekin
(1990) also recognize the value of local knowledge.
Questionnaires were used to obtain information on
spatial distribution of nonmigratory herring that are

not sampled or assessed as part of the routine monitor-
ing of the major adult migratory populations. The ap-
proach shown here complements these approaches,
but goes one step further by combining both local and
scientific knowledge using a formal framework in the
form of an expert system.

Despite potential biased perceptions of resource
abundance and their impacts, knowledge of fishers can
be a fountain of information (e.g., Johannes 1978).
Frequently their knowledge is compiled over time
based on that of their parents, grandparents, and oth-
ers with whom they have fished. The interviews in this
study reveal that fishers closely observed physical envi-
ronmental conditions and temporal changes resulting
in variation in distribution, size, and ease of capture of
herring schools. However, in contrast to interviewed
scientists and fishery mangers, fewer were prepared to
suggest behavioral interpretations for their observa-
tions. With the exception of several enthusiastic indi-
viduals, it did not appear “necessary” that they should
ask why? Neis and others (1996) found a similar re-
sponse from interviews with cod fishers; “. . . fishers’
knowledge of fish stocks is primarily acquired to opti-
mise catches while minimising effort. Therefore, they
tend to closely observe those environmental features
which are linked to fishing success: seasonal move-
ments, 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 tem-
perature and clarity, bottom characteristics and local
assemblage structures, as well as gear fouling.”

Figure 4. Predicted “typical” diurnal
changes in herring shoal structure
and distribution (a and b) and modi-
fications during moon bright nights
(c and d). Solid line is average pre-
dicted value while dashed lines indi-
cate minimum and maximum of the
range.
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Remarkably, there was no conflict in the informa-
tion obtained from fishers, scientists, and literature
sources that could not be explained by observations at
different scales. More unique instances of information
were obtained occasionally from fishers. Information
from scientists, fishery mangers, field observations, and
literature accounts tended to support and complement
knowledge given by fishers rather than extend it. Over-
all, the knowledge gained through interviews contrib-
uted critical information on aspects of herring behavior
and distribution that are not easily experimented upon
and have not been reported from scientific field stud-
ies.

On consideration of the responses to specific ques-
tions used as test controls for assessing the trustworthi-
ness of answers, it was deemed that all information
relating to distribution and structure of shoals was ac-
curate according to memory. Although on several oc-
casions there were tendencies for stories, when asked a
specific question, the response of interviewees was
straightforward and no attempt was made to conceal
ignorance of any subject. Where peculiar or unique
observations were made, these were deliberately veri-
fied with other subjects in subsequent interviews. Fur-
ther validation was conducted during the field surveys,
during which an attempt was made to verify interview-
ees’ observations.

Sometimes a problem is so compelling and the con-
sequences of no action are so serious that action must
be taken in spite of (or because of) the shortcomings in
scientific knowledge. Conventional fisheries methodol-
ogies are often too restrictive with regard to the type
and detail of ecological information that is admissible
for use in evaluating problems. A less restrictive para-
digm is needed, one that will admit more information
and have greater explanatory power (Bakun 1996).
Application of heuristics makes it possible to combine
various knowledge sources in a series of rules, written in
natural language. Heuristic models in general offer
great potential, a point emphasized by Hilborn and
Mangel (1996), who comment, “although the output of
most models is numerical, the most influential models
are the ones in which the numerical output is not
needed to guide the qualitative understanding.”
Through building and testing we move toward practi-
cality, recognizing that decisions based on qualitative
and sometimes incomplete knowledge are still better
than making decisions without any understanding
(Saila 1996).

Typically, expert systems are suited to solving prob-
lems that cannot be solved using a purely algorithmic
approach: those that have an irregular structure, con-
tain 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). Recognizing that much of our understanding of
fish ecology, ecosystem effects of fishing, and social and
economic effects of fishing exhibit these qualities, it is
somewhat surprising that the use of expert systems and
fuzzy logic has been infrequently used in fisheries. In a
review of fishery related expert systems, Saila (1996)
offers a list of only 18 noteworthy systems. Of these,
only two (Aoki 1989, Fuchs 1991), both of which are
nonfuzzy systems, consider interactions between fish
and environmental factors.

Application of fuzzy logic provides the ability to
map linguistic expressions on to numerical variables,
or practical knowledge onto hard data, thus integrat-
ing both qualitative and quantitative information and
bringing these two worlds into sync (McNeill and
Freiberger 1993). Humans perceive the precise in a
fuzzy way, and it is this ability to summarize informa-
tion into classes (fuzzy sets) that separates human
intelligence from machine intelligence (Zadeh
1973). Zadeh (1999) states that “Fuzzy logic is the
logic of perceptions.” Several important benefits are
realised by using a fuzzy approach in CLUPEX. Def-
inition of fuzzy sets allows CLUPEX to capture the
vagueness and uncertainty associated with language
that is not possible with conventional mathematical
tools whose crisp definitions force break points. By
allowing us to assign degrees of confidence simulta-
neously to various possible options (defining mem-
bership functions of a fuzzy set), fuzzy logic provides
an organized method for dealing with imprecision of
data. It makes it possible to take in to account the
grey areas of data, thus providing the ability to more
closely reflect the real world.

CLUPEX is capable of predicting state-dependent,
mesoscale spatiotemporal changes in the structure,
dynamics, and distribution of herring shoals, features
that have important implications to fisheries manage-
ment in relation to fish stock structure, assessment,
resilience, and harvest control (Mackinson 1999).
However, of particular interest here, is the more
general value of the approach as a formal framework
for combining local and scientific knowledge. This
paper has attempted to show not only the value of
local knowledge to fisheries science and manage-
ment, but also to demonstrate a methodology by
which it may be incorporated with more traditional
“hard data” and applied to achieve quantitative re-
sults. One obvious benefit of utilizing nonscientists’
knowledge combined with more typical scientific
data is greater acceptability of fisheries science and
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the recommendations that it offers. Stake-holders
who may directly be influenced by management ac-
tions can contribute information central to the for-
mulation of scientific recommendations to manage-
ment. Intuitively, this involvement provides a sense of
worth and pride and thus may be instrumental in
fostering greater responsibility of fishers to the re-
source.
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