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PREFACE

This guide was prepared as a general
resource document for individuals in devel-
oping countries who either require or are
responsible for providing information
which is used for making policy decisions
which affect small-scale fisheries. Its pur-
pose is a practical one: to assist in identify-
ing important data and in designing and
executing data collection programs which
will generate information concerning the
resource and harvesting sector of any small-
scale fishery.

The first objective of this guide is to
describe a minimum set of biolngical, eco-
nomic and scciocultural information from
the small-scale fishery resource and har-
vesting sector which should be available so
that intelligent policy decisions can be
made. The first three chapters are directed
at this objective. The first chapter describes
the interrelationships between the fishery
and the economy and stresses the impor-
tance of adequate information for decision
making. The importance of sociocultural
information is emphasized in Chapter II.
The third chapter outlines information
needed for effective policy decisions in the
resource and harvesting sector of the
fishery.

The second major objective of the guide
is to describe appropriate data collection
methods which will gencrate the needed
information. The final three chapters of the
guide are directed at this goal as well as
towards developing recommendations for
multidisciplinary data colleciiu.: strategies
in order to reduce costs. These chap‘ers were
intended primarily to assist fishery officers
who are responsible for designing and
directing the data collection process. Data
needs are outlined in Chapter IV, collection
methods in Chapter V and the organization
and integration of data collection methods
in Chapter VI. Finally, the guide includes
lists of background information and
selected data acquisition forms in four
appendices.

A few words should be said about the
different emphases placed on the biological,
sociocultnral and economic sections of the
various chapters. The extent to which each
of these three disciglincs is discussed and
the nature of the discussions themselves
reflect: 1) the nature of the discipline, i.e.,
what it seeks to examine, 2) the probable
staffing of a fisheries office, 3) the profes-
sional training required for tasks such as
unalyzing data, indentifying which data to

collect, actually collecting the data, andrec-
ognizing what constitutes data, and 4) the
level of specificity in identifying data which
will be valid from one fishery to another.

In the authors’ experience, fishery
office personnel are more likely to be trained
as biologists rather than economists;
anthropo ogists and sociologists with expe-
rience in fisheries are extremely rare. A fair
amount of professional training is required
to convert data into useful information in
each field. The analyses used in economics
and sociology/anthropology, whilethey are
evolving, are fairly standard and are appli-
cable to studies made in countries in differ-
ent stages of development. This is less soin
the case of resource assessment analyses;
thus, some attention is devoted to describ-
ing the models used in these assessments.
On the other hand, it is easier to specify the
primary biological and economic data
needed for analyses. Sociocultural data
needs are much more specific to given sites,
communities and cultures.*

As we proceed to actual data collection,
it is only in the field of economics that a
basic set of questions can be formulated (at
this distance) and applied with some modifi-
cations, by the non-professional staff
member. Specific measurements and obser-
vations can be described by the fisheries
biologist, but, when species identification is
required, that expertise must be present dur-
ing data collection.

Finally, althcugh the guide gives the
impression that a seemingly endless
amount of data and informationis required,
this is not the case. Itis truethat much more
information is required than has histori-
cally Seen appreciated. The justification for
a holistic approach, however, is presented
in Chapters I, I, and II1 and the economies
which can be derived from a coordinated
a[;]proach to data collection are outlined in
Chapter VI. Although a considerable
amount of information is required, a ratio-
nale has been provided for its collection.**
The increasing use of hand calculators and
mini-computers means that the storage,
retrieval and manipulation of large uanti-
ties of data can soon be accomplis ed in
even the poorest countries. Im roverents
in data processing facilities and a growing
awareness of the importance of small-scale
fisheries in many developing countries
make it more important now than ever
before to acquire this urgently needed infor-
mation and to use it to promote rational
development and management prograins.

* This holds in spite of some popular misconceptions concerning therole of econom

ic data and analyses with regard to MEY,

MSY, and especially OSY (Optimal Sustainable Yield). More will be said about this at the end of Chapter IV.

% The fact that this information is rational and interrelated will make it attractive research and dissertation material for
university faculty and students from both the involved and other countries; hence, it is much less likely to go unanalysed.
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Chapter 1

THE FISHERY AND THE ECONOMY:
INFORMATION FOR DECISIONS

1.1 THE FISHERY SYSTEM

A fishery is a system or network of interre-
lated activities which includes the harvest-
ing, processing, marketing and consumer
demand for fish (Figure 1). A fishery oper-
ates within certain socioeconomic and polit-
ical contexts and interacts with other
gectors of the economy. It functions because
the participants, striving to satisfy their
basic needs and to achieve such goals as
economic gain, self-respect and peer esteem,
cooperate and compete with each other.
Some aspects of the system can bz con-
trolled by individuals (a fisherman’s deci-
gion to fish, for example). Other aspects of
the system (such as the size of the fleet, the
weather, and natural fluctuations in
resource abundance) are beyond the control
of individuals and sometimes beyond the
control of all the participants working
together. Collective action is required when
individual actions fail to produce desirable
results. Fishermen’s organizations, for
example, can buy supplies in bulk to reduce
costs while governments have a well-
established role in providing public goeds.
Governments also invest in facilities such
as wharves, roads and bridges which reduce
the cost of operating the fishery. Finally,
governments often act for gociety in manag-
ing common property fishery resources
which have no owners.

1.2 THE SMALL-SCALE FISHERY
1.2.1 Resources and Harvesting

This manual focuses on small-scale fisher-
jes conducted in coastal marine waters of
developing countries. Most of these fisher-

! The term “fish” includes any type of anima) whichisha
Many small-scale fisheries depend primarily on invertebra

bony fish at al.

jes exist in tropical latitudes. Small-scale
fishing is conducted in three types of tropi-
cal marine environment: 1) the coastal shelf
platforn.s of continents and islands, 2) estu-
aries, and 3) coral reefs. Reefs and estuaries
are usuaily the exclusive domains of the
small-scale fishermen; competition with
large-scale industrial fisheries is more com-
mon in shallow coastal waters.

In general, tropical ecosystems are com-
posed of a large number of species. In addi-
tion, the average size of the fish! which are
harvested by tropical small-scale fisheries
is often quite small. Coral reef ecosystems
are characterized by a complex network of
inter-species relationships and a nigh rate
of biological production, most of which is
consumed within the ecosystem. Tropical
estunries are characterized by highly sea-
sonal river flow, seasonal changes in salin-
ity distributions and much more constant
temperatures than are found in temperate
zone estuaries; they also serve as important
nursery areas for many coastal species.
Considerable organic matter is derived
from bordering vegetation, especially man-
groves. All of these ecosyatems are suscepti-
ble to environmental perturbations such ae
those caused by contamination, high
temperatures brought about by deforesta-
tion, dams, industrial and domestic uses of
water, the physical alteration of ccastal
habitats and fishing.

Small-scale fisheries are characterized by a
variety of gear and vessel types. Fishing
techniques are generally labor intensive;
the types of gear used are diverse and rela-
tively inexpensive to operate. The small-
gcale fisherman and his family are usually

rvested, such as sharks, bony fishes, crustaceans or mollusks.
tes such as clams, shrimp and lobster and do not harvest many
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Figure 1. Diagram showing elements of the small-scale fishery system and its relationship with
government and other sectors of the economy. .



among the poorest of the poor. Their income
from fishing is extremely variable and, in
general, they have little control over prices
which they are paid for fish.

Regardless of how efficiently the fishery
functions, its potential contribution to
gociety is ultimately limited by the size and
productivity of the resources which are
harvested. Fishery resources are renewable
and produce surplus biomass which can be
harvested (Figure 2). If harvest is excessive,
birth and growth processes may not replace
the quantity of biomass lost to natural mor-
tality and harvesting. A common objective
of fishery management is tomaintain a pop-
ulation size which produces the maximum
rate of population growth and therefore the
maximum sustainable yield to the fish ry
(MSY in Figure 2).

Most small-scale fishery resources are free
to be harvested by anyone who desires to do
so. This open acress nature of the fishery
frequently leads to biological overfishing
(beyond MSY) and more frequently to eco-
nomic overfishing (beyond MEY, Figure 2)
to a point where the total cost of fishing is
equal to the total revenue gained from fish-
ing. While MEY (maximum economic yiei1)
may in rare instances be to the right of
MSY, the maximum economic benefit to the
nation from the fishery is usually achieved
to the left of MSY.2 This matter is discussed
in greater detail in Chapter III.

1.2.2 Processing and Marketing

Small-scale fisheries are characterized by a’

variety of marketing systems, ranging from
individuals who purchase fish as soon asit
is landed and sell it in the streets of the
village to fairly sophisticated marketing
networks involving a number of middle-
men, some kind of processing, and the
transportation of fish to distant markets.
Fish is purchased and sold at each stage in
the process, thus adding to the eventual
price paid by the consumer. Each partici-
pant in the process assumes certain finan-
cial risks in order to earn an income.

Small-scale fisheries are usually character-
ized by considerable variations in supply, a
factor which results in fluctuations in
income. Thus, in order to obtain a more reli-
able supply of fish, dealers often provide
loans and other financial incentives to dis-

courage fishermen from selling to competi-
tors. These arrangements are important for
small-scale fishermen who have few or no
alternative sources of credit. The relation-
ships between buyer and seller are fre-
quently based on extended family ties or
other sociocultural groupings within the
community; they also affect the efficiency of
}h% procedures which are used to market
ish.

Processing maintains and can increase the
value of fish: it allows fish to be shipped
farther, stored longer and converted into a
more desirable form. The types of process-
ing used in small-scale fisheries are rela-
tively simple (drying, salting, smoking and
icing, for example).

Government intervention in marketing and
processing is stimulated by the desire to
improve the efficiency with which the sys-
tem operates, thereby increasing the quan-
tity and quality of fish which is available. It
also provides credit and protects public
health by setting minimum standards for
fish as it moves through the system. Credit
may also be provided by private lending
institutions or by fishermen’s organizations.

1.2.3 Consumption

In many countries fish products provide an
important source of animal protein. The
price paid for fish products in relation to
other meats varies widely from country to
country. Most frequently fish is relied upon
more by the poor as a protein source than it
is by the more wealthy. Fish, like many
other foods, may be rejected by the consu-
mer because cultural taboos prevent people
from eating it or because it doesn’t “look
good.” Consumer rejection can result in sig-
nificant waste.

Governments have frequently been
involved in stimulating consumer demand
for fish products in an attempt to increase
per capita consumption of [ cotein. As we
will see later, increased consumer demand
for fish does not necessarily improvo the
fishermen'’s welfare.

1.3 OTHER SECTORS OF THE ECON-
OMY

The relationship of other productive sectors
of the economy to the small-scale fishery

2 A point on the curve which relates yield to the size of the resource and to the amount of fishing effort which lies to the
right of MSY (Figure 2) denotes more fishing effort and a smaller population size; a point tothe left of MSY denotes less

effort and a larger population size.



Total Yield
(or Revenue)

Fishing Effort

Figure 2. Yield-effort curve for an exploited fishery resource showing how equilibrium yield
changes as fishing effort increases (and popuiation size decreases).

This model is based on the premise that equilibrium yield is equivalent to the vate of increase in population size and
that maximum sustainable yield (MSY)is reached at one-half the maximum amount of effort (and half the maximum
population size). If yield is multiplied times price, the curve becomes a total revenue (TR) curve. Furthermore, if total
costs (TC) of effort increase proportionately with effort, a point is reached where TC = TR. Maximum economic yield
(MEY) is achieved when total revenue exceeds total cost by the maximum amount.



must also be considered. This relationship
is defined by how other sectors affect 1)
inputs to the fishery system, 2) the opera-

tion of the system, and 3) outputs from the

system. The existence of an industrial
fishery, for example, can have a dramatic
effect on a small-scale fishery. On the posi-
tive side, the industrial fishery may provide
the impetus for the development of wharves,
roads and marketing systems. It may also
provide an export outlet for small-scale
fishery production. On the negative cide,
there will be conflict between the industrial
fishery and the small-scale fishery if they
both harvest the same resources, fish in the
same areas, or if the industrial fishery
increases the mortality rate of species
which are exploited by small-scale fisher-
men.* Frequently the small percentage of
by-catch which is sold by industrial fleets is
sufficient to depress prices paid to the small-
scale fisherman.

Activities in the agricultural sector may
affect.the small-scale fishery for many rea-
sons: many, if not most, fishing families
also raise crops and livestock; the agricultu-
ral sector may dominate the regional distri-
bution and marketing network and thereby
define the means available for expanding
the distribution and marketing of fish; the
use of agricultural pesticides and herbicides
can threaten the survival of fish and make
them unsafe for human consumption. On
the other hand, fishing and agriculture can
complement each other. For example, by-
products of fish processing can be used for
fertilizers and animal feed. One of the most
important relationships has to do with the
supply of labor. The number of people who
fish and the amount of fishing they do is
closely related to the returns they can expect
in fishing relative to their returnsin agricul-
ture. The multiple relationships which exist
between these two sectors clearly indicate
that changes in one sector cannot be consi-
dered without taking into account the poten-
tial effects on the other.

The operation of the fishery is also related to
the credit and marketing services provided
by the commercial sector. If fishing i8
viewed as a risky investment as compared
to other investment opportunities, financ-
ing may require government subsidy. Ifthe
industrial sector cannot provide the tech-
nologies required by the fishery, they will

# Increased mortality is caused, for example, when a shrimp tra
value. These fish are dead when they are discarded and will n

probably have to beimported, thus influenc-
ing in a small way the country’s balance of
payments.

1.4 CONTEXTS

The small-scale fishery system operates
within economic, physical, sociocultural,
legal, institutional and political contexts. In
general, the contexts determine how thesys-
tem and its participants operate. They
define what is allowable, acceptable and
desirable. The contexts set limits on how the
system and its participants will respond {0
changes - expected changes such as price
fluctuations and the gradual introduction of
new fishing practices which take place at
their own pace and accelerated changes
(such as the introduction of new fishing
gear or decisions to increase or reduce effort)
which result from deliberate interventions.

Attempts to intervene at some point in the
system without adequate consideration of
the possible effects on the entiresystem and
its various contexts incur considerable risk
of failure. Changes which are unacceptable
in the economic, sociocultural, institutional
or political contexts can result in failures as
certain as changes which are, for example,
technical failures. These determinants of
failure are the lessons of development least
learned.

In the broad political context the extent of
the government’s intervention in the
fishery is clearly related to the fishery’s sig-
nificance in national planning. If fishery
development is perceived as being of minor
significance or in conflict with other poli-
cies concerning the use of the ocean and its
shoreline, impcrtant support structures
such s government fisheries offices, exten-
gion services, and regulatory agencies may
be overlooked. On the other hand, it is clear
that the fishery administrator is responsi-
ble for generating information which will
ensure that the fishery is properly evaluated
in the process of establishing national
priorities.

1.5 INFORMATION AND DECISIONS
The last section of this chapter describes

how a hypothetical decision process aimed
at increasing per capita consumption of

wler discards fish which are toosmall to have any market
ever be available for capture by the small-scale fleet.



fresh fish might be carried out. The fishery
in question is a very simplified one -dev xia
of most real world complications. The deci-
sion process is examined solely to demon-
strate its multi-disciplinary nature and the
wide variety of information wh ch is
required. This exercise is not intended to
represent a plan for action.

In Figures 3 and 4 it is assumed that ade-
quate analyses have concluded: 1) thereis a
need to increase the supply of animal pro-
tein; 2) the fishery appears to present a rea-
sonable alternative for increasing this
supply; and 3) sufficient fresh fish is not
available at current prices to meet projected
demand. It is at this point interventions
aimed at increasing the supply of fresh fish
should be evaluated.5

1.5.1 Post-Harvest Lossegs and Unde-
rutilized Resources

One of the most cost effective ways of
increasing the supply of fish is to utilize fish
which is already caught but never reaches
the consumer. Fost-harvest losses are
caused by the failure to use ice or the
improper use of ice during harvesting, and
by poor handling and insufficient storage or
distribution facilities once the fish is
landed. In addition to reducing these losses,
another effective method for increasing
supply would be to reduce the quantity of
fish that is discarded at sea during commer-
cial fishing operations. Decisions to utilize
by-catch require economic evaluations of
processing and marketing possibilities.
Fish which have no value in the fresh fish
market might require some form of process-
ing and market promotion.

Other important sources of additional fish
protein are resources which are not pres-
ently being harvested or which are har-
vested, but are not directly utilized for human
consumption. Significant increases in fresh
fish production can be realized by making
changes which improve the capture and/or
marketing of underutilized resources. These
changes may be sbvious ones such as the
use of more effective fishing gear or a type of
processing which makes the product more

acceptable to the consumer, or they may be
more subtle changes such as the recruiting
of crew members who are willing to spend
longer periods of time at sea.

1.5.2 Resource Assessment

If production is low and post-harvest losses
are minimal, it becomes important to deter-
mine whether or not there are sufficient fish
resources available to support increased
exploitation. At this stage in the decision-
making process, a simple preliminary eval-
uation of the resources can be based on
interviews with individuals who are famil-
iar with the changes which have taken
place in the fishery (specics, quantities and
sizes of fish; types and number of vessels,
gear or fishermen) and on historical records
of catch and effort, if they are available. A
preliminary evaluation only permits quali-
tative judgments of the degree of over- or
underexploitation. A more thorough assess-
ment should define more exactly the degree
of over- or underexploitation and predict the
expected effects of certain management
strategies on resource abundance and yield.

If a preliminary evaluation suggests that
resources have been overexploited, then
some intervention may be necessary to
reduce catch and/or effort. At the same
time, a more thorough assessment shouid be
initiated in order to estimate how much
increased production can be expected as &
result of certain management strategies,
and a mechanism for collecting the neces-
sary data should be established as soon as
possible. Also, a search for new, unexploited
resources should be considered.

If currently harvested resources appear to
be underexploited or if new resources which
are not being utilized can be identified,
attempts to increase production can pro-
cced, but should proceed slowly while data
for a more detailed stock evaluation are col-
lected. Development of new resources which
have not been assessed should proceed in
well-defined stages so that changes in bio-
logical and economic parameters can be
evaluated as production increases. A simple
monitoring of changes in catch per unit

+ Ag will be discussed further in Chapter I1I, this goal is frequently in conflict with the goal of assisting fishermen and

their families.

8 There are, of course, other paths that could lead to a decision to stimulate increased production. For example, foreign
exchange can be generated from a resource that commands high international prices. Some small-scale fishery resources
(snapper or spiny lobster, for cxample) command high international prices; increased production and export of these

resources generates foreign exchaige.
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effort, for example, and in the eccnomic
profitability of different technologies over
time can provide useful information for
making development and management
decisions when thorough stock assessments
are not feasible.

Decisions to proceed with more detailed
resource assessments cannot be made
lightly. Detailed analyses can require con-
giderable expenditures of time and money.
However, even in regions where there is lit-
tle fishing and existing fishermen seem to
have no trouble ratching as much fish as
they want, detailed stock assessments
should be considered in cases where
increased fishing pressure is anticipated.

1.5.3 Infrastructure

If a preliminary resource assessment sug-
gests that stocks will support increased
exploitation - or that post-harvest losses can
be reduced - then the potential for expand-
ing marketing, transport, processing and
distribution services should be evaluated
before attempts to increase production are
:nade. This means examining the delivery
system for obvious bottlenecks in storage,
transport or marketing services. If suffi-
cient infrastructure for providing these ser-
vices exists, then development can proceed
while data are being collected for a more
thorough stock assessment. However, if the
infrastructure needs improvement and an
analysis of the anticipated benefits and
costs of the improvement is positive (indi-
cating that the benefits exceed the costs),
development plans which include infra-
structure improvement can be made while
additional resource assessment data are col-
lected.® If the analysis is negative, then
attempts to increase small-scale fishery pro-
duction should probably be abandoned or
reformulated in terms of overall rural devel-
opment objectives.

1.5.4 Reductions in Effort (or Catch)

If resource assessments indicate that stock

gizes are small and will not support
increased harvesting, the possible explana-
tions should be examined. Ie resource abun-
dance limited by environmental factors
such as poor primary productivity, unfavor-
able climatic conditions or limited fishing
grounds or has it been reduced by excessive
harvesting? If stocks were previously more
abundant, but have been recently depleted
by intensive fishing effort, a reduction in
effort or catch would eventually lead to
stock recovery and increased production.’

Tn cases where stocks are small, but were
never very large, the gains in production
which would follow any regulation of effort
would probably not pay the social and eco-
nomic costs of management. The societsl
costs of any regulatory scheme include
those which are immediately obvious, for
example, those associated with designing,
negotiating, managing and enforcing regu-
lations and those which are less obvious
such: as the costs of developing alternative
employment opportunities and retraining
fishermen, or the costs of unemployment
and urban migration.

Regulations are usually intended to limit
the size at which fish are first captured
and/or to limit effort.® Regulations which
are related to size protect the reproductive
capacity of the stocks by ensuring that
enough sexually mature adults remain in
the population to replace fish which dienat-
ure’y or are harvested. Examples of this
type of regulation include minimum size
limits, gear restrictions which affect thesize
of fish captured and closures in particular
locations or times of year when small fish
are more abundant. Effort regulations are
intended to limit the catch to a certainlevel.
Some of the more common ones are closed
geasons or areas, gear restrictions, catch
quotas and limits on the number of boats or
fishermen.

Flowever, none of the management strate-
gies mentioned above are successful in pre-
venting the over-investment of labor and

& It is unlikely that small-scale fisheries alone would justify major infrastructureimprovement unless extensive underutil-
ized stocks of fish are found. Infrastructure improvement need not beon a large scale, however, to improve the way in

which the fishery functions.

7 The immediate result of a reduction in effort on an overexploited stock is a decline in pioduction until the fish which
escape capture, grow larger and produce a greater number of offspring.

8 These two management strategies are not independent of each other. In practice, regulations aimed at reducing effort
result in a greater average size since more fish escape capture and eventually grow to reach a larger size.



capital in the fishery. Effort restrictions, for
example, which aredirected at limiting only
certain components of effort (time, location
or the efficiency of capture) - but not total
effort - may reduce catch, but will result in
the waste of society’s human and financial
resources. Only in the case where someone
acts as the owner of the resources and
charges for their use is there proper eco-
nomic exploitation. Examples of regula-
tions which simulate this tyve of ownership
are taxes on effort or catch, or marketable
individual boat quotas or licenses. A combi-
nation of a size-related restriction with one
on total effort is often ideal.?

1.5.5 Increases in Effort (or Catch)

If it is determined that the stocks can sup-
port increased fishing effort because, for
example, 1) the area they inhabit is larger
than previously believed, 2) human popula-
tion pressures have not as yet led to their
overexploitation, or 3) new stocks can be
exploited if the range of the boats can be
increased, then the next step is to determine
by what means to increase effort.

It must be realized that there can be atrade-
off between seeking the least costly method
of extracting additional quantities of fish
and other goals such as increasing employ-
mernt and promoting rural development. For
example, many small-scale fishing tech-
riiques are extremely efficient in their use of
both labor and capital despite the fact that
fishing trips are of short duration (a day or
less) and the limited range of the vessels
limits most fishing to nearshore grounds.
Economies of scale can often be realized
with larger vessels but increased efficiency
must be weighed against the possible risks
of favoring certain individuals (wealthy
versus poor fishermen, for example), as well
as the ability of the participants tc obtain
financing and the existence of credit sour-
ces - to name just a few of the important
economic and social considerations. The
potential impact of the proposed changesin
harvesting strategy on the resources must
also be examined. Figure 4 outlines some of
these considerations.

Caution is warranted here; there is a long
history of failure associated with technolog-
ical innovations. A technological change as
simple asreplacing multifilament nylon gill
nets with monofilament nets permits day-

light fishing and can dramatically increase
catches, thereby depleting resources, over-
loading the marketing network and per-
haps reducing prices paid to the fishermen.
Short term gains such as increased produc-
tion may very well be followed by long term
losses in resource abundance, aamaged per-
sonal relationships between fishermen and
a less desirable income distribution.

1.6 SUMMARY

In sum, a hypothetical decision process
aimed at increasing ver capita consumption
of fresh fish was examined to demonstrate
its multi-disciplinary nature and the wide
variety of information required. Following
a brief discussion of the importance of socio-
cultural information in the next chapter, the
remainder of the guide will identify specific
information needs, the data from which the
information is derived, and appropriate
data collection methods.

® The plight of the remaining fishermen i8 not necessrrily any better after a reduction in total effort. This is discussed in

Chapter III.



Chapter 11

THE IMPORTANCE OF SOCIOCULTURAL
INFORMATION

2.1 INTRODUCTION

Although numerous studies have indicated
that the succeas or failure of fishery develop-
me-t projects depends largely on
sociocultural factors, they are often over-
looked when development projects are being
planned. The rationale for biological and
economic information is relatively well
developed and widely accepted. This is not
the case, however, with respect to sociocul-
tural information. Sociocultural informa-
tion has two important functions in fishery
development. In addition to addressing
dsvelopment and management issues, it
facilitates economic and biological data col-
lection. Identification of social groupings of
fishermen, their informal and formal lead-
ership patterns and their systems of com-
munication provide information which can
be used to structure effective data gathering
systems while increasing the likelihood of
obtaining the cooperation of the fishermen.

2.2 RELATIONSHIP BETWEEN
TECHNOLOGY AND SOCIAL
ORGANIZATION

Several aspects of small-scale fishery tech-
nology result in social relationships that
differ somewhat from those found in agrar-
jan social groups. It is therefore important
to examine the relationship between small-
scale fishing technology and certain
aspects of the ownership of equipment, as
well as work-group and non-work-group
structure and the degree of social stratifica-
vion. An understanding of these relation-
chips allows one to predict potential costs
accompanying alternative processes of
technological change, and thus enables the
planner to weigh these costs against the
benefits of introducing the technology.

In earlier papers, Pollnac (1982; 1979), draw-
ing on available literature and research
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experience, developed a model which indi-
cated that vessel size and complexity affect
both crew size and the recruitment of crew
on the basis of skill. It should be noted, how-
ever, that more efficient equipment which
reduces necessary crew size may result in
unemployment and increased social strati-
fication. The model also indicates that
crews are often selected on the basis of
social criteria such as kin group member-
ship. Small-scale fishermen work-groups,
however, tend to be egalitarian in structure
due to the fact tha: many shipboard tasks
require close cooperation between fisher-
men. These close interdependent ties
between crew members often result in the
formation of male groups ashore based on
the work-group which prevails at sea.

Furthermore, the model notes that the gen-
erally low cost of small-scale fishing tech-
nology, the impermanent nature of the
equipment (due to the destructive nature of
the sea) and the close on board cooperation
which is required usually result in little
social distinction between owner and
laborer within small-scale fishing groups.
Nevertheless, as equipment costs increase
due to increased size or complexity, the like-
lihood of ownership by individual fisher-
men decreases, thus promoting the
development of social stratification and
inequality. Additionally, increased costs of
capital equipment often lead to the develop-
ment of financing specialists. Finally, as
production increases, there is an increasing
need for distribution and processing
specialists.

The relationships between these various
aspects of small-scale fishing technology
and social organization are illustrated in
Figure 5. Data are neeced at all pointsin the
decision-making procees in order to predic*
changes that will result f:om a given tech-
nological change. To predict changes, it is
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necessary to evaluate the technology in
terms of its complexity, labor requirements,
cost, and productivity - variables vhich
play key roles in the relationship between
technology and social organization.

At this stage of the discussion it is perhaps
appropriate to introduce several examples
which will demonstrate the interrelation-
ships between technological and institu-
tional changes and aspects of social
organization contained within the model. A
study conducted by Fraser (1966) among
Malay fishermen of South Thailand pro-
vides a good example of the impact techno-
logical change can have on work groups
and community social structure.

Traditionally, the Malay fishermen of
Rusembilan relied on oars and sail to take
them to their fishing grounds. In 1956,
groups of boat owners and steerers (tradi-
tionally a high status position in the boat
crew) dominated deliberations concerning
the best way to motorize the fieet. They
decided to introduce tow boats to take fish-
ing vessels to fishing areas and bring them
back. Groups of boais formed tow groups
associated with a particular tow boat. This
new technology immediately placed consid-
erable strain on the traditional social
syfntem.

First, membershipin tow groups meunt that
individual boat crews and steerers lost their
previous independence with regard to locat-
ing fish and timing the return to market.
Second, after a period of poor ﬁshing,\. wives
of members of the more skillful boat'crews
realized that they were subsidizing less suc-
cessful crews since shares were based ¢n the
tow group’s total catch. Fraser (1966) "{wtes
that this situation had broad repercusgions
in other areas of community life. It resilted
in overt hostility between women, and tela-
tions between men became strained. {The
coffee shops, which were the focus for com-
munity decision-making groups and ayso-
ciated with boat crews, manifested; a
marked drop in attendance, reflecting the
social strains. Attendance at coffee shdps
never fully recovered. Further, trad’ ionpal
village authority figures, the orang biik
(morally good man), were involved }in
ownership of tow boats and their operati¢n.
Thus, the chief source of authority ahd
means of maintaining village control w{re
undermined. Finally, because the religicjus
leaders of the village remained aloof frdm
the changes, their status increased. Bef¢re
long the strains became too great and the
tow boats were eliminated.
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The return to individual fishing did much to
restore good relations, but the degree of com-
munity organization which was originally
based on boat crew memb rship and the
traditional authority of the orang baik
(whose traditional status depended on boat
group affiliation) was never regained.
Further, he introduction of nylon nets and
individual motorized vessels reduced the
need for a large crew; nevertheless, the
crews were kept larger than necessary in
keeping with traditional crew structure.
Fraser (1966) argues that the maintenance
of large crews plus decreasing catches
undermined the sense of pride that tradi-
tionally characterized crews. This decrease
in group solidaricy reduced the relatively
high status of the steerer and, hence, his
status in the community at large. Thus, a
change in technology that was poorly
adapted to the traditional social structure of
work was rejected, and the negative impact
on the social structure of the community
was never totally corrected. Furthermore,
labor saving technological innovations
were ineffective because the fishermen were
unwilling to use fewer than the traditional
number of crew members.

A similar reluctance to change work-group
structure was recently reported for small-
scale fishermen in Malaysia. Sabri (1977)
notes that although winches were installed,
thus reducing the number of fishermen
needed on a vessel, traditional crew size was
maintained to provide employment for
members of the extended family. In another
area of Malaysia, however, Yap (1977)
reports that improved technology resulted
in a reduction in crew size and significant
unemployment ar.ong fishermen with no
alternative occupations. This impoverished
class of unemployed fishermen, of course,
increased the degree of social stratification
within the fishing community as the model
would predict.

2.3 ACCEPTANCE OF CHANGE AND
THE SUCCESS OF DEVELOPMENT
PROJECTS

In order for production to increase as the
result of introducing new technologies or
new fishermen into the fishery, the partici-
pants in the fishery system must be willing
to accept change (see Figure 4). Itis obvious,
but often overlooked, thatifthe participants
refuse to cooperate, development projects
will not succeed. Often this reluctance to
cooperate is based on rational considera-
tions which can he accounted for when
designing the project if they are known



beforehand. It is therefore necessary to
assess the at’itudes, beliefs, and values of
the participants towards the proposed
changes. Consideration of these factors in
the early planning stages is an important
ingredient in project success.

If attitudes toward change are negative,
ther: it is essential to determine why and
attempt to adjust the changes in order to
satisfy the perceived needs of the people. If
attitudes are positive, then success in the
use of a new technology or the addition of
more fishermen depends on the availaoility
of skilled personnel - another decision point
where detailed information is needed (see
Figure 4). If there are not enough skilled
personnel, some sort of training program
should be considered to either retrain exist-
ing fishermen in the use of the new technol-
ogy or teach unemployed people how to fish.

2.4 TECHNOLOGICAL CHANGE,
PURCHASING POWER AND SOCIAL
STRATIFICATION

Once sufficient skilled personnel are availa-
ble, the only remaining obstacle which
could still prevent fishermen from utilizing
a new capture technology is their ability to
purchase the equipment. If sufficient funds
are not available, methods for extending
credit must be considered. If the distribution
of capital is very unequal, the introduction
of new technologies could result in
increased social stratification, a process
which ig often accompanied by other social
problems (Pollnac, 1976). In many cases the
only individuals who can effectively take
advantage of new opportunities are those
who are already wealthy and the new tech-
nol~gy only enhances their situation in rela-
tion to others. The model presented in
Figure 5 outlines the relationship between
technological change, equipment cost,
equipment ownership patterns, and social
stratification.

Once again, some examples from fishery
development projects are in order. Epple
(1977) provides a good example of how
mechanization, because of the increased
price of capital equipment, altered patterns
of fishing boat ownership on Grenada. Prior
to mechanization, 90 percent of the fisher-
men owned their own boats. Following
mechanization this figure dropped to 25 per-
cent. Sabella (1974) also noted that as Peru-
vian small-scale fishermen began to depend
on expensive, highly specialized equipment,
their formally egalitarian community
began to manifest signs of social stratifica-
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tion. Finally, among Malay fishermen
increased costs of productive equipment
associated with modernization has pro-
duced a class of equipment owners.

Firth (1966) has noted that although equip-
ment modernization has resulted in greater
economic returns to the entire fishery,
increasing capital costs have led to a
marked drop in the percentage of earnings
going to thelabor force. Despite the fact that
the fishermen have become, in etfect,
employed laborers in the new system, they
are treated as participants in a common
enterprise and thus not put on a regular
wage basis. Their income is still based on a
share of the catch. Specifically, Firth (1966)
has noted that among the Malay fishermen,
costs are removed from the catch before
shares are calculated; thus, given the perio-
dic nature of production in the marine envi-
ronment, fishermen often receive next to
nothing. He therefore reports that in 1963,
the fishermen were in a less advantageous
position than when he first studied them in
1939-1940, and that the entrepreneurs were
much more economically powerful than
their predecessors of a generation earlier.

Even when governments are aware that the
high initial costs of new technologies can
increase social stratification, problems
often persist and increased disparity in
wealth results. For example, Alexander
(1975) reports that in Sri Lanka the govern-
ment was aware of financing problems
associated with costly new fishing technol-
ogy, so they introduced a hire/purchase
scheme. Individuals who took part were
selected by ballot from qualified applicants.
The individual fisherman had to provide a
deposit and received a governmeut loan,
repayable over five years, to purchase a
boat hull with an engine. Unforeseen prob-
lems developed, however.

First, the deposit, in combination with the
fact that the loan covered vessel and engine
but not gear, meant that the fishermen had
to borrow money from private .~oney lend-
ers. Second, the new equipment deteriorated
faster than the old, and there was no provi-
sion for maintenance funds. Third, loan
repayment was not related to the value of
the catch - it was a fixed monthly payment;
thus, during periods of low production the
payment could exceed income. Neverthe-
less, production increased, so the govern-
ment viewed the project as a success and
invested more funds in it. The total income
to the fishing village increased, but prob-
lems began to appear.



Since the number of fishermen increased
little during the years after the new loan
scheme was first introduced, increased pop-
ulation size resulted in greater unemploy-
ment. New boats were introduced, but they
rightfully were made available only to
experienced fishermen. Important for our
discussion, however, is the fact that inexpe-
rienced new fishermen were recruited only
from the pool of relatives; therefore, few
opportunities existed for those ot related to
the boat owning elite to acquire the expe-
rience necessary to qualify for operating a
boat. The number of elite in the community
increased substantially with the bulk of the
population being reduced to the poverty
level. Alexander (1975) suggested that since
the elite have political power and control
recruitment to the most favorable occupa-
tions, the degree of social gtratification in
Sri Lanka will become even more markedin
the future. Increases in social stratification
have been attributed to similar factors in
other communities where costly innova-
tions were introduced (Norr, 1972).

Clearly, the introduction of new, relatively
costly technologies can result in income dis-
parties and associated increuses in social
stratification. If such a situation is deemed
undesirable, then technique) to extend
credit to poor fishermen should be investi-
gated. If local organizations (such as devel-
op.nent banks and fishermen’s
cooperatives) for credit ext=nsion exist, then
they should be used. If not, locally appro-
priate solutions should be developed, ideally
using traditional organizations if they exist
(Siebel & Massing, 1974).

The distribution of wealth is closely related
to the distribution of power in a community.
In addition, the process by which reciprocal
obligations form the basis of business and
social transactions may be affected. Unless
these aspects of the social structure are
investigated in advance, the credit systems
which are designed may be inadequate and
it may not be possible to anticipate potential
problems. In some communities, attempts
by development agencies to introduce costly
fishing technology in a manner which
would possibly reduce the potential for
increased social stratification by avoiding
traditional equipment owners and money
lenders have failed due to the fact that
fishermen viewed the tiaditional patron-
client relationship as legitimate and the
government’s planned intervention as ille-
gitimate. For example, Emmerson (1975)
describes a development program in
Indonesia where a more complex, expensive
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technology was to be introduced to indigen-
ous fishermen using a plan wherein crew-
men would collectively own the equiprnent.
Traditionally, crewmen were bound to a
boat by an interest-free permanent “loan”
provided by the boat owner. The boat owner
was bound to a money lender by a similar
arrangement. According to Emmerson, the
participants did not perceive the relation-
ship as exploitative - it was one of reciprocal
obligations, freely engaged in, and viewed
as being fair. When this traditional system
was threatened by the introduction of the
new equipment, the fishermen destroyed
the equipment and assaualted a project
administrator.

Other problems with the extension of credit
can be related to the fishermen'’s perception
of the immediate source of the loan. For
example, in one fishery development project
in Malaysia, the source of credit for the
fishermen was a government sponsored
institution (a cooperative). Many of the
fishermen in the region reasoned that since
the function of the government was to help
thera, theloans were like charity anddid not
have to be repaid (Narkswasdi, 1967). As a
result, the loans and the equipment that
was provided were considered as gifis and
the project encountereu serious difficulties.
It should be clear that the determination of
locally appropriate structures for extending
credit to fishermen is crucial for project
success.

2.5.SUMMARY

In sum, the arguments presented in this
chapter along with examples drawn from
actual fishery developinent projects should
make it cbvious that sociocultural informa-
tion can play a critical role in developing a
fishery. Techniques for obtaining this infor-
maticn are discussed elsewhere in this
guide.



Chapter 111

INFORMATION REQUIREMENTS

3.1 INTRCDUCTION

The analysis and interpretation of data pro-
vide information. Data are collected and
compiled in a series of steps and in the pro-
cese become more and more refined until
they form the elements of an analysis. For
example, estimates of the quantity of fish
captured by an individual vessel using a
particular gear type, when combined with
similar data from trips made by all vessels
which use thesame geartypeduring agiven
time interval, are transformed into annual
catch statistics. A time series of annual
catch data is combired with fishing effort
data for corresponding years and is ana-
lyzed to provide an estimate of the maxi-
mum quantity (weight) of fish which can be
harvested every year which will not
endanger the ability of the resource to
replace losses caused by fishing and natural
mortality (predation, disease, etc.). The
kinds of information which are required
depend on the types of analysis which are
performed, the nature and quantity of the
available data and the management
and/or development objectives which are
being pursued.

Decisions concerning what types of infor-
mation should be obtained ultimately
depend on theresources which are available
for collecting, compiling and analyzing
data and the anticipated costs and benefits
of different data collection procedures. Pre-
dicting the usefulness of different types of
information, however, can be difficult.
Thus, a good strategy is not to rely on a
gingle type of information, but rather to
compile several different types of informa-
tion at the same time, taking advantage of
alternative data sources and collection
procedures. Later, less useful or reliable
information caa be eliminated and data col-
lection efforts can be reduced. Another good
strategy is to compile information which
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has multiple uses in the decision-making
process.

The purpose of this chapter is to describe a
mininum set of biological, economic and
sociocultural information which should be
available in any developing country where
small-scale fisheries are practiced. This des-
crip ion is not intended to include all the
possible types of information which might
be important in any particular situation:
such a task would be impossible. Nor is it
intended to recommend certain types of
information as being more important than
others since the selection of necessary infor-
mation depends on management or develop-
ment priorities and objectives which apply
in any particular situation.

This minimum set of information can be
defined on the basis of its usefulness in eval-
uating the feasibility of intervening in the
fishery and predicting the impact of man-
agement and development efforts. Interven-
tions may be made at any point in the
fishery system, but we are concerned only
with interventions which affect the resource
and harvesting activities and the informa-
¢tion which is needed to evaluate them. The
emphasis is on evaluating theimpact of var-
jous proposed changes before they occur,
not after. It is also important to peint out
that most of the information which is des-
cribed in this chapter is generated from data
which are collected from the resource and
harvesting sector of the fishery. The nature
and usefulness of economic information
from other sectors of the fishery are dis-
cussed in section 3.4.

Data which are needed to satisfy this min-
imum set of information needs are described
in Chapter IV and relevant data collection
methods in Chapter V. A strategy for effec-
tive mnuitidisciplinary data collection is
presented in Chapter VI. Analytical proce-

Previous Page Blank



dures are rot described in detail at any point
in this gi.:de although particular analyses
which produce useful information are men-
tioned. As has been pointed out already in
Chapter I, much of the information which is
required is multidisciplinary in nature.
Nevertheless, the diccussions of informa-
tion and data needs and data collection
methods which follow in this chapter andin
Chapters IV and V are organized according
to biological, sociocultural and economic
issues.

Some of the terminology which is used in
the following discussions is fairly technical
and may be unfamiliar to many readers.
Nevertheless, in order to describe the infor-
mation and data which are needed to formu-
late sclutions to small-scale fishery
development and management problems,
we feel this kind of language is necessary.
Whenever possible, specific terms have
been defined and references to additional
information have been included.

3.2 BIOLOGICAL/ECOLOGICAL
INFORMATION

3.2.1 Fishery Resources

The structure and operation of any fishery
is dependent on the resources which are
harvested. Fishery resources are defined
according to the species and sizes of fish
which are captured, the gear which is used
and the processing and marketing practices
which are followed in making fisk available
to the consumer. A pelagic purse-seine
fishery, for example, harvests small school-
ing fish at or near the surface which may be
canned for human consumption or reduced
to fish meal or oil, while a bottom longline
fishery harvests demersal (bottom) fish
which are usually marketed as fresh or fro-
zen whole fish or fillets. Small-scale fisher-
ies generally produce a great variety of fish
in relatively small quantities which are usu-
ally marketed as fresh fish. A resource may
be defined to include a number of species
which are harvested by the same gear, or
the term may be applied to a single species.
Ultimately, however, the biologist is con-
cerned with single species populations or
with populations made up of several species
which share certain common biological
and/or ecological characteristics which

make them equally vulnerable to exploita-
tion by the same type of gear.

3.2.2 Unit Stocks

The ideal management unit is the unit
stock, a term applied to a resource which is
exploited in a particular geographic loca-
tion and whose individual members
respond similarly to fishing pressure. Thus,
a group of fish with similar natural mortal-
ity, birth and grewth rates will not be
depleied at the same rate as another stock
with different characteristics which is
exposed to the same amount of exploitation.
A single species distributed over a fairly
wide geographic arca may therefore be
made up of several unit stocks. By the same
token, a unit stock may include more than
one species. In practice, unit stocks are diffi-
cult toidentify on purely biolegical grounds,
and managers are forced to d:fine them on
the basis of available information. As more
information is obtained, unit stock defini-
tions may be revised. Unit stock identifica-
tion is particularly impractical in tropical
small-scale fisheries since so many species
are frequently exploited in the same areas
with the same gears and since so little is
known about their biology. In addition,
some species (coral reef fish, for example)
are characterized by extremely patchy spa-
tial distributions.

3.2.3 Background Information

General biological information which is
needed in order to determine what resources
are exploited includes a knowledge of the
species, sizes and relative quantities of fish
which are harvested by each fishery. Eco-
logical information should include some
basic understanding of the physical habitat
and the ecosystem which supports the
resource (i.e. the environment in which it
exists and other organisms upon which it
depends for food, which act as pradators or
which compete for the same prey), and an
evaluation of the sources and extent of pri-
mary production which provide the organic
matter necessary to sustain population
growth. The potential maximum yield
which can be expected from any resource
and its vulnerability to fishing pressure are
largely functions of its role in the ecosystem
and its life history characteristics.!

' Energy is dissipated at each successive stage in the ecosystem so that smaller herbivorous fish which feed directly on
plant material, for example, produce larger populations than larger carnivorous fish which do not have as much food
available to them. Furthermore, species which invest more energy in growth than reproduction tend to produce popula-
tions with large numbers of small, short lived individuals which should be harvested in bulk at relatively young ages.
Species which invest more energy in reproduction than growth tend to produce populations with a fewer number of large,
long lived individuals which should he harvested selectively at relatively older ages. Species which are adapted for slow
growth, lavge individual size, Inte maturity and greater longevity are generally more sensitive to fishing pressure.
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3.2.4 Resource Assessment

Once this background information is avail-
able, some kind of resource asgessment can
be performed. Assessments should reveal
whether or not the resource(s) is (are) over-
exploited, i.e. has fishing caused the mortal-
ity rate of the exploited population to exceed
the natural rates of growth and recruitment
go that the maximum rate of population
growth (and therefore the maximum
sustainable yield or MSY)is no longer being
achieved, or has the size of the spawning
population been reduced so much by fishing
that the recruitment of young fish to the
exploiiable population has been severely
reduced?? Resources are usually reduced
below the size which produces MSY when
heavy fishing pressure is combined with
poor recruitment. Maximum sustainable
vield is theoretically attained at half the
unexploited population size (see Figure 2).

Recruitment is a function of the number and
age of spawning adults in the population
and environmental conditions which affect
the survival of eggs, larvae and juveniles.
Given the extreme variability in the envir-
onmental factors which affect recruitment,
a stock which has been heavily exploited
may suddeniy “collapse” when a period of
poor egg production corresponds with a
period of unfavorable environmental condi-
tions which reduce the survival of eggs, lar-
vae and juvenile fish.

If the resource is overexploited, a reduction
in effort or regulations which impose limits
on the quantity or sizes of fish captured can
result in increased production. If the
resource is underexploited, development of
the fishery (i.e. an increase in effort) is a
more feasible alternative. Any manage-
ment strategy should ensure that the popu-
lation is maintained at a large enough size
to protect against sudden ‘“‘recruitment fail-
ure,” i.e. at more than one half the unexplo-
ited population size.

Resource assessment may take the formofa
qualitative preliminary assessment which
simply indicates whether or not overfishing
is a problem or a more sophisticated quan-
{itative assessment which requires a great
deal more information. Regardless of how it
is defined, resource assessment is actually a
continuous process since the information

which is required for a preliminary assess-
ment may also be useful in theinitial stages
of a more detailed assessment.

Quantitative assessments — if successful —
indicate the degree to which resources are or
are not overexploited and can be used to
predict gains in production which can be
expected as a result of certain management
strategies. Quantitative assessments are
expensive and time consuming. The data
required for analysis are often not available
and even when they are, the results may be
inconclusive. In many cases, therefore, less
rigorous preliminary assessments must be
relied upon for determining whether or not
the resources are sufficiently large to sup-
port an expanded fishery.

Ideally, resources should be evaluated
before they are overexploited. In practice,
concern over the effects of increased exploi-
tation is seldom expressed until catches
begin to decline. In these cases, sufficient
information necessary for an assessment
may not be collected in time to prevent over-
exploitation. Even in situations where
assessment data such as catch and effort
statistics are availeble for a number of
years, the analysis and interpretation of
trends in the data is much easier when the
early years of the fishery — when popula-
tion size was large — are equally repre-
gented with the later years after the resource
was depleted.

Increases in fishing effort frequently take
place in the absence of any resource assess-
ment, either as a result of the naiural devel-
opment of the fishery or following a
deliberate intrnduction of more efficieat
fishing gear by a development agen .y. The
failure to evaluate exploited resources —
even qualitatively — before major develop-
ment projects are implemented can have
gerious consequences: major increases in
fishing effort over a short period of time can
lead to the collapse of stocks which are
already under extreme fishing pressure.

3.2.4.1 Preliminary Assessments

Preliminary assessments are very simple
exercises which are designed to answer the
questions “is the resource more heavily
exploited now than it has been in the past”
and “will additional fishing pressure most,

2 These two types of overfishing are referred to as growth and recruitment overfighing, respectively. Recruitment is
defined as the number of young fish which survive to reach a size where they can be harvested by the gear in use. In
recruitment overfishing, excessive harvesting results in the capture of so many immature fish (fish which never havean
opportunity to reproduce) that the rate of population increase is reduced to below the size which produces the maximum
sustainable yield.
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likely lead to reduced or increased produc-
tion?” Answers to these questions must
come from an examination of historical
changes in landings {and effort, if such data
are available) and information concerning
the species and sizes of fish which are har-
vested by particular gear types. Often, such
information must be based on the recollec-
tions of fishermen or other people who are
knowledgeable with the fishery. Some-
times, historical catch and effort statistics
are available.

In situations where resource depletion is
clearly not serious, attempts to increase pro-
duction can proceed without the immediate
necessity to conduct a more thorough
assessment. Positive indications that the
resource is not in danger of overexploitation
include: 1) no overall downward trend in
landings for particular species or groups of
species with time, 2) a tendency for
increased effort (number of fishermen or
boats) to produce increased catches, 3) a ten-
dency for increased effort to produce either
the same or increasing catch per unit effort,
4) nodramatic changes over timein the rela-
tive abundance of different species caught
by a particular gear, and 5) no dramatic
reduction in the average size of individual
species captured by a particular gear over
time.

A decision that a more detailed assessment
was not urgent could be based simply on the
observation that fishermen who have tradi-
tionally fished for particular species in a
particular area have no trouble catching ail
the fish they want. It is important to bearin
mind, however, that just because resources
seem o be abundant and there is no urgent
need for a more detailed resource assess-
ment does not mean that a new assessment
will not be necessary sometime in the future
as fishing pressure increases. Any decision
to increase production from exploited or
underutilized resources should be accom-
panied by a commitment to collect the
necessary quantitative data for a later more
complete resource assessment.

Other important elements of a preliminary
assessment could be 1) an estimate of the
productivity of the ecosystem and the yield
that can be expected of important commer-
cial species according to their role in the
ecosystem and their life history strategy,
and 2) the extent and location of accessible
fishing grounds. Again, quantitative data
are not required. It may suffice to know that
the current yield of a pelagic species which
feeds on phytoplankton is only half (or dou-
ble) what is to be expected on the basis of
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known primary pzoduction rates and
assumed rates of energy trinsfer from pri-
mary producers to herbivores or that the
catch of demersal fish from a knov. n areaof
bottom is much mere or much less than can
be expected based on catch per unit area
estimates from other similar fisheries in
similar habitats.

Indications of extreme resource depletion
are much easier to detect. There is usually
an obvious increase in the number of fisher-
men, boats or gear which are active in the
fishery over a period of five or ten years.
Increased effort is accompanied by reduced
total catch or by very noticeable changes in
the species composition of the catches
and/or the mean size of individual species
which are captured. If total catch has not
yet begun to decline, it will have remained
more or less su:ble despite increases in
effort; thus, catch per unit effort (CPUE)
will be declining in response to effort
increases. Fishermen complain that they
can't catch as much as they used to; the fish
are smaller and the higher quality species
are less abundant. In this situation, it would
be a mistake to encourage additional fish-
ing effort until a more thorough resource
assessment has been completed.

3.2.4.2 Quantitative Resource
Assessment

More detailed resource assessments require
more specific quantitative information and
more sophisticated analytical procedures.
In this mode, resource assessment follows a
well established series of analytical steps,
each of which requires estimates of certain
parameters which are defined by a concep-
tual model. Two general types of models
which are frequently used for stock assess-
ment purposes are: 1) the surplus production
model and 2) the dynamic pool model. Both
of these models are equilibrium models in
the sense that the size of the exploited stock
(which is a function of its rates of growth,
natural mortality and recruitment) and the
yield which that stock will support are
assumed to reach an equilibrium with any
given level of fishing effort or mortality.

3.2.4.2(a) Surplus Production Models

Surplus production models require at least
four or five successive years of catch and
effort data for a given unit fishery (defined
in terms of the species captured and the gear
used) which ideally represent a range from
low to high effort. These models have been
applied on a “total biomass” basis (all
exploited species combined) and to individ-



ual species populations. Surplus yield is
considered conceptually as a function of
population size (see Figure 2) and analyti-
cally as a function of effort. Model parame-
ters are estimated from plots of CPUE
versus effort.” A common resource manage-
ment objective is to maintain MSY — a
point defined by the peak of the yield curve
shown in Figure 2. Management is aimed at
adjusting effort in order to maintain a stock
size which produces MSY. Surplus produc-
tion models are particularly amenable to
either biological or economic analysis since
total revenue rather than total catch may be
examined as a function of effort and
because costs can easily be factored into the
model (see section 3.4).

3.2.4.2(b) Dynamic Pool Models

Dynamic pool models are of various types.
The original model (Beverton and Holt,
1957) considers surplus yield as a function
of the rates o€ growth, recruitment and mor-
tality for individual unit stocks. Using esti-
mates of these biological rates of change
plus other parameter estimates derived
frcm age or size composition information,
the model predicts yield as a function of the
age or size when fish are first captured and
fishing mortality. Maximum yield results
from the proper combination of age or size
at first capture and fishing mortality. Man-
agement is aimed at adjusting the sizes of
fish captured (by changing mesh size in a
trawl or a gill net, for example) or the
amount of fishing mortality. In practice,
changes in fishing mortality must be
related to changes in fishing effort since
there is no direct way to regulate fishing
mortality.* Yield is evaluated ar, the weight
which can be harvested from each individ-
ual recruit when reliable estimates of the
number of recruits futering the population
are not available. Th:s version of the Bever-
ton and Holt dynamic pool model is called
the yield per recruit model.

Besides modifications in the original Bever-
ton ar.d Holt model which pe:mit the use of
gize instead of age-speciiic parameters
(Holt, 1962), other modifications make it
possible to use estimates of mortality to
growth ratios (Kutty, 1970), thus making

the model more adaptable to situations in
which separate estimates of natural mortal-
ity (M) and growth (K) are not feasible.
Furthermore, the compilation of size infor-
mation and M and K estimates for individ-
ual species and unit stocks (Pauly, 1978;
1979) has led to the derivation of empirical
equations which relate growth rates to max-
imum size and natural mortality rates to
growth, size and mean environmental
temperatures for individual species or
stocks (Pauly, 1979; 1980a and b). Earlier
work by Beverton and Holt (1959) demon-
strated that individual taxonomic groups
(families, genera) were characterized by a
more or less constant M/K ratio, thus mak-
ing it possible to estimate M or K for an
individual species belonging to a given tax-
onomic group when an estimate of only one
parameter is available. These procedures
represent “shortcuts” for estimating popu-
lation parameters which can be considered
when available data are limited.

3.2.4.3 Selection of an Appropriate
Yield Model

Each of the yield models mentioned so far
has certain advantages and disadvantages
associated with it which should be consi-
dered when selecting an appropriate model
for a particular resource evaluation. Simpli-
fying assumptions which apply in each case
should be examined carefully and results
interpreted accordingly. The use of a partic-
ular analytical approach also depends on
the biological characteristics of the orga-
nism(s) which is (are) exploited and the kind
of data which are available or which can
easily be obtained.

A major advantage of the surplus produc-
tion model is thatit does not require detailed
biological data; a major disadvantage is
that in order to make reliable yield esti-
mates, catch and effort data must be availa-
ble for several years and include a range
from low to high effort. Also, theimportance
of defining the fishing power of different
fishing gears and standardizing for
changes in capture efficiency over time
should not be underestimated. The yield per
recruit (Y/R) model requires a number of
parameter estimates, but analysis can be

+ There are two forms of surpl::groduction model which consider CPUE as a linear or an exponential function of effort.

The linear model was develo

of multiple functions to CPUE versus effort data.

by Schaefer (1954) and the e
addition, Pella and Tomlinson (1969) proposed a general versiono

xponential model by Garrod (1969) and Fox (1970). In
f the surplus production model which permits the fitting

1 Fishing mortality is defined in terms of the probability that any individual fish will dieasa result of exploitation during

a particular time period.



based on estimates collected during a single
year. Two major disadvantages of the yield
per recruit model are 1) that direct regula-
tions of fishing effort are not possible, and
2) recruitment is usually unknown. On the
other hand, if reliable estimates of all the
necessary biological parameters are availa-
ble, the Y/R model is a much more powerful
management tool since it allows for the
separate regulation of size selective fishing
gear (i.e. gear which captures fish in a cer-
tain size range) and fishing mortality.

3.2.4.4 Resource Surveys

Exploratory fishing surveys conducted
aboard commercial fishing vessels or
research vessels equipped with standard
commercial fishing gear can produce esti-
mates of resource abundance, distribution
and seasonal availability. Other types of
survey such as egg and larval surveys or
hydroacoustic surveys may be applicablein
some situations for some species, but are not
as frequently applied as exploratory fishing
surveys, particularly in the assessment of
small-scale fishery resources. Egg and lar-
val surveys (see Swmith and Richardson,
1977) require a large number of samples to
overcome problems of extreme statistical
variability and also require knowledge of
the fecundity (i.e. the average number of
eggs produced per female of a given size) of
the species which are being studied, the
identification of eggs and larvae (preferably
by species), the exact timing of spawning
and the rates of egg and larval mortality
between the time of spawning and sam-
pling. Hydroacoustic surveys (See Burc-
zynski, 1979) are more applicable to
schooling species whose identity can be
deduced from the nature of the acoustical
signal which is produced: verification is
usually necessary and requires the use of a
vessel equipped with some kind of appro-
priate capture gear. The use of data
gathered by remote sensing gear placed
aboard aircraft or even satellites can be use-
ful for purposes of ‘mapping sea surface
temperatures or chlsrophyll concentra-
tions, but direct applications for resource
assessment are not feasible at this point.
Finally, it should be remembered that any
kind of resource survey, including explora-
tory fishing, is expensive. Further discus-
sion of resource surveys in this guide is
limited to exploratory fishing surveys.

There are two types of exploratory fishing
survey: 1) surveys which simulate commer-
cial fishing operations and 2) surveys which
estimate stock size or biomass. Simulated
commercial fishing surveys are carried out
on new fishing grounds (or using new har-
vest techniques) and are intended to demon-
strate whether or not commercial fishing on
these previously unexplored grounds (or
using new techniques) is feasible. The objec-
tive is to maximize catch rates by locating
the most productive fishing grounds (or by
using the most efficient harvest technol-
ogy); no attempt is made to obtain areliable
estimate of the mean catch rate for the
entire area inhabited by the stock. Catch
rates obtained from simulated commercial
fishing surveys therefore provide an overes-
timate of total resource abundance. Surveys
which are intended to produce reliable esti-

‘mates of stock size must be designed so that

individual catches are made at randomly
selected stations over the entire survey area
during all seasons of the year since resource
abundance can be expected to change both
as a result of location and time of year.” In
addition, it is critical that a standard gear
type is used and a standard fishing proce-
dure is followed on each sampling occasion.

Estimates of stock biomass can only be
inferred from catch rates (weight/unit time)
if one knows: 1) the proportion of the total
stock biomass in a given area sampled dur-
ing a given period of time, and 2) the total
area which the stock inhabits. Procedures
for estimating capture efficiency and for
converting catch per unit time data to catch
per unit area data have been developed to
some extent for trawls which sweep a
known area of the bottom per unit time at a
given speed and which may or may not cap-
ture all the fish in their path. Trawl perfor-
mance depends on a number of factors such
as the size and design of the net and doors,
mesh size, towing speed, etc. Since trawl
surveys can only be relied upon to assess
demersal fish populations which inhabit
bottom areas where trawls can be towed,
they are not applicable for most small-scale
fishery assessment purposes. Wider appli-
cation of survey techniques to tropical
small-scale fisheries will require the use of
other gear types and the development of
suitable methodologies. Further discussion
of exploratory fishing methods will there-
fore not be included in this guide; the reader

5 Ideally, the survey area should include the entire area inhabited by the stock, or that proportion of thetotal area whichis
routinely fished by the commercial fleet. In practice, biomass can only be estimated for the area which was in fact
surveyed, i.e. the area within which sampling stations were randomly selected.



is referred to Mackett (1973) or Saville (1977)
for more information.

Even in situations where trawls can be used
to estimate biomass, estimates of maximum
sustainable yield are very approximate
since they are based on extremely variable
estimates of mean biomass and single esti-
mates of natural or ti::' mortality rates
which are frequently a;plied to all species
caught in the trawl, thus ignoring differen-
ces which may exist between species.®

3.2.4.5 Empirical Yield Models

Another group of predictive yield models
may be classified as empirical models.
These are models which simply establish
statistical correlations between variables.
They can be used to forecast catch based on
1) historical trends in catch and effort data
and an estimate of effort in the up-coming
year and 2) historical relationship between
catch (or recruitment) and some set of envi-
ronmental variables. These empirical mod-
els make no attempt to explain the
mechanisms which produce changes in
yield or to establish causality. Computer
simulations can be used to evaluate the sen-
sitivity of yield predictions to changes in
individual variables and combinations of
variables. These variables can include eco-
nomic and sociocultural factors as well as
biological ones. Because these models
require so much data and data processing
capability, they are usually not practical for
the evaluation of resources exploited by
small-scale fisheries in developing
countries.

3.2.4.6 Multispecies Fisheries

Considerable attention has been focused in
recent years on multispecies fisheries and
multispecies stock assessment. Conven-
tional models such as the Beverton-Holt
model and surplus production model were
developed originally for application to sin-
gle species populations. Since no species
exists in isolztion from other species in the
fishery or in the ecosystem, and since many
fishing gears exploit more than one — and
often many — species at once, attempts

have therefore been made to modify the con-
ventional models to include the effects of
species interactions such as competition for
food and space, predator/prey relations and
the exploitation of several — or many -—
species by the same gear. At the same time,
more attention is being paid to models
which do not assume constant survival
rates throughout the life cycle and models
which allow for random variations in
recruitment, growth and mortality rates.
Although these represent important advan-
ces in assessment, the models are diverse,
complicated, and require a great deal of
data, more than is generally available even
in developed countries, not to mention
developing ones. Even though this guide
describes data requirements and collection
methods which relate to unit stock (single
species) assessments, it should be emphas-
ized that these data can also be used for
multispecies assessments.

3.3 SOCIOCULTURAL INFORMATION
3.3.1 Introduction

As mentioned in Chapter II, sociocultural
information performs two functions: it facil-
itates the collection of biological and eco-
nomic data and is a key element in making
development and management decisions.
In this chapter, the types of information
needed are identified and divided into three
general categories. Individual data needsin
each category are listed separately and ref-
erenced according to the section in Chapter
IV where they are described in detail.

3.3.2 General Background Information

General sociocultural information is
required in order to understand the struc-
ture and function of a small-scale fishery
system (see Figures 3 and 4). If interven-
tions in the fishery are to succeed, thisinfor-
mation is crucial. Perhaps the most basic
sociocultural information which is needed
concerns the identification of groups
(4.2.2.1). If fishermen appear to belong to
distinctive groups (linguistic, religious, or
ethnic groups, for example) it is necessary to
determine where they are located and the

s Gulland (1971) proposed the following equation for estimating MSY for an unexploited population from estimates of

biomass and natural mortality:
MSY=05MBo .
where M = instantaneous rate of natural mortality

and B = the maximum (unexploited) population biomass as estimated from surveys.

This equation has been modified for use with exploited populations, i.e.

MSY=05ZBs
where Z = instantaneous rate of total mortality
B = the exploited population biomass.
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degrees of intergroup tension which exist
between them (4.2.2.2). Often, the design of
development projects will be influenced by
intergroup differences; if groups are identi-
fied during early stages of planning, it will
be possible to more realistically estimate
project costs (Cochrane, 1979).

After groups have been identified, the
numbers and locations of potential project
participants within these groups must be
determined (4.2.2.3). At this time it is also
possible to obtair information concerning
traditional communication channels
(4.2.2.4) which will facilitate other data col-
lection programs as well as enhance com-
munication of proposed changes (Pollnac
and Sutinen, 1980). Information needs at
this point include 1) level of development of
target communities (4.2.2.5), 2) occupa-
tional structure of the target region (4.2.2.6),
3) numbers of small-scale fishermen, both
employed and unemployed (4.2.2.7), 4) avail-
ability of alternative occupations for fisher-
men (4.2.2.8), 5) temporal distribution of
fishing effort (4.2.2.9), and 6) local knowl-
edge about fishing and fish (4.2.2.10).

3.3.3 Social Structure of the
Occupation

If a decision is made to increase production
by improving technological efficiency
rather than increasing the number of fisher-
men, then information needs indicated by
Figure 4 become essential. Basically, what
is required is an analysis of the social struc-
ture of the occupation of fishing and its
place in the social structure of the commun-
ity. The required data include 1) fishing
gear types and ownership patterns (4.2.3.1),
2) crew size and social composition (4.2.3.2),
3) criteria for crew selection (4.2.3.3), 4)
degree of occupational mobility (4.2.3.4), 5)
types of interaction between crew members
and between owner and crew (4.2.3.5), 6)
degree of on-and-off vessel occupational spe-
cialization (4.2.3.6), 7) relationship of fish-
ing groups with other social groups in the
society, (4.2.3.7), and 8) the local distribu-
tion of wealth? and power (4.2.3.8). This
information is also valuable if the number
of fishermen in the community increases,
but technology remains relatively
unchanged.

3.3.4 Innovation, Occupational Prefer-
ence and Training

Information concerning previous attempts
to introduce innovations, their type, and
their acceptance should also be gathered at
this time (4.2.4.1) as a means of evaluating
the potential for change as well as the most
effective means for accomplishing it. Atti-
tudes toward risk, change, and investment
(4.2.4.2) can also be evaluated at this stage
of the project. These will beimportant varia-
bles to be considered in the cost/benefit
analysis of the various technological
alternatives.

After the most appropriate technology is
selected, it is important to assess how the
expected changes which will follow are per-
ceived by individuals and groups which will
be affected. Often the new technology is
only one of many changes which are consi-
dered. For example, if the costs of the tech-
nology require that credit be provided, then
the expected methods for extending credit
also need to be evaluated prior to introduc-
tion (Pollnac, 1981).

If new fishermen are recruited to the cccupa-
tion, attitudes of non-fishermen toward fish-
ing should be assessed (4.2.5.1). If potential
new fishermen require training and if there
is a pool of individuals who wish to become
fishermen, then social and economic costs
and benefits of alternative training tech-
niques should be compared. This anaiysis
should recognize the importance of rsing
locally acceptable training techniques for
adults. It has been reported that training
efforts have failed for reasons as trivial as
inappropriate setting (Foster, 1973). Both
the recruitment and training of new fisher-
men should be treated as innovations
requiring information of the types listed
below.

In the situation where resources need to be
managed, information referred to above
(such as alternative occupations for fisher-
men and skill levels) will make the selection
of appropriate management procedures eas-
ier. It will, however, be necessary to obtain
information concerning fishermen’s atti-
tudes toward fishing as contrasted with pos-
sible alternative occupations (4.2.5.2) as
well as attitudes towards changes in income
(4.2.5.3). Proposed management strategies

7 Wealth refers to different things in different societies (Cochrane, 1979; Foster, 1973). In some, a wealthy man is one with
many r"ildren, in another, wealth is equated with the leisure time to fulfill social obligations, whilein othersit is equated
with the possession of certain material things (e.g., gold, religious statues, yams, cattle, etc.).
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(such as gear restrictions, closed seasons, or
gize limits) must also be treated as innova-
tions requiring the specific information
listed below.

As changes are intreduced, it is important
to evaluate the ways in which the following
attributes of the changes are perceived by
the fishermen: 1) complexity (4.2.5.4); 2)
compatibility (4.2.5.5); 3) relative advan-
tage (4.2.5.6); 4) trialability (4.2.5.7); and 5)
observability (4.2.5.8), (Rogers and Shoe-
maker, 1971; Pollnac, 1976). Individual
atiributes associated with innovativeness
(4.2.5.9) should be assessed at this time as a
means of identifying individuals who will
serve as appropriate subjects for demonstra-
tion purposes.

3.4 ECONOMIC INFORMATION

3.4.1 Introduction

Some of the more important reasons for
acquiring economic information about the
fishery system can be stated in general
terms. They include the need:

1) to understand how the system
functions;

2) to evaluate the potential of the fishery
to provide protein and employment;

3) to be better able to suggest and to evalu-
ate the potential impact of interventions, i.e.
of regulations and/or investment projects;

4) to determine the impact on the fishery
of development in other areas - especially in
the development of the industrial fishery.

In Chapter I we examined a series of deci-
sions that would have to be faced in
attempting to expand the fishery’s role in
supplying protein. A significant amount of
information would have been required to
determine if that goal were realizable, if the
interventions proposed would have the

- desired result, and if the entire process weie
worthwhile. Any particular intervention
would require information from many sour-
ces and the coordination of many ministries
or departments. We concern ourselves here
with information (this chapter), data (Chap-
ter IV) and collection procedures (Chapters
V and VI) particular to the fishery depart-
ment’s ongoing responsibility for small-
scale fisheries. This information forms a
core for project design and evaluation. For
detailed information on fishery investment
projects see Campleman (1976) and Eng-
strom (1974).

In this section of Chapter III we shall look
more closely &t economic forces at work and
see why information about them is impor-
tant. The qualitative results of using simple
bioeconomic relations will point out infor-
mation needs. We shall see that attempts to
help fishermen and consumers, to conserve
the resource and to rationalize the harvest
sector are often at odds with each other.

While the economic operation of the eritire
system connects suppliers of inputs to fish-
ing at one extreme and the consumers of
fish at the other, the primary focus of what
follows will be on the economic cperation of
the harvest sector itself. For the purposes of
this guide we define this to be limited to the
purchase of inputs by fishermen, the fishing
or harvesting process and the sale of output
to middlemen or consumers (see 4.3.1). It is
not our purpose to explain the analyses
which are commonly used to obtain this
information. Detailed explanations existin
several sources and they will be referenced.

3.4.2 The Bioeconomic State Of
Harvesting

3.4.2.1 Open Access

An open access fishery is onein which there
is freedom to enter and exit — freedom for
an individual to take up fishing or leave it
depending on the opportunitics available to
him. Because of the opportunity this free-
dom offers, there is a tendency for open
access fisheries to overexploit the rescurce
in an economic sense. There is a tendency
from society’s, and not the individual fisher-
man’s, point of view for more labor and capi-
tal to be used in catching the fish than is
desirable. New investment pergists until the
total cost of catching the fish is equal to the
total revenue the fishermen receive for all
the fish during that year. This may occur to
the left of, at, or beyond MSY (Figure 2). We
will examine how an open access fishery
develops around a newly exploited resource
and how individual decisions lead to eco-
nomic and perhaps biological overexploita-
tion.

When a fishery is new, fishing represents an
opportunity for people to make better
incomes than they would normally. They
enter the fisheryin anticipation of receiving
better returns (or at least as good) for their
labor gnd invested money than they would
receive in the next best employment or
investment opportunity.? If local, regional

A We use opportunity here to mean those which can be taken advantage of. There may exist barriers- cultural, edvcational
or social - which prevent opportunities from being pursued. We will assume for now that there are no such barriers to

entering the fishery.



or national economic conditions are such
that current incomes are low, then the “nor-
mal” income may mear: subsistence farm-
ing, rural or urban unemployment. If we
assume that the selling price of our single
species of fish remains constant regardless
of how much is .0ld to middlemen and that
all fishing ope.ations are the same, then
Figure 6 represents a simplified picture of
two of the many possible alternate courses
of a new open access fishery through time. It
shows the annual total revenue (catch mul-
tiplied by its price) received for fish and the
annual total cost of catching the fish (effort
multiplied by the cost per unit effort) at dif-
ferent points in time.? We will first discuss
situation C, represented by the solid lines.

Initially there is a large quantity of fish to
be caught by relatively few fishermen. This
quantity is even larger than the quantity of
surplus production at MSY because fisher-
men are reducing the initial total popula-
tion as well as catching some of the surplus
production. As more people realize the
opportunity for larger incomes, they enter
the fishery. As more and more begin fish-
ing, the catch per unit effort begins to
decline. There are still above “normal”
returns to be made at, say, C’ but less so
than there were earlier. At C”, for the first
time, the total revenue of the entire fishery
i8 just equal to the total cost of catching the
fish. At C” the average fisherman is making
only a “normal” income. Because of the
delay in the apparent response of the stock
to fishing and because of the difficulty in
selling boats and gear, there are years of
disequilibrium in which the total costs
exceed what the fishermen receive for the
fish (e.g., point C'”). After a while, in our
sirnplified fishery, a somewhat stable equili-
brium is reached (at Ci).

The initial rate of response of the entrants
depends upon the perceiverl above normal
returns. If their incomes had been above
subsistence level, for example, and if the
method of fishing used were more costly
than in the case just described, the response
might have been quite different. An exam-
ple is given by situation A, represented by

the dotted lines in Figure 6. Note that the
equilibrium level of total revenue (and there-
fore catch) reached at point A1 is above that
reached at Ci. Nevertheless, at point Ai the
annual total revenue of the fishery is equal
to the annual total cost.

Figure 7 compares the annual revenue and
costs of an average lone fisherman at points
C’ and Ci respectively. The operating costs
are the same under both situations; how-
ever, the incomes differ substantially. At C’
the average fisherman’s income is above
“normal.” It is composed of two parts: the
return which he would be able to earn in
other opportunities (his opportunity cost of
fishing) plus a share of the industry-wide
profits being earned (at C’ total revenue
exceeds total cost). At equilibrium point Ci,
however, these profits are gone. The aver-
age fisherman, given our assumption of
similar firms, is earning exactly the oppor-
thnity cost of his time and the opportunity
cost of his equity capital.!” '

The existence of the fishery-wide profits at
C, as at all the points before C’, drew people
into the fishery. The increased effort on the
resource gradually diminished catch rates
and, consequently, the revenues each fisher-
man received. People continued to enter the
fishery until there was no advantage in
doing so.

Points like A1 and Ci can be thought of as
points on the equilibrium yield (total
revenue) curve. Figure 8 shows two bioeco-
nomic equilibrium points and their asso-
ciated total cost (of effort) lines (cf.
Anderson, 1977). Where an equilibrium
point wiil lie relative to MSY depends on the
reproductive nature of the resource, the fish-
ing mortality inflicted on the resource by a
nominal unit of effort, the price received for
the fish and the cost of effort. Recall from
Figure 7 that these costs include a “normal”
return. In general, if the resource has a low
reproductive rate, or the nominal effort has
a large impact on fishing mortality, or the
price of fish is high and the cost of effort
(including the normal return) is low, then
the bioeconomic equilibrium point is more
likely to lie beyond MSY.

# We use “effort” here to mean nominal gffort such as total nuimber of days fished so that there is a correlation between
nominal effort and the number of people in the fishery. The cost per unit effort is assumed constant but differs between A

and C.

 Economists refer to this “normal” income available in other occupations as the opportunity cost. The opportunity cost
of fishing is the foregone returns available in the next best use of a person’s labor and money. Opportunity costis auseful
measure which helps explain why individuals switch occupations and/or investments. As such it can be used to predict,
for example, the supply of labor to an industry. The absence of alternate employment and/or investmen? opportunities is
an indication that people will persist in their wor'n./invesim 'nts perhaps in spite of poverty level incomes. Smith (1979)
examines this in relation to small-scale fisheries research issues.



L3

Annual
Total
Revenue
or Catch
and
Annual
Total
Cost

MSY|

TIME

Figure 6. Two possible courses of exploitation of an unregulated fishery. In situation Cthe price of
fish is higher,ptohe cost per unit of effort is lower and entry ceases l_atqr than in situation A..The
equilbrium catch in situation A, Ay, is closer to MSY than the equilibrium catch in C, C:. Neither

equilibrium is perfectly stable. At both A: and C! industry-wide profits are zero.
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Figure 7. Annual total revenue and annual total costs for an average lone fisherman in situation
C. At C' the fisherman earns greater than “normal” returns to his invested money and labor. At
C: his revenue is equal to his costs. His costs include his perception of the opportunity cost of his

money and time. All costs are considered in this example to be independent of the value of the

catch. Otherwise the costs at C' would be greater than those at C! (see 4.3).
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Let us assume that the fishery is in a state of
biological and economic overexpleitation
(point C: in Figure 8). C: is undesirablein a
biological sense because surplus production
is less than it could be. The equilibrium
stock size is likewise smaller and therefore
more susceptible to the effects of environ-
mental and/or recruitment variations. This
is not so at Ai. The economic conditions at
€1 are undesirable, but this holds for those
at A1 as well. In society’s view too many
productive resources are being used in both
cases to produce fish.

Let us examine the reaction of a biologically
and economically overexploited fishery to a
change in 1) the price of fish; 2) the price of
an input (fuel) and 3) a technological
change.!! If, after a campaign promoting
fish consumption, the price of fish were to
increase, the total revenue curve in Figure 9
would shift up (new price multiplied by
catch). A vertical gap would appear between
the new curve and the cost at the old equili-
brium, Ci. Fishery-wide profits would
become available again. Tc take advantage
of this profit, fishermen would fish more
and new fishermen would enter the fishery.
Catch per unit nominal effort would fall and
those profits would gradually disappear.
After a period of adjustment a new equili-
brium will be reached at C: At C: the
resource is even more overexploited in both
senses. The amount of men and money in
the fishery is larger than before and the fish
population smaller. Figure 9a shows the
reduced flow of fish as a result of the price
increase. An approximate indication that
the catch has been reduced may be obtained
by dropping a vertical line from the new
equilibrium C: down to the old sustainable
total revenue curve. The average fisherman
at C: is no better off than at Ci. In the long
run consumers, paying more for less fish,
are worse off.

Figures 10 and 10a show the long run
response of the entire fishery to an increase
in an input cost. If we assume that theinput
is fuel (though it could as well be ice or bait),
then the average cost of a day’s fishing
would increase. We indicate this in our pic-
ture of the harvest sector by rotating the
total cost curve up and to the left. A tempor-
ary condition is immediately created in
which the total cost of fishing exceeds the
total revenues. Given that we are using a
nominal measure of effort, the figure shows
a reduction in the number of days fished or

in the number of fishermen. We might argue
that some fishermen find that this
increased cost reduces their income below
their opportunity cost of fishing, i.e. they
have alternate opportunities which offer a
larger return; hence, they leave the fishery.
The actual response is likely to be much
more complicated. They might, as a group,
fish closer to their home ports or substitute
sail power for motor power. It is safe to say,
however, that inasmuch as fuel use is corre-
lated with etfective effort, less fuel use
would mean less pressure on the resource.
The long run result of either explanation
(shown as C)is that the stock size increases
and the flow of fish to market increases. As
we might expect, the remaining fishermen
are no better off than before. The mix of
capital and labor may have changed but, as
shown in the figure, the toial amount

-invested wil! have increased.

An increase in the cost of catching a given
quantity of fish can also be brought about
by the imposition of biological regulations
such as those that limit size at first captare.
Such regulations cause the temporary adop-
tion of harvesting inefficiencies. They
achieve some biological good however. The
long run effect of mandatory adoption of
larger minimum mesh size nets can be seen
in Figures 11 and 11a. The short run effects
are more clouded in thiz example than in
most of these long run scenarios. Because
the catch per day is initially reduced, people
may either leave the fishery immediately or
try to fish longer hours. The increased mesh
size being used by fewer total fishermen
results in significantly less pressure on the
resource. Gradually both the numbers and
size of the fish caught increase. Ultimately
profits reappear and people enier the
fishery. Profits exist even at the formerlevel
of nominal effort simply because the
resource has had an opportunity to rejuven-
ate itself. The level of nominal effort
increases until the profits disappear at the
new equilibrium Ci. In a sense this compli-
cated set of dynamics can be compared to an
imposed form of savings: current consump-
tion is delayed so that a larger (sustainable)
supply i3 available later. At Cs, however,
there is a larger investment by society in the
fishery and, perhaps, more people fishing.
And while the flow of fish to market has
stabilized at a higher level, the individual
fishermen, as in all of the situations des-
cribed above, have not benefited. Industry-
wide profit is zero.

11 Economists will recognize the limitations imposed by the straight line total cost function. For the purposes at hand,
responses to the changes in the examples will be shown as straight line changes while the text will discuss differential
impacts, suggesting different opportunity costs and inframarginal rents.
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Figure 8. Two cases of economic overexploitation. At A: there is no biological overexploitation
while at C: there is. In both cases industry-wide profits are zero. The per-unit cost of nominal
fishing effort is much greater along line A than itis along line C. The flow of fish to consumers is
the same in each case.
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Figures 9 and 9a. Long run response of an economically and biclogically overexploited fishery to
an increase in the price of fish. In the short run, industry-wide profits would appear directly above
C: attracting new fishermen and increasing the amount of fishing by those already in the fishery.
A new equilibrium will eventually be established at C: with greater overfishing and greater
overinvesitment of people and money in the fishery. In addition, the flow of fish to market will be
less at C: (Figure 9a).
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Figures 10 and 10a. Long run response of an economically and biologically overexploited fishery
to anincreasein the price of fuel. In the short run there will be less effort expended on the stocks as
fishermen either leave the fishery, fish less, fish less far from home, or switch methods of
propulsion. The stock will recover to some extent and catch per unit nominal effort will increase.
A new equilibrium will be established at Cs with zero industry-wide profits but a greater flow of
fish to market (Figure 10a).
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Figures 11 and 11a. Long run response of an economically and biologically overexploited fishery
to a larger minimum mesh regulation. In the short run the pressure on the stocks will decrease as
the less efficient gear catches fewer ana on average older fish. As the stock regenerates, industry-
wide profits will appear. New fishermen will enter or former fishermen will reenter the fishery.
The new equilibrium at C« shows a greater amount of nominal effort employed, larger sustained
yield (Figure 11a) and larger but equal total revenue and total cost of fishing.



Without redrawing Figures 9, 10and 11, we
can see the results of the raverse situations -
falling prices, decreased costs of nominal
effort, and more biclogically effective gear -
by starting with the new equilibria and
working backward. We should keep in mind
that all of these equilibria are of a long run
nature and are the theoretical end result of
the shorter run dynamics of firm and stock
adjustments.

3.4.2.2 Resource Rents and Owners

The “industry-wide profit above opportun-
ity cost” is often called the “resource rent.”
This rent is most easily thought of as the
total annual amount that an owner of the
resource could charge those using his
stocks. In some traditional societies in the
Pacific, fish resources are “owned” by cer-
tain coastal communities. These communi-
ties lease rights to fish to others in exchange
for goods and services.

For the purposes of explanation, let us
imagine a resource owner and assume that
he confronts a situation in which there is
both biological and economic overexploita-
tion of his resource. If, starting at a position
such as Ci in Figure 8, he were to charge a
small fee per pound of fish caught, some
fishermen would be forced to leave the
fishery; their costs would have risen while
the price they received would have
remained the same. After a while the owner
would have a somewhat larger stock of “ish
than existed at Ci and fewer fishermen seek-
ing to fish. If he were to continue each year
to raise the price per pound caught, effort
would be reduced further. Consequently his
resource would replenish itself to a level
where it would be harvestable at MSY. At
MSY he might be able to collect a considera-
ble annual rent.'? There would also be sig-
nificantly fewer fishermen fishing., The
owner could pursue this policy of increasing
Rl}%catch fee until he maximized his rent at
Y.

The same results would come about if the
resource owner taxed or charged for effort,
as long as the effort was, in turn, directly
related to fishing mortality (i.e. effective
effort). Likewise, he could hold an auction
and have fishermen bid for the privilege of
fishing for and catching a certain amount of
fish. In other words, he would have the
option of controlling the amount taken each
year either directly or indirectly (effeciive
effort).

The owner would incur management costs,
of course. There would be research costs,
administrative costs, negotiation and legal
fees, and substantial enforcement costs.
These would differ depending on which
method was chosen to collect the rent. After
a few, initial, unprofitable years, he might
be able to finance these costs from the rents
received. These rents would increase as the
stock replenished itself from the open access
point Ci through MSY to MEY. The process
of reducing effort might take several years
and, depending on all the various factors
involved, the management costs might
exceed the rent at MSY and, possibly, even
at MEY. If there were an owner of the
resource, then, and if he decided to collect
the rent due him, he would have to estimate
the magnitude of the rent and compare it to
the estimated management costs.

Whether there exists such an owner is a
legal, even constitutional, question which
has implications for the disposition of the
rent and for the magnitude and distribution
of management and certain other costs. If
society is considered the owner and the
government can and does act on its behalf
in collecting the rent, then broader effi-
ciency and equity questions are raised. The
narrow efficiency goal, froni society’s point
of view, is to produce ihe biologically and
economically proper amount of fish at min-
imum cost (Anderson, 1977). This minimum
cost refers to the opportunity cost of scarce
resources used to harvest the fish. Trying to
bring about the proper level of harvest has
costs of its own., We have already discusseu
management costs. But perhaps additional
costs will be incurred by society, such as
payments to fishermen and their families
from established social insurance pro-
grams. Or, perhaps, some other costs will be
assumed by society out of equity considera-
tions. Perhaps some of the rent should be
used to buy back (vetire) boats and gear
gradually. Or perhaps alternate income
opportunities should be developed for those
who are displaced.

From quite another viewpoint, arguments
can be made for recognizing existing fisher-
men as owners of rights to a certain percen-
tage of the annual catch. This total amount
could = adjusted annually. For example,
enforcement costs could be reduced by
establishing individr:al rights which would
be recognized in the courts. The number of

12 The amount depends on the factors we are familiar with: the price of the fish, the productivity of the resource and the

costs of fishing.



fishermen being granted or being recog-
nized as having these rights could vary
from the number currently fishing to some
smaller set based on, say, historical partici-
pation. Once granted, these rights might be
freely sold, traded, or gradually bought
back by the government.

There is considerauvic middle ground where
society and fishermen can share rents. It is
doubtful that many, if any, management
schemes would be able to succeed without
incentives to the fishermen. We would
expect the enthusiasm of all fishermen to be
diminished for any scheme if they were
asked to trade the certainty of increased
costs today for uncertain future returns.

The issues involved in trying to improve the
condition of an economically overexploited
open access fishery are many and compli-
cated. Several different management
schemes are in nse and many more are
under discussion.!? In general these
schemes recognize society’s interest in see-
ing that the resoucce is properly used (nar-
row goal) regardless of the ownership
question. They then examine the broader
efficiency and equity aspects of who, among
society, consumers and fishermen, benefits
and who pays the costs.

We saw earlier that the imposition of biolog-
ical restrictions which do not properly con-
trol total effort can only address some
aspects of the problem. While the quantity
of fish flowing to the markets will eveniu-
ally increase as the stock rebounds, man-
agement costs are incurred, excessive
resources (the money value of vessels, gear
and labor) are still diverted from more pro-
ductive areas of the economy, and those
who have not been forced out of the iishery
are not better off than before. There is, of
course, the option of doing nothing. This
option is not costless, however: the eco-
nomic condition of the fishermen will per-
gist and very possibly grow worse; the
resource, which may already be stressed,
will be increasingly expioited; the benefits
of an increased protein supply from the
fishery are foregone; an annual amount of
money called the resource rent or industry-
wide profit which is equal to the annual
value of the overinvestment in the fishery

(but which is not costless to collect) is fore-

gone for all uses; and, as we will see below,

{)he price of fish will be higher than it could
e.

3.4.2.3 Other Options

Having seen the case of biological and eco-
nomic overexploitation, let us examine an
open access situation in which the resource
is not as yet fished beyond MSY. We will
assume that the fishery is in equilibrium at
gome point like point A1 in Figure 12. The
standing stock which can yield Ai is larger
than that which yields Ci, larger, in fact,
than that which could produce MSY. The
flow of fish to market is the same in either
case but less than the fluw at MSY. Given
our assumptions, there are fewer fishermen
at A1 than at C: but thereis noindustry-wide
profit to share in either case; the incomes of
those fishing are the same.

Is there economic overinvestment of men
and money in this situation as well? Yes.
Total revenue equals total cost at A: as it
does at Ct. In fact, given the way Figure 12is
drawn, the total revenues and total costs are
approximately the same (we measure these
values by distances on the vertical axis, not
by areas). However, the amount of overin-
vestment in situation A, OIa, given the tech-
nology and its per unit cost of effort, is less
than that in situation C, Olc. This may not
be immediately clear, especially since the
individual profitability of the fishing units
is the same in both situations. However, we
can see that the technological change that
reduced the costs of fishing (per unit of nom-
inal effort) has benefited the nation and the
fishermen only in the short run. In the long
run, there is a greater amount of rent fore-
gone at Ci than there was at A

Depending on our goals, for example to
increase utilization of the resource or to bet-
ter the conditions of fishermen, the creation
of rent can be viewed as either a tool or as an
end in itself'4. The rent is, as we have seen,
the difference between the total revenue to
the industry (to all fishing units) less total
costs. Rent can be generated in the shortrun
by increasing total revenues. Programs to
stimulate demand or to establish an export
market can raise the price received by

13 Several international conferences have focused on the merits of different management schemes. Some of the contribu-
tions to theee conferences are referenced at the end of this guide (see Pearse (1979) for example).

14 In a fishery the amount of rent actually or potentially available is a useful quantitative measure for
alternate weights to be given to non-efficiency considerations such as levels of employment in the fishery,

evaluating the
income levels

and income distribution. MEY is simply the yield/effort combination of maximum potential rent.
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Figure 12. Two cas<a of overinvestment. Similar to Figure 8. Case A shows no biological overex-
ploitation which case C does. An investment in more efficient technology reduces the per unit cost
of nominal or effective effort from A to C. In the short run the returns to that investment (the
benefits) will be positive but ultimately, at C: industry-wide profits will be zero. In addition there
is, at Ci, biological overfishing, and the loss of a greater amount of potential rent. Viewed another
way there is a greater amount of social overinvestment in Case C (Ol versus Olc).
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fishermen. Reducing total costs will have
the same rent generating effect. Rent can
also be made available by allowing access
to new, perhaps more distant stocks
through new vessel designs, for example.
This, in effect, redefines all of our equili-
brium yield figures. Once this potential rent
is available, effort and the utilization of the
resource will begin to incieasc as shown in
Figure 6.

There are many situations in which indi-
genous barriers may slow the desired
increased biological exploitation. On the
other hand these barriers can work in our
favor by substantially delaying the loss of
the newly created rents. Many development
projects aimed at increasing incomes to
fishermen have been premised on the exis-
tence of cultural, educational (skills) or ge-
ographic (isolation, access) barriers which
will permit improved incomes for those
involved for long periods of time. In the long
run, however, without some measure of con-
trol these industry-wide profits will disap-
pear. The speed at which this will occur
depends on the nature of the barriers.

Figure 13 shows various long run, equili-
brium states of the harvest sector. Thethree
straight line: vepresent three different sets
of total costs of nominal effort - each repres-
enting a different cost per unit of nominal
effort. Along line OA this per-unit cost is
highest, along OC it is lowest. We haveseen
and discussed the siturtion at Ci. At A1 and
B: we encounter economi¢ but not biological
overexploitation. At MEYa, MEYs, and
MEYc we have three different, economically
optimal situations. Given our narrow effi-
ciency goal — the biologically and economi-
cally proper amount of fish extracted with
the smallest total extraction cost — the
situation at MEYs is better than that at
MEYa and is “best” at MEYc.!®

The goal of investing in more effective
gears, for example, can be characterized as
trying to move from line OA, to some point
on line OB, even to a point on OC. Without
some controls these investments will,
slowly or rapidly, lead to a new intersection
with the total revenue curve at, for example,
B: or Ci. While a change from A1 to Bi gets
more fish to the markets — assuming the
rest of the delivery system is operating well
— the benefits of increased production must

be weighed against 1) the amount of over-

investment in the fishery will have grown

from Ra to Rs and 2) the economic condition

céf the greater number of people fishing at
1.

Control of the quantity of fish captured, by
whichever of the economically effective
methods discussed above, stops the dissipa-
tion of rents along any of the cost linesata
point short of intersection with the total
revenue curve. For any of the given situa-
tions this rent is largest where the respec-
tive solid total cost lines in figure 13 end; it
diminishes along the dotted lines as it
approaches the total revenue curve. Without
real information on the shape and height of
the total revenue curve, the cost curve, the
mix of capital and labor which make up the
effort and on the method of sharing rents,
etc., it is impossible to reach anything more
than a general, qualitative evaluation of
any action. For example, an investment
that moves us from open access roint A1 to
point Bz results in less fish to conisumers,
probably fewer fishermen fishing, and the
creation of rent Ra. If all of this rent (less
management and other costs) is retained by
the government, the remaining fishermen’s
incomes will not change.

3.4.2.4 Many Species and Mixed Gear

We have used several simplifying assump-
tions in this static, long run analysis. Two
of these implied that a single species of out-
put called “fish” was captured by’ applying
the effort produced by similar fishing units
or firms. Tropical small-scale fisheries, of
course, exploit a large n :mber of species
using a variety of combinations of boat,
gear and men.

These different fishing units or firm types
differ from each other in their effect on the
resources as well as in their economic opera-
tion. Each type catches a different but often
overlapping subset of all the species availa-

ble and has varying degrees of control over

directing the effort at particular species.
The effective effort each exerts on a particu-
lar species differs as does the average size of
fish each catches.

In fisheries which exploit a very large
number of species, prices are often assigned
to groups of species or to groups of species of

15 There is obviously a different MEY, and, therefore, a different economically proper quantity of catch for each different
per unit effort cost. The MEY point is graphically defined where the slope of a tangent to the curve is equal to the slope of

the total cost linc. It is here that the marginal costs of, say,

additional) revenue of that boat to the fishery.

an additional boat in the fishery is equal to the marginal (or
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Figure 13. Three diiferent cost-per-unit-effort cases. Each has its own point of maximum eco-
nomic yield (MEY) where the potential rent is largest. Beyor.a each of these points (dotted lines)
the potential rent (Ra, Rs, Rc) diminishes until it is zero as the cost line and revenue line intersect
at A1, B, or Ci. An investment project or the independent adoption of more efficieni iechnology
which brings the fishery from situation A to, say, B2 on line B will maximize social returns. The
revenue will be at the level MEYs and the cost at the vertical level of B:.
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a certain size. These groups may or may not
have similar biological characteristics. The
commercial classes are generally assigned
relative prices on the basis of consumer
taste preferences. These relative prices are
generally stable but may vary during cer-
tain seasons as the quantity caught and
species mix change or prior to traditional
events such as Easter. During these periods
the price of all fish can change substan-
tially. Consequently there is a difference in
revenues received by each firm type and by
all firm types over the course of a given year.

Each type of fishing unit uses different
amounts of capital and labor and in differ-
ing combinations. This results in different
sets of costs and, therefore, in different
responses to changes in input prices. Some
variable costs are closely related to the
amount of nominal effort exerted; others,
particularly labor costs, can be more closely
tied to the amount of fishing mortality
inflicted (effective effort). T"re fixed costs of
the different fishing units reflect, in large
measure, the amount of capital invested.
They include interest payments, deprecia-
tion and some proportion of maintenance
and repair costs.

As a result of all of this variation, the com-
posite measure of this biological and eco-
nomic activity, the firm’s profit, differs over
firm types.'® The profitability within a firm
type can vary substantially over individual
firms, reflecting different skills or
experience,

A particular boat type, kind of gear and
crew configuration is often used by all of the
fishermen of a particular community, sec-
tion of coast or island. Likewise, the set of
alternate opportunities available to fisher-
men is, to a greater or lesser degree, condi-
tioned by the economic circumstances of
their community. Therefore changes in the
fishery, whether induced or not, have an
impact that is neither geographically nor
socioeconomically random. Information
about different biological, social and eco-
nomic characteristics of the fishing units’
operation and their setting should be avail-
able prior to any attempt to intervene.
Furthermore, management of both the total
biomass and its value in a multispecies
fishery will involve management of and, it

is very likely, management by fishing unit
types. The point here is that information
which is important to, and important
because of different concentrations of peo-
ple and their fishing activity, should not be
obscured.

3.4.3 The Delivery System

Another assumption used above, that of a
constant demand price for fish regardless of
the quantity supplied, rarely holds. There
are many more opportunities for the priceto
vary as both the quantity supplied and the
quantity demanded change. Let’s examine
the flow of fish through the system and see
what factors determine the price.

Figure 14 represents an abstracted fish pro-
duction and delivery system. Three markets
are involved. In the first market variable
inputs (ice, bait, labor) and fixed inputs
(motors, gear) are supplied tothe fishermen.
These are offered to the fishermen by suppli-
ers who are incurring costs to do so. The
suppliers pay rent on buildings, import
duties, and the opportunity cost of their time
and labor. The fishermen purchase these
inputs, combine them with their own labor,
risk and opportunity costs, and convert
them into fishing effort. They anticipate
that this process will result in catput (fish).
Their demand for inputs like ice and bait is
derived from the anticipated sale of fish to
middlemen.

In the second market the middlemen pur-
chase, transform and transport fresh fish
and incur costs from using ice, trucks, build-
ings, freezers, from assuming risks, and
from foregoing other opportunities for their
labor and money. The demand of the mid-
dlemen for fresh fish from the small-scale
fishery is derived from an anticipation of
revenue in the third market, i.e. from the
sale of their processed product to
consumers.

If we assume away any spoilage, we see that
the quantity of fish sold is the same in
markets two and three. The prices asked by
the middleman are higher per unit so that
he can cover his costs.

The quantity of fish that flows from the
harvest sector to consumers in a period of

16 The firm's profit can be thought of as the annual accounting profit, i.e. as the difference between revenues and fixed and
variable costs. If we were to add to the fixed costs of the firm an amount equal to the firm's opportunity cost of labor (the
owner's) and capital, or subtract this amount from the firm’s profits, then thedifferences across firm types would be much
smaller. If, after having added each firm's opportunity cos s to its fixed costs, the revenues still exceed all of the costs for
many firms, this difference is an indication of the existence of industry-wide profit which attracts new entrants.
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Figure 14. A simplified annual three market delivery system. "he fishermen purchase inputs and
produce nominal ./fort. This results in quantities of catch depending upon the size of the
available stocks of fish. Notice that the quantity of fish purchased by primary buyers in Market 2
and sold them in Market 3 is the same (assuming no losses in handling) but that the price of the
exchange in Market 3 is higher. The middleman use this margin to cover their operating, risk and
opportunity costs.
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time depends on several things, most nota-
bly 1) the state of the fish stocks and the
nature of the production process; 2) the
quantity of fish supplied (usually to middle-
men) from the industrial fleet’s catch or by-
catch; 3) the amount demanded by
consumers; 4) the existence of imperfections
in the three markets; 5) the level of infras-
tructure (landing sites, roads, transport sys-
tems); and 6) post-harvest losses.

3.4.3.1 The Industrial Catch

The industrial fishery can affect the small-
scale fishery at many points, helping in
some instances and hindering it in others.
The supply of inputs available to the small-
scale fishermen, for example ice and net-
ting, is frequently enhanced by the response
of input sellers to the industrial demand.
Likewise, roads are constructed, wharves
built, and other services provided to accom-
modate the flow of the industrial catch. The
interaction of the two fleets with the fish
resource can be very complicated. The
actions of either fleet on the same stocks will
have an impact on the resource available to
the other fleet. Both may be fishing for the
gsame stocks, catching some of the other’s
target species as by-catch, or directing their
effort at different year classes of the same
species.,

Some of the output of the industrial fleet,
frequently the last day’s by-catch, finds its
way into the flow of fresh catch of the small-
scale fishermen. Middlemen often find it
more convenient and less costly to fill their
trucks with the by-catch of, for example,
shrimp vessels rather than visit several
scattered landing sites. A proper bioeco-
nomic analysis of the small-scale fishery
must account for these effects.

3.4.3.2 Consumer Demand

The quantity of fish demanded by consu-
mers in a period of time is related to its price,
the price of substitutes, the income level of
the consumers and the numbers of consu-
mers. In general, as the last three factors
increase, the quantity demanded does as
well. The quantity of fish demanded
decreuses as the price increases. This
inverse relationship is a characteristic of

the well known demand curve. Figure 15
shows an idealized short run picture of
supply and demand curves for fish. Notice
that the axes are labeled “Price” and
“Quantity” of fish. A single demand curve
can describe only this partial relationship.
The other factors affecting demand, i.e. the
preference for fish, the numbers of consu-
mers, the income level of consumers, the
price of chicken, etc., are behind thescene. I'f
one or more of these increases, for example
if the price of all meats increased, the new
demand curve (labeled New) would lieto the
right of (above) the old one. If one or more of
these decreases, the new demand curve
would lie to the left of (below) the old.

There are many demand curves, of course.
We can speak of the short run demand for all
fish, covering a period of , say, a year. Many
of the shifting factors would be constant in
this case and monthly data would be
required. Or we can speak of the long run
demand for shark - covering, say, a ten year
period. Consumer income changes weild be
important in this case. The nature of the
collected data determines what we can say
about demand. When we actually estimate a
demand relationship, we employ all of the
important factors determining the demand.
When we represent a demand curve graphi-
cally, we show the most important element
of that relationship — that between quan-
tity demanded and price.

One important characteristic of these
curves is their steepness or slope. Ail else
equal, if the demand curve drops very
rapidly from upper left to lower right, itindi-
cates that consumers are relatively insensi-
tive to the price of fish: the total amount
demanded will not change: very much
unless there is a great reduction in the price.
If the demand curve is more flat (horizon-
tal), there is a greeier sensitivity among
consumers to the price. A measure of this
gensitivity is called the price elasticity of
demana.!?

If the demand for fish is inelastic, then a
short run increase in the supply of fish can
actually result in lower trip revenues to
fishermen. For example, if there were only
one buyer of fish, and many fishermen with
good catches on a given day, the buyer could

17 The price elasticity of demand (P.E.D.) is the ratio of the percentage change in the quantity demanded,4Q/Q; to the
percentage change in the price, aP/P; therefore, p g p, « 4Q / ap .

w'F QO

The P.E.D. has a range of from 0to 00 and its value is different at avery point on a straight line demand curve, Ifthe
P.E.D. is greater than 1, the demand at that point is said to be elastic. If itis less than 1, thedemand is said to be inelastic.
At 1 it is said to be unitary elastic.
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Figure 15. Short run supply and den.and curves. This figure shows the effect of changes in other
(than price and quantity) supply and demand determinants on supply and demand curves. The
shift to a new demand curve can come about because of increases in the price substitutes for fish.
A new supply curve might be defined for seasons in which fisking is dangerous.
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. only be induced to increase his purchases
through a considerable drop in the price
asked by the fishermen. The price, once
agreed upon, would apply to all of the fish
sold, not just to the extra catch.

We could likewise draw figures (which are
not strictly demand curves) which relate
some other factor, for example incomes, to
the quantity of fish demanded. These curves
too have elasticities. We can speak of the
income elasticity of demand (I.LE.D.), for
example, which relates the percentage
change in the quantity of fish demanded to
{he 11)ercentage change in consumer income
evels.

Since each species or commercial class has
its own demand relationship, it is reward-
ing to compare the impact of the same
demand determinant for different species or
classes. For example, theincome elasticities
of demand for different commercial classes
often differ greatly. Research in Central
America demonstrated that as the income
of consumers changed, their demand for
more desirable (and expensive) species
increased while the demand for less desira-
ble fish actually decreased. The more desira-
ble fish were caught by fishermen with more
capital intensive operations and the less
desirable fish by the poorest fishermen
(Coslit, Lampe and Sutinen, 1980).

An individual decides how much fish to pur-
chase by considering its cost and the cost of
other things he needs or wants. He is usu-
ally restricted from buying as much as he
wants of everything he wants by his
income. The usual approach to estimating
demand relations is not to analyze all of
these decision processes for all consumers,
but to examine the transactions that actu-
ally take place in the market together with
some of the other important factors in indi-
vidual decisions. These transactions reflect
the results of all individual decision pro-
cesses grouped together.

3.4.3.3 Supply

Supply relationships indicate the quantity
of goods that producers are willing to sell
given the price of the goods, the cost of pro-
ducing the goods and, in the case of the
fishery, the state of the resource. As with
demand, supply relationships measure a
flow of goods in a time period. We can speak
of the supply of all fish in a given year, the
supply of certain species or classes, the
supply by all firms (industry) or by certain
types of firms, for example all gill net
fishermen.
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The short run supgly curve for fish is sim-
ilar to most other supply curves in its
appearance. This curve, which reflects a
positive as opposed to an inverse relation-
ship between prices and quantities offered,
can be shifted to the left (or above) by
increased costs or a smaller standing stock.
A larger stock and /or reduced costs of effort
will shift the curve to the right (or below)
indicating that more will be offered for sale
at every price (Figure 15). The shape of the
long run supply curve of fish, on the other
hand, is influenced directly by the reproduc-
tive capacity of the resource. A common for-
mulation of this curve incorporates the
Schaefer-type equilibrium yield curve (Fig-
ure 16).

If we compare the price elasticities of supply
(commonly called the price response) for
two short run curves we would expect the
elasticities to be greater for that situation in
which there was a larger standing stock. In
both cases fishermen respond to priceincen-
tives by fishing more — increasing the
supply of effort. We would expect the suc-
cess of that effort applied to an underexploi-
ted stock to be greater than ifit were applied
to a depleted stock.

In the long run where all inputs to fishing,
including capital (vessels) are allowed to
vary, the long run price elasticity of supply
is constrained by the reproductive capacity
of the stock. This measure is greater (more
elastic) at equilibrium points before MSY,
decreasing as it approaches the maximum
yield. At points near MSY it is very inelastic
and is negative beyond MSY: as priceincen-
tives create profits and induce more effort,
the total output of the industry actually
decreases.

3.4.3.4 Bottienecks, Power and Losses

The three remaining conditions mentioned
above — the level of infrastructure, the
existence of market imperfections and post-
harvest losses — can further reduce the
quantity of fish reaching the consumer.
These three conditions can be mutually
reinforcing as well. Conditions such as
unreliable transport or a lack of roads to
scattered landing sites can cause the waste
of landed fish. Such conditions also contrib-
ute to the ability to exercise market power —
power which can cause the wastage of fish.

Undervalued fish is either discarded at sea
or at the landing site. The undervaluation
problem is most often a question of preferen-
ces related to taste, appearance, boniness,
taboos, etc. As such it requires the attention
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Figure 16. Long run supply and demand. The long run supply curve (after Copes, 1972) incorpo-
rates the long run response of the stocks to increased fishing effort. The intersection of demand
curve Dz with the supply curve occurs in a situation of biological overfishing.
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of people specializing in food habits, fish
processing and marketing — in the sense of
advertising and education. Fish which is
valued can be wasted, as well, as it deterio-
rates in a physically and economically inef-
ficient delivery ststem.

The consumer demand for fish: is influenced
by the quality of the fish suppiied and. to
some extent, by the consistency of that
supply. In an attempt to assure a consistent
supply of fish, arrangements are often made
back through the system of retailers, whole-
salers, middlemen and fishermen. These
arrangements can appear as the vertical
integration of firms in which, for example,
middlemen acquire boats, transport and
retailing outlets. The middleman thereby
becomes a complete delivery subsystem
unto himself. Or these arrangements can
appear as mutually beneficial (initially at
least) agreements between, for example, a
middleman and a set of fishermen. Inreturn
for their guaranteed supply (periodic
though it may be) the fishermen may
receive loans for gear or for personal debts
(Smith, 1979). In this regard themiddleman
can be represented in both the input (to fish-
ing) market and the fresh fish output
market.

The three markets we have discussed can
operate “perfectly” — maximizing the flow
of fish through the system at minimum cost
— in spite of these arrangements as long as
there is no exercise of market power, i.e. as
long as no one exploits either buyers or
gellers. The opportunity to exercise market
power exists when one or a few individuals
can influence prices because they are pro-
tected from competition by another set of
barriers. These too may be physical barricrs
due to isolation (infrastructure), informa-
tion barriers (on prices) or economic barri-
ers (high capital costs, risk, etc.).

Control over the demand for a good by one
or a few people is termed respectively mo-
nopsony c¢r oligopsony power. Market
power in the hands of a single or of a few
suppliers of goods is termed, respectively,
monopoly or oligopoly power. In our simpli-
fied three market system we would expect
that there are many fishermen and many
consumers. There exists the possibility,
then, of three distortions: monopoly power
in supplying inputs, monopsony power in
buying fresh fish, and monopoly power in
selling processed fish.

To the extent that opportunities exist for
exercising both monopolistic selling power
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(inputs) and monopsonistic buying power
(fresh fish) in the harvest sector, it is more
likely that 1) the quantity flowing through
the system will be less than that which
would flow through under competitive con-
ditions, 2) the price to the consumers will be
higher than that determined by competi-
tion, and 3) the total income {0 fishermen
will be smaller. Furthermore, theadvantage
that the monopolist has over buyers or the
monopsonist has over sellers tends to be
greater as the respective demand or supply
curve is less elastic.

Groups of competing fishermen, facing
either or both monopoly sellers of inputs
such as ice or monopsonist buyers of their
fresh fish, often organize to develop their
own market power. They form fishermen’s
organizations or cooperatives so that they
can buy and sell as a unit. These organiza-
tions further develop, at times, by integrat-
ing marketing, processing, transport and
retailing activities.

It is frequently observed that over time the
numbers of buyers or sellers in a particular
market decreases. Those remaining may
have come upon a scale of operation (size of
plant) that has a smaller cost per-unit out-
put. For example, larger more capital inten-
give plants may have this advantage. The
flow of fish may be such that one or two
plants can udequately handle the supply.
However, a3 the numbers of buyers or
sellers in a market decrease, the ability to
collude and to set prices increases. This con-
centration of buyers or sellers, aided by bar-
riers to competition, can easily increase its
profits beyond what the same level of
investment would make in another
industry.

The monopsonist buyer of fish can increase
his profits by offering fishermen a price
below that which would be offered if compe-
tition existed. The exercise of this power
may even result in resource conservation. In
this instance the fish buyer is in effect col-
lecting the resource rent.

The degree of market power is sometimes
equated with the difference between the
price paid for inputs and that charged for
output. This difference, however, includes
all of the costs incurred by, in this example,
the middleman. Frequently these costs are
underestimated by the casual observer.
Another commonly used indicator of the
exercise of market power is the percentage
of the final retail price that fishermen
receive for their fish. While the opportuni-



ties for the existence of market power can
easily be identified, only careful analysis of
specific cases can reveal exploitation (see
for example, Epler, et al 1980; Scheid, et al
1980; and Coslit, Lampe and Sutinen, 1980).

3.4.4. Information Requirements

The review of the fishery system above
should have demonstrated the need for a
variety of economic (bioeconomic) informa-
tion in understanding the forces at work in
the system. We have attempted to show that
the interaction of biological, cultural and
economic forces complicate intended
changes. Furthermore, the goals of assist-
ing fishermen and consumers, of conserv-
ing the resource and of rationalizing the
harvest sector can be frequently incompati-
ble if not pursued simultaneously. We exam-
ined the fishing process and saw that the
production of fish was affected by the legal
and economic milieu in which it operated;
that the potential supply from this sector
could be affected by the nature of the inter-
vening markets and by a number of combi-
nations of supply and demand elasticities.
We have reviewed the operation of this sim-
plified, yet complete system so that the rela-
tionship between the harvest sector and the
rest of the system would be clear. The infor-
mation requirements for economic analyses
depend upon what is being examined. On
the other hand, all of these analyses draw
upon a set of data whose elements are
related to each other by the decisions of
fishermen. Therefore, rather than repeat
even the limited uses of economic data pre-
sented in this chapter, information is classi-
fied as that necessary to study supply and
demand relations and that necessary to
examine productive processes.

3.4.4.1 Transactions

The data identified for collection in the next
chapter will include that on transactions in
the first and second markets: on the pur-
chase of inputs and the szles of output (fresh
fish). Transaction information does not
represent either demand or supply curves,
merely their intersections through time.
When combined with additional informa-
tion on other supply and demand determi-
nants from both inside (the harvest sector)
and from sources outside (such as price
indexes or per-capita income estimates),
these transactions can bemadetoreveal the
supply and demand relations.

‘The supply and demand relations and
many of the important elasticities that can
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be calculated from them also require whatis
called time series data. There is nc substi-
tute for collecting this through time if any-
thing is to be said about supply or demand
curves.

The particular need for other information
from outside the harvest sector is dictated
by what one wishes to know and what inter-
ventions are planned. For example, if back-
ground information and cbservations
suggest distortions in the supply of inputs,
an analysis of the structure and perfor-
mance of input markets may be called for.
The important time series of transactions
can be coupled with, for example, produc-
tion information to identify the supply and
demand relations in that market.

In the primary market for fresh fish the time
series of transactions can be coupled with
information on other determinants of
demand by the middleman (his costs and
selling prices) in order to identify this rela-
tionship. Furthermore, to the extent that
there is competition in the purchase of fresh
fish by middlemen — or perhaps a lack of
counterindications — the demand by the
middlemen may be interpreted to reflect
demand by the consumer. A constant per
unit margin for the middleman is assumed
in this case.

If commercial fleet catch or by-catch is com-
peting in the same markets as small-scale

catches, then an equivalent time series of
prices and quantities for this industrial out-
put is required (see 4.3).

In sum then, the harvest sector can yield
crucial information for the determination of
supply and demand in all three markets.
Transaction information by itself can yield
interesting statistics but must be comple-
mented with information from outside what
we have strictly defined as the harvest sec-
tor in order to reveal supply or demand
relations. '

3.4.4.2 Productive Processes

We have identified the incentives to enter or
leave the fishery as, respectively, industry-
wide profits or rents which offer the oppor-
tunity for ‘“above normal” returns, and
returns which are less than those which
could be earned in the next best use of one’s
labor and money. In the open access fishery
we expect these rents to be zero once the
fishery is in equilibrium regardless of the
level at which the stocks are exploited.
Earning the normal veturn requires the



fisherman to make many decisions concern-
ing the physical process of fishing and its
economic consequences.

The physical production relationship
requires information on the kinds and quan-
tities of inputs used in a period of time. In
the short run the physical process involves
combining fixed inputs such as the hulland
gear with variable inputs like ice, bait and
crew services. Each firm takes these inputs
and finds the different levels of output
resulting from varying the input combina-
tions. Over the long run even the fixed
inputs are changed.

Changes in the physical production process
are motivated by the different returns each
mix of variable and fixed inputs can bring.
The returns are determined by the quanti-
ties and prices of inputs and the quantities
and prices of the output they produce. Varia-
tions in the prices of outputs or inputs bring
both short run and long run adjustments in
the production process.

If we add to information on the prices of
inputs to the physical production relation,
we can generate a total cost of production
relationship. If we add information on pri-
ces of output to the production relation, we
can arrive at a total revenue relationship.
Combining these cost and revenue relation-
ships yields a profit or net revenue
relationship.

In sum, we will see that most of the impor-
tant fishery-wide economic information we
geek (and which can be obtained in the harv-
est sector) is generated from data which des-
cribes the fishing activity of individual
firms. Supply and demand information and
that on the economic and physical aspects
of production is derived from data on the
technical and economic decisions made by
individual fishermen and on the impact
these decisions have on the resource.
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Chapter IV
DATA REQUIREMENTS

4.1 BIOLOGICAL/ECOLOGICAL
DATA

4.1.1 Habitat/Ecosystem Data
4.1.1.1 Biological /Ecological
Inventcry

An inventory of the species currently exploi-
ted by the fishery (and species which might
be exploited in the future) is an essential
first step in designing data collection proce-
dures which will provide information neces-
sary for management and development
purposes. This inventory should include all
that is known about the life histories of the
principal exploited species and the ecologi-
cal factors which affect their distribution,
relative abundance and availability. Some
of the important items in the inventory
should Lelongevity, size (age) at first matur-
. ity, maximum size, fecundity, temperature
and salinity tolerances, feeding habits, des-
cription of habitat, migrations, spawning
seasons and locations, growth rates, and
sexual differences in size, morpholugy and
behavior.

Once these data are obtained, it should be
possible to group individual species which
share common ecological and biological
characteristics and which are likely to be
harvested together. Examples of such
groups are small pelagic schoolirg fish
caught in purse-seines, large non-migratory
demersal fish caught with hook and line or
geveral species of spiny lobster which are
harvested in traps. Such groupings can
form the basis for a crude definition of a unit
stock for resource assessment purposes

until more specific data are available for
individual species.

4.1.1.2 Extent of Fishing Grounds

Once some kind of a resource inventory has
been compiled, it is advisable to conduct an
inventory of fishing grounds which are
presently supporting the fishery or which
could support expanded fishing effort. For
example, for demersal species known to
inhabit coastal waters in depths up to 50
meters, a reasonably accurate estimate of
the extent of harvestable fishing grounds
could be obtained by calculating the area of
offshore continental shelf within the 50
meter contour. Finer distinctions might be
made between different types of substrate
(mud, rock, sand). This inventory will
require some knewledge of the fishing gear
used to exploit individual species or groups
of apecies. Rough estimates of expected
increases in catch following an expansion
of the fishery to new grounds can be
obtained by multiplying catch per unit area
data for existing small-scale fisheries which
use certain gear types and exploit certain
species combinations by the area of the new
grounds which could be exploited if existing
fishing gear or practices changed.

4.1.1.3 Froduction Rates and Ecosys-
tem Dynamics

It is important to know the sources of prim-
ary production which support exploited
stocks and whether primary production
from these various sources is high, low or
moderate.! Sources of primary production

! Primary production is defined as the photosynthetic production of organic matter by plants, a process which converts
sunlight into plant tissue which is available to herbivorous animals and therefore supports the entire ecosystem. The
ecosystem is composed of different “trophic groups” atdifferent “levels,” i.e. phytoplankton (microscopic plantlife) atthe

primary trophic level, zouplankton (tiny herbivorous anima

1) at the second trophic level, small plankton-feeding fish at

the third level, etc. until uitimstely reaching top predators such as man. Secondary production refers to the production of

animal tissue through growth and reproduction.
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in tropical marine ecosystems are 1) phyto-
plankton in coastal oceanic or estuarine sur-
face waters, 2) benthic algae, 3) coral reefs,
4) rooted aquatic plants, or H) detritus
derived from mangrove swamps. If average
annual rates of primary production are
known and a reasonably accurate rate of
energy transfer between succeeding trophic
levels can be assumed (usually 10Y), it
should be possible to estimate theoretical
rates of secondary production for certain
exploitable components of the ecosystem.
Some proportion of this production, i.e. the
energy which is used for growth and repro-
duction of offspring which survive to reach
a size (age) where they can be exploited by
the fishery, is converted into biomass. Sur-
plus biomass (i.e. biomass which remains
after natural mortality has been accounted
for) can be harvested.

In order to assign individual species to spe-
cific trophic levels or ecosystem compo-
nents, feeding habits data are needed.
Furthermore, if predator-prey relationships
can be deduced from these data, it might be
possible to predict the effect on total stock
biomass and yield of selectively removing
certain species (by fishing). Other types of
competition between species (such as for the
same food source or space) can alsoresuitin
unreliable yield estimates for individual
stocks which are treated as separate biologi-
cal entities.

4.1.1.4 Hydrographic Data

Estimates of the amount of freshwater flow
into major estuaries and coastal waters and
information on coastal currents, tidal flow
and amplitude, and offshore upwellings are
important for identifying factors which
limit rates of primary and secondary pro-
duction, principally by ' niting the availa-
bility of nutrients necessary for
photosynthesis and plant growth. Hydro-
graphic data may also contribute to an
understanding of the migratory patterns of
juvenile and adult fish, the dispersal of eggs
and larvae and the spatial distribution of
fishing effort.

4.1.1.5 Other Physical /Chemical Data

These data are important since they provide
information concerning the environmental
limits to production and habitat informa-
tion for resource inventories. Furthermore,
physical/chemical data can be related
empirically to catch statistics and thus form
the basis for yield predictions. This tech-
nique hes been successfully applied to fresh-

50

water habitats where yields have been
empirically related to an index which com-
bines the quantity of total dissolved solids
and the depth of lakes (Henderson et al., -
1973; Ryder et al., 1974; Ryder, 1978). A sim-
ilar exercise has been conducted with large
river systems by relating yields to the size of
drainage systems (Welcomme, 1979). Exten-
sions of this procedure to the coastal marine
habitat would require a thorough catalogu-
ing of physical and chemical parameters
and a search for possible mathematical
relationships with harvest data.

4.1.2 Stock Assessment Data
4.1.2.1 Introduction

Although a number of approaches to
resource assessment were discussed in
Chapter III, further discussion of resource
assessment in this guide will focus on data
requirements and collection methode for the
surplus production model and the yield per
recruit model. When it is appropriate, a dis-
tinction will be made between preliminary
assessments and more detailed assesse-
ments. Other types of resource evaluation
are not excluded because they are less
important, but because the assessments per-
formed in developing countries should be
based on available data and/or data which
can be most easily obtained.

The most common types of assessment data
which exist in developing countries are
catch and effort data. Estimation of growth
and mortality rates for use in more sophisti-
cated models can sometimes be accom-
plished by fairly routine compilation of size
frequency data from samples of commercial
landings or from research techniques such
as tag and recapture studies. One purpose of
this guide is to focus on relatively low tech-
nology research techniques and data collec-
¢ion methods since the necessary tools
(vessels, equipment and computers) and
skills (personnel trained in fisheries
science, mathematics and statistics) may be
lacking.

4.1.2.2 Catch and Effort Data

Catch and effort statistics are extremely
useful for resource assessment purposes. As
outlined in section 3.2.4, these assessments
may be preliminary and involve simply an
evaluation of temporal trends in catch,
effort and catch per uniteffort (CPUE)data.
At this level, useful conclusions can be
reached from several years of data. Qualita-
tive judgements can be made aboui the



degree of resource depletion and the proba-
ble outcome of increased or reduced fishing
effort, i.e. “will catch increase or decrease
and what will be the impact on the
resource?”’ More thorough quantitative
assessments incorporate catch and effort
data as parameter estimates in
mathematically-derived models and require
a longer and a more reliable set of annual
catch and effort statistics.

Both preliminary and more detailed assess-
ments may be performed with catch and
effort data for a combination of species or
stocks which are exploited by the same gear
in the same general location or for individ-
ual species or unit stocks. Analyses per-
formed with combined data sets, however,
may provide more reliable maximum yield
estimates since they account for species
interactions (for example, predator-prey
relations) which are not accounted for in
unit stock applications which ignore the
biological and ecological relationships
between species.

Catch and effort data which are required for
surplus production analysis are generated
in two stages. Primary data are collected as
fish are landed and delivered for sale to
primary dealers. In the second stage these
data are compiled according to specific time
periods (months, years), gear types and gen-
eral fishing locations. Effort data should
account for the capture efficiency of the gear
which is used as well as the amount of time
spent fishing. Adjustments are required in
order to correct landings statistics for fish
which is captured, but not landed.

Once sufficient data are available for indi-
vidual time periods, they are compiledintoa
time series of annual ¢t tch and effort esti-
mates which ideally should represent a
period of at least five to ten years in the
historical development of the fishery and
include years of high and low exploitation.
Time series catch and effort statistics are
analyzed to generate estimates of maxi-
mum sustainable yield and the correspond-
ing amount of fishing effort.

Catch data are usually estimated from the
weight (or, in some cases, volume or even
numbers) of fish which is sold to primary
dealers plus estimates of how much fish is
caught, but not sold, to primary dealers.
Sources of post-harvest loss include fish
which spoil and fish which are discarded at
sea, gutted and either sold, given away or
kept by the fishermen before they reach the
primary dealer (see Brander, 1975). For
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most small-scale food fisheries, the quantity
of fish which is discarded at sea is not sig-
nificant. Losses due to spoilage, however,
can be substantial when proper storage and
handling procedures are not followed
aboard the fishing vessels. Furthermore,
when catches are low, fishermen are more
likely to sell a larger proportion of their
catch directly to retailers or consumers in
order to increase their income.

Fishing effort is frequently estimated either
as the number of operating units (vessels,
gear, fishermen) in use during a certain
period of time or some measure of the time
spent fishing such as the number of trips,
days, or hours. More useful estimates of
effort include both a time component and an
estimate of the reiative capture efficiency of
difierent gear and vessel combinations. A
net which measures 50 x 100 m and is fished
for six hours, for example, should catch
approximately twice as much fish as a 25x
100 m net which is fished for the same
period of time, assuming each net is identi-
cal (same mesh size, material and construc-
tion) and is being used by equally skilled
fishermen under similar conditions. The
best estimates of the amount of time actu-
ally devoted to catching a certain quantity
of fish are defined by the nature of the
fishery. For a handline fishery, for example,
the time that the hooks are in the water
would be most reliable whereas for a pelagic
purse seine fishery it could be thetime spent
gearching for schools of fish. Guidelines for
estimating fishing effort for five selected
small-scale fishing gears are presented in
Table 1. For further advice on how to esti-
mate effort for different types of fishing
gear, see FAQ, 1976.

Standardization procedures are aimed at
correcting for changes in fishing power
which take place over time as improve-
ments in gear and vessel technology
increase capture efficiency. Thus, if 100
hours of fishing in 1970 was twice as effec-
tive, because of improvements in gear
design, as 100 hours of fishing in 1960,
standardized effort in 1970 would be double
the amount of effort in the reference year
(1960) even though the number of hours
fished remains the same. Effort standardi-
zation procedures have not generally been
applied to small-scalc fisheries, mostly
because historical changes in capture effi-
ciency have been minimal or difficult to
quantify.

A problem which is often ignored is the cap-
ture of species which are harvested inciden-



Table 1: Some factors affecting the performance of fiva selected small-scale fishing gears and appropriate definitions of
fishing effort and catch per unit effort for each one.

EFFORT DEFINITION CATCH PER
GEAR PERFORMANCE FACTORS (time x power) UNIT EFFORT
Gill net Mode of fishing (surface or bottom; Time fishing' x area of net Catch/hr/standard
drifting or anchored), type of twine, net area
mesh size and shape, area of net
Handlines Type of bait (or lure), hook size, Time fishing! x number of Catch/hr/fisherman,
mode (trolling, bottom, by hand or fishermen, lines or hooks line or hook
mechanical reel), number of lines or
hooks
Longlines Bait, hook size, mode (surface, mid- Time fishing' x number of Catch/hr/standard
water or bottom), number of hooks hooks number of hooks
Fish pots Volume, bait (if used), mesh size Submersion time x number Catch/pot/day
or opening between laths, design, of pots hauled
entrance size
Beach seine Mesh size, length of net Number of hauls Catch/haul

' Estimated as the time the gear was actually in the water or the time spent on the fishing grounds

tally to the predominant species. The catch
of certain species bears little or no relation
to the fishing effort expended during a
given trip if they were not the primary spe-
cies which were being sought. Catch and
effort data for incidental species should not
be compiled for assessment purposes. An
acceptable proccdure for eliminating these
species is to unly compile catch and effort
data for species which make up more than

some minimum percentage (say 10-20%) of

the catch during a given fishing trip.

An additional problem is posed when a sin-
gle unit stock assessment is performed
using effort data which are compiled from
more than one gear type. This is a particu-
larly relevant problem for small-scale
fisheries which harvest rmany species using
a variety of gear types and for stocks which
are exploited simultaneously by small-scale
and industrial fisheries. Stock assessments
which rely on combined effort estimates
require comparative ficld studies of the
catch rates of different gear types used to
exploit the same stocks during the same
period of time. A description of techniques
which might be used in such studies is
beyond the scope of this guide. In the
absence of this information, unit stock
assessments are carried out for individual
unit fisheries, i.e. fisheries which are char-
acterized by a single gear type and fishing
location.

4,1.2.3 Vital Statistics

Quantitative assessments which generate
predictions of maximum sustainable yield
for a given amount of fishing mortality and
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mirimum size (or age) at which fish are first
captured through use of dynamic pool mod-
els (see section 3.2.4.2 (b)) require a consider-
ably more complex set of data than surplus
production modcls which are applied to a
time series of catch and effort data.
Although the data required for dynamic
pool analysis are more difficult to obtain,
they can be collected during a fairly short
period of time (perhaps one or two years), no
time series is required.

Parameter estimates which are required for
dynamic pool analysis refer to exploited
populations or unit stocks, but they are
obtained from observations of individual
fish which are caught by fishermen or from
fish which are collected for research pur-
poses or during exploratory fishing surveys.
Some of the necessary parameters are listed
in Table 2. They are generally of two types:
1) those which refer to the rate at which
some biological process (birth, death,
growth) takes place and 2) those which refer
to ages (or sizes) when these processes begin
or end. Because the processes have a biologi-
cal origin, the data are referred to as “vital”
statistics,

Although it is not the purpose of this guide
to describe data analysis techniques, some
of the more common conceptual models and
analytical procedures will be mentioned
and briefly described in Chapter V since
they are used to convert observations into
more refined data which are in turn ana-
lyzed t.0 produce information useful for the



_Table 2: Definitions of key parameters used in dynamic pool models and data required to estimate them; data requirements

are limited to methods discussed in this guide.
PARAMETER DEFINITION
Growth rate (K)

ficient without units

Maximum limiting Theore cal limiting size attained
by an average individual in the pop-
ulation, expressed in terms of length

size (L » Weo)

or weight

to Theoretical age at which growth begins

Total mortality

time for any reason

Natural mortality
time as a result of predation,
disease, etc.

Fishing mortality

time as a result of fishing

Recruitment (R)
per unit time

tr, 1r Age (length) at recruitment
te, 1c Age (length) at first capture

Rate of increase in size per unit time,
expressed as a time-dependent coef-

Instantaneous rate at which numbers
rate (Z) in the population decline per unit

Instantaneous rate at which numbers
rate (M) in the population decline per unit

Instantaneous rate at which numbers
rate (F) in the population decline per unit

Number of recruits (juvenile fish)
entering the exploitable population

DATA

Size frequencies of catch samples by gear iype
and location over time; sizes of individual fish
at tagging and recapture and dates of release
and recapture; size, distances from scale (otolith)
focus to annual radii and scale edge for
individual fish

Same as above or can be agsumed to equal maximum
obszerved size when exploitation is not severe

Same as above or can be assumed to equal zero

Relative abundance (CPUE) of a given age group
over time or relative abundance of two more
successive age groups at any point in time;
number of tagged fish recaptured per unit effort
in successive time intervals

Relative abundance of an age group over time or
relative abundance of two or more successive age
groups at any point in time for an unexploited
population; annual changes in Z and fishing effort;
by subtraction if Z and F are known

Number of tagged fish recaptured per unit effort
in successive time intervals plus total number
tagged initially or by subtraction if Z and M
are known

Relative size of recruiting age classes can be
estimated from repeated survey data (CPUE) or
catch rates in a fishery which harvest pre-recruits

Age (length) composition of commercial vatches

management of fishery resources.? Parame-
ter estimates, by themselves, are of no use
for management purposes; they simply pro-
vide data necessury for assessments. Furth-
ermore, assessments will not be feasible
unless a minimum set of parameter esti-
mates is available. As mentioned in section
3.2.4.2(b), not all of the statistics listed in
Table 2 are necessary in every case. Modi-
fied versions of the original model only
require, for example, estimates of mortality-
/growth ratios and size instead of age-
specific estimates.

Once all the necessary parameters are esti-
mated, maximum yield can be predicted asa
function of fishing mortality and the age or
size at first capture from yield tables such as
those compiled by Beverton and Holt (1966).
Since recruitment is frequently unknown,
yield estimates are given on a relative per-
recruit basis and must be multiplied by the
number of recruits which enter the exploita-
ble stock during a particular time interval in

order to produce actual biomass yield
estimates.

4.1.2.4 Exploratory Fishing Surveys

Biomass estimates of exploited or unexplo-
ited stocks can be based on catch rates
obtained during exploratory fishing sur-
veys. Mean catch rates are calculated from
repeated sampling with the same gear fol-
lowing the same fishing procedures and are
converted into catch per unit area estimates
which are in turn multiplied by the area
which the stock inhabits to produce bio-
mass estimates. Surveys can be used to esti-
mate biomass only if catch rates can be
calculated on a per unit srea basis and if

‘'some reasonable estimate of the capture

efficiency of the gear is available. For best
results, therefore, some preliminary data
concerning gear selectivity and capture effi-
ciency for individual species and sizes of
fish are necessary before it can be assumed
that the catch rate of the gear which is used

2 Amorecom}. :tediscussion of methods used for compiling vital statistics is given by Gulland (1969)in amanual which is
available in both English anc. Spanish versions. Another very useful reference is in the handbook by Ricker (1975).



is directly proportional to the abundance of
the exploited population in some defined
area. In practice, exploratory fishing sur-
veys are carried out in the absence of such
information; in many cases, they are
designed to answer more basic questions of
interest to fishermen such as what sizes and
species of fish are available, where and
when they can be harvested and in what
quantities. Biomass estimates are usually a
secondary objective of such surveys.

4.2 SOCIOCULTURAL DATA
4.2.1 Introduction

Specific types of sociocultural information
were identified in section 3.3 which describe
some of the general elements of the harvest-
ing sector of small-scale fisheries and which
are also important factors to be considered
in making appropriate management or
development decisions. In this section, the
types of data necessary for generating this
information are described.

4.2.2 General Background Information

As noted in the preceding chapter, general
background information is needed in order
to understand how the fishery functions
and to evaluate the effects of interventionin
the fishery. The basic socioculturalinforma-
tion generated is such that it will beof use to
biologists and economisis as well as to
fishery administrators. The following dis-
cussion describes data needed for specific
information types.

4.2.2.1 Identification of Groups

It cannot be assumed that all small-scale
fishermen in a given country or region are
identical. Sometimes they belong to differ-
ent tribes or ethnic groups, sometimes they
practice different religions, sometimes they
manifest different political loyalties, and
sometimes different groups are defined by
their technology and style of fishing (such
as net versus line fishermen or inshore ver-
sus offshore). In some cases, the position of
the fishermen as a group distinct from other
groups will be important. The key factor is
that the groups identified often act on the
basis of their own perceptions of their differ-
ences from other groups. The data which are
needed include location, numbers, and spe-
cific identifying characteristics for each

group.
4.2.2.2 Degrees of Intergroup Tension
It is not enough to simply distinguish differ-
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ent groups. Development projects may fail
in cases where tension exists between
groups (Cochrane, 1979). Tensions are
manifested by various types of behavior
ranging from discrimination all the way to
open warfare. The degree of tension should
be evaluated by examining intergroup atti-
tudes, beliefs, and values and by describing
overt manifestations of these tensions, such
as employment discrimination or economic
subversion.

4.2.2.3 Numbers and Locations of
Potential Project Participants

In the planning stages of a development pro-
ject where it is uncertain whether new tech-
nology will be introduced or the numbers of
fishermen increased (or both), it is essential
to determine numbers of (a) active fisher-
men, (b) unemployed fishermen, and (c)
unemployed or underemployed non-
fishermen who could potentially become
fishermen. Data should be prepared which
indicate where individuals who belong in
these three categories are located.

4.2.2.4 Traditional Communication
Channels

Data concerning traditional communica-
tion channels will consist of a listing and
distribution of available media (newspa-
pers, magazines, radio, television, cinema)
and locations where information is dissemi-
nated (such as meeting halls, public square,
market place, school house, the mayor’s
door). The languege used in communica-
tions should also e noted. Thisis especially
important in multilingual communities
where different languages have different
statuses and functions. Basic data on infor-
mation networks should also be delineated.
This includes identification of key individu-
als who are trusted information sources for
neiworks of individuals. Attitudes and
beliefs which relate to the various communi-
cation channels and languages should be
determined in order to identify the most
appropriate means for disseminating pro-
ject information.

4.2.2.5 Level of Community Develop-
ment

A listing of available services, many of
which are also needed to evaluate infras-
tructure, is required in order to determine
the level of community development. Servi-
ces include schools, government offices, util-
ities (water, ejectricity), banks,
transportation facilities (trains, buses,



roads, shipping lines), mass media, medical
services, and wholesale and retail outlets.

4.2.2.6 Occupational Structure

Occupational structure is determined by
examining data which summarize (a) types
of occupations which are available; (b) dis-
tribution of workers in the various occupa-
tions; (¢) skills required; and (d) degree of
demand, underemployment and unermploy-
ment for each occupation.

4.2.2.7 Numbers of Small-Scale
Fishermen ,

Numbers of employed and unemployed
small-scale fishermen are considered above
(4.2.2.3 and 4.2.2.6).

4.2.2.8 Availability of Alternative
Occupations for Fishermen

This information can be provided with data
which describe the skills which are required
for other occupations and the demand for
workers in those occupations (4.2.2.6).

4.2.2.9 Temporal Distribution of Fish-
ing Effort

The amount of fishing effort usually varies
throughout the year. Data required include
the time of day, days of the week, and
months (or seasons) of the year which are
devoted to fishing and the times when fish-
ing is more or less intensive. Ifthe variation
in effort depends on the gear types or fish-
ing practices which are used, data should
also be recorded for specific types of fisher-
ies. Finally, reasons for changes in effort,
gear, or style of fishing throughout the year
should be determined. Explanations would
include factors such as the weather and
holidays.

4.2.2.10 Local Knowledge About Fish-
ing and Fish

Primary data needed here include a descrip-
tion of principal gear types and the ways in
which they are employed. Local names for
all gear types should be recorded along with
the common names of all fish known to the
local fishermen. Fish which have commer-
cial and/or subsistence value should be des-
cribed at least in terms of their habitat,
ecology, behavior, and relative availability
as perceived by the local fishermen.

4.2.3 Social Structure of the
Occupation

Once basic data are collected and a decision

is made to intervene in the fishery for devel-
opment or management purposes, it is
necessary to evaluate the social structure of
the occupation of fishing. Thesedata will be
useful for determining the social impact of
proposed changes as well as facilitating
their communication to the target
population.

4.2.3.1 Fishing Gear Types and Owner-
ship Patterns

Data on fishing gear types should include
local names for all types of equipment (such
as boats, nets, lines, hooks, harpoons,
motors, and sails) along with descriptions
of where different types of equipment are
used, how they are used an? by whom. A
description of ownership patterns should
include an evaluation of the relative impor-
tance of different types of ownership (i.e.
individual versus joint ownership, lease, or
rent). Descriptions of ownership patterns
should be prepared for individual regions
and gear types. Procedures for transferring
ownership should also be investigated. In
some cases, it may also be important to
know how many owners operate their own
equipment.

4.2.3.2 Crew
Composition

Size and Social

A description of crew size and social compo-
sition begins with a classification which
shows the relationships between the posi-
tions held by different crew members (cap-
tain, cook, net man, engineer) on each type
of vessel. The number of each type of person
aboard each type of vessel should be deter-
mined along with data summarizing the
kinship links between crew members.

4.2.3.3 Criteria for Crew Selection

Data collected as a part of 4.2.2.6 will pro-
vide some information which reveals skills
required of different crew members. Addi-
tional information is needed to determine
what criteria are actually used in crew selec-
tion. It is important to learn the relative
importance of kinship, friendship, and/or
occupational efficiency in the selection of
crew members. It is also essential to deter-
mine whether or not other criteria such as
ethnic group membership are used as crite-
ria for selection of fishing crews.

4.2.3.4 Degree of Occupational
Mobility

It is important to determine whether or not -
the different classes of fishermen have an
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opportunity to improve their position. For
example, is it possible for a deck hand to
own a vessel of his own some day? Do hard
workers obtain better positions, more
income, or the opportunity to borrow funds
to become owners? The degree of occupa-
tional mobility should be determined for
various fishing types, equipment classes,
and distinct geographical regions.

4.2.3.5 Interaction Between Crew
Members and Between Owner and
Crew

The social relations (such as relative status
and the degree of power one individual has
over another) which exist between the crew
members (4.2.3.2) and between the crew and
the owner should be determined. A descrip-
tion of these interactions should include
time spent at sea and on shore.

4.2.3.6 Degree of On and Off Vessel
Occupational Specialization

This information consists first of the job
description — both on and off vessel — of
each vessel position (4.2.3.2). Additionally,
all shoreside occupations directly related to
the capture fishery should be abstracted
from data collected as part of 4.2.2.6 (for
example, middlemen, boat builders, out-
board engine mechanics), and a more
detailed description of the skills required for
these jobs, as well as an estimate of the time
each worker devotes to the fishery, should
be provided.

4.2.3.7 Relationship of Fishing Groups
with other Social Groups in Society

- Data are required which describe the fisher-
men’s social relationships with other social
and occupational groups in the society.
. Relationships such as group membership,
cooperation, noninvolvement and hostility
need to be identified (groups are identified
as part of 4.2.2.1). Types of relationships
which represent different small-scale fisher-
ies and geographical regions should be
defined. Important distinctions may exist,
for example, between urban and rural areas.

4.2.3.8 Local Distribution of Wealth
and Power

The primary data needed here first of all
require a actermination of what is locally
considered as wealth. Is it money, land, cat-
tle, many children, boats, many followers or
friends, or some combination of items? Once
the definition of wealth is known, the local
distribution of wealth must be determined
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according to the various social categories
defired in sections 4.2.2.2, 4.2.26 and
4.2.3.2.

Power is defined as the ability of one person
or group to influence another’s behavior.
Data requirements include a description of
both the official and unofficial poiitical
organizations which exist at the local level,
as well as an identification of opinion lead-
ers who iafluence the behavior of fisher-
men. As applied specifically to fishermen,
data requirements also include a descrip-
tion of formal government power groups,
the services they provide to the fishermen,
and the local attitudes towards these servi-
ces and government personnel. They also
include formal laws governing the use of the
ocean by fishermen, as well as informal
agreements affecting who fishes when and
where.

4.2.4 Innovation Data Needs

For purpose of the data collection scheme
presented here, an innovation is defined as
a new object or idea; thus it includes such
things as a new piece of equipment, a new
way to use an old type of equipment, a
fishery management plan, or an institution
such as a fishermen’s cooperative. The data
included in this category serve to determine
factors which can either facilitate or impede
the introduction of an innovation.

4.2.4.1 History of Innovative Behavior

It is helpful to understand the events sur-
rounding recent attempts to introduce
changes which have affected fishing com-
munities. Important data include historical
sketches of the types of innovations which
were attempted, the way they were intro-
duced (i.e. by whom, who were the first
users, how long did it take until most fisher-
men used it, why did most fishermen adopt
— ornot adopt —it?), including descriptions
of failures and explanations of why certain
innovations failed.

4.2.4.2 Attitudes Towards Risk,
Change, and Investment

Data requirements includ:: descriptions of
variations in attitudes toward risk, change,
and investment in the fisher:r. For example,
under what conditions would fishermen try
a new gear type or invest in a more expen-
sive vessel? Would they make such changes
today, and why or why not?



4.2.5 Occupational Preference and
Training Data Needs

A great deal of research has clearly demon-
strated that a person’s occupation and atti-
tudes towards the occupation play a large
role in self-perception, health and social
adjustment. Job satisfaction has been
related to a wide range of social, psychologi-
cal, economic, and health-related variables
ranging from level of productivity, job turn-
over, family violence, and psychosomatic
illnesses to longevity (HEW, 1973; Gelles,
1974; Pollnac & Poggie, 1979). Thus, one
cannot assume that non-fishermen will will-
ingly become fishermen, or vice versa,
and/or thai they will adjust satisfactorily
after such a change. It is therefore essential
to understand what determines job satisfac-
tion and job prefarences in situations where
occupational changes are anticipated.

4.2.5.1 Attitudes Towards Fishing by
Non-fishermen

If proposed changes require addition of
fishermen to the workforce, it will be neces-
sary to determine attitudes towards fishing
among the pool of available workers.
Secondly, analysis of relationships betwee.
fishing groups and other groups in the
society (see 4.2.3.7) may also indicate atti-
tudes towards fishing. For example, if fish-
ing is a low status occupation,
non-fishermen will probably not be very
interested in becoming fishermen.

4.2.5.2 Attitudes of Fishermen
Towards Fishing and Alternative
Occupations

If development or management policies are
expected to result in displacing fishermen,
then it is essential to determine attitudes
towards potential alternative occupations
in comparison with fishing.

4.2.5.3 Attitudes Towards Income
Changes

Sometimes proposed changes in the fishery
may have a negative effect on incomes. Peo-
ple nsually react negatively to decreasing
incomes, but it is necessary to examine their
perceptions of the impact of such changes.
This will facilitate the development of edu-
cational programs to implement the
changes as well as the development of pro-
grams to mitigate the perceived impacts.
Once the magnitude of potential income
changes have been determined, a sample
survey can be used to assess theimpact such
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changes would have on the lifestyle of the
people who are affected.

4.2.5.4 Perceived Innovation
Complexity

It is important to determine whether or not
fishermen who are intended to benefit from
the innovation believe they have the nieces-
sary skills to implement the necessary
changes or can learn them. Variations in
these perceptions across fishing types, geo-
graphical regions, and in relation to indi-
vidual attributes such as age, education,
and status must be determined.

4.2.5.5 Perceived Innovation
Compatibility

It is important to determine whether fisher-
men feel that they will be physically and
mentally comfortable adopting a particular,
innovation. Will the use of the innovation
affect valued social relationships (such as
relationships between owners and crew,
between crew members and between fisher-
men and the middlemen), and if so, can
these problems be resolved? Will the tem-
poral demands of the innovation (night
fishing instead of day fishing or long trips
versus short trips) fit their present lifestyle,
and if not, is it possible to adjust theinnova-
tion or the fishermen’s behavior? Compati-
bility covers a diverse set of issues ranging
from physical, social, economic, and psy-
chological concerns to the environment.
The key is deterr:ining what the fishermen
perceive as the compatibilities and incom-
patibilities. Areas where data indicate that
potential problems might develop can be
emphasized as critical points in develop-
ment projects.

4.2.5.6 Perceived Relative Advantage
of Innovation

Data required here would indicate whether
or not fishermen feel that they would be
better off in terms of such concerns as their
financial position, work schedule, nutrition
and/or status as a result of adopting a cer-
tain innovation. The variability of these
data across fishing types, geographical
regions, and in relationship to individual
attributes such as fishing status, age, and
education is important.

4.2.5.7 Perceived Trialability of
Innovation

It is important to determine whether or not
the fishermen feel that they could actually



try out the innovation if they wanted to and
why they do or do not believe so. The varia-
bility of responses to this issue should be
examined as a function of different fishing
types and geographical regions, and inrela-
tionship to individual attributes such as
age, education and fishing status.

4.2.5.8 Perceived Observability of
Innovation

It is important to determine whether or not
ihe fishermen feel that they have the oppor-
tunity to adequr.tely assess theresults of the
innovation. Some will accept verbal descrip-
tions; others need to witness actual demon-
strations. The variability in responses
across fishing types and geographical
regions, and relative to individual variables
such as age, education and fishing status
should be evaluated.

4.2.6.9 Individual Attributes - Asso-
ciated with Innovativeness

Perhaps the most important data are those
which demonstrate which individual attri-
butes are associated with the willingness to
adopt change. Important variables include
years of formal education, degree of liter-
acy, exposure to mass media, cosmopolitan-
ness, social status and degree of social
mobility. Important personality attributes
include attitudes toward change and risk
(see 4.2.4.2), gratification orientations,
achievement motivation and level of aspira-
tions. The relative importance of these vari-
ables should be determined for the various
subgroups in the population.

4.3 ECONOMIC DATA
4.3.1 Orientation

It is worthwhile to reemphasize here that
the scope of this guide is limited in two
ways: first, it encompasses only a portion of
the entire fishery system — the harvest sec-
tor. The importance of that sector was dis-
cussed in the context of the fishery and the
economy, of a decision process to “develop”
the fishery’s role in protein supply and in
the context of that sector’s relationship to
the entire fish delivery system. Secondly,
within this sector the scope is limited
further in that the data identified for collec-
tion and the information developed from
them are primarily concerned with the
interaction of man and resource: how the
harvest sector operates in biological, eco-
nomic and sociocultural terms and how it
might respond to changes.
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Most of the data identified for collection is
relevant to analyses of other portions of the
system and has multiple uses for a variety
of analyses particular to the harvest sector.
It should be clear that this guide is not
intended to define the entire scope of fishery
department’s data collection responsibili-
ties. Furthermore, to differing degrees, the
biological, sociocultural and economic data
identified will be found to be necessary but
not sufficient to crnstitute the department’s
contribution to more broadly defined pro-
grams, those which require the coordina-
tion of several departments and/or
ministries. Among these are 1) a thorough
examination of fishermen’s welfare and of
ways to improve it (see Smith, 1979), and 2)
the identification, design and evaluation of
investment projects (see Campleman, 1976).

The limits to the data are not so apparentin
the first section of this chapter because the
fish population is “totally involved” in the
interaction between man and resource. The
second section, as we have seen, concerns
itself with the population of fishermen; how
culture affects the fishing process, its organ-
ization, etc., and how cultural factors might
condition the acceptability of innovations.
These factors are clearly important to issues
affecting fishermen’s welfare and to the
design of investment projects. The limits on
data will be most clear in the present sec-
tion. The “population” we seek to describe
with economic data is the “population” of
fishing activities, its state (the private and
social benefits and costs of its operation)
and its potential response to innovation
(much of the same data regrouped to lend
itself to analyses of cost, supply, etc.).

This orientation precludes a discussion of
the problems of collecting a set of data
which is, by its nature, intimately tied to the
operation and response of the harvest sec-
tor, i.e. consumer or retail demand data.
Data on the primary sales of fish or other
marine products is identified for collection
below, hence the link between the harvest
sector and the rest of the system will be
made. However, to be able to appreciate the
performance and the benefits society
derives from the performance of the entire
system, data on final demand determinants
should be collected.

The responsibility for collecting much of
these data, (for example, that on prices of
substitutes for fish, on consumer incomes,
the food or general price index) usually lies
with other departments. However, responsi-
bility for collecting the important time ser-



jes of retail fish prices and quantities
prcbably does lie with the fisheries depart-
ment. Final demand data are especially
important, for example, if by-catch froin an
‘industrial fleet competes for the first time
with the artisanal caich at the retail level.
Some approaches to the problems asso-
ciated with collecting data for demand anal-
ysis are contained in Sutinen and Pollnac
(1980).

4.3.2 “Economic” Data

Given this focus on the harvest sector and
fishing activity, what economic data shall
be collected? If we review, briefly, some of
the uses of what we have called “economic”
data, we will see that we can collect a set of
data that has multiple uses and can be ana-
lyzed from.different viewpoints.

The figures used in the last section of Chap-
ter ITT show a simplified bioeconomic rela-
tionship beiween the small-scale fishing
fleet and the resource. We discussed these
figures in terms of the relative merits of var-
ious long-run equilibria for the fishermen as
a group, consumers, society, and the
resource. The standard empirical economic
analyses of supply, cost, production and
demand data, i.e. data on transactions and
productive proce:ses, yield the particular
information for a given fishery.

This information, which is based on
assumptions of individual consumer and
producer behavior, is used to determine the
state of the fishery and to predict the
response of the fishery to changes, i.e. where
the new equilibria will be.

In the “perfectly” functioning economy
there are no distortions in the optimal allo-
cation of the nation’s resources, including
capital and labor, to one use or another.
Some further assumptions are that all par-
ticipants are aware of the alternate oppor-
tunities for their capital and labor services,
that there is no monopoly (or monopsony)
power being exercised in the markets, and
that transfer of these services from one use
to another is costless. As a result, the
market prices for goods and services in their
current use are exactly equal to their oppor-
tunity cost in any other use in the entire
economy. Because these assumptions were
in effect when we discussed the figures in
the last section of Chapter I1I, we were able
to identify the point of maximum economic
yield (MEY) based on the total revenue

curve and the total cost line. We were ableto
identify the economy-wide (social) optimum
on the basis of fishing industry market pri-
ces for ouiputs and inputs. In other words,
the industry determined prices were
assumed to be the same as economy-wide
(social) prices. In reality, for some goods
used in the fishing process, market prices do
reflect their social opportunity cost. But for
the most important services, notably those
of capital and labor, the market prices are
frequently either lower or higher than their
social opportunity cost.

In fact the equilibrium which comes about
in an open access fishery or which is estab-
lished as a result of biological or bioeco-
nomic regulations, is arrived at because
fishermen respond to market prices —tothe
prices they encounter day after day. Taxes,
subsidies, import duties, market power, etc.
are reflected in these market prices. A cen-
tral planning unit in the government may
see a considerably different total cost curve
(or even total revenue curve) based on true
(social) economic costs. As will be seen
below, however, the fisheries department
can contributeito the calculation of at least
one social cost, i.e. the true resource cost to
society of the operation of the fishery.

Another set of analyses, called project or
investment analyses, examine various
methods for evaluating the costs and bene-
fits of private and public investments, i.e.
for evaluating whether it is worthwhile to
move to new equilibria. Economic project
analyses evaluate the benefits and costs
from the point of view of the entire economy.
Financial project analyses are concerned
with the return and the timing of the return
to the investors. Obviously, any “worth-
while” project must be judged so from the
point of view of society as a whole as well as
from that of the participants.

In economic project analyses frequent use is
made of prices other than those we expe-
rience in the marketplace — particularly the
prices of capital and labor. The view taken
in this type of analysis is that of a “general
manager”’ of the economy who is, theoreti-
cally, knowledgable about all of the alter-
nate uses of capital and labor in the entire
economy; he is aware of their true social or
national opportunity cost.? Financial pro-
ject analyses examine, among other things,
whether a project can be carried out by the

3 This per unit social opportunity cost is often called a “shadow price.”



participants. They use market prices exclu-
sively in determining the profitability to the
participants of investing in, for example, a
new boat or ice house.* Notice that both
types of analyses examine the net benefits
of already identified projects — often an
array of projects — which address an identi-
fied problem. Furthermore they attempt to
evaluate the flows of benefits and costs of
the predicted outcomes of the projects. The
accuracy of these predictions is dependent
on a thorough understanding of the biosoci-
oeconomic operation of the fishery and its
response to proposed changes.

In the context of small-scale fisheries two
particular aspects of project evaluation
need to be mentioned.’ Both concern what
are called secondary effects — the benefits
and costs which occur outside a project’s
boundaries but which are brought about as
a result of the project. The first, the employ-
ment impact (either positive or negative), is
considered by many economists to be prop-
erly included in economic (but not financial)
project analyses when a particular sector
has an unemployment problem. The second,
which is strictly termed a technological
externality, is known to us as the project’s
effect on the resource and the resulting
effect on catches in the fishery.® In this case
both financial and economic analyses
should consider the long run possibility of
diminished or increased catches as a result
of increased or decreased pressure on the
stocks. Economic analysis will take the
broader view of the impact of investments
on society including the production impact
on participants and non-participants alike.
Financial analysis will consider production
changes only in as much as they affect
participants. '

In Chapter III we discussed some of the
adjustments that would take place in mov-
ing from one equilibrium point to the next.
While we will always consider points such

as MEY and MSY as “better” in a number of
aspects when compared to an over-
exploited, open access equilibrium, we know
that from society’s viewpoint it is not
alv.ays beneficial to undertake these moves.
Project analysis provides the tools to evalu-
ate the economic and financial costs and
benefits of these proposed changes. It is not
limited to examining the effects of
investments.

A third use of the ecor.omic data is in inter-
firm or firm type comparisons of private
profitability (returns).” As noted in Chapter
II1, the decision to participatein the fishery,
to enter or to leave it, depends upon the
return each fishermen thinks he can make
with his capital and labor in its next best
employment. He looks at his opportunity
cost of fishing. What are the quantities
whase sum must equal or be larger than the
opportunity cost of fishing? Put another
way, how does (or can) theindividual fisher-
man decide to continue in this employment
of his labor, his fishing and organizational
skill and his invested money? There are
many accourting measures used to portray
the statue of a business. The individual
fisherman is concerned with the annual
return to his labor, management &.nd invest-
ment and with his cash flow situation,
among other measures. Whether a fisher-
man, in fact, explicitly does such calcula-
tions or not is beside the point. His decision
to participate in the fishery is based in part
on the former measure. His ability to meet
expenses on a continua! basis is measured
by the latter.?

The prices used by an individual fisherman
in these accounting exercises are, with a few
specific exceptions, market prices. The
exceptions in this case are not economy-
wide opportunity prices, but private, tem-
porary prices. For example, a particular
fisherman may have borrowed from family
for seme equipment at a very favorable

1 A widely used reference which examines these two types of analyses is the World Bank publication by Gittinger (1972).

% See Campleman (1976) for a discussion of these analyses applied to fishery investment projects.

% We can easily choose some time frame within which the benefits to an investment in the fishery — such as one which
increases yields — will exceed the costs. This temporary net benefit or industry-wide profit is the legitimate objective of
muny investment projects. To be properly evaluated, however, it must be weighed against the consequences of the

eventual long-run equilibrium situation.

7 We use the word firm here very broadly to encompass the organizad enterprise of cast net fishermen to that of much more

capital intensive trawling operations.

" The repayment of principal on a loan is not part of the calculation of return but is a significant part of the cash outlay.
Meeting a monthly loan repayment provides a great incentive to fishing. In cases when fishing is seasonally dangerous
because of weather conditions, this incentive may increase the number of fiching accidents.



interest rate or, more commonly, fishermen
may use family labor paying them less than
market rates.” The prices used in comparing
two or more firms are market prices so that
the advantages of having lacger families,
for example, are discounted. The prices used
in any analysis then, depend on the context
or the scope of that analysis.

The answer to the question about which eco-
nomic data to collect, then, is that we seek
data which will satisfy all of these uses
given the limitations discussed above. We
seek the data that individua! firms would
use (if they kept detailed records) in calcu-
lating their annual return to labor manage-
ment and invested money andin evaluating
their cash flow situation; market price data
when private and market prices diverge;
data on certain other quantities we need in
order to calculate the social or true economic
cost of this private activity (wasted fish, for
example); and data on the physical nature
of the effort expended by the firms.!%!!

The data collected will provide the basis on
which the fishery department can 1) under-
stand the financial circumstances of fish-
ing firms of particular types, 2) monitor
these circumstances from vear to year, 3)
make comparisons among firm types, and
4) identify projects or regulations to
improve these circumstances. Furthermore,
these data will provide the input for the eco-
nomic and bioeconomic analyses necessary
to determine the state (and potential) of the
harvest sector and to predict its response to
projects or regulations.

4.3.3 Harvest Sector Activity

One goal of data collection is to account for
the total amount of fishing activity carried
out by the entire fleet (or by all participants
in the fishery) and what this means in

financial and societal terms. For biological
reasons and because of legal and business
cenventions, the year (any twelve month
period) is the longest and generally most
useful period of time over which we aggre-
gate data in order to make comparisons or
recognize trends. Many of the figures in
Chapters I and Il show the long run equili-
brium relationship among quantitative eco-
nomic, physical and biological variables.
Given the proper data set, these figures can
be estimated using annual total quantities
of these variables. As one cannot possibly
hope to collect all of the data generated by
each individual firm and all its fishing
activity nor rely on the existence of com-
plete records kept by those who fish, we will
use various sampling schemes to estimate
weighted sample means or averages of the
many quantitative (kilograms or money
amounts) variables which describe this
activity.’? The weights to be used will be
chosen and the sampling strategy will be
planned on the basis of qualitative varia-
bles such as firm types, species, icrations,
etc.

The fishing activity of an entire fleet occurs
as a flow through time, i.e. over the course of
the year. It is possible to define a unit of this
activity in many ways. For reasons which
will be clearer as we go on, we define a unit
of fishing activity as a single day’s fishing
by an individual firm. This is the smallest
meaningful unit that can be used.!? A trip or
a landing represents a set of units of fishing
activity. For those variables whose annual
totals are tied to the amount of fishing activ-
ity that takes place, the better data collec-
tion scheme is the one which, for the same
cost, properly accounts for the total amount
of fishing activity. This implies the ability
to monitor the distribution of the units of
fishing activity over time and space.

9 Interest rates on loans for fishing are generally higher than those for “safer” ventures. Thedifferencein ratesiscalleda

risk premium.

10 Note that we said “quantities” needed in order to calculate the sccial or economic return, and not “prices.” We will be
gathering private and market prices. But regardless of which prices are used (i.e. which level of analysis we are doing), the
gantity values must come from data on the private activities of firms. The decision to use shadow prices (economy wide
opportunity prices) is one taken with some consultation with those ministries or departments concerned with planning —

vhose which calculate these prices.

11 Catch and effort data provide the biceconomic link. It is required by both the economist (in studying production and
cost) and the biologist (one of several tools for population studies).

12 We will see below and in Chapter V that if certain data are available we may be able to estimate total annual quantities
of certain variables — particularly those related to catch — with greater confidence than we can have in estimates based

on sample means.

13 The unit of activity, a day’s fishing by a single firm, is the “unit of analysis.” This is distinguished from the “sampling

unit” which is, ideally, a landing.



The proper sampling of activities on this
. basis will result in better estimates of the
sample me2ans of, for example, variable
costs and revenue and in better estimates of
the weight and species composition of the
catch. The bioeconomic compatability of
biological and economic data will also be
enhanced if one can calculate catch, varia-
ble cost and revenue per-unit activity.
Furthermore the opportunities for simul-
taneous and/or complementary biological
and economic data collection efforts will
increase.

In what follows we will 1) identify all the
variables of interest, 2) define what consti-
tutes a “‘good” observation on these varia-
bles as if the situation at hand would permit
them to be measured in their “best,” detail-
revealing setting and, 3) discuss the eco-
nomic context of the variables. If the
fisheries situation faced will not permit
observing these random variables in detail,
then the remainder of this chapter will at
least give some idea of what is being missed
and how these missed quantities may bias
sample means. Chapter V will examine how
to relate this detailed data to the rest of the
units of fishing activity which have not
been observed. If one is unable to monitor
the distribution of fishing activity over time
and location, then Chapter V will provide
some idea of the biases which may be intro-
duced in using sample means (or other mea-
sures) tu calculate the desired total annual
amounts,

4.3.4 Variable Definitions
4.3.4.1 ldentifiers

Depending upon th¢ situation in which the
data are being colle ted, oneshould attempt
to record or have 1 ¢orded as many of the
following identifiers as possible: date, time
and place of collection; the name of the per-
son responding; the “type” of boat; type of
gear(s) used, the boat name and/or registra-
tion number; the home port of the hoat; the

name of the boat owner if different from
that of the respondent; the number of per-
sons fishing; the area(s), or zone(s) fished;
and the trip length.!! The data recorder
should be as observant as possible. In an
interview setting, for example, it should not
be necessary for him to have to question the
fisherman about every identifier. The more
identifiers associated with the data, the
more possibilities there are for making dif-
ferent statistical comparisons, for analyz-
ing different aggregations of the data and
for supplementing data collected by
others.!?

The respondent may not be willing to iden-
tify himself, the owner, the home port, etc.
This reluctance is often related to the exis-
tence of or threat of the imposition of taxes,
registration fees, etc.! In general it is more
important to get as many data as possiblein
this situation and to be well received on sub-
sequent visits than to sacrifice future coop-
eration for a few additional identifiers.

In succeeding sections a narrationis used to
identify and define observations of the vari-
ables of interest so that the material flows
logically. This narration follows fairly
closely the data collection forms included in
the appendices. Slight variations of these
forms were used in Central America.

4.3.4.2 Revenue and Catch

The revenue we seek to measure is the value
received for the trip. Most of this is directly
related to the catch and the prices received
per pound or kilogram of fish.'” Some of it
can come from sources other than from the
sale of catch. If one or more of these other
sources (for example, transporting people or
cargo) is significant, regular and wide-
spread, some attempt should be made to
estimate it. This fishing-related income is
more important to questions of fishermen's
welfare and to investment project consider-
ations than to the bioeconomic operation of
the fishery. Its existence may also allow

14 By “type” we mean one of the suhdivisions of the fleet that the fisheries department has decided to use, For example,
there may be length or configuration types further distinguished by gear type in use.

15 See the appendices for the various identifiers used on the different sample forms,

1 Any noticable increase in the data collection activities of the fisheries department is subject to being viewed by
fishermen with some suspicion. Some department communication about its activities hy leaflet, radio or other means

prior to a data collection effort may allay this suspicion.

17 In some fisheries what appear to be non-weight units are used in selling fish, for example “strings” of gilled fish or
vaskets or canoe-fulls are sometimes use(!. There ls in x}ll probability, a weight range within which these other measures
fall. It may vary by species and be subject to “inflation” over time, but with some effort the average weight can be

estimated.



more boats to remain in the fishery than
would ordinarily be supported exclusively
by the revenue from catches. From the col-
lection of background information one can
gain some idea of its existence, frequency,
seasonality and significance.!®

To be more specific, the total revenue
received from selling or using the catch is
the sum of the actual or potential prices
received for each qualitative subdivision
(species or class) of the catch multiplied by
the weight of that subdivision. For example,
total revenue = (price of species 1 (or class 1)
per pound (or kilogram) X weight of species
1 (or class 1), plus price/kg. sp. 2 X kg. sp. 2,
plus...). In order to get an exact measure of
the revenue (from fishing) for a unit of activ-
ity it is necessary to have an observationon
the species’ (or relevant subdivisions’) pri-
ces and on the amount actually and/or
potentially (see below) sold.

There are several possibilities for under-
counting or over-counting quantities of
valued fish in trying to get a good measure
of revenue. Over-counting results from
including the catch of other boats, e.g. pur-
chases at sea or simply the transporting of
other vessels’ catches for sale. Under-
counting results from: 1) ignoring the sales
of some fish prior to the sale at the point of
observation, e.g. sales at sea or sales at
other landing sites; 2) ignoring quantities of
fish not sold but valued, i.e. that rejected by
(or simply withheld from) buyers but valued
by the owner or captain and used a) to pay
the crew, b) to sell at some other site, c) to be
consumed at home, d) to be processed (dried,
smoked) and sold later, e) to be paid tothose
who bring the fish to final sale such as
unloaders, sorters, cleaners, f) to be used to
pay for goods or services used during the
trip, or g) simply given away. The objective
should be to arrive at a figure (a monetary
armount) which represents the value of all of
the fish which is, in fact, valued (all that is
not discarded) an! which is the result of
that particular firin’s fishing trip.

Those quantities which will lead to over-
counting should be eliminated, and the

1t We distinguish this income from that earned by, for example
fishing activity. These latter income sources are of great signific
fishery (they are measures of the opportunity cost of fishing)
important to the operation of the fishery, and sampling met

value of that which is potentially under-
counted should be determined. In those data
collection settings where questions can be
asked about the disposal of fish withheld
from sale, they should be asked. It will often
be possible only to observe and estimate
quantities not sold but valued. It will require
some experience to be able to estimate the
quantity of fish being so distributed. With
experience one should be able to determine
where and why these various under-or over-
counting possibilities occur. Many of these
potentially under-counted quantities of fish,
especially those in “e” and “f” above, are
used to pay for variable costs (see 4.3.4.4, 5,
and 6). In order to be able to apply estimates
of these quantities to similar fishing activi-
ties for which there is much less detailed
information, it is important to record separ-
ately 1) the quantities and value of the var-
ious amounts withheld from sale and 2)the
quantity and value of the fish which is sold
in the “normal” transaction, i ». the quan-
tity and value (by whatever breakdown is
available) purchased by the middleman or
primary buyer. The prics of the fish actu-
ally sold at the landing site are reasonable
estimates of the value per unit weight of the
fish withheld from sale.

An estimate of the resource cost of this
value-producing quantity of fish is the
quantity of all fish killed in order tc get that
value, multiplied by the current price of that
wasted fish. If one considers the dynamic
case the cost is higher. This resource cost is
part of the cost to society of iadividual fish-
ing activity. It does not enter into the pri-
vate calculations of a fishing firm, yet it is
an important quantity. The difference
between the weight of fish which is killed
and the lesser amount which generates
value (in money or use terms) results from 1)
discards at sea, 2) traditional forms of evis-
ceration and other preparation, and 3) spoil-
age (fish landed but discarded). The
quantity of discards at sea is best estimated
by sea sampling. Itis the less or non-valued
species which are discarded for reasons
other than spoilage.!'® The form and extent
of preparation, including evisceration, is
usually tied to the appearance (look, smell,

, seasonal farming, i.e. from dources not related to the
ance in examining welfare, entry and exit flows in the
and the seasonality of fishing effort. This last aspect is
hods we discuss below will take account of it. Questions

concerning alternate employment can be included in the appendix on background information. Adiscussion of sampling

procedures to measure this “other” income is, as noted above,

beyond the scope of this guide.

19 It is very unlikely that the cost of sea sampling to estimate discards in the small scale fishery can be justified. The
opposite may be true of sampling discards from an industrial fishery exploiting highly valued species such as shrimp.
Shrimp fleets frequently discard relatively low valued finfish caught in all but the last few tows.



gut contents, dangerous parts, etc.) of
groups of species and is reasonably consist-
ent in a given fishery. Biologists work with
either whole weight or landed (prepared)
weights. Conversion factors can be estab-
lished relatively easily at any point before
or during the data collection effort. How-
ever, it is essestial to maintain consistency
in recording and converting data.

Since fish that is spoiled had commercial
value, the quantity of this fish which is dis-
carded at sea is probably much less than the
quantity which is landed in hopes of being
sold or used. The quantity of fish landed but
rejected for sale or other uses because of
spoilage can be very significant in small
scale fisheries. This fish, part of the
resource cost to society, represents foregone
revenues to the individual firm. As we have
said, it is not treated as a cost to the individ-
ual firm. However, this quantity is probably
the easiest to observe and measurc of all the
quantities that make up the difference
between what is killed and what is sold or
used. Given this, and the importance of this
data in suggesting improvements in the
fishery, it is clearly 4 quantity which should
be recorded.

So far we have discussed the problems of
getting accurate observations, i.e., the prob-
lem of over ounting or under-counting
quantities of fish — principally those quan-
tities of all fish that make up the difference
between what was killed and what was sold
to the primary buyer. We will also face the
problem that the things we want to measure
will not be available to be messured in the
preferred subdivisions. The divisions by
which fish is sold to primary buvers are
based on a commercial classification of the
catch. Depending on the fishery in question
and the natureof the catcl:, we will see sales:
1) of all fish at the same per-unit price, 2)of a
few commercial classes of fish (two or more
species per class), or 3) of a few important
species each priced differently and separa-
ted from the rest of the “other” fish. The
methods used to distinguish fish in the
delivery system are usually a maiter of tra-
dition and are fairly stable though
complex.*"

All of these commercial divisions have eco-

nomic meaning in that they are based on
price differentials which reflect how consu-
mers value various types of fish. In order to
maximize the multiple uses of catch data,
the divisions or subdivisions of catch
should have biological as well as economic
meaning. The most commonly used di-
visions of catch which have biological
meaning (in the sense of relating catch to
the population(s) of fish or to a measure of
potential catches through some population
dynamics model) are individual species,
cohcrts of individual species, and, to a lesser
extent, all catch (2otal biomass yield). There
is rarely a one-to-one relationship between
the biclogical distinctions of catch and the
economic distinctions (e.g. commercial
classes).

To make this commerciaily disaggregated
data useful for biological and bioeconomic
analyses, one can either coordinate eco-
nemic and biological data collection or
apply a recent or soon to follow species
hreakdown (see Chapter V). The accuracy of
this latter procedure is direnrtiy related to
how close in time, location, boat size, gear
type, etc., the breakdown is to the other
catches it is being applied to.?! Economic
data can be extracted from biologically
aggregated catch data —such asthat which
would result from either a catch and effort
sampling scheme or one designed to deter-
mine, for example, length frequencies — if
the relevant identifiers accompany the bio-
logical aata. In this case one can determine
the probable prices that prevailed at the
time the biological data was collected and
estimate the costs of “he trip.

Determining the species composition of the
catch is difficult, costly, time consuming
and inconvenient to the buyer and seller of
the fish. Two hundred or more species may
often be represented in the catch. If the com-
position is determined too infrequently,
strong biases may be introduced in the esti-
mates of annual totals of species caught. A
reasonable compromise is to survey the
catches frequently but to sample only a per-
centage of each catch. One can begin by
sampling the most highly valued classes (or
whatever commercial classification is in
use) and working through the less valuable
(in' terms of price per pound) classes until

2 A much greater degiee of differentiation of fish products is evident in the retail market than in any other part of the
system. This often compiicates the collection of consumer demand data.

# Another composite variable we will encounter is nominal effort. We will ace later that there are steps we can take in
designing our sampling scheme which will nutematically decompose this measure into somewhat more economically and

hiologically meaningful components.



the clg-ses of fish which constitute about
80% of che vaiu. .S the catch have been
sampleld. Because of the possibility of
changes in the impartance of species in the
catch, a more thorough breakdown should
be done periodically (see (5.2.2.1 (b)).

It's obvious that each posi-trip interview
will not be coupled with a sampling of the
catch. The economic data collector, while
perhaps unable to distinguish similar spe-
cies, should be able, or be trained to be able
to recognize the commercial classes of the
difl'ferent quantities of fish withheld from
sale.

The quantitative o' - arvations (weights and
prices) and qualitative observations (com-
mercial classes and species) which make "9
the data on revenue and catch are the most
changeable observations to be collected.
They will be different for each individual
firm with each unit of its activity — day to
day, trip to trip. They are also among the
most difficult to collect, especially in the
initial stages of the scheme. The variety of
arrangements for dispensing fish, the speed
with which it is done, the need to make very
quick estimates of the weight and commer-
cial class of this fish and many more factors
will generate some early frustration. This is
understandable. The effective collection of
detailed data is an acquired skill. Itis askill
which requires, at a minimum, a willing-
ness to interact with fishermen.

4.3.4.3 Costs in General

A given firm's net return from a fishing trip
equals the revenues received less all of the
private costs, i.e. those incurred in fishing
and those incurred in being able to fish. The
traditional distinction of costs is between
variable and fixed costs. Fixed costs are
incurred whether or not the firm fishes. Var-
iable costs are those which increase as the
amount of fishing per time period increases.

Our approach to identifying and describing
costs rests on the traditional economic dis-
tinction modified somewhat because we
assume that no records are kept by fisher-
men. Consequently we will define variable
costs for a fishing trip and fixed costs foran
individual firm. We will describe ice costs, a
variable cost, in the context of an interview
getting at the end of a fishing trip, and
depreciation costs or interest on loans ina

context suitable for calculating the annual-
/monthly cost to the firm.

Two of the more important uses for cost data
mentioned above are in determining the
returns from fishing to a firm or a firm type
and in understanding the demand for
inputs used in the fishing process. If each
firm consisted of a single fisherman and his
boat and gear, then the determination of
returns would be fairly simple. Many fish-
ing firms use crew services however, and, as
a result, the determinatici: of returns to a
day’s fishing become complicated. The
hired crew, which may or may not include a
captain (not the owner) frequently share in
the costs of the trip just as they share in the
revenues.**

If, in a given fishery, the crew traditionally
pay all ice costs, one cannot correctly con-
clude that the firm (from the owner's per-
spective) does not consume ice in its fishing
process nor that there is no demand for ice
in the fishery. For consistency, and to avoid
either misging or double-counting costs, the
recording of costs should be separated from
the recording of who bears these costs.

4.3.4.4 Variable Costs — General

The costs which increase with fishing activ-
ity, while they vary from fishery to fishery,
include the costs of ice, fuel, oii, Jood, bait,
labor, unloading, etc. This list can be long.
Many of these costs are paid in fish rather
than in money. Nonetheless *hey are real
expenses. Some background work is
required before observations on these varia-
ble costs can be coilected. At least three
problems must be addressed. The first prob-
lem is to know what to look for or what
quesiions to ask. Items which should be
counted as costs will vary by boat/gear
combinations and also by location. It wiil be
fairly easy to see that a given boat/gear
combination uses ice or bait or fuel and oil.
The more difficult part is to determine what
costs a firm incu. s in landing the catch and
in bringing the primary sale to a close. For
example, are there unloading fees or scale
use fees?

The second problem lies in determir.ing
where costs end and where “give aways”
begin. The former are obligations incurred
for receipt of necessary goods or services.

2 Recall that we counted as revenue to the firm fish which was given to the crew as payment. In this section we will count
this fish us a cost to the firm for crew services. If we fail to do this, we will underestimate labor costs.



The latter are more properly viewed as choi-
ces made by the fisherman in disposing of
some of this revenue evvcn though these
quantities may be dispensed prior ic the
sale.?? In some fisheries this disposal of
income is mixed in with the payment of fish
to meet expenses or fees. Fish used for either
purpose need to be observed or asked about
and then recorded as part of the catch and
revenue. That used to pay costs needs to be
recorded a second time.

A third problem is concerned with determin-
ing whether the size of these different varia-
ble costs is or is not related to the value of
the catch. It is necessary to make this dis-
tinction if we are to keep open the possibility
of using several methods for calculating
annual total amounts of these costs from
post-trip interview data. Some of these other
methods may prove to be more accurate
than the one which generalizes from sample
means (See 5.4). We wil! divide the variable
costs discussed below into those independ-
ent of the value of the catch, those solely
dependent on that value, and those whose
magnitude is determined in part by the
value of the catch.

4.3.4.5 Variable Cosis Independent of
Catch

The costs which concern us here are the
costs in the first category. They consist of
the cost (quantity multiplied by price) of ice,
fuel, oil, bait, food and any other costs
uncovered which are independent of the
catch. The factor which most determines
which of these costs exist for a given trip
interview is thz boat/gear combination in
use. The size of the various costs for any of
these combinations is a function of the
length of the trip, distance to fishing area,
etc. 24

There may also be catch-independent costs
which are more closely related to the fact
that there was a trip — for example a flat fee
for unloading — than to the nature of the
trip, for example the cost of fuel consumed.

Most of these costs will havz been paid prior
to the trip. Frequently, however, some costs
for goods or services used during the trip are
paid afterwards, even after the sale of the

catch. Our only recourse is to ask if some
costs of tl:is trip will be paid later.

There may be some difficulty in calculating
the quantity used of goods which are not
completely consumed during the trip, par-
ticularly in calculating the amount of fuel
and oil used. These are the desired mea-
sures, however. The arnount consumed will
depend on the boat and motur combination,
the motor's age and condition, the gear used
and the traveling time to the fishing site.
Thus there are many reasons why fuel and
oil consumption for a given boat/gear com-
bination will differ. The fisherman'’s esti-
mation of the amount of each used should be
recorded. As with many of the costs exam-
ined, unusual answers can be spotted after
some experience is gained in collecting
data. One may be able to assist the fisher-
man in estimating the per-trip quantity of
fuel or oil or other inputs not completely
consumed during the trip by asking him
how frequently he purchases the input, in
what quantity, and how many days he
fishes, on average, between purchases. If
the prices quoted by the fisherman are sig-
nificantly lower or higher than the inter-
viewer knows to be the “going price” at
other locations, it may be worthwhile to ask
from whom the purchase was made and
note the response on the back of the ques-
tionnaire. This will prove helpful should the
department wish to look into the natuic of
the relationships between buyers and
sellers of inputs.

The cost of food is traditionally counted as a
cost of fishing. As with all of the coxis men-
tioned sc far, it should be recorded as if the
boat owner (firm) were responsible for it.
Adjustments can be made 'ater. For this
cost, more than any other, an “educated
guess’” may be the best estimate. Since the
arrangments for purchasing food are so var-
ied, it is probably not worth thetimeto try to
get an accurate measurement. It is easiest to
settle on a money amount of the value of the
food for one person and multiply by thetotal
number of people who went fishing. One
should include in this amount any food
brought on board by the crew. If food costs
are generally substantial in relation to the
gross receints from the trip then more effort

2 Strictly speaking this “‘distribution” of catch is not the same thing as the economic concept of distribution. Economic
distribution is concerned with production possihilities based on initial endowments and with the share of output the
productive factors receive for their services (See Samuelson, 1973 or any edition).

2¢ We should be sure that the identifier (or nominal effort mieasure) “number of days of fishing” is associated with each
observation on variable costs. In the discussion of effort data we will see that more specific data on the effort expended will

allow us to approximate the cost of “effective’ effort.



should be invested in determining the true
cost.

Two additional costs which are properly
included in this section are random costs:
the costs due to losses of, or damage to
equipment, gear, hull, sails, motor, etc. One
can ask if there have been any losses or
damage incurred during this trip. What spe-
cifically was lost or damaged, and the esti-
mated replacement or repair costs (parts
and labor) should be recorded. The labor
costs should be recorded as the actual
amount paid and again, but not as regu-
larly, as the market would value those servi-
ces. All of these costs should be recorded as
if the owner would bear the entire amount.
For an alternate treatment of damage costs
sen section 4.3.4.10.

There may well be other catch independent
costs to be considered which have not been
mentioned here. The background informa-
tion exercise and an increasing familiarity
with the fishing operations of the fleet
should make one aware of their existence
and how they can be handled. Remember
that the goal is to identify and get good
detailed measures of these costs and
revenues. Therevenue (value) and the varia-
ble costs identified above and those to be
identified below are defined for interviews
at the end of fishing trips. Some of the data
will have to be estimated either by visual
observation (e.g. weight and commercial
class of fish), through post-trip conversa-
tions with the fisherman (e.g. quantity of
fuel and oil consumed) or by more extensive
post-trip interviews when costs and
revenues are hidden by complex relations
with creditors. As much of the calculating
work as possible should be done beforeleav-
ing the interview site. Simple, inexpensive
four-function calculators make these calcu-
lations less tedious and provide and incen-
tive to their being done at the site. Standard
units such as liters, kilograms, etc. should
be agreed upon before the data collection
starts so that decimal amounts are not mis-
understood in later coding work.

4.3.4.6 Costs Which Vary witbh Catch
Alone

The priorities in getting data on these costs
should be to 1)discover what these costs are,
2) determine their size, 3) find out what mea-
sure of cat:h they are related to and 4) deter-
mine the relationship.

The costs which depend only on catch may
include the costs of unloadling, sorting, scale
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use, brokerage, fish preparation, landing
taxes, etc. Which of these costs is present for
any landing is probably more related to the
landing site than to any other factor. More
frequently than with other costs, these are
paid with some of the catch. Recall the sec-
tion above where potentially under-counted
quantities of fish were discussed. The value
of these quantities of fish was then classi-
fied as revenue. These values must now be
accounted for in the payment of costs. The
easiest way to determine these costs is to
ask the owner/captain about them. Alter-
natively one can question all those who
were paid. This approach is more conven-
ient for the captain/owner. Frequently it
will be necessary to settle for merely observ-
ing the often rapid distribution of fish and
noting the quantities dispensed. Some time
must then be spent at the site to discuss the
distribution (distinguishing payment of
costs from the distribution of revenue) with
whomever is available to discuss it.

The reason for asking about which measure
of catch (for example, total value of the
catch, value of that sold to the middleman,
etc.) these costs are based upon is, as we
have said before, to keep open the option of
having alternative methods for calculating
total annual amounts of these costs. This
holds for the fourth priority as well. These
questions should be posed only until a repre-
sentative sample of responses from the dif-
ferent landing sites is acquired. It is
probable that the basis upon which these
costs are determined and the rule for deter-
mining them will vary so much as tc be
useless to us. However, one should make the
effort to get a sample before making that
determination. If the basis for these costs is
fairly consistant across landing sites or if
the number of sites is small and it is possible
get a consistantly good measure in the post
trip interview setting of the quantity of fish
on which these costs are based, then the
chances for more accurate annual measures
are improved (see 5.4).

4.3.4.7 Labor Costs

The cost of labor or crew services for a given
trip is somewhat more difficult to determine
than other costs. It involves getting good
measures of some of these other costs (usu-
ally the non-catch related costs) and of the
value of the catch. This ¢ sst is calculated
from the viewpoint of the owner(s) of the
boat and gear. It is the sum of the value
(money and fish) paid for all crew services
(including those of the captain, régardless
of whether or not he is the boat owner) less
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whatever costs they have p~id or will pay in
connection with the fishing trip.2

The systems, rules or arrangements used to
determine how much the different partici-
pants in the fishing trip will receive are
called by various names including “share”

-gystems or “lay” systems. Share systems
are usually established by tradition and
modified as newer technologies are adopted
(as the balance of labor and capital in the
operation changes)or astheriskinvolvedin
the fishing venture changes. These systems
usually vary by firm type (boat/geur combi-
nation), by location of the home port of the
boat but not by landing site (if it differs from
the home port).

The authors encountered approximately
thirty different systems for determining
crew shares in the Gulf of Nicoya fishery in
Costa Rica. All obligated the crew to pay a
percentage of different (catch independent)
trip costs (a certain cost to the crew) and a
right to a percentage of the catch’s value(an
uncertain revenue). In this way all who
fished and all who owned capital in the firm
shared in the risk of the fishing venture; in
this case the risk of small catches. Just as
fishermen enter and leave the fishery in
relation to their opportunity cost of fishiug,
80, too, crews of artisanal buats are aware of
share arrangements in other ports or on dif-
ferent boat/gear combinations in the same
locale. No one arrangement is too inconsis-
tent with the rest in terms of the potential
reward to fishermen for their labor and risk.
If one were, movement to or away from that
arrangment would be expected. These des-
criptions of share systems should be
recorded. They provide useful data for ana-
lyses of risk bearing, of economic distribu-
tion to the factors of production, of the social
organization of the fishing activity and of
potential socioeconomic changes to crew
and firm arising from technical
innovations,26

A hypothetical share system might have
five shares to be distributed; two for the ordi-
nary crew (captain excluded) regardless of
their number, one for the captain (regard-
less of whether it is the owner or not), and

two for the “boat” (the owner(s) ). The
shares might be based on the total value of
the catch, some of which might be sold at
sea before the landing, some of which is
withheld from sale for various reasons. The
two crew shares might be “net of” ice, foed,
bait and one-half of the fuel costs. In other
words, these costs are deducted from the
two-fifths of the total value of the catch
intended for the ordinary crew. The captain
may be responsible for the remainder of the
fuel costs and the “boat” for the rest of the
costs, e.g. unloading. While this systemis of
moderate complexity it could be
“explained” to the recorder in less than
clear terms. If one wishes to record a des-
cription of these systems it is helpful to ask
that the system be unscrambled: to ask for
the rule for dividing all costs involved and
then for the rule governing revenues (see
below). Use of this approach will usually
result in a more detailed description.

Should share system descriptions be used as
a guide to determining the labor costs for a
particular trip or for reducing interview
time for future trips or in devising ways to
estimate labor costs for unobserved trips?
We think the answer to each question is no.
Because these systems are so varied and are
particular to both boat/gear combinations
and to the home port of the boat, it is safer to
measure the labor costs directly. Theserules
may be used to indicate that we are not ask-
ing the proper questions. After conducting a
reasonable number of interviews, one can
see if the amounts received are greater than
those calculated from the rules. This might
reveal that a greater amount of fish is being
sold -r distributed before the sale than is
being reported by the fishermen.

In order to calculate labor costs for a partic-
ular trip one must determine 1) whether the
captain is the owner, 2) the amount of the
shared costs paid by all of those in a particu-
lar payment category, and 3) the fotal
revenue (value) paid to everyone in a partic-
ular payment category. Ifthe captainis also
the owner, his payment of costs and receipt
of shares should appear in two categories, in
one as captain and in one as owner. The

25 The share of revenues to be received and the share of costs to be paid are different, usually, for different roles or jobs.
Frequently encountered divisions are 1) the boat’s share (representing the owner), 2) (possibly) the gear or motor owner's
share (if these things are not owned by the boat owner), 3) the captain’s share, and 4) the crew member’s share. The owner
whe is also the captain therefore gets a larger return than the owner who is not captain.

6 If guch studies are anticipated, these systems need to be investigated in detail in some other setting as they are often
complex. The simple, verbal communication of these arrangements at the end of a fishing trip will often lack elements
such as the obligation of the crew to provide free labor and perhaps parts for maintenance and repair.



owner’s costs and revenues can be calcu-
lated after the interview is over as these
amounts are “what is left” of the total costs
and total revenues after all payments have
been subtracted.?” The net payment to peo-
ple in the various payment categories can be
determined by subtracting from their
revenue any costs they have paid.

If an attempt is made to obtain a verbal
description of the share system while deter-
mining labor costs, it is necessary to be sen-
sitive to both the ordering of the questions
and those whom we question. In other
words one should avoid undermining the
credibility of respondent(s) by appearing to
be “checking up” on his (their) responses by
agking both the captain and the crew the
same quections. Verification of amounts
received is important and can be done
discreetly.

In one method used in Central America the
interviewer asked each of the ordinary crew
members how much he had been paid prior
to any deductions for the trip (including the
value of fish rece'.ved) and then how much
he had paid or would pay in expenses for the
trip (including food costs if he paid for it
himself). Alternatively each member of the
ordinary crew could be asked how much
(net) he had gained or would gain from this
trip. The captain was then asked about the
total value of the catch, how much each divi-
gion of the crew would receive of this
amount (including fish) then the general
rule for dividing revenues. Afterwards we
recited a list of possible costs, beginning
with trip independent costs, and asked the
total amount of each, whether it was a
shared cost and lastly if we had missed any
other costs of the trip. The captain was then
asked the general rule for dividing costs.
One can see from this that we are not inter-
ested in how much a particular individual
paid for, say, ice, but rather in the total cost
of the ice and how much of it was paid by
each payment category.

In another method, reflected in the trip
questionnaire in the appendix, the inter-
viewer questioned the captain exclusively.
The set of questions asked was similar to the
set asked above except that when a shared
cost was identified, the amount that each
division of the crew actually paid (or would
pay) \vas recorded. The general rule for costs
was determined only after the particular

trip’s costs and their division were recorded.
4.3.4.8 Other Considerations

Before closing this section on variable costs
a few important points need to be men-
tioned. The first, and most important, con-
cerns the use of family labor in the fishery.
This is properly a study in itself. The major
implication for data collection, for economic
analyses of the operation of the harvest sec-
tor, for project evaluation and for interfirm
comparisons is that this family labor is
often underpriced. Frequently the service of
family members, especially that of wives
and children, is not rewarded at the same
rate as are the same services rendered by
hired laborers. While this may be to the pri-
vate advantage of a particular fisherman-
/owner, it obscures both the true measure of
that firm’s profitability or efficiency in com-
parison with others and the market value of
labor services in the entire fishery. How this
problem is dealt with in order to maintain
the accuracy of the data and yet minimize
the inconvenience and cost of that accu-
racy, depends upon how widespread this
usage is. First of all, it is necessary to
inquire about family member participation
in both the background information exer-
cise, and, initially, in the interviews at the
end of fishing trips. During an interview,
the amount actually paid should be
recorded as zero if there is no remuneration.
Afterwards, the roles family members have
played in either the fishing or in bringing
the fish to sale should be determined. If fam-
ily members are involved only occasionally,
then these questions should continue to be
included in the interview. If there is exten-
sive use of family in established roles in, for
example, unloading, thcee is no need to con-
tinue the questioning. But this use has to be
documented so that market values can be
attributed to those services prior to any eco-
nomic analysis.

Secondly, we have tried to minimize the
time and inconvenience of the interview by
omitting questions, the answers to which
can be dedvced from already recorded data.
For example, the return to the boat owner
for a given trip is the difference between the
total revenue (value) received less all of the
variable costs. Likewise the salary of an
ordinary crew member can be calculated
once the number of people in that category
and the net amount of therevenues receivad

7 In some cases it will be found that an owner is providing services such as housing, food, etc. to crew members. We can
uncover this situation in our background survey of the fishery. If this sitvation exists the annual costs to the owner should
be determined and treated (sampled) as a fixed (labor) cost (see 5.4).



from all people in that category have been
recorded. These calculations can be donein
the fisheries office. When they shouid Le
done depends upon how the data are to be
stored. If computer facilities are available
which can store and manipulate the data,
then the need to do the desired calculations
as soon as possible after the interview is
reduced. What calculations should be done,
of course, depends upon what the data will
be used for. Itis worthwhiletodo atleast the
obvious addition, subtraction, multiplica-
tions and division necessary to complete the
description of a given fishing trip e g., total
revenue, total variable costs, labor costs,
etc.. Regardless of how the data are stored,
the ability to generate interesting data from
a given interview weeks or months after the
fact, or to generate data (e.g. samnle means)
by aggregating over many interviews, is
directly related to the number of consis-
tently recorded identifiers which accom-
pany the data.

Thirdly, it should be obvious that compiling
the suggested data in the detail we have
specified is not easy. The burden of gather-
ing this detailed data will fall on those plan-
ning the sampling scheme (Chapter V) but
more so on those actually collecting the
data. There will be a tendency to estimate
amounts (or worse yet, guess at amounts) of
catch revenue and costs when they should
be properly measured by interacting with
the fishermen. This tendency will increase
as data recorders become more and more
familiar with the data.

Lastly one should be awarethat the amount
of detail specified in defining a good mea-
sure of revenue and variable coste and the
amount of time and energy that we suggest
be spent in getting that detail, reflect the
authors’ experience with the magnitude of
the cost and revenue elements. It is very
likely that the relative size of these different
costs and of the different amounts of fish
that constitute the total value of the catch
will be different for different fisheries. One
should keep in mind the multiple purposes
which the data will serve, the amount of
detail this requires and then allocate availa-
ble data collection resources on the basis of
the relative magnitude of the quantities
involved.

4.3.4.9 Physical Production and Effort
Data

Post-trip interviews can be used to collect a
reasonably detailed description of the var-
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ious components that contribute to the
physical production process of fishing.
Observation: on these components contrib-
ute to the quantity of data available to deter-
min2 fishing effort. The greater the
specificity of the effort data, the closer we
can come to approximating effective effort
and its cost. Prior to an interview the
recorder can observe the boat type (and
approximate its length and width), the
number of people who fished, the kind of
propulsion used (sail, motor, etc), and some
of the gear used. In the interview one can
determ:ne the total length of the trip, the
specific kinds of gear used, the actual fish-
ing time each gear was employed, the area
in which each was employed, and the
motor’s power. Our experience has been
that most fishermen are willing to talk
freely about almost all of these details
except for the exact locations fished. They
have been willing to indicate in which zone
they fished, however.

After gaining some familiarity with the
kinds of gear(s) employed, it is possible to
prepare the questionnaires to include a set
of specific questions for each gear type —
questions seeking detail on the fishing
power of the various gears (see the question-
naire in Appendix C). For example, some
questions specific to gillnet use concern how
it was hung, the stretched-mesh size, its
area (length and height), and the number of
meshes between ties on the support line. In
general, these questions address those
aspects of the gear and its use the investiga-
tors and the fishermen think contribute to
its effectiveness. Every aspect of fishing
effort contributes to either the economic or
biological significance of the firm’s fishing
activity. Many contribute to both. We will
miss some interesting economic data if we
fail to record, for example, the motor size
(H.P. or displacement), simply because the
fisherman uses a stationary gillnet.

Because the number of days of fishing will
be difficult to determine for any one firm
type and/or the entire fleet, the number of
days fished in the previous 30 days should
be determined.

Once again, it is helpful to have established
a set of standardized measures to avoid con-
fusion in recording and interpreting data.
Specifically, it is helpful to establish classes
of boats and gears, fishing zones, methods
of employing gear, materials used in the
gear (e.g. mono- or multifilament line), and
standard units of measurement.



4.3.4.10 Maintenance and Repair Costs

The cost of maintenance and repairs is usu-
ally significant for the individual fisher-
man. For a given firm this cost increases as
the amount of fishing in a period of time
increases. Regardless of how much fishing
is done, some expense is always incurred
because of the need to combat the effects of
sun, rain and sea on assets such as the hull,
sails, motor, and gear.2*

How can tke annual total of this cost be
determined? Should it be separated into two
components — regular maintenance,
(implying a schedule) and randomly occur-
ring repairs? How shall it (they) be
sampled? Since written records of this
(these) costs are lacking, one must depend
on the memory of the fishermen. If mainte-
nance is separated from repair costs we may
be working with a distinction that is not
recognized by the fishermen. While there is
no general rule, we suggest considering
them as one and treating this one cost as a
variahle cost. Damages, of course, occur
randomly but we suggest treating them as
part of these costs as well. This was done, in
fact, by including damage costs among
those trip-reiated, catch-independent costs
above.

Ara the costs of keeping the boat in working
order incurred as they uarise or are they
(aside from damage costs) put off until a
slack period of fishing activity permits the
work to be done at a smaller real loss of
fishing time?2° The answer is probably that
those things which need to be done aredone
as they arise and that recaulking, repaint-
ing, etc. is done in relatively slack periods.
The question then becomes which sampling
procedure — one which samples fishing
trips or one based on the population of firms
(represented by fishermen at home) — will
capture these costs better. It is suggested
that the better procedure is the former
because post-trip interviews will be more
evenly distributed over time and type than
the sampling of firms for fixed cost informa-
tion. Furthermore, a set of consistent ques-
tions can be posed which will, in effect,
cover the entire year’s distribution of main-
tenance and repair costs and yet not tax the
fishermen’s memories for detail.

By including maintenance and repair ques-
tions in post-trip interviews we make them
longer but gain detail and accuracy. If this
approach is  nacceptable for whatever rea-
son then one should at least be aware of the
biases which are introduced in extrapolat-
ing from sample data to annual total
amounts of these costs. The less mechan-
ized the fleet, the more likely that mainte-
nance costs will be larger relative to repair
costs, and the more likely that these costs
will be incurred during a short period of time
— perhaps in a season when fishing is dan-
gerous. If this is true then it may be possible
to arrange the fixed cost data collection
schedule to minimize potential biases.

Let us review the necessary data. The fol-
lowing data items apply to all capital equip-
ment. They should be recorded for one major
item at a time, i.e. one should ask all the
questions ccncerning the hull and repeat
them for the motor or sails and again for the
different gears uced. During the post-trip
interview one should begin by indicating
interest in all maintenance and repair costs
since the last trip (includirg that caused by
damage). It is worthwhile to suggest, for
each major capital item, several likely
repairs which might have been made. One
needs to record the item or task under dis-
cussion, (for example, caulking the hull) the
actual cost of materials, and if the costs
were shared, and what fraction was paid by
each of the groups of people who shared in
the cost. One then inquires about the actual
total cost of labor, how many hours (or pos-
sibly days) were involved in the work, and
again if the costs (the amount actually paid)
were shared and how. One should then ask
who provided the labor: was it hired or was
it done by family members or crew? The
cost of labor may well be zero. If so, it should
be recorded as zero. However, if labor was
provided by the crew or family members at
no or reduced cost, a measure of the market
value of those labor services should be
obtained, i.e., the hourly market rate or
what the entire labor cost for a task would
have been had someone outside the crew or
family been hired to do the task must be
ascertained. It need not be done for each
interview, however. Having recorded what
the work was, who performed it and the

28 Depreciation costs are accounting ~usts which can beevaluated at any pointintime Forthisreason they are considered

to be fixed costs and are sampled as such.

2 Maintenance and repair costs are amounts paid to keep the boat in condition to fish. We should distinguish these from
costs incurred for major renovations or refitting. These latter are more properly considered reinvestments of capital and
will be reflected in the new (larger) current value of the assets. The cost of these investments is discussed in the section on

interest and depreciation costs.



amount of time involved, we can indepen-
dently obtain market rates for the type of
work. Boat yards or boat builders are good
sources for this information.

The market valuation of labor gervices is
used differently if the labo= was supplied by
the crew rather than by family members.
The market value of the family’s contribu-
tion should be included as the labor cost of
the repairs. If the crew provided the services
“free of charge,” we assume that this was
taken into consideration earlier when crew
shares were negotiated. Therefore there is
no charge to the firm for labor in this
instance as the cost has been essentially
prepaid. Nor is there any deduction from the
crew’s share of the trip revenue. In this ~ase
the market value of labor services is a _ .ece
of datum not used in calculating trip profita-
bility. It is used in other analyses as a mea-
sure of the expected labor costs for repairs.
The share of parts costs paid by the crew
should likewise be deducted from their trip
revenues. There are no distortions created
in the estimated annual amounts because
these previously incurred costs are deducted
from a snbsequent fishing trip’s revenues.
Finally, one should ask how many fishing
days were lost since the last trip due to
repairs. This loss of fishing time is not a cost
but foregone revenue. As such, it does not
enter into the annual costs of fishing.

Since relatively significant expenditures on
maintenance and repairs (including dam-
age repairs) are important to the fisherman,
they may be mentioned even though they
occurred prior to the last trip. It is worth-
while discussing these repairs but we
should record only those costs incurred
since the last trip. Otherwise, we will over-
count this already importan. cost.

When one attempts to get data on mainte-
nance and repair costs in a setting suited to
collecting fixed cost data, the time reference
to the questions, which are otherwise
exactly the same, changes. For example, the
time interval in the following phrase is vari-
able. “Let’s discuss maintenance and repair
costs you have had in the last

months.” What number one puts in the
blank space, as we have said, depends on
the relation between the distribution of
these costs and the distribution of our fixed
cost data collection efforts through time. In
fact, it is e en more complex if we have a
variety of boat/gear combinations which
vary greatly in the amount of capital each
employs.
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If fishermen keep detailed records, mainte-
nance and repair costs (including damage)
should be determined once a year. These
records, if measured from a proportional
sample of the population of boat/gear com-
binations, will yield a good estimate of the
annual maintenance and repair (including
damage) costs (see Laxenaire, 1973). In the
absence of log books or accounting forms,
one should try to adjust the timing of the
fixed cost sampling, as much as is reasona-
ble, to capture as much of these costs as
possible. This is easiest if these repairs are
done in an interval of lessened fishing activ-
ity. If this work is spread out over the year,
then an adjustment for capturing these
costs (in terms of accuracy and not logistics
and sampling cost) is to distribute the fixed
cost sampling scheme in relation to the
amount of fishing activity that takes place
from month to month or guarter to quarter
and to assure that each type of firm is
sampled in each month or in each quarter. If
one can assure this proportional representa-
tion of boat/gear combination in each
month or quarter then one can ask that
costs be remembered since thelast month or
quarter respectively.

Where no records are involved, the bigger
problem will be in recelling what repairs
were done, what parts purchased, the dura-
tion of the repairs and fishing time lost. It is
likely that the rule for sharing costs, the
probability that family or crew were
involved, the market price for labor services
and even the price of parts will not have
changed much over the course of the year or
quarter and certainly not the month. On the
other hand many small costs will be over-
looked ucing this fixed cost setting.

We will now appear to contradict ourselves
by recommending that both procedures be
used simultaneously in the 1irst few (two or
three) years of data collection. Because of
the many factors affecting the occurrence of
these costs, it will take perhaps five years
before arriving at a reasonably accurate
estimate of the annual cost of maintenance
and repairs based on post-trip interviews
(see 5.4). This procedure will pay off in the
long run, but much can be done to augment
data on these costs in the interim. We might
add the costs collected in each procedure for
the first year, take an average of the results
of each procedure the second year and grad-
ually decrease the role played by costs col-
lected in the fixed cost procedure in
succeeding years. Alternatively, and
depending on the fishery, we mightinitially
base our estimates of these costs on infor-



mation gathered from boat building and
repair enterprises.

4.3.5 Fixed Costs

Fixed costs are by convention annual costs.
Some of them may be paid for weekly or
monthly or at irregular intervals but they
" are discussed and compared on an annual
basis. When collecting data on these costs
questions will be asked about the year that
ends on the date of the interview. The sam-
pling of these costs should be carried out
within a given year (any twelve month
period). Regardless of how the sampling is
distributed throughout the year, the data
will refer to the 12 month period ending with
the collecting of the last fixed cost data. If
one had written records of these costs, for
example accounting sheets, one could com-
pile cost data for the same time period for all
firms. This suggests that a more realistic
picture of the fleet’s annual total fixed costs
could be gained by carrying out all of the
data collecting for these costs during a very
short period. Given limited manpower this
would be difficult. This work should be con-
centrated only if there is a period in which
very little fishing takes place. The regular-
ity with which post-trip interviews and
landings surveys are conducted should not
be interrupted if there is no period of greatly
diminished fishing activity.

Fixed costs can be divided into two groups:
cash payments for services independent of
the amount of fishing activity {such as
mooring and protection fees, cooperative
membership fees, accounting and legal
expenses) and those related to the use of
capital such as interest costs - also a cash
payment - and depreciation - an accounting
cost. For most of these costs the annual
amounts are calculated from responses to
questions about weekly, monthly or quar-
terly payments.

Under this broad category of fixed costs will
be several other closely related variables
which are relevant to the fisherman'’s cash
flow situation and important in the consid-
eration of investment projects. For example,
questions about indebtedness, the amount
(value) of capital equipment in the fishery,
and the durability of boats, motors and gear
will be included. The proper setting for col-
iecting these data is one in which there is
adequate time for the interview and an
acceptable level of privacy for the respond-
ent. These interviews can be combined with
others aimed at gathering either sociocultu-
ral data and/or more detailed data on fish-
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ing methods. The questions require no
training on the part of the recorder in mat-
ters of business or eccnomics.

One should first ask questions about fees
such as the amount and frequency of moor-
ing and protection fees, cooperative fees and
so on, and then begin the discussion of
investments and capital equipment. For
each piece of capital equipment, a descrip-
tion of the item is needed. This description
should be as detailed as possible: the hull
should be described by length, width, draft,
capacity of the hold and construction mate-
rial; the motor by brand name, hersepower,
type of fuel used, etc.; and the gear by its
material, dimensions, and so on. Recora
information on the age of the item, when it
was bought by the fisherman, age vhen it
was bought and his estimate of rernaining
working life. Follow this with questions
about the item’s historical and present
value. One needs to determine the price of
the item when it was purchased, the price he
would sell it for now, and his estimate of the
price of a newreplacement identicalin char-
acteristics to the one he now owns. Deter-
mine whether he has made a major
reinvestment in the item such as lengthen-
ing the boat, replacing the deck, adding new
superstructure, etc., and the approximate
date and cost of these renovations.

For major items such as the hull and motor,
one should obtain estimates outside of the
interview of the perceived present value.
Local merchants or other fishermen should
be interviewed concerning recent sales of
gimilar items in that location.

Depreciation costs can be determinec. from
the data above. These involve calculations
which require some expertise, and will
depend on the purpose of the analysis.
There are several ways of calculating depre-
ciation costs for any capital asset. A private
cost can be calculated based upon the origi-
nal puchase price and some standard depre-
ciation methods such as the straightline or
the declining balance method. Assets such
as hulls and motors depreciate at different
rates in part because they have differentlife
expectancies.

Regardless of how the assets of the individ-
ual fisherman are depreciated, he must face
market (current value) prices in replacing
them. The current value of a boat depends
on several factorsincluding those which are
used in calculating the private depreciation
cost, i.e., its initial value, present condition
and age. However, the current market value



is also influenced by the general rate of
inflation and what economists call the
value of the marginal product of capital.
This last factor is influenced by the state of
the fish resource and this, in turn, by the
supply of boats. Consequently, one snould
not be surprised to find that the current
value of the boat and motor and perhaps of
the gear, is in fact, greater than the original
cost of the item. A portion of this larger
amount may result from improvements in
the item. To discount this effect, questions
on reinvestments have been included. With-
out going into this further, one can see that
it is worthwhile to get several opinions on
the current value of the boat — aside from
the one given by the fisherman himself
(what he says he would sell for now).

Interest costs are cash amounts paid for the
use of another’s money capital in order to
purchase capital goods such as the boat,
motor and gear. As with depreciation costs
these calculations require some expertise.
To determine capital costs the following
should be recorded for each capital item:
whether a loan was involved in purchasing
the item; when the loan was made (as pre-
cisely as possible); who, or what type of
lender supplied the money e.g., family, mid-
dleman, a money lender, a bank, etc.; what
the stated amount of the loan was; how
much was ac'ually received; the stated
interest rate; the duration of theloan or how
many payments are yet to be made; the fre-
quency of payments (weekly or monthly);
the part of the payment which represents
repayment of principal; that part which is
repayment of interest; whether these pro-
portions are changing over time and how;
whether the periodic payment is increasing
or decreasing in size; the collateral used for
the loan, if any, and its nature and value.

The private interest rate quoted by the
fisherman may or may not correspond to
the rate he is, in fact, paying. The market
rate quoted by banks, while reflecting arisk
premium, is usually standardized in that it
is based on the nominal amount of the loan
and holds for specific periods of time. The
rate quoted by the fisherman may be lower
than the bank rate and this, in turn, may be
lower than the rate the fisherman is actu-
ally paying. His interest costs for the first
year includes the (one time) difference
between the nominal amount of the loan
and the amount actually received plus the
interest part of his regular payments.

Up until now, the private costs discussed
have been less than market costs. In the

74

case of interest, the true private cost is very
likely greater than the market cost (the
bank rate). It may be that fishermen do not
have access to this regular lending market
for a variety of reasons. If this is so we
should use our calculation of the cost of bor-
rowing (which is based on the rates they
actually pay) for any analyses particular to
the fishery.

4.3.6 Industrial Fishery Data

The industrial fleet is guided by the same set
of economic forces which affect the arti-
sanal fleet. However, the capital investment
per firm is much greater in the former and,
consequently, the opportunity cost of an
industrial fishing venture is dominated by
the alternate uses of this capital. The same
kinds of biological, physical and economic
data which describe small-scale fishery
operations also describe the operations in
the industrial fishery. The major difference,
from the viewpoint of data collection, is that
a greater percentage of most kinds of datais
recorded by individual companies. For a
thorough analysis of the industrial fishery,
the same economic, biological and physical
data need to be collected as are recom-
mended for the artisanal fishery.

We will concern ourselves here with the
interaction of the two fleets. This interac-
tion can take place in the input market, at
any place in the output market and in the
fishing process itself. The impact on the
artisanal fleet of participation by the indus-
trial fleet in the input market can be both
positive and negative. The kinds and
amounts of inputs availableto the artisanal
fleet may increase because of the emergence
of an industrial fishery. We can include in
this the amount of infrastructure (ports,
piers, etc.) and newer fishing technologies.
On the other har . the prices of certain
inputs such as fuel, ice and money may rise
if the amounts supplied do not keep up with
the joint demand.

In the output market — from the primary
buyer through the retail level — large firms
may supply their target species or by-catch
to compete directly (same product) with the
output of the artisanal fleet. This will
depress prices to the artisanal fishermen if
demand does not keep pace with the joint
supply. An increased supply of substitutes
for the small-scale fishery’s output such as
canned tuna or mackerel would also
riepress fresh fish prices — causing an out-
ward shift rather than a rotation of the
supply curve. On the other hand the indus-



trial fishery may open opportunities for pro-
cessing fish from the artisanal fleet, for
creating export markets into which their
supplies can be funneled or for creating an
entircly new artisanal enterprise such as
supplying baitfish to the industrial fleet.

In the catching phase the two fleets may be
exploiting the same unit stocks of fish or
different life stages of the same species (this
production interaction works both ways, of
course). The social resource cost is the
amount and value of fish killed in the opera-
tion of the two fleets. There may also be gear
conflicts or simply crowding on the fishing
grounds.

We should be able to identify, in a general
way, points of cooperation or conflict fairly
easily by simple observation and discus-
sions with key informants such as expe-
rienced fishermen, input suppliers and
others in the delivery system. A detailed
study of the effects of competition in any of
the markets requires, ideally, a compatible
time series of data on prices and on the
amounts supplied or demanded by both
groups. Commercial classifications of fish
(not species) are required for an analysis of
supply and demand in the output market.

Regardless of where the industrial catch or
by-catch enters the delivery system, the
impact of the increased supply will be
reflected in prices paid to the artisanal
fisherman at the primary buyer level. If a
small scale fishery data collection scheme is
in existence, the quantities supplied by the
artisanal fleet and the prices will be known.
What is lacking then is an estimate of quan-
tities supplied by the industrial fleet. The
obvious source of this data is the industry
itself or, if a receipt system is in existence,
the purchasers of their output. Any measure
of the quantities supplied by the industrial
fleet in a period of time is better than none.
In several Central American countries,
receipts from purchasers of the highly
valued target species of the larger boats
included space for a crude breakdown of the
incidental catch sold. Likewise, trip reports
made available to the fisheries office
included amounts of by-catch landed (but
not all that was killed).

If there is fleet interaction in harvestingit is
imperative to attempt to get detailed dataon
both the quantity and species breakdown of
the industrial catch. Otherwise, stock esti-
mates or estimates of sustainable yield
based on artisanral data alone are much less
reliable, perhaps even useless, in bioeco-
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nomic analyses. The commercial fleet will,
in all likelihood, keep fairly detailed records
of locations fished, actual trawl times, etc.,
— several of the determinants of effort. The
quantity and value of fish killed will, in
most instances, be much greater than that
landed and this greater than the amount sold.
Sea sampling will be required in order to
begin to estimate the amount and composi-
tion of fish killed and, therefore, not availa-
ble to society nor the artisanal fleet.

The tools of project analysis are useful in
evaluating the damage or good caused by
fleet interactions. It is unlikely that any
absolute decision can be made in favor of
one fleet or the other since society and con-
sumers are involved in the benefits and in
the costs of the joint operation of the fleets.
Any analysis must weigh, for example,
reduced costs to consumers, employment
impacts on the fishermen, increased or
decreased long run catches, etc. Once again,
economic analysis provides a backdrop
against which essentially political deci-
sions can be made.



Chapter V

DATA COLLECTION METHODS

5.1 INTRODUCTION

The purpose of this chapter is to describe
methods and procedures which can be used
to collect the data which were described in
Chapter IV.

The required data can be obtained using six
basic techniques: 1) examination of availa-
ble records, publications or other written
material, 2) key informant interviews, 3)
census surveys, 4) sales receipts, 5) sample
surveys and 6) research activities. Follow-
ing a brief, general description of each of
these techniques and a discussion of inter-
viewing methods, specific data collection
methods which generate biological, eco-
nomic, and sociocultural data will be exam-
ined separately.

5.1.1 Written Records

Where possible, all available written
records should be reviewed before any data
are collected. Frequently, written materials
exist, but can be located only after inter-
viewing key informants (see section 5.3).
These materials include reports completed
by outside agencies, studies done by local
University staff or students and statistics
such as historical catch and effort data com-
piled by the national or regional fishery offi-
ces. In addition to data collected by previous
researchers, development agencies, or
fisheries offices, one may also find useful
information in church or government cen-
suses, local histories, newspaper files,
records kept by wholesalers and retailers,
records of fishing licenses or boat registra-
tions, tax records or records of equipment
sales and imports.

Attempts should be made to determine the
reliability of all written records. Sometimes
inadequate data collection methods have
been used, sometimes statistics were
inflated for political ends and sometimes

observations were biased by the attitudes
and values of the observers. If written mate-
rials are reliable, they can be used to check
the validity of statements made by key
informants. Detailed and accurate studies
are not common, but if any exist, they
should be located and used as long as their
reliability can be verified.

5.1.2 Key Informant Interviews

This type of data collection technique in-
volves intensive, detailed interviews with
individuals who are selected because they
can provide extensive, reliable information.
For example, a great deal of important
information concerning fishing activities
can be obtained from a few, well informed
local fishermen, shop keepers and fish mer-
chants. Additional sociocultural data can
often be obtained from religious or govern-
ment officials who keep records on births,
deaths and commercial establishments. As
noted above, key informants can also be
useful in identifying sources of written
records. Finally, key informants provide
information which can be used to develop
questions that should be included in more
structured sample surveys and interviews.

Identification of key informants is an
important task which may require several
weeks of preliminary research in the com-
munity by a competent social scientist, but
the improved reliability of the data which
are obtained will more than compensate for
the costs of the research. It must be remem-
bered, however, that key informants base
their responses on their own experiences
and that those experiences may not be
shared by other members of the community.
It is important, therefore, to gather informa-
tion from several key informants and to be
wary of information which is not confirmed
by all those interviewed. Use of a sample
survey provides an opportunity to obtain
quantitative data which can be used to esti-
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mate the variability of information
obtained from key informants.

5.1.3 Census Surveys

A census is designed to determine the total
number of a variety of different units in the
fishery such as landing sites, boats, fisher-
men, primary buyers or fishing gear. A cen-
sus is limited to the enumeration of items
which ciin be observed and counted at a
particular point in time. It requires periodic
up-dating as the number and mix of units
change. Census (or frame) surveys provide
information which can be used to design
sample surveys. Sales receipts, if used
extensively, can be viewed as a continuous
census of fishing activity. For a more com-
plete description of different types of census
surveys, the methods which can be used to
conduct them, and subsequent catch assess-
ment surveys, see Bazigos (1974) and
Banerji (1974).

When conducting a census, some attempt
should be made to distinguish between 1)
boats or gear which are actually in use ver-
sus those which are not, 2) part-time and
full-time fisherman, 3) dealers who buy and
sell large and small volumes of fish, and 4)
important and not so important landing
sites. Ideally, each landing site should be
evaluated in terms of how much fish is
landed, the principal species harvested, the
types of gear used, how many boats nor-
mally land fish there, the number of buyers
who purchase fish, distances from markets,
communications and roads, facilities for
holding fish, service facilities for boats and
gear, etc. Similar information could also be
compiled for fishing communities and
include demographic information about the
fishermen (ages, education, years of expe-
rience, other occupations, etc.), their fami-
lies, and other members of the community.!
In cases where it is not feasible to visit indi-
vidual sites by road, data can be collected by
using aerial photographs or hoats. For a
complete description of census methods, the
reader is referred to the comprehensive
manual by Bazigos (1974).

5.1.4 Sales Receipts

The quantity and ex-vessel value of fish
which is sold to primary dealers are often
recorded on sales receipts which are com-
pleted when fish are weighed and the fisher-
men are paid. Receipts are sometimes filled
out by government officials for the purpose

of assessing taxes. If they are used to record
all (or most) transactions they can provide
continuous direct estimates of total catch
and effort and can be used as frame surveys
for designing random sample surveys of
individual landings. The most basic
receipts will give estimates of total landed
catch and revenue during a given period of
time as long as estimates of the amount of
landed fish which is not recorded and the
number of receipts which are not collected
are available.

Landings may be recorded by weight,
volume or even number and are usually
reported by price category. The ex-vessel
value reflects the landed weight, number or
volume times the price per unit weight,
nuraber or volume for each category and is
summed over all categories to give the total
value of the fish which is sold to the dealer,
Since each receipt represents a single trans.
action, direct estimates of nominal fishing
effort are only possible if it can be assumed
that each transaction represents a single
fishing trip by a particular kind of vessel.

The revenue represented by a receipt is the
amount of money which is generated when
fish are sold to primary dealers and should
not be confused with the total value of the
catch. Neither should the quantity of fish
landed and sold be confused with the quan-
tity which is caught at sea. Corrections
must be made in order to infer catch or
revenue data from landings data (see sec-
tions 4.3.4.2 end 5.2.2.1 (¢) ).

Additional information about the type of
vessel or gear used can sometimes be
deduced by examining which species were
caught, and the name of the fisherman (or
vessel). In the case of mixed-gear, small-
scale fisheries; however, it may be difficult
to distinguish catch, effort and revenue sta-
tistics for individual types of gear. It is
sometimes helpful to know the location
where the fish was landed, and the nane of
the buyer who purchased it.

Sales receipts can be designed so that much
more information is obtained. Depending
upon the degree of cooperation which can be
expected from the dealers and the fisher
men, a number of items — most of which
relate to nominal fishing effort — can be
added. These will be very helpful in the
designing of biological and economic sam-
ple surveys. The mostimportant itemsare 1)

' In practice, demographic surveys are extremely time consuming and expensive, especially if there are many remote
communities which must be visited or if the fishermen do not live in permanent locations. Sample surveys are recom:
mended as a preferable method for obtaining suciocultural information.



a receipt number, 2) the gear-type used, 3)
the number of people fishing, and 4) the trip
length (days or hours). Only one of these
(trip length) requires questioning the fisher-
man. Additional important items which
may be included but which may be more
difficult to obtain are 6) the sone or area
fished, 7, the home port of the boat, and 8)
the name of the boat owner.

Several incentives can be % to encourage
the cooperation of the primary buyers. For
example, receipts may be designed, printed
and supplied to the primary buyers by the
fishery department. In Costa Rica, multiple
copy (3-4) receipts in serial order were pro-
vided by the government for n one year
period. The design, approved by several
primary buyers, clicited a very high degree
of cooperation.

5.1.5 Somple Surveys

Sample surveys are useful in situations
where reliable estimates of total harvesting
activity (catch, revenue, costs, effort, or
sociocultural characteristics of the partici-
pants (dealers, fishermen) cannot be
obtitined by complete enumeration without
spending considerable time or money.

Sample surveys are most often conducted
necording (o the principle of randomization,
a process by which observations are ran-
domiy drawn from a “universe” of all pussi-
ble observations. The probability of
selecting any single observation should be
rqual to the probability of selecting any
other: the objective is to use sample data to
estimate the real value of properties (such as
means ard variances) of the population of
all possible observations. The reliability of
sample data is evalunted statistically on the
basis of the freedom from bias and the preci-
sion of the data. A binsed estimate repre-
#ents sorae subset of the ebservations in the
papulation more heavily than another (for
exsumple, big fish rather than small fish, or
successful fishermen rather than unsuc-
cessful ones). Precision is a measure of the
accuracy of the estimate, i.e. the degree of
similarity between the sample cstimate and
the carresponding papulation parameter.
Binsed estimates may be peecise, but they
sire not reliable. Precision incronses ag more
samples are taken, but increased sampling
offort will not necessarily  eliminate or
reduce biag, Precision can also be increased
by dividing the sumpling units into individ-

! It wnmc rases, of
as “landings.”
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ual strata (e.gz., landing sites within sepa-
rate geographic areas) and estimating a
pooled mean and variance for the entire
population from means and variances of
individual strata.

‘Three commaon types of sample surveys des-
cribed in this guide are 1) landings surveys
for biolugical and economic data, 2) surveys
of fishermen for sociocultural and economic
data, and 3) catch surveys. Data collected
when fish are landed (unloaded from a boat)
ard sold to primary dealers are based on
information gathered from examining the
fish thernselves (such as their size, species
identificatin, and nwinbers), questions
asked of fishermen and the buyers (fishing
focation, prices of fish, costs of operation)
and observations of gear, time of day, etc.
made by the interviewer.? These data are
used primarily for resource assessment pur-
poses and variable cost and returns analy-
sis. Sociocultural and economic fixed cost
data are collected from interviews of ran-
domly selected fishermen. These interviews
do not have tobe conducted at the sametime
fish are sold since the anthropologist/soci-
ologist is more interested in aspects of
human behavior which affect the harvest-
ing process, and the economist is interested
in costs not related to the landing. Surveys
of fishermen can, therefore, be conducted at
any time to generate economic, sociocuitu-
ral, and biological data, and be integrated.

Catch surveys arc designed to provide
important information for resource assess-
ment purposes. Two major types of catch
survey are 1) sampling aboard commercial
fishing vessels and 2) exploratory fishing
surveys. Because exploratory fishing sur-
veys are usunlly carried out with gear such
as bottom trawls which can not be used in
many smallscale fishing habitats, and
because trawl survey methods have been
thoroughly described in other sources,
exploratory fishing techniques will not be
considered in this guide (see section 3.2.4.4).

Sample surveys should be designed so that
they are relevant to location conditions,
brief and easily administered." A relatively
small preliminary survey of five or ten
respondents or landings will usually ailow
one to estimate how long it will take to com-
plete each interview and to evaluate the
appropriateness of each item on the data
form. Key inform:ats can often provide val-

course, finh may not he delivered by boat. We will, nevertheleas, refer to alldeliveries to primary dealers

* 1t mnkes pa senme, for exampie, o us¥ questions which refer to shell fishing in the community if shellfish are not

harvented nr used hy the local populntion,



uable advice during the pre-survey trial
period.

Experiences in numerous small-scale fish-
ing communities have indicated that inter-
views in excess of hali-an-hour are not well
received. If an interview 1akes more than
half-an-hour to administer, it may be prefer-
able to divide it intc two parts or to ask
certain sets of questions only occasionally
to randomly selected respondents. Use of a
brief interview is especially iinportant when
fishermen have just arrived from a fishing
trip and do not want to be delayed. There is
also a limit to how long fish can be held for
biological data collection before they must
be iced or, sometimes, before they are sold
and taken away.

A number of factors must be considered
when designing random landings surveys
to obtain biological and economic data. In
general, the biologist focuses on thelanding
as an opportunity to obtain information
about the resource and the nature of its
response to fishing pressure whereas the
economist uses the landing as an opportun-
ity to obtain economic information about
the firm {individual fisherman o« boat/gear
combination) and its production activity.
Biologists may be more concerned with
compiling catch und effort data for certain
species or unit stocks and may therefore
randon ‘re sampling effort over a slightly
differen\ set of landings — ones which are
must likely to include the species of interest.
Econom’sts, who are alzo concerned with
catch and effort data, will randomize their
sampling effort over all landings. The objec-
tive, however, is tl: > samein either case —to
design a sampling procedure which will dis-
tribute sampling effort in proportion to the
actual distribution of a sampling unit as
determined from sales receipts or a census
survey.' To the degree that biologists and
economists are interested in the same varia-
bles, the same randomization procedure can
be followed when designing and implement-
g\g a random landings survey (see Chapter
.

In order to conduct vrciocultural surveys of
fishermen or owners of fishing equipment
and vessels, respondents must be selected
randomly from lists of names. Lists of
fishermen and/or owners of equipment can
be obtained from census data. For example,
in some Catholic countries, the local parish
keeps a list of all church members along

with their occupation. A random sample
can be drawn from such a list if it can be
assumed that nearly everyone belongs to
the church, Lists of households compiled by
local governments for taxation or other pur-
poses can also b= useful. These lists must be
checked for accuracy before using them for
sampling : urposes.

In cases where it is impossible to develop
lists of fishermen without considcrable
effort, a quot 1 sampling procedure may be
preferable. I1 this procedure, all landing
sites are visited and gll small-scale fisher-
men (captains and crew) who are landing
fish, working on their boats or simply visit-
ing the site during the time when the inter-
viewer(s) is (are) at the site cen be
interviewed. The interviewer should travel
from point to point starting at a different
gite each morning so that interviews at the
various sites will be distributed throughout
the day. This system eliminates possible
systeratic bias caused by the landings of
fish at any given site during a particular
time of day.

The randomization of the sample survey for
economic fixed cost data is based upon the
major factor affecting the biological, physi-
cal, economic and sociocultural nature of
the production process — the boat/gear
combination (firm type). The set of firm
types will overlap with the set of fisherman
to be interviewed for sociocultural data just
as a large percentage of the landings will be
common to post-trip interviews and land-
ings surveys, especially those which are
designed to produce catch and effort data.

6.1.8 Research Activities

Research may be necessary to provide some
of the background data necessary to des-
cribe resource habitats and ecosystems (see
section 4.1.1) and for providing the vital sta-
tistics necessary for assessing and manag-
ing resources by means of dynamic pool
models. The research activities and ana-
lyses which are referred to in this chapter
generate estimates of gruwth and mortality
rates and have been limited to fairly simple
techniques such as tag and recapture stu-
dies, the ana'ysis of growth rings on scales
and otoliths, and the analysis of size fre-
quency data. These techniques may require
some degree of expertise and experience and
are more time consuming than data collec-
tion efforts which are designed to generatea

¢ A sampling unit forms the basis for the sampling process: it may be a landing site, an individual hoat at a landing siteor
an individual landing iiself. A frame survey is a Lt of all sampling units from which a set of s8¢ mpling units could be
selectad.
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time series of catch and effort data. In situa-
tions where rc'iable catch and effort data
cannot be easily obtained and exploratory
fishing surveys are not feasible, these
research activities may be the best source of
resource assessment data.

5.1.7 The Interviews

One point that must be emphasized is the
fact that not everyone can function as an
effective interviewer. The selection, train-
ing and supervision of interviewers is a cru-
cial aspect of any data collection program.
Decisions based upon information gener-
ated from inadequate data or data which
have been improperly collected can have
negative impacts on the entire fichery. It is
therefore important that careful attention
be paid to all aspects of the interview
process.

The best data are collected by mature,
poised, and well-motivated interviewers
who can establish some degree of rapport
with the respondents. It is therefore neces-
gary that the interviewer respect the
respondents and be sensitive to social or
cultural barriers which impede the collec-
tion of reliable data. Frequently, interview-
ers project an image of superiority which
makes it difficult, if not impossible, to estab-
lish the type of relationship which makes it
possible to obtain reliable data. If the
respondent feels that the interviewer is
treating him as an inferior of if he feels that
the interviewer considers that data to be of
little value, he will not make an effort to
provide good information, and in some
cases may even mislead the interviewer.

When training interviewers, it is important
to provide a good description of the nature
and significance of the data which will be
collected. The interviewer should under-
stand how the data will be used to make
policy decisions which will affect the wel-
fare of many people. If the interviewer
understands the importance of the inter-
view, he can pass the information along to
his informants. The sharing of this infor-
mation can result in the more willing coop-
eration of the informants.

Many of the problems encountered by inter-
viewers occur during the firat few inter-
views; hence, it is necessary to continue
training sessions into the first stages of the
interviewing process or to conduct pre-
survey trial interviews before compiling

any interview data. Supervisors should
examine initial interviews for inconsistent
and/or inadequate data. Problems encoun-
tered in interviewing should be discussed
with the interviewers so they will be aware
that conducting good interviews is a diffi-
cult process that must belearned, and thata
good interviewer is a valuable person. If the
interviewers are advised that itis quite com-
mon for.some informants to either mislead
them or refuse to talk to them, they will be
more likely to mention these problems dur-
ing the review sessions, and the supervisor
can then help develop strategies to minim-
ize or eliminate these problems.

Interviewers need to be supervised. If the
interview results are analyzed during a pre-
liminary trial veriod as suggested above,
the interviewers will know that their work
will be reviewed. This kind of supervision
helps discourage the falsification of data.
Periodic, unannounced visits at interview-
ing sites or visits with informants after
interviews have been completed are key ele-
ments of supervising activity.

5.2 BIOLOGICAL/ECOLOGICAL
DATA COLLECTION METHODS

5.2.1 Habitat/Ecosystem Data

5.2.1.1 Biological/Ecological
Inventory

Much of the data needed for an inventory of
the more important exploited and underutil-
ized species can often be obtained from pub-
lished reports for these same species or for
other closely related species. Since the col-
lection of new biological/ecological data
requires laboratory and field studies which
can be expensive and time-consuming, first
priority should be given to the retrieval of
information from published sources.”

The first step which must be taken in pre-
paring an inventory is an identification of
the species which are harvested. Species
identification must be based on accepted
international nonmenclature, i.e. scientific
names rather than common names. Identi-
fication requires the use of taxonomic keys
and must be performed by competent biclo-
gists who are familiar with the technical
terms used in describing the morphological
characteristics of fish. Once a list of scien-
tific names has been compiled, it should be
cross-referenced with a list of common
names thus facilitating the collection of

3 An excellent series of resource inventories have been published recently by the United Nations Food ana Agriculture

Organization (see Fischer, 1978 for example).



species-specific biological and economic
data from fishermen and dealers, Ideally, a
reference collection of preserved fish should
be maintained for identification purposes.

5.2.1.2 Extent of Fishing Grounds

An inventory of grounds where fish are or
could be harvested can be compiled by exa-
mining bathymetric navigational charts.
Calculations of area for fishing grounds on
continental shelves, reefs or offshore banks
can be made with a planimeter. Some infor-
mation on bottom type is usually printed on
these charts as well. Information concern-
ing the gear types which are used to harvest
certain species or groups of species in cer-
tain habitats can be obtained from fisher-
men or other key informants.

5.2.1.3 Production Rates and Ecosys-
tem Dynamics

As much information as possible should be
obtained from existing sources since
research is time consuming and expensive.
A rough evaluation of the relative impor-
tance of different sources of primary produc-
tion can be based on an examination of
coastal navigational charts which indicate
depth, bottom types, the extent of reefs and
mangrove swamps and the number and size
of rivers, bays and estuaries along the coast.
Reasonable estimates of average annual
primary production can sometimes be
obtained either from published reports (see
FAO, 1972, for example) or by direct mea-
surement. Several guides to field techniques
are also available (Vollenweider, 1969; U.S.
National Academy of Sciences, 1969). It is
not difficult to measure primary production
— the problem is that production rates vary
considerably over time and from place to
place. Thus, reliable estimates require use of
a standardized technique and multiple
measurements.

Feeding habits studies requirethe examina-
tion of fish stomachs collected during
research surveys or from fishing vessels.
Stomach content analysis should be quan-
titative at least to the extent of determining
the relative frequency of occurrence of
major prey taxa (for example, polychaetes,
fish or crustaceans). The more specific the
taxonomic identifications are, the more
readily can the detailed feeding relation-
ships within the ecosystem be defined.

Methodologies which should be followed in
stomach contents analyses were reviewed
by Hyslop (1980). Once the ecological roles
of individual species within the ecosystem

-are known, it may be possible to predict that

the harvest of a particular prey species will
reduce the growth and/or survival of a pre-
dator while the harvest of a particular pre-
dator species will increase the growth
and/or survival of certain prey species.®

Since the feeding habits of fishes depend on
the relative availability of different prey
organisms and the feeding behavior of the
predator at any particular point in time,
attention should focus on the collection of
qualitative data which simply indicate the
major sources of food which the principal
commercial species in the fishery depend
upon at different times of year and, if appli-
cable, at different ages. This information
can be collected by observing znd recording
stomach contents or, frequently, by refer-
ring to published reports. Many of the illus-
trated field guides to the fishes of major
regions of the world’s oceans include infor-
mation on major food organisms.

5.2.1.4 Hydrographic Data

Data on freshwater runoff for major rivers
are often collected ~and published by inter-
national organizations or national agencies
responsible for water resource manage-
ment. Information on currents and tides is
regularly published for use in coastal navi-
gation (see U.S. Department of Commerce).
Additional information on currents and
upwellings is sometimes available in publi-
cations of oceanographic research.

5.2.1.5 Other Physical/Chemical Data

Since the development of empirical models
which relate yield to some set of environ-
mental variables would be largely an
exploratory exercise, it is impossible to pre-
dict what kinds of data would be required.
Collection of new data requires that envir-
onmental variables be monitored for at
least a year. Efforts should first be made to
utilize data such as productivity rates, areas
of continental shelf within a certain depth
range, temperature or salinity which are
already available either to generate empiri-
cal yield functions or to provide gcneral
background information which describes
habitat and ecosystem characteristics.

% In reality, predator-prey dynamics are more complicated than this. Some predators, for instance, aremuch more specific
in their dietary preferences than others while others easily switch from one prey to another, depending on the relative

abundance of prey organisms.



5.2.2 Stock Assessment Data
5.2.2.1 Catch and Effort Data
5.2.2.1(a) Sales Receipts

Data which are usually recorded on even the
crudest type of sales receipt when fish are
purchased from the fishermen include 1)
how much fish was sold, 2) when and where
the transactior. took place, 3) the names of
the buyer and seller, 4) the unit price and
landed value of the fish which was sold for
individual price categories, and 5) the total
valee of the catch which is sold to the dealer.
Additional data which may be recorded
include the type of vessel or gear which was
used, the riumber of fishermen who were
aboard the vessel (or who caught the fish, if
no vessel was used) and the general location
where the fish was caught. Some of this
information can sometimes be deduced by
knowing when and where the fish was sold.
All of these data, except price and value
information, are useful for stock assess-
ment purposes.

The quantity of fish which is sold during
any single transaction may be recorded by
weight, volume or even numbers. Since
most resource assessment techniques are
based cn biomass estimates, landings data
which is reported in units of volume or
numbers have to be converted into units of
weight (usually kilograms). In addition, the
quantity of landed fish is usually recorded
by price categories which include all species
and sizes of fish of the same price at the time
the transaction was made. The species
which are included in any given price cate-
gory at any particular time change as a
result of price changes for individual spe-
cies (or sizes). Because price can be a func-
tion of size as well as species, it is not
uncommon for smaller individuals of the
same species to beincluded in one price cate-
gory and larger individuals in another.
These groupings usually have no biological
significance, i.e. they include fish of differ-
ent species which share no common biologi-
cal or ecological characteristic and which
cannot, therefore, be considered to belong to
a single unit stock (see section 3.2.2). Thus,
in order to extract useful stock assessment
data from sales receipts, conversions must
be made to obtain landed weight data by
gpecies or species groups. These conver-
sions require some information on the aver-
age weight of a given volume or number of

fish and the species com' ,sition of different
price categories. -

Weight/volume conversions can be
obtained fairly easily by calculating the
average weight of a series of samples of
known volume; weight/number conver-
sions depend on the size distribution of the
fish which are sold for a given price and
therefore must be established for individual
sizes or size groups. These conversion fac-
tors should be estimated from commercial
catch samples collected at different times of
year since the average weight of a given
volume or number of fish of the same length
may change during the course of the year.’
Similarly, species composition data should
be obtained from landings surveys which
are repeated periodically drsing an entire
year since the species mix in each price cate-
gory can be expected to change as the avail-
ability of different species and their market
value changes. For fisheries which harvest
only one or a few species, landed weight
data can be utilized directly for stock assess-
ment purposes without landings survey
estimates of species composition as long a-
each species has a unique unit price. Since
most tropical small-scale fisheries harvesta
variety of species, some random sampling
of landings will be necessary to even get a
rough estimate of species composition.

Once landings data are available by species
or species groups on a weight basis, they
should be converted to catch data by esti-
mating the quantities which are captured,
but not sold to primary dealers. This can be
accomnplished by estimating post-harvest
losses which take place at sea (see section
5.2.2.1 [c)) or after the fish are landed (sec-
tion 5.2.2.1 [b])). The most significant kinds
of post-harvest loss in tropical small-scale
fisheries are likely to be spoilage and fish
which never reaches the primary dealer
because it is taken home and consumed by
the crew and their families, given away, or
sold to someone else. Another important
source of error when compiling catch data
from sales receipts (or landings surveys) is
fish which the fishermen are given or which
they purchase from larger vessels such as
shrimp trawlers. In practice, it may only be
possible to make rough approximations of
how much fish is caught, but not reported on
sales receipts (or reported, but not caught).
Stock assessements are frequently per-
formed with uncorrected landings data.

7 These changes may reflect the development of reproductive tissue during the spawning season, for instance, or the fact
that fish are more likely to have fuli stomachs when food is plentiful. Estimates of landed catch (weight) from volume or
number data are much more straightforward if fish are guited before sale.



Effort estimates obtained from sales
receipts are usually crudely expressed in
terms of the number of trips if it can be
assumed that each transaction represents
the sale of fish caught during a single fish-
ing trip (see section 5.1.3). Again, informa-
tion obtained during landings surveys may
help to identify which kinds of fishing activ-
ity — defined in terms of gear type, species
captured, fishing location or time of year —
could be expected to violate this assumption
and provide data necessary to estimate the
average number of trips associated with a
single transaction or the average number of
hours or days associated with a single trip.
Such refinements in fishing effort estimates
are extremely important for making preli-
minary or quantitative stock assessments
and permit a much greater utilization of
sales receipt data.

Catch and effort data obtained from sales
receipts should be compiled, as much as pos-
sible, for individual types of fisheries.
Although stock assessments may, in fact,
be performed by combining catch and effort
data for d:‘‘erent gear and vessel types, it is
equally possible that the resources har-
vested by the gill net fishery, for instance,
will be evaluated independently of the
resources harvested by the handline
fishery. For this reason, therefore, any addi-
tional information which reveals what type
of gear or vessel was used is extremely valu-
able. By the same token, information which
can be used to determine even the general
location of the fishing grounds where the
catch was hsarvested is very useful for unit
stock assessments. Suach information may
be deduced by knowing where ihe transac-
tion took place, an item which is usually
recorded on the receipt.

Fi. ally, kncwing the date when each trans-
action takes place is crucial since catch and
effort statistics must be compiled for certain
periods of time (months, years) in order to
reveal trends in catch per unit effort (an
indicator of resource availability) over time
as effort changes. The compilation of atime
geries of annual catch and effort data
requires that changes in the capture effi-
ciency of a given fishing technique beincor-
porated into annual estimates of fishing
effort. Techniques for standardizing effort
have been developed for some of the more
common large-scale types of fishing opera-
tions, but not for most small-scale fisheries.

Standardization procedures may be devel-
oped only when it is known what technolog:-
ical factors affect capture efficiency and
when information exists which reveals his-
torical changes which have taken place in
these factors over time.*

Despite the problems which are involved in
obtaining catch and effort data from sales
receipts which are useful for stock assess-
ment purposes, receipts offer a unique
onportunity to directly estimate total catch
and effort. If the data are complete and reli-
able, there is no need to rely on extrapola-
tions of total catch and effort based on
landings surveys which may not be truly
random and which may only sample a
small proportion of all landings. Implemen-
tation of a comprehensive procedure for col-
lecting standardized sales receipts should
therefore be the first priority of any effort to
monitor the activity of a small-scale fishery
which delivers the majority of its harvest to
dealers who routinely keep some kind of
records or who can be encouraged to do so.
In situations where sales receipts can not he
relied on to provide reliable estimates of
total catch and effort, they must be esti-
mated from landings surveys.

5.2.2.1{b) Landings Surveys

Landings surveys provide both complemen-
tary information for improving catch and
effort data obtained from sales receipts and
primary data for stock assessment purposes
when sales receipts are not available. They
are conducted by trained observers who
record data as fish are delivered for saletoa
primary buyer. Deliveries are usually made
when the fish is “landed” by the fishermen,
i.e. when the fishing boats are unloaded at
the landing site and the fish is weighed and
sold. Data are recorded by interviewing the
fishermen and the buyer, weighing all the
fish of any given species (or species group)
which are landed, and making observa-
tions. The need to identify each fish requires
that landings surveys be conducted by peo-
ple who can easily recognize different
species.

Ideally, the landed weight should b:
recorded by species within price categories.
This rule should certainly be foli.wed for
the principal species in the fishery, i.e. thos
which account for the bulk of the landed
catch and its value. If theie are a great

* For example, if monofilament gill nets are known to be twice as effective as multifilament nets, standardization would
require information on the relative number of nets used in the fishery which were made from both n.aterials during each

year when effort data were available,



many species within any given price cate-
gory which are morphologically similar and
difficult to distinguish from each other,
those which are caught in small quantities
can be weighed together and identified by
genus or even family, rather than species.
The weighing process can be time consum-
ing if large nun:bers of fish are landed or if
they are not easy to identify; care should be
taken not to impede the buyer’s efforts to
sell the fish or to process them in order to
prevent spoilage. In these situations, data
cun be collected rapidly by weighing a ran-
domly selected subsample of each price cate-
gory, being careful not to bias thesample by
selecting large fish or particular species in
preference to others (see Gulland, 1966 for a
description of techniques for sampling large
quantities of fish).

Valuable data are also obtained from the
fishermen. The most important data which
the fishermen provide are estimates of fish-
ing effort. Effort estimates require some
knowledge of the amount of time that was
devoted to catching the fish which are being
sold and a description of certain character-
istics which affect the capture efficiency of
the gear which was used. A summary of
fishing effort estimates for some common
small-scale fishing gears is presented in
Table 1 (Chapter 1V). Fishing time is usu-
ally estimated as the time the gear was actu-
ally in the water. Some important fishing
power estimates are net size (length x
width), number of fishermen, and numbers
of gear units (pots, hooks) fished during a
particular trip. These data are obtained by
asking the fishermen several simple ques-
tions such as “how long did you fish,”
“what gear did you u..,” “how many (nets,
pots, lines, hooks) do you use,” and “whatis
the size of your gear?” If the fishermen are
willing, these data can often be obtained (or
verified) by examining the gear when the
fish are landed. Examples of questions
which were included on a landings survey
form which was designed to generate catch
and effort data from a small-scale fishery
which was conducted primarily with gill
nets, handlines and longlines is presented
in Appendix C.

Additional information concerning the
location of the fishing ground(s) which was
(were) vigited during any single trip should
also be collected during landings surveys
since it can be important for defining which
resources or unit stocks were harvested.
Although fishermen do not willingly reveal
exact locations of favorite fishing grounds,
this information can be obtained by divid-

85

ing theentire area which is fished into fairly
large areas. The compilation of catch and
effort data by location is more critical when
effort is dispersed over a large area or when
unit stocks occupy small areas.

A great deal of useful information can also
be obtained by simply counting the number
of fishermen aboard thz vessel and by not-
ing the type of vessel and gear, how much of
the landed catch is sold to the dealer and
how much is given away, taken home by the
fishermen, or discarded because it has
spoiled. An important clue which helps in
identifying the fishing location is the direc-
tion which the vessel comes from as it
approaches the landi.g site.

A significant problem which impedes data
collection when using sales receipts or a
landing survey is that the fish which are
landed on any single occasion sometimes
are not caught on a single fishing trip nor
with a single type of gear nor even by the
fishermen who are aboard the vessel. The
vessel may simply be delivering fish which
were caught by a number of different fisher-
men on a number of different fishing trips.
On such occasions, valid catch and effort
data may sometimes be estimated if each
fisherman’s catch is weighed and sold
separately and if the fishermen who are
delivering the fish can recall approximately
how much time each fisherman spent fish-
ing, where he was fishing and what gear he
used. In any case, it is up to the interviewer
to record as much information as possible
and to decide how reliable it is.

Since only a proportion of the total number
of landings (or boats) is sampled, landings
surveys must be designed to account fs¢ the
spatial and temporai distribution of fishing
effort and torandomly sample the full range
of fishing activities which affect the catch
rates of individual unit stocks. Factors
which should be considered when designing
random landings surveys for stock assess-
ment purposes include the fishing location,
the landing site, gear and vessel types
which are used in the harvesting process
and time considerations such as the time of
year and the state of the monthly or annual
tidal cycle. All of these factors can affect the
abundance and availability of the resources
and the relative success of the fishermen in
capturing them. Landings surveys which
allocate more or less sampling effort to a
particular location, gear type, time of year
or month can easily produce biased esti-
mates of mean catch and effort for all loca-
tions, gear types, times of year or months.



In order to allocate sampling effort ran-
domly, a primary sampling unit must be
defined and 4n initial census (or frame sur-
vey) of sampling units carried out. The sam-
pling unit should represent an element of
fishing activity which can be easily quanti-
fied such as individual vessels, landings, or
landings sites. A survey could be designed
to randomly sample some proportion of all

landings for different gear types. It would -

first require a census of the number of land-
ings by gear typein all landing sites during
some previous period of time so that sam-
pling could be allocated representatively
between landing sites for each gear type.
Effective landings surveys can be designed
if continuous information on total catch
and effort by gear type, landing site, and
time of year is available from sales receipts.

Frame surveys which are conducted at a
given point in time must be periodically
updated to account for changes which take
place in the fishery. These changes could
include ar. increase or decrease in the
number of fishermen, vessels or units of
gear or a shift in the distribution of landings
by gear type among landing sites. Observa-
tions made during the landings survey itself
can provide current information useful for
updating static frame surveys and adjust-
ing sampling strategies. In this mode, the
sampling procedure is continually
improved as new information becomes
available and as conditions in the fishery
change.

One of the most difficult variables to
account for in designing a random sample
survey of landings is the fishing location.
Since samples are not obtained while boats
are on the fishing grounds and since the
distribution of landings in different sites
along the coast does not necessarily reflect
the distribution of effort between different
fishing locations, the best solution would be
to design a procedure for randomly sam-
pling landings 1in which the same propor-
tion of all the effori expended in each
location per unit time is represented in each
sampling period. In other words, fishing
location should ideally be included in the
definition of the sampling unit. This
approach is not feasible unless repeated
frame surveys could be performed which
would permit the enumerztion of vessels
fishing in specific locations at particular

points in time.? The size of these fishing
locations would require some knowledge of
individual unit stocks and the willingness
of the fishermen to divulge information
about specific fishing grounds when they
are interviewed.

In practice, the logistical difficulties
involved in conducting adequate frame sur-
veys and the lack of sufficient biological
information about the stocks which are
harvested by most small-scale fisheries pre-
clude the definition of sampling units which
incorporate fishing location as a variable.
Catch and effort data obtained from land-
ings surveys which are randomized to
account for the distribution of boats (or
fishermen) and gear types by landing site
should, hcwever, still be compiled by fish-
ing location. In the absence of adequate bio-
logical information, the definition of
appropriate locations in most cases must.be
made on a purely geographical basis,
although some attempt should be made to
define locationsin which most of the fishing
effort is conducted by boats which deliver
their catch to the same landing sites.

Landings surveys should be randomized to
account for the number of boats which
deliver fish to individual landing sites. Cen-
sus surveys of the numbers of boatsin use at
each site or sales receipts which document
numbers of landings made at each site per
unit time can be used as frame surveys for
drawing random samples. This information
may be qualitative or quantitative (see
Banerji, 1974); the more quantitative it is,
the more precisely can the sample statistics
(e.g. mean catch per boat) be estimated.
Data collection procedures which generate
catch and effort statistics for resource
ussessment purposes can be improved even
further if sampling effort is allocated pro-
portionally among boats (or landings)
which use the same gear type since the type
of gear which is used determines which spe-
cies or stocks of fish are harvested. The allo-
cation of sampling effort by gear type and
landing site will also greatly improve the
representation of different fishing locations
in the sampling scheme since the fish har-
vested on certain grounds tend to primarily
be caught with particular gear types and
landed in particular locations. One of the
problems which impedes randomization by
gear type is that many boats use more than

» These surveys would have to be repeated frequently in order to account for changes in the spatial distribution of effort
which take place over a very short time scale (months, weeks, or even days, depending on how specifically the locations
are defined). The only practical method for conducting such surveys may be aerial photography; such a technique would

be limited to day time fishing only.



one gear type over the course of the year or
even during a single fishing trip. When this
is the case, “mixed gear” elements must be
included in the sampling scheme. By the
same token, if two or more landing sites are
close together and the same boats are just as
likely to land fish at either site, the sam-
pling unit should include a cluster of land-
ing sites as a single data collection point.

Other important considerations are the
duration and frequency of the landings sur-
vey. Sampling strategy depends to a large
extent on whether or not total catch and
effort can be reliably estimated for the
entire fishery {and for individual gear types
and unit stocks) from sales receipts. If sales
receipts car not be relied upon to provide
this inforr.ation — either because a large
percentage of the fish which is caughtisnot

sold to primary dealers or because a signifi- -

cant proportion of the landed catch which is
sold to dealers is not recorded — then land-
ings surveys should be carried out on a con-
tinual basis in order to provide primary
data for stock assessment purposes. One
advantage of a continual survey is that
sampling is spread out over a long period of
time and need not be very frequent since
short term precision of catch and effort esti-
mates is not as important as long term
trends. If sales receipts can be used, then
landings surveys need to be conducted peri-
odically in order to determine changes
which may take place in the species compo-
sition of landings, the average number of

hours or days spent fishing during each:

fishing trip and the characteristics of the
gear which were used. Periodic surveys
could be carried out, for example, by sam-
pling frequently during short periods of
time (such as fishing seasons) when pat-
terns of fishing activity can be expected to
remain more or less constant. These periods
of intensive sampling should be repeated
often enough and last long enough to detect
changes in resource availability and har-
vesting activity which take place over time.

In either case (with or without sales
receipts), it is important to know something
about the temporal variability in resource
abundance and availability in order to
design random landings surveys which are
not biased towards particular periods when
catch rates for particular species may be
above or below average. Important biotic
factors which affect resource availability
and the distribution of fishing effort include
seasonal migratory patterns, spawning
behavior, and the abundance and distribu-
tion of food organisms. Abiotic factors
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include seasonal changes in temperature,
currents, and the amount of river runoff as
well as short-term (monthly) changes in
tidal currents.

Most of these events recur with a predicta-
ble frequency and can be factored into a
random sampling strategy; many of them
recur on an annual basis, but some recur
over much shorter time periods (weeks or
months). Changes in tidal amplitude and
currents, for example, take place over a 28-
day period and can exert a strong influence
on the swimming and feeding behavior of
fish (and therefore their susceptibility to
capture with certain gear types), the perfor-
mance of certain gear types and the distri-
bution and amount of fishing effort. Given
the importance of th »se short-term effects
on landings, long-terin (e.g. annual) sam-
pling eoffort should ideally be distributed
over different fishing seasons and short
term (e.g. monthly) sampling effort should
be distributed so as to reflect actual changes
in the number and type of landings (as
defin>d by gear and vessel type) in individ-
ual sites as a function of factors such as
tidal amplitude. Even the time of day (or
night) when fish are landed can be impor-
tant if, for a given gear type and landing
site, landings during one time of day repre-
sent a different set of activities (fishing loca-
tions, for example) than landings at
another time of day.

There are a number of problems which often
make it impossible to completely follow a
randomized sampling procedure even when
sufficient information is availableto permit
its design. The spatial distribution of sam-
pling effort among individual landing sites
requires either thatinterviewers remain sta-
tionary in a given site long enough to obtain
the necessary samples or that a sampling
schedule be devised which permits inter-
viewers to move from one site to the next
without completing all their samples in a
given site during a particular time of year,
time of month, or time of day. Since many
small-scale fisheries are characterized by
large numbers of remote landing sites
which may be inaccessible at certain times
of year, the design of random sampling
procedures which can in fact be followed
without considerable expenditures of time,
manpower, and funds is a challenge (see
Chapter VI). Another problem which must
be confronted is the conflict between office
working schedules and fishermen’s sche-
dules. It may be impossible to sample land-
ings at night, early in the morning, oronthe
weekends unless non-government person-
nel are hired to do so.



5.2.2.1(c) Sea Sampling

Periodic observations made aboard small-
scale fishing boats can provide some basis
for estimating the types (species), sizes, and
quantities of fish which are caught, but not
landed.'" These observations should
include fish which are discarded at sea and
fish which may be used for bait, consumed
aboard the boat, spoiled, or sold before the
catch is delivered to the primary dealer. If
fish are gutted before they are landed, an
est:mate of the percent weight loss after gut-
ting is necessary. If fish arediscarded, some
estimate of the proportion which do not sur-
vive should be made. If other fisheries (for
example, trawl fisheries) are harvesting
and discarding significant quantities of the
same species wilich are captured by the
small-scale fishery, some time should be
spent aboard these vessels as well.

Sea sampling data can not be expected to
provide very reliable estimates of how much
fish is caught but not landed since catch
rates are so variable and since the amount
of fish caught during each trip is small. Sea
sampling should only be carried out occa-
sionally and the results should be comple-
mented with landings survey data and data
collected while conducting sociocultural
surveys of fishermen.

5.2.2.2 Vital Statistics
5.2.2.2(a) Growth

A number of mathematical functions are
used to express the growth history of fish.
The most common is the von-Bertalanffy
growth function (VBGF): .

2t = Lo1l-e-k(tc-to))

This function may either be fitted directly to
length (or weight) at age data or after
mathematical transformations to various
linear regression formulae (see Ricker, 1975
or Gulland 1969). Size at age data may be
obtained from fish of known absolute or rel-
ative ages using a variety of techniques
such as 1) tag and recapture studies, 2) anal-
ysis of growth rings on scales and other
hard parts, and 3) the analysis of incre-
ments in size frequency data collected over a
period of time. Some methods allow for the
simultaneous estimation of maximum
length (L, ) based on length at age data.
L« may be converted to maximum weight
(W,, )if thelength/weight relationship for
the species in question is known. Maximum

weight estimates rather than maximum
length estimates are used in dynamic pool
yield models.

£.2.2.2(al) Tag and Recapture Studies

Growth increments during specified time
periods can be calculated for individual fish
which are measured at tagging and again at
recapture after a known period at liberty. In
this case, the growth coefficient (K) is esti-
mated from the slope of the linear regres-
sion when Y equals the change in length
during a given (constant) time interval and
X equals length at tagging; the length at
which the change in length is zero (the X -
intercept) equals L. o .When growth data
from all fish returned during any number of
short time intervals are used, K may be esti-
mated from the slope and L « from the X-
intercept when the increment per unit time
is plotted against initial length. For equal
time periods, when Y equals the length at
recapture and X equals initial length, K is
estimated from the slope and L « from the
intersection of the linear regression with a
45° line representing no change in length
during the time interval. The parameter t.
can be estimated from the VBGF for any
known length at age once L. » and K have
been estimated. For longer, nnequal time
intervals between tagging and recapture,
other methods are necessary. For a com-
plete description of analyticai techniques
used in tag and recapture studies see Jones
(1976).

One of the most persistent problems asso-
ciated with estimating growth from tagging
data is measurement error. Errors as small
as % 5mm or less can besignificant when
time intervals between tagging and recap-
ture are short. When large numbers of

‘returns are available, data obtained from

fish recovered during an initial phase of
minimum growth can be eliminated. This is
also the period of time when the effects of
tagging injury on growth will be most pro-
nounced. Attempts should be made to actu-
ally recover all recaptured fish for precise
measurement. Also, data obtained from fish
which are iced or frozen should be corrected
to account for shrinkage. Care should also
be taken to use the same measurement (for
length, standard length or total length) for
each species. A complete description of
materials and methods used in marking stu-
dies is given by Jones (1979).

1 See Gulland (1966) for a description of data collection techniques which apply to sea sampling.



5.2.2.2(a2) Analysis of Hard Parts

It is known that the growth of fish scales,
fin rays, otoliths or vertebrae is propor-
tional to the growth of the entire animal. If
it can be confirmed that growth rings laid
down by cyclical interruptions in the ani-
mal’s growth are caused by natural events
(such as low temperatures, low salinities or
slowed growth during spawning) which
recur with a known periodicity, the growth
history of individual fish can be deduced
from the length of the fish at capture, the
distance from the focus of the scale (for
example) to its edge and to each growth
ring. This method requires that each ring
correspond to an absolute age. Once an age-
length key has been established by examin-
ing scales (or otoliths, etc.) from anumber of
fish, a growth function is fit to the data to
estimate parameters. Graphical methods
described in the previous section are
applicable.

This methodology does not apply as well to
tropical fish species since growth is not as
predictably cyclical as it is for temperate
zone species. Annular rings are sometimes
produced, but may be caused by variable
natural events such as strong wind and
heavy rainfall as well as seasonal changes
in temperature, salinity and spawning
activity. For growth analysis, understand-
ing the causes of cyclical growth are not as
important as the fact that ring formation
must correspond to some predictable, recur-
ring natural event. In general, the analysis
of hard parts for growth information is a
time-consuming process which requires a
great deal of judgement and practical expe-
rience. For an excellent review of age and
growth studies as they anply to tropical fish
gpecies, the reader is referred to Brothers
(1980).

The growth of invertebrate species is not
quite so straightforward. Crustaceans, for
example, only increase in size when they
molt (shed their hard exoskelton); g~owth
rates are a funciion of the number of molts
and the incrense in size at each molt.
Growth prcceeds in an interrupted, stepwise
fashion. Mollusks which are subjected to
seasonal changes in environmental factors
such as temperature and salinity produce
growth rings in their shells which may
sometimes be used to estimate growth rates.

5.2.2.2(a3) Size Frequency Data

Size frequency data can be obtained by
measuring individual fish either aboard
fishing vessels or a research vessel or when
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fish are landed for delivery to buyers. When
large quantities are available, sub-samples
should be randomly drawn to avoid biasing
the measurements toward either large or
small fish (see Gulland, 1966). Lengths are
more easily and precisely recorded than
weights and may be converted to weights
once empirical length-weight relationships
are known. Length-weight relationships for
individual species may be determined from
length and weight data collected for several
hundred fish selected randomly over the
course of a year. Care must be taken to com-
pile data separately for male and female
fish, since growth rates may vary by sex,
and to include fish with both ripe and spent
gonadal tissue and full and empty
stomachs.

Once primary size data have been collected,
they should be compiled by equal length or
weight intervals. Ten to fifteen intervals are
normally sufficient to permit a visual inter-
pretation of component size groups. All size
data must be recorded by fishing locations,
gear and time of year since all of these fac-
tors may affect the sizes of fish captured.
There is, however, no need to randomly
select certain landings. Instead, attention
should focus on those landings which
supply the greatest number of fish.

Growth rates can be estimated from the pro-
gression of modal or mean lengths of indi-
vidual size groups which recur in size
frequency distributions collected over time
by plotting the natural logarithm of the
quantity L e - It, (y), versus it, (x), when It
equals the modal or mean length foragiven
size group at time t. The growth rate during
the interval between samples is estimated
from the slope of the regression; the “best”
estimate of L. » is that which produces the
most linear array of data points. Estimates
of K and L o, are thus obtained by
repeated trial-and-error attempts to fit the
“hest” regression to ihe data when L o, is
allowed to vary. Once L. » i8 known, t. can
be estimated from the y-intercept (which
equals kt.). Information on the absolute age
of individual size groups is not required.
Since the growth of individual size groups
:nust be followed through time, it is easier to
identify the same size group in successive
data sets if the interval between samples is
minimal. The sest results are obtained from
continuous monthly (or even weekly) size
frequency data.

The use of size frequancy data to estimate
growth pararaeters is difficult when 1) there
is excessive overlap between adjacent size



groups, 2) sample sizes are small, and 3)
recruitment of juvenile fish to the exploita-
ble population is continuous or nearly so.
When overlap is extreme, component size
groups are not visually obvious and graphi-
cal and mathematical procedures for esti-
mating the mean lengths of individual size
groups produce unacceptable results even
when sample sizes are large (Stevenson,
1980).

The number of size groups and the degree of
overlap between them increases when there
is more than one annual spawning season,
when spawning is prolonged and when
male and female fish grow at different rates.
When recruitment is continuous, size incre-
ments in time series data can not be
detected. These phenomena are common in
tropical fish species. Also, the best resuits
are obtained when fish are captured by gear
which is not size selective (seines, traps)
since selective gear (gill nets) severely res-
tricts the range of sizes captured.

5.2.2.2(b) Mortality

Dynamic pool models require estimates of
instantaneous natural morality (M) and
fishing mortality (F).!! Together, these two
estimates are summed to estimate total
instantaneous mortality (Z). The time inter-
val of interest is usually one year in which
case mortality is expressed as an annual
instantaneous rate. The first step in esti-
mating M and F is usually to estimate Z
since total mortality is more easily deter-
mined. In the special case of an unexploited
population, all mortality can be attributed
to natural causes and Z = M. Three of the
most common methods for estimating mor-
tality are 1) tag and recapture studies, 2) the
analysie of size frequency data and 3)
changes in total mortality and fishing
effort.

5.2.2.2(b1) Tag and Recapture Studies

If tag returns are grouped in equal time
intervals, the plot of Y (the natural loga-
rithm of numbers returned during cach time
interval) versus t time intervals is linear
with slope equal to -Zt. Furthermore, know-
ing the total number of tagged fish and the
numbers of tagged fish caught in successive
intervals, F can be calculated for any inter-
val or F can be calculated from the Y-
intercept. Once Z and F are known, M is

estimated by subtraction. Assuming that
tag returns are being reported by fishermen
and that fishing effort does not remain con-
stant with time, more reliable estimates are
obtained when the number of returns in suc-
cessive titne intervals is recorded on a per
unit effort basis, especially if fishing effort
varies significantly over the course of the
year.,

There are many sources of error inherent in
this technique which can be grouped into
three categories depending on whether they
affect F only, Z only or both F and Z (see
Gulland, 1969; Jones 1976). Natural mortal-
ity estimates may or may not be affected,
depending on the degree to which F and M
are affected. Some errors can be corrected
during the experiment, others cannot. In
warm tropical waters infections due to tag-
ging are more likely to cause problems, and
fish are more susceptible to injury during
handling. Also, the non-random distribu-
tion of tagged fish which are returned to the
population is a major problem which may
be more significant for demersal tropical
species with limited geographic ranges.

Tagging experiments conducted with spe-
cies which are captured by small-scale
fisheries often require the capture of large
numbers of fish in locations which are not
accessible to efficient harvesting tech-
niques, for example, in mangroves and on
coral reefs. Since only a5- 10% recovery rate
can be expected it is necessary to tag and
release several thousand fish for each spe-
cies which is being studied. Furthermore,
most tagging experiments rely on fisher-
men for returns. In small-scale fisheries,
tagged fish are often landed in remote land-
ing sites which frequently do not have any
means of rapid communication with major
population centers where fishery offices
tend to be located. Moreover, fishermen may
be suspicious of government research pro-
grams. Successful recovery efforts therefore
require: extensive publicity programs and
efficient methods for recovering tagged fish
and paying rewards. (It will, of course, not
be necessary to recover the tagged fish
themselves unless growth measurements
are being made). If enough tagged fish are
released the percentage of non-reported re-
coveries can sometimes be estimated by
comparing the recovery rate from a group of
cooperative fishermen' (or boats) with the
recovery rate for all fishermen (or boats).

11 Instantaneous rates of change equal the natural logarithm of the absolute finite rate, In the case of mortality rates, the
absolute finite rate equals the percentage of fish which die during some time interval. Finite rates cannot be summed

whereas instantaneous rates can.



5.2.2.2(b2) Size Frequency Data

Total mortality rates can be estimated
directly from the decline in the relative
abundance of successive age classes in size
frequency data available from samples of
commercial catches or landings if it can be
assumed that the age structure of the popu-
lation is stable. Stability implies that the
relative abundance of successive age
classes at the same point in timeisthe same
as the relative abundance of a single age
class if it were followed through time. To
estimate Z during some time interval t, the
absolute or relative ages of successive size
groups must be known. Relative abundance
is estimated as catch per unit effort (CPUE).
The slope of the natural logarithm of CPUE
versus age gives an estimate of annual total
mortality when t equals one year for all age
groups represented in the data. The same
analysis can be performed for the relative
decline in abundance of a single age group
(year class) through time. In either case, it is
important to only use age groups which
have fully recruited to the fishery and are
completely vulnerable to capture. Vulnera-
bility to capture depends on the gear used
and its size selective properties.

If estimates of the growth parameters K and
L. » are available from other sources, total
mortality can also be estimated from the
equation derived by Beverton and Holt

(1956)

= TERY
when Ic equals the mean length at first cap-
ture and / = the mean length in the catch for
lengths greater than lc. The parameter [c is
best defined as the length of 50% retention
for gears such as trewls or gill nets where

mesh size is imporiant and selection occurs
over a range of sizes.

5.2.2.2(b3) Changes in Total Mortality
and Effort

If a series of paired Z and effort estimates
are available for a series of equal time peri-
ods, the Y-intercept of a linear regression ¢’
7 versus effort provides an estimate of M.
For this analysis, Z and effort may vary
with time, by location or even by age of fish
in the exploited population (see Beverton
and Holt, 1959). This method assumes that
fish at any time, location, or age remain
equally vulnerable to capture.

5.2.2(c) Recruitment

Yield per recruit assessments are of little
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value for predicting biomass yields urless
annual changes in recruitment can be pre-
dicted, at least on a relative basis. One
source of information which can be used to
estimate the relative size of pre-recruit year
classes is CPUE data obtained from
research survey cruises which sample juve-
nile fish before they are recruited to the
fishery. Similarly, size specific or age spe-
cific CPUE data collected from commercial
landings for a fishery which routinely har-
vests younger fish can somctimes beused to
predict recruitment to a fishery which har-
vests older fish.

5.2.2.2(d) Age (Size) Parameters

An estimate of the size at first capture (/c)
can be obtained directly from samples of
commercial catches and can be converted to
age (t.) if the growth history of the exploited
species is known. Istimates of size (age) at
first capture will correspond to size (age) at
recruitment (I, t-) as long as there is no
delay between the time that fish first
become available for harvest and when they
are actually harvested. Delays occur when
the fishing gear is size selective (i.e. whcii it
only harvests fish within a specific size
range). When t- does not equal t- estimates
of t- (or [r) must be based on some knowledge
of migratory behavior, i.e. the age (size) at
which recruits can be expected to arrive on
the fishing grouads.

5.3 SOCIOCULTURAL DATA COL-
LECTION METHODS

5.3.1 Introduction

Before any data collection scheme is imple-
mented, the investigator should ask himself
“why are we collecting these data?” It is
especially important to ask this question
when one begins to construct the interview
form for a sample survey (Casley and Lury
1981), but it is also important when formu-
lating questions to be posed to key infor-
mants. In preceding sections, justifications
were provided for most of the sociocultural
data needs, but it must be remembered that
some were situationally dependent. For
example, one need not obtain data on pro-
posed innovations if no changes are pro-
jected. Furthermore, data concerning
attitudes towards changes in income or
occupation need not be collected if these
changes are not expected to be part of the
fishery development process. Obtaining
and analyzing this attitudinal data is per-
haps the most time consuming aspect of any
survey and thus the question “why are we



collecting these data” should be posed sev-
eral times when collecting attitudinal data.

5.3.2 Examination of Available
Records

Usually uie information that can be found
in written documents is limited to census
material which, if sufficiently detailed, can
be used to determine the numbers and loca-
tions of potential project participants
(4.2.2.3), and aspects of the occupational
structure (4.2.2.6). The investigator must be
warned that in many cases census material
does not include occupation; in such a case,
if licensing records are available they can
be used to estimate numbers of 1ichermen.

5.3.2 Interviews With Key Informants

A great deal of the sociocultural data dis-
cussed in the preceding chapter can be
obtained from we!l selected key informants.
For example, key informants can provide
many of the necessary data such as group
identification (4.2.2.1), degree of intergroup
tension (4.2.2.2), locations of potential pro-
ject participants and estimates concernng
numbers (4.2.2.3) which should be verified
by a review of written records or by conduct-
ing some sort of census. Key informants can
also provide information concerning tradi-
tional communication channels (4.2.2.4),
levl of community development (4.2.2.5),
occupational structure of the target com-
munity (4.2.2.6), temporal distribution of
fishing effort (4.2.2.9), and local knowledge
about fishing and fish (4.2.2.10).

Much of the information concerning the
social structure of the occupation of fishing
can also be obtained from key informant
interviews. General information concern-
ing fishing gear types and ownership pat-
terns (4.2.3.1) can be obtained from
knowledgeable local fishermen. Likewise,
key informants selected from the local fish-
ing population can be used to provide data
concerning crew size and social composi-
tion (4.2.3.2), criteria for crew selecticn
(4.2.3.3), degree of occupational mobility
(4.2.3.4), patterns of interaction betwien
owner and crew (4.2.3.5), degree of on and
off vessel specialization (4.2.3.6), relation-
ship of fishing groups with other groups
(4.2.3.7), and the local distribution of wealth
and power (4.2.3.8).

Finally, key informants also can provide
data concerning innovations. Local fishing
equipment suppliers and older fishermen
can be used to supply data concerning a
history of innovative behavior in the com-
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munity (4.2.4.1). Preliminary assessments
of attitudes towards risk, change, and
investment (4.2.4.2) as well as perceptions of
proposed innovations can also be obtained
from key informant interviews (4.2.5.4
through 4.2.5.6). These preliminary assess-
ments, however, must be confirmed by sam-
ple surveys of the attitudes and perceptions
of fishermen.

5.3.4 Data from Sample Surveys

There are a number of simple, easy to ask
questions which can provide quantitative
estimates to support statements made by
key informants. These questions can be
included in a sample survey interview
which is administered inexpensively during
a short period of time. Surveys provide gen-
eral background information as weiil as
data which can be used, for example, to
determine the social structure of the occupa-
tion. Fishermen can be asked if they are
presently smployed (4.2.2.7), when and for
how long they go out fishing (4.2.2.9), the
kinds of gear and vessels they wse and ‘who
owns the equipment (4.2.3.1), whetherrnot
they can realistically expect to own i v essel
themselves some day (4.2.3..4), and what
their position is in the crew (4.2.3.6),

Much of the attitudinal data listed in sec-
tions 4.2.4 and 4.2.5 (Innovation Data and
Occupational Preference and Training
Data) must be obtained with the use of sam-
ple surveys. This methodology is essential
because we need to know wlitch individuals
or groups will be more likely to accept a
proposed innovation. Such conclusions e
based on the statistical properties of the
sociocultural variables which are «:xam-
ined. For example, once we havedetermined
the history of innovation in the community
(4.2.4.1) through the use of key informants,
a widely accepted innovation can be identi-
fied, and individual fishermen can be asked
when they began to use this innovation,
how long they have continued to use it and
whether or not they still use it. These data,
in combination with individual dawa such
as age, years of formal education, degree of
literacy and exposure to mass media, {see
list under 4.2.5.9) can be used to determine
individual attributes asscueiated with inno-
vativeness in the community (4.2.5.9),

Attitudes towards risk, change, and invest.
ment can also Le determined through the
use of sample surveys. Questions such as
those listed under 4.2.4.2 could form part of
a survey questionnaire, The distribution of
perceptions of the attributes of a proposed
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innovation among individuals or groups
must also be determined with the use of a
survey (4.2.5.4 through 4.2.5.8). Individuals
could be provided with a description of a
proposed change and asked to comment on
its complexity, compatibility, the advan-
tage it provides over the old techniques,
whether or not they feel they could actually
experiment with it, and if they feel that they
can adequately assess its potential by
observing proposed demonstration
techniques.

Finally, survey data is also necessary to
obtain accurate indications of occupation
preferences (4.2.5.1 and 4.2.5.2) as well as
attitudes towards income changes (4.2.5.3).
Severa! techniques can be used to obtain
these data. First of all, potential fishermen
can be requested to compare fishing v.ith
realistic alternative occupations. For exam-
ple, the following questions could be posed:
{a) Would you prefer to be a farmer (for
example) or a fisherman? Why? (b} Would
you like your son to become a fisherman?
Why or why not? (c) Would you become a
fisherman if you had the opportunity? Why
or why not? Analysis of responses to direct
questions such as these can be quite
revealing.

A more sophisticated and time consuming
techniqgue would be to compare fishing with
other realistic alternative occupations by
examining a series of relevant dimensions
which represent occupational likes and dis-
likes. Dimensions related to job preference
must be culturally relevant, so they should
be determined through preliminary inter-
views. Individrals could be requested to
compare different occupations and tell what
they like and dislike about them. The output
of these interviews could be used to con-
struct a list of relevant dimensions such a
income, status, “gocdness,” intelligence,
family life, or least preferred to most pre-
ferred occupation. A sample of individuals
could then be presented with a ladder dia-
gram and teld that the bottom rung of the
ladder represents the lowest possible
income and the top rung the highest. They
would then be requested to place each of the
occupations on the appropriate rung. This
would be done for each of the dimensione
resulting in a comparison of occupations
along all dimensions.

Some people (Casley and Lury 1981, for
example) object to the use of open ended
questions such as these in surveys because
they are difficult to analyse. On the ather
hand, open ended questions can be prefera-
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ble since it is extremely difficult to antici-
pate answers to these types of inquiries.
Closed ended questions can sometimes elicit
responses which are biased in the direction
of the investigator’s expectations — they
guggest an easy response for the busy
fisherman who is anxious to get rid of the
interviewer.

Responses to most open ended questions
can be categorized into ten or fewer catego-
ries with one residual category for idiosyn-
cratic responses. For example, in a study of
attitades towards the occupation of fishing,
Pollnac and Ruiz-Stout (1977) asked the
question “what do you like about fisl:ing in
comparison with other occupations?”
Responses werc categorized into a total of
seven categories, including a “don’t knc #”
and an “other” category. The open ended
responses categorized as “sport-pleasurs,”
“monetary reward,” and “independence”
accounted for 83 percent of the responses
while oniy nine percent of the responses had
to be classified in the catch-all “other” cate-
gory. Evidence that analysis of open ended
questions can be easy is found elsewhere in
the cited work (Pollnac and Ruiz-Stout,
1977) and other papers by the same authors.

5.4 ECONOMIC DATA COLLECTION
5.4.1 Introduction

This gection is not meant tn be a comprehen-
sive treatment of either applied fishery sta-
tistics nor of sampling theory. For a
thorough discussion of the former the
reader is referred to Bazigos (1974)and fora
comprehensive set of lecture notes on the
latter to Chakraborty and Wheeland (1979).
The discussion which follows will examine
some of the causes of variation in observed
values of the many variables discussed in
Chapter IV and, based on this, suggest how
to aggregate the collected data. This will be
followed by a very general discussion of
sampling in order to highlight some advan-
tages of using sales receipts as both a cen-
sus of fishing activity and a sampling
frame.

The advantages of having a census of fish-
ing activity available are apparent to all
concerned with fishery statistics. However,
due to the problems asscciated with con-
ducting such a census, little has been writ-
ten about it. It is the authors’ belief trat
sales receipts can Le used to provide infor-
mation on fishing activity in much the same
way as a census.



5.4.2 Kinds of Variables and Sources of
Variation

Section 4.3 lists a large number of variables
useful in many different kinds of economic
and bioeconomic analyses. The variables
were put into two groups: those relating to a
day’s fishing by a single firm (called a unit
of fishing activity) which are best measured
at the end of a fishing trip, and those which
are not related to fishing activity and are
best measured in a community setting. One
use of this data is in estimating annual
amounts of the quantitative variakleg that
describe the operation of the fishery. We will
continue to use this as a framework in dis-
cussing the data because 2ll other uses of
the data will be served if one can obtain
unbiased, properly grouped estimates of
annual amounts of these variables. Inter-
view data will be discussed first.

The total annual amountof any given quan-
titative, activity-related variable, such as
the amount or value of ice used, the weight
or the value of a particular species or the
cost of fuel, can theoretically, either be
determined directly or estimated. The total
annual amount of variable X is equal to

Ix or XeN.

The first case, which is a sum of ail of the
values, is only possible in a theoretical
sense since all values will, in reality, never
be known. The second case is an estimate of
the total annual amount. The reliability of
this estimate is determined by the bias of
the estimate of the true population mean,
i.e., ¥ , and the accuracy of the count or
estimate of N, i.e., either N or 4 . The
degree of statistical confidence one can
havein the annual estimate is related to the
variance of the estimator { . This, in trrn,
is related to variation in the observationson
X. It will be seen below thatif N is estimated
as well, then the confidence limits on the
estimated total annual amounts are
affected by the variance of this estimator,
ﬁ as well. The causes of variance in obser-
vations on X will be discussed first.

The variable X is either a biological, eco-
nomic, sociocultural or physical quantita-
tive variable. A very basic question is why
two or more daily observations of X are dif-
ferent.'? There are, of course, many reasons:

some are the result of economic and techni-
cal decisions by fishermen, and others are
the results of natural (biological and envir-
onmental) phenomene. '

The nature of the variable itself determines
to a great extent the number of factors
which affect the values it assumes. For
example, observations of a biological (or
related) variable such as weight (or value) of
a particular species caught on a given day
result from economic factors (the boat/gear
combination in use), physical factors (how
frequently the net was hauled), and biologi-
cal factors (e.g., the dispersion of the species
in the area fished). Factors which produce
variahility can operate on a daily, monthly,
or annual basis. Weather and pollution
could also Le added as additional sources of
variation. It is clear that variations in
observations of biological (and relate) var-
iables result from a very large number of
factors.

In contrast, non-catch-related cconomic
variables, such as the amount of ice used,
and physical variables, such as the time
actually fished, are affected by fewer sour-
ces of variation. They are, for example,
exempt from the short run, direct impact of
many biological factors.'* The values they
assume, of course, result from the various
short-run and long-run decisions the fisher-
men make. Also, these economic and physi-
cal decisions are influenced by how the
fishermen evaluate many cf the biological
factors.

5.4.3 Sampling and Aggregating

A sampling scheme designed to take into
account some of these sources of variation
can either reduce the total humber of obser-
vations needed or, for the same number of
observations increase the degree of confi-
dence in } , the sample mean of the varia-
ble X. An even more important reason for
grouping (or stratifying) the observations
according to the varicus sources of varia-
tion is that the groups or strata themselves
are of interest. In particular, many of the
groupings of the data will represent the
results of decisions made by groups of
fishermen who live in similar conditions,
are organized similarly, use the same boat

12 By daily observations we mean observations made between days on the same boat or between boats on the same or

different days.

1+ They may he subject to some sources of variation from which binlogical varinbles are exempt. For example, unloading

fees may differ over landing sites.



and gear types, and will be the target of
departmental actions.'!

Of all the sources of variatio. only a small
number are important in producing large
variation in several kinds of variables. Still
fewer are also easily observable. Those
which do satisfy the first condition are vari-
ables describing qualities of the unit of
activity such as home port of boat, location
fished, gear type, boat class, mesh size,
method of propulsion, size of crew, etc.
Many of these are referred to as identifiers
above. Each of these qualitative variables
affects the range of the observed values of a
different but overlapping set of quantitative
variables. Some of these qualities are not
easily observable, they require much closer
examination or responses to questions
about them. Many of them have to do with
aspects of nominal fishing effort.

The first basis for stratifying the samples to
be taken (besides date and location) should
be one which is a reasonable substitute for
(is correlated with) as many of the sources of
variation as possible. For common bioeco-
nomic sampling purposes ihis factor should
be one which affects the values of both bio-
logical and economic variables. In many
small scale fisheries this will be the boat-
/gear combination used. Boats may be
classified by type (e.g., canoes, sailing ves-
sels, motorized vessels) and perhaps further
by size (e.g., sailing vessels over 25 feet or
motorized launches with sleeping quarters,
etc.). More detailed gear distinctions may be
more difficult to observe. In Costa Rice the
boat/gear combip ition was a good indica-
tor of days fished per trip, range (areas) of
fishing activity, crew size, the general mix
of fish caught and, in some instances, the
home port and likely landing site.

How the data are aggregated (i.e., stored
and summarized in strata) will reflect, first
of all, the sampling strata. Data should he
grouped for a given time period (e.g., 2
month) because of the time dependency of
many of the sources of variation. It is also
worthwhile storing data by location of sam-
ple because of the correlations that exist
between some important variables depend-

ing on location. For example, landing sites
may be a strong indicator of area fished,
home port, gear type, etc.

The number of strata in which the data are
aggregated and stored should be at least as
great as the number of strata used for sam-
pling.'s There are several important sources
of variation which are not easily observable
and cannot be used to stratify the samples
but which can be used to distinguish stored
data. One of the most important of these is
the area fished.'® Interviews will produce
data on areas fished but for any particular
area this information will be obtained by
chance. The probability of collecting data
by fishing grounds can be increased as col-
lected data are examined for correlations
between areas fished and different landing
sites or other factors.

Ideally, data should be aggregated in a way
which: 1) allows for ease of generating sum-
mary material; 2) is sufficiently disaggre-
gated so that many sources of variation can
be examined; and 3) permits newer, more
refined data to be added at a later date (for
example, a species breakdown of the catch,
market prices for labor services, adjust-
ments to crew remuneration, etc.).

5.4.4 Variation in Numbers of Strati-
fied Units of Activity

The problem of counting N or estimating it
(), may be considerable. N is the total
number of units of aciivity (days of fishing)
by everyone who fishes over the entire year.
Counting or estimating N within the same
strata used for sampling is more difficult.
Assuming that one dimension of stratifica-
tion, say gear type, is in use for sampling
and that there are three gear types, the
annual total for variable X is now estimated

by J=3
Y= 1 X
j=1
Nj is the number of days of fishing over the
year by gear type #1 (=1), #2 (=2) and #3
(§=3). The total number of units of activity
for the entire fleet for the year, N, is equal to
N1 plus N2 plus Nu.

i N

11 It is exactly these decisions and their aggregate impact on the resource that bioeconomic analyses attempt to capture.

13 If computer facilities and programs for data manipulation are available, then the raw data can bestored by identifiers,
and any necessary aggregations can be generated at will. If this capacity is not available, summaries can be stored by
way of a filing or cataloging system. The raw data should be kept on hand as well since our “¢ducated guesses’ as tothe

appropriate summaries may not always be correct.

14 Several more of these are aspects of fishing power such as mesh size, net area, hrok size and number, etc.



There will be, of course, two additional sub-
scripts reflecting the lccation (/ ) and the
date (t) of the opportunity to sample. Hence,
if we assume three landing sites,

J=3 T=365 L=3
N= ¢ L L thz,
J=1 t=1 g=1

and the annual total of a variable such as X
is estimated by

J=3 T=365 L=3
X= 3 Py L thz-thz
j=1 t=1 g=1

There are many reasons why the number
and composition of units of activity (Nj)
vary from day to day, rnonth to month, and
landing site to landing site. Therefore, there
are even more reasons whyXit2*Nit g var-
ies. As with X, these variations have daily,
seasonal and annual aspects which are par-
ticularly important in small scale fisheries.
For example, the amount of fishing activity
taking place on a given day is influenced by
the weather and the seaworthiness of small
vessels. Seasconal influences include migra-
tions of fishermen and seasonality of agri-
cultural work. In the long run there is entry
into and exit from the fishery as surround-
ing economic conditions change. In general,
the list of sources of variation in the number
and composition of units of activity (here
differentiated by gear type) per unit time is
almoest as long as the one describing sources
of variation in variable X. There are several
ways to estimate Njt/. For example, people
could be placed at a few sites for the dura-
tion of the year or at all landing sites for a
short period of time. They would first keep
track of all landings and second try to
record the number of days of fishing. More
reasonably, they would estimate the
number of days of fishing per-trip or land-
ing. The number of estimated days of fish-
ing per landing could then be used along
with any other information (about relative
number of landings at other sites or other
times of the year) to extrapolate over all
sites or all months respectively. The result-
ing estimate of N, however, is at least twice
removed from the actual count. Other fre-
quently used sampling techniques focus on
boats or landing sites in trying to estimate
annual amounts. Some of these techniques
require that the number of fishing days per
boat or per landing site per time period be
estimated as an intermediate step. Still

17 These two options are clearly not mutually exclusive.

other estimates are three or more times
removed from the true N.

In some fisheries, because of the logistics
involved and the decentralized location of
landing sites, the only reasonable data col-
lection method relies on observations which
are not taken in post-trip interviews. Conse-
quently, much of the detailed amounts of
fish, revenue and costs revealed in a post-
trip interview setting are missed.

In spite of these drawbacks, many of these
methods are, in fact, fairly sophisticated in
dealing with many seasonal and locational
variations in the amount of fishing activity.
Correlations between time and/or locations
and several other factors such as boat/gear
combinations can be and are exploited, and
many of the infriequently observed details
can be estimated to yield accurate results
(see Bazigos, 1974; Banerji, 1974). The esti-
mates of total annual amounts are based on
estimates of both the variables and the
amount of fishing activity, however. The
use of sales receipts can solve some of these
estimation problems and provide valuable
information for reducing casts associated
with increased accuracy.

5.4.5 Sampling and Aggregating with
Sales Receipts

The advantages of being able to use sales
receipts, either simple or detailed, from all
or even some landing sites, for all or some of
the year, and on an indefinite or periodic
basis (alternate or every fifth year, for
example) will become evident from the fol-
lowing discussion. Statisticians will discern
even more advantages than are described
here. The purpose of this section is to
encourage consideration of the benefits and
costs of such a scheme. At long as the major-
ity of the catch is landed within a reasona-
bly centralized area and is sold (rather than
bartered or consumed directly), the econom-
ics of supplying incentives to primary buy-
ers to use sales receipts as opposed to
supplying incentives to fishermen to pro-
vide data, should be obvious.!?

An ideal simple sales receipt might contain
data such as location of sale, value of the
amount sold, date, a commercial classifica-
tion of the amount sold (i.e., prices and
weights), a receipt number, name of the
buyer and name of the seller. This simple
receipt supplies us with an estimate of Njt/



i.e., an estimate of the number of units of
activity by site by month for the purposes of
calculating monthly totals. We are still
required to estimate the landings by gear
type and the number of days fished per land-
ing. These can be estimated using the inter-
view data if the interviews are not biased in
favor of particular gear types.

For sampling purposes, the simple receipt
supplies landings by site by day of the week
and week of the month. This can be used to
estimate the amount of fishing activity in
the next period and the frequency of land-
ings at different sites. For purposes of pro-
portional sampling, the simple receipt
allows one to determine how many post-trip
interviews or species breakdowns should be
attempted. But in addition, it supplies us
with an enumeration of an important varia-
ble which appears on the interview form:
amount (and value) sold to the primary
buyer. There is, therefore, no need to esti-
mate these annual amounts. But there are,
of course, many reasons to continue to col-
lect these pieces of data in interviews. The
further uses of this variable will be dis-
cussed below. The sales receipt may also
supply a commercial classification of the
total amount sold — helpful information for
determining species composition.

A detailed receipt might contain, in addi-
tion to the data mentioned above, items
such as time of sale, boat type used, method
of propulsion, obvious gear used, number of
peonle fishing, number of days ot Jhe trip,
hoat name or registration number, home
port of the boat and, perhaps, zone fished,
i.e., many of the same variables which
appear on the interview form. This kind of
receipt will provide: 1) an exact count of the
various Njt/ and the count for several addi-
tional strata in which data might reasona-
bly be stored; 2) a greater quantity of data,
at an earlier date, with which to determine
the number of samples required for what-
ever strata; 3) a greater quantity of data, at
an earlier date, with which to establish the
presence cr lack of correlations between
hoth sampling location and time (hour, day
of week, week of month) and the various
strata; 4) the possibility of reducing the
number of interview questions about even
the most changeable economic variables —
catch related costs — asked in subsequent
years of data collection, and 5) the possibil-
ity of having the receipt become the primary
source of data in the future — thereby reduc-
ing data collection costs (but increasing the
data processing costs).
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The first advantage is clear; an exact enu-
meration is preferable to an estimation, and
the cost of this enumeration is small relative
to manpower costs. The second advantage
is almost the same as that provided by sim-
ple receipts, except that the desired number
of interviews for the next time period can be
determined by more strata — most impor-
tantly by boat/gear combination. The abil-
ity to use'this advantage can be determined
by examining the relation between landing
time and location in the various strata.
Detailed receipts will supply the data for
this analysis. These relationships almost
certainly exist in the artisanal fishery, and
it is possible to take advantage of them by
adjusting the sampling procedures — even
to the point of target sampling. An interest-
ing relationship to be examined for efficient
sampling is between landing times and
tides. If relations such as these exist and are
not recognized, the most inefficient (in
terms of cost per sample) methods must be
used to assure an unbiased sample, i.e, a
completely random placement of personnel
over location and time.

The number of samples to be taken in the
next period (regardless of their specific time
and location distribution) can be deter-
mined in several ways. The most efficient
way uses the number of landings (and not
days fished) as the basis. This is because the
sampling unit, the landing, may contain
data for several days of fishing. Sampling
on the basis of the number of landings in the
previous period will come closer to yielding
a given percentage of the number of days of
fishing than will a scheme based upon
number of days of fishing in the last period.
The difference is only one of efficiency,
however.

The sample means estimated for any given
period are multiplied by the N of that period
even though the number of observations
that were involved in these calculations
were determined by the previous months
landings. In other words, the number of
interviews for a period is a percentage of an
estimate of the number of landings that
period. Various methods can be used to
obtain this estimate. One might simply use
the total of last monih’s landings. Trendsin
the amount of fishing activity from month
to month can be accounted for by weighting
the previous period’s landings.

Better still, one might have available data
on the number of landings for the period of
interest from previous years. As time goes
on, the accuracy with which we can predict



the number of landings for the coming peri-
od(s) will increase. It is because of the diffi-
culty in trying to predict the next period’s
activity that we suggested in 4.3 that a com-
bination of methods be used to calculate
maintenance and repair costs in the early
years of data collection.

The fourth and fif:h advantages are related
to each other. Even in the case of sampling
without receipts, the interview data can
reveal relations between catch related vari-
ables and the value of the catch sold to pri-
mary buyers.!® For example, labor costs
may be based on several cssible measures
of the value of the catch. With enough inter-
view data this cost can berelated, with vary-
ing degrees of corfidence, io the amount of
fish sold to the primary buyer. If a relation-
ship exists and is fairiy strong, it might be
possible to eliminate questions about labor
costs from the interviews given that we
have recorded the number of crew. This
holds for several other variables as well. Of
course, if the estimate of the total annual
value sold to the primary buyer is biased,
this bias will be transferred to annual catch
related costs. A simple or detailed sales
receipt system will eliminate the probability
of such bias.

The logical extension of this elimination of
variables is to be able to substantiall
reduce the dependence on interviews ang
for a significant period of time (severai
years), rely on sales receipt data, a regular
sampling program to determine the species
composition: of the catch, and occasional in-
depth interviews to reveal changing
relations.

It is inadvisable, however, to completely
forecro the regular collection of economic
inte. ew data on the basis of relations
between a given variable and only oneother
variable (say a percentage relationship
even within a grouping of interviews). The
amount of statistical confidence which can
be assigned to this relationship will proba-
bly not be very great. The conditions which
permit the intcrruption of economic data
interviews require a complete year of inter-
view data and computer facilities for per-
forming multiple regression analyses.
Given ihese conditionsitis possibletorelate
many of the variables compiled from the
interview forms to each other and to then
apply these relations to variables repre-
sented on the detailed receipts. For example,

labor costs can be related to the value of the
fish sold, the number of men fishing, and
the boat/gear combination. These relation-
ships can then be used to estimate values for
the same variables (e.g., total labor costs)
for all landings during some period of time
from data provided on the receipts.!? Tae
interviews become, in essence, an occasion-
ally applied instrument for revalidating the
relations established in the first year's
intensive interviewing and for discovering
changes in those relations. The use of sales
receipts is worthwhile regardless of a
fishery department’s ability to exploit this
last advantage.

The sales receipts can be stored separately
but in parallel with the stored interviews,
ie., witﬁin the same strata defined forinter-
views. Their number will be so great, how-
ever, that a system of summarizing the data
they contain must be established.

It is suggested that the feasibility of using a
receipt system be evaluated by examining
the degree of expected cotnpliance, the use of
incentives, the ability to distribute and col-
lect the receipts regularly, and <he human
and/or computer resources necessary to
tabulate, store and interpret comp eted
receipts.

5.4.6 Fixed Costs

Fixed costs are best measured by means of
interviews conducted in fishing communi-
ties. Total annual estimates of fixed costs
can be obtained by a proportional sample of
the population of firms. The total number of
firms, or better still, the total number in
each stratum, can be derived from a census
or from registration lists, or it can be es’i-
mated per village, per landing site or per
geographical area. The proper strata for
sampling the firme and storing the data are
principally defined by economic and loca-
tional sources of variation. The sample
number (a percentage of the estimated total
number) in each strata should reflect
defined amounts of capital investment and
common sociocultural characteristics in
each grouping. Again, a good indication of
the amount of capital involved is the boat-
/gear combination in use. This is, further-
more, a stratum common with the variable
costs. The timing of these interviews is dis-
cussed in Chapter IV,

1% After a year's data collection, the frequency with which we need to collect catch-independent cost data is greatly
reduced. We should know, for example, the mean quantity of ice used per days fishing by particular boat/gear type (within
each stratum). This estimate should have a relatively small variance.

19 There is a strong possibility that the annual economic quantities estimated from multiple regression relations will be

more accurate than those estimated by sample means.



Chapter VI
DATA COLLECTION STRATEGIES

6.1 INTRODUCTION

A major objective of this guide is to demon-
strate the importance of integrating biologi-
cal, economic, and sociocultural data in
order to generate information which is use-
ful to fishery administrators in developing
countries who areresponsible for managing
and developing small-scale fisheries. Pre-
vious chapters have described information
and data needs as well as appropriate data
collection methods for each discipline. In
this chapter, we will outline two strategies
for integrating data collection efforts which
should be applicable in most situations
which require multi-disciplinary informa-
tion. Before examining these strategies in
more detail let us first discuss the ways in
which the data collection efforts of different
investigators can be effectively combined to
provide the greatest amount of information
to policy makers at the least possible cost.

6.2 INTEGRATING DATA COLLEC-
TION EFFOETS

Data collection efforts can be integrated at
two levels. At the first level, the data collec-
tion activities which are planned and car-
ried out independently by biologists,
economists, and anthropologists/sociolo-
gists are coordinated in order to save time.
In its simplest expression, an interviewer
who is responsible for collecting, say, catch
and effort data for resource assessment pur-
poses may be asked to also obtain price
information or compile lists of fishermen for
later sociocultural interviews. Interviewers
conducting economic or sociocultural sur-
veys may also be able to provide valuable
information for the biologist. On the other
hand, some data which are routinely col-

lected by one investigator may be useful to
another. In either case, substantial savings
can be realized, especially if data are being
collected from a number of remote locations
requiring large investments in time and
vehicle (or boat) use. Coordination of data
collection efforts at this level is not compli-
cated, but does require that data be collected
during the same period of time and that at
least some of the survey locations be the
same. It also requires that investigators
working in each of the individual disci-
plines be familiar with each other's data
collection procedures and schedules.

The second level of integration involves the
design and implementation of common
data collection procedures. At this level,
coordinated data collection activities are
not only useful, they are essential since
investigators in different disciplines are fol-
lowing the same survey format to obtain a
common data base.! Even greater savings
are realized than at the first level since each
discipline can make use of the same inter-
viewers, sampling schedule and sampling
locations and thus avoid a great deal of
duplicated effort. Collaboration at this level
requires that research and data needs be
clearly defined before data collection be-
gins. In addition, considerable time must be
devoted to the design of procedures which
will produce as much multi-disciplinary
data as possible, but which are not so
unwieldy that they are difficult to adminis-
ter. For example, it is particularly impor-
tant to avoid using lengihy survey
questionnaires which take a long time to
complete. In a statistical sense, the success-
ful design of joint data collection procedures
requires the identification of common sam-

1 It is unrealistic to agsume that al] the data required for even the most compatible purposes (e.g. stock assessment and
variable cost and earnings analysis) can ever be collected using common data collection strategies; there will always be
some additional information which must be obtained independently.



pling units and a sampling scheme which
produces estimates that are unbiased and
reasonably precise. This is not always a
simple matter when, for example, a biolo-
gist estimates mean catch per species and
an economist estimates the mean cost of a
day’s fishing, even though both are equally
interested in knowing how much fishing
effort is associated with a given catch or a
given cost of operation.

In seeking to attain a greater degree of coop-
eration between researchers who are study-
ing the small-scale fishery system, it is
obviously preferable to reach the second
level of collaboration. Data collection proce-
dures which are described in this chapter
are designed to achieve that objective. This
i3, however, an ideal objective which isn't
always attainable because 1) a strong com-
mitment to cooperative research does not
aiways exist, even when multi-discipiinary
studies are undertaken, or 2) given thediver-
sity of sampling objectives, each with its
own associated statistical variability, data
collection methods are not always compati-
ble. Despite these problems, we believe that
multi-disciplinary approcches to data col-
lection are needed and should be promoted.
Of the two strategies discussed in this chap-
ter, one ir: pariicular ie designed for achiev-
ing cleser cooperation between the three
disciplines which are represented in this
guide. It is up to the reader to consider how
other issues mentioned in Chapter I might
be included in an even more comprehensive
and unified data collection scheme.

6.3 TWO ALTERNATIVE DATA COL-
LECTION STRATEGIES

There are two recommended approaches to
collecting catch, effort, revenue, and cost
data which apply to small-scale fisheries.
Neither one is beticr than the other, but one
may be preferable over the other in a partic-
ular situation. Although the two
approaches are similar in many respects, it
is important to understand the differences
between them so that the appropriate stra-
tegy can be selected when necessary. The
first approach has been described in detail
by Bazigos (1974) and Banerji (1974) and is
widely followed in a number of countries;
the second approach is not so common, but
may be more applicable in certain circum-
stances which will be described below. It is
our contention that the second approach,
which is described in more detail in this
guide, is more amenable to multi-
disciplinary data collection needs.
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6.3.1 Strategy Based on Static Frame
Surveys

In the approach described by Bazigos and
Baneriji, total catch (and catch by species) is
estimated from a “catch assessment sur-
vey” which is designed on the basis of a
census of sampling units (usually boats
and/or landing sites). This census or frame
survey represents the number of sampling
units which are counted at a particular
point in time and must be repeated periodi-
cally as the number of units in the fishery or
their distribution changes over time. Total
catch can be estimated from the mean catch
per boat or per landing as long as an esti-
mate of the total number of boats or land-
ings is available. Estimates of total fishing
effort (hours fished, for example) can be
obtained following the same procedure.
Furthermore, the catch assessment survey
can easily be extended to generate economic
cost and earnings information. Gains in
precision avz possible if the information
available from the frame survey is detailed
enough to allow for the stratification of the
sample survey by gear type and/or geogra-
phical region. Although itis not our purpose
to describe this procedure in detail, we do
offer the following brief summary of how it
could be implemented along with an
example:

Step 1: Define the sampling unit (e.g. indi-
vidual boats at individual landing sites,
preferably categorized according to gear

type);

Step 2: Conduct a census survey of sampling
units within a defined geographical region
(or regions);

Step 3: Randomly select some proportion of
all units for sampling during a defined
period of time (e.g. a inonth), choosing an
appropriate sample size (e.g. 10-20% of all
boats) according to the desired level of preci-
sion and the amount of manpower, etc.
available to conduct the survey;

Step 4: Either station someone at each
selected landing site to obtain catch, effort,
variable cost, and earnings data from ran-
domly designated sampling units or devise
a schedule for visiting individual sampling
sites and collecting the samedata randomly
in each site;

Step 5: From mean catch, effort, revenue,
and variable costs per boat per landing, esti-
mate total catch, etc. by extrapolation.



As an example of how this data collection
procedure could be applied in a real situa-
tion, consider the case in which three land-
ing sites are randomly selected within a
certain geographic sector every week. The
sampling unit is defined as a landing by an
individual boatin a given site and the frame
survey consists of an enumeration of all
landing sites within that sector and the
number of boats actively involved in small-
scale fishing at each site. The frame survey
would have to be up-dated periodically by
repeating the census in a portion of all the
landing sites in the sector. Observations are
made at each selected site for two consecu-
tive days every week; the interviewer counts
the total number of boats landing during
those two days and determines the landed
catch of a subsample of all boat-landings
selected systematically (each landing,
every other landing, every fourth landing,
etc.) with a random start. The estimated
monthly catch at each selected landing site
is obtained by multiplying a weighted aver-
age catch for the three selected sites times
the total number of landings at all sites as
determined from the frame survey.

Sample surveys based on a static frame sur-
vey of boats and landing sites are probably
the only alternative in situations where
there is a large number of fishermen or
boats in the fishery and/or when fish is
landed in a large number of remote sites
along the coast. This approach is also pre-
ferable in situations where buying and sel-
ling arrangements between fishermen and
dealers are informal and where there is no
tradition of recording catch and revenue
data when fish arelanded and/or no hope of
promoting such a praciice (see 5.4).

6.3.2 Strategy Based on Continuous
Frame Surveys

This approach involves the use of sales
receipts — which are filled out when fish is
landed and sold to primary dealers — to
estimate total catch, effort, and revenue and
as a frame survey of fishing activity upon
which to base a random landings survey
which generates more detailed catch and
effort data as well as data on the costs of
harvesting. The major advantages of this
approach are that 1) total catch, effort, and
revenue are recorded directly as fish are
landed and do not haveto be estimated from
a landings survey, 2) the frame survey is
continuous in time, geographically com-
plete and does not require periodic up-
dating, and 3) the sampling unit for
subsequent landings surveys can be defined
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in terms of the production activity of a firm
(e.g. days fiched by boats using a particular
gear). Also, since total catch, effort, and
revenue data are recorded by dealers,
government fisheries agents have more
time to devote to intensive landings
surveys.

This approach has been described in pre-
vious chapters of this guide on the basis of
its utility in nulti-disciplinary evaluations
of small-scale fisheries; it is preferable to the
methodology described previously (section
6.3.1) in situations where the fishery is
fairly small and restricted to a well-defined

rographic area, when most of the catch is
suid to dealers, and when there is an exist-
ing or potential practice of recording sales
information.

The estimation of total catch, effort, and
revenue from sales receipts and the use of
intensive landings surveys to generate
additional information such as the species
composition of the catch, improved effort
estimates, and variable cost estimates form
a major part of a larger, more comprehen-
sive multi-disciplinary data collection stra-
tegy which has been described in this guide
and which will be summarized in the
remainder of this chapter. This strategy
consists of five basic steps.

Step 1: Compile General Background
Information

In situations where little or nothing is
known about the fishery, the collection of
general backgound information ideally pre-
cedes the collection of more specific data.
This information simply describes the
fishery system and how it functions in very
general terms. It is based on the observa-
tions and experiences of people who are
familiar with the fishery and is fairly easy
to obtain.

An extensive list of descriptive information
needs is presented in Appendix A. This list
is by no means complete and does not
include all the types of information which
might be required in any given situation,
but it does indicate the extent and the var-
iety of the information which is included in
this category. The information needs pres-
ented in this list relate only toresources and
their habitats, harvesting activities, and
the contexts in which the fishery exists.

General background information can be
used to identify theimportant activities and
elements of the fishery which require more



intensive data collection efforts. It also pro-
vides the basis for forming perceptions and
hypotheses about the fishery and can there-
fora be used to design more intensive data
collection methods. Failure io collect
enough background information before
implementing a data collection program
can result in poor sampling designs, unreli-
able data, and the loss of considerable time
and effort. Furthermore, the collection of
background information provides an oppor-
tunity for fisheries staff to get out of the
office and into tne community where they
will gain valuable experience which will
facilitate subsequent data collection efforts.
Background informaticn can be obtained
from written records, by simply observing
what goes on when fish are caught, landed,
and sold and by interviewing peopie who
are familiar with the fishery. Methods for
collecting background information are sum-
marized in gection 5.1, and additionzal infor-
mation can be found in the introduction to
Appendix A. The presence of a trained
anthropologist is crucial at this stage in the
data collection process sirice he is needed to
train interviewers, identify key informants,
and supervise the collection of sociccultural
background information.

Step 2: Institute System to Estimate Total
Catch, Effort, and Revenue From Sales
Receipts

The estimation of tota! catch, effort, and
revenue from sales receipts is a crucial step
in the data collection process. Efforts must
be made early to institute a system of col-
lecting and compiling transaction data. The
feasibility of using receipts to generate
these data should be carefully evaluated. If
most dealers are already using receipts to
record the quantities and value of fish
which they purchase from the fishermen, it
may be a fairly simple matter to encourage
other dealers to follow the same procedures.
Existing procedures should ke examined for
possible improvements. In many cases, the
receipt forms which are used may vary so
much between dealers or be so crude that
they will have to be replaced altogether.
Improved data retrieval may result from 1)
recording more data on each receipt, 2)
recording more reliable data, 3) standardiz-
ing the receipt form which is uscd so all
dealers record the sam. types of data, or 4)
collecting more receipts from more dealers.

In any event, a distinction should be made
between recording data — a job which is
done by the dealers — and retrieving data.
Data retrieval requires either that the deal-
ers send copies of their records to govern-
ment officials or that government agents
collect copies of the receipts from the deal-
ers. If there is no existing system of record
keeping which can be relied upon to provide
the necessary data then a small group of
dealers should be rardomly selected and
asked to test a new procedure for recording
transaction data. This trial period provides
an opportunity to determine the feasibility
of introducing a new receipt format
throughout the entire fishery. Jf the use of a
receipt system ¢ oes not prove to be feasible,
then this strat«gy should be abandoned in
favor of the strategy outlined previously
(see section 8.5.1).

The use of a standardized receipt which
inciudes all the necessary information and
the same units of measurement (see Appen-
dix B) is essential and can be encouraged if
government assumes the responsibility for
printing, distributing, and collecting
receipts. Approaches which rely on volun-
tary cooperation between government
agents, dealers, and fishermen are prefera-
ble to approaches which require
compiiance.

A major problem which must be confronted
when recei’.cs arerelied upon to provide esti-
mates of toial catch, effort, and revenue is
that some transactions are not recorded.
When this is the case, some estimate must
be made oi the percentage of total landings
which are not recorded (or reported). Other
problems which have already been dis-
cussed in greater detail in Chapter V
include 1) the need to correct landings data
in order to obtain catch data, and 2) the fact
that fishing effort may be very crudely esti-
muated. Unless fishing effort is recorded on
the receipts as the number of days fishea (or
hours) per boat per landing, the only possi-
ble estimate of effort will be the number of
transaciions, which, in most cases, can be
assumed to approximately equal the
number of fishing trips made by individual
boats. The recording of “days fished” on
each receipt is crucial if information from
the receipts is to be used to design a random
landings survey for obtaining economic
information based on the production activ-
ity of each firm type (see section 5.4).%

2 A day's fishing is most easily defined in terms of a 24-hour period away from port or any fraction thereof and includes
any activity during that period which incurs a cost (e.g. travelling to and from port, catching zait, buying ice or fuel). A
boat, for example, which leaves port at 3 PM the first day and returns before 3 PM the second day was “fishing’ one day
even though it may have been underway, and not actually fishing, for fou: hours. If it re:urns at 8PM, it would count as
two days fishing. The system: used must be simple enough that it will be readily understood by the dealers who are filling

out the receipta,



Step 3. Other Sources of Resource Assess-
ment Data

If catch and effort estimates are not availa-
ble or can not be used to predict the maxi-
mum sustainable yields of exploited stocks,
alternative procedures for collecting other
types of resource assessment data should be
considered at this stage. If assessment data
of any kind are available, plans should
probably be made to initiate a system for
collecting catch and effort data as well as
vital population statistics since it will take
at least several years to accumulate enough
data to permit an analysis and since there is
no guarantee that once enough data are
available, the analysis will produce reliable
estimates of MSY for all of the principal
exploited species or even any of them. Since
many of the vital siatistics needed for
assessment purposes can be generated in a
year’s time and do not require expensive
and sophisticated research techniques, it
makes sense to proceed with techniques for
estimating population parameters such as
growth rates, total mortality rates, and size
and age at recruitment and first capture at
the same time that catch and effort data are
being collected from receipts and landings
surveys.

Some of the parameter estimation tech-
niques which have been described in this
guide are 1) size frequency analysis, 2) anal-
ysis of growth rings on scales or otoliths, 3}
tag and recapture studies, and 4) explora-
tory fishing surveys (see sections 3.2.4.4 and
5.2.2.2 for more information). The first tweo
methods should be considered first since
fish can easily be measured and scales and
otoliths collected when landings surveys
are being conducted for other purposes. In
fact, most — if not all — of the supplemen-
tary data needed when compiling size meas-
urements (e.g. fishing location, gear type)
are routinely collected as part of any land-
ings survey (see Appendix C). Another good
reason for combining size measurement
activities with landings surveys is that
landings do not have tc be randomly
selected in order to measure fish. Thus a
randomly designed lardings survey can
proceed and incorporate measurement
efforts as time permits and when there are
enough fish to measure. In addition, since
biologists are trained to quickly recognize
individual species when performing size
measurements, their participation as
members of a survey team would facilitate
the collection of reliable species-specific
catch, effort, and cost data.
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Step 4: Estimate Catch by Species, Effort
and Variable Costs Fro.:. a Landings
Survey :

Once a system for compiling total catch,
effort, and revenue data from sales receipts
has been implemented, a detailed landings
survey is required in order to determine the
species composition of landings within indi-
vidual price categories, to improve effort
estimates for individual gear types, and to
obtain dctailed variable cost data for differ-
ent firm types and to use this data to deter-
mine relationships among the different cost
variables. Totals for most variables can be
extrapolated using sample means and the
number of days fished. Receipts will provide
the ability to actually count totals of some
variables. Alternatively, multiple relations
established from interview data can be app-
lied to sales receipt data (see 5.4).

Te obtain unbiased parameter estimates,
any landings survey must be randomized to
account for variations in the more impor-
tant factors which affect the inputs and out-
puts of production. These factors have been
descrit »d in detail in Chapter V. In reality,
designing a completely random sampling
scheme is an impossible task since there are
more variables than can be included in a
single samnling scheme and since it may be
logistically impossible to follow a random
sampling procedure when it is time to
assign interviewers to particular sampling
locations and times. Also, it is frequently
difficult to identify which are the most
important variables and to understand
exactly how they interact with each other
and how they affect production activity.
Additional problems arise if different inves-
tigators pursue different objectives and
design random landings surveys based on
different variables. Conflicting objectives
and designs can lead to differences in the
units which are sampled, the sampling
procedure which is followed, and the
nuniber of samples which are collected.

A good strategy for avoiding these conflicts
is to define a common sampling unit and
follow a common sampling procedure which
will provide all the important data needed
by the biologists and the economists in suf-
ficient quantities to permit analysis.
Researchers must also accept the fact that
they can not exactly define the population
which is being sampled, nor can they expect
to obtain perfectly random samplies or be
very sure how good their random sampling
scheme is. Therefore, they can only try and
reduce sampling bias and error to a min-



imum by concentrating on those factors
which can be quantified in the frame
survey.

Following the strategy based on the use of
sales receipts as a frame survey, the prim-
ary sampling unit can be defined as a land-
ing by a single firm. In most cases, the firm
will be a boat and crew which uses a particu-
lar type of gear. The secondary sampling
unit is the aggregation of landings by firms
{boats) in individual landing sites. Landing
gites can be selected for sampling on the
basis of the number of landings within a
given period of time as determined from
sales receipt data and then a pre-determined
number of landings are sampled in each
landing site during the sampling period.* A
convenient sampling period is a month.
Sampling locations can be selected on the
basis of the distribution of landings in the
preceding month or during the same month
of the previous year or on some combination
of the latter weeks of the previous month,
etc. (see 5.4 for details).

Care must be taken to spread the sampling
effort within each landing site and between
landing sites out over the course of the
entire sampling period in order to avoid tak-
ing too many samples during particular
times of day, days of the week, or weeks of
the month.* It is possible, given thc nature
of the information obtained from the
receipts, to include the temporal distribu-
tion of landings (or days fished) in the sam-
pling schedule. If this is done.
considerations should be given to using
lunar (28 days) months instead of calendar
months,

In the absence of a sampling schedule, a
reasonable method for allocating the neces-
sary number of samples randomly through
time is to divide the total sample quota for
each larding site into four equal parts (for
each week of the month), begin each week’s
sampling in a given site during a randomly
selected day of the week and hour of the day,
and decide ahead of time how frequently to
sample, i.e. each successive landing, every
other landiag, cvery fifth landing, etc.
Many of the practical decisions such as how
frequently to sample will depend on factors
such as how long it takes to complete an

interview and how often boats are landing;
these decisions can be made by the survey
crew. The important thing is to begin the
sampling effort with a randomly selected
landing.

Sample size should be determined on the
basis of the most variable factor, i.e. the
factor which requires the largest number of
samples. This is likely to be the landed
weight (and revenue) per species; the varia-
bility in some costs per day fished data will
probably be much smaller. Those data
related to catch, of course, will vary as much
as the catch does. Thus, sample size should
be large enough to generate reasonably pre-
cise catch data by species.

The interview form and procedure which
will be used should be tested during a brief
pre-survey trial period of a week or two:
inappropriate or ambiguous guestions
should be eliminated or rephrased and the
interview should be shortened or divided
into several parts if it takes longer than half
an hour to complete (see section 5.1.5). A
trial period is also important for determin-
ing how random the survey really is and
how feasible it is to follow the prescribed
sampling procedure. Poorly designed sur-
veys are more likely in situations where
important background information is either
not available or has been ignored. In all
cases the “ideal” sampling scheme will
emerge gradually.

The duration of the sampling effort depends
on the variability of the parameters which
are being estimated over the course of a
year, and, to a lesser extent, by their varia-
bility between years. Variability within
years will be greater, in most cases, than
variability between years. In most situa-
tions there is no existing information which
documents, say, seasonal changes in spe-
cies availability, operating costs incurred
during fishing, or income. A good strategy,
therefore, is to continue to sample 'andings
for an entire year and to use that informa-
tion to design a system of periodic sampling
limited to particular times of year during
subsequent years. Thus, a continuous land-
ings survey in the first year should reveal
variations between seasons, and periodic
surveys in subsequent years would reveal

1 Recall that the unit of analysis, the day’s fishing by a firm, will be the basis upon which we calculate our sample means
within the strata, while the occurrence of landings by firms will be used to determine the number, location, time, and type

of samples we will collect.

4 In the Gulf of Nicoya fishery the magnitude and distribution of landings varied little across the weeks in a month, but
there were considerable differences in landing frequency and in the type of firm landing according to the day of the week

and hour of the day.



variations between years for the same sea-
sons or months.

Step 5: Conduct Sociocultural and Fixed
Cost Surveys.

At this point preliminary analysis and
interpretation of the data which have been
collected will lead to the design of surveys of
fishermen and their assets. While socio-
cultural and fixed cost surveys may be con-
ducted independently, the population they
seek to sample is the same. Some proportion
of the popuiation of fishermen which is
representative of the population of fisher-
men in the nature of their fishing enterprise
is the target for fixed cost interviews. Gener-
ally, the target sample for the anthropolo-
gist/sociologist will encompass this group.
While the time distribution of these inter-
views is not important (except perhaps for
maintenance and repair cost considera-
tions), all geographical areas should be
covered.

Questions about indebtedness and invest-
ments in gear, etc., are ideally asked after
some rapport has been established with the
respondents. Sociocultural interviews are
well suited for establishing this rapport.
Well conceived questions about fixed costs,
in turn, convey the impression that the
interviewer is familiar with fishing enter-
prises. Those competent enough to conduct
sociocultural interviews should be able to
ask a coherent set of questions about invest-
ments. The reverse does not hold for those
trained only for economic data collection.

Responses to questions about investments,
obviously, reveal something about the cul-
tural context of those investments and of
the future orientation of the fishermen and
are therefore of value to the anthropologist.
The economist can likewise benefit from the
anthropologist’s data since they relate to
the organization and conduct of the fishing
business and to its potential for change.
Just as the bioeconomic value of catch,
effort, revenue and variable cost data is
increased by sampling the same units of
activity, so too the mutual value of socio-
cultural and economic data is enhanced if
the data relate to the same individuals.

As pointed out in Chapter III, an equally
important function of the anthropologist-
/sociologist is to provide insights into
aspects of human behavior which will help
the biologist and the economist obtain bet-
ter data. Some of this information is descrip-
tive and should be collected in the
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beginning of the data collection process.
More specific sociocultural data can be used
to- improve biological and economic data
collection efforts. In additiun to facilitating
the work of other investigators, inter siews
with fishermen may also provide long-term
economic data such as the costs of repairs
and maintenance of gear and vessels which
are not obtained during short-term landings
surveys.



APPENDIX A

Artisanal Fishery Background Information

Introduction: The following is a list of background information which should ideslly, beat hand, albeit on a very general
level, prior to planning a data collection scheme. The information listed simply describes the fisiiery system and how it
functions in very general terms. As noted above, it is based on the observations and experiences of people who are familiar
with the fishery and is fairly easy to obtain. Itis the kind of information which can be obtained from written materials and
key informant interviews as these techniques are described in Chapter V. As the data coller* .1 proceeds, however, the
accuracy and level of specificity of information concerning the various elements listed belo . should and will increase. For
example, the salinity tolerance of various species is listed as background information. Information on this item will
probably be extremely general when theresearch begins. The background information may be asgeneral as neting thatthe
species of interest abandon the estuary after heavy rains. Further research, at a later date, will orovide more specific
information concerning salinity tolerance, but it is not essential as a preliminary bit of background information.

It should be made clear that much of this type of information can or should be able to be derived from a general meeting of
fishery inspectors and other department personnel who are familiar with the fishery. The list of information types can be
reviewed and filled in where possible. In areas where information is lacking, inspectors can be assigned five or ten bits of
information to be collected from knowledgable key informants in the fishing communities. This could continue until all of
the involved personnel are satisfied that they have a general, not necessarily a detailed, knowledge of all the listed
information at the beginning of the data collection process.

Length, width, draft, superstructure configuration by
type, capacity of holds

Useable life of hoats

1. Habitat Elcinent

Physical description of habitats occupied by principal

Species Cost of boat-type new and import duties

Sources of primary production Common vessel improvement practices

Rates of primary production in different habitats and

Range of boat-type resale values
at different times of year (high, lov’ ¢~ moderate) & P

. . .. Boat building and repair sources
Sources, amounts and seasonality of nutrient input to

coastal ecosystems
Principal coastal oceanic and tidal currents

Tidal amplitude and periodicity
2. Resource Element

Number of species exploited (approximate)

Most abundant species

Most valued species

Length and weight ranges of exploited species
Scientific and common names of exploited species
Ease of correct identification

Temperature and salinity tolerances of principal spe-
cies (approx.)

Feological niches occupied by principal species (feed-
ing habits, modes of reproduction, migrations, etc.)

Spawning seasons and locations of principal species

History of changes in size and abundance of principal
species

3. Harvesting Element
Inputs (Fixed)

Identification of all boat-types

Number of each (approx.) by location

Hull materials used and their supply sources
Sources of training for repairs and construction
History of evolution of Loat-types used

How number of boats has changed in recent past

Ownership patterns - owner operated (owner-captain),
absentee owner, cooperative ownership

Identification of all methods of propulsion
Number of each (approx.) by location

Mctor types used — horse power, fuel used, and other
characterist :8

Useable life of motors

Cost of new motor types and import duties
Range of motor resale values

Sources of motor purchases

Sources of spare parts

Sources of repairs

Sources of training for repairs

Ownership patterns of motors

Common combinations of boat/motor
Numbers of each combination (approx.)
Speeds of boat/motor combination
Average cruising range of each combination

Physical characteristics of other modes (sails, etc.)

"

w7 Previous Page Hlun

v

J

&

v

I
2
]



Useful life of other modes

Cost of ather modes new

Source of supplies and repairs for other modes
Scurce of training for repair and construction
Identification of all gear-types used

Numbers of each type used (approx.) by location

Physical characteristics of gear-types - length, width,
mesh size, number of hooks, etc.

Useful life of gear-type

Cost of gear-type new and import duties

Range of gear-type resale value (if any)
Construction and repair sources

Materials used and their sources (and import duties)
Source of training for construction and repair
History of evolution of gear-types

Ownership patterns of gear-types

Patterns of gear-type use among different groups of
fishermen

Common combination of gear with boat-type and boat-
/motor, boat/sgil, etc., combinations

Numbers (approx.) of these combinations by location

Multiple gear-types owned by a single fishermen or
single boat

Use of insurance for boat, motor, gear, crew, other
Sources of insurance

Costs of insurance

Sources of credit for boat, motor, gear

Interests rates for equal !2an life from different sources
Average repayment period

Registration fees

License fees

Association (e.g. Cooperative) fees

Existence of taxes on income, property, other
Mooring fees

Other fixed fees, e.g., accounting costs, legal fees
Process

Most frequent kinds of maintenance to the
hull/motor/gear

Average (typical) cost of maintenance p~r year to
hull/motor/gear

Timing of major and minor repairs by month
Who pays for maintenance and repair

Who supplies the labor for maintenance and repairs to
hull/motor/gear

Average number of lost fishing days for all mainte-
nance per year

Average number of lost fishing days for ai! repairs per
yerr :

Average number of men per boat/gear-types
Use of family relacions as crew

Sources of training for fishing, navigation skills
Uee of ice in various koat-types

Varinus forms of ice used

How quantity of ice is determined for a tiip
Price per standard unit of ice

History of costs of ice

Number of sources of ice

Ownership of sources of ice

Fuel capacity of various boat/motor combinations
Sources of fuel

Price per gallon

History of price changes

Amount consumed per average trip

Oil sources

Oil prices and their history

Amount consumed per average trip

Typical baits per gear-type

Bait sources

Prices of different baits and history of changes
Standard food costs per average trip

Who supplies food for trips

Additional trip costs, e.g., unloading fees by location

Systems used to divide trip costs such as the cost of
food, ice, fuel, oil, bait, etc. among owner, owner-
captain, captain, crew members

Time of day/night fishing by gear-type
Frequency of trips by gear-type in a week, month
Average length of trip by boat/gear-tvpe
Seasonal differences

Major fishing areas

Relation between home port and fishing area

Arzas reserved for certain fishermen or certain gear-
types by tradition

Time and distances to reach fishing sites
Usual time for fishermen to return to port
Spéciﬁc methods of using gears

Severa! gears used on a single trip

Gears directed at particular species

Differences in catch among gear-type (species, sizes)



Competition for fish with industrial fleets

Supplies of inputs or prices affected by industrial fleet
purchases.

Number (approx.) of days fishing lost per month or
year due to bad weather

Is this seasonal

Recent history of catches for major species — falling,
increasing, etc.

Output

Fish preparation methods

Number of primary buyers, locations

Reasons fishermen select a particular primary buyer
Do some fishermen transport the catch of others to sale
Commercial classes of fish

Determinants of commercial class

Rules buyers use to determine if a fish iz acceptable
Fish sales at sea or to other than primary buyer
Existence of underutilized species

Reasons for underutilization

Tax on catch - percentage of fish caught actually taxed
Existence of support prices for fish

Current prices of the various species/classes

Price changes (approx.) through time

Large seasonal changes in prices

Competition between ertisanal and industrial catch or
by-catch

Relative magnitude of industrial va. artisanal land-
ings of same species

Point of entry in delivery system of industrial catches
or by-catch

General quality differences in artisanal and independ.
ent catch of same species

Systems used to divide revenues betweer. the owner,
owner-captain, captain, and crew

Differences in systems by home port and boat/gear
combination

Fish used to pay the captain and crew, other coste

Revenue for services other than fishing, e.g., towing,
transport, etc.

Are the costs of food, fuel, ice etc, paid before the trip or
deducted from the revenue afterward

Who pays for losses, e.g., gear lost during a trip

Fish withheld from sales so that it can be smoked:
/dried/salted for later sale by season

Species saved for curing
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How is the fish that is sold used - sold fresh, frozen,
processed (canned, meal), exported )

Other services the primary buyer provides

Are fishermen required by these services to sell to a
particular buyer

Do primary buyers or transporters give preference to
industrial fleet catch or by-catch

Other

Fishermen's perceptions of primary buyers and their
profit margins

Fisherman's perceptions of reasons for large differen-
cos in the prices they receive and retail prices

Existence of and services performed by cooperatives or
fishermens organizations

Number of membera and number of active members
What do the cooperatives own

Sources of training for cooperative officers
Alterr:ate employment opportunities for fishermen

Barriers, e.g., physical, cultural, to entry into the
fishery

Seasonality of fishing and relation to agricultural
seasons

System of laws pertaining to fishery, e.g., licenses, reg-
istrations, inspections, trip reports, insurance require-
ments, inspection of landed fish, pollution restrictions,
season or area closures, industrial fleet interaction,
gear use restrictions

Number of landing sites - location, clusters, remoteness
from buyers

Pier conatruction and locations

Ability of landing sites to handle larger, deeper draft
boats

Are mooring and shelter sufficient

Infrastructure serving landing sites - roads, communi:
cations, centralized markets, public transport, etc.

The fishermen's perception of his job

The fishermen's perception of what others (non-
fishermen) think of his work

Attitudes (general) among groups of fishermen to adop-
tion of different gear-types and boat-types

Traditional areas for fishing by certain groups
Traditional barriers to extended fishing trips
Traditional barriers to more frequent trips

The role of the family in the fishery enicrprise



APPENDIX B

Detailed Sales Report

SALES RECEIPT (1) No.
(2) Date
3)
Company or Buyer’s Name
4) MR.
Sellers Name
(5) Hour (6) Place of Sale
(7) Name of Boat —_—
(8) O Typel 0O Type 2 O Type 3 O Canoe O Other
(9) O Gillnet [ Handline O Longline 0 Other
(10) Number Fishing (11) Days Fishing _.
WEIGHT CLASS/SPECIES PRICE VALUE
_ 1st CLASS
(12) (13) Species 1
Species 2
Species 3
(14) — Other
Total {16) (16)
2nd Class
Species 1
Species 2
Species 3
Other
Total
3rd CLASS
Species 1
Species 2 ' -
Species 3
Total
a7 c—_ All Classes (18)

This version of the detailed sales receipt contains: (1)
the preassigned number of the receipt - all of the color
coded copies of the receipt have the same number and
the number series given to the primary buyer is on
record at the fisheries office;

(2) The date of sale;

(3) The name of the buyer or the company;

(4) The name of the ranking fisherman;

(5) Hour of the sale;

(6) Place of sale;

(7) Neme or registration number of the boat;

(8) Spaces for indicating the type of boat - size ranges
could be substituted;

(9) The apparent gear used, i.e., what the recorder sees;

(10) The number of people on the boat;

(11) The number of days of the trip;

(12) Weights of identified predominant species in each
class;

(13) Names of identified predominant species in each
class;

(14) The total class weight;

(15) The class price;

(16) The value (price x weight) of that class;

(17) The total weight of the catch sold;

(18) The total value of the catch sold;

Depending on the degree of cooperation expected, adu.-
tional items could be added, (lecation fished, for exam-
ple,) or deleted. Receipts used in Costa Rica measured
10" by 5%" and were produced in triplicate.
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APPENDIX C

Combined Post-Trip Interview and Catch/Effort Survey

1. GENERAL
Date; ...  Hour: AM PM Location of Sale:

Primary Buyer:
Name of Interviewer: Name of the boat:

Type: Kind of Propulsion

Who is the owner of the boat?

Whet is the boat's home port?

Who is the owner of the motor and/or gear?

II. EFFORT
What date and hour did you leave to go fishing? Date: —— . Hour: AM_ PM
Total number of days fished? How many people worked on theboat?
What types of gear did yonuse? A_ B
On the Srst day of fishing: Where did you iish with gear A? (be specific as possible)
How many hours? When? from until
Where with B? Howmany hours? ——____ from
until
Day 2: Where with A? Howmanyhours? —__________ from
until
Where with B? How many hours? _ from
until
Day 3: Where with A? How many hours? —_________ from
until
Where with B? Howmany hcurs? . from
until
Day 4: Where with A? How many hours? from
until
Where with B? How meny hours? from
uniil
Day 5: Where with A? Howmany hours? . from
until
Where with B? How many hours? __ from
until
If a gill net was used:
Pow was it used? At the surface? — At the bottom?
Drifting? —  Anchored?
What is the stretched mesh size?
How long is it? How high is it?
What kind of twine?
If a hand line was used:
Number of hooks per line? Number of lines? What size of hook?
Kind of bait used?
If a long line was used:
How many long lines? Total length of long lines?
Total number of hooks used? Kind of bait?
How was it (were they) used? Surface? Mid-water? Bottom?
Other kind of gear:
Barrier net: Size?
Beach Seine: Size?
Other: Physical Dimensions
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III. CATCH AND REVENUE
Sale to Primary Buyer

Commercial Class Weight Price Value Rejected from sale
Species (kg or 1bs) (kg or lbs)

First Class

Species 1 (Name) ——— —

Species 2 "

Species 3 "

Class Total — — —_— R

Second Class
Species 1 (Name) - —_—

Species 2 " R

Species 3 "

Class Total —_— S - —

Third Class

Species 1 (Name) ——— - [ —_—
Species 2 " —_— - — ———
Species 3 "

Class Total —_ - —_— —_—
Other

Species 1 (Name) —_—— —_—

Species 2 "'

Species 3 "' ———

Class Total —_— —— - —

Total weight sold (all classes) Total value sale
Are you selling anyone else's catch? How much of thisisyours: Wt. _____________ Value

Value of other catch

1. Did you sell any part of your catch before coming here?
(If no go to #2; if yes, ask the following questions):
What species or commercial classes did you sell and what was their weight and price?

Species or class : Weight ; Price
Species or class : Weight ; Price
Species or class ; Weight ; Price

How much money (total) did you get for that sale?
Whom did you sell it to?

2. Are you selling now or did you sell earlier any seafood besides fresh fish?
(If no, go to #3; if yes, ask the following questions):

Dried or smoked fish?
What class or species? ; Weight? ;
Total value
What other food (e.g. turtles, clams, lobster, etc.)

Class or kind? ; Weight? ; Value

3. What is the total amount of fish from this trip not being sold?
4. What do you intend to do with this seafood?

(i) Dry or smoke it to gell later? Weight?
What species or class? Weigit?
What species or class? Weight?
What species or class? Weight?
(ii) Are you going to sell it later today?
Species or class Weight
Species or class Weight
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(iii) To give to the crew as part of their pay?

Class Weight
(iv) To eat in your house?

Class Weight
(v) To be thrown away?

Class Weight
(vi) To ray for things or services?

What . Class Weight

What Class — . Weight

(vii) To give away?
Class? Weight?

5. What other income did you receive on this trip (e.g. from cargo, passengers)?

For what? How much money did you receive?

6. What is the system for dividing the revenue of this trip?

1V. COSTS €' THIS TRIP
Costs Independent of Catch

Is the captain also the uwner of the boat?
How many people went on the fishing trip?

What costs are shared costs?

Fuel

How much fuel was actually used on this trip?
Price per gullon or liter?

Therefore, the total value of fuel used was

Of this amount, the boat's share is

The crew's share is

Others are responsible for

0il

What amount of oil was actually used?

Price per quart or litre?

Therefore, total value of oil used is

Of this sum, the boat is responsible for

The crew for ___
Others for

Ice

What amount of ice was used (bought)?

Price per unit?

Total value of ice used was

Of this amount, the boat is responsible for

The crew for
Others for

Food

What was the value of the food you ate on the trip?

Are food coste shared? How?
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Other Costs
What other costs were there for this trip or for unloading and selling the catch?

Unloading? Cost
Sorting? Cost
Cleaning? Cost
Other? What? Cost

Are there any costa that you still have to pay? What?

Are any of these cost shared? How?

Are any of these costs related to the amount or value cf the catch? How?

What is the system for dividing costs of a trip on this boat?

How many times have you landed fish in the last 7 days?
In the last 30 days?

Maintenance & Repairs
What maintenance and repairs were necessary since your last trip?

(i) On the hull (e.g. paint, caulking, etc.)?

How much (total) did the materials cost? _

How much did the labor cost?

How much of these costs was paid by the boats owner?

How much was paid by the crew?

By others?
Who supplied the labor? Owner? Crew? Family?

How many hours or days were involved?

(ii) Repairs on motor (filters, spark plugs, etc.)?

How much did the materials cost?

How much did the labor cost?

How much did the owner of the motor pay?

How much was paid by the crew?

How much was paid by others?

Who eupplied the labor? Owner? Crew? Family?
How many hours or days were involved?

(iii) Repairs on the gear (like mending, replacing hooks, floats etc.)?

How much did the materials cost?

How much did the labor cost?

How much was paid by the owner of the gear?

How much was paid by the crew? Othera?

Who supplied the labor? Owner? Crew? Family?
How many hour s were involved?

(iv) Because of f hese repairs were any days of fishing lost since the preceding trip?

How many day 8?

(v) Did you lose any equipment this trip?

What?

What is the present value?

What will it cost to replace it?

How much of this replacement cost will be paid by the owner?

How much will be paid by thecrew? _______ Others?

(vi) Have you bought any new equipment since the last trip?

What?

How much did it cost?

How muc" was paid by the owner?
How much was paid by the crew? Others?

(vii) Was any of your equipment damaged this trip? What?
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VWhat will it cost tc repair? Materials

Labor
Who will pay for it?
Who will supply te labor?
Village Based Interview:
Fixed Cost Questions
1. Service Costs
What annual or monthly expenses do you have for the following:
Mooring Fee Monthly Annual
Guard/Protection Monthly oo o . Annual
Membership Monthly Annual
Accounting Monthly Annual
Legal (Insurance) Monthly Annual
Other Monthly Annmnal
Other Monthly Annual
Other Monthly Annual
I1. Crew Costs
Do you provide housing, food, education fees etc., to your crew or their families? If so what?
Monthly Annual
Monthly — Annual —_
Monthly Annual
Monthly Annual
111, Invertment Costs
Hull
Type: Length: Width:
What is the capacity (maximum) of fish that the boat (hull) can carry?
How old is the hull? How much did it cost you?
When did you buy it?

What would be its value if you sold it now?

How much did it cost /hull) when it was new?

How much would it cost to buy a new hull equal to this one?

How much longer will the hall last — working as it is?
Have you made any major improvemenits or repairs in the hull in the recent past? (1-2 years) When?

What?

How much did it cost?
Did you get a loan to buy the hull? (If he says yes, continue): (If he says no, go to motor).
How much was the loan for?

When did you receive it? month year
How much did you actually receive?

Who is the creditor? Bank? . Which bank?

Family? ____ Friend?____ Money Lender? —_____ Financer?
Other?

How much do you pay monthly against this debt? Interest ____ Principal
Is this monthly payment decreasing? . Remaining Constan??
orincreasing? —____ What rate of interest are your paying?

How many payments do you still have to make?

Did you have to put up any collateral as insurance on the loan?
What did you uae as collateral? What is its value?
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Motor
What brand is the motor? Horse Power?

What does it use? Gasoline or diesel fuel?

How old is the motor?

When did you buy it?

How much did you pay for it?

How much would you get if you sold it today?

What did it cost when it was new?

How much would it cost to buy the same new motor today?

How much longer will this motor last?

Have you made any major improvements or repairs in the motor in the recent past? (1-2 yeara) When?
What?

How much 4did it cost?

Did you get a loan for this motor?
How much was the loan for?

When did you receive it? Month Year How much did you actually receive?
Who is the creditor? Bank? Which Bank?

Family? —__ Friend? Money lender? —___ Financier?

Other?

What is the monthly payment on this loan? Interest Principal Total

Is the monthly payment getting smaller? Staying constant? Increasing?
What interest rate are you paying? How many more payments remain?
Did you put up any collateral for the loan?
What did you offer? For what value?
Gear
What kinds of gear do you have?
Gear Type What kind? How many? What size?
A
B
B
How old is each gear
A B C
What is its value if you sold it today?
A B C
How much did it cost you?
A B C
When did you buy it?
A B C
What did it cost when it was new?
A B C
How much would it cost to replace it with new gear of the same type(s)?
A B C
How much longer will it 1ast?
A B C
Did you get a loan to buy the gear?
A B C
How much was the loan for?
A B C
When? Month & Year?
A B C
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How much did you actually receive for each piece of gear?

A B C
Who is the creditor?
A B C —
How much in total do you pay on these loans monthly?
How much of this is interest? Principal?
Are these payments going down? Staying constant? . Getting larger?

What interest rate are you paying on these loans?
How many more monthly payments must you make?
Did you put up any collateral for these loans?
What was the collateral and its value?

Other

Do you have (own) other equipment: for example, vehicles, buildings, docks, i.e. any equipment related tofiehing activity?
Do you have any other major debts? For what?
What is the size of the debt?
Owed to whom?
How much do you pay monthly?
Are these payments going down? Staying constant?
What interest rate are you paying?
How many more payments must you make?
Did you put up any collateral for these loans?
For what value?
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