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The mathematical theory of information provides a rich basis for 

the analysis of information systems. Through the definition of com- 

munications systems and their parts as probabilistic entities, infor- 

mation theory provides the means to quantify and measure information 

as a means to uncertainty resolution.  Information measured in this 

context is value-free; the addition of economic theory to information 

theory offers a means to understanding both the content and the value 

of information in the fishery. 

Information acquires value under scarcity conditions of uncer- 

tainty. The value of information to the fisherman lies in the in- 

creased probability of reaching a desired payoff. The value of pooled 

information to increased search efficiency is dependent on scale 

economies. 

Information networks are a frequently observed phenomenon in open 

access fisheries characterized by high levels of uncertainty. Although 

various interpretations have been given to the function an information 

network serves, the particular focus of this paper is on information as 

a capital asset in a fishing system. 

As the fishing system becomes more complex with an increasing 

number of states, system entropy increases; the value of information 



as a producer of income also increases.  Differences in skill, measured 

by differential abilities to produce information, result in differences 

in search costs and income between fishermen. The information produced 

by each fisherman is a bonus to fishing that, allows the possibility of 

a network of exchange.  An information network in a fishery may be 

viewed as a production mechanism that reduces transactions costs. 

In a limited sense, the information network establishes property 

rights to the fishery by dividing the fishing ground into territories. 

Uncertainty provides incentives for a market for information. The 

existence of adaptations that modify the open access condition suggests 

that the relationship between property rights and use levels may not be 

causal under conditions of uncertainty. Conditions of uncertainty also 

raise questions about the appropriateness of standard efficiency evalu- 

ations in the fishery. 

Differential skill in information production emphasizes the con- 

tribution of skill to fishing effort.  The distinction between real 

and nominal effort allows a cooperative effect in the application of 

effort which makes the prediction of fisherman response to a particular 

policy prescription a complex task. 

Incentives to adopt various control mechanisms in the fishery ;can 

be directly related to the type and level of entropy faced by decision 

makers.  An individual fisherman interested in maximizing the return 

on his investment of effort will resist any restrictions on open scramble 

competition.  A management agency, however, has strong incentives to 

resist scramble competition. 

The presence of noise in the transmission process affects the 

acquisition of information and hence the resolution of uncertainty. 



The existence of fact or rule uncertainty may have a significant im- 

pact on the success of policy implementation. Hypotheses related to 

the impact of uncertainty on fishermen are generated for testing in 

the next phase of research. 
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A THEORETICAL ANALYSIS OF 

INFORMATION NETWORKS IN THE FISHERY 

CHAPTER I 

INTRODUCTION 

Among other things, fisheries economics is directly concerned with 

the study of open access resources. Access rights to ocean fisheries 

are particularly difficult to establish, primarily because of vari- 

ability in fish location. The open access nature of ocean fisheries 

leads to the conventional view that because fishermen are unable to 

restrict entry into the fishery, competitive harvesting will lead to 

both economic and biological overfishing.  Economic overfishing is de- 

fined as the zero rent condition resulting from excessive application 

of effort. Biological overfishing is a situation of divergence of 

actual sustained yield from the maximum possible sustained yield or a 

desired optimal yield. 

Economic research may take either a normative or a positive 

approach. The normative view of fisheries economics centers on opti- 

mality in resource exploitation. The objective of this approach is 

to define social optimality and to recommend policies that will direct 

the fishery toward this goal. 

In contrast, positive fishery economics research has as its goal 

an understanding of the structure and functions of a fishery as a 

dynamic ocean system through analysis of the components of that system. 

Comparatively little positive research has been conducted in fisheries 

economics. Two areas of immediate interest to the fishery economist that 

suggest a positive approach are the nature of open access systems and 
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the effect of uncertainty on exploitation levels in those systems. 

This paper centers on one aspect of uncertainty in open access 

fisheries by examining the structure and functions of information net- 

works found in ocean fisheries.  A theoretical framework within which 

to analyze the role of information in the fishery is presented.  In- 

formation networks, the basis of which is the asset value of informa- 

tion, are presented as adaptive responses to uncertainty by groups of 

fishermen that modify the open access character of the fishery. 

Through analysis of information networks the understanding of one 

component of a stochastic open access fishing system is increased. 

The objective of this paper is to present a theoretical formu- 

lation of information networks in the fishery that accounts for the 

economic motivation of individual fishermen to participate in them, 

and to examine the implications of uncertainty for resource use be- 

havior in open access systems. 

To reach this objective, the following procedure will be followed. 

First, concepts of information theory that quantify measures of infor- 

mation and uncertainty will be presented in Chapter II.  Information 

theory defines uncertainty and information as probabilistic entities; 

examples of these concepts will be given in a fishery context. At 

this point, the context of the measurement of information as a re- 

solver of uncertainty is value free. 

Next, to the definition of information content will be added 

the concept of the value of information.  In Chapter III a brief 

discussion of the economics literature on information will be pre- 

sented.  The means by which information acquires value in a fishery 

will be related to the level of variability in that fishery.  Un- 
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certainty in the fishery creates costs to fishermen that are reduced 

by information that defines the probability estimates of events. 

Chapter IV will describe the structure of information networks 

as documented in several fisheries, and set.forth the various inter- 

pretations that have been suggested of the functions of these net- 

works . 

Next, a theoretical framework for the individual fisherman's 

decision environment will be presented. Chapter V will show how the 

uncertainty in the fisherman's environment affects his choices and 

eventual payoffs. Through the quantification of information produced 

a measure of differential skills between fishermen will be reached. 

The implications of skill differences for search costs and incomes 

will be shown. 

Chapter VI will move from the behavioral view of the individual 

fisherman to the social view of the fisherman as a participant in an 

information network.  Capital theory will be used to analyze the for- 

mation and functions of an information network of exchange. The asset 

value of information produced by individual fishermen will be emphasized. 

Finally, implications of the application of economic theory to 

information networks will be discussed in Chapter VII. From the 

analysis of information networks, insights will be found into other 

aspects of the fishing process such as property rights, efficiency 

notions, and fishing effort. Hypotheses to be tested in the next 

phase of research are generated. 



CHAPTER II 

CLASSICAL INFORMATION THEORY: 

INFORMATION TRANSMISSION AND CONTENT 

Information theory, alternatively called statistical communica- 

tions theory, is probability theory applied to the transmission of 

messages. Developed out of post World War II interest in solving 

problems of communication, it began as an engineering question of how 

to best reproduce at some point in time or space a message selected 

from a set of messages at another point in time or space. One problem 

of particular interest at that time was to find the most efficient 

method of determining the position and course of enemy aircraft given 

inaccurate radar data [Pierce 1961, pp. 210-216]. 

Information theory is a mathematical theory; by examining the 

mathematical properties of message sources, channel capacity, noise, 

entropy, and efficient encoding, a notion is developed of an optimal 

communication system as one which approaches errorless transmission 

of messages while fully utilizing channel capacity. 

In its original engineering context, the meaning of the message 

that is transmitted, in terms of its value to the receiver, is ir- 

relevant. As opposed to the popular concept of information as know- 

ledge, information content in this context is a quantity, not a value. 

The main concern is the efficient encoding of a message to allow 

faithful reproduction after transmission over a noisy channel. 

Perhaps the most valuable contribution of information theory in 

terms of our general understanding of communication systems has been 

the increased precision of concepts such as information and uncertainty 
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through probabilistic definitions.  We are now provided with units of 

measurement with which we can evaluate both the production of informa- 

tion and the corresponding reduction of uncertainty. This is especially 

useful in the analysis of natural resource exploitation systems such 

as fisheries, where uncertainty is endemic.  In this paper the con- 

cepts of information theory will be used to examine the structure of 

information systems established by users of a fishery. 

Because information theory is still not widely applied in economics, 

it will be helpful to briefly review the development of the theory 

and define some basic concepts. 

Development of Information Theory 

Major theoretical work in the mathematical theory of communica- 

tion done by CD. Shannon in 1948 remains the foundation of informa- 

tion theory. Shannon's general interest in communication theory was 

focused at first on finding some basic method of analyzing the rela- 

tive advantages of different types of new communication systems. For 

example, given an electrical communication system and the choice of 

how best to represent a particular message as an electrical signal, 

what sort of signal would best convey that message over a specific 

type of noisy (disturbed) channel? [Pierce 1961, pp. 41-43]. 

Although specifically developed for problems of electronic com- 

munication, the mathematical theory of information has found general 

application to other types of communication systems as well.  In 1953 

Goldman extended the theory developed by Shannon to an analysis of 

human thinking and scientific work, focusing on the processes of noise 

reduction, filtering, prediction, and translation as particularly 
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amenable to an application of information theory. 

Khinchin published a mathematically detailed approach to the 

fundamental theorems of information theory in 1957.  Although based 

on Shannon's earlier work, this book explored in greater depth the 

mathematical properties of entropy, encoding theory, sources, and 

channels. 

Information theory has been widely applied to statistical in- 

ference in the areas of maximum information, minimum discrimination 

functions, and statistical mechanics [cf. Guiasu 1977].  It was 

applied to crypto-analysis ih 1949 and has also been used in both 

psychological and ecological work on search patterns and pattern 

recognition [Guiasu 1977, pp. 354-359; Pierce 1961, p. 229-249]. 

Its application to game theory produced notions of optimal random 

strategies [Guiasu 1977, p. 371-378].  The use of information 

theory in Bayesian prediction provides a useful notion of adaptation 

[Murphy 1965, pp. 71-85]. 

In 1967 the basic theoretical work of Shannon was extended to 

economics by Theil.  Theil considers information theory to be parti- 

cularly applicable to the central problem of neoclassical economics: 

the allocation of scarce resources among competing ends. He inter- 

prets probability theory as a special allocation problem, that of 

allocating our (scarce) certainty about the world to different events. 

The allocation proportions based on one's confidence in different 

events are the probabilities of those events [Theil 1967, p. 239]. 

This paper will provide a further application of information 

theory to economics through an analysis of both the structure and 

function of information in a bioeconomic system, the fishery.  First, 



some basic definitions as proposed by Shannon are presented. 

A Brief Survey of Some Basic 

Concepts of Information Theory 

It is appropriate to begin with a mathematical definition of in- 

formation. The first measure of information, offered by Shannon, was 

based on average conditions in a sequence of messages that applied to 

systems as a whole and not to the information content of individual 

messages. A later measure, proposed by Goldman, is applicable to in- 

dividual messages and capable of registering fluctuations in informa- 

tion content over time, which Shannon's average measure ignores. For 

the purpose of measuring the information content of a particular mes- 

sage, the Goldman definition is more useful. 

Suppose an event occurs and a message is sent about that event. 

An "event" will be defined here as one state in the set of all possible 

states of a system; only one of a set of possible events may occur at 

each trial. The information content  of an indefinite message about 

that event (a message which allows for the presence of noise) is then 

defined by Goldman to be: 

information content  . 
of a noisy message    " 

probability at the receiver 
of the event after the 
message is received 

probability at the receiver 
of the event before the 
message is received 

= log 21 
P 

The information content of a definite (noiseless) message is a 

function only of the probability at the receiver that the event would 



occur before the message is received, since when there is no disturbance 

of the message the receiver is certain that the received message is 

correct. 

information content of 
a noiseless message = - log 

-> 
probability of the event 
before the message is 
received 

log p 

log 1/p 

The use of logs as units of measurement is standard in informa- 

tion theory.  Using logs allows the quantity of information in inde- 

pendent messages to be additive [Goldman 1953, p. 288].  The actual 

numerical value of the quantity of information depends on which log 

base is used. The most common unit uses two as a log base, in which 

case the information content is expressed in binary digits (bits). 

Natural logs are sometimes used when differentiation and integration 

are required; the resulting units are then defined as natural units 

(nits) [Theil 1967, p. 246]. 

When the probability that an event will occur is large (close to 

one), the definite message stating that the event has occurred carries 

very little information content since the receiver was fairly sure 

that the event would take place.  Conversely, if the probability of 

an event occurring is very small (close to zero), the definite message 

stating that the event has occurred has a very large informational con- 

tent.  The information content h(p) of the message is therefore a de- 

creasing function of the probability (p) of an event [Theil 1967, 

pp. 247-248].  In this way information becomes identified with the 

resolution of uncertainty about an event. 
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Take, for example, the case of a draggerman approaching a new 

fishing ground. He is unfamiliar with either the topographic or oceano- 

graphic characteristics of this ground, and being inexperienced as 

well, he expects that finding either "good" or "bad" fishing at the 

particular location he reaches on this ground (assume here that "good 

fishing" and "bad fishing" are mutually exclusive events) is equally 

likely.  This means that he assigns a prior probability of .5 to 

finding good fishing, and a prior probability of .5 to finding bad 

fishing.  He drops his net, and after the tow finds his net almost 

empty, i.e. the event "bad fishing" has occurred. Assuming the con- 

tents of his net represent a reliable message about the state of 

fishing, that is, assuming away the possibility of sampling error, the 

quantity of information provided by this message is: 

quantity of information = -log2(.5) 

loga 2 

1 bit 

One bit of information will always tell the receiver of that informa- 

tion which of two equally likely possibilities is chosen. Alterna- 

tively, once one of two equally probable events has occurred, the 

message stating which event has occurred carries one bit of informa- 

tion. 

Now consider this same draggerman on the same fishing ground. 

After his failure to find good fishing in the first area he tried, 

he moves on to the next closest area.  Based on the results of his 

previous tow, his prior probability assignments are revised from 

expecting "good fishing" or "bad fishing" to occur with equal likeli- 
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hood to an expectation of finding "good fishing" with a likelihood 

of .2 and "bad fishing" with a likelihood of .8. 

Again assume that "good fishing" and "bad fishing" are mutually 

exclusive events and also that the catch from his two represents a 

reliable message about the state of fishing.  If his net contents re- 

veal "bad fishing" again, the information content of that message is 

-log2(.8) = .322 bits. The quantity of information in this message 

is smaller than the first message because the prior probability he 

assigned to the occurrence of "bad fishing" is larger. 

If his net contents reveal that "good fishing" has occurred, the 

information content of that message is -log2(.2) = 3.22 bits. The 

quantity of information carried in the message about the event "good 

fishing" is much larger than the quantity of information in the mes- 

sage about the event "bad fishing" because his expectation of finding 

good fishing is smaller than his expectation of finding bad fishing. 

The smaller is the probability that an event will occur, the larger 

will be the information content of a message stating that the event 

did occur. 

The following diagram, due to Theil, illustrates this relation-1 

ship between the information content of a message concerning an event 

and the probability of that event CFigure 1)• 

Note that when the probability of an event is equal to one (p = 1, 

the event is certain to occur) the information content of a definite 

message stating that the event has occurred is zero.  Conversely, 

when the probability of an event is zero (p = 0, certain not to occur), 

the information content of a message stating that the event has 

occurred is = 0O. 



quantity of 
information 
in bits 

2.32  

1 - 

322 _ 

probability (p) 

Figure 1.  Information Content as a Function of the Probability of an Event. 
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Shackle expresses this relationship as the relation between cer- 

tainty, or repose, and surprise. The surprise at the occurrence of 

an event ranges between zero for a certain event and the intensity 

of surprise felt by an individual by the occurrence of an event be- 

lieved certain not to occur.  Surprise, then, is an inverse function 

of certainty about an event [Shackle 1948, pp. 9-11]. 

Goldman notes that these measures of information represent only 

the relative probabilities of events and not the value of information. 

Economic decisions, such as the decision to move to a new location 

to fish, are made only partly on the basis of these probability mea- 

sures; also included in a decision is some notion of the value of 

the events to the decision maker in terms of benefits and costs. 

The expected information of a discrete distribution of prob- 

abilities of events is called the entropy  (disorder) of that distri- 

bution and is a measure of the uncertainty associated.with it.  Given 

the events ei, 62, ..., e of a complete system of events E , where 

e £ E , in which only one e can occur at one time, and given the prob- 

abilities pi, pa, ..., p of those events, the events with their 
n 

probabilities are called a finite sdheme  if p. >_ = 0 and E p^ = i 
1 _       i=l 

[Khinchin, 1957, pp. 2-9].  In general form. 

E = n 

'ei  62   ...   e ""' 
n 

_P1   P2     ...     PnJ 

Since we know only the probabilities of the possible events, a finite 

scheme describes a state of uncertainty.  The level of uncertainty will 

be different for different finite schemes [Khinchin 1957, p. 3]. 
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Returning to the fishing grounds example as an illustration, the 

finite scheme representing the inexperienced fisherman's estimation 

of the probabilities of finding good fishing (ei) or bad fishing (ea) 

in his first fishing spot is: 

ei   62" 

.5   .5- 

whereas the scheme representing the probability estimation of a more 

skilled fisherman had he also been at that location might have been 

ei   ea 

_ .1   -9 _ 

The scheme representing the first fisherman's estimation ob- 

viously represents a higher level of uncertainty than the scheme re- 

presenting the second fisherman's estimation, since the first fisher- 

man thinks either event is equally likely to occur and the second 

fisherman is pretty sure that the event "bad fishing" will occur.— 

As was clear from the calculations of information content, the 

information to be expected from a reliable message is small when the 

prior uncertainty about an event is small; the expected information 

is large when the prior uncertainty about an event is large. 

The concept of entropy is theoretically important since the 

amount of information given by the realization of an event is equi- 

valent to the amount of uncertainty removed about the probability of 

an event.  From this it follows that the expected information for any 

—  Implicit in this example is the assumption that the choice of 
where to fish will be made only on the basis of the highest prob- 
ability of finding good fishing, but in actuality a decision rule 
reflecting the objective function and risk preference of the fisher- 
man may include other factors as well. 
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finite scheme is at a maximum when there exists maximum uncertainty 

about an event, i.e. when all events have equal probabilities. This 

unconstrained situation is analogous to the concept of entropy in a 

physical system being at a maximum when complete disorder exists 

[Goldman 1953, p. 289]. 

For a discrete distribution whose probabilities are pi, pa, •••, 

p , the entropy,  H, of that distribution is defined by Shannon as: 

n 
H(p) = -K Z p log p. 

i=l 1     1 

where K is a positive constant indicating the choice of a unit of 

measure. The function H(p) may be alternative written (assuming 

K = 1) as: 

n 
H(p) = - Z p. log p 

i=l       1 

n 
Z p. log 1/p 

i=l 1      1 

Several useful properties of this function are listed by Shannon as: 

(1) H = 0 if and only if all p. but one are zero and one p. = 1. 

This means that only with complete certainty about the outcome 

of an event is there no entropy. Otherwise H ^ 0; entropy exists. 

(2) For a given number of possible outcomes, n, H is maximum and 

equal to log n when all p. are equal; p. = 1/n. This is the 

condition of greatest entropy. 

(3) The entropy of a joint event is less than or equal to the sum 

of the individual entropies. H(x,y) <_ H(x) + H(y) 
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(4) Any change toward the equalization of probabilities increases H. 

(5) The entropy of the joint event (x,y) is the uncertainty of x 

plus the uncertainty of y when x is known. H(x,y) = H(x) + 

Hx(y) = H(y) + H (x). 

(6) The entropy of y is never increased by knowledge of event x, 

only decreased or unchanged. H(y) > H (y). 

The entropy in the case of two possible events with probabilities 

p and q = :l -p wi 11 be: 

H = -(p log p + q log q) 

= p log 1/p + q log 1/q 

For the inexperienced fisherman, the entropy of the decision of whether 

to fish or not fish in the first area he reached was: 

H = (.5 logal/.S + .5 logal/.S) 

= .5 (log22) + .5 (log22) 

= 1 bit 

For the skilled fisherman facing the same choice, the entropy was 

lower. 

H = (.1 logal/.l + .9 log2l/.9) 

= .1 (logzlO) + .9 (I0g2l.ll) 

= .47 bit 

Entropy as a function of probability is plotted in Figure 2 for 

the case of two possible events. Note that for the two possibility 
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1 .2 .3 .4 .5 .6 .7 .8 .9 1.0  Probability 

Figure 2.  Entropy as a Function of Probability in the Two Possibility 
Case [from Shannon 1949]. 
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case, as in the example of the inexperienced fisherman, the maximum 

entropy possible is H = 1 bit. 

Noise  exists when the information received is different from the 

message sent. For example, when a fisherman radios his friend about 

a good fishing location, noise may enter the transmission of that 

message if the fisherman tries to conceal either his position or his 

success at fishing--a noisy source—or if static prevents the recep- 

tion of the complete message--a noisy channel. Noise may be intro- 

duced deliberately into the transmission by using code words for the 

location and the degree of fishing success if the fisherman wants to 

restrict the message to his friend alone. 

Noise is considered to be a random variable whose presence re- 

duces the information content of a message about an event [Theil 

1967, p. 249]. Shannon notes that in the presence of both a noisy 

channel and a noisy source, a number of entropies exist: the entropy 

of an information source H(x), defined as the average entropy for each 

state weighted by the probability of occurrence of the states in 

question; the entropy of the channel output H(y); the entropy of the 

output when the input is known Hx(y); the entropy of the input when 

the output is known H (x); the joint entropy of the input and the 

output H:(x,y).  For the joint entropy, H(x,y) = H(x) + H 1)0 = H(y) + 

H (x).  Without noise, H(y) = H(x) [Shannon 1948, pp. 34-36]. 

Relative entropy,  the ratio of the entropy of a scheme to the 

maximum value it could have, it taken as a measure of missing infor- 

mation. Redundancy, or 1 - relative entropy, is the partial or com- 

plete repetition of a message [Shannon 1948, p. 25].  Redundancy 
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can reduce noise. This implies that redundancy increases the re- 

liability of a message and hence its information content.  Language 

is redundant enough to allow some transmission errors to be spotted 

by sight or sound. The repetition of each word or letter generated 

by a source further reduces the possibility of error in transmission. 

This repetition is a useful mechanism of language that, combined with 

logical thought, increases the information content of a message. 

Random errors also exist within the brain, however, so that even 

after a short span of concentrated attention logical thought also be- 

comes noisy [Goldman 1953, pp. 290-292]. 

Smooth-ing  is the separation of signal from noise, as when a 

fisherman decodes a message from another fisherman about fish loca- 

tion. Filter-ing  is the procesis of automatic smoothing by a piece of 

equipment. 

The basic form of a simple communications system can apply to 

human systems as well as to electronic systems. However, as will 

become apparent as the elements of a communication system are de- 

fined, a caveat is appropriate when the theory's conclusions are 

applied directly to human (non-electronic) communication systems, 

the elements of which will only approximate the precision of the 

mathematical forms. 

Shannon presents the following diagram (Figure 3) of an idealized 

communication system and defines its five basic parts.  A diagram of 

an idealized information system in a fishery follows as an example 

(Figure 4).  Each of the elements of a communication system will be 

defined separately here. 



CD (.2) (3) (4) (5) 
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message 

channel 
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Figure 3.  Schematic Diagram of a General Communication System [Shannon 1948] 
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(1) The informat-ion source  produces the message to be communicated 

to the receiving terminal; the message specifies something about the 

state of the system. Sources may be either discrete, producing 

sequences of symbols, or continuous, producing smoothly varying symbols. 

All sources are assumed to be stationary, by which is meant that the 

probability distribution of the source output is invariant over time. 

For example, a source that produces the sequence 

AABBAABBAABBAABB, etc. 

is a stationary source. 

Further, the output of every information source is considered 

to be a random process, governed by a set of probabilities [Khinchin 

1957, p. 46].  This assumption of the stochasticity of every source 

is directly due to the incomplete knowledge about a source.  Be- 

cause complete prediction of source output is not possible, a source 

appears to behave as if its output choices were made at random [Pierce 

1961, pp. 61-62]. 

Shannon assumes that a source is represented by a discrete Markov 

process in which there exists a finite number of possible states of 

a system, si, S2, ..., s as well as a set of transition probabilities 

p.(j) which describe the probability that if a system is in state s. 

it will next move to state s.. For an information source to be char- 

acterized by a stationary Markov process, it must be assumed that a 

symbol and a probability is produced for each transition (step) from 

one state to another [Shannon 1948, pp. 9-15]. 

In addition to the assumption of a stationary random source 

characterized by a discrete Markov process, Shannon includes the 
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assumption that all sources are represented by a class of Markov pro- 

cesses called ergodic processes. An ergodic source  is one which is 

stationary and for which every possible time average (of symbols along 

a sequence) is equal to every possible ensemble average (over an in- 

finite number of sequences) of all first symbols, diagrams, trigrams, 

etc. 

This property can be illustrated by an example similar to one 

given by Pierce [1961, pp. 56-61]. Say a given source produces the 

following three sequences of letters: 

(1) ABCABCABCABC 

(2)BCABCABCABCA 

(3)  CABCABCABCAB  •■ 

This source is a stationary source since for each sequence, the 

probability of occurrence of each letter does not change as the 

sequence progresses in time. This source is also ergodic, because 

for the ensemble of sequences (all three sequences taken together), 

the probability of occurrence of each letter is the same whether 

the average is taken over all first letters, all pairs of letters, 

all triples of letters, etc., and it is equal to the time average 

as well. 

(1)L 

(2) 

(3) 

J ■B C ABC 

B C A B  C A 

£ A B CAB 

jA B C A B C 

B C A B C A 

C A B C A B 

These probabilities are summarized in Table 1. 
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A 1/3 1/3 1/3 

B 1/3 1/3 1/3 

C 1/3 1/3 1/3 

TABLE 1.  PROBABILITY OF OCCURRENCE OF LETTERS EMITTED BY AN ERGODIC 
SOURCE. 

Probability  Time Average Time Average Time Average    Ensemble 
of      Sequence (1)  Sequence (2)  Sequence (3)    Average 

1/3 

1/3 

1/3 

The theorem proofs of information theory are built on the assump- 

tion that all message sources are ergodic. The advantage of con- 

sidering only ergodic sources lies in their statistical homogeneity. 

Every sequence produced by a source is the same in its statistical 

properties, so that the point at which a particular sequence is 

initiated will not alter the general character of the sequence. The 

same probabilities apply to all sequences generated by the message 

source [Shannon 1948, pp. 15-18]. 

Approximations to mathematical ergodic sources, rather than 

mathematically exact ergodic sources, can be found in the fishery. 

The set of all skippers speaking English (or Polish, or Japanese) 

over a radio channel constitutes a roughly ergodic source of language 

symbols. The set of all English and Japanese speaking skippers all 

speaking their own language does not constitute an ergodic source 

since symbols would be generated with different average probabilities. 

All management agency staff writing management plans in English are 

an approximately ergodic source of text.  The ocean, by sending 

signals regarding stock levels through catch mix can be considered 

an ergodic message source. 
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(2) The transmitter  produces a signal suitable for transmission 

from the source over the channel. A transmitter translates a source 

message into a signal. The on-board radio translating a skipper's 

sounds into an electronic signal is an obvious example of a trans- 

mission mode.  A typewriter functions as a transmitter of mental 

images into written text. 

Depending on the type of communication system, transmission may 

be a single stage process of signal translation from the source mes- 

sage, as in typing a text, or, as in the case of radio transmission 

in the fishery, may be characterized by a two-stage process which 

includes both observation and learning as precedents to sending a 

signal over a channel. 

In social communication systems it is often helpful to distinguish 

between vertical and horizontal transmission [cf. Cavelli-Sforza and 

Feldman 1981], but for the purposes of modeling information systems 

in this paper these differences are structurally unimportant. 

The spread of transmission,  or the bounds set on the area of 

reception, is determined in part by the choice of the transmitter 

and in part by the characteristics of the channel. The transmission 

spread may not always be predetermined; inadvertent transmission, 

such as provided by the crew of a vessel unloading a full net under 

observation by another vessel, is one way the spread of transmission 

may be uncontrolled. Transmission spread is an element of communi- 

cation systems in the fishery that acquires great importance. 

A transmission may also be interrupted by noise, in which case 

a fraction of the information is received incorrectly.  Shannon uses 

as a measure of the missing (correct) information the conditional 
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entropy  of a message, which he called the equivooation.    This is a 

measure of the average ambiguity of the received message, or the un- 

certainty of the message recipient about the transmitted signal when 

he knows the received signal. Under these conditions the rate of 

actual transmission,  R, becomes: 

R = H(x) - H (x) 

where 

H(x) = the entropy at the source x 

H (x) = the entropy at the output when the input is known 

= the equivocation. 

Equivocation gives a measure of missing information as well as 

an indication of the level of correction necessary to support the 

correction [Shannon 1948, p. 36]. 

(3) The ohannel  is the medium used to transmit the signal from 

the transmitter to the receiver.  In the case of radio transmission 

between fishermen, the radio waves are the channel. For the manage- 

ment agency transmitting a management plan to participants in a 

fishery, the written text of the plan is the channel.  In the public 

input stage of a management plan, the public hearing process is a 

channel. 

Every channel has a unique capacity  equal to the maximum amount 

of information (measured in bits per second) which can be transmitted 

with accuracy over the channel [Pierce 1961, p. 97].  In one of the 

basic theorems of information theory Shannon states that for any dis- 
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crete channel for which capacity, Cjis specified, the entropy, H, of 

an ergodic message source must be less than or equal to capacity for 

the transmission of messages from that source over that channel to 

be possible [Shannon 1948, pp. 7-9]. 

(4) The veceivev  performs the inverse operation of the trans- 

mitter. Sometimes included in the reception of a message is the 

process of filtering or smoothing the noise from the message. A 

fisherman receiving an encoded message from a friend pertaining to 

location of fish but stated in terms of the expected temperature the 

next day must smooth out the noise before receiving the actual message. 

(5) The destination  is the person or thing for whom the message 

is intended. 

Summary 

The mathematical theory of information, although seldom applied 

to problems of economics, provides a rich basis for the analysis of 

information systems.  Perhaps the most useful aspect of information 

theory for problems related to economic aspects of information is 

the definition of a communication system and its parts as probabilistic 

entities.  Information theory provides the means to quantify and 

measure information as a means to uncertainty resolution. The connec- 

tion established between information and uncertainty is a particularly 

useful one in the economic analysis of decision making and the forma- 

tion of information systems. 

In this chapter the concepts of information theory have been 
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introduced and applied to the structure of information systems in a 

fishery in a value-free context.  In the next chapter the means by 

which information acquires values in a fishery for resource use de- 

cisions are discussed. 
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CHAPTER III 

THE VALUE OF INFORMATION IN A FISHERY 

The means by which information acquires, value to fishermen is 

the subject of this chapter. A review of the various ways informa- 

tion has been treated in economics is presented first. Next the role 

information plays in a fishery, in both its structure and its value, 

is discussed. 

The Economic Approach to Information 

Although information as a subject commands wide use in economics, 

no general theory of the economics of information exists [Eisgruber 

1978; Hirshleifer and Riley 1979].  The analysis of information is 

approached in a variety of ways; a distinguishing feature of the 

economics literature is the lack of a standard definition of informa- 

tion.  The treatment of information in economics moves away from a 

structural theory of an information system which measures information 

content without consideration of the costs or benefits of information 

acquisition, to an approach centering on the value of information. 

Rejecting the notion that equal probabilities of events imply 

equal information content in terms of its value to the receiver, 

Howard [1966] writes about the measure of information: 

"The early developers stressed that the informa- 
tion measure was dependent only on the probabilistic 
structure of the communication process.  For example, 
if losing all your assets in the stock market and having 
whale steak for dinner have the same probability, then 
the information associated with the occurrence of either 
event is the  same ... No theory that involves just the 
probabilities of outcomes without considering their con- 
sequences could possibly be adequate in describing the 
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importance of uncertainty to the decision maker" [cited 
in Marschak 1971, p. 34]. 

Information systems can in theory be evaluated in terms of gross 

values which are determined by payoff, or benefit, functions based on 

tastes and preferences. Different information systems can be compared 

according to their informativeness, defined by their gross values, 

so that for any given set of events one information system could be 

ranked as more informative than another when its payoff function always 

carries a greater value [Marschak and Miyasawa 1968]. 

The value of information systems can also be considered in terms 

of the maximization of benefit from those systems over time. The 

net benefit from a system is maximized by maximizing the difference 

between expected gross payoffs and costs to the users of the system 

[Eisgruber 1978, p. 902].  Some interesting problems arise in the 

determination of benefits, such as the measurement of net public bene- 

fit, when the identity of the user groups is unclear. 

The net value of an information system can be calculated only 

by the inclusion of the cost of information acquisition and trans- 

mission, where net value equals benefits minus costs.  In addition 

to the structural costs associated with channel capacity and trans- 

mission, which are fixed costs to the users of an information system, 

other costs must be considered.  Variable costs include search costs 

of observation and sampling [Riley 1976; Wilson 1975], the costs 

of utility foregone during a period of experimentation [Grossman, 

et al.  1977], opportunity costs of participation in one information 

system rather than another, and costs of establishing property rights 

to any information produced [Demsetz 1969] .  It will be seen that 
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these variable costs play a significant role in the valuation of in- 

formation in a fishery and in the form of information systems estab- 

lished by fishermen. 

The demand for information has been treated in economics as both 

an explicit and an implicit phenomenon.  Kihlstrom [1974] considers 

the explicit demand for information in markets established to sell 

information; a more common approach is to infer a demand for infor- 

mation by the behavior of market participants. 

Uncertainty is pervasive; information reduces this uncertainty 

by partitioning the states of the world [Radner 1968].  When it is 

profitable for economic agents to experiment in a "learning by doing" 

process, they reveal an implicit quantity demanded of information 

[Grossman, et^ al.  1977].  Stigler [1961] theorizes that the greater 

the price dispersion for similar goods the greater is the expected 

saving from a given search. He sees search time in a market as an 

implicit measure of the demand for information by consumers uncertain 

about price. 

Wilson [1975] gives an example of the elimination of the demand 

for information in an exchange content when information becomes 

socially valueless under conditions of perfect market signalling. 

Perfect signalling removes noise from the transmission of informa- 

tion; hence the message that is received is known with certainty to 

be the same as the message that was sent and information's function 

as a resolver of uncertainty is superfluous. 

Theoretical work in the supply of information has focused pre- 

dominantly on the market system and its ability to support informa- 

tion through relative prices.  Grossman and Stiglitz [1980], interested 
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in how a price system conveys information from the informed to the 

uninformed, model a market equilibrium in which, in the presence of 

positive information costs, the individual at the margin finds his 

expected utility at being informed equal to his expected utility of 

being uninformed. Put another way, the market participant equates 

the marginal value of information to the marginal cost of acquiring 

it. 

The production of information by firms is an adjustment to un- 

certainty and an attempt to mitigate risk.  A firm faces the problem 

of determining efficient levels of this information production.  The 

incentive to produce information is increased as property rights to 

that information are strengthened [Demsetz 1969].  Hirshleifer [1971] , 

in work on incentives to supply information, concluded in agreement 

with Demsetz that contrary to the standard results in the economics 

of research and invention, firms do have an incentive to invest pri- 

vately in inventive activity since it is possible for the holder to 

capture some of the pecuniary benefits from the dissemination of this 

information. 

Wilson [1978] has examined the position of dominant firms in an 

industry and concludes that the ability to supply their own informa- 

tion endogenously as the result of profit maximizing behavior is re- 

sponsible for the superiority of such firms.  Other theorists conclude 

that at times it may be more efficient for firms to obtain informa- 

tion from others rather than supply it themselves [Grossman and 

Stiglitz 1976] . 
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The Role of Information in the Fishery 

To understand the role of information in the fishery the approaches 

of information theory and economics are combined to look at both the 

content of information and the value of information.  Information 

theory has provided a theoretical frame within which to analyze the 

structure of an information system. The interest of this paper is 

not only in information content and its transmission but also in the 

value of information in a fishery that provides incentives to form 

such systems.  The value of information to participants in a fishery 

information network may be evidenced by willingness to pay measures 

of each fisherman's demand for participation rights.  It may also be 

reflected in the price at which information is exchanged within the 

network. 

Both these manifestations of information value will be considered 

in greater depth as the network itself is analyzed as an exchange 

system. The interest at present is to establish how information 

acquires a high value to the users of a fishery. 

In general, the value of information to a decision maker is based 

on his expected utility gains from shifting to better choices among 

final actions.  "Better" choices to the decision maker are any actions 

that increase his net gains in terms of consumption or profit or 

whatever else enters his objective function, i.e. net utility gains. 

A decision maker facing a set of events with uncertain prob- 

abilities can make a "better" choice, improve his changes of reaching 

a desired payoff, when information provided to him allows him to re- 

vise his subjective probability calculations closer to the "objective" 

probabilities, where an "objective" probability is simply the average 
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occurrence of a particular event over a number of trials. 

From the definition of information content provided by informa- 

tion theory, it is clear that the amount of information about an event 

is inversely related to the probability that, the event will take place; 

the smaller the probability that an event will occur, the higher the 

information content of a message that the event did occur.  It follows 

that in terms of aiding a decision maker reach a desired payoff through 

the revision of expected probabilities, information about an almost 

certain event has little value to the decision maker as well as little 

content.  Information acquires value only under scarcity conditions--in 

cases of risk or uncertainty. 

Even under conditions of uncertainty, information may not have 

positive marginal value over all possible quantities of information. 

The threshold nature of information acquisition may introduce a 

lumpiness that allows the possibility of zero marginal returns over 

a range where the probability revisions are very small. 

If costs of information acquisition or response to change--a 

gear change for example--are considerable, fishermen may not respond 

to continuous changes in information but only to changes that exceed 

.certain thresholds.  This threshold behavior in response to environ- 

mental stimuli has been documented in animal predators [Rapport and 

Turner 1977]. 

The uncertainty in the fishery carries a cost of risk to the 

fisherman.  Search costs are incurred through the sampling process in 

the hunt for fish. As will be seen, the more variable the fishery 

the greater are the costs of searching for fish locations. Extra- 

polation from sample catch information to fishing conditions over an 
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entire area is risky; each interpretation of an observation that leads 

to a decision to fish in one area results in the opportunity cost of 

not fishing another--possibly better--area.  Income foregone during 

the search is another opportunity cost. 

Uncertainty is also related to the security of tenure of an 

access right which may be weakened either through excess entry of 

other fishermen or through management induced access changes. 

These various sources of uncertainty insure that information 

related to the probabilities of events does indeed have scarcity 

value. The more variable the fishery the more likely are the prob- 

abilities of events to approach each other in terms of the percep- 

tions of the individual operating within that system, and therefore 

the higher is the information content of a reliable message about an 

event. The relation of the information received to the eventual pay- 

off to the fisherman determines the value of information. A fisher- 

man will demand information about his production environment only up 

to the point where the marginal benefits to him of receiving further 

information are equal to the marginal costs of its acquisition. 

To assess the impact of predation on prey abundance, ecological 

models distinguish between predator abundance and predator search 

efficiency.  The same distinction might be made in the fishery.  The 

search efficiency of fishermen is related to fisherman abundance only 

in a particular way.  The number of fishermen on a particular fishing 

ground, or, more precisely, the spatial distribution of a number of 

fishermen create the conditions for a greater search efficiency only 

if the information produced by a distribution of fishermen is shared 

among them.  The value of pooled information lies in increased search 
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efficiency. 

The means by which search efficiency is affected by the spatial 

distribution of fishermen is also particular to the oceanographic 

and physical conditions of a particular fishing ground; the water 

depth, bottom configuration, etc. 

As will be shown in a later chapter, the contribution of coopera- 

tion to the value of information exhibits some scale economies. The 

aggregation responses of fishermen to the discovery of good fishing 

in a particular area will result in diseconomies to information sharing 

after a point. 

Unless the size of the network is restricted, the pooling of in- 

formation will result in crowding externalities as the density of 

fishermen in a particular area is sharply increased. Restricting the 

range of shared information is a means of partitioning the resource 

among fishermen. 

Cooperation among fishermen in the production of information in- 

creases the value of information only so long as the aggregation re- 

sponses do not create negative externalities.  Limited cooperation 

in information gathering complements competition.  "Competition" is 

used here in the ecological sense of being the active pursuit by two 

or more individuals for a common resource. 

Summary 

Although no general theory of the economics of information 

exists and the role of information has been analyzed in a variety 

of ways, all economic analyses differ from classical information 

theory analyses by the inclusion of the value of information. 
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The combination of information theory and economics offers a 

means of understanding both the content and the value of information 

in the fishery.  Information acquires value under scarcity conditions 

of uncertainty. Uncertainty in the fisheries carries various costs 

of risk to fishermen. The value of information to the fisherman lies 

in the increased probability of reaching a desired payoff. 

The value of pooled information to increased search efficiency 

is dependent on scale economies.  Unrestricted information results in 

crowding externalities. The structures formed by fishermen to share 

information on a restricted basis are described in the next chapter. 
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CHAPTER IV 

AN OBSERVED INFORMATIONAL PHENOMENON IN 

THE FISHERY:  THE INFORMATION NETWORK 

A general definition of an information system due to Marschak 

and Miyasawa [1968] provides a useful base for examining a system of 

information in the fishery. An information system, in general, is "a 

set of potential messages to be received by a decision maker ... 

characterized by the statistical relation of the messages to the pay- 

off -relevent events, and also by the message costs" [Marschak and 

Miyasawa 1968, p. 137].  One form of information system consistently 

observed on off-shore hunting strategy fisheries is the information 

network, a restrictive affiliation of a number of fishermen who share 

production related information among themselves [Orbach 1977, pp. 104- 

131]. 

An information network may assume one of several forms.  The most 

informal is an ad hoc sharing of information that may exist between 

two skippers who happen to be working the same fishing ground.  This 

is a situationally restricted arrangement.  Two fishermen who habitu- 

ally fish together may have a running partnership for information 

sharing on a continuing basis.  Code groups within which information 

about fishing conditions on various fishing grounds is passed on by 

radio may include from two to about twenty fishermen [Stuster 1978, 

p. 66].  The number of fishermen may vary from group to group but 

within a single code group the number of participants will tend to 

be stable, although the composition of the group may change with the 

exit or entry of particular fishermen. 
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Two-way radio communication also allows the transmission of 

partial information or misinformation calculated to mislead those 

outside the network. A description of the network of information 

transmission created by a code group of fishermen is the subject of 

this chapter. 

Information Networks 

The literature documenting the existence and functions of infor- 

mation networks is limited.  Most studies are descriptive and are 

found in anthropological accounts of fisherman behavior.  Stuster 

[1978] documents coded information sharing among California tuna 

fishermen who use hunting strategies.  This sharing, described by 

Stuster as a modification of competition and individualism, is not 

found among fishermen who use stationary gear such as traps, gill 

nets, or set lines. 

Lb'fgren [1972] describes strategic management of information by 

trawlermen on Sweden's west coast where increased technological ability 

of vessels has intensified both fishing pressure on the resource and 

competitiveness among fishermen. 

Information management in centrally managed Newfoundland trawler 

fleets includes deception in both skipper-to-skipper transmissions 

and skipper-to-management transmissions in reporting the amount of 

catch.  Cooperative information sharing is also observed between 

skippers working for the same company and between a small number of 

skippers working for any company who are working the same area.  In- 

formation may also be directed toward a skipper having a run of bad 

luck [Anderson 1972, p. 127]. 
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Stiles [1972] describes information sharing among Newfoundland's 

southwest coast fishermen in which both radio exchanges and "recogni- 

tion," which Stiles defines as the filtering of relevant visual sig- 

nals from an observation of another boat, comprise information trans- 

mission. 

A network operates primarily on the basis of two-way radio com- 

munications between boats.  A typical pattern of a radio exchange 

between the skippers of two boats in the Newfoundland southwest coast 

fishery is described by Stiles as first a hail with a brief inquiry, 

then a brief response, followed by a series of lengthy monologues 

[Stiles 1972, pp. 48-49],  Information may be transmitted during these 

transmissions about good locations or dangerous bottom conditions, 

or the amount of catch either boat has landed. Orbach [1977, pp. 113- 

115] describe code books used by San Diego tuna fishermen that con- 

tain up to 6,000 entries, each coded by a four-digit number, that 

describes weather, positions, boat names, and fishing conditions. 

Although within a network the exchanges of information are co- 

operative, extra-network transmissions may be purposefully deceptive. 

Misinformation is transmitted to anyone a fisherman wants to deceive 

about his location, the bottom topography, or the size of his catch. 

Several methods of deception are listed by Anderson [1972, pp. 121- 

126] in his description of Newfoundland trawlermen: underestimation 

of the size of the catch, misrepresentation of the depth at which the 

fish were caught, or an overstatement of the size of the catch to 

force another fisherman to lose time steaming to a new location. A 

fisherman might move away from a good location as a short-term dis- 

traction to other boats. Radio silence is also used as a technique 
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to restrict information about a good location. 

Listening in on radio transmissions is common, where skillful 

smoothing is often required to separate the noise from the message. 

It is sometimes possible to detect a fisherman's excitement about a 

good catch from his tone of voice.  A long period of radio silence 

might also be an indication of success.  Reliance on radio transmis- 

sions as a primary source of information can, for fishermen who 

aren't members of a code group, result in fruitless chasing of "radio 

fish" [Stuster 1978, p. 70]. 

Information Network Functions 

Various hypotheses have been preferred by anthropologists re- 

garding the function an information network serves. These interpre- 

tations can be grouped into three general types:  (1) information 

networks as expressions of personal lifestyles; (2) information net- 

works as a form of altruistic behavior; and (3) information networks 

as a response to the inappropriability of the ocean by its users. 

(1) Information networks as expressions of personal lifestyles: 

Orbach [1977] interprets an information network to be simply an ex- 

tension of personal and social lifestyles from the land community to 

the sea, in which skippers promote and maintain their statuses. 

(2) Information networks as a form of altruism: some writers 

interpret the sharing of information as a form of "soft core" altruism 

[cf. Wilson 1979, pp. 155-156], that is, sharing information with 

the expectation of reciprocity.  In this vein Struster [1978, p. 70] 

cites the modification of the fisherman's traditional modes of competi- 

tion, individualism, and self-reliance in a network, noting that the 
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degree and type of cooperation between fisherman varies with fishing 

strategy. 

Stiles [1972, p. 42] interprets information sharing among New- 

foundland fishermen as a device to maintain economic equivalence 

within a fleet; downplaying real differences in skill between skippers 

by equalizing access to one input in production--information--to 

prevent wide disparities in income. The general nature of the infor- 

mation transmitted allows the fishermen to protect themselves from 

implication in another's failure by avoiding direct commitment and 

hence responsibility.  Stiles also sees elements of prestation giving, 

which is gift giving as a matter of custom or Obligation, in the 

sharing of information. 

(3) Information networks as a response to the inappropriability 

of the sea:  Lofgren [1972] sees the strategic management of informa- 

tion as the fisherman's best defense against his inability to control 

ownership of a common property resource.  Other means of discouraging 

excess competition used by the Swedish fishermen of his study in- 

clude fishing niches with small yields and fishing areas with high 

threshold costs. 

Andersen [1972, pp. 121-128] concentrates on the deception in 

information transmission within centrally managed Newfoundland fleets. 

According to this author the skipper's incentive to transmit misin- 

formation arises from several factors:  the unequal fishing success 

among fishermen, the uncertainty inherent to hunting a fugitive 

common property resource, the insecurity of each skipper's tenure on 

a boat, the perception of the fishery as a zero sum game in which 

one fisherman's take adversely affects the catch of another fisher- 
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man, and the lack of clear redistributive mechanisms to reward fisher- 

men for sharing information. 

Andersen blames this deception for costly duplication of effort. 

He sees as the root cause of deception among skippers the special com- 

plex of rights and obligations that exists between skippers and their 

crews and owner-managers.  A skipper avoids the unrestricted dis- 

semination of information to not violate his primary loyalties. 

Underlying the "extension of personal lifestyles" and "altruism" 

interpretations of information networks is the notion of utility 

interdependency, in which a person's preference function consists not 

only of individual arguments but also of interpersonal arguments. 

If fisherman A has a utility function exhibiting interdependencies 

with fisherman B, A will gain utility from B's production of fish 

(income) as well as from his own production. 

This lateral extension of utility representing a departure from 

pure egoism might explain behavior in particular cases in which the 

distinction between individual welfare and group welfare is not sharply 

drawn.  An altruism-driven information network might exist among a 

very small number of fishermen who have fished together over a period 

of years in a group characterized by strong pressures to conform and 

by high costs of exit. However, even in these limited cases where 

utility interdependency is useful as a theoretical construct, the 

concept is operationally limited because of its reliance on individual 

forms of utility functions. 

The third general interpretation of information networks as re- 

sponses to the inappropriability of the sea approaches the economic 

theory of property rights and open access resources.  Open ocean fish 
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stocks are rarely appropriated, or "owned," simply because it is 

physically difficult and therefore costly to define and enforce 

ownership rights to a fugitive resource. The difficulties of main- 

taining control over wide ranging fish stocks that become accessible 

to many different fishermen over a large area of the ocean make total 

appropriability impossible. 

The difficulties inherent to ownership of the fish do not mean 

that rights of access to the fish cannot be defined and allocated in 

various ways.  An information network, by restricting access to mes- 

sages relating to payoff events, may serve as a control mechanism 

indigenous to the group of network members that partially appropriates 

access to the resource.  In an open ocean fishery, the ratio of search 

time to fishing time is likely to be large; restricting access to 

information that lessens search time is an indirect restriction of 

access to the fishery. 

In the concept of property due to Alchian and Allen 11968], the 

information network serves to make the fishery more appropriable 

through the strengthening of personal expectations that decisions 

related to the use of the fishery will be effective.  If, after in- 

formation is acquired, it is transmitted under conditions that allow 

the message sender to maintain control over the extent of its dis- 

semination, property rights to information as one aspect of the fishery 

have been created.  The more effectively this control over informa- 

tion is maintained, the stronger are the property rights to the 

fishery for the information owner. 

The interpretation of information networks as responses to in- 

appropriability is also consistent with the observation that customs 
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as sets of rules develop to avoid disruptive and costly novelty and 

serve as a means of social regulation [Cavelli-Sforza and Feldman 

1981, pp. 64-65].  In this light the "custom" of maintaining an in- 

formation network would act as a limiting factor on sources of un- 

certainty by establishing the means to appropriate some of the factors 

of production.  Information networks accomplish resource division 

among competing fishermen. 

This interpretation, emphasizing the information network as a 

response to the uncertainty of appropriation and as a control over 

access encourages an economic approach to analysis.  Inappropriability 

is not the only source of uncertainty to the fisherman.  Information 

networks can also be viewed as economic structures created by a group 

of fishermen in response to the economic uncertainty of fishing 

(hunting) in a highly variable fishery.  It is appropriate to con- 

sider whether economic theory can offer insight into the incentives 

to form information networks and the conditions under which they are 

successful. 

A useful approach to analysis is offered by a synthesis of three 

theoretical constructs: information theory, decision theory, and 

capital theory. Information theory applies in particular to the 

quantification of information as a resolver of uncertainty. Decision 

theory is concerned with the statistical relation between the subjec- 

tive use of information and the payoff events. Capital theory is the 

basis for individual incentives to participate in an information net- 

work. 

The precedent for applications of information theory to economic 

problems, as noted in Chapter III, lies in value theory.  However 
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Rochschild, in two works on the components of fishing effort [1972, 

1977] applies the definition of entropy used by information theorists 

as a measure of information production. Rothschild uses a decision 

theoretic approach in his analysis of the application of effort to 

the fishery. 

Ample precedent exists for the application of capital theory to 

fisheries economics.  Although most theoretical formulations from 

Gordon [1954] onward were developed in static terms, it has been re- 

cognized by several writers that fisheries economics is well suited 

to capital theory analysis. 

Clark and Munro [1975] emphasize the capital asset nature of a 

fish population. The fishery resource has both stock value, or the 

emplaced value of the fish at any one time, and flow value which de- 

rives from the stream of income expected from the resource over time. 

Using the techniques of optimal control theory, Clark and Munro model 

variations on a linear autonomous model to derive control laws for 

optimal management policy. Capital theory is applied for the purpose 

of maximizing the social returns to a renewable resource over time. 

Crutchfield and Zellner [1962] also use capital theory to create 

a dynamic model of discounted profit maximization in the halibut 

fishery. Their emphasis is on maximizing the present value of a re- 

source over time.  By lowering the rate at which private owners dis- 

count future income, the creation of private ownership with trans- 

ferable rights to the fishery will act to maximize the present value 

of the resource regardless of. the personal time horizons of the users. 

Scott [1955] applies capital theory to the way in which capital 

goods tend to be used by competing users of the fishery under different 



46 

degrees of appropriability; open competition and sole ownership. 

Arguing against the rationality of always maintaining an equilibrium 

population size, Scott assumes that the user of a fishery will maxi- 

mize the discounted present value of a fishery over time as long as 

his tenure is secure over a specified time horizon.  Short run maxi- 

mizations suggest a different approach than the maximization of pre- 

sent value over time.  This difference leads Scott to conclude, in 

contrast to Gordon, that although in the long run sole ownership (by 

which Scott means not monopoly but complete appropriation of all of 

a resource in one area) is superior to open competition in efficiency 

terms, in the short run little difference exists between the efficiency 

of common and private property [1955, pp. 116-117]. 

Summary 

Information networks are a frequently observed phenomenon in 

open access fisheries characterized by high levels of uncertainty. 

Various interpretations have been given to the function an informa- 

tion network serves. The interpretation most consistent with an 

economic approach to human behavior is that of an information network 

as a response to uncertainty. A synthesis of information theory, 

decision theory, and capital theory offers a useful approach to 

analysis and avoids the difficulties of the concept of interdependent 

utilities.  The particular focus of this paper is on information as 

a capital asset in a fishing system. A fishing system will be de- 

fined here as a set of vessels and fishermen, together with the re- 

lationships between them, situated in the ocean environment.  The 

nature of the ocean environment and its effect on the decision making 
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behavior of individual fishermen is the subject of the next chapter. 
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CHAPTER V 

THE INDIVIDUAL FISHERMAN AS A DECISION MAKER 

The fishing environment presents uncertainties to the fisherman 

in a variety of ways.  Entropy is inherent to the fishery because of 

physical variability.  In addition, differential abilities to assess 

environmental probabilities result in subjective entropy being added 

to the entropy of the system. Each fisherman, then, faces a different 

level of uncertainty in his decision environment according to the 

amount of subjective entropy he adds. The decision environment of 

the fisherman and the effect of individual skill on information pro- 

duced are the subject of this chapter. 

The Fishing Environment 

The biological environment of a fishery is characterized by a 

high level of uncertainty.  For both single-species and multi-species 

fisheries, forms of production functions (stock growth functions) are 

either unknown or sketchily estimated.  Stock interactions that alter 

species composition are as yet the subject of preliminary research. 

The uncertainties associated with stock dynamics and biomass limits, 

because they are of biological origin, exist regardless of the form 

of access right.  They are not peculiar to the open access condition. 

In addition to uncertainty about biological parameters a fisher- 

man faces uncertainty in the market.  Factor costs and input prices 

may both be highly variable.  To speak of uncertainty in the fishing 

environment is to speak of an overall measure of several different 

fluctuations. Hirshleifer and Riley [1979] distinguish between un- 
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certainties by naming two general categories:  (1) market uncertainty, 

which includes the endogenous variables of an economic system, and 

(2) event, or technological uncertainty, which concerns the exogenous 

variables, including information about the physical environment. A 

more useful distinction between types of uncertainty in terms of their 

effect on an individual decision maker is to categorize uncertainty 

as either fact uncertainty or rule uncertainty [Frank 1949]. 

A major source of fact uncertainty to the fisherman is.the loca- 

tion of stocks of fish.  Although fishing is often viewed conceptually 

as production, the uncertainty inherent to fishing alters the concept 

of production by introducing imperfect knowledge about the relation 

of the quantity of inputs used to the quantity of outputs produced. 

What is actually meant by the "production" of fish is the transfor- 

mation of wild stocks of fish into the catch, a process not fixed by ' 

a technological relationship between inputs and outputs.  For mobile 

species, this transformation requires hunting, or search, activity. 

Effort is applied by the fisherman to the hunt for the location and 

taking of fish rather than to the production of fish.  Because there 

are differences in search efficiencies between fishermen associated 

with both random variability in fish location and with differences in 

skill, the transformation of the effort input into the catch output 

is not the same between fishermen nor is it a fixed relation even for 

a particular fisherman.  Fishing involves a subjective judgment about 

the expected transformation of location to fish to catch. 

Oceanographic factors that affect fish availability, such as water 

temperature, upwelling, or salinity levels, are another source of fact 

uncertainty to the fisherman. Difficulties of observation and measure- 
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ment mean that the quantities of fish available to be caught at a 

particular location are, in general, unpredictable. The variation 

in oceanographic parameters prevents a fisherman from isolating the 

effect his predation has on resource availability from the effect of 

physical factors on resource availability. A fisherman is also un- 

certain about the number of other fishermen who will prey on a parti- 

cular stock of fish and of the effect of their collective effort on 

stock levels. 

Weather is an additional source of fact uncertainty to the fisher- 

man.  Weather's unpredictability is important in that it affects the 

safety of the hunting process as well as influencing the availability 

of fish. 

A final important type of fact uncertainty to the fisherman is 

price uncertainty, which exists for both inputs and outputs.  Input 

costs of fuel, ice, or loan interest rates may be rising continuously. 

The exvessel price of fish may show wide variation due to fluctuations 

in consumer demand.  The effect of stochastic fish prices on the be- 

havior of fishing units has been modeled by Andersen [1980]. 

Rule uncertainty may enter the fisherman's 4ecision environment 

through the decisions of a management authority or by the possibility 

of excessive entry of other fishermen.  Management induced rule un- 

certainty may result from policies that restrict fishing activities 

in unpredictable ways or by policies that increase the risk borne by 

fishermen.  The threat of excessive entry creates uncertainty about 

rules for resource partitioning and access rights. 

The various sources of uncertainty of fact or rule indicate that 

situations of imperfect information are central to the decision making 
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of fishermen.  It is appropriate to view uncertainty in the fishery 

not as an exogenous aberration but as the foundation of the decision 

making climate with important biological and microeconomic consequences. 

The level of uncertainty facing a fisherman varies with the type 

of fishery.  A fishery on a sedentary species harvested within a re- 

stricted area, such as clams or oysters, represents the lower end of 

an uncertainty spectrum.  Fishing for a mobile but nonmigratory species 

like cod represents a higher level of uncertainty.  As a migratory 

species tuna is associated with a still higher level of uncertainty. 

Fact uncertainty increases as the ratio of search time to harvest 

time increases. The reason for this is made clear by the properties 

of the entropy function introduced in Chapter II. Recall that entropy, 

as a measure of uncertainty, is given by 

n 
H(p) = Z    p log 1/p 

i=l 1      1 

and that for any finite scheme of probabilities, any change toward 

the equilization of probabilities increases entropy.  The condition 

of greatest uncertainty occurs when entropy.is at a maximum, when 

all p.'s are equal.  Consider the case of locational uncertainty. 

For a sedentary species with minimal locational uncertainty and 

fairly predictable size of stock, the assignment of probabilities to 

locations may approach perfect certainty. As the variability in 

stock size and location increases, however, the probability assigned 

to the expectation of catch in any one area approaches the probability 

of all other areas, which is the condition of greatest uncertainty. 

As the number of possible states of the world increases, uncertainty 

increases. 
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Fact uncertainty in harvesting a natural population has been 

discussed [Beddington and May 1977; Shepherd and Horwood 1979] in 

relation to the effect of exploitation on populations when those 

populations are characterized by random variability.  The main focus 

of these studies is on the "characteristic return time"--the time re- 

quired for the effect of small perturbations to fade away--of a parti- 

cular population.  The characteristic return time varies among har- 

vested populations depending on (1) the sensitivity of the popula- 

tion to environmental noise; (2) the way noise enters the system-- 

whether in a density-dependent or density-independent way; and 

(3) the age structure of a population.  Exploitation is likely to 

change the type of noise to which a population is sensitive [Shepherd 

and Horwood 1979]. Therefore there are no general conclusions to be 

reached about the effect of exploitation on a population of fish. To 

predict the responses, in terms of size variability, of a particular 

population to harvesting pressure it is necessary to know the type 

of random variability to which that population is subject. 

This approach to uncertainty in a fishery focuses on population 

responses to fishing pressure, or the combined effect of fishing pres- 

sure and environmental noise on fish populations.  This is an appro- 

priate perspective for the management of fish stocks.  It is of greater 

interest to the economist, however, to reverse the perspective and 

examine the effect of fish population variability on the exploitation 

behavior of fishermen. 

The focus of interest here is the entropy of the fishing system 

and its effect on the amount of information produced by the decision 

making of individual fishermen. Murphy [1965, p. 155] makes a useful 
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distinction between the entropy of the system, which he calls risk, 

and subjective entropy, or uncertainty.  The entropy of the system 

measures the rate at which information is transmitted by the environ- 

ment to all fishermen in the system. 

The state of information for the individual fisherman, however, 

depends on the extent to which he can adapt to the entropy of the 

system through his own estimation of the unknown probabilities of 

events. The stock of information held by a fisherman at any stage is 

at a maximum if he knows the probabilities of environmental events 

with certainty; that is, if for event e., the fisherman's interpreta- 

tion of that event, p(e.|e.), where e. is his guess of e., is equal 

to one.  Likewise, his stock of information is zero if he calculates 

that all environmental events are equally likely.  The uncertainty, 

because it is based on subjective probability assignments, is individual 

to a particular fisherman. 

To illustrate the difference between system and subjective entropy, 

both will be calculated with the aid of a decision tree representing 

chance events.  The entropy due to the environment will be calculated 

first.  Next, subjective entropy will be illustrated to demonstrate 

the differential abilities of fishermen to cope with environmental un- 

certainty through their own probability estimates. 

An abstraction of system entropy may be illustrated by a flow 

diagram (Figure 5) that illustrates in chronological order through 

three stages the events provided by the environment and the prob- 

abilities of each event.  In conventional decision tree notation, 

the circular nodes represent chance events.  Since the concern is as 

yet only with the entropy due to the environment and not with entropy 



Stage 1 Stage 2 Stage 3 

Figure 5.  System Entropy in a Three Stage Fishery. on 
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due to decision makers' choices in that environment, all nodes are 

chance nodes in this diagram.  This simplified case is not intended 

to imply a complete set of possibilities in an actual fishery. 

Consider a fishery as a simple three stage process.  In each 

stage, environmental events occur.  Let en, 612 represent the pos- 

sible environmental stages in stage 1.  Let 621, 622, e^s, ezn  re- 

present the possible environmental events in stage 2.  Let 631, 632, 

..., ess represent the possible environmental events in stage 3. 

en , eia t Ei 

©21, ©22, ©23, 62* £ E2 

631 , ©32,  • • • ,    ©38 fe E3 

Assume that at each chance situation, represented by circular 

nodes, the alternative events are mutually exclusive, which gives 

the following probability relations: 

p(eii) + p(ei2) = 1 

pCezi) + p(e22) = 1 

P(e23) + pCe2it) = 1 

pCes?) + pCess) = 1 

The probabilities of events in stages 2 and 3 may be considered con- 

ditional probabilities since they are predicated on events in stage 1, 

It is assumed that all p.'s >_ 0, and 

P(eil, 621, ©31) + ... + p(ei2, 6211, 638) = 1 

Figure 5 represents the simplest case of binary events at each 



56 

chance node. The system becomes more complex at each stage as the 

number of possible states increases. This will be reflected in in- 

creasing entropy at each stage. 

The entropy of the fishing system for the three stage process, 

H(E ), is given at each stage by: 

n 
H(E ) = - I    p(e ) log2p(e ) 

i=l 

n 
E p(eti) log2l/p(eti) 
i=l 

Given the probability of each event e. in each stage, it is then 

possible to calculate the entropy of the fishing system at each stage. 

In stage 1, i=2.  Given p(eii) = .7, p(ei2) = .3 

H(Ei) = .3 log2l/.3 + .7 log2l/.7 

= .266 bits 

In stage 2, i = 4  pfeax) = -8   pfe^s) = -4 

p(e22) = .2   p(e23) = -6 

HfEz)   =   .8  log2l/.8  +   .2   log2l/.2  +   .4  log2l/.4 

+   .6  log2l/.6 

=   .510 bits 

In stage  3,   i = 8        p(e3i)   =   .7        p.Cess)   =   -3 

pCeaz)   =   -3        pCeas)   =   .7 

pCeaa)   =   -5        pCes?)   =   -5 

pCea^)   =   .5        pCess)   =   .5 

HCE3D   =  2(.7  log2l/.7)   +  2(.3  logzl/.S)   + 4(.5   logzl/.5) 

=  1.136 bits. 
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It can be seen that as the system becomes more complex with an 

increasing number of states, the system entropy increases. 

A fishery characterized by many possible events will have more 

system entropy than a fishery restricted in scope.  Considering fact 

uncertainty alone, a fishery characterized by stage 3 of Figure 5 

might exhibit variability in population growth processes, population 

response to noise, oceanographic conditions, and fish location.  A 

fishery characterized by stage 1 might show variability only in growth 

functions. The system entropy with which fishermen as decision makers 

must cope increases as the fishery parameters become more variable. 

The Decision Maker 

The entropy of a system is the minimum amount with which all 

decision makers must cope.  In addition to the system entropy, each 

decision maker adds entropy through uncertainty about actual prob- 

abilities. To evaluate the subjective entropy of the fishing system 

it is necessary to keep in mind that the objective probabilities — the 

likelihood of occurrence of events over repeated trails — are unknown 

to individual fishermen. The fisherman gains partial insight into 

these parameter values through a sampling process.  From his accumu- 

lated experience on the fishing ground he makes subjective estimates 

of the probabilities of the environmental events.  From these subjective 

estimates he then makes a decision according to his decision criteria 

[Roberts 1979, pp. 369-403; Raiffa 1962, pp. 92-101]. 

In a concise exposition on the components of fishing effort, 

Rothschild [1972] shows how individual skill differences among fisher- 

men can lead to different levels of entropy.  A simple decision tree 



58 

is diagrammed showing both chance and decision opportunities. At 

every chance situation a fisherman's interpretation of the actual 

fishing conditions determines his decision of whether to fish or not. 

Skill differences result in different values, of catch as well. A 

similar diagram will be used here to illustrate the quantification 

of skill levels in this way.  By quantifying the subjective entropy 

to each fisherman it is possible to talk about differential informa- 

tion producing abilities. The effect of skill on differential costs 

will also become apparent. 

Starting at the left on the decision tree (Figure 6) and reading 

to the right, the diagram passes through a sequence of binary choice 

situations facing the fisherman.  Binary choices are used here as the 

simplest possible case for purposes of illustration. A more realistic 

diagram of a fisherman's decision environment would have many more 

"branches." 

The environment offers the fisherman two possible events:  either 

good fishing (ei) or bad fishing (62).  The probability of ei is .3 

and the probability of 62 is .7.  Since it is assumed that events at 

each node are mutually eclusive, p(ei) + p(e2) = 1. The fisherman 

interprets the environmental signals and guesses whether the fishing 

is good or bad. His estimate of the fishing conditions based on his 

observation is p(e.|e.) where e. is his guess of e.; e. may be con- 

sidered to represent his degree of belief about e..  If the fisher- 

man guesses that the fishing is good he will fish.  If he guesses 

that the fishing is bad, that event 62 has occurred, he will not fish 

but will move on to a new area. 

If the fisherman does fish he will then face the decision of 



e2(.7) 

63(.5) 

ee(.3) 

©     ch ance 

QIJ     interpreta- 
tion 

cm a ecision 

Figure 6.  The Decision Environment of the Fishery. 
«3 
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whether or not to market the fish. Assume that his alternative to 

marketing the fish is to hold out for a higher price. Again, he is 

given a glimpse of a chance situation. The market will signal either 

a high price (ea) or a low price (eO. The market he sells in is 

characterized by wide price variation; it is as likely to offer a 

high exvessel price as a low exvessel price. Therefore the prob- 

ability of 63 is .5; the probability of e^ is .5. Again, these are 

mutually exclusive events.  If the fisherman guesses that the price 

will be high he will sell his fish.  It is assumed that if he guesses 

that the price will be low he will decide to stay out fishing in the 

hope of receiving a higher price at a later time. 

If the fisherman guesses that the fishing is bad in the first 

area he will move on to another area to fish.  It is assumed that 

this new area is one that he knows to be more likely to have good 

fishing, but the market value of the species caught there is not as 

high.  In the new area the environment again offers two possible 

events: good fishing (es) or bad fishing (es). The probability of 

es is .7, the probability of ee is .3.  Again he must interpret 

environmental signals and decide whether to fish there or not. 

Following Rothschild's example, the amount of entropy due to 

the environment as well as the amount due to the individual representing 

three different skill levels can be calculated from this decision 

tree.  Fisherman A is highly skilled, fisherman B is quite skilled, 

and fisherman C is perfectly unskilled.  Skill differences are ex- 

hibited in the subjective probability estimations of each fisherman. 

For example, for highly skilled fisherman A, p(ei]ei) = .9, 

pfealei) = .1.  Because he is so skilled, the probability of his 
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guessing wrong about fishing conditions is slight. Of course for all 

fishermen the objective probabilities of environmental events are the 

same. 

The environmental probabilities and the subjective estimates are 

summarized in Table 2. The entropy due to the environment will be 

calculated first. As before, 

n 
H(E) = I    p(e.) log2l/p 

i=l 1 

which gives 

H(E) = 2(.3 log2l/.3) + 2(.7 log2l/.7) + 2(.5 log2l/.5) 

= 1.04 + .72 + 1 

=2.76 bits 

The weights in the above equation represent the number of occurrences 

of the values in parentheses, taken from Table 2. 

Next the subjective entropies are calculated for each fisherman 

using the subjective probabilities given in Table 2. 

For fisherman A: 

H(p) = 2(.3 log2l/.3) + 2(.7 log2l/.7) + 4(.9 log2l/.9) 

+ 4(.a log2l/.l) 

= 1.04 + .72 + .56 +1.32 

= 3.64 bits 

For fisherman B: 

H(p) = 4(.3 logz 1/.3) + 4(.7 log2 1/.7) + 2 (.6 log2 1/.6) 

+ 2(.4 log2 1/.4) 

= 2.08 + 1.44 + .88 + 1.06 

= 5.46 bits 
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TABLE 2.  ENVIRONMENTAL AND SUBJECTIVE PROBABILITIES FOR FISHERMEN 
A, B, AND C. 

Probability- 

Fisherman 

p(ei) .3 .3 .3 

p(e2) .7 .7 .7 

pCea) .5 .5 .5 

pCeO .5 .5 .5 

p(e5) .7 .7 .7 

pCee) .3 .3 .3 

p($i|ei) .9 .7 .5 

pCezlei) .1 .3 .5 

p(ei|e2) .1 .3 .5 

p(e2|e2) .9 '.    .7 .5 

p(e3|e3) .7 .6 .5 

pCe.Jes) .3 .4 .5 

pCeitleit) .7 .6 .5 

pCeajei,) .3 .4 .5 

pCeslej) .9 .7 .5 

pCesles) .1 .3 .5 

pCeeles) .9 .7 .5 

pCe5|e6) .1 .3 .5 
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For fisherman C: 

H(p) = 12(.5 log2 1/.5) 

= 6 bits. 

Table 3 summarizes these results. 

TABLE 3.  DIFFERENTIAL ENTROPY LEVELS FOR FISHERMEN A, B, AND C. 

Entropy Source 
Entropy Contri 

(bits) 
.buted Total Entropy for 

Each Fisherman (bits) 

Environment 2.76 2.76 

A 3.64 6.40 

B 5.46 8.22 

C 6.00 8.76 

The distinction has been made between the system entropy, the 

minimum amount of uncertainty which any fisherman faces, and the 

entropy that each fisherman adds to his own decision environment. A 

perfectly skilled fisherman who could assign subjective probabilities 

of one and zero to environmental events would not add any entropy to 

his own environment but would still face the minimum level of system 

entropy. Since none of the fishermen in this example is perfectly 

skilled each adds some entropy to the total entropy.  It can be seen 

that perfectly unskilled fisherman C's contribution to entropy is 

1.65 times that of skilled fisherman A. Differences in subjective 

entropy created by each decision maker can be interpreted as a measure 

of skill.  A's skill margin over B, 1.82 bits, is more than three 

times that of B's skill margin over C, .54 bits. 

The same approach may be used to illustrate income differences 

between fishermen.  First, by assigning payoffs and costs that are 
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consistent with the relative success of various decisions the expected 

monetary value of the decision tree can be calculated for each fisher- 

man. Next, by using as a measure of information the difference in 

entropies, the value of the catch will be divided by the amount of in- 

formation produced to find a monetary value for units of information 

produced by each fisherman. 

To the decision tree in Figure 6 are added payoffs and costs 

which are assigned to alternative actions.  Payoffs, the rewards for 

particular decisions, are entered on the right-hand side of the tree 

in Figure 7. Costs, variable costs that represent costs of sampling, 

are entered on various branches of the tree. 

It is assumed that a fisherman's objective is to maximize his 

utility by maximizing the expected monetary value of the decision 

tree.  The assumption behind the maximization of expected monetary 

value is that the decision maker is risk neutral. The "multiplica- 

tion logic" is based on multiplying each cash outcome by its prob- 

ability and summing all the products over all possible outcomes, so 

that the expected value is simply the average of dollar outcomes 

weighted by the likelihood of the outcomes. 

In actual fact, the decisions made by a particular fisherman at 

each |~DJ juncture depend on his risk preferences and objectives as 

well as on the probability assignments he makes.  A body of empirical 

work suggesting actual risk preferences of fishermen is lacking. 

Alternatives to risk neutrality include a preference for gambling or 

a survival objective.  An objective of survival rather than maximi- 

zation might lead a risk averse fisherman to make economically con- 

servative decisions in a situation of environmental variability [cf. 
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Figure 7.  The Decision Environment of the Fishery With Payoffs. 
On 
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Davenport I960]. 

By working backwards (right to left) from the payoffs, multi- 

plying each payoff and cost by the probability assigned by each de- 

cision maker (at each J_D[) or by the environment (at each (c))  for 

all possible outcomes the expected monetary value (EMV) is calculated 

for each fisherman. The calculation of EMV for branch ei of fisher- 

man A's decision tree is provided below as an example. 

For branch ei, fisherman A: 

EMV = pCeiHCpCeileiH-SCpfeslesHSO) + p(e., | e3)(-10) ] 

+ pte-Hpf^ 160(40) + p(S3|e4)(25)])] + p(e2|ei) 

[-10(p(es) [posies) (30) = p(S61 es) (-15) ] + p(e5) 

[p(Ss|e6)(-15) + p(e5|e6)(10)])]) 

= .3(.9[-5(.5[.7(50) + .3(-10)] + .5[.7(40) = .3(25)])] 

+ .1[-10(.7[.9(30) = .1(-15)] + .3[.9(-15) +.1(10)])]) 

= $4.88 

Calculation of the EMV for the entire decision tree results in 

an EMV of $15.23 for fisherman A; $13.20 for fisherman B; $8.38 for 

fisherman C.  By using these EMV's an average monetary value may now 

be assigned to the information produced by each fisherman. 

Unskilled fisherman C catches on the average $8.38 worth of fish 

in an 8.76 bit entropy environment.  Fisherman B catches an average 

$13.20 worth of fish in an 8.22 bit environment.  By his slightly 

greater skill, B reduced entropy .54 bits below C's level and catches 

$4.82 worth of fish more.  If information is considered as the dual 

of entropy, or uncertainty, the difference between the ^entropies pro- 

duced by B and C may also be used as a measure of information produced 
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by B. B has produced .54 bits of information at a value to him of 

$4.82, or $8.93 per bit. 

With a greater amount of skill, A produced $15.23 worth of fish, 

or $2.03 more than B. He produced 1.82 bits, of information more than 

B, worth one cent per bit. Note that the value of information is 

relative to one's payoff position. The value to unskilled fisherman 

C of increasing his payoffs to B's level'is much greater per bit than 

the value of information to B to increase his payoff to A's level. 

It is of interest to note the opportunity cost that uncertainty 

represents to each fisherman. Consider a perfectly skilled fisher- 

man; although he faces the entropy of a variable system he produces 

none in addition to this. His total entropy is therefore the system's 

entropy, or 2.76 bits.  With perfect information, the EMV of the de- 

cision tree to this fisherman would be $18.65. This means that the 

opportunity cost to fisherman A of not having perfect information 

is $3.42.  The expected value of perfect information, then, is the 

sum of the expected monetary value and the expected opportunity cost: 

$15.23 + $3.42 = $18.65 [cf. Raiffa 1968, pp. 27-33].  To fisherman B 

the opportunity cost of his subjective entropy is $5.45.  To fisher- 

man C it is $10.27. 

The concept of opportunity cost is relevant to a consideration 

of sampling costs.  As illustrated on the decision tree with payoffs 

(Figure 7), the presence of system entropy means that all fishermen 

have sampling costs.  Without variability in the system fishing would 

be a deterministic process where the e.'s would carry probabilities 

of either one or zero.  Although all fishermen will have costs of 

search, these costs will vary with search efficiency.  It can be 
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seen from the decision tree that as the probability of making the wrong 

guess increases, that is, the larger the value assigned to p(e.|e.) i^j, 

the greater will be the likelihood of finding "bad fishing" which means 

more time will be spent on additional search..  Longer search time means 

higher sampling costs. As more time is spent chasing "radio fish," 

less time is spent fishing. 

The opportunity cost of subjective entropies results in differential 

average costs that might look like those in Figure 8. Costs of infor- 

mation acquisition are not a linear function of effort invested be- 

cause of both skill differences and luck.  Differential costs of in- 

formation may also result because of strategy differences among fisher- 

men [cf. Cody 1974] .  A generalist fishing strategy may have lower 

search costs in areas of low fish density where the ratio of search 

time to pursuit time is greater than one.  In other words, with a 

high degree of locational uncertainty the least cost strategy will be 

a generalist one with the fisherman taking what he finds.  A special- 

ist strategy may have higher search costs in low density areas but 

lower search costs in high density areas where the ratio of search 

time to pursuit time is less than one.  In these areas, cost mini- 

mizing behavior would suggest that since pursuit takes the greater 

time, more specialization to lower the costs of pursuit will result. 

The relation between information costs and strategy is not of 

course removed from price relations between species caught by a 

generalist or a specialist.  It is possible that the spread of ex- 

vessel prices will be wide enough to maintain a specialist strategy 

fishing for a high valued species even in low density areas. 

The opportunity cost of entropy is a cost of risk to the fisher- 
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Figure 8.  Differential Costs of Information Production. 
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man.  Economic theory would suggest that sampling would continue only 

to the point at which the costs of sampling equal the gains from 

sampling. The gains from sampling are represented by the expected 

value of increased information (decreased entropy) from one level to 

another. 

The quantification of subjective entropy has shown that non- 

random search will be carried on with varying degrees of efficiency 

by individual fishermen.  Search efficiency will be affected by the 

amount of time invested, the type of fish finding gear, knowledge of 

fish behavior and ocean bottom configuration, skill, and luck.  Each 

fisherman will search at a maximum only until the expected monetary 

value of additional information equals his search costs. 

Despite individual differences in search efficiencies, every 

search will be affected by the same general factors: fish density, 

fish distribution, weather, learning, and fleet density. These are 

the components of system entropy. 

As a bonus to a successful search and payoff, information is pro- 

duced. The difference in the amount of information acquired by each 

fisherman as well as the threshold nature of its acquisition result 

in specialization of information onwership.  As a resolver of uncer- 

tainty, information becomes an asset. The asset value of acquired 

information has both stock and flow components; the stock component 

of the information's immediate contribution to the fisherman's income 

and the flow of expected income to be received from passing on that 

information. 

As described in Chapter IV, information about fish location, 

once acquired, may be kept private, passed on to selected recipients 
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over marine radio, or passed on inadvertently to eavesdroppers or 

observers. 

The specialization of the acquisition of information combined 

with the ability to protect its ownership through noise, coding, or 

the transmission of misinformation create the conditions for exchange 

between lenders and borrowers of information within a group. As en- 

tropy increases, either subjectively or environmentally, the value of 

information increases.  Why a fisherman who acquires high valued in- 

formation would be willing to pass it on to other fishermen--his in- 

centives to participate in an information network--is the subject of 

the next chapter. 

Summary 

As the fishing system becomes more complex with an increasing 

number of states, system entropy increases.  Each individual fisher- 

man adds subjective entropy to the system as he assesses it through 

his own uncertainty about the probability of events. Differences in 

skill, measured by different abilities to produce information, re- 

sult in differences in search costs and income between fishermen. 

The opportunity cost to the fisherman of missing information depends 

on his relative income position.  As entropy increases, the value of 

information as a producer of income also increases.  The information 

produced by each fisherman is a bonus to fishing that allows the 

possibility of a network of exchange.  Chapter VI examines in a 

capital theory framework the incentives to form information networks. 
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CHAPTER VI 

FROM THE INDIVIDUAL DECISION PROCESS 

TO THE FORMATION OF NETWORKS 

Simple concepts of capital theory offer an explanation of the 

motivation of an individual fisherman who participates in an informa- 

tion network.  Using this framework it is unnecessary to assume al- 

truistic motives or to modify the most basic assumption of egocentric 

utility maximization.  The form of a particular utility function is 

unimportant. The observed behavior of information sharing will be 

seen to be consistent with the pursuit of economic self interest by 

the individual fisherman due to the possibilities for exchange. 

The Fisherman as a Decision Maker Over Time 

Consider the case of a fisherman who, after having maximized the 

expected monetary value of his fishing environment, finds that in 

addition to his monetary rewards he possesses information with asset 

value. 

Using the second approximation (allowing investment) of Fisher's 

basic model [Fisher 1930] it is assumed that every fisherman maximizes 

his utility by maximizing the discounted present value of his expected 

income stream. The total discounted present value of a continuous 

time stream of expected income I(t) is given by: 

PV =    /J  I(t) e "6t dt 

where 

I = expected income (expected revenue minus expected costs) 
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T = time horizon, determined by each decision maker 

6 =  instantaneous rate of discount. 

Note that since I equals revenue minus costs, I can be variously posi- 

tive or negative depending on the relative sizes of revenue and costs 

[cf. Clark 1976, pp. 38-64]. 

It can be seen from the above equation that an individual's pre- 

sent value maximization depends on the choice of 6 which can be re- 

presented by either the market rate of interest, which is the oppor- 

tunity cost of choosing current income over future income, or the 

personal characteristics of the individual which determine his mar- 

ginal rate of time preference, which Fisher calls impatience, for 

current income over future income. A high marginal rate of time pre- 

ference (MRTP) would indicate the use of a large 6; a low level of 

impatience for current income would result in a small 6. 

A person's marginal rate of time preference is generally assumed 

to be inversely related to both the size and time shape of his income 

stream. Thus the higher the income in the current period, the lower 

the MRTP will be for future income.  The effect of uncertainty on the 

MRTP is to bias its time shape toward the present, increasing the 

MRTP. 

As previously discussed, information in a fishery can be con- 

sidered an asset with both stock and flow aspects: the emplaced 

value (stock aspect) of the information in the current period, and 

the expected stream of income (flow aspect) to be realized in future 

periods. 

The time frame has particular relevance to the asset value of 
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information in a fishery.  In a Bayesian learning interpretation of 

information acquisition, where subjective probability distributions 

are altered by the acquisition of information, a non-obsolescence of 

information is implied.  But the type of information acquired in a 

fishery is of value primarily for the short term only. For this type 

of information, it is helpful to consider learning in two parts: 

(1) A short term acquisition of information in which the gains from 

increasing information are subject to diminishing returns only in the 

very short run because information becomes obsolete after that.  In- 

formation about unknown parameters will increase for each particular 

situation, but will not approach a limit of perfect knowledge except 

for a moment in time because circumstances change over time.  (2) A 

cumulative learning about the general properties of the system, for 

example bottom terrain or niche location. 

As a side note, the relevance of the time frame to the asset 

value of information will depend on the type of fishery.  For fugitive 

fish stocks, conditions can change quickly.  Uncertainty over fish 

locations lends a high value to information.  For sessile species, 

however, information does not soon become obsolete.  In these fisheries, 

the possibilities do exist for long term accumulation of information. 

Under these conditions information does not become a surplus asset, 

in part because the asset value of information is difficult to protect 

due to its availability to others. 

The production of information may be considered to be inter- 

mediate to the production of wealth in a fishery.  Production will 

refer here to both random and non-random processes of acquiring in- 

formation.  The effects of an increase in information on an individual's 
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production and exchange decisions can be illustrated graphically 

(Figure 9). 

Assume that information will be traded in competitive markets 

about which there is no uncertainty and that, fishermen are price takers. 

A fisherman's willingness to give up acquired information (his MRTP) 

is given by the slopes of utility curves and can be expressed, like 

prices, in units of current information for future information. 

According to Fisher's formulation, wealth (M) in a current period 

is the maximum amount that can be consumed in that period.  Using in- 

formation as a proxy for wealth in a fishery, wealth is defined: 

M     = lo + Ii/(1 + 5) 

Ii     = (M - lo) (1 + 6) 

dli/dlo = -(1 + 6) 

= slope of MM, the total wealth constraint. 

The slope of UoUo represents the marginal rate of substitution 

of Ii for lo with utility held constant, or the marginal rate of time 

preference. The slope of MM represents the relative prices of current 

to future information and these prices are the same for all fishermen 

within a network. The slope of IPC represents investment possibilities 

for information between two time periods. 

Fisherman A, before his production of informatipn in the current 

time period increases, will be producing information at a (io) in 

Figure 9 and consuming information at b(co) . He will be a demander 

of information in the current period in exchange for his supply of 

information (ii) in the next period. 
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Figure 9.  Fisherman A Before Acquisition of Information in the Current 
Period. 

UQUO = utility curve of fisherman A in the current period To 

lo = information production in the current period To 

Ii = information production in the future period Ti 

MM = price ratio, or exchange rate between current and future 
information 

IPC = investment possibilities curve for information produced 
by effort 
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Now suppose fisherman A is able to produce information in the 

current period (Figure 10). 

Assume that fisherman A1s production of information is a func- 

tion only of his effort (e) and the stock level (x).  In the simplest 

case, the stock level may be assumed to be fixed (x) and effort may 

be taken to be the single variable input.  Increasing effort from 

e to e' will allow the production of information to increase from 

i to i'. A lucky fix on a school of fish, not a function of effort, 

will shift the information production function up from I to I'.  For 

the same amount of effort, e, information produced increases from i 

to i". 

The effect of skill on the production of information is illu- 

strated graphically in Figure 11.  For any level of effort skill 

differences between three fishermen result in different levels of 

output of information. 

In Figure 11 information is produced as a function of effort 

alone, with skill level (S) fixed as a parameter. Each curve repre- 

sents the. functional relation between effort and total information 

produced for each of three skill levels.  Si represents the highest 

skill level, and Si > Sz >  S3. As skill increases, the amount of 

effort required to produce a given level of information decreases. 

Now suppose for fisherman A there is an exogenous shift (an in- 

crease) in the amount of information available to him in the current 

period for a given amount of effort; this is the situation illu- 

strated by the shift in the information production function in 

Figure 10.  His production (investment) possibilities curve for in- 

formation now shifts out from IPC to IPC (Figure 12). 
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Figure 10.  Production of Information. 
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Figure 11.  The Effect of Skill on the Production of Information. 
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Figure 12.  The Effect of an Exogenous Shift in the Amount of Information. 
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Exchange is still possible at the same prices, thus MM and M'M' 

have the same slope.  Indifference curves UQUO and U1U1 are drawn to 

represent the case of positive income effects (a decrease in MRTP). 

The slopes of the indifference curves represent a greater willingness 

to give up units of lo for Ii after the exogenous increase in the 

amount of lo available. Now fisherman A has become a supplier of lo 

and a demand'er of Ii, investing at a' (io) and consuming at b' (c,}) . 

If information exchange possibilities exist (where the price for 

current information is in units of future information), A's supply 

and demand for "loans" of information in the exchange market are 

determined by his marginal rate of time preference. A's increased 

production of current information (income) changes the time shape of 

his income stream, bringing it toward the present. This implies that 

his MRTP for current information has decreased, and he is willing to 

supply information at a lower price than before he obtained this 

current information.  A's supply curve shifts downward from S to S' 

in Figure 13.  The decrease in the price at which he is willing to 

supply information means that the price at which he demands informa- 

tion falls.  Po is the new "loan" rate for information for fisherman 

A; the price of information at which he changes from a borrower to 

a lender. 

A now has the possibility of exchange with B, who has not pro- 

duced information in the current period and therefore has a higher 

MRTP (Figure 14). 

Whether a fisherman becomes a borrower or a lender of informa- 

tion at any one moment depends on his MRTP, which is in turn affected 

by the current wealth situation.  If his MRTP is greater than the 
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Figure 13.  A's Supply and Demand for Information. 
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Figure 14.  Exchange of Information. 
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price of information, he will borrow information.  If his MRTP is less 

than the price, he will lend information.  That is, a fisherman who 

finds a large amount of fish and who makes the calculation that the 

current value of this exclusive information .to him is less than the 

value of expected income to be realized in the future from the ex- 

change of this information for future information will become a sup- 

plier of information in the current period. 

The divisibility of a stock of fish allows incremental informa- 

tion supply; fisherman A can supply information on a level calculated 

to insure his right of access to a certain percentage of the fish. A 

may choose not to supply information at all until he is satisfied 

that the value of his catch for this trip (his marginal opportunity 

cost for supplying current information) is equal to the marginal value 

of expected future information. 

The "price" at which the information is sold depends on the re- 

lative positions of the supply and demand curves for information as 

well as on the availability of the resource (Figure 15). 

Thus in any one period on a fishing ground, if the discounted 

value of the expected return from future information provided to 

fisherman A is greater than the emplaced value of his current infor- 

mation (if, for example, A has "fixed" on a school of fish and can 

reach his capacity and return to port soon enough to contract at an 

agreeable price) it is in A's direct economic interest to share in- 

formation with fisherman B with some assurance that future informa- 

tion will be forthcoming from B.  This "altruistic" act has been 

committed solely as a function of individual maximization calcula- 

tions; the tradeoff between present income and the discounted stream 
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of future income. 

The individualism of this maximization processs implies that in- 

formation will be shared reciprocally between producers of approxi- 

mately the same abilities. One would not expect to find continuing 

information sharing between a highliner and a marginal producer on 

the basis of these calculations.  It is possible, however, that an un- 

balanced reciprocity might exist if other factors enter the cost- 

benefit calculations of the fishermen, for example kinship or friend- 

ship. 

Lowered transactions costs resulting from the decrease in un- 

certainty that information sharing allows will have a net positive 

income production effect for the individual fisherman. He may choose 

to exchange current information with a low value marginal product for 

future information with an expected high value marginal product.  How- 

ever, the possibilities for exchange do not rest solely on the posi- 

tive sum aspect.  Information may be exchanged as a zero sum proposi- 

tion (transfers of income) where B's gain is A's loss.  If A has the 

capacity to catch all the fish in an area, so that any capture by B 

will diminish A's total catch, A may still opt to provide information 

to B if the expected marginal benefits from the transaction are greater 

than the marginal cost of supplying the information.  A might even 

make a particular exchange at an expected future loss in order to 

maintain the long term stability of the agreement to exchange informa- 

tion on a continuing basis, thereby reducing transactions costs. 

An interesting extension of negative sum exchanges arises from 

the strategic manipulation of the exchange situation by a fisherman. 

For example, A may transfer information of a given value 'x' to B 
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with the intention of concurrently creating an obligation by B to 

transfer future information with expected value 'Zx'.  It would be 

expected that this type of behavior by A--incurring indebtedness in 

others by trading low valued information for. high valued information-- 

would be short-lived in terms of the exchange contract. Recipients 

of the 'short' end of the exchange would have the option to either 

(a) ignore further information passed on by A and thus not agree to 

borrow information, or (b) reciprocate only with equally low valued 

information in the future. 

The Formation of Networks 

It has been argued here that both the value and costs of infor- 

mation acquisition in a fishery create an incentive to form an in- 

formation market between buyers and sellers, or, more accurately, 

between borrowers and lenders. The question of why the market is 

not an open one still remains; that is, why the information is shared 

on a highly restrictive basis within well-specified networks. 

One answer is found in the type of repayment that exists in the 

information market. The price of information to the borrower includes 

the incurred obligation to reciprocate in kind at some future date. 

Thus the size of the market becomes important because as it increases 

in size information diffuses through more people and the identifica- 

tion of the borrower becomes less determinate than in a small group. 

The size of the network will be responsive to these costs of 

agreement maintenance. The wider the dispersion of information, the 

smaller will be the degree to which the advantages of specialization 

will be enjoyed.  The weaker the property rights to information be- 
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come, the weaker will be the stimulus to provide information [cf. 

Demsetz 1969], The optimal network size will be where the marginal 

benefits from increased information will equal the marginal costs of 

exclusion (Figure 16). 

The marginal benefits from a network would be expected to be a 

decreasing function of network size--above some minimal viable size-- 

because as the size of the network increases the transmission spread 

also increases and the benefits from exclusive information are diluted. 

Conversely, the marginal costs of a network would be expected to be 

an increasing function of network size because as the network grows, 

exclusion becomes more difficult as does the enforcement of reci- 

procity in network loans.  The determinants of the marginal benefit 

and cost functions would be specific to the conditions of a particular 

fishery. 

A theoretical lending market under stable conditions of perfect 

competition will converge to an equilibrium price and quantity 

[Rothschild 1973]. However in the market for information loans, a 

continually changing environment will preclude convergence; a distri- 

bution of prices, rather than an equilibrium price, will result. 

This distribution of prices in an information exchange is the 

"interest rate" for loans of information. This interest rate has two 

components:  first, the obligation to repay a loan in kind with future 

information; second, the cost of maintaining an information network, 

that is, the effort required to maintain a degree of restrictiveness. 

The cost reducing effect of sharing information that allows positive 

profits to the fisherman requires exclusionary methods to maintain 

those benefits.  The cost of exclusion is the opportunity cost of 
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those resources used to maintain restrictive property rights.  The 

more restricted the dissemination of information, the greater will 

be the effort required to control it. Up to the optimal network 

size, N*, the benefits of increased network size are greater than 

the costs.  Beyond N*, the costs outweigh the benefits and continue 

to increase as long as the number of network members increases. 

Maintenance, as the second component of price, would be expected 

to complement the first component, obligation to repay, in its re- 

sponse to resource availability. As the resource availability de- 

clines, the loan rate, or range of prices, will increase since along 

with a decreased supply of information there will also be an increase 

in effort required to keep the information about fish location re- 

stricted to those within the network.  Recall that the smaller the 

probability that an event, such as "good fishing," will occur, the 

larger the information content of a message stating that the event 

did occur.  The willingness to pay to protect rights in an asset is 

positively related to the value of the asset. 

Likewise, when the supply of information is plentiful, the range 

of prices for that information will be lower.  With a low price for 

information there will be little incentive to invest much effort in- 

to maintaining the restrictive boundaries of a network. Under these 

conditions the opportunity cost of maintaining a network increases. 

The two components of information price would be expected to 

affect the number of information networks as well as the size of in- 

formation networks.  The number of information networks would be ex- 

pected to increase as the resource declines and also as the resource _ 

becomes costlier to hunt. The relative costs and benefits that 
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create the incentives to form networks change--as does hunting 

strategy--as the degree of uncertainty in the fishery changes. 

The information network functions as a mechanism through which 

the production of information is allocated among group members.  Its 

existence allows the holders of information to capture the value of 

the asset and, simultaneously, reduce the variance of expected re- 

turns . 

Summary 

Information network formation in a fishery may be viewed as a 

production mechanism that reduces uncertainty and thereby reduces 

transactions costs.  Application of capital theory provides a general 

explanation of individual behavior within the network.  More precise 

specifications of network structure and dynamics under different 

conditions is still needed.  Of particular interest is the stochastic 

character of information received by the network and its resulting 

response function. 

Because the terms of agreement within a network are neither ob- 

vious nor explicit, they require further examination in order to 

assess the relative efficiency in cost reduction of this institutional 

structure compared to alternative structures.  The efficiency aspects 

of such agreements in the fishery are still not well understood [Wilson 

1980]. 

It is often noted in fisheries that transactions costs and 

policing costs can be so high as to exclude the granting of property 

rights to fishermen [cf. Cheung 1971] .  In the formation of informa- 

tion networks we have an arrangement that arises between fishermen 
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precisely when these transactions costs are high.  It is interesting 

to note that in this case the existence of high transactions costs 

[information costs) lead not to contractual failure as the Coase . > 

theorem would suggest, but to contractual formation related to in- 

formation and exchange.  Some implications of this view of network 

formation are presented in the next chapter. 
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CHAPTER VII 

IMPLICATIONS OF THE EXISTENCE OF INFORMATION NETWORKS . 

Information theory, useful in understanding communications 

systems in settings characterized by strong property rights, is also 

helpful to the understanding of processes under conditions of weak 

property rights. Although not exactly applicable to human communi- 

cation systems, information theory does offer a useful analogue for 

the structure of information networks. 

The ocean fishery is characterized by a high level of uncer- 

tainty that makes the specification of explicit property rights either 

too costly or physically difficult.  As rational economic agents, 

fishermen act to mitigate the uncertainty in their environment through 

other means of access limitation. One economic structure formed as 

a response to uncertainty is the restricted access information net- 

work, where economies of scale in information gathering and trans- 

mission lead to group action.  It has been demonstrated that infor- 

mation theory combined with capital theory offers insight into the 

behavioral and social process by which uncertainty is reduced by in- 

formation exchange. 

In addition to an increased understanding of the structure and 

functions of information networks, this approach to information net- 

works offers insight to other related aspects of the fishery:  the 

nature of property rights in the ocean, the concept of efficiency 

in natural resource systems, the multidimensional nature of effort, 

and the response of fishermen to various policy measures.  Each of 

these aspects is discussed in turn in this chapter. 
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The Nature of Property Rights in the Ocean 

The existence of information networks alters the traditional view 

of the nature of open access resources.  It has been shown that in 

order to-'function effectively an information network must maintain a 

degree of restrictiveness.  In this way territories are formed in the 

open ocean by the existence of several networks: not territories of 

physical space but territories of information, the perimeters of which 

delineate who has access rights to information. 

In one sense, an information network as an economic structure 

indigenous to a group of fishermen serves as a control mechanism for 

exploitation in that it limits access to the means of exploitation by 

the restriction of information. An information network can be viewed 

as a control mechanism only in a limited sense, however. Although it 

does restrict access to information to members of a well defined group, 

within that group there is nothing in the character of the network 

that limits exploitation levels by group members. 

Indeed, in the economic interpretation of information networks 

the sharing of information results not in equivalence in production 

but in a net positive effect on production levels for all members. 

The existence of information networks is evidence that in conditions 

of variability in the physical parameters of the fishery, the fishery 

is not always perceived as a zero sum game as is often assumed.  The 

network is an example of a cooperative nonaggressive strategy in an 

n-person positive sum game. 

The general view of property rights in the fisheries economics 

literature is that competitive harvesting of an open access resource 

is inefficient. Open access systems lead to both economic overfishing 
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and biological overfishing through the divergence of private and social 

costs [Gordon 1954]. Conversely, private property is seen to lead to 

efficient levels of resource use through the profit maximizing efforts 

of producers. ""• 

Empirical tests of the hypothesis that the property rights struc- 

ture determines levels of exploitation in the fishery have centered 

on sessile or only slightly mobile species such as oysters [Agnello 

and Donnelly 1975] or lobsters [Wilson 1977].  The conclusions of 

these studies, that establishment of exclusive rights to the fishery 

is accompanied by increases in efficiency, have been taken beyond 

species characterized by a low level of stock and locational uncer- 

tainty to mobile or migratory stocks found in an open ocean fishery. 

The correlations found between property rights structures and use 

levels found in these studies have been interpreted as causal rela- 

tionships without statistical tests for causality.  The results of 

these studies, supporting Hardin's "tragedy of the commons" hypothesis 

[1968] of the association of common property with declining yields, 

have been generalized to all resources held in common. 

It cannot be assumed that "common" is a homogeneous characteristic 

of property. Common property is used as a general descriptor, but 

there exists wide variation in physical type, use patterns, and levels 

of uncertainty among all marine resources defined as held in common. 

Both the restrictions imposed by deterministic models and the limited 

applicability of the empirical tests lead to questions of the complete- 

ness of understanding of the relation between property right structures 

and exploitation in an ocean fishing system. 

Uncertainty in an ocean fishery results primarily from fluctua- | 
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tions in physical and market parameters; in most cases the uncertainty 

generated by access rights is secondary.  From the examination of in- 

formation networks it can be seen that while fact uncertainty may be 

one reason behind the difficulty of establishing property rights in 

the fishery, it also generates a market for information that is man- 

aged by limited entry. This market alters access to the fishery from 

open to restricted through the restrictions on dissemination of infor- 

mation. 

Having seen the effect of uncertainty on one area of fishery ex- 

ploitation, information management, questions arise as to the effects 

of uncertainty in other areas. A fundamental question is the relation- 

ship between property rights structures and use levels under conditions 

of uncertainty.  The basic question of property rights is whether the 

level of explotiation in a system is the result of access rules. 

A possible approach to this question would be to examine the 

effects of uncertainty on factor allocation in the fishery, hypo- 

thesizing that in high entropy bioeconomic systems, factor allocation 

is indifferent to the structure of use rights. Because of the varia- 

tion in forms of property rights, however, measurement of the property 

right variable will pose difficult problems. 

The Concept of Efficiency in Natural Resource Systems 

Another generality of the standard fisheries model is that open 

access resources are inefficient.  At bionomic equilibrium total cost 

is equal to total revenue yielding zero economic rent.  At this effort 

level the present value of the stream of future income from the fishery 

is being discounted at an infinite discount rate.  The conclusion is 
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that uncertainty about reaping future benefits from present conserva- 

tion practices leads fishermen to exploit the fishery without consider^ 

ation of the impact on fish population levels. 

Uncertainty is generally assumed to increase the marginal rate 

of time preference.  In the case of the information network we see an 

exception to this relation.  The network is.an example of lowered mar- 

ginal rate of time preference in the presence of uncertainty. The 

market for information controls access over an important means of 

production in the fishery.  With greater assurance of some control 

over access to information, the discount rate used by members in dis- 

counting the present value of their expected income stream would be 

expected to be less than the infinite rate assumed for open access 

resources. 

The central problem of ocean ecology is the central problem of 

neoclassical economics: how are scarce resources allocated among 

competing users? [Rapport and Turner 1977].  The question that has 

been asked in this paper is: how do competing predators partition 

the resource? The information network is one means of partition that 

leaves an open access resource less open. 

The problem of optimal exploitation levels in an open access 

resource is generally addressed as a control problem. To render the 

problem tractable, restrictive properties are assumed for the bio- 

logical production functions, the fisherman's production function, 

and the social utility function.  This normative approach to problems 

of fisheries economics results in. some notion of how resources ought 

to be exploited,but often at the expense of understanding how they 

actually are being exploited.  If, as Butlin suggests [1976, p. 86], 
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the raison d' etre of fishery economics has been to define socially 

optimal catch sequences and to recommend policies that will prevent 

misallocation of factors to the industry, there exists a need for 

further basic research of a positive nature that leads to insights 

into fisherman responses. 

Information networks illustrate that uncertainty is an important 

element of ocean fisheries.  Fisheries economics models might now be- 

gin to describe the stochastic system that exists. The pattern and 

degree of variation in the variables of the system have yet to be 

described in depth. The adaptation of fishermen to this variation is 

a subject area that has as yet received little research attention. 

It appears that arrangements such as information networks that 

develop in the fishery among the users of that fishery may have im- 

portant efficiency promoting aspects that are as yet not clarified. 

The effect of uncertainty on efficiency conditions and whether a 

bioeconomic fishing system tends to equilibrium are interesting questions 

that have not been fully explored for ocean fisheries. 

Demsetz [1969, p. 2] cites two approaches to the evaluation of 

efficiency in a system:  the nirvana approach and the comparative 

institutions approach.  If economic analyses take the nirvana approach 

in the fisheries, existing allocations of effort and capital will be 

compared to perfectly efficient, or nirvana, systems.  Policy pre- 

scriptions will be made on the basis of moving the system closer to 

theoretical efficiency.  The comparative institutions approach, on 

the other hand, looks at existing institutional arrangements within 

a system and examines the relative efficiencies .of each arrangement. 

For the fishery, this approach to analysis allows the consideration 
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of factors other than allocative efficiency that warrant attention. 

The degree of stability of a system is one such factor that com- 

plements the economic incentives for information network formation in 

an open competition, and hence inefficient, fishing system. As the 

degree of interconnectedness increases the system may become more 

structurally stable even though less efficient. Depending on the 

characteristics of a particular fishery and also on the goals for 

managing that fishery, stability may be a desirable tradeoff for 

efficiency. 

The Multidimensional Nature of Effort 

It has been demonstrated that the amount of information produced 

by a fisherman, or the difference in entropy levels between fishermen, 

provides a measure of fishing skill.  It is clear then that the "effort" 

input into the fishing process is not limited to physical character- 

istics such as gear type, number of boat days, or tonnage.  Rothschild 

[1977, p. 96] has noted that the traditional approach has been to 

define effort in terms of the resulting catch rather than in terms of 

the various components of effort.  The measurement of information pro- 

duction emphasizes the importance of skill as a component of effort. 

Skill differences result in differences in search efficiencies 

which result in information produced and used as an asset, as the 

existence of information networks illustrates.  Skill differences re- 

sult in an important difference between real and nominal effort [Roths- 

child 1972].  Nominal effort is the amount of effort applied to a 

fishery measured in terms of physical inputs of boat days or tonnage. 

Real effort, which incorporates skill differences, measures the actual 
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impact on the stock by the fishery. 

The existence of information networks makes the distinction between 

real and nominal effort and important one because of the "cooperative" 

effect of real and nominal effort taken together. As more units of 

gear are added real fishing effort increases much more rapidly than 

nominal fishing effort because of cooperation in the search [Rothschild 

1977', pp. 100-102].  Thus the sharing of information generated by skill 

may increase real effort-in a fishery while nominal effort remains un- 

changed. The view of effort as multidimensional rather than a homo- 

geneous input, while increasing understanding of the complexity of 

fishing effort, may also make the prediction of policy impacts more 

difficult. 

Fisherman Response to Policy Measures 

The examination of information networks shows how adaptation to 

uncertainty within a fishery may affect policy prescriptions.  The 

fisherman's decision process and the transmission process will be 

given as an example. Johnson and Libecap [1981] have suggested that 

differential skills among fishermen lead to nonsupport for rent re- 

distributive regulations. They suggest that the reason all fishermen 

will resist individual quota restrictions or access limits but will 

support measures that increase total product, are the variable cost 

differences that exist between good and poor fishermen.  The subjec- 

tive probability calculation made by the fisherman during the hunt, 

as presented in Chapter V, suggests that another explanation for the 

resistence to individual quotas may exist. 

Fishing is a gamble to all fishermen.  The multiplication logic 
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used by fishermen to assess the probabilities of a particular payoff 

offers an explanation of the consistent rejection by fishermen of 

management schemes involving a limitation on catch.  It is helpful to 

look at individual quotas as yield limits on an investment. An in- 

dividual quota lowers the estimated payoff on that investment to the 

fisherman while his subjective estimate of the probability of winning 

that payoff remains the same. The resulting expected monetary value 

is lower to the fisherman with a limitation on catch than without a 

limitation but his costs remain the same. 

Assume the fisherman invests effort with the intent of maximizing 

his payoff. The more fish he catches, the higher the yield on his 

investment.  An individual quota, as an upper limit on his payoff, 

lowers the yield of his investment without lowering the price.  An 

increase in the total product of the fishery, however, increases the 

probability of reaching a desired payoff and increases the yield on 

his investment. All fishermen will gain by supporting these measures. 

The gamble of fishing suggests a reason for the differences in 

the types of competition favored by fishermen and by management 

agencies.  Nicholson [1954, p. 19] differentiates between scramble 

competition and contest competition.  In scramble competition the one 

who gets to the resource first is the winner. The winner may have no 

specific behavioral response to others in the area, that is, the con- 

cern is to maximize one's own gain in the scramble.  In contrast, in 

contest competition the winner of the competition appropriates all 

the resource within a certain area. 

The uncertainty a fisherman faces is the system entropy related 

to the possibilities of various events on the fishing ground. He 



102 

will be interested in maximizing his opportunity to sample those 

events, and will opt for the opportunism of scramble competition. 

A management agency faces another type of uncertainty, that of 

the aggregate responses of fishermen to fishing opportunities and 

regulations.  If the main concern of the agency is the impact of 

fishing pressure on the stocks, it will opt for contest competition 

to reduce the uncertainty about fisherman response to its regulations 

by allocating access to the fishery to fewer people. 

The economic view of information networks can relate information 

or, alternatively, entropy, to incentives to adopt various control 

mechanisms in the fishery.  One hypothesis leading from this discus- 

sion might be that lower levels of locational uncertainty (lower 

entropy) correspond to support by users for contest competition type 

regulations, and that higher levels of entropy correspond to support 

for scramble competition. 

The importance of the transmission process to an information 

system in the fishery has been established by information theory.  When 

messages are transmitted between fishermen within a network, noise is 

minimized because the goal is to relay information as accurately as 

possible.  Transmission between network members when it is suspected 

that nonmembers are listening in have noise deliberately introduced, 

added to the transmission in a patterned way (a code) to minimize 

the confusion to network members. Transmissions to nonmembers will 

be deliberately deceptive through lies or exaggerations. 

The importance of the transmission process to the fishery goes 

beyond information networks and lies in the noise connected with a 

particular transmission mode which determines the reliability of the 
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received information.  Important implications for management arise. 

Consider the transmission from a management agency to fishermen re- 

lated to the justification of a particular management plan.  Despite 

the intent of the management agency to be straightforward in its pre- 

sentation, noise may enter the transmission through exaggeration, or, 

in the fisherman's view, deception.  The data used by the agency may 

not be consistent with what the fisherman himself observes from his 

sampling process.  Techniques of data analysis may not be understood. 

Fact uncertainty may be the major source of noise in transmissions 

between professionals—biologists, economists, and agency staff--and 

fishermen. The greater the noise, either actual or perceived, in the 

transmission of information the less reliable will the transmitted 

information seem.  Once a particular transmission mode (from biologist 

to fisherman or from fisherman to management agency) becomes suspect 

the reliability of the information received is also suspect. 

The mode of transmission, then, may be associated with the dif- 

ferent rates of information acceptance or rejection of messages.  For 

this reason a consideration of the transmission process is important 

in predicting the responses of fishermen to different allocative 

measures. 

Summary 

The existence of restrictive information systems as a response 

to uncertainty offers insights into other related aspects of the ex- 

ploitation process.  In a limited sense, the information network 

establishes property rights to the fishery by the partitioning of the 

fishing ground into territories.  Uncertainty provides incentives 
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for a market for information. 

It is apparent that open access resources are not homogeneous 

but exhibit wide variation in physical characteristics and in the 

adaptive responses of fishermen to those characteristics. The existence 

of adaptations that modify the open access condition suggests that the 

relationship between property rights and use levels may not be causal 

under conditions of uncertainty.  The possibility of information net- 

works and other adaptive responses that may preclude the inefficiency 

condition assumed for the open access fishery suggests a re-examina- 

tion of the standard fishery model. 

Conditions of uncertainty also raise questions about the appro- 

priateness of standard efficiency evaluation in the fishery. Varia- 

tion in fishery parameters leads to a distribution of equilibrium 

points, a probability "cloud," rather than to a single equilibrium 

point.  This cloud will be in tension between the stabilizing inter- 

action dynamics of the system and the destabilizing environmental 

variations [May 1973, pp. 109-114].  Analysis of neighborhood stability 

of the system may give a misleading idea of global stability conditions 

since the system is nonlinear. 

Differential skill in information production emphasizes the con- 

tribution of skill as a component of fishing effort. The distinction 

between real and nominal effort allows a cooperative effect in the 

application of effort.  This makes prediction of the impact of fishing 

pressure on fish populations a more complex task than would be pre- 

sented by the measurement of physical inputs alone. 

The uncertain environment of the fishery also makes fisherman 

response to policy prescriptions difficult to predict.  Incentives 
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to adopt various control mechanisms in the fishery can be directly 

related to the type and level of entropy faced by decision makers. 

An individual fisherman interested in maximizing the return on his 

investment of effort will resist any restrictions on open scramble 

competition. A management agency, however, has strong incentives to 

resist scramble competition. 

The presence of noise in the transmission process affects the 

acquisiton of information and hence the resolution of uncertainty. 

The existence of fact or rule uncertainty may have a significant im- 

pact on the success of policy implementation. 

Testable Hypotheses 

Uncertainty about fishery parameters raises questions about the 

applicability of results of current studies to future fisheries de- 

cisions. The process of increasing knowledge about general system 

structure and the nature of its change allows generalizations to be 

made from current to future states with greater assurance than is 

possible without this basic research. 

A major goal of conceptual theoretical research is the generation 

of testable hypotheses. The next task of research in this area, then, 

is to consider alternate hypotheses about the "true" structure of a 

variable fishing system that will add to existing knowledge.  Ongoing 

research modeling the effect of uncertainty on fishermen's decisions 

in the groundfish fishery will advance to empirical testing of hypo- 

theses generated by a general consideration of uncertainty. Specific 

hypotheses advanced in this paper as a result of theoretical research 

into one aspect of uncertainty relate to:  (1) the formation of in- 
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formation networks; (2) the effect of property rights structure; 

(3) policy implementation; and (4) fisherman incomes. 

(1) Related to the formation of information networks: The pre- 

sence of information networks should be positively associated with 

variance in fishery parameters.  Increases in system entropy across 

fisheries will be accompanied by increases in the number of informa- 

tion networks as fishermen act to lessen the impact of risk through 

information sharing. 

(2) Related to the effect of property rights structures: Within 

a specified fishery, participants in information networks should have 

higher net revenues than nonparticipants. Also, members of informa- 

tion networks should show greater yield per unit effort than nonmembers. 

In high entropy bioeconomic systems, individual exploitation levels 

should not be significantly related to the type of access right.  In 

other words, factor allocation is indifferent to the structure of use 

rights under conditions of uncertainty. 

(3) Related to policy implementation:  Lower levels of locational 

uncertainty in a fishery should correspond to support by users for 

contest competition type regulations. Higher levels of locational un- 

certainty should correspond to support for scramble competition type 

regulations.  Variation in fishery parameters is positively associated 

with user support for scramble competition type regulations. 

(4) Related to fishermen's incomes: Within a specified fishery, 

participants in information networks should have higher net revenues 

than nonparticipants.  Also, members of information networks should 
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show greater yield per unit effort than nonmembers. 

These hypotheses are purposefully not written in a form allowing 

critical tests. At this stage these general relationships are hypo- 

thesized to hold true, but the testing of these or similar hypotheses 

will require definition of variables based on a consideration of con- 

ditions within a specified fishery. For instance, the property right 

variable must be precisely defined to allow for comparison of different 

access structures in Hypothesis 2. Parameters exhibiting different 

levels of variation in different fisheries must be identified and 

described to provide a meaningful measure of "system entropy" for 

Hypotheses 2 and 3. Fishermen "support" for different types of regula- 

tions would be a complex variable to measure indirectly; a direct 

approach of asking participants in fisheries showing different levels 

of locational uncertainty to choose between different types of regula- 

tions, once the "uncertainty" variables were defined, might be the 

most appropriate means to a test of Hypothesis 3. 



108 

REFERENCES 

Agnello, R. and L. Donnelly.  "Property Rights and Efficiency in the 
Oyster Industry," Journal of Law and Economics 18(2), October 
1975, pp. 521-535. 

Alchian, A.A. and W.R. Allen. Exchange and Production: Theory in 
Use.  Belmont, 1968. 

Andersen, P.  "Commercial Fisheries Under Price Uncertainty," Memo 
1980-2, Institute of Economics, University of Aarhus, Denmark, 
1980. 

Anderson,-R. "Hunt and Deceive:  Information Management in Newfound- 
land Deep Sea Trawler Fishing," in R. Anderson and C. Wadel, eds. 
North Atlantic Fishermen: Anthropological Essays in Modern 
Fishing, Toronto, U. Toronto Press, 1972. 

Beddington, J.R. and R.M. May.  "Harvesting Natural Populations in a 
Randomly Fluctuating Environment," Science 197, 1978, pp. 463- 
365. 

Butlin, J.  "Optimal Depletion of a Replenishable Resource: An 
Evaluation of Recent Contributions to Fisheries Economics," in 
D.W. Pearce, ed. Economics of Natural Resource Depletion, London: 
Macmillan, 1975. 

Cavalli-Sforza, L.L. and M.W. Feldman.  Cultural Transmission and 
Evolution: A Quantitative Approach, Princeton, New Jersey: 
Princeton University Press, 1981. 

Cheung, S.  "The Structure of a Contract and the Theory of a Non- 
Exclusive Resource," Journal of Law and Economics 13, April 1971, 
pp. 49-70. 

Clark, C. Mathematical Bioeconomics: The Optimal Management of Re- 
newable Resources, New York, John Wiley § Sons, 1976. 

Clark, C. and G. Munro.  "The Economics of Fishing and Modern Capital 
Theory: A Simplified Approach," Journal of Environmental Economics 
and Management 2, 1975, pp. 92-106. 

Crutchfield, J.A. and A. Zellner. Economic Aspects of the Pacific 
Halibut Fishery, Washington, D.C.: U.S. Bureau of Commercial 
Fisheries, 1962. 

Demsetz, H.  "Information and Efficiency: Another Viewpoint," Journal 
of Law and Economics 12, 1969, pp. 1-21. 

Eisgruber, L.  "Developments in the Economic Theory of Information," 
American Journal of Agricultural Economics 60(5), December 1978, 
pp. 901-905. 



109 

Fisher, I. The Theory of Interest. New York, The Macmillan Company, 
1930. 

Frank,. J.  Law and the Modern Mind.  New York:  Coward-McCann, 
1949. 

Goldman, S.  Information Theory.  New York, Dover Publications,Inc. 
1953. 

Gordon, S.  "The Economic Theory of a Common Property Resource: The 
Fishery," Journal of Political Economy, Vol. 62, April 1954. 

Grossman, S. and J. Stiglitz.  "Information and Competitive Price 
Systems," American Economic Review 66, 1976, pp. 246-253. 

Grossman, S. and J. Stiglitz.  "On the Impossibility of Informationally 
Efficient Markets," American Economic Review 70(3), June 1980, 
pp. 393-408. 

Grossman, S., R. Kihlstrom, and L. Mirman.  "A Bayesian Approach to 
the Production of Information and Learning by Doing," Review of 
Economic Studies 44(3), 1977, pp. 533-547. 

Guiasu, S.  Information Theory With Applications.  New York: McGraw- 
Hill, 1977. 

Hardin, G.  "The Tragedy of the Commons," Science, Vol. 162, 1968. 

Hirshleifer, J.  "The Private and Social Value of Information and the 
Reward to Inventive Activity," American Economic Review 61(4), 
September 1971, pp. 561-574. 

Hirshleifer, J. and J. Riley.  "The Analytics of Uncertainty and In- 
formation--An Expository Survey," Journal of Economic Literature 
17, December 1979, pp. 1375-1421. 

Howard, R.  Information Value Theory, IEEE Transactions in Systems 
Science and Cybernetics SSC-2, No. 1, 1966, pp. 22-33. 

Johnson, R.N. and G.D. Libecap.  "The Fishery as a Common Property 
Resource," Unpublished manuscript. 

Khinchin, A.I. Mathematical Foundations of Information Theory.  New 
York:  Dover Publications, Inc., 1957. 

Kihlstrom, R.  "A Bayesian Model of Demand for Information About Pro- 
duct Quality," International Economic Review, February 1974, 
pp. 99-118 

Lofgren, 0.  "Resource Management and Family Firms:  Swedish West 
Coast Fishermen," in R. Andersen and C. Wadel, eds., North Atlantic 
Fishermen: Anthropological Essays in Modern Fishing, Toronto: 
University of Toronto Press, 1972. 



110 

Man, R.M. Stability and Complexity in Model Ecosystems.  Princeton, 
N.J.: Princeton Unviersity Press, 1973. 

Marschak, J.  "Economics of Information Systems," In M. Intriligator, 
ed., Frontiers of Quantitative Economics, Aimsterdam, North Holland 
Press, 1971, pp. 32-107. 

Marschak, J. and K. Miyasawa.  "Economic Comparability of.Information 
Systems," International Economic Review 9, June 1968, pp. 137-174. 

Murphy, R. Adaptive Processes in Economic Systems. New York: Academic 
Press, 1965. 

Nicholson, A.J. "An Outline of the Dynamics of Animal Populations," 
Australian Journal of Zoology 2(1), 1954, pp. 9-65. 

Orbach, M. Hunters, Seamen, and Entrepreneurs. Berkeley: University 
of California Press, 1977. 

Pierce, J.R. An Introduction to Information Theory: Symbols, Signals 
and Noise. New York: Dover Publications, Inc., 1961. 

Radner, R.  "Competitive Equilibrium Under Uncertainty," Econometrica 
36(1), January 1968, pp. 31-58. 

Raiffa, H.  Decision Analysis.  Reading, Massachusetts: Addison- 
Wesley, 1968. 

Rapport, D.j. and J.E. Turner. "Economic Models in Ecology," Science 
195, 1977, pp. 367-373. 

Riley, J.  "Informational Equilibrium," Econometrica 47(2), March 
1979, pp. 331-359. 

Roberts, F.s. Discrete Mathematical Models. Englewood Cliffs, N.J.: 
Prentice-Hall, 1976. 

Rothschild, B.J. "An Exposition on the Definition of Fishing Effort," 
Fishery Bulletin 70, 1972, pp. 671-679. 

Rothschild, B.J. "Fishing Effort," Chapter 5 in J.A. Gulland, ed. 
Fish Population Dynamics, London: Wilsy, 1977. 

Rothschild, M. "Models of Market Organization With Imperfect Informa- 
tion: A Survey," Journal of Political Economy 81(6), November/ 
December 1973, pp. 1283-1308. 

Scott, A. "The Fishery: The Objectives of Sole Ownership," Journal 
of Political Economy 63, 1955, pp. 116-124. 

Shackle, G.L.S. Expectations in Economics. Cambridge: The University 
Press, 1952. 



Ill 

Shannon, C.  "A Mathematical Theory of Communication," Bell System 
Technical Journal 27, July 1948, pp. 379-423; October 1948, 
pp. 623-656. 

Shepherd, J.G. and J.W. Horwood.  "The Sensitivity of Exploited Popu- 
lations to Environmental "Noise" and the Implications for 
Management," Journal Cons. Int. Explor.. Mer. 38(3), 1979, pp. 318- 
323. 

Stigler, G. "The Economics of Information," Journal of Political 
Economy 69, June 1961, pp. 213-225. 

Stiles, R.  "Fishermen, Wives, and Radios: Aspects of Communication 
in a Newfoundland Fishing Community," in R. Andersen and C. 
Wadel, eds., North Atlantic Fishermen: Anthropological Essays 
in Modern Fishing, Toronto, University of Toronto Press, 1972. 

Stuster, J.  "Where Mabel May Mean Sea Bass," Natural History 87(7), 
November 1978, pp. 65-70. 

Theil, H.  Economics and Information Theory.  Amsterdam: North Holland 
Publishing Company, 1967. 

Wilson, E.O.  On Human Nature.  Cambridge: Harvard University Press, 
1978. 

Wilson, J.  "Adaptation to Uncertainty and Small Numbers Exchange: 
The New England Fresh Fish Market," The Bell ;Journal of Economics 
11(2), Autumn 1980, pp. 491-504. 

Wilson, J.A.  "A Test of the Tragedy of the Commons," in G. Hardin 
and J. Baden, eds.. Managing The Commons, San Francisco: 
W.H. Freeman and Company, 1977. 

Wilson, R.  "Informational Economies of Scale," Bell Journal of Economics 
6(1), Spring 1975, pp. 184-195. 


