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PREFACE

ASPECTS OF SMALL-SCALE FISHERIES DEVELOPMENT

Small-scale fisheries development is a complex process.
It involves consideration of everything from the availability
of the resource to consumer acceptance of the product. The
present volume reflects this complexity in that consideration
is given to the areas of stock assessment, fisheries capture
technology, social and cultural aspects of fishermen, fishery
resource economics, morketing, food science, and fisheries
management.

The first paper in the volume by Erzini and Saila examines
relationships between reproductive value and optimal
harvesting strategies in four species with different life
history characteristics. Implications for the management of
different species groups are discussed.

Castro and DeAlteris investigate the feasibility of
different technologies for developing a swimming crab fishery
for the country of Ecuador. Turning to socio-cultural factors
Poggie examines differences in perceptions of the vccupation
of fishing between open ocean and gulf fishermen in Costa
Rica. He suggests that development programs that require
fishermen to change their mode of fishing may involve
resistance and recruitment problems,

In Pollnac's paper relationships among income variability,
uncertainty and investment orientations among small-scale
fichermen in Costa Rica are investigated. He finds that
situational constraints affect the relationships between
investment orientations and other variables examined in the
paper.

Brainerd’'s paper presents an economic evaluation of
several artisanal fisheries projects which were implemented in
Senegal over the past decade, and Morrissey discusses options
for developing new markets for Latin American small-scale
fishermen. Microbiological and fish quality assessment in
Guatemala and Costa Rica are presented in the paper by Arias
et al. They clearly demonstrate the need for improved quality
control to reduce postharvest losses and provide a better
product for the consumer.
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The final paper by Sutinen discusses factors involved with
determining the cost effectiveness of information for
fisheries management, an Important factor that especially
needs attention in developing countries where only limited
funds are available for management purposes. Overall the
papers in the volume reflect the holistic approach taken by
ICMRD toward fisheries development. The best technology is
worthless without a resource to capture, fishermen who are
willing and able to deploy the gear and a system to deliver an
affordable and acceptable product to the consuner.
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A COMPARISON OF THE RELATIONSHIP BETWEEN OPTIMAL HARVESTING
STRATEGIES AND REPRODUCTIVE VALUES IN fOUR MARINE SPECIES WITH
DIFFERENT LIFE HISTORY CHARACTERISTICS

Saul B. Saila and Karim Erzini, Graduate School of
Oceanography, The University of Rhode Island, Narragansett,
Rhode Island

INTRODUCTION

The dynamics of exploited populations are dependent on
individual growth, reproductive and mortality rates. However,
most models used in fisheries management and in the analysis
of optimal harvesting strategies do not include these vital
rates. Methods based on the logistic growth function do not
explicitly include individual growth, reproductive and
mortality rates (Botsford 1981). MacArthur (1960) stated that
harvesting should be inversely related to the expectation of
future progeny. This expectation is given by Fisher's (1958)
reproductive value and is a function of individual
survivorship and reproductive rates.

The purpose of this study is to examine the relationship
between optimal harvesting strategies and reproductive value
ir some fisheries. This work represents a portion of a larger
study directed toward developing assessment and management
techniques for tropical species. In these species it is
believed that data on survival and fecundity may be more
readily obtained than growth data. Four diverse species were
utilized in this study : 1) Atlantic menhaden (Brevoortia
tyrrannus), 2) cunner (Tautogolabrus adspersus), 3) ray (Raja
clavata) and 4) blue whale (Balaenoptera musculus). These
species were chosen in order to cover a wide range of life
history characteristics and because suitable data were
available. The Atlantic menhaden is an example of a
relatively short-lived pelagic spawner with high reproductive
and low survivorship rates. The cunner is less fecund and
survivorship rates are high compared to the menhaden. The ray
species produces relatively few young in egg cases, has a
longevity three times that of the other two species and higher




survivorship rates. The biue whale is an example of a very
long-lived species with extremely low reproductive rates and
high survivorship rates,

The dynamics of these species were modeled using a Leslie
matrix. While the restricted applicability and inadequacy of
the density indepedent Leslie model is recognized (Mendelssohn
1976), it was considered suitable for comparing the selected
species under similar assumptions. This exploratory .tudy was
aimed at testing MacArthur's theory with some rzal data with a
view toward acquiring a better understanding of reproductive
value and its implications to optimal harvesting and
management. In particular, it vas thought that reproductive
value might shed some light on the potential effects of
additional mortality which could be of value as a criterion in
the establishment of minimum size regulations and other
measures aimed at enhancing population egg production. To date
there has been little application of the concept of
reproductive value in fisheries. H., .ever, some studies have
recognized its potential usefulness. Jensen (1981) suggested
that the best description of the impact of fishing mortality
on reproduction may be given by reproductive value and Ware
(1985) showed that resilience and compensatory ability in
Pacific herring (Clupea harenpus) were functions of
reproductive value.

The specific objectives of this study were: 1) to
determine how optimal harvesting strategies vary for species
with different life history characteristics, 2) to examine the
relationship between the reproductive value distributions and
optimal harvesting strategies and 3) to compare different
harvesting strategies where the characteristics of the yield
to be maximized were numbers, weight, and the inverse of
reproductive value (minimizing yield in terms of reproductive
value).

METHODS

Leslie models for the Atlantic menhaden, cunner and blue
whale were taken directly from the literature (Horst 1977;
Doubleday 1975). In the case of the blue whale, the time
interval was two years because of the length of the gestatijon
and weaning peviods (Cullen 1986). In all others the interval
was one year. Reproductive and survivorship rates for the ray
were constructed using data from Holden (1975) and Ryland and
Ajayi (1984). For comparative purposes, all four matrices
were adjusted to have a maximum eigenvalue (1) of
approximately 1.002-1.003 using a program in BASIC from Poole
and Borchers (1977) to calculate A. X had to be greater than
1 in order to be able to harvest the excess and to ensure a
sustainable yield. The reproductive and survivorship rates
used in this study are given in Table 1.



Survivorship and Reproductive Rates for
Atlantic Menhaden, Cunner, Ray and Blue Whale

TABLE 1

Menhaden Cunner Ray Blue whale
Age
Class P, F, P, F, P, F, .
i i i i i i i i

0 0.000077 0 0.0002121 0 0.0086 O 0.77 0.00
1 0.2015 7597 0.6252 85 0.77 0 0.77 0.00
2 0.2015 19597 0.6252 698 0.77 0 0.77 0.19
3 0.2015 29567 0.6252 2029 0.77 0 0.77 0.44
4 0.2015 37647 0.6252 3967 0.77 50 0.77 0.50
5 0.2015 43537 0.6252 6294 0.77 54 0.77 0.50
6 0.2015 47617 0.6252 8796 0.77 58 0.77 0.45
7 51355 11303 0.77 61 0.77 0.45
8 0.77 64 0.77 0.45
9 6.77 67 0.77 0.45
10 0.77 69 0.77 0.45
11 0.7 71 0.77 0.45
12 0.77 73 0.77 0.45
13 0.77 75 0.77 0.45
14 0.77 77 0.77 0.45
15 0.77 79 0.77 0.45
16 0.77 80 0.77 0.45
17 0.77 81 0.77 0.45
18 0.77 83 0.77 0.45
19 0.77 84 0.45
20 0.77 85
21 0.77 86
22 87




The reproductive value distributions are given in Figures
la - lc and were calculated using the discrete time formula:

w s
- gr(:«-l) 5 o L] 1

v N P
x 7 . (3)
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(x)
where r is the intrinsic growth rate, w is the oldest age
class, m .~ is the survivorship function and 1  is the

proportion’of a cohort surviving at time j (Goodmaf’ 1982) .
Weight-at-age values for the menhaden and the ray were taken
from Reintjes (1969) and Ryland and Ajayi (1984) respectively,

After Beddington and Taylor (1973), Doubleday (1975) and
Rorres (1976), a harvesting strategy was considered in which
the excess In each class is harvested so that the yield is
sustainable. In matrix notation, if A is the Leslie matrix
and x is an age distribution vector with 1'x=1, 1'Ax is the
total amount of the resource prior to each harvest.
Considering a harvesting matrix 6 of the form:

b= | |

| 0 . . . 0
n
where the diagonal elements represent. the proportion of ecach
class remaining after harvesting, the problem is to maximize
¢'(l - #)ax. «c¢' is a row vector of weights corresponding to
the particular aspect of the harvest which is to be maximized
and 1 is the identity matrix. For harvesting after

reproduction, #Ax = x is the requirement that the initial age
structure be restored following harvesting. Therefore,
maximizing c¢'(1 - #)Ax is equivalent to maximizing c’(Ax - %)
over x subject to:

.. >=0

A >= X

1'Ax =1

1'x 1

Theta (#) can then be calculated from the relationship fAx = x.
The quantity c’(Ax - x) represents the yield per unit amount of
resource prior to each hurvvest. This is a standard lincar
programming problem. For each species, the optimal yield, age
structure and harvesting matrix for various harvesting
strategies were calculated using a program by Juha and Converse
(1968). For all the species, yield in terms of numbers of
individuals and in terms of the inverse of reproductive value
(v'') were maximized for different age-at-first-capture
policies. In addition, yield in terms of weight was also
maximized for the Atlantic menhaden and the ray. To
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illustrate the difference between the harvesting strategies,
ylelds in numbers and in weight were converted to yields in
v (the inverse of reproductive value).

The analysis described so far assumes that harvesting can
focus on particular age classes. However, in reality this is
seldom possible. A more realistic approach is that of
harvesting all age classes above a certain age class at a
constant rate. In this case the harvesting matrix takes the
form:

I I

1 . - |
6 | . . 6 . i

I . : . I

| 0 . . . g |
where § = 1 for age classes not harvested. This more realistic
fisheries problem cannot be solved with linear programming;
Doubleday (1975) showed that if Ax >= x >= 0, # Ax = x has at
most n-k+l solutions since #, must satisfy a polynomial of
degree n-k+l. Geometric programming was therefore used to
solve this harvesting problem (BLAU program (Kuester and Mize
1973), implemented in BASICA). The interested reader is
referred to Rao (1984) for details concerning geometric

programming. The objective function to maximize is either

c’'(Ax - %) or ¢’ (I - Hk) AXx over x and Hk subject to:

1'Ax =1
1'x =1
HkAx = X

where f#, Ax = x are nonlinear constraints. As with the linear
programming problem, optimal harvesting strategies were
calculated over a range of age-at-first-capture policies and
for different weighting factors (¢’ =1, v , weight).

RESULTS

The results of solving this more realistic problem by
geometric programming showed that for a given
age-at-first-capture, optimal age structure and # were not
affected hy the value of the weighting factor c¢’. This is
because when all harvestable age classes are harvested at the
same rate, differential weighting of the ages makes no
difference and the optimal age structure and # are a function
solely of the Leslie matrix. Optimal yields and values of 4§
for the four species are given in Tables 2a - 2d. The value of
f decreased with increasing age-at-first-capture. The decrease
was initially gradual for all species, but increased rapidly
when relatively few age classes were harvested. The rate of
decrease of f# appeared to be greatest for the Atlantic



TABLE 2
Optimal § and Yield in Numbers (c’ = 1),
in Weight (c’' = Weight) and in the Inverse of Reproductive
Value (¢’ = v ) for Different Age-at-First-Capture Policies
for Atlantic Menhaden, Cunner, Ray and Blue Whale

a) Atlantic Menhaden

Age Classes Yield
Fished 0 c'=1 c'=1/v c'=weights(k)
0 -7 0.9983 1.73E-03 1.73E-03 6.58E-05
1 -7 0.9972 2.71E-07 1.85E-11 5.08E-08
2 -7 0.9924 1.47E-07 5.00E-12 5.77E-08
3 -7 0.9722 1.05E-07 2.58E-12 5.22E-08
4 - 7 0.8826 7.93E-08 1.61E-12 4.73E-08
5 -7 0.4147 3.36E-08 6.36E-13 2.20E-08
6 - 7%
* No solution.
b) Cunner
Age Classes Yield
Fished 0 c’'=1 c’'=1/v
0 -7 0.9983 1.74E-03 1.74E-03
1 -7 0.9979 1.15E-06 1.94E-10
2 -7 0.9973 8.96E-07 1.07E-10
3 -7 0.9963 7.42E-07 6.97E-11
4 - 7 0.9943 6.60E-07 5.44E-11
5 - 7%

*No solution.



Age Classes Yield
fished 8 c’'=1 c'=1/v c'=weights (k)
0 - 22 0.9978 2.20E-03 2.09E-03 3.97E-04
1 - 22 0.9975 8.75E-05 4 ,81E-07 1.69E-04
2 - 22 0.9972 7.72E-05 3.53E-07 1.87E-04
3 - 22 0.9967 6.97E-05 2.75E-07 2.07E-04
4 - 22 0.9960 6.49E-05 2.34E-07 2.32E-04
5 - 22 0.9949 6.32E-05 2.22E-07 2.67E-04
6 - 22 0.9934 6.20E-05 2.14E-07 3.03E-04
7 - 22 0.9915 6.10E-05 2.09E-07 3.40E-04
8 - 22 0.9890 6.05E-05 2.05E-07 3.77E-04
9 - 22 0.9855 6.03E-05 2.04E-07 4.15E-04
10 - 22 0.9808 6.03E-05 2.06E-07 4.52E-04
11 - 22 0.9742 6.07E-05 2.09E-07 4 .90E-04
12 - 22 0.9649 6.14E-05 2.15E-07 5.26E-04
13 - 22 0.9514 6.25E-05 2.22E-07 5.62E-04
14 - 22 0.9312 6.41E-05 2.32E-07 5.94E-04
15 - 22 0.8994 6.62E-05 2.43E-07 6.21E-04
l6 - 22 0.8466 6.88E-05 2.52E-07 6.33E-04
17 - 22 0.7512 7.18E-05 2.49E-07 6.10E-C4
18 - 22 0.5511 7.50E-05 2.04E-07 4 . 86E-04
19 - 22%
d) Blue whale
Age Classes Yield
Fished 8 c'=1 c'=1/v
0 - 19 0.9967 1.43E-02 2.31E-03
1 - 19 0.9962 2.95E-03 1.76E-03
2 - 19 0.9953 2.75E-03 1.53E-03
3-19 0.9940 2.69E-03 1.46E-03
4 - 19 0.9921 2.73E-03 1.51E-03
5 - 19 0.9893 2.79E-03 1.58E-03
6 - 19 0.9856 2.85E-03 1.66E-03
7 - 19 0.9806 2.90E-03 1.73E-03
8 - 19 0.9735 2.96E-03 1.81E-03
9 - 19 0.9633 3.04E-03 1.91E-03
10 - 19 0.9484 3.13E-03 2.02E-03
11 - 19 0.9258 3.25E-03 2.15E-03
12 - 19 0.8899 3.38E-03 2.27E-03
13 - 19 0.8292 3.54E-03 2.35E-05
14 - 19 0.7161 3.71E-03 2.26E-03
15 - 19%
* No solution,


http:1.66E.03

menhaden when compared to the cunner, which had the same
number of age classes. Comparing the ray with the blue whale
is more difficult but it seems that the rate of decrease was
greatest for the ray. In general, with increasing
age-at-first-capture, optimal age structures were
characterized by decreasing numerical importance of the older
age classes. For all species, there was an
age-at-first-capture (the highest) for which there were no
feasible solutions. All individuals would be harvested and the
constraint conditions would still not be satisfied in this
case.

To illustrate the trends in the yields with increasing
age-at-first-capture, the log, transformations of the yields

were plotted (Figures 2a - 2d). For the tbFee fish, the
highest yields by far with ¢’ = 1 and ¢’ = v ' occurred when
all age classes in the population were harvestable (0 - N).

For the blue whale this was also true for ¢’ =~ 1. However,
when yield in terms of v ' was maximized the yield for "age
classes" 13 - 197 harvestable was almost equal to that of 0 -
19 harvestable. For the fish species the decrease in yield in
numbers and in v = from age 0 at-first-capture to age 1
at-first-capture was dramatic, especially for menhaden. From

age 1 at-first-capture and above, the yield (¢’ = 1, v-) for
Atlantic menhaden and cunner decreased gradually. For the
ray, yield decreased initially and then stabilized. However,
a decrease in yield (c¢' = v ') for age classes 18 - 22

harvested can be seen. The results for the blue whale werg
quite different. Yield in terms of numbers and in terms of v

reached a minimum at age classes 3 - 19 harvested and
subsequently increased with age-at-first-capture. As with the
ray, there was a decrease in yield (¢’ = v ') for the last

harvesting policy for which there was a solution.

When the objective was to maximize yield in weight,
results for the menhaden showed a large drop in yield ranging
from all age classes harvestable to age class 1+ harvested,
with a gradual decrease thereafter with increasing
age-at-first-capture. For the ray, there was an initial
decrease in yield followed by an increase with a peak for age
classes 13 - 22 harvested.

When specific age classes were considered for harvesting
(the linear programming problem), the weighting factor c’
influenced_Fhe optimal age structure. For menhaden with ¢’ =1

and ¢’ = v ', the optimal fishing strategy in all cases was to
harvest the youngest available age class partially, and in
some cases, all of the oldest age class (Tables 3a - 3b).

Greatest yields were obtained by fishing all age classes, with
a significant drop in yield when the first age class was not
fished. For yield in weight there was a similar trend.
However, when age classes 1 - 7 were fished, the optimal
harvesting strategy was not to partially fish age class 1 but

10
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to fish age class 2 (Taule 3c¢). With increasing
age-at-first-capture, optimal yields for menhaden decreased
gradually (Tables 3a - 3c).

In contrast, optimal harvesting of the blue whale always
involved the partial harvest of one age class and the complete
harvesting of the oldest age clacs (Tables 4a - 4b). As with
the fish, optimal yields were pgreatest when all "age classes"
were subject to harvesting. However, the decrease in yield
associated with the increase in apge-at-first-capture from 0 to
1 was insignificaqf compared to that for the fish species. For
¢’ =1 and ¢' = v , yield stabilized at age class 3 and above
at-first-capture. Parctial harvest of the youngest age class
available was not the best strategy in many cases. For
example, for ¢’ = 1 and age classes 3 to 13 and above
at-first-capture, the opti@al yield was obtained by partially
harvesting age class 16 (§ ~ = 0.49) in all cases.

Optimal yields in numbers converted to equivalent yields
i, v show that for species such as menhaden where the first
age class is numerically by far the most important and where
reproductive value reaches a peak late in life, there is
little it any difference between maximizing yield in numbers
or in terms of v (Table Sa - S5h). However, for a species
such as the blue whale, optimal yield: in numbers converted to
yields in v ere signifiCﬂntly inferior to yields where the
strategy was to maximize v

DISCUSS1ON

The results of this study support MacArthur’'s (1960)
contention that harvesting should be scaled in units of
reproductive value. In all the cases examined, the greatest
yield involved partially havvesting the youngest ago class (0)
alone or age 0 and one or more other age classes. For the fish
species, age 0 had the smallest reproductive value. Although
the youngest age class does not have the smallest reproductive
value, this is still the case for the blue whale because the
constraints could not be satisfied by harvesting those other
older age classes with reproductive value less than 1. Going
acress the continuum from shorc-lived species with high
reproductive and mortality rates to lcng-lived species with
high survivorship and low fecundity there is a definite trend
in the distribution of reproductive value. For species in the
first category, reproductive value increases with age;
reaching a peak late in life. For intermediate species
reproductive value is more equally distributed; with a peak
reached approximately at mid-life. At the other extreme of
high survivorship and low fecundity, maximum reproductive
value is reached early in life.

These differences are reflected in optimal harvesting
strategies. Realistic fisheries optimization using geometric

13



TABLE 3 i
Atlantic Menhaden Optimal Yields (¢’ =1, v , and weight)
and 4§, for Different Age-at-First-Capture Policies
Individuals of Different Ages can be Harvested at Different Rates
(Linear programming problem)

a) ¢' =1
]
Age
Classes
Fished 1 2 3 4 5 6 7 8 Yield
0 -7 0.9952 1 1 1 1 1 1 1 4.88E-03
1 -7 1 0.9955 1 1 1 1 1 1 3.44E-07
2 -7 1 1 0.9895 1 1 1 1 1 1.63E-07
3 - 1 1 1 0.9636 1 1 1 1 1.14E-07
4 -7 1 1 1 1 0.8539 1 1 1 9.20E-08
5 -7 1 1 1 1 1 0.3736 1 0 8.14E-08
6 -7 1 1 1 1 1 1 0.000081 0 2.54E-08
b) ¢’ = v.1
]
Age
Classes
Fished 1 2 3 4 5 6 7 8 Yiecld
0 -7 0.9952 1 1 1 1 1 11 0.999904
1.7 1 0.9955 1 1 1 1 11 2,64E-11
2 -7 1 1 0.9894 1 1 1 11 5.93E-12
3.7 1 1 1 0.9636 1 1 11 2.89E-12
4 - 7 1 1 1 1 0.8539 1 1 0 1.89£-12
5 -1 1 1 1 1 1 0.3736 1 0 1.48E-12

14



¢) ¢’ = weight

Age

Classes

Fished 1 2 3 4 5 6 7 3 Yield

0 -7 0.9954 1 1 1 1 1 1 1 1.16E-04
1 -7 1 1 0.9901 1 1 1 1 0 6.01E-08
2 - 7%

3 -7 1 1 1 0.9656 1 1 1 0 5.59E-08
4 - 7 1 1 1 1 0.8613 1 1 O 5.43E-08

* Did not converge

15



TABLE 4 I
Blue Whale Optimal Yields (¢’ = 1 and v } and 8. for different
Age-at-First-Capture Policies
Individuals of Different Ages can be Harvested at
Different Rates (Linear Programming Problem)

a) ¢/ =1

Age
Classes
Harv’d 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 Yield

0-19 .98 1 1 1 1111 11 1 1 1 11 1 1 1 1 0 5.96E-03
1-19 1 .98 1 111111111111 1 1 1 1 0 4.94E-03
2-19 1 1 .91 1.1 11 1 1 1 1 1 1 1 1 1 1 1 0 4.16E-03
3-19 1 1 1 11 1 1 1 1 1 1 1 1 1 .491 1 1 1 0 3.87E-03
4-19 1 1 1 1111111 1 1 1 1 .491 1 1 1 0 3.87E-03
5-19 1 1 1 111 1 1 1 1 1 1 1 1 .491 1 1 1 0 3.87E-03
6-19 1 1 1 11 1 11 1 1 1 1 1 1 .491 1 1 1 0 3.87E-03
7-19 1 1 1 11 11111 1 1 1 1 .491 1 1 1 0 3.87E-03
8-19 1 1 1 1 11111 1 1 1 1 1 .491 1 1 1 0 3.87E-03
9-19 1 1 1 111111 1 2 1 1 1 .491 1 1 1 0 3.87E-03
10-19 1 1 1 111 111 1 1 1 1 1 .491 1 1 1 O 3.87E-03
11-19 1 1 1 11 11 11 1 1 1 1 1 .491 1 1 1 0 3.87E-03
12-19 1 1 1 111 111 1 1 1 1 1 .491 1 1 1 0 3.87E-03
13-19 1 1 1 111 1111 1 1 1 1 .491 1 1 1 0 3.87E-03
14-19 1 1 1 111 11 1111111 .25 1 1 1 0 3.87E-03
15-19%
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b) ¢' = vq

Age

Classes
Harv’'d

Yield

14 15 16 17 18 19 20

9 10 11 12 13

8

8.19E-03
6.39E-03
5.23E-03
4.76E-03

0
0
0
0
0
0
0
0
0
0

1
1
1
1
1

1

.99

0-19

1

1
1

.96 1

.75E-03
4.78E-03
4.75E-03

4
A

1
1
1

1
1

.71E-03
.65E-03
4. 58E-03

7-19
8-19
9-19

1
1
1
1

1

.51E-03

0 &

1
1

1
1
1

10-19

0 4.40E-03
0

1

1

11-19
12-19

.25E-03

4

13-19%

* No possible solutions

17



TABLE 5
Yielids in Numbers (¢’ = 1) Converted to Equivalgnt Yield in
Inverse of Reproductive Value (¢! = v )

a) Atlantic menhaden

Equivalent Yield

Age
Classes a
Harvested c'=] c'my
0-7 0.999904 0.999904
1-7 2.64E-11 2.64E-11
2-7 5.93E-12 5.93E-12
3-7 2.89E-12 2.89E-12
4-7 1.89E-12 1.89E-12
5-7 1.48E-12 1.48E-12
b) Blue whale
Equivalent Yield
Age
Classes
Harvested c'=1 c’=v-1
0-19 7.35E-03 8.19E-03
1-19 6.14E-03 6.39E-03
2-19 5.08E-03 5.23E-03
3-19 3.78E-03 4.75E-03
4_19 " n
5-19 " "
6_19 n "
7-19 " 4,.71E-03
8-19 " 4,.65E-03
9-19 " 4 ,.58E-03
10-19 " 4,51E-03
11-19 " 4 . 40E-03
12-19 " 4.25E-03
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programming showed that trends in optimal yield are opposite
to those in reproductive value. The trend in optimal yield
ranges from a decrease with Increasing age-at-first-capture to
relative stability and later increases in the ray and the blue
whale. The implication for fisheries is that for short-lived,
relatively highly fecund and fast growing species, such as
small pelagics and many tropical species of fish, it may be of
greater benefit to fish all age classes including age 0 at a
slightly lower rate than to impose measures to protect age O
fish and other young age classes while fishing at a higher
rate the older age classes. The significance of the youngest
age class is seen in the dramatic decreases in yield going
from age 0 at-first-capture to age 1 at-first-capture. This is
true for the maximization of yield in numbers, weight and for
v’ (minimizing yield in reproductive value units). It
therefore seems that establishing a minimum age-at-firsc
capture only becomes useful for species at the other end of
tbF spectrum where we see that yield in numbers, weight and
v may increase with age at-first-capture, assuming in all
cases that only surplus production is harvested.

The distribution of reproductive value by class, which is
the product of reproductive value and the number of
individuals in each class, also had a significant trend. In
fish, the age distribution is dominated numerically by age
class 0. Thus, the first few age classes account for most of
the population reproductive value. With greater longevity,
survivorship and lower reproductive rates, population
reproductive value is more equally distributed. The
implications for management here is that a shift in
age-at-first-capture in such species will have much less
significance in terms of what proportion of the distribution
of reproductive value is harvested. In other words, there is
greater stability associated with more equal distribution of
reproductive value across the lifespan. This is of relevance
to management by minimum size regulations for species such as
the striped bass (Morone saxatilis). As Jensen (1981) pointed
out, reproductive value may be the best descriptor of the
effect of increased fishing mortality on population
reproduction. These analyses are in agreement with Jensen
(1981). Management decisions based in part on knowledge of a
pepulation’s distribution of reproductive value may be more
appropriate than decisions based on age-at-maturity.

The limitations of the Leslie model are recognized. In
real populations density dependent changes in fecundity and
survivorship will result in changes in the distribution of
reproductive value . Nevertheless, it is believed that
knowledge of the distribution of a species’ reproductive value
may be of considerable utility in helping us to understand
potential effects of additional mortality and in making better
management decisions,
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SUMMARY

The relationships between reproductive value and optimal
harvesting strategies in four species with different 1life
history characteristics were examined in light of MacArthur's
(1960) work which suggested that harvesting should be
inversely related to reproductive value. Lincar programming
and geometric programming were used to solve the optimal
harvesting problems. Optimal yields were found to reflect a
species specific reproductive value distribution. Optimal
yields always involved partial harvesting of the age class
with the smallest reproductive value. These results are in
agreement with MacArthur’s original hypothesis. Some
implications for the management of different species groups
are discussed.

FOOTNOTE

l. The Fisheries Stock Assessment CRSP (sponsored in part by
USAID Grant No. DAN-4146-G-85-5071-00) is intended to
support collaborative research between US and developing
country universities and institutions on fisheries stock
assessment and management strategies.  This paper has
been produced by the University of Rhode Island research
component in collaboration with the University of the
Philippines and in association with the International
Center for Living Aquatic Resources Managemeut.
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DEVELOPMENT OF A SWIMMING CRAB FISHERY IN ECUADOR

Kathleen M. Castro and Joseph T. DeAlteris, Department of
Fisheries, Animal & Veterinary Science, International Center
for Marine Resource Development, The University of Rhode
Island, Kingston, Rhode Island

INTRODUCTION

Since the 1950's, less developed countries have made
increasing efforts to examine their fishery resources.
Fishery development activities have multifaceted objectives
but basically one overall goal: to improve the well-being of
the people in the country through the utilization of their
fishery resources (Royce, 1987). Fishery development includes
activities which directly contribute to the improvement of the
quality of life in rural and low income communitics by
providing food or increasing employment in fishing and
supporting activities, or activities which contribute to the
national economy through the reduction of dependence on
imported food, increased export products or by stimulating
national investment in fisheries (Allsopp, 1985).

In the past, Ecuador’'s focus has been on industrial level
fisheries for small pelagic species (mackerel, sardines and
threadfin herring) and tuna (Herdson et al., 1985). However,
during the last decade, the rapidly expanding shrimp farming
business has dominated the fisheries scene and become
Ecuador’s leading non-petroleum export commodity. In 1983,
Ecuador emerged as the world's leading producer of farmed
shrimp with an estimated 36,600 mt production (Sonu, 1985).
However, this increase in shrimp production has been
accompanied by several depressions in the trend caused by
environmental changes and technological problems. These
periodic decreases in production have caused considerable
concern and promoted the development of hatchery operations,
as well as a search for alternative fisheries.

In 1986, a project was initiated by The University of
Rhode Island (URI) with their Ecuadorean counterpart, Escuela
Superior Politecnica del Litoral (ESPOL) to investigate the
potential for the development of a fishery for underutilized
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species of portunid swimming crabs. Based on previous field
observations aad conversations with commercial and artisanal
fishermen, it appeared that swimming crabs were a non-utilized
by-catch of the shrimp trawlers and artisanal fishermen. No
information on the identification, life history, abundance or
distribution of these crabs was available in Ecuador, nor had
these crustaceans been considered in previous investigations
for the development of alternative fisheries of underutilized
species (FAO, 1978; Moran and Lopez, 1984; US Dept. of
Commerce, 1982).

Potential for the development of this fishery are great.
All species of Callinectes swimming crabs are apt for human
consumption and produce a highly acceptable food product if
properly processed (Williams, 1984; Norse and Fox-Norse,
1979). The blue crab, Callinectes sapidus is one of the most
valuable crustaceans in the United States next to shrimp and
lobster (Vondruska, 1986; Moss, 1979; Sholar, 1979). It is
the basis of a fishery that in the 1980's is producing an
annual average of 185 million pounds of whole crab worth
approximately $52 million dollars (Vondruska, 1986).

Other Latin American countries have recently begun
venturing into the crab fisheries; Mexico is currently
harvesting 6 million pounds annually of C. sapidus,
Callinectes rathbunae, Callinectes similis and Arenacus
cribarius using artisanal methods along the eastern Gulf of
Mexico coast (Sarinana, 1986). In 1985, a small industry
specializing in soft shell crab products was initiated in
Veracruz, Mexico, with capacities of shedding up to 27,000
crabs and packing of 30 dozen soft crabs daily (Malo, 1986).
Recommendations have been made for the development of a crab
fishery on the Pacific coast of Mexico for Callinectes
arcuatus, Callinectes toxotes and Callinectes bellicosus
(Tableros, no date; Paul, 1982a and b). Callinectes spp. form
part of the export industry and local market in Colunbia
(Estevez, 1972; Taissoun, 1969). Currently, demand exceeds
the supply of domestic crab meat in the United States and USA
processors have supplemented their supply with imported crab
meat from Brasil, Venezuela, and Mexico (W.F. Conley; M.
Oesterling, personal communications).

Several basic criteria must be satisfied before a
successful crab fishery can be established (Van Engel. 1974):
the species must be present in consistent levels of high
abundance; the species should be vulnerable to fishing gear;
the species must be relatively large, easy to handle,
transport, process and market; and the product must have
consumer acceptance and potential market. In order to
evaluate each of these criteria the project was divided into
two phases with the following objectives:
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PHASE 1I:

(a) conduct a preliminary resource survey of coastal
and estuarine waters

(b) study the abundance and distribution of swimming
crabs in Guayas Estuary

(c) determine the catchability of the swimming crabs in
the Guayas Estuary using a variety of fishing gear

PHASE ITI:

(a) develop processing technology
(b) investigate potential markets for the product

Phase I is nearing the end of its first year of
investigation, and preliminary results are summarized in the
sequel. Phase II initiation is dependent on the results of
Phase 1.

MATERTALS AND METHODS

Ecuador extends 950 kilometers along the western coast of
the South American continent between the Latitudes of 1°00'N
to 3°20'S. The country is bordered by Columbia to the north,
Peru to the south and east and the Pacific Ocean to the west.
The configuration of the coastline is irregular, consisting of
alternating bays and capes terminating in the Guayas estuary
and the Gulf of Guayaquil (Figvre 1). This is the largest
estuarine system on the western coast of South America and
receives the runoff of almost twenty rivers,

The ocean is defined as sub-tropical. The coast receives
the influence of the Tropical Surface Water Body of the North
Pacific with water temperatures exceeding 25°C and with a salt
content below 33.5 ppt. Tides are semidiurnal with a period
of 12.42 hours (Borbor, 1985).

The climate is considered tropical and is divided into two
distinct seasons. The wet season is characterized by heavy
rainfall and extends from December through April. The dry
season is cooler and includes the period from May through
November.

The preliminary resource survey was conducted during the
dry season (July) of 1986. Seven locations were chosen as
sampling sites along the Ecuadorean coast covering the three
major estuarine systems: Esmeraldas (Esmeraldas River), Bahia
de Caraquez (Chone River) and the Guayas estuary (Guayas
River). A total of 41 trap samplings were made in these
areas. Biological ~nd environmental data were recorded and
crabs were identifie .. according to Williams (1974) and Garth &
Stevenson (1966).
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Figure 1. Map of Ecuador showing the three study areas for

the preliminary resource survey.
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Experimental fishing for Callinectes spp. crabs was conducted
in the Guayas estuary during the wet season (January) and the

dry season (June-August) of 1987. Sites were chosen in three
areas based on expected salinity differences in the upper,
middle and lower estuary (Figure 2). Four types of fishing
gears werc simultancously f{ished at ecach site: Chesapeake Bay
style crab traps (Van Engel, 1962), trotline, gillnet and lifc
nets. Five Chesapeake Bay style baited crab traps were
constructed of locally available galvanized rectangular mesh
wire with a mesh opening of 2.5 x 5 em.  Each trap measured 65
¥ 65 % 52.5 cm and had four entrance funnels. A smaller trap

with a mesh size of 2.5 % 2.5 cm was also employed during the
January sampling to capture juveniles, however, use of these
was discontinued due to the possible exclusion of the larger
animals. Two 30m trotlines baited every 1.5 m were fished
twice per hour. These were constructed of 1 em diameter, hard
lay nylon and anchored at both ends. Five baited liftnets
were constructed with a squore iron frame, covered with 1.2 em

webbing.  These were lifted twice per hour. Two 30 m gillnets
with 7.6 cm stretched mesh were constructed of soft lay
polyamide webbing.  Traps, trotlines and liftnets were baited

for cach set with locally available species,  These included
Chlovoscombrus orquesta, Selene perviance and Scomber

Japonicus.  All pears were {ished simultancously for 3 hour
eriods ., Fishing effort is expressed as pear-hour wvhich
Y A

represents one unit of pear with a one hour soalk.

All crabs collecrted as tdentified, measurced (carapace
width) and weighed. Carapace width refers to the distance
between the tips of the longest cephalothorax spines. General
appearance of the crabs was noted including sex, maturity and
loss and regencration of appendages . Environmental data
including sediment type, bottem and surface temperature,
salinity and dissolved oxygen levels were recorded.

RESULTS AND DISCUSSION
Resource Survey

The existence of five species of portunid crabs inhabiting
the coastal and estuarine waters of Ecuador as suggested by
Williams (1974) was confirmed during these investigations.
Gallinectes toxates and Callinectes arcuatus were captured in
estuarine areas while samples of Euphvlaw robustus, Portunus
asper and Cyanius ruber were ohtained from fishermen working
in offshore arcas. 1nitial indications sugpest that these
latter three species are not of sufficient size or quantity to
support a fishery, although Hend:ickx (1985) indicates that
the large abundance of the genera Portunus and Euphylax in
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trawl nets in the Gulf of California may support a fishery in
that area.

The apparent abundance and size of the two Callincctes
species and conversations with artisanal and commercial
fishermen suggest the presence of a large unexploited resource
in Ecuador. No abundance estimates can be calculated as a
result of this vreliminary phase of the resource survey, but
previous investipations in other geopraphic areas have
indicated that these species are found in hipgh concentrations,
Dittel et al. (1985) reports that €. arcuatus in Costa Rica
has potential commercial importance. Paul (1981) and Tableros
(no date) studied abundance, breeding and growth of C.
darcuatus and €. toxotes in a lagoonal estuary on the Pacific
coast of Mexico and suggest that a crab fisherv would coincide
with a lull in the shrimp fisherv providing income at a time
when local fishermen are unemployed. It is possible that the
Ecuadorcan swimming crab population does not cqual the
proportions found in other arcas, but the preliminary results
of the resource survev anpresr i il "W apeies eeial in
sufficient quantities to warrant further investipations.

Callinectes toxotes was the largest of the swimming, crabs
found ir the Guayas estuary and have been described as the
largest species in the genus (Williams, 1974). The tarpest
specimen captured measured 22 cm in width, and weiphed 660 pr,
The average size of €. toxoles captured was 14.5 cm, + 1.9
with average weight of 211 pgr. + 89. Callinectes arcuatus. a
smaller species, had a mean carapace width of 10,3 cm 1+ 1.8
and weight of 60 gr. & 30. Average carapace width and weipht
for bath species for cach area are summarized in Table 1,

TABLE 1
Average Carapace Width (CW) and Weight (WT) for
Callinectes toxotes (TOX) and Callinectes arcuatus (ARC) Crabs Captured

Wet Season Dry Season
TOoX ARC 10X ARC
CW WT CW Wl CW  Wr CWw WT
(ecm) (gr)  (cm) (gr) (cm) (gr)  (cm) (gr)
Upper Guayas Estuary 11.9 113 - - 14.7 198 - -
Middle Guayas Estuary 5.1 320 11.3 69.5 13.4 219 - -
Lower Guayas Estuary - - - - 15.3 250 9.1 48.7
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Abundance and Distribution

A detailed investigation of the abundance and distribution
of the Callinectes spp. in the Guayas Estuary is currently
being conducted by ESPOL. However, limited observations to
date have indicated that the species distribution found in
Ecuador is similar to that described by Norse and Estevez
(1977) along the Pacific coast of Columbia, where (. toxotes
dominated the less saline estuarine arcas but was replaced by
C. arcuatus in the higher salinity areas with some overlap in
intermediate and high salinity areas (Figuve 3). They suggest
that salinity plays an important role in the distribution of
the Callinectes species and describes both as being
curyhaline.

The distribution and relative abundance results illustrate
that the two Callinectes spp. appear to be spatially and
temporally rvestricted to areas of the Guavas estuavy. A shift
in the distribution of €. arcuatus was obscrved in the middle
estuary between the two sceasons.  Althoupgh salinity is thought
to play a major rvole in the distribution of this species, it
seems unlikely that the small differences in salinity during
the sampling periods (from 15-18 to 19 ppt) is responsible for
causing such a major shift in aiscribution. Other
environmental factors mav be intluencing this change in
distribution, as well as the life history and bchavior of

these crabs.  No shift in species composition was seen in the
upper estuary (0.1 - 5.0 ppt)y, although there was an
indication of size difference. No data is available for the

wet scason of 1987 for the lowrr Cuayas cstuary.

If C. toxotes and €. arcuatus follow a similar pattern of
distribution as Callinectes sapidus, a differential
distribution by svx and maturity can be cupected.,  Mating
would occur in the fresher areas of the estuarv, with females
later migrating to cstuary mouths to spawn resulting in the
dispersion of the larvae into the offsliore high salinicy
waters (Hail, 1984). Little data is available on the spawning
habits of C. toxotes, although Williaws (1974) mentions that
the distribution of ovigerous females is presumed to be
similar to that of €. sapidus,

Assuming that the combination of gears eliminated
individual gear biases and catches rvepresented the actual
population structure, preliminary results indicate
differential distribution of C. toxotes by sex and maturity in
the three sites during the dry scason sampling period (Figure
4). Data are not included from the wet season in the analysis
due to the small sample sizes collected. Chi-squere
contingency table analysis was used to test population
differences between the three sites. Results indicate
significant differences in the distribution of mature males
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FIGURE 3. Species composition in the Cuayas Estuary.
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(P < 0.001), immature males (P < 0.001), mature females (P <
0.001) and immature females (P < 0.05). In general, during
the dry season, more mature males were observed in the lower
estuary; more immature males were found in the middle estuary,
more mature females were fouud in the upper estuary; and more
immature females were found in the upper and lower estuary.
These results do not indicate a similarity to the distribution
described for €. sapidus, although data were restricted to a
three month period and patterns may not be completely

illustrated. A possible complication in the description of
the distribution of C. toxotes may be duc to distinct
populations of the species in the different sites. Campbell

and Mohn (1983) defined a stock to be a proup of individuals
that sustains itself over time and responds in a similar way
to envirenmental changes within a discrete geopraphical area.
Gene flow may occur between stocks. If two or more stocks are
present in these diverse environments, distribution by sex and
maturity may not be discerned until populations can be
identified.

The majority of the €. arcuatus captured in the sampling
periods were males; principally mature males were found in the
middle Guayas estuary, and mature and immature males were

found in the lower estuary (Figure 5). Very few females were
captured, which suggests their absence from the estuarine
areas sampled. Dittel and Epifanio (personal communication)

in their investipations on €. arcuatus in Costa Rica, captured
mostly females, but their sampling was conducted by trawling
offshore in the Gulf of Nicoya area. The offshore waters were
not sampled in this study, but literature supports the theory
that €. arcuatus and C. toxotes may form large breeding
populations in coastal waters throughout the vear (Hendrickx,
1985) and that the cstuarine phase of the life cvele is a
growth phase as suggested for Callinectes latimanus in Ghana
(Kwie, 1978). Paul (1982a and b) found that in Mexico, the
female C. arcuatus continue their migration out of the estuary
and continue spawning out on the continental shelf.

Gencral aspects of size and weipht are of considerable

interest to both fishermen and ecologists. Of even greater
interest to fisheries managers is size or apge at sexual
maturity. Age is difficult to determine for decapods in

general, but size (width/length) can be used to set some
limits for sexual maturity although these can vary in
different geographical locations. Sexual maturity is an
important parameter because it may indicate the start of
reproductive activity although Cobb and Caddy (in press) make
a distinction between functional and physiological maturity in
Homarus americanus. Through management regulation of pgear,
fishing season or location, a certain percentage of the
immature population can be protected and allowed to contribute
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FIGURE 4. Sex and maturity of Callinectes toxotes in the
Guayas estuary.
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FIGURE 5. Sex and maturity of Callinectes arcuatus in the
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to future recruitment before becoming accessible to fishing
gears.

There are many methods for determining sexual maturity in
female crustaceans ranging from ovarian development to the
presence of extruded eggs. Callinectes females underpo a
terminal pubertal molt during which they must become
fertilized. The post-molt confipguration of the abdomen
radically changes indicating that the female is mature. The
maturity of males is not considered to be as important a
factor in recruitment or management because they can mate
several times with several females during ctheir lifetime,
Maturity is indicated by the internal presence of developed
testes and vas deferens and externally by the looseness of
their abdominal flap. Immature males have the flap closed and
efforts to force it open result in breakage., Mature males are
easily pried open (Haefner; Van Engel, personal communica-
tions).

Results of size at sexual maturity in animals captured in
this investigation indicate that immature male ¢. toxotes

range from 2.1 to 17.5 em. The $50% mature/immature ranpe is
between 10.6 and 11.0 cm in width, Immature female €. toxotes
range from 1.1 te 17.0 cm in width with the 50%
mature/immature size between 13.6 and 14.0 cm.  lmmature male
C. arcuatus range from 5.1 to 12.5% cm with the 501
mature/immature size between 8.6 and 9.5 em. Lmmiture females

C. arcuatus range from 4.6 to 8.0 cm with 0% mature/immature
size range between 7.6 to 8.0 cm (small sample size).

Catchability

The blue crab in the United States may be subject to the
most diverse kinds of fishing gear for any single species
(Haefner, 1985). Gears can range from a simple batted hand
line to the 50 kg crab dredge used in the winter months in the

Chesapeake Bay. Only a few gears have proven to be
economically practical on a commercial basis (Sholar, 19./0);:
crab traps (80%), trotlines (10%) and dredges (10w, In

Ecuador, there are technological, social, cultural and
environmental factors that must be considered in the selection
of the appropriate harvesting gear. The final recommendation
for the most appropriate harvesting gear will be a compromise
between these factors as well as catch per unit effort or
performance data for each type in the Guayas Estuary.

Gear performance is measured by the catch per unit effort
(CPUE) which is defined in this study to be the number of
crabs caught in a one hour period by one defined gear unit,
Average CPUE for each gear was obtained by taking the mean for

all replicates used in each site. These are summarized in
Table 2. Data from the wet season were not included in the
statistical analysis due to the small sample size. Gears
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TABLE 2
Catch per Unit Effort (CPUE)

Wet Season Dry Season

Lg Mesh Sm Mesh Lg Mesh
Traps Traps Traps Gillnet Lift Net Trotline

Up. Guayas Est. 0.27(%) 0.09(2) 0.77(123) 1.03(8) 0.49(25) 0.85¢10)
Mid. Guayas Est. 0.82(7) 0.95(5)  0.55(62) 0.23(8) 1.50¢20) 0.92(8)
Low. Guayas Est. - - 0.37¢(131)  0.42(4) 0.67(10) 0.08(4)

Average 0.62(11)  0.70(7)  0.56(316) 0.59(20)  0.89(55) 0.73(22)

Note: Number of replicates are indicated by parenthesis.

performed differently in each site and in relation to each
other. Unlike the results obtained by Rishop et al. (1984),
no similar patterns among gears were observed between sites,
The gillnet produced the highest CPUE in the upper estuary in
the dry season while liftnets produced the highest CPUE in the
middle and lower estuary.

Since variability in CPUE between replicates and trials
was great, ANOVA analysis showed no significant differences in
CPUE, as defined in this study, in gear type in the upper and
lower estuary during the dry scason. However, liftnets
produced a significantly higher CPUE than either gillnets or
traps in the middle estuary (P < 0.001).

The width frequencies (sizes) of the crabs captured per
gear type over the sampling period werc analyzed with the

Kruskal-Wallis non-parametric test. Significant differences
were seen in the upper estuary (P < 0.005) and the middle
estuary (P < 0.05). In both sites, smaller crabs in the cateh
of the liftnet were present. This probably accounts for the
highec CPUE of the liftnets in the middle estuary due to the
great number of small crabs caught by this gear. All other
gears did not retain the smaller animals. In the lower

estuary there were no significant differences between the
width frequency of the total catch and the gear involved,
although the number of crabs captured was much lower than
other sites.
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To examine the possibility of sex or maturity influencing
the selectivity of the gears, the percent catch composition of
immature, mature females and males were analyzed using a
one-way analysis of variance. No significant differences
between gears were found in the upper or lower estuary for the
capture of (. toxotes. However, in the middle estuary a
significant difference was found in the CPUE of immature males
in liftnets which coincides with the results pertaining to the
retention of smaller animals by this gear and the availability
of these size crabs in this site. Liftnets additionally
demonstrated selectivity for immature C. arcuatus in Machala.

In summary, gear type using the unit-effort defined in
this study, did not affect the catch of marketable crabs
(mature). Liftnets produced a higher CPUE because of the
inclusion of the smaller immature crabs which would not be
marketable, however, this gear did provide a less biased

sampling method tor examining species distribution. Due to
the mesh size available for trap construcvion, small animals
were not retained. Gillnets did not retain juveniles for

unknown reasons: and when fishing trotlines, small crabs were
usually not spotted while raising gear and dropped off or fell
through the meshes of the fishing basket.

The CPUEF of both trotlines and littnets can be
dramatically changed it soak times are altered; if fished at
shorter intervals, the CPUE can be expected to increase.  The
CPUE for pillunets and traps ave subject to saturation effects
with increasing soak time so CPUE may actually decline with
increasing soak time,

Environmental parameters did not appear to affect the CPUE
of any gear, although other authors have confirmed the cffects
of many Moon phase has been shown to cause variations in
catches or (. sapidus premolt females (Bishop ¢t al , 1984),
reef fishes (Munro et al., 1971) and lobsters (Chittleborough,
1970). Effects of increased temperature on catchability has
been documented with the rock lobster (Chittleborough, 1970).
Althouph salinity and oxygen levels play significant roles in
the distribution of Callinectes spp. (Norse, 1975), no
information is available on their effects on catchability,
Changes in salinity are known to cause physiological changes
in €. sapidus such as increascd respiratory activity when
crabs were transferred from scawater to dilute salinities
(Norse, 1975).

The presence of high or low oxygen levels may be
responsible for changes in the distribution of Callincctes
spp. €. sapidus is known to tolerate 0, rension as low as 0.08
mg/l in estuarine tertiary sewage tredtmen’ pouls, but crabs
confined in baited traps in the Chesapeake Bay suffered a 25
percent mortality at 0, concentrations of 0.6 mp/1l at
temperatures above ZBOC'lWilliams and Duke, 1979). Loesch
(1960) described a shoreward migration phenomenon termed
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jubilees for fish and crustaceans in Alabama. He postulated
that animals were escaping low oxygen, high salinity bottom
water by congregating on the surface. There is verification
of Callinectes crabs actually leaving the water in an area
believed to be low in oxygen. More information is required to
clarify relationships between CPUE of these crabs and
environmental paramecters,

Since most of the resource survey was conducted during the
dry season (July - August), only partial answers to the
original questions proposed in this study can be addressed.
To completely describe the distribuiion and relative abundance
of these species, a minimum one year sampling should be
conducted at designated sites due to possible seasonal
variations. However, this study provides insight into
potential harvesting areas and techniques which could be
utilized by artisanal and commercial fishermen in Ecuador.

Artisanal fishermen are the main source of fresh fish for
the Ecuadorian population. There are no estimates of the
number of artisanal fishermen in the Guayas estuary because of
the dispersed nature of the villages and homes along the
shoreline. A large number of fishermen are thought to be
located in Estero Salado, Puna Island and the Guayas River,
including many fishing in the polluted waters of Guayaquil

(Herdson et al., 1985). The majority of the vessels in common
use by these fishermen are small non-motorized dugout canoes
between 3 and 10 m in length. Most non-motorized fishermen

plan their fishing activities in coordination with the tide.
Tidal flow carries them to their fishing site; fishing occurs
at slack tide and then reverse tidal flow carries them home or
to market. Fishing activity from start to finish may only
last between 3 to 6 hours,

The pgear most utilized in the Guayas estuary by
small-scale fishermen i< the gillnet (and trammel net).
Traditional gear such as this could be used with little
modification to capture crabs in marketable quantities without
requiring the introduction of new or more expensive gears such
as the trap and trotline. The cost of one gillnet used in the
study with new material was approximately 11,000 sucres
(USS57) in 1987 (Table 3). Gillnets do not fish well in the
heavy currents and fouling occurs frequently. Boat traffic
and theft require constant supervision by the owner.

A form of liftnet is currently being used to fish crabs in
the Guayas River. These can be manufactured at little cost by
utilizing discarded materials. The cost of new line, buoys
and frames for 10 liftnets was approximately 4000 sucres.
Bait can be purchased for 50 to 1000 sucres/box depending on
quality and availability. Liftnets are easily maneuvered from
boats or bridges, and can capture more than one animal at each
life,
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TABLE 3
Approximate costs of (sucres) material for gears used in this
investigation

Gear Trap (10) Liftnet (10) Gillnet ¢l) Trotline (1)

Fixed costs

Quantity 10 10 1 1
Wire Mesh 9750 - - -
Line 3000 600 1286 643
Buoys 2500 2500 3750 500
Rebar frame 1667 1667 - -
Webbing - min. 6000 min.
Lead - - - -
Man-hours 10 3 S 1

Operating Costs
Bait 50-1000 50-1000 - 50-1000

Total 16717 4767 11036 1143

w
1 dollar = 191 sucres in 1987.

Traps offer many advantages in terms of producing less
variable catches, fishing in heavier currents and being a
passive gear. Howeve., the expense of the macerial to
construct this gear (17,000 sucres/10 traps, USS$89), its large
size and loss rate may cause this to be a less favored gear.
Trotlines are less expensive in regards to construction (1000
sucres, USS$5.2), however cumbersome in terms of baiting and
manipulating the line and basket. Fishing operations with
trotlines are hindered with moderate wind and currents.

Other traditional gears employed by Ecuadorean artisanal
fishermen are the handline and castnet. Handlines are fished
similar to the liftnet, although limited to capturing one crab
at a time. Cast nets employed initially in this study did not
appear to capture swimming crabs well. Through conversations
with artisanal fishermen employing this pgear and observations
of fishing activities, it also appeared that crabs were not
captured frequently.

On the commercial level, trawlers capture large
quantities of swimming crabs as a non-utilized by-catch of the
shrimping operation. Due to the tow duration of three to four
hours, crabs are usually in poor marketable condition. Aimed
trawling for these species would require significant changes
in the fishing operation to ensure a marketable product,
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If the assumption is made that the catch rate will be
constant during the entire fishing time, ignoring effects of
gear saturation and species interaction, CPUE can be
extrapolated into expected daily catch for an artisanal
fisherman working from a non-motorized vessel such as a canoe,
and for a small-scale commercial fisherman with a motorized
vessel less than 6 m in length (Table 4).

TABLE 4
Expected catch with unit effort defined in this study with
assumption of constant rate of capture.

Artisanal Level Small-Scale Commercial Level
Soak Soak
Time Time
Gear Units (hrs) Catch Gear Units (hrs) Catch
Trap 10 24 134 Trap 100 24 1350
Lift Net 10 8 58 Lift Net 100 8 584
Trotline 200m 8 43 Trotline 1600m 8 376
Gillnet 200m 12 43 Gillnet 1600m 12 374

At present, a very small local market exists for fresh
Callinectes spp. crabs in Guayaquil. They are captured with
handlines and liftnets by artisanal fishermen and children and
vendors sell them on the streets of Guayvaquil ftor 20 to 100
sucres each (US10-50 cents), Demand for swimming crab
increases during the closed season of the preferred red mud
crab, Ucides occidentalis, and prices up to 500 sucres cach
(US $2.62) have been reported. Crab processors from the
United States, Japan and Turkey have visited Ecuador dur _ng
this past vear and a new Ecuadorean crab processing racility
“Jaiba Azul", has recently received funding to begin
operations.

It is difticult to ascertain the resource potential of
Callinectes spp. from this preliminary resource study,
although the rcuults do offer some cncouragement. Crabs were
captured in all of the arcas sampled although variability in
the catch rates was due in large part to the exploratory
nature of this investigation. From the preliminary data
obtained thus far, the Callinecctes spp. crab resource is
sufficient to sustain an artisanal based fishery such as in
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Mexico. However, it is recommended that more detailed
investigations be conducted before any large scale commercial
level fishery be established for this resource.

The development of a Callinectes spp. swimming crab
fishery in Ecuador could directly affect several areas
relating to improving the well-being of the people of Ecuador
through the utilization of a previously unexploited resource.
In addition to providing an inexpensive food resource
available to the poorest sector of the coastal population, the
processing of the ~rab mear is a labor intensive operation
providing substantial employment. Although crab picking
machinery is available on the market, US crab processors
prefer the quality of the hand-picked product (W.F. Conley,
personal communication),

As in Mexico, (Malo, 1986) the potential exists for the
development of a soft-shell crab industry, Unoccupied shrimp
ponds could be utilized as a semi-natural growing out pond in
which sheddiug operations could be carefully monitored.

Crab waste products have been successfully used as fish
food supplement (Haefner, 1985) and pond owners in Ecuador are
currently experimenting with using crabs as potenttal shrimp
feed for the culture ponds (M. Velarde. personal
communication). Waste from crab processing, if proven to be
acceptable food, could be used as a substitute for other more
expensive foods being utilized presently.
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SMALL-SCALE FISHERMEN'S PERCEPTIONS OF THE OCCUPATION: OPEN
OCEAN VS GULF FISHERMEN IN COSTA RICA

John J. Poggie, Jr., Department of Sociology/Anthropology
The University of Rhode Island, Kingston, Rhode Island

INTRODUCTION

This paper deals with an analysis of sociocultural aspects
of small-scale fishermen from northwestern Costa Rica. The
purpose of the analysis is to describe perceptions of the
occupation and to compare these with fishermen from the Gulf
of Nicoya to the south. Because the northwest coast is a more
exposed environment than the Gulf of Nicoya, it will be
possible to suggest what effect this macro-environmental
feature has on the perceptions of occupation of otherwise
fairly similar small-scale fishermen.

Knowledge of fishermen's perceptions of their occupation
and how these perceptions may be influenced by environmental
factors (protected gulf versus open ocean) can be useful in
designing change programs, particularly if these require
fishermen to utilize ecological niches to which they are
unaccustomed.

THE SAMPLE

The sample employed in this analysis consists of 70
fishermen from four communities in the Gulf of Papagayo region
of northwestern Costa Rica. All available fishermen
encountered at landing sites were interviewed in Playa del
Coco, Cuajiniquil, Jobo and Puerto Soley, Guanacaste Province.
It has been estimated that there are some 200 fishermen in the
northwestern region, thus approximately 35% of the total were
interviewed.

Fishermen in this region have small-scale operations,
using mainly outboard-powered skiffs and small boats (up to
about 30 feet). Gill netting of fish is the most common form
of capture, but some diving, various combinations of gill net
and line-fishing also take place. Of the sample of 70
fishermen and crew members, 30 used monofilament gill net; 27
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used multifilament gill net, 6 were divers and the remaining 7
used various combinations of line and gill nets.

TEST

Fishermen were asked open-ended questions concerning
qualities of good fishermen as well as what they most like and
dislike about fishing. From these projective-like questions,
perceptions of occupation may be derived. Other sociocultural
variables such as age, years fishing, boat wnership,
education and father's occupation were measured by means of
direct questioning.

ANALYSIS
Qualities of a Good Fisherman

Categories of first response concerning perceived
qualities of a good fisherman are presented in Table 1.

TABLE 1
Qualities of a Good Fisherman

Category (£) Percent

Like fishing

Know how to use equipment
Personal characteristics

Know fishing spots

General kncwledge about fishing
Luck

N/A

Have good equipment

Know tides, weather, erc.
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The most frequent first response to this question is that
one has to like fishing in order to be a good fisherman.
Thirty-nine percent of the sample mentioned this idea. The
next most frequent response was that a person needed to know
how to use equipment in order to be good at fishing,
Thirty-one percent responded in this way. Together, these two
responses account for 70 percent of the responses. Personal
characteristics of fishermen were believed to contribute to

46



being a good fisherman in the view of 9 percent of the
respondents. As secen in Table 1, a variety of other responses
make up the remaining 21 percent of first responses, but none
by itself accounts for a large percentage.

The two most frequent responses were considered as they
relate to the independent variables of age, years fishing,
boat ownership, education, father fisherman and father farmer.
Age was not significantly related to fhe dependent variables,
but years fishing was related (X° = 7.25, p < .01) to
whether one emphasized "liking fishing" as a condition for

being a good fisherman. Those with less experience (below
mean) emphasized liking fishing more than those with more
years of experience. This seems to indicate that fishing

serves more as a form of enjoyment to those who first enter
the occupation than those who have been in the occupation for
some time. There was a corresponding tendency (44%) for
respondents with fishermen fathers (versus 33% for those with
nen-fishing fathers) to consider liking fishing as a
requirement for being a good fisherman. Respondents
socialized in fishing households tend to emphasize the need to
enjoy fishing, perhaps as an outgrowth of their learning the
"costs" of fishing from association with their fishermen
fathers.

Most Like About Fishing

Turning to what fishermen most like about fishing, we sce
in Table 2 the categories and percentages of responses.

TABLE 2
Most Like About Fishing

Category () Percent
Specific type of fishing 26 37
Catching many fish 11 16
Independence 8 11
Specific attribute of job 8 11
Monetary reward 5 7
Environment 4 6
Like everything 3 4
Easy work 2 3
Peaceful life 1 1
D/K, N/A 2 3
N =70
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The most frequently mentioned response had to do with some
specific type of fishing such as gill netting, diving, etc.
Thirty-seven percent of the vesponses were in this category.
The second most frequent response "catching many fish"
amounted to 16 percent of the responses, while "indcpendence”
and some specific aspect of the job (e.g. pulling net) tied
for third most frequent with 11 percent each. Ae¢ seen in
Table 2, a variety of other responses make up the remaining
total.

These responses were also analyzed as they relate to age,
years fishing, boat ownership, education and father's
occupation. It was found that none of these independent
variables was related to perceptions of what respondents most
like about fishing.

Like Least About Fishing

Responses to the question of what fishermen like least
about fishing are shown in Table 3,

TABLE 3
Like Least About Fishing

Category (f) Percent
Environment (wind, bad weather, etc.) 19 27
Nothing 15 21
Specific task 11 16
Problem with equipment 9 13
Lack of fish 7 10
Other 4 6
Prices 3 4
Amount of work 1 1
D/K 1 1
N =170

We note here that negative aspects of the cenvironment
(wind, bad weather, etc.) form the most frequent (27 percent)
category of response. The category "nothing" 1is second most
common (21 percent), while some specific task (a.g. mending
nets) is third. The fact that negative environmental features
are emphasized is of interest, as these fishermer exploit an
exposed section of coastline,
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When these responses were analyzed in terms of the
independent variables of age, years fishing, boat ownership,
education, and father's occupation, only one significant
relationship emerged. This, too, had to do with negative
aspects of the environment. It was found that the more
educated (above and below the mean, 35 versus 13 percent
respectively) emphasized negative envirogmental features as
what they disliked most about fishing (X° = 3.96, p < .05,
phi = .24). Thus in some way, education contributes to a
greater concern with environment as a negative aspect of the
occupation.

Open Ocean vs. Gulf of Nicoya

Small-scale fishermen’'s perceptions of the occupation in
the protected Gulf of Nicoya region have been reported by
Pollnac (1977). In this section, we will compare responses
from the northwestern open ocean region with those from the
protected pulf in an effort to see how this
macro-cnvivonmental difference appears to affect perceptions
of occupation.

Pollnac (l977) used the same tests to determine
fishermen’'s perceptions of qualities of good fishermen and

positive und negative aspects of the occupation. His sample
of 125 was drawn from Gulf of Nicova fishermen in Puntarenas
and Costa de Pajaros. His results are directly comparable to

those from the north.

Turning first to a comparison of the four most frequent
responses to the question of what makes a good fisherman, we
note clear differences between the regious in Table 4.

TABLE 4
Ranked, Categorized Responses: Attribute of Good Fishermen

Rank  Gulf of Nicoya Rank Northwest Region

1 Knowledge of physical 1 Like fishing
environment

2 Knowledge of fishing spots 2 Know how to use
fishing equipment

3 Know how to use fishing 3 Personal
equipment characteristics
4 Personal characteristics 4 Know fishing spots
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It is the most frequent responses of "knowledge of the
physical environment" and "liking fishing" that most
differentiate the two regions. It would seem that knowledge
of aspects of the physical environment (particularly tides and
currents) is more important in the geographically constricted
gulf than it is in the more open northwest region. One
suggestion is that open ocean fishing is more "intensive
fishing,"” requiring greater time and greater removal from
land-bound society and thus cannot be carried out effectively
unless one likes it. Northwest fishermen are often 40 to 50
miles from land, while Gulf of Nicoya fishermen are never out
of view of land because of distance.

Looking at the comparison of what fishermen from the two
areas like about their occupation, we again note marked
differences in Table 5.

It is interesting that northwest fishermen rank aspects of
the job itself first, while Gulf fishermen rank the monetary
reward of work as first. This suggests that there is more
non-economic reward involved in the work of northwest
fishermen from those in the south. This finding supports the

TABLE 5
Ranked Categorized Respouses: Most Like About Fishing

Rank Gulf of Nicoya Rank Northwest Region
1 Monetary reward 1 Specific type of fishing
2 Everything 2 Catching many fish
3 Environment 3.5 I adependence
4 Catching many fish 3.5 Specific attribute of
job

ecological interpretation that one has to like fishing in
order to carry it out well in the more open high energy
physical environment of the north.

Finally, turning to the negative aspects of fishing in the
two areas, we present the four highest ranking of negative
aspects in Table 6,
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TABLE 6
Ranked Categorized Responses: Like Least About Fishing

Rank Gulf of Nicoya Rank Northwest Region
1 Nothing 1 Environment
2 Specific task 2 Nothing
3 Lack »f fisn 3 Specific Task
4 Environment 4 Problems with
equipment

The rankings of negative aspects of fishing also seem to
reflect the difference in ecological conditions between the
two zoues. Fishermen in the northwest emphasize environmental
difficulties as those which they dislike the most. It is also
interesting to note that "lack of fish" appears in the gulf
fishermen’'s list of greatest concerns and "problems of
equipment" is that of the northwest fishermen. Both of these
concerns appear to be ecologically based. The more heavily
fished Gulf is subject to more depletion of stock than the
less intensely fished northwest. Problem with equipment is of
greater concern to oZfshore fishermen than those who are not
so distant from shore.

SUMMARY AND CONCLUSIONS

Overall the fishermen of the northwest appear to be
fairly positive about their occupation but with clear
preferences for specific types of fishing and with the view
that one must like fishing to be good at it. This suggests
that development programs that require fishermen to change
their mode of fishing or require added labor may involve
resistance and recruitment problems. Changes in mode of
fishing could conflict with their preferences for specific
types of fishing, while recruitment would potentially bring in
individuals who do not have the psychocultural predisposition
to the occupation.

Also suggested by the data is that environmental factors
(inshore vs. offshore) play a role in the occupational
suvbculture that evolves within small-scale fisheries. For
this reason too, planners should not assume that all
small-scale fishermen are equally amenable to different types
of fishing. Studies to determine the sociocultural along with

51



the bioeconomic potential to change among fishermen targeted
for change programs should be carried out before decisions of

direction of change are made.
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INCOME VARIABILITY, UNCERTAINTY, AND INVESTMENT ORIENTATION§
AMONG SMALL-SCALE FISHERMEN IN THE GULF OF NICOYA, COSTA RICA

Richard B. Pollnac, Department of Sociology/Anthropology, The
University of Rhode Island, Kingston, Rhode Island

INTRODUCTION

The relative success of fishery development projects can
be influenced by the temporal perspectives of individuals in
the target population. It is obvious that participation in
change programs will be enhanced if participants are orviented
towsrcd the future as opposed to the present or the past. This
is true because most development schemes do not show immediale
impact, and there is usually a delay between the acquisition
of projcct inputs and increased income or production. This
delay after investment of cime, effort, and capital is often
perceived as risky, and in situations where the outlook for
the future is uncertain or negative, individuals are less
likely to defer gratification (Thompson, 1975; Pollnac &
Poggie, 1978). Where perceptions of the future are rather
unfavorable, an orientation towards the present and/or past
develops, and change programs oriented towards the future are
unlikely to succeed unless they include some means of
influencing a change in this temporal perspective.

Future orientation is not only related to immediate
project success. It is also related to long-range success or
sustainability of development interventions. Cernea (1987:2)
writes that "without the building bricks of sustainabiliuy,
much financing is condemned to inducing only short-lived
'development spurts.’"™ He indicates how the current
international debt crisis is due in part to repcated
investments in nonsustainable development programs.
Investment orientations form an important component of project
sustainability due to the fact that even if a project
generates increases in net income, its impacts will not
continue on into the future unless some of the profits are
reinvested to replace and/or repair produccive equipment.
This is especially true with respect to marine fishing where
equipment is subject to relatively rapid deterioration and/or
loss due to the corrosive and destructive nature of the marine
environment.
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Future orientations are also important with respect to
fishery development projects due to factors related to aspects
of the resource. There is a great deal of variability in
production in most fisheries. An individual boat will
manifest relatively large variation from day to day, and the
entire fishery can have significant differences in catch from
month to month and year to year. This variation has an
influence on various social, economic, and technological
aspects of a fishery (cf. Pollnac, 1985: 1988), and it can
have a direct influence on approaches to development projects,
Allsopp (1985) suggests that fishery development projects have
to be carefully nurtured through several, variable fishing
seasons to prepare them for the hard times that are cyclical

in fishing. Most fisheries must cope with this type of
variability, and as Royce (1987) notes, fishermen have to be
optimistic to continue fishing. It is suggested that they

have to be especially optimistic to invest current profits in
a highly variable fishery, particularly where costs of
productive equipment are relatively high, as is frequently the
case in technologically based fishery development projects,
Future orientations and their implications are thus
important considerations in fishery development programs. In
developing countries, this is especially true with respect to
small-scale fishermen, many of whom are independent
entrepreneurs as a result of the nature of their occupation
and productive equipment involved (cf. Pollnac, Gersuny, and
Poggie, 1975; Pollnac and Poggie, 1978; Pogpie, 1978; Aronoff,
1967). Although the cost of small-scale fishing equipment is
not negligible, it is still within the means of a hard working
fisherman who wisely invests his earnings. Nevertheless,
rampant inflation in many parts of the world coupled with the
perceived need for more sophisticated productive equipment has
led to increased costs for the independent small-scale
fishermen; thus, making it more difficult to initiate and
sustain development in a sector of the economy which is
becoming increasingly important in regions suffering from
proteiun shortapges. Even in situations where initial
development of the small-scale fishery is produced by
injection of funds from outside sources, there is still a need
to sustain development through investment of reasonable
amounts of profit to provide for equipment maintenance and
replacement, As noted above, the marine environment is
especially hard on equipment (cf. Pollnac, 1976), and if such
provisions are not made, the initial investment may be lost
due to destruction or bLreakdown of productive equipment. For
example, a recent article attributes the failure of an
outboard engine project in a fishing community in southern

Keral;, 1idia to the fact that "...a throw-away technology was
presented to people unprepared for the long-term planning of
capital investment" (Thin, 1988:52). Therefore, it is
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essential that we understand factors zssociated with
investment orientations among small-scale fishermen in areas
where development programs are anticipated.

Investment orientations cannot be considered without
taking into account theories concerning gratification
behavior. Some individuals, under certain conditions, defer
gratification, that is they postpone immediate desires to
obtain more substantial rewards in the future. Others have a
tendency to immediately gratify their desires. Investment in
productive equipment can be considered deferred gratification
behavior; tlherefore, investment orientations are related to
the larger body of theory dealing with gratification
orientations.

A great deal of research has related gratification
orientations to a number of sociocultural v:iriables.
Variability in gratification orientations has been related to
modernization and acculturation. Some rescarchers report a
positive relationship (e.g. Doob, 1960; Graves, 1967; Rogers,
1969; inkles, 1969), others find no relationship (Sexton and
Woods, 1977), while one study rveports a non-linear
relationship with a rtendency for deferred gratification
behavior to increase, level off, then decrease slightly as the
degree of modernization increases (Pollnac and Robbins, 1972).
Studies relating age to deferred gratification have reported
negative (Mischel and Metuner, 1962; Lessing, 1968; Pollnac
and Robbins, 1972: Levy, 1Y76), positive (Pollnac and Poggie,
1978), inconsistent, and no relationship (Doob, 1971; Robbins
and Thompson, 1974; Pollnac, Gersuny, and Poggie, 1975).
Socioeconomic status unas been reported as having both a
negative (Thompson, 1975; Levy, 1976) and a positive
relationship (Graves, 1967; Wober and Musoke-Mutanda, 1971)
with deferred gratification. Findings have also been
inconsistent with regard to urbanization. Gold (1Y67) reports
a positive relationship between degree of urbanization and
deferred gratification, while several other studies report a
negative relationship (Robbins and Thompson, 1974; Thompson,
1975). Economic predictability and security (Rodgers, 1967;
Meade, 1971, Robbins and Thompson, 1974; Thompson, 1975:
Margolis, 1977; Sexton and Woods, 1977; Pollnac and Poggie,
1978), community level of economic development and
industrialization (Turner, 1971; Rosen, 1971), education
(Doob, 1960; Armer and Youtz, 19/1), periodicity of income
(Pnllnac, Gersuny and Poggie, 1975), efficacy and optimism
(Pollnac, Gersuny and Poggie, 1975; Thompson, 1975; Pollnac
and Poggie, 1978) are all reported as having positive
relationships with deferred gratification. Finally, several
researchers report a negative relationship between deferred
gratification and reward salience (Mischel, Ebbesen, and
Zeiss, 1972; Robbins and Thompson, 1974; Thompson, 1975).

The large number and complexity of the variables related
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to gratification orientations may be responsible for some of
the inconsistent findings cited above. Situational
differences in the directions of relationships between
independent variables account for some of the inconsistencies
(Pollnac and Poggie, 1978). Thompson's (1975) research also
supports the proposition that situational constraints must be
carefully controlled. 1t is therefore important to control
for situational factors, as well as the variables cited above,
in studies concerning variance in investment orientations,
The purpose of this paper is to examine investment
orientations and their sociocultural correlates among
small-scale fishermen in the Gulf of Nicoya, Costa Rica,

METHODS

SAMPLE. Data for this report are based on two sample
surveys conducted among fishermen in the Gulf of Nicoya, Costa
Rica during a three-month period of research. The first

survey involved 125 fishermen, 75 from Barrio el Carmen,
Puntarenas and 50 from Costa de Pajaros. Fifty fishermen from
Barrio el Carmen and 30 from Costa de Pajaros were involved in
the second survey. Puntarenas, the major Pacific port of
Costa Rica, is located on a thin finger of land jutting
westward into the Gulf of Nicoya approximately 110 kilometers
west of San Jose. Barrio el Carmen is at the ex.ieme western
end of Puntarenas and is inhabited primarily by small-scale
fishermen. Costa de Pajaros is a concentration of fishermen
in a rural region approximately 21 air-kilometers from
Puntarenas on the coast of the Gulf of Nicoya. In both areas
most small-scale fishermen fish from motorized wooden plank or
dugout vessels from 15 to 36 fcet in length using handlines
and/or nets. Some still use sail or oars. Surplus production
(i.e. that is not used for subsistence) is sold to middlemen
who distribute it to other middlemen or retailers.

Several important situational Ffactors distinguish the
rural and urban areas. Individuals in the rural area are much
less tied into the cash economy than those in the urban area.
In the rural area many small-scale fishermen have subsistence
plots and domestic animals (usually pigs and chickens).
Additionally, food can be bought or bartered from family,
friends, or local farmers at much lower prices than in the
city. In the urban area fishermen are more locked iuto the
cash economy. There is much less space for subsistence plots
and domestic animals; thus, almost all non-fish food is
purchased from local shop keepers. Finally, electricity is
available in Puntarenas but not at Costa de Pajaros.
Consequently, numerous shops in Puntarenas are stocked with
luxury goods such as stereos, televisions, blenders and
refrigerators which depend upon electricity; thus, increasing
the salience of expensive, luxury goods among the urban
fishermen.
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TESTS Investment Orientations were determined with the use
of several questions: (1) if you were to receive 1500 Colones
(at the time of research approximately 8.5 Colones was equal
to one U.S. Dollar) as a gift or inheritance, what would you
do with it? (This was equal to about 60 percent more than the
average fisherman's monthly income); (2) if you were to
receive 8500 Colones as a gift or inheritance what would you
do with it? (This was equal to approximately three-fourths of
the average annual income of fishermen interviewed); (3) under
what conditions would you invest in more fishing equipment?
(4) what would you invest in? Responses to all questions were
coatent analyzed. Respounses to the first two questions were
further classified and coded as deferred if the response
reflected an investment for future gain (e.g. purchase fishing
equipment, put in bank, buy a business, etc.) or immediate if
lacking an investment factor (e.yg. buy things for the house,
clothing, etc.). The immediate category was assigned a value
of zero, and the deferred a value of one. Values assigned to
each of the two questions were summed for each fisherman
resulting in a scale having a range of from zero to two. This
scale is referred to as the EGOCOMP Scale.

Turning to the independent variables, self-evaluation of
socioeconomic position, perceived socioeconomic progress,
optimism and efficacy we'e determined with the use of the
ladder of life test (Cantril, 1963). The ladder of 1life test
consisted of showing the respondent a ladder diagram with ten
rungs. He was told that the top rung represented the best
possible life and the bottom, the worst. He was then
requested to tell us where he felt he stood on the ladder at
the present time (T-0), five years in the past (T-5), and five
years in the future (T+5).

Another potential indicator of occupational optimism used
in this study was the response to a question concerning
whether or not an individual would like it if his son became a
fisherman. It is assumed that individuals who are pessimistic
about the future of fishing would prefer their sons to enter
other occupations,

Material culture was measured with the use of a checklist
containing seven material items: (1) indoor plumbing; (2)
indoor toilet; (3) electricity; (4) radio; (5) television; (6)
refrigerator; (7) sewing machine. Each item was assigned a
score of one if present and zero if absent. The scores for
all eight items were summed forming a scale of material items.
Item total correlations were calculated and all were high
(ranging from 0.48 to 0.82) except for radio ownership. Radio
ownership was eliminated from the scale, and item-total
correlations were re-calculated. All item-totals were high
(ranging from 0.46 to 0.87; p < 0.01). The resultant scale,
composed of six items, is referred to as the Material Culture
Scale.
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Another aspect of material culture measured was fishing
technology. Fishing technologies were ranked from one to
seven in terms of relative complexity, with the higher numbers
referring to the least complex equipment. The rankings wer:«
as follows: 1l-long line and net; Z-net and hand line; 3-net;
4-long line and hand line: 5-long line; 6-hand line; 7-hand
(shellfish collecting).

Exposure to mass media was measured by asking fishermen
how many days per week they listen to the radio, read
newspapers, watch television, read magazines, and go to the
cinema. Frequencies for the five mass media were summed
forming a scale with a potential range cr from O to 35. Item
total correlations were calculated and were found to range
from 0.41 to 0.60, all significant at better than the 0.01
level. This sceie is referred to as the mass media exposure
scale,

Income was measured by responses to questions concerning
total annual income in the past year, income in the past
month, andl income in maximum and minimum months. Variability
of income was calculated by dividing the difference between
the maximum and minimum months Ly the maximum, resulting in a
Figure that varies between zero (no variability) and one
(indicating maximum variability).

Age, father's occupation, and yvears of formal education
were determined from answers to direct questions. Finally,
ownership of means of production was considered as a potential
indicator of economic security. This variable was mecasured by
determining if the individual fisherman owned the boat from
which he fished.

ANALYSIS Investment Orientation. Turning first to the
dependent variables, we will examine the range of responses to
the four investment orientation questions. Categorized
responses to the question concerning conditions which would
lead to investment in additional equipment can be found in
Table 1.

As can be seen in Table 1, the majority of fishermen said
that they would invest in additional equipment if more fish
were available for capture. Only 32 percent provide other
conditions; the most frequent of which was more financing. In
general, the small-scale fishermen feel that there has been a
drop in the number of fish available for capture over the
years. In response to a question concerning perceived changes
in production, 73 percent responded that less fish were being
caught at the present time. Twenty-one percent said that the
same amount was available, and 6 percent said more.
Fifty-nine percent of the fishermen attributed lowered
production to the existence of more fishermen, boats, and
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TABLE 1
Distribution of Preconditions for Investment in
Additional Fishing Equipment

Condition Percent
More fish 68

More financing 21

Nothing 5

Better prices 3

Pay off present debts 1

Need for spare equipment 1

Loss of present equipment 1

N - 80

nets. Ten percent, however, suggested that less fish are

avaflable because shrimp boats have been killing the small
fish and their food. Overall, 1t appears that small-scale
fishermen feel that there are fewer fish available and that
they would invest in more equipment if they were sure they
could catch more fish.

The types of equipment that fishermen said they would
invest in can be found in Table 2.

TABLE 2
Distribution of Equipment Types
Mentioned as Zossible Investments

Equipment Type Percent
Net (trasmallo) 46
Launcha (vessel) 29
Line 15
Nothing 5
Motor 3
Bote (small boat) 1
Whatever I lose 1

Most fishermen said that they would invest in more nets.
Two of those who would invest in nets noted that they

59



would buy nets with a smaller mesh than the ones they

presently use. The next most frequent response category
concerned purchase of a launcha. A launcha is a dugout or
plank vessel from 18 to 36 feet in length with a small cabin
and an inboard diesel engine. Fifteen percent of the
fishermen said they would invest in more line for long line
fishing. Other response categories are of relatively low
frequency.

Turning next to the question concerning what individual
fishermen would do with a windfall of 1500 or 8500 colones, we
find that 66% would invest the larger amount into some type of
fishing equipment while 48% would do the same with the smaller
amount. Types of equipment, as specified in responses can be
found in Table 3.

TABLE 3
Distribution of Consumption Aspiration Responses

8500 Colones 1500 Colones

Response Percent Percent
Fishing equipment (general) 44 39
Launcha 9 0
Equipment for vessel 6 2
Bote 3 4
Motor 3 1
Down payment on equipment 0 2
Agricultural equipment and seed 1 0
Study 0 1
Buy fish to sell 0 2
Buy animal to fatten 0 2
Put in bank 4 3
Save (bank not mentioned) 3 6
Non-investment responses (clothes, 26 38

household items, etc.)

N = 125

Only a small percentage of the fishermen indicated that
they would invest in ventures other than fishing. What is
interesting is the fact that, with respect to the 8500 colones
question, only about one fourth of the fishermen made

responses lacking an investment factor. A larger percentage
made non-deferred responses to the 1500 colones question,
noting that it was an amount unworthy of investment. These

60



TABLE 4
Distributions of Independent Variables

Total Urban  Rural
Variable Sample Sample Sample Test df p
F-Ratjo
Age 3.7 32.7 27.6 5.15 1123 <.05
Education 3.6 3.9 3.2 1.97 1123 >.05
Years Fishing Experience 12.3 12.6 11.8 0.2 1123 >.08
Watch TV (davs/weck) 2.7 2.8 2.7 0.06 1123 >.05
Listen to Radio (davs/week) 5.2 4.7 6.1 7.52 1123 <01
Read Newspaper (davs/week) 1.8 2.8 0.3 26.71 1123 <.001
Read Magazine (days/week) 0.9 1.2 0.5 3.50 1123 ».05
Go to Cinema (days,;week) 1.2 1.9 0.1 22,86 1 123 <.001
Mass Media Exposure Scale 11.9 13.4 9.7 7.6 1123 <.0l
Fishing Gear (scale) 3.7 3.3 4.3 a6l 1 123 <,001
Lidder T-0 4.4 4.5 4.1 0.77 1123 >.05
Ladder T-5 4.4 5.1 3.2 16.31 1123 <.001
Ladder T+5 7.2 7.8 6.4 5.13 1 83 * <.05
Ladder T-0 - T-5 0.0 -0.6 0.9 6.81 1 12% «. 05
Ladder T¢5 - T-0 2.6 2.9 2.3 1.15 1 83  >.05
Material Culture Scale 2.2 3.3 0.4 125,68 1 123 <.001
Income (maximum month) Colones 1,988 2,414 1,416 9.3 1 115* <.01
Iucome (minimum month) Colones 463 62 248 19.60 1 115*% <.001
Income (past year) Colones 11,153 13,711 6,838 5.18 1 41 % <.05
Income (past month) Colones 670 824 432 7.73 1 100% <.01
Income Variability .74 L7l .78 4.72 1 115% <.05
Chi-sq
Own Boau (%) 38 31 50 4. 74 1 <.05
Like Son to Become Fisherman (%) 46 33 64 11.37 1 <.001
Farmer Father (%) 25 23 28 0.46 1 >.05
Fisherman Father (%) 53 43 68 7.73 1 <.01
Running Water (%) 52 83 6 70.65 1 <.001
Electricity (%) 49 81 2 75.50 1 <.001
Radio (%) 82 79 86 1.07 1 >.05
TV (%) 34 56 2 38.77 1 <.001
Refrigerator (%) 13 21 0 12.23 1 <.001
Sewing Machine (%) 30 33 24 1.25 1 >.05
Toilet Indoors (%) 35 57 2 40,30 1 <.001

* ¢f for analysis of variance varies due to missing data on income and ladder

questions.
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findings are in keeping with Pollnac and Poggie (1978) and
Poggie (1978) who theorize that a deferred orien.ation is an
adaptive characteristic among small-scale fishermien.
Distribution of Sample Characteristics on Independent
Variables. The distribution of the independent variables
within the total sample and the rural and urban subsamples can
be found in Table 4. The F-ratios and Chi-squares in Table 4

test differences between the rural and urban samples. As can
be seen in Table 4, differences between the two subsamples are
quite extensive. The urban sample is older than the rural,

uses more complex fishing gear, is composed of fewer boat
owners and is less likely to look favorably upon one's son
becoming a fisherman. With regard to self-evaluation of
socioeconomic position, the urban fishermen are higher both
five years in the past and the future. Overall, however, the
urban fisheimen feel that they are worse off today than five
years in the past, thus contrasting with the rural who report

that they are in a more favorable position. As would be
expected, urban fishermen are more expesed to the mass media
and score higher on the material culture scale. This is a

direct result of the ready availability of eclectricity, city
water and mass media in the urban setting. Urban fishermen's
incomes are also significantly higher than the rural. Income
variability, however, is greater in the rural area. Finally,
a larger percentapge of rural fishermen have fathers who are
also fishermen.

Interrelationships Between Independent and Dependent
Variables. Turrving first to gratification orientations, the
correlations between most of the independent variables and the
EGOCOMP Scale can be found in Table 5. Ladder T+5 (response)
in Table 5 refers to whether or not the respondent refused to
guess where he would be on the ladder of life test five years

in the future, This variable was created because a
significant proportion of the sample refused to hazard a guess
concerning the future. It is suggested that refusal to

respond to the future component of the ladder test indicates a
feeling of lack of control over the future (a non-efficacious
feeling). This variable was therefore dichotomized with
individuals who give a response receiving a value of one and
those who refuse to respond a value of zero.

Overall, the results are relatively weak. As can be seen
in Table 5, only fishing gear complexity and minimum month
income are significantly related to the EGOCOMP Scale in both

the total sample and the urban subsample. The material
culture scale is significantly related to the EGOCOMP Scale
only for the total sample. The results are especially

surprising with regard to income variability. We have earlier
argued and presented strong findings indicating that income
variability 1is positively related to a deferred orientation
(Pollnac, Gersuny and Poggie, 1975; Pollnac and Poggile,
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1978). 1In retrospect, however, it seems possible that there
might be a non-linear relationship between income variability
and the EGOCOMP Scale. Variability, up to a certain level,
may stimulate a deferred orientation as has been argued in
previous papers (Pollnac, Gersuny and Poggie, 1975: Pollnac
and Poggie, 1978). Nevertheless, it could be argued that a
very high level of variability may result in a situation of
insecurity and instability which could have just the opposite
effect. Examination of a scattergram of the two variables
suggested that this is, in fact, the case. Second-order
polynomial regressions were calculated between the dependent
variable and income variability for the total sample and each
subsample. This analysis indicated that the relationships are
not statistically significant for either the total sample or
the rural sample (R=0.20 and R=0.07, respectively; p > .05).
The results are, however, statisg}cally significant for the
urban subsample (R=0.33; p < .05).

TABLE 5
Correlations between EGOCOMP Scale and Independent
Variables for Total Sample and Subsamples

Total Rural Urban

Variable Sample Sample Sample
Age -0.09 -0.09 -0.06
Education -0.01 -0.01 0.01
Years Fishing Expericnce 0.09 0.00 0.14
Own Boat 0.03 0.00 0.01

Fishing Gear Complexity 0.18* -0.12 0.30%
Ladder T-0 -0.16 -0.22 -0.11
Ladder T-5 -0.03 -0.07 0.05
Ladder T+5 (response) 0.16 0.23 0.10
Ladder T-0 - T-5 -0.10 -0.13 -0.13
Like Son to Become Fisherman 0.15 0.06 0.17
Mass Media Exposure Scale -0.08 -0.02 -0.06
Material Culture Scale -0.19%* -0.17 -0.18
Maximum Month Income -0.16 0.06 -0.22

Minimum Month Income -0.22% 0.01 -0.26%
Father Farmer -0.14 -0.21 -0.11
Father Fisherman 0.17 0.20 0.13
Income Variability 0.13 -0.07 0.23
N 117 50 67

* p < .05
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Finally, despite extensive differences between the two
subsamples with respect to variables found to be related to
economic gratification orientations in other studies, we find
that the rural and urban subsamples are not significantly
different with respect to mean EGOCOMP Scale scores (l.44
versus 1.29, respectively; F-ratio=1.136, df-1 123, p > .05).

As a means of determining combined effects of independent
variables on economic gratification orientations, a stepwise
multiple regression procedure was used to further analyze the
data. In this procedure all independent variables are
intercorrelated with the dependent variable, and the
independent variable which explains the most variance is
entered into the equation first. The next variable entered is
the one which explains the most variance with the first
controlled. This procedure is continued until all variables
are entered or a previously set criterion is reached. In the
analysis presented here, entry into the regression equation
was restricted to variables which add at least 2% to the total
amount of variance explained. The rural subsample was not
independently analyzed since it manifests no significant
relationships between the independent and dependent variables.
The results of this analysis with respect to the total sample
can be found in Table 6.

TABLE 6
Stepwise Multiple Regression between EGOCOMP Scale
and Independent Variables for Total Sample

Variable Entered Partial Multiple Regression
and Controlled to Enter  with EGOCOMP Scale

Minimum Monthly Income -0.22 0.22%

Father Farmer -0.16 0.27%

Material Culture Scale -0.15 0.30%

N = 117 * p< .05

Table 6 indicates that three independent variables -
minimum monthly income, father farmer and material culture -
explain 9% of the variance in the EGOCOMP Scale. This
multiple correlation is statistically significant at each
step, but the total amount of variance explained by these
three variables is disappointingly small.
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Turning next to the urban subsample, the second order
polynomial regression between income variability and the
EGOCOMP Scale was forced into the equation first. This
procedure was justified by the fact that the curvilinear
correlation between income variability and the EGOCOMP Scale
was higher than that between the EGOCOMP Scale and all other
independent variables. The stepwise procedure was initiated
following the entry of income variability. The results ~f
this anilysis can be found in Table 7.

TABLE 7
Stepwise Multiple Regression between Independent Variables
and the EGOCOMP Scale for the Urban Subsample

Gariable Entered Partial Multiple Regression
and Controlled to Enter with EGOCOMP Scale

Income Variability

(?nd Order Pniynomial) 0.33 0.33%
Fishing Gear Complexity 0.25 0.4)%%
Like Son to bz Fisherman 0.21 0.45%*
Father Farmer -0.20 0.48%%
Material Culture Scale -0.19 0.51%%
N = 67 * p < .05 *% p o< 01

With regard to the Urban Subsample, the first five
independent variables entered explain a total of 26 percent of
the variance in the EGOCOMP Scale. This modest, but
respectable, amount is statistically significant at the .01
level.

Turning to the questicn concerning small-scale Fishermen's
preconditions for further investment in fishing equipment,
high frequency categorized responses were cross tabulated with
age and edication dichotomized at their sample means (3.6 and
3.6 years respectively), years fishing experience dichotomized
at ten years, area of residence, and net fishing (in any
combination with or without line fishing) versus long or hand
line fishing only. The results of this analysis can be found
in Table 8.
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TABLE 8
Correlations (Phi) between Preconditions for Investme=nt
in Additional Fishing Equipment and
Selected Independent Variables

Pre.ondicion

Independent Variables More Fish More Financing
Age -0.16 0.25%
Education 0.27%% -0.23%
Fishing Experience -0.16 0.07

Area of Residence 0.12 0.10

Use of Net 0.05 0.01

N = 80 * p < .05 ** p < .02

As can be seen in Table 8, only age and education are
significantly related to the dependent variables., First, we
find that older fishermen are more likely than younger
fishermen to suggest that more financing is an important
precondition for investment in additional equipment (32 versus
12 percent respectively; chi-square = 5.143, p < .05). Next,
we see that fishermen with more than the sample mean years of
education are more likely to use "more fish" (78 varsus 53
percent; chi-square - 5.713, p < .02) and less likely to use
"more financing" (13 versus 32 percent; chi-square = 4.355, p
< .05) as preconditions for investment in additional
equipment.

TABLE 9
Correlations (Phi) between Equipment Types Mentioned as
Possible Investments and Selected Independent Variables

Equipment Type

Independent Variables Net Launcha Longline
Age -0.11 0.13 0.03
Education 0.09 -0.07 -0.06
Fishing Experience -0.10 0.00 -0.12

Area of Pesidence 0.25% u.02 0.11

Use of Net 0.44%%% -0 24% -0.28%%

N = 80 *p< .05 ** p < .02 *k% p < 001
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Equipnent types mentioned as possible investments werle
cross tabulated with the same independent variables, and the
results of this analysis can be found in Table 9. Table 9
indicates that only area of residence and use of net are
related to possible investments in fishing equipment. First,
56 percent of the urban fishermen, in contrast to only 30
percent of the rural said that they would invest in a fishing
net (chi-square = 5.098, p < .05). Finally, net fishermen are
more likely to make further investments in nets (65 versus 21
percent; chi-square = 15.663, p < .001) and less likely than
non-net fishermen to make further investment in a launcha (20
versus 41 percent respectively; chi-square = 4.457, p < .05)
or long lines (7 versus 26 percent respectively; chi-square =
6.102, p < .02). Figure 1 graphically displays the investment
orientations of the different types of fishermen.

NET (65%)

> LAUNCHA (20%)
OTHER OR NONE (8%)

> NET (21%)

NET FISHERMEN

— > LAUNCHA (41%)
LONG & HAND LINE --§‘__~§__~\§§\
FISHERMEN \\\\\\\\\\\\\\\\\;~LINES o
OTHER OR NONE (12%)
FIGURE 1. Investment Orientations of Long and Hand Line and
Net Fishermen.

DISCUSSION AND CONCLUSION

Turning first to preccenditions for further investment in
capital equipment, we have seen that older fishermen and those
with less education are those most likely to note that they
would invest in more fishing equipment if more financing were
available. Fishermen with more than the sample mean years of
education, however, are more likely to argue that they would
like to see an increase in fish available for capture before
they make further investments in equipment. This finding
makes sense in light of the fact that 83 percent of the
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fishermen with four or more years of education, in contrast to
only 59% of those with less than 4 years, indicated that the
amouat of fish availab.e for capture has decreased over the
years (chi-square = 5.547, p < .02). In general, most
fishermen agree that average catches are decreasing, but the
more educcted are less likely to view increased financing of
equipment as a solution to the problem.

With regard to fishing equipment as possible investments,
it can be seen that, in general, fishermen have a tendency to
reinvest in the same general type of equipment that they are
already using. The positive relationship between urban
residence and orientation toward investment in nets can be
expiained by the fact that there is a greater percentage of
nei fishermen in the urban area, and net fishermen tend to say
that they would invest in more nets.

Turning to the :crrelates of gratification orientations,
we found strong rural/urban differences. As a matter of fact,
the significant zero order correlations for the total sample
probably result from the significant correlations between the
dependent and independent variables within the urban sample,
We will therefore focus our discussion on the urban sample.

The analysis indicates that there is a tendency for
deferred economic gratification orientations to increase,
level off, then decrease as the degree of income variability
increases in the urban subsample. It is interesting to note
that althcugh the rural subgroup manifests a higher degree of
income variability than the urban subsample there is no
significant difference in economic gratification orientations
between the two areas. This sugpgests that situational
factors, such as those discussed below, might be affecting the
relationships between the two variables.

As variability of income increases, skillful management
becomes essential for survival. A future orientation must be
maintained to preserve and allocate income to support one's
self and family during periods of little or no production (cf.
Pollnac, Gersuny, and Poggie, 1975; Pollnac and Poggie, 1978).
't was suggested above, however, that after periodicity of
income increases to a certain point, economic insecurity may
result. Several investigators have related economic
predictability and security to gratification orientations (ct.
Rodgers, 1967; Meade, 1971; Robbins and Thompson, 1974;
Thompson, 1975; Pollnac and Poggie, 1978; Margolis, 1977). At
this higher level of income periodicity, with its concomitant
economic insecurity, the individual is living from day-to-day,
probably in debt to friends, family, shopkeepers, and
middlemen. 1If he does not spend what he receives, it may soon
be claimed by his creditors. Several situational factors may
account for the differential existence of these phenomena in
the rural and urban subsamples.
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It was noted above that individuals in the rural areas are
much less tied into the cash economy than those in the urban
area., In the rural area many small-scale fishermen have
subsistence plots and domestic animals (usually pigs and
chickens) to help them through less productive periods.
Additionally, food can be bought or bartered from family,
friends, or local farmers at much lower prices than in the
city. Thus a high level of fishing income variabilicty
probably does not generate insecurity in the rural area since
other resources are available. Further, subsistence plots and
domestic animals probably assist in leveling out overall
variability.

In the urban area fishermen are locked into the cash

economy. There is much less space for subsistence plots and
domestic animals; thus, almost all non-fish food is purchased
from local shopkeepers. Electricity and luxury goods such as

televisions and refrigerators are readily available.
Televisions are extremely expensive in Costa Rica, yet aver 50
percent of the uvrban fishermen report that they own one (only
one fisherman in the rural sample owned one along with a
generator which was necessary for its operation). The urban
small-scale fishermen obtain these luxury goods on credit,
thus locking themselves into monthly payments for both

utilities and the items themselves. Thus, for the urban
fisherman, increases in periodicity demand a deferred
orientation in order to pay bills and purchase food. VWhen

periodicity of income goes beyond a certain point, however,
the urban fisherman, in contrast to the rural, goes further
into debt and has little opportunity to invest in the future.
His funds become committed to past purchases and present
existence.

This same type of explanation holds for the significant
negative correlation between minimum monthly income and
gratification orientations in the urban area. This
correlation indicates that the lower the minimum monthly
income, the more deferred the individual fisherman. Once
again, this is adaptive in the urban context where fishermen
are locked into the cash economy. The smaller the minimum
monthly income, the more one needs a deferred orientation to
put aside money earned ii. more productive months for support
in lean months. In the rural area, as described above, lesser
involvement with the cash economy and alternative food sources
reduces the effects of small monthly fishing incomes.

The strong positive relationship between the fishing gear
complexity scale and the EGOCOMP Scale indicates that as gear
complexity increases, the deferred orientation decreases.
Since most responses coded as c=2ferred are fishing equipment,
it appears that those who already use complex equipment are
less likely to say that they would use a sudden windfall of
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money for more equipment. Apparently the need for additional
gear is not very salient among fishermen who are adequately
equipped. The alternative explanation that those with more
complex equipment have lower periodicity and higher minimum
monthly incomes, thus reducing the need to defer, is rejected
because correlations between these income variables and gear
complexity were -.12 and -.22 respectively within the urban
sample (N=67, p > .05).

Once again, we find important situational constraints
affecting the relationships between economic gratification
orientations and other variables. In this case, economic
gratification orientations are related to income variability
and minimum monthly income only in the urban area where
small-scale fishermen are committed to the cash economy and
often in debt due to the credit structure. Further, income
variability and minimum monthly income are related to economic
gratification orientations only where the effects of these
variables are not leveled out by less obvious incomes such as
produce from subsistence plots and small domestic animals,
The importance of this variable in contexts of planned change
suggests that the situational determinants of economic
gratification orientations are of utmost significance, and
development schemes should be involved with creating
environments favorable to deferred orientations if they are to
succeed. Somectimes, the establishment of an organizational
context (e.g., fishermen's association or cooperative) with
educational programs and functions facilitating savings,
investment, and preventative maintenance is all that is needed
to stimulate an investment orientation favorable to
development project success. In cases where initial
assessment indicates a low degree of future orientation among
the targzet population, the extra effort required to establish
such organizations would be more than compensated for by the
increased probability of project success and sustainable
project impacts,

FOOTNOTES

1. A first version of this paper appeared as Anthropology
Working Paper No. 19, "Investment orientations among
small-scale fishermen in the Gulf of Nicoya, Costa Rica"
(1977). It was subsequently revised as a chapter which
appeared in Small Scale Fisheries in Central America:
Acquiring Information for Decision Making (J. Sutinen & R.
Pollnac, Eds.) Kingston, R.I: ICMRD (1981). The present
version has a revised introduction and discussion, and
description of the methods and analysis have been edited.
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2. Since some researchers might object to the use of
polynomial regression in the case where the dependent
variable is a scale with only three possible values (0, 1,
or 2), a non-parametric test was also conducted. The
sample was divided into three subgroups on the basis of
income variability (IV): Low (IV < .60), Medium (IV .60
to .79), and High (IV > .80). Kruskal-Wallis one-way
analysis of variance was conducted between these three
subgroups with regard to EGOCOMP Scores for the urban
subsample. Among urban fishermen the low variability
subgroup manifested the lowest EGOCOMP Scale scores, the
medium subgroup the highest, and the high subgroup was
intermediate. The differences were statistically
significant (H = 10.0i, p = 0.007); thus, supporting our
finding of a non-linear relationship between income
variability and the EGOCOMP Scale in the urban subsample.
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AN EVALUATION OF SELECTED ARTISANAL FISHERIES PROJECTS IN
SENEGAL

T. R. Brainerd, Department of Resource Economics, The
Universicy of Rhode Island, Kingston, RI

INTRODUCTION

Due to a favcrable marine environment, Senegal has
abundant fish resources and is one of the major fish producing
countries in West Africa. Total annual marine production
increased from under 100,000 metric tons in the mid 60s
(Everett, 1975) to over 200,000 metric *tons in the mid 70s
(FAO, 1987). Annual production is still increasing, but at a
much slower rate. Fishing accounts for over 10 percent of
GDP, und fishery products were the highest exports in value in
1981. Over 50,000 people (full- and part-time) are employed
in the fishing industry. The fishing industry consists of the
traditional artisanal secto! (including river fishing) which
is controlled by Senegalese and the industrial sector of both
local and foreign vessels. Tie artisanal sector accounts for
80 percent of all marine fich landed in Senegal (Lawson and
Robinson, 1983). The industrial production is mainly exported
canned or frozen.

The Government of Senegal, realizing the contribution of
the artisanal sector to fish consumption and to employment in
the country, insrituted projects for expanding the artisanal
fishery sector. The 1972 project for the motorization of
pircgues (canoes) and the introduction of purse scines to
artisanal fishermer started as two separate projects at about
the same time.

The first attempt at motorization began in 1953. (No
information is available on its outcome.) Between 1958 and
1961, 900 canoes were equipped with outboard motors through
the efforts of the Fisheries Department in Senegal. From 1963
to 1965, a system of credit to enable fishermen to purchase
outboard motors was established by the National Development
Bank of Senegal. This credit system was discontinued in 1966
because of the low repayment rate (CIDA, November, 1980).

In 1972 a project for the motorization of pirogues was
formulated between the Government of Senegal and the Canadian
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International Development Agency (CIDA). This project called
for the provision of outboard engines and maintenance and
repair facilities to artisanal fishermen over a five-year
period. About the same time (1972), experimental trials with
purse seine gear were being conducted under a joint project by
UNDP/FAO and the Government of Senegal. Both projects
increased production and expanded the artisanal fishery. As a
result, fish were in surplus, especially during the peak
season, which caused prices to be depressed during the peak
fishing season. To alleviate this problew, the zovernment
formulated a project in 1981 for the distribution and
marketing of fish caught by the artisanal fishery.

This paper describes and evaluates the motorization, purse
seine, and marketing projects. Following a brief description
of the nature of the projects, the financial analysis of the
motorization project is presented. Next, a financial analysis
is done to compare the costs and returns to fishermen under
three fishing methods (unmotorized, motorized with surrounding
gill net, and motorized with purse seine) using certain
assumptions. These results are then compared with the results
of the analysis using actual values from purse seine
operations. A sensitivity analysis is conducted on fishing
operations. Next, a financial analysis of the three
distribution centers is presented followed by a socioeconomic
evaluation of the project’'s objectives. The paper concludec
with a summary of the results of the evaluation.

DESCRIPTION OF THE 1972 MOTORIZATION PROJECT
The original objectives of the motorization project were:

a. To provide 3,500 outboard engines and spare parts to
artisanal fishermen throughout Senegal.

b. To establish "satellite" stations in mzjor fishing
villages.

c. To establish a cooperative credit system for providing
loans to fishermen to purchase outboard engines.

d. To provide training for extension staff in these
activities.

e. To provide advice to fishermen for the management of
their increased revenues from motorization.

Over 25,000 artisanal fishermen and approximatelv 20,000
people involved in fish processing, distribution and marketing
throughout Senegal were evpected to ben fit from this project.
Also, the resulting increased fish production was expacted to
increase per capita fish consumption, thus improving
nutritional standards in Senegal.

There were two principal sources of funding. CIDA
contributed 2,710,000 Canadian dollars, the external funding

76



for outboard engines, spare parts, and other equipment. The
Government of Senegal contributed the local components (staff,
buildings, etc., exact contribution not known). The Direction
de 1'Oceancgravhie et des Péches Maritimes (DOPM-Fisheries
Department) established a special unit called "Centre
Assistance Motorizatiun Péche" (CAMP) for implementing the
project. An evaluation based on previous knowledge of fishing
activities was made to determine the number of outboard
engines to be distributed to the different fishing areas. The
main consideration was the number of canoes in each area.
Three thousand six hundred outboard engines were made
available under the :redit program to fishermen over the
five-year period. The extension staff working with CAMP
relied on local cooperatives that were already existing in
assessing the qualifications of the fishermen who applied for
the outboard engines. Seven "satellite" stations were
established in major fishing areas to assist fishermen in
maintenance and repairs to their engines. These stations also
sold spave parts to the fishermen.

Under the credit agreement, fishermen were requived to
make an initial payment of at least 20 percent of the costs of
the engines before the engines were given to them. The
balance was to be paid monthly over 24 months. If the engine
was obtained during the off season, fishermen were not
required to make any payment until the fishing scason started.
Insurance coverage was added to the cost of the engine until
complete payment was made. The original costs of the engines
were increased by 20 percent to provide working capital for
CAMP, and part of the income was used to assist cooperatives
with obtaining fishing nets and other accessories for fishing
operations. The agreement called for withdrawal of the use of
the facilities of the "satelli:e" stations from defaulters and
subsequent repossession of the engines. The repayment rate
was up to 95 percent in 1975. This fell sharply after 1975
due to increases in the cost of outbourd motors and tho price
of fuel without corresponding increases in the price of fish,
Also, there was a shortage of spare parts for outboard motors
resulting in a considerable number of lost fishing days.

Thirty mechanics were trained in the maintenance and
repair of outboard engines and the use of specialized tools.
CAMP also trained 10 people to manage the spare parts stores
at the "satellite" stations, particularly in maintaining
adequate inventory and following proper requisitioning
procedures. Unfortunately the distribution of outboard
engines started before the training of the 30 mechanics, and
by the time the training was completed several outboard
engines were out of use because of poor handling and lack of
maintenance. There was a high demand for spare parts, and the
init.al inventory was rapidly depleted. Some fishermen
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obtained the engines duriang the off season and engas~rd in
transportation activities without making any payments o, rh: v
loans until the fishing season because of the conditions of
the agreement. Some of them were unable to complete payments
before the engines became unserviceakie.

The working capital of CAMP diminished due to high
operating costs and poor management, and after a while, it was
unable to continue the support services to cooperatives. The
project was supposed to continue its activities at the end of
the: five-year period, b:t in 1976, when CIDA ended its funding
of the project, the project became inactive until the
government obtained engines and spare parts from a firm in
Belgium under another agreement. During the time lapse, there
was considerable shortage of spare parts, and this affected
the operations of fishermen. 1In 1975 and 1977, the Belgium
firm supplied 800 outboard engines to the project. 1In 1978,
the Government of Senegal entered into another agreemant with
Japan, and from 1978 to June 1982, Japan supplied the project
with 4,828 outboard engines and spare parts. This agreement
is presently in force, and the project has been incorporated
into the CAPAS Project (Centre d’ Assistance a la Péche
Artisanal du Senegal) for artisanal fishery development in
Senegal.

DESCRIPTION OF THE PURSE SEINE PROJECT

The original objectives of the purse seine project were to
provide to artisanal fishermen a more efficient method for
exploiting pelagic fish stocks and increasing their harvesting
potential. The intended beneficiaries were artisanal
fishermen exploiting pelagic fish stocks, mainly sardinella
species, consumers of fish, and fish meal plants. The
surrouanding gill net used in this fishery at the time was
considered inefficient because of its method of operation as
well as the length of time needed to remove fish from the net.
This often led to deterioration in fish quality and, as a
consequence, to lower prices for the fish landed.

External funds for the project were provided by the United
Nations Development Program (UNDP). The Government of Senegal
provided funds locally for the project. Between May 1969 and
May 1972, experimental fishing was carried out using the ourece
seine with selected artisanal fishermen from different areas
in Senegal. The trials involved training these fishermen how
to use the purse seine in fishing operations. Two major
landing sites were chosen. These were M'Bour and Joal, both
south of Dakar. A trial fishing trip usually lasted from 8 to
10 hours depending on the distance to the fishing ground.
Fishing operations were carried out from boats 12 to 14 meters
long using purse seines 200 to 280 meters long, and 40 meters
deep. Two boats were involved in the operations because of
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the size of the purse seine and the expected size of the
catch. One boat usually carries all the equipment, and the
other carries the catch. The composition of the catch during
the experimental period was approximately 75 percent
sardinella (3. aurita prevailing in most cases) and 25 percent
of mixed pelagic species. The catch ccmposition of the
surrounding gill net was mainly S, eba and Ethmalosa fimbriata
(Grassett, 1972).

By May 1972, the project had identified sizes of purse
seines suitable for the canoe fishery. Commercial fishing
operations with purse seines started in July 1972, and funds
were provided through cooperatives to fishermen to purchase
the nets. Because of the high capital investment in equipment
(two outboard engines, two boats, and the purse seine), only
artisanal fishermen with substantial savings at that time were

able to engape in purse seine operations. However, as these
were successful, others obtained funds to purchase the
equipment, and the number is still increasing. Presently,

this project is incorporated into the CAPAS Project for
artisanal fisheries development in Senegal .

DESCRIPTION OF DISTRIBUTION AND MARKETING PROJECT

The original objectives of the distribution and marketing
project were:

a. To provide facilities for handling and storage of
fish, particularly during the peak season.

b. To provide an avenue for artisanal fishormen to
dispose of their catch at regulated prices.

¢. To regulate market prices through the use of storage
and distribution facilities.

d. To increase the supply of fresh fish to consumers and
to create an efficient marketing system,

e. T> train members of cooperatives in the maintenance
and operation of handling and storage facilities.

The project was called "Centre d'Assistance A la Péche
Artisanal du Senegal" (CAPAS - Center for assisting artisanal
“ishermen in Senegal) and it was established in 1981. The
project was planned to last until 1986. The main emphasis was
on working closely with the cooperatives in carrying out the
project’s activities. CAPAS was planned to be the main thrust
fer the formation of viable Ffishermen's cooperatives. The
project provided outboard engines, spare parts, fishing nets
(purse seine and other nets), and maintenance and other repair
facilities. The other activities planned by the project
included the possible replacement of canoes with fiberglass
boats, developing floating platforms at landing sites, and
establishing centers for providing information to Fishermen
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through audiovisual aids, etc.

The proposed project components consisted of an
administrative and technical center, four distribution centers
in major fishing areas, and possibly four additional
distribution centers in other fishing areas (depending on the
success of the first four centers). Each center would be
provided with ice plants, cold rooms, and refrigerated trucks
for the distribution of fresh fish.

The component dealing with the purchasing, storage and
marketing of fresh fish was financed by CIDA. The other
components (motorization and purse seine) were expected to he
self-suppocting. Outboard motors, spare parts, and fishing
nets, etc., were provided on cash basis te fishermen duty
free. At the end of the five-year project period, the
fishermen's cooperatives were expected tn take over all of the
distribution and mairketing operations.

FINANCIAL ANALYSIS OF MOTORIZATION PROJECT

The financial analysis consists of an evaluation of the
project's financial activities for fiscal years 1975/76 and
1976/77. The first period shows how the project performed
while it was still receiving engin.. and spare parts from
CIDA, and the sccond period shows whether the project could
have become self-sustaining financially without outside
funding or subsidies.

Table 1 gives costs, sales, and earnings for both periods,
The first period shows net earnirgs of 8,898,000 FCFA, while
the second period shows a net loss of 18,114,000 FCFA (50 FCFA
= 1 French Franc). All items under expenses increased
considerably during the second period. For example, salaries
for the second period increased by 38 percent, while sales for
the same period decreased by 61 percent. The large decrease
in sales was due to the pericd of inactivity between the time
funding from CIDA ceased, and an agreement was made with a
firm in Belgium te supply engines and spare parts. A possible
explanation for the increase in salaries is that labor cost
incurred for the workshop installations is not included under
that category. However, it is hard to justify the increase in

the other expenses when sales were very low., The operating
expenses for the second period increased by approximately 50
percent.

Two financial ratios are calculated to assess the
efficiency and profitability of the project; these are the
operating ratio and the return on sales ratio. The operating
ratio indicates the ability of manigement to control the
operating costs, including admir istretive expenses. Table 2
gives the ratios (as percentages) for both periods. As a rule
of thumb (Gittinger, 1982) this value should be between 50
percent and 80 percent, Tt is most useful when the project's
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TABLE 1

Financial Activity of CAMP Motorization Project, Senegal

Total Cost Total Sales Gross Earnings
1975/76 113,328,647 142,285,809 28,457,162
1976/77 44,049,885 55,062,356 11,012,471
1975/76 1976/77

Gross Earnings 28,457,162 11,012,471

Operating Expenses

- Salaries 10,505,815 14,517,723

- Workshop Installations - 309,845

- Office Supplies 891,045 1,306,148

- Local Travel 456,445 1,446,640

- Fuel 3,512,700 5,077,230

- Utilities 1,017,363 1,892,918

- Medical Expenses 324,350 710,898

- Postage 317,887 888,441

- Cash Advances 2,533,700 2,976,640

19,559,305 29,126,483

Net Earnings 8,897,857 (18,114,012)

Source: Project Report Unpublished
Note: 383 FCFA (Francs) = US $1.00 (USAID Country

Profile, 1983),

TABLE 2

Financial Ratios of CAMP Motcvization Project, Senegal

1975/76 1976/77
Operating Ratio (%) 69
(Operating Expenses/Revenue)
Return on Sales (%) 31

(Net Income/Revenue)
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performance is analyzed on a year-to-year or period-to-period
basis. If the ratio is increasing, it may indicate that costs
are increasing or sales are declining, and management has not
trimmed down expenses to reflect the situation. If the ratio
is close to 90 percent, the project may have difficulty in
making adequate returns. If it is abnormally low, below 50
percent, then sowe costs have likely been omitted or
underestimated.

The value of 69 percent for the first period shows that
the project had a good operating margin, and that operating
expenses were low enough for the project to make adequate
returns. The -'alue of 265 percent for the second period
obviously shows that operating expenses were about two and a
half times higher than the revenue, and that the project could
not have continued operations without outside funding.

The return on sales shows how large an operating margin
the project has on its sales. The value of 31 percent for the
first period likely shows that the sales are bringing adequate
returns on investment. (For a project with fast-moving
inventory, this ratio need not be high for the project to be
financially viable.) The ratio for the second period is
negative, resulting from the negative net income. This also
shows that the project could not have continued operations
without outside funding.

In summary, the financial analysis shows that the project
could not penevat funds on its own to be financially viable.
Enough funds were generated to cover operating expenses from
the sale of engines and spare parts that were provided to the

project. However, when the supplies were discontinued, the
project could not obtain supplies with the funds generated
from its activities. This aspect is of vital importance,

since the long-term goal was for the project to be
self-sustaining, with all funds and subsidies discontinued.
This problem is discussed further below. Operating expenses
for the second period were substantially high. Such a project
should have the ability to trim down expenses during periods
of low sales or inactivity; otherwise earnings can be reduced
to a level where the project is no longer financially viable.

ANALYSIS OF FISHING OPERATIONS

The analysis of fishing operations consists of computing
cost factors for three different fishing methods in order to
determine whether the new technology increased productivity.
The methods are non-motorized canoce with longline, motorized
cance with surrounding gill net, and motori-ed canoe with
purse seine. Next, an analysis is done using actual values
from purse snine operations. A comparison is made with the
results of bcth analyses.
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Table 3 lists the assumptions made for this analysis. For
fishermen to operate in the short run, they must cover their
average variable costs, and if they are to operate in the long
run (he able to replace their equipment), they must cover
their average total costs. The annual estimates for the three
methods are presented in Table 3. The difference between the
average total cost and the average variable cost is greater
for the motorized cances. This is not surprising because of
the added cost of motorization. Given the average revenues
for the three methods, 2’1 of them cover their average costs
(total and variable) and realize profits. The average revenue
for the non-motorized canoe is highest because it is catching
high priced fish. On average, the non-motorized canoe has the
highest profit margin, but its total profit is th. lowest
because of the small catch. The results indicate that
productivity increased with motorization and with the
introduction of the purse seine.

TABLE 3
Estimated Annual Praduction Costs and Revenues of Canoes('000 FCFA)
Artisanal Fishery, Senegal

Motorized Canon Motorized
Nori-Motorized With Surrzunding Canoe With
Canoe Gill Net Purse Seine
Number of Trips/Year 200 200 200
Average Catch/Trip (Tons) 0.04 0.50 3.00
Fixed Costs 14 316 1,067
- Boat (a) 4 8 150
- Engine (b) -- 78 250
- Gear (c¢) 10 230 667
Variable Costs 106 1,061 6,531
- Fuel & Lubricant (d) -- 158 902
- Labor (e) 95 826 5,029
- Repairs & Maintenance (f) 1" 77 600
Total Costs 120 1,377 7,598
Total Catch 8 100 600
Average Total Cost 15 14 13
Average Variable Cost 13 1 1"
Total Revenue (g) 285 2,712 16,570
Average Revenue 36 27 28
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The data obtained for the operations of the purse seine do
not contain any information on costs. Thus, the same
assumptions used previously (Table 3) are applied. The data
contain values for total catch, total value, days fished, and
average catch per day, for July to December 1972. These
values were multiplied by two to adjust them to annual values.
Table 4 shows that the average revenue per ton of fish is
27,640 FCFA which is approximately the same as the estimated
value of 27,650 FCFA. The average costs (actual and
estimated) are also similar. Based on 139 trips for six
months, the number of trips per year is 278, This is much
higher than the estimated figure of 200. The average catch
per trip of two tons is 50 percent less than the estimated
figure of three tons.

TABLE 4
Annual Production Costs and Revenues for Purse Seine
Operations ('000 FCFA) Artisanal Fishery, Senegal

Motorized Canoe
With Purse Seine

Number of Trips/Year 278
Average Catch/Trip (Tons) 2
Fixed Costs 1,067
- Boat 150
- Engine 250
- Gear 667
Variable Costs 6,004
- Fuel & Lubricant 902
- Labor 4,502
- Repairs & Maintenance 600
Total Costs 7,071
Total Catch 543
Average Total Cost 13
Average Variable Cost 11
Total Revenue 15,008
Average Revenue 28

Estimates of returns on equ'pment are computed on the
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share earnings system. This system gives one third of the
earnings to labor, one-third to equipment, and one third to
the invested capital after deducting operating expenses. The
gross share is calculated by first computing the percentage
contribution of the equipment to the total capital investment.
This percentage of the one third share to equipment gives the
gross share for a particular equipment. The repairs and
maintenance costs are computed based on 15 percant of the cost
of the equipment.

(a) Cost of canoves (hull): (i) non-motorized - 60,000 FCFA
with 15 years economic life and no salvage value; (ii)
metorized canoe with surrounding gill net - 125,000 FCFA
with 15 years economic life and no salvage value; (iii)
motorized canoe with purse seine net (2 canoes) -
1,500,000 FCFA with 10 years economic life and no salvage
value.

{U) Costs of outboard engines: 8 h.p. for canoe with gill net
155,000 rCFA with two ycars economic life and no salvage
value; 25 h.p. for canoe with purse seine (2 engines) -
500,000 FCFA with two years economir life and no salvage
value.

(c) Costs of fishing gear: Longline - 10,000 FCFA with one
year economic life and no salvage value; surrounding gill

net - 230 000 FCFA with one year economic life and no
salvage value; purse seine - 2,000,000 FCFA with cthreec
years economic life and no salvage value. Straight linre

depreciation is used for all equipment.

(d) Costs of fuel and lubricant: 8 h.p. engine - 14 liters
per trip @ 55 FCFA/liter; 25 h.p. engine (2) - 80 'iters
per trip @ 55 l.FA/liter; lubricant - 2.5 percent fuel

cost.

(e) Labor cost: non-motorized canve (2 fishermen) - cie-third
of earnings; motorized canoe with surrounding gill net (7
fishermen); - one-third of earnings after deducting
operating costs; motorized canoe with purse seine (18
fishermen) - one third of ecarnings after deducting

operating costs.

(f) Repairs and maintenance costs: fifteen percent of capital
investment for each boat type.

(g) Price of fish: Av. price/ton for non-motorized canoe
(mixed species) - 35,600 FCFA; Av. price/ton for motorized
canoe with surrounding gill net - 27,120 FCFA (80 percent
Sardinella spp. at 25,000 FCFA/ton, 20 percent mixed
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species at 35,600 FCFA/ton). Av. price/ton for motorized
- 27,650 FCFA (75 percent
Sardinella spp. at 25,000 FCFA/ton, and 25 percent mixed

canoe with purse seine

species at 35,600 FCFA/von).

Table 5 shows that under these assumptions all three
operations can replace their equipment from the earnings of
estimates of costs and

the share system. However,

prices are not accurate, the resu!ts could be different,
sensitivity analysis that follows shows how the results could

be affected.

TABLE S
Estimated Annual Returns on Fishing Equipment

if the

(*000 FCFA)
Artisanal Fishery, Sene¢al

Non-Motorized

Motorized Canoe

With Surruunding Motorized Canoe

Canoe Gill ket with Purse Seine

Number of trips per ycar 200 200 200
Average catch per trip (tons) 2.04 0.50 3.00
Engine

Gross Share - 181 685

Repair and maintenance costs -- 23 75

ket Shoare .- 158 610
Gear

Gross Share 14 272 2,739

Repair and maintenance costs 2 35 300

Net Share 12 237 2,439
Canoe

Gross Share 81 151 2,054

Repair and maintenance costs 9 19 225

Net Share 2 132 1,829

Note: 383 FCFA (Francs) = US $1.00 (USAID Ccuntry Profile, 1983).

Sensitivity analysis is useful to provide insight to the
economic viability of fishing operations if, for example, the
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operating costs and the repair and maintenance costs increase.
Prices may have been lower due to saturation of ti.e market.
For this analysis the factors mentioned above are adjusted by
50 percent (costs are increased by 50 percent and prices
decreased by 50 percent).

Table 6 shows that the average revenues and the average
costs are reduced. The reduction in revenues is due to the
fall in prices, and the reduction in costs is due to the
reduction in labor costs because of the share sys.em. All
costs are below revenues, thus the analysis shows that the
operations are still viable. Table 7 shows that the returns
on equipment are still adequate to replace them.

TABLE 6
Estimated Annua! Production Costs and Revenues of Canoes (000 FCFA)
Sensitivity Analysis Artisanal Fishery, Senegal

Motorized Canoe Motorized
Non-Motorized With Surrounding Canoe With
Cance Gill Net Purse Seine
Number of Trips/Year 200 200 200
Average Catch/Trip (Tons) 0.04 0.50 3.00
Fixed Costs 14 316 1,067
- Boat (a) 4 8 150
- Engine (b) -- 78 250
- Gear (c) 10 230 667
Variable Costs 63 687 4,268
- Fuel & Lubricant (d) -- 237 1,353
- Labor (e) 47 334 2,015
- Repairs & Maintenance (f) 16 116 900
Total Costs 77 1,003 5,335
Total Catch 8 100 600
Average Total Cost 10 10 9
Average Variable Cost 8 7 7
Total Revenue (g) 142 1,356 8,295
Average Revenue -8 14 14
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FINANCIAL ANALYSIS OF FRESH FISH DISTRIBUTION CENTERS

Three fresh fish distribution centers were established by
the CAPAS Project at Kayar, Joal and Rufisque, all within 80
kilometers of Dakar. The Kayar and Joal Centers each consist
of three refrigerated (cold) rooms with 50 tons total
capacity, two ice plants with daily production of 20 tons, and
two refrigerated trucks with 14 tons total capacity. The

TABLE 7
Estimated Annual Returns on Fishing Equipment (‘000 FCFA)
Sensitivity Analysis Artisanal Fishery, Senegal

Motorized Canoe
Non-Motorized With Surrounding Motorized Canoe

Canoe Gill Net With Purse Seine

Number of Trips per Year 200 200 200
Average Catch per Trip (Tons) 0.04 0.50 3.00
Engine:

Gross Share .- 136 346

Repairs & Maintenance Costs -- 35 113

Net Share .- 101 233
Gear:

Gross Share 7 203 1,383

Repairs & Maintenance Costs 2 52 450

Net Share 5 151 932
Canoe:

Gross Share 40 13 1,037

Repairs & Maintenance Costs 14 28 338

Net Share 26 85 699

383 FCFA (Francs) = US $1.00 (USAID Country Profile, 1983).

Rufisjue Center consists of two cold rooms with 20 tons total
capacity, one ice plant with daily production of 10 tons, and
two refrigerated trucks with a total capacity of 14 tons. The
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center at Kayar started operations in October 1981, the Joal
Center started operations in May 1982, and the Rufisque Center
started operations in April 1983. Because of increased costs,
the number of centers was reduced to three, and no additional
center is envisaged during the planned project period.

The financial analysis of the distribution centers
consists of an evaluation of their activities for 1982/83.
The salaries of the staff at CAPAS Headquarters, the salaries
of the technical experts, and the operating costs of the CAPAS
headquarters are not included in the analysis. Table 8 gives
the costs, sales, and earrings for the three centers.

TABLE 8
Financial Activity of Fresh Fish Distribution Centers (*000,000 FCFA)
Capas Project, Senegal

«uly 1982 - June 1983 Apr 11-Jun 30, 1983
AYAR JOAL RUF1SQUE
GROSS EARMINGS
Sale of fresh fish 85.00 67.00 7.0C
Sale of ice 5.00 2.60 0.05
90.00 69.60 7.05
EXPENSES
Purchase of fresh fish 51.00 (735 t) 47.00 (822 t) 4.00 (47 t)
Operating costs (salaries, 29.00 29.00 2.70
fuel, maintenance, ~  ----- ...
repairs, etc.) 80.00 76.00 6.70
NET EARNINGS 10.00 (£.490) 0.35
Operating Ratio (%) 89 () 95
Return on Sales (%) 1" ) 5
Average purchase price 69,390 FCFA 57,180 FCFA 85,106 Flbn
per ton of fresh fish
Average selling price 115,650 FCFA 81,510 FCFA 148,936 FCFA
per ton of fresh fish
Gross profit margin 46,260 FCFA 24,330 FCFA 63,830 FCFA

per ton of fresh fish
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The center at Kayar recorded net earnings of 10 million
FCFA. This amount was distributed to the fishermen who sold
fish to the center and are members of the cooperative on a
proportional basis, depending on the quantity of fish sold by
each fisherman. The center at Joal recorded a net loss of 6.4
million FCFA. This center actually went bankrupt in January
1983 and the Project Headquarters took over its management
from the cooperative. The center at Rufisque recorded net
earnings of 351,000 FCFA for the three-month period. Table 9
gives a breakdown of the operating costs for this center.

TABLE 9
Breakdown of Operating Costs of the Rufisque Center
April 11-June 30, 1983
(FCFA)
Capas Project, Senegal

Operating Average
Costs per Month
Salaries (S) 693,000 257,000
Casual Labor 372,000 138,000
Social Security 45,00 17,000
Gasoline (Trucks) 621,000 230,000
Maintenance & Repair to Trucks 26,700 10,000
Maintenance to Equipment 9,000 3,300
(Cold Rooms, Ice Plants, etc.)
Transportation 2,000 740
Hotels & Restaurants for 175,000 65,000
Drivers & Fish Distributors
Miscellaneous 24,000 6,000
Total Operating Costs 1,967,700

(Breakdowns for the other two centers are nat available.)
Salaries, casual labor, and gasoline for the two refrigerated
trucks account for 85 percent of the operating costs.

The operating ratio and the return on sales ratio are
computed to ascsess the efficiency and profitability of the
operations of the centers. The operating ratios for the Kayar
and Rufisque Certers (89 percenc and 95 percent respectively)
indicate high operating expenses and low returns. Both
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ceuters cannot be financially viable in the long run unless
expenses are reduced considerably relative to returns. The
operating rati~ for the Jual Cente: is negative due to the net
loss recorded The return on sules ratios for the Kayar and
Rufisque Centers are 11 percent and 5 pereent respectively,
and negative .or the Joal Center. The ratio need not be high
if the inventory (in this case fresh fish) turns over frst.
Since the average turnover time of inventory is only a few
days, the centers may be financially viable in the long, run.
Also, the ratio for the Rufisque Center should increase with
increases in fishermen’s participation. At the time of the
analysis the center had operated for less than three months,
and the response of fishermen was usually slow at the
beginuing, based on the experience from the Kavar Center.

In summary, the financial analysis shows that the
centers were not generating enough funds to be finanecially

viable in the long run.  The operating ratios are high; thus,
the centers were not making adequate returns.  The projections

for 1983-84 were that the Kivar Center would make net carnings
of 13 million FCFA, and the Joal Center, not earnings ot 8
million FCFA.  The Rutisque Centor was also expected to record
net earnings for the same period. These projections are
discussed further in the sociocconomic evaluition.

SOCIOECONOMIC EVALUATION

The sociocconomic evaluation of the three projects
consists of an evaluation of their results in terms of stated
objectives. Where objectives were not realized, veasons for
tailure are proposed. Fishing operations are also evaluated.,

Over the five-yvear period of the matorization project,
3,600 outhoard enpines were provided to ar* canal fishermen.
This figure exceeded the target of 3,500 in . o project plan.
MHotorization allowed fishermen to increase canoe size and
extend their fishing operations, resulting in more efficient
operations and increased productivity. Table 10 gives the
estimated annmal increase in production per boat due to the
chauges brought about by wmoterization. This shows an annual
increase of 92 tons per boat.  However, fishing pear also
changed with motorization, The non-motori=cd canoe uses
fishing gear that catches species with low Loock density but
hizh value, while the motorized canoe utilizes tishing pear
that catches pelapic species of high stock density but low
value.

The net annual income per beat shows an increase of
935,000 FCFA due to motorization. The Not Present Value Index
(NPVI) gives the carning per FCFA of the investment. This is
computed by dividing the Net Present Valve (NPV) of the income
by the investment. Using a discount rate of 15 percent, the
NPVI is 4.17 for the non-motorized canoe aund 3.60 for the
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TABLE 10
Estimated Increase in Boat Income and Production due to Mo:srization
and the Introduction of Purse Seine *
(1000 FCFA)
Artisanal Fishery, Senegal

Motorized Canoe Motorized
Non-Motorized With Surrounding Canoe With

Canoe Gill Net Purse Seine

Number of trips per year 20C 200 200
Average catch per trip (tons) 0.04 0.50 3.00
Total catch per year (tons) 8 100 600
Average price per ton 36 27 28
Gross annual income per boat 288 2,700 8,400 *
Annual operating cost per boat 105 1,582 3,118
Net annual income per boat 183 1,118 5,282
Net increase in income .- 935 4,164

per boat due to

motorization/purse seine
Annual increase in production -- 92 250 *

per boat due to
motorization/purse seine (tons)

* The purse seine operation involves two canoes.

383 FCFA (Francs) = US $1.00 (USAID Country Profile, 1983).

motorized canoe with surrounding gill net. This indicates
that the non-motorized canoe is earning more income per FCFA
invested. However, this could be of little significance if
the objective is to increase jroductien to improve nutritional
standards. Moreover, fishermen are concerned with their total
earnings rather than their earnings per FCFA invested. The
NPVI could become a critical factor if a choice has to be made
between developing two different fisheries and increased
production is not an objective. An example would be the
development of a high value species fishery for export
markets.
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The motorization project succeeded in establishing seven
"satellite" stations in major fishing areas with spare parts
and facilities for maintenance and repairs to outboard
engines. Thirty people were trained as outboard engine
mechanics, and ten people were trained to manage the spare
parts stores. The training of these people should have been
done much earlier. Fishermen started having problems with the
engines before the mechanics were trained, and some fishermen
were unable to repay their loans because the engines were out
of service before the expected time. The financial analysis
of the project's activities indicates that after five years it
had not generated enough funds to be self-sustaining. One way
of solving this problem is to reduce the level 'of funding
gradually during the project period and allow the project to
become self-sustaining over a period of time. As long as the
project is fully funded throughout the implementation phase,
it is unlikely that it could become self-sustaining when
funding is withdrawn.

The loan system was successful, although there were some
defaults. There is nc mention in any of the reports of
interest charged on the lcans. If the system is to be
competitive, it must earn at least an internal rate of return
(IRR) that is equivalent to the bank lending rate to
industries. Also, it must have contingency plans to take care
of inflation in order for it to maintain or expand its level
of activities. These factors were not built into the project
and could possibly account for the reason why such activities
could not become self-sustaining. There are reports that some
fishermen obtained the engines during the off fishing season
and used them for transportation activities. This practice
could affect the success of the project and could cause the
project to fail in fulfilling its objectives. The projuct
management could have prevented or minimized this practice by
supplying engines during the fishing season only, or else
devised ways to ensure that the engines were used only for
fishing operations. This restriction could be difficult to
enforce but could be vital to the project’'s success.

The use of purse seines increased annual fish production
by an estimated 250 tons per boat (Table 10). This is mainly
due to the increased size and efficiency of the purse seine,
since motorized canoes using the surrounding gill net exploit
the same stocks. The net annual income per boat shows an
increase of 4,164,000 FCFA due to use of purse seine, and the
NPVI at a discount rate of 15 percent is 4,21. This indicates
that the purse seine has a higher productivity than the
surrounding gill net and is also earning more income per FCFA
invested.

Table 11 gives the increase in fishermen’s income due to
changes brought about by motorization. Motorization of
surrounding gill net vessels increased the estimated income
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TABLE 11
Estimated Increase in Fishermen's Income due to Motorization
and the Introduction of Purse Seine
('000 FCFA)
Artisanal Fishery, Senegal

Motorized Canoe Motorized
Non-Motorized With Surrounding Canoe With

Canoe Gill Net Purse Seine
Number of trips per year 200 200 200
Average income per fisherman 0.24 0.43 1.52
per trip
Average annual income per 48 86 304
fisherman
Annual increase in income -- 38 218
per fisherman due to
motorization/purse seine
Average number of fisherman 2 7 18
per boat
Increase in fishermen's annual -- 266 3,924

income per boat due to
motorization/purse seine

383 FCFA (Francs) = US $1.00 (USAID Country Profile, 1983).

per fisherman per trip by 79 percent. The change from gill
netting to purse sc.ning increased income by an additional 253
percent. This increase in fishermen’s annual income per boat
is 266,000 FCFA (7 crew men) due to motorization, and
3,924,000 FCFA (18 crew maen) due to the use of purse seine.
Assuming there are 250 purse seines each utilizing two canoes,
the addition to the annual national income is approximately
982 millicn FCFA. Based on 3,600 outboard engines supplied,
the remaining 3,100 used in gill net operations added 840
million FCF4& to the annual national income. Both motorization
and purse seine projects added approximately 1.8 billion FCFA
to the annual national income.

The Internal Rate of Return (IRR) for a motorized canse
with surrounding gill net based on two years economic life of
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the engine is 24 percent, and the IRR for cthe purse seine
based on three years economic life of the net is 30 percent.
This result indicates that both operations are economically
viable and that the purse seine operation gives a higher rate
of return.

The three centers distributed 1,900 tons of fresh fish
during the 1982-83 period. (The Rufisque Center operated for
less than three months.) The annual statistics (Resultats
Generaux de la Péche Maritime Senegalaise Année 1981) indicate
that fresh fish landings by artisanal fishermen in the Thies
Region during 1981 (Kayar and Joal are in this region) were
81,000 tons, and fresh fish landings by artisanal fishermen in
the Cap-Vert Region (Rufisque is in this region) were 20,000
tons for the same period. Assuming that landings remained
relatively stable from 1981 to the 1932-83 period, the
quantity of fish distributed by the three centers represents
about two percent of the landings. Thus, it is obvious that
the facilities provided by the centers are inadequate if a
large percentage of the fishermen decide to dispose of their
landings through the centers,

The projections for the Kayar and Joal Centers indicate
that vy 1985 each center should be distributing 2,500 tons of
fresh fish annually. Given the total capacity of the cold
rooms (30 tons), the refrigerated trucks (14 tons) for each
center, and the average turnover time for each truck (three
days), each center can store 2,700 tons of fresh fish
(excluding ice) annually operating at maximum capacity. This
assumes that each center has to hold the maximum load (75
percent fresh fish, 25 percent ice) for an average of three
days because of the average turnover time of the trucks, and
operating at 30 days a month throughout the year. (If
allovance is made for complete shutdown of facilities for
maintenance, the figure of 2,700 tons will no longer be
valid.) Given the turnover time, each truck can distribute
630 tons of fresh fish annually. Thus, only 1,260 tons of
fresh fish can be distributed by the two trucks. For the
target figure of 2,500 tons to be achieved, two additional
trucks must be provided to each canter. If more trucks are
provided to the centers, there will be no need to hold fish in
the cold rooms for three days, and the target of 2,500 tons
could be increased considerably. However, the operation of a
large fleet of refrigerated trucks could create management and
operational problems that could lead to the failure of these
centers unless the personnel have the required skills for
efficient coordination of activities.

By 1985, the Rufisque Center was expected to be handling
1,000 tons of fresh fish annually. Based on the previous
assumptions, this center can handle 1,800 tons of fresh fish
annually, and the two trucks can distribute 1,260 tons of
fresh fish annually. Thus, the projected level of 1,000 tons

95



can be achieved by the Rufisque Center.

The turnover time for the trucks is critics’ to the
distribution of fresh fish. It does not appear as if the
location of the centers relative to major towns inland was a
major consideration. No center is located at the northern and
southern parts of the coast, although large artisanal fishing
settlements are present in these regions. A truck load of
fresh fish from Kayar to Bakel (the innermost major town,
approximately 700 kilometers inland) takes 5 to 6 days to make

a round trip. This turnover time could be reduced
considerably if distribution points are established at various
towns inland. However, given the present facilities, the

three centers can handle only 7,200 tons (seven percent) of
total landings based on the 1981 figures.

Given the small amount of fish purchased by these centers,
the project cannot have any effect on price stabilization.
The traditional method of price fixing according to the level
of production on a day-to-day basis by the
middlemen/buyers/processors still prevails. Fishermen who are
members of the cooperatives have the option to sell to the
centers, and the centers do not pay below the price set
through the traditional system. Since the centers plan to
distribute part of their profits to the fishermen who do
business with them, it is possible that fishermen belonging to
the cooperatives could increase their income. However, it is
unlikely that the centers can affect any long-term stability
in prices given the small percentage of the total production
they can handle.

At present, there does not seem to be any competition
between the centers and the middlemen/buyers/processors in the
distribution of fish. The former distribute fresh fish only,
while the latter distribute mainly processed fish inland,
Both operate in two distinct markets. However, the demand for
fresh fish by consumers inland is likely to increase if the
price differential between fresh fish distributed by the
centers and processed fish is significant. (This could happen
if fresh fish is priced artificially low because of government
pricing policy.) This is supported by the fact that inland
consumers can process fresh fish themselves according to their
preferences. If this should happen, the center cannot
technically meet with the increase in the demand for fresh
fish.

During the 1982-83 period, the Kayar Center distributed 76
rercent of the fresh fish handled to inland markets and 24
percent to urban markets. The Joal Center distributed 83
percent to inland markets and 17 percent to urban markets, and
the Rufisque Center distributed 72 percent to inland markets
and 28 percent to urban markets. Despite the small quantity
of fresh fish distributed by the centers compared to the total
production, the project has contributed towards increasing the
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supply of fresh fish to consumers inland. The supply of fresh
fish inland could be better organized if distribution points
are established.

Members of the cooperatives working at these centers are
receiving on-the-job training through active participation in
maintenance and repairs to the facilities at the centers. The
staff at CAPAS Headquarters, through supervision, is assisting
cooperative members to develop management skills. However,
there is no training program outlining training requirements
and how they should be achieved. This is a serious omission,
given the nature of the project.

CONCLUSION

The motorization project was successful in expanding the
artisanal fishery and increasing fish production. Three
thousand six hundred engines were provided to fishermen during
the initial five-year veriod of the project. Over 50 percent
of the canoes at that time were motorized. This enabled the
fishermen to use larger boats with more efficient gear. The
purse seine project was also successful in increasing
productivity. By 1976, 250 purse seines were in operation.
Both projects inecriased efficiency and productivity, and
consumers and fish r:al plants benefited from the increased
supply of fish.

The financial analysis shows that the operations of the
motorization project could not be self-sustaining unless move
income is generated from the sale of engines, spare parts, and
the services provided to fishermen. Funding for this type of
project should be reduced gradually to allow it to adapt to
generating its own funds. TInterest rates charged ou loans
should reflect the opportunity cost of capital so that the
project can operate on a competitive basis. Measures should
be devised to ruduce the level of defaulting and the use of
outboard motors supplied under the credit system for
activities other than fishing. Fishermen should be encouraged
to use different types of gear according to fishing seasons so
that they can opevate fully on a year-round basis to fulfill
their repayment obligations.

Both projects increased the net annual income to
fishermen, thus adding to the net annual national income. The
NPVI shows that purse seine operations earn the highest per
FCFA invested. This is significant in terms of both economic
efficiency and productivity, The equipment (boat, gear, and
engine) for each type of operation are all earning adequate
returns to enable their replacement.
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COMMERCIAL ALTERNATIVES FOR SMALL-SCALE FISHERIES IN LATIN
AMERICA

Michael T. Morrissey, International Center for Marine Resource
Development, Department of Food Science and Nutrition, The
University of Rhode Island, Kingston, RI.

INTRODUCTION

Small-scale fishermen and their organizations often need
financial assistance to initiate new capital ventures in
either the expansion of fresh fish marketing or the
development of fishery products. Thus, it is often necessary
that their ventures fall within the larger framework of
governmental ideals and goals for fishery development for the
country. In this way, capital may become more available to
them in terms of loans or grants. In a workshop held at The
University of Rhode Island (Morrissey, 1988) that dealt with
postharvest fishery technology a committee of international
experts defined some of the goals for national fishery
policies as:

1. Increasing incomes and employment within the fishing
community.

2. Improving national nutrition.
3. Increasing foreign exchange earning.

4. Reducing inequities in the distribution of incomes
and food supplies within the fishing community,

Programs within these objectives, as applied to the
small-scale fishermen of Latin America, can be directed to
expand the marketing of fish products and allow fishermen more
versatility and access to capital than they nave previously
experienced. Traditionally, small-scale fishermen in Latin
America have concentrated on the harvesting component of the
fishery sector and have not played a large role in the
commercialization of their capture. This is evident in the
strong growth seen in many Latin American fisheries over the
last two decades which also showed an increase in production
in the small-scale fishery sector. However, we have also
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witnessed a growth in the number of fishermen and in some
areas a decrease in the productivity or fish capture per
individual.

Small-scale fisheries can also be adversely affected by
market conditions especially if they exist solely as a
production oriented operation. Much of the harvest is
seasonal and runs of fish can flood the market and cause a
depression in prices. If they are limited to a few buyers or
regional markets, optimum marketing of the capture may be
restricted. On the other hand, small-scale fisheries tend to
be a near shore activity, and many fisheries for highly valued
species are currently being exploited to their maximum
potential. Consequently, the small-scale fishermen and their
organizations should look more toward other sectors of the
fisheries, such as marketing, as a means of development of
their enterprise.

INTEGRATION WITH OFFICIAL POLICY

With regards to the first policy stated above, increasing
Incomes and employment within the fishing comaunity, there is
an implicit understanding that the small-scale fishermen must
be willing to diversify and seek other market opportunities,
This has occurred in several countries. In Ecuador, there
have been examples in the small-scale sectors of people with
sufficient entrepreneurial skills to meet new demands in the
markecplace. One such demand has occurred through shrimp
aquaculture and has contributed to the enormous success of
Ecuadorian shrimp in the present world market. Many smaller
artisanal industries, from larvae fishermen to small companies
that formulate diets, are integral to the shrimp aquaculture
economy. Although this system is far from perfect both from a
technological and social standpoint, it has provided numerous
jobs in the fisheries sector. A different example in Ecuador
is the utilization of fish wastes such as eviscera from the
larger species of fish. The eviscera is produced into a low
grade fish meal for local use. Although this operation is a
minor one it has helped increase the employment and the
incomes of certain segments within the fishing communities.

The improvement of national nutrition through increased
fishery production and distribution requires a concerted
effort between the fishermen, middlemen and the government.
Most often the targeted population for such projects is the
lower income segment of the popuiation that have low amounts
of animal protein in their diet. This is due not only to
economic factors but sociocultural factors as well. More
often than not in Latin America, these people reside in the
non-coastal regions, mainly in mountainous areas where
transportation difficulties can hinder the distribution of a
highly perishable product such as fish. Preservation,
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Processing and transportation of fish incur costs that can
Place fish as a food item out of the reach of lower income
groups. Lack of tradition of eating fish based products makes
it difficult to introduce new inexpensive products, even those
that have minimal storage requirements. It is for this
reason, that if a strategic goal for a nation is to improve
the nutrition of the nation, a subsidized distribution or
marketing program has to have the help of an external funding
source to increase its chances for success., There have been
very few successful programs along these lines and only those
that are well integrated with technology, sociology, and
nutrition disciplines have a chance for success.

In the mid 1970's in Mexico, a significant program in the
commercialization of the increased fisheries production was
initiated. Tt incorporared the establishment of numperous new
retail centers and large distribution centers. The main idea
was to stabilize prices and introduce fish into new market
areas. Within two years the majority of the centers had
closed down and disappeared, Some of the problems included
inconsistent supply, poor planning of the location of the
centers, poor incentives of the workers and lack of good
marketing studies to know what types of products would be the
most acceptable (Morrissey, 1988a). lncreasing domestic
markets in developing countries is a difficult proposition
especially if the product is a high priced commodity such as
fish, The development of inexpensive products from
underutilized species is a partial answer but the targeted low
income consumer groups need to be instructed about product
preparation and use.

With regards to increasing foreign exchange earnings, a
certain reality has to be faced. Industries such as shrimp
fisheries or aquaculture are able to generate foreign
investment, and because governments have an interest to
generate exports that are a result of aquaculture, there is
strong support for this type of activity. There ¢ exist
international markets for several of the species of fish that
are regularly caught in Latin American waters, and there is
the opportunity for well-organized cooperatives that fish
certain species to export some of their catch overseas. For
example, in the Quintana Roo province of Mexico which faces
the Caribbean as well as the Gulf of Mexico, there is a great
potential to increase finfish exports (snapper, grouper, etc.)
to the U.S. (Barnmett, 1987). This potential exists in several
Central American countries as well.

The demand for fish as a food commodity has increased
significantly throughout the world and will continue to do so.
In the U.S. this has occurred because of publicity concerning
the attractiveness of fish as a food and recent studies
demonstrating the nutritional benefits of fish. This has led
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to a great demand for highly valued white fisi such as red
snapper and grouper and some species of fish that were
rejected as seafood as little as a decade ago. To what extent
small-scale fishermen and their organizations will be able to
take advantage of these new markets remains to be seen.
Furthermore, international market Jevelopments can cause
disruptions in supply or inflationary prices in the domestic
market.

The reduction of inequities of income distribution within
the fishing community is an ideal that can be best served
through development of fishermen’s organizations such as
cooperatives. This is especially true if we are looking at
mechanisms for export, or alternative processing of fish with
the idea of opening new markets both domestic and foreign. It
is difficult for small groups of artisanal fishermen to
develop the financial resources to take on new technology or
processing techniques. The risk invelved can be substantial
and is better met with a group input such as cooperatives.
Often, working capital in the form of loans or development
grants is more readily available to fishermen orpganizations

than to individuals (Pollnac 1985). Unfortunatcly, the
success rate of Latin American fishing cooperatives has not
been high over the last two decades. There are many reasons

for this which are beyond the scope of this paper. However,
many of the cooperatives that are functioning today have
several years of experience in the harvesting of fish and are
relatively stable. A new growth area that should be open to
them is the marketing of their product. This will allow the
vertical integration of cooperatives and expansion of their
activities,

DEVELOPMENT OF NEW MARKETS

What are the driving forces behind the opening of new
markets and what chance do these markets have of being
economically viable for the small-scale fisherman of this
region? These questions are addressed in two parts: the first
examines present markets to see if within the framework of
domestic and international selling and buying, there are ready
made mechanisms for expanding the role of the artisanal
fishermen within a short period of time. The second part
highlights areas where technology is developing with regard to
future markets and where the small-scale fisherman can benefit
if he, his organizations and his government are willing to
make a concerted effort.

Domestic Markets

The large percentage of fish that is sold and consumed in
Latin America is fresh fish. Many countries in Latin America
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are fortunate in having very rich fishing grounds off their
coast that have for the most part not been over-exploited. 1In
the theoretical sense, fish that is captured on the coast and
is properly handled on board and on shore will have a good
chance of reaching the main markets in excellent quality. 1In
general, this does not occur in Latin America. Fish arrive at
the market in average to poor quality, as there is not enough
market pressure on the fishermen or the middlemen to use
common practices such as evisceration and washing, or the use
of ice throughout the distribution chain. It is interesting
to note that in latin America, although quality is not high,
there are minimal postharvest fishery losses in terms of fish
being disposed of as unfit for human consumption. One can
assume, therefore, that the demand exists for fish in the
family dict. Furthermore, there is an overall positive
perception of seafuod in the diect. The main negative points
are the price and the quality of the secafood, Consequently,
good handling practices should be used with more frequency to
present the consumer with a better product and chances are
that the fish consumption will increase. However, price is a
major concern and an inecrease in quality should not
significantly increase the price, or the fish product could
reach a cost level beyond che buying power of the average
consumer,

The marketing of fresh fish and fishery products in Latin
America can be expanded domestically and the quality improved
dramatically without adding on excessive costs. What is
needed is an integrated effort between fishery technologists,
food scientists, sociolopists and economists. The technology
is there to improve quality. What should be studied is
whether the driving forces are present for the small-scale
fishermen and che middlemen to use the appropriate technolopy
in the distribution system. A valid question to ask ourselves
is: if fish are being consumed and little is wasted, what are
the benefits of improving the quality? The most obvious
benefit is the expansion of domestic markets. Several studies
have shown that when good quality products are presented to
the consumer there is an increased purchasing of the product
by both traditional and new consumers. Ideally, a general
program to iIncrease quality should correspond with a
government publicity campaign stressing the health benefits of
fish consumption. If an education/promotion campaign for
fishery products does not coincide with an improved quality
program, the net result could be negative and a general
distrust of fishery products could develop and be hard to

erase. An example of this is the gencral distrust that the
Mexican consumer has for fishery products developed from
Productos FPesqueros Mexicanos (Morrissey, 1985). A frozen,

breaded fish product developed from the mince of several
species of fish in the shrimp by-catch was promoted for the
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Mexican consumer. Problems developed in the production of the
product as quality control was not strictly enforced allowing
the product to be variable in its inherent organoleptic
characteristics. The inconsistency in product quality created
an initial lack of acceptance to the product. Although these
past problems have been overcome, there is a skepticism that
still exists that will hinder the re-introduction of the
product in the marketplace. Therefore, good quality is an
essential component when we are promoting fishery products and
expanding domestic markets.

Several factors that should be taken into consideration in
developing market strategies for Fishermen's organizations
are:

a) what are the reasons that people buy fish in the
country

b) what are the current prices and distribution
structure

c) how do variables such as size, species, quality
influence price

d) how are fish presented

e) what are the fishery products that have good sales

f) how is the buying population divided (e.g. income
level, geographic area, eating habits),

Some of this information already exists in the government
offices of fisheries. Furthermore, several organizations such
as FAG have published numerous working papers and manuals that
would help a small-scale business get started (Nautilus
Consultants, 1987). Good marketing information and reference
sources exist and should be made available to the fishermen
through their cooperatives or field extension agents.
However, the best information is obtained by studying what is
going on at the present time. As mentioned previously, the
marketing of fish and fishery products has demonstrated
phenomenal growth. With this growth there have been changes
in the marketplace as well. What the norm was five years ago
may be completely changed at present and needs to be
continually updated.

Foreign Markets

The question of expansion to foreign markets is a policy
decision that should coincide with the basic governmental
attitude toward exports of agricultural and fishery products,
However, there are many pitfalls in international trade, and
the advantages and the disadvantages need to be considered.
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Advantages

1. Potential for receiving foreign capital.

2. A means to improve infrastructure and quality.

3. Expansion of markets and species of fish
captured.

4. Avallability of foreign expertise.

Disadvantages

1. Unfamiliarity of markets and regulations of
other countries.

2. Dependency on buyers that small-scale fishermen
or cooperatives would have little control
over.,

Capital investment.

4. Possibility of overexploitation of certain

species.

5. The best of the capture being sent to foreign
markets while poorer quality is left for
domestic markets.

6. Unpredictable fluctuation in world market
prices.

w

When we look at foreign markets as a means to gain income
for small-scale fishermen, we need tn take these factors into
consideration and decide what is the best policy. There is a
strong market for fish and fishery products in the United
States as well as Japan and Europe. Table 1 describes the
exports from the major countries into the U.S. in 1986. For
the Latin American region, exportation to the United States
appears the most logical but with the Euro-dollar and Japanese
yen at high levels, fishery products should be sold to the
highest bidder and one that incurs the least risk for
fishermen's cooperative. For example, if a cooperative can
sell corvina from Costa Rica to a Miami based distributor for
$2.00 per kilo but must pay for transportation costs,
insurance costs and run the risk of having his product
rejected by federal inspectors in the United States, they may
be better off by selling to a Japanese firm for less money
($1.50 per kilo) and having the Japanese company take on the
transportation and risk of importing to Japan. On the other
side of the coin, there may be less risk involved in the
latter but the Japanese standards can be so demanding that
additional start up costs may be high.

Private companies in several Latin American countries are
exporting fresh fish to the United States. Air transportation
to Miami is less than five hours from Central America and
northern South America and the demand for fish is high.
Therefore, the potential exists for cooperatives to run such a
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program themselves. Assistance from the Ministry of Fisheries
for exportation can be instrumental in the initiation of such
a program whereby technical assistance and training of

Table 1
Partial List Exports of Fish Products in Metric
Tons to the U.S.

1986

Whole Fish Whole Fish Fillets
Country Fresh Frozen Fresh & Frozen
Argentina .-- 3016 9474
Uruguay -- 1163 6740
Peru -- 618 1701
Mexico 4415 410 --
Brazil -- 250 1540
Costa Rica 2673 -- --
Venezuela 1900 -- --
Ecuador 1300 -- --
Chile 524 -- 4448

source: Sea Fare Expositions Inc., Seattle, WA (1987)

inspectors and fish handlers would be required. The
government of Chile has encouraged the development of its
seafood industry and especially its exports. Chile is
currently becoming a major exporter of aquaculture salmon and
other seafood. The success and superior quality of the
product has given Chilean seafood a marketing potential for
other products as well. This is evident at major seafood
shows around the U.S. as several Chilean companies sponsor
booths and display several types of fish harvested in their
waters.

There is no question that a marketing economist or someone
familiar with the marketing and distribution of fish and
fishery products on an international level is necessary to act

as an advisor on a program such as this. For many Latin
American fisheries, improvements in quality control are
necessary for such an operation. These improvements in

quality control should entail educational programs and
workshops. Much that is quality control are simple procedures
not requiring sophisticated equipment but rather common sense
practices and lots of ice. With a highly perishable rmmodity
such as fish the key words are time and temperature. The
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quicker the fish can be distributed, domestically or
internationalily, and the lower the temperature (ideally below
AOC) “he longer shelf life the fish will have. We can see
from the work of Bostock et al. (1985) the importance of
quality control in the exportation of mahi-mahi to the United
States from Ecuador. He reports that an "Import Alert" was
placed on the importation of mahi-mahi from Ecuador due to the
outbreak of scromboid fish poisoning and high levels of
histamine found in fillets of mahi-mahi. Due to these
detentions, fewer importers were willing to take a risk on
Ecuadorian mahi-mahi and the export value fell from over US$ 1
million in 1979 to less than US$ 43,000 in 1984. Histamine is
a chemical compound produced by the action of bacterial
enzymes. The growth of the bacteria and subsequent enzymatic
action are rapid at ambient temperatures (25 - BOOC) within
the first twenty-four hours after capture. It is essential,
therefore, that the fisherman and his cooperative understand
the basic principles of fish handling and that there are
periodic checks to be sure that all the fish meet the quality
standards of the importing country.

At present, the small-scale fishermen have only indirectly

benefited from seafood entrepreneurism. They often do not
have the means nor the resources to do sophisticated market
studies or publicity campaigns to open new markets. Their

increased opportunities are often found in supplying labor for
a new need, one that has been created by a large governmental
or industry promotional campaign or due to international
market demands. There are examples of this in both the fresh
fish distribution and processing of frozen products. In
Ecuador a specialized system of work distribution has
developed in the first stage processing of large commercial
fish that are marked for exportation. There are the fishermen
who bring in the large fish such as marlin and sharks, the
carriers who transport the fish to the beach, the gutters who
eviscerate and de-head the fish and wash them in the ocean and
finally the transporters who truck the carcasses to the
processing plants or wholesale centers. Included in this line
of processing are young boys who take the eviscera and pile it
on the beach to facilitate the removal of the waste which is
usually processed into fishmeal. Within forty yards of beach
there exist five distinct groups of workers all performing
tasks that are important to the final goal of exporting marlin
or mako shark fresh to the U.S. In Peru, the small-scale
fichermen have proven to be flexible in utilizing the natural
resources as well as determining new market potential. With
the occurrence of the 1982-83 El Nino which was disastrous for
the industrialized fisheries, there was increased activity in
the south central area in developing an inshore scallop
fishery that rapidly grew into several aquaculture ventures.
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Small scale fishermen were employed in this newly
developed industry at the harvesting level. Due to a
stabilization of the normal water temperatures and also to
overfishing of the scallop seed banks, the fishery collapsed
by 1986. Although the small-scale fishermen benefited from
these market demands in the short run, the lack of proper
fisheries management and eventual depletion of the resource
has caused significant disruptions in their life styles for
them and their families.

SMALL-SCALE FISH PROCESSING
Fish processing allows us to take a highly perishable food

commodity such as seafood and transform it into a desirable
processed product that will be nutritious, have an extended
shelf-life, and be of reasonable cost to the consumer. In
general we can classify processed fish products into these
categories:

Smoked Products

Salted/Dried Products

Canned Products

Frozen Fillets

Minced Products

Breaded Products

Traditionally Processed Products

Not all of these processes are applicable to Latin America
at present as much of the consumption of seafood is dictated
by traditional customs. Consequently, many countries have had
seafood development programs many of which have not been
successful. Mexico's attempts to use the shrimp by-catch for
minced products have not been successful over the last decade.
Smoked fish, in general, has not found the acceptance in Latin
America that it has elsewhere in the world in both developed
and developing countries. In several Latin American countries
it is only consumed in coastal areas where acceptance of
fishery products is much higher than in the interior.
Ironically, higher priced smoked products such as smoked
salmon are readily accepted by the wealthier classes while
smoked domestic species such as mackerel or shark find little
acceptance across all economic classes (Barratt et al., 1986).
This is unfortunate in light of the extended shelf life, with
or without refrigeration, that smoked products will give to a
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product. 1Its high protein content makes it an ideal food for
many communities that consume less than optimal amounts of
animal protein. Traditional eating habits precluded the
incorporation of smoked seafood products into the diets of the
rural poor and it is difficult to introduce them. Smoked
products of the more expensive fish (mahi-mahi, tuna) would
command a higher price and could be directed to the more
expensive domestic markets as well as for export. Less
expensive smoked products could be developed from mackerel and
mullet and could be targeted toward populations of lower
incomes. However a strong publicity campaign would be
necessary to develop such an internal market.

Much of the same can be said for salted/dried products.
In Ecuador and several Latin American countries, these
products are specialty items that are consumed at certain
times of the year such as Lent (Bostock et al., 1985a).
However, the sale is limited throughout the rest of the year.
Again, a strong government publicity campaign would be
necessary to allow for the expansion of the domestic markets.
For the most part, publicity campaigns have been poorly
planned and funded. This is regrettable as the end result of
any successful applied seafood technology research should be
the incorporation of the product into the marketplace. For
the most part, this has not occurred in Latin America. The
reasons for this are complex and would include the following:

1. There have been very few scientific studies on the
dietary consumption patterns of the majority of
countries in Latin America.

2. Preferences and attitudes toward fishery products is
largely unknown.

3. The quality is variable, the presentation often poor
and the sanitation inadequate in many of the seafood
markets.

To a large degree, we have a situation of seafood
technologists developing products without a good understanding
of what the market will accept. This is frustrating to the
technologists and grossly inefficient for fishery development
programs as well. A better integration of technologists,
sociologists and marketing economists is necessary to assure
that fishery products are accepted and can be purchased by the
targeted population.

Canned fishery products are important to many Latin
American countries. In the Eastern Pacific Region from Mexico
to Chile there are important pelagic fisheries in which canned
products are produced. The majority of the small pelagics
are, however, reduced to fish meal which can earn foreign
income through exports but diverts the fish away from human
consumption. The majority of the pelagic fisheries are highly
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industrialized using purse seiners of 25 meters or more.
Furthermore, the processing of canned fishery products is an
expensive enterprise in Latin America due to the cost of the
equipment and the canning material., Tt would be difficult to
venture into this enterprise on the sm.ll-scale but there are
alternatives. Because of the high demand for fishery products
there is an interest in “ifferent presentations of the fatty
fish such as sardine and mackerel. Countries such as Mexico
are presently undertaking a pilot program exploring marketing
of sardines that have been dipped in a solution of
anti-oxidants, frozen and then packaged in secaled plastic.
The capital investment for such a program would be
considerably less than that of a canning operation. However,
it is not clear at this time whether a significant market
exists for the products as yet.

Frozen Products

Frozen fish products include frozen fillets, breaded

products and minced blocks. The advantage of frozen products
is the long shelf-life that the products enjoy under proper
storage conditions. The disadvantages include the cost and

maintenance of equipment as well as the possibility of
producing an inferior product due to poor freezing methods or
improper packaging. Frozen fish commands a lower price on the
marketplace than fresh fish of the same spccies. lowever,
recent advances in {reezing and packaging technology plus the
international demand of fish products have opened new markets
for frozen fish products,

The most simple frozen products are frozen fillets of
fish. The export of frozen fish fillets to the U.S. has
increased significancly over the last several ycars. Several
private companies and cooperatives that have been exporting
frozen shrimp have begun to diversify into sales of frozen
fish as well. This is important, especially in regions where
the capture of shrimp is a scasonal acvivity. Proressing of
frozen fish allows the fisherman to cxtend his secason and
income generating potential. As in fresh fish, the greatest
drawback to an expansion of the marketplace is in the quality
of the product. Often the product is processed and frozen
properly, but the packaging is of such poor quality that
defects such as freezer burn, humidity loss or lipid oxidation
deter consumer acceptance of the product. Better training in
processing technology is necessary for the processor to
understand that for a good quality product more than just the
freezing of the fillet is necessary.

Frozen minced fish blocks are also an option for nations
wishing to expand their marketing potential. Essentially,
this product is the flesh of the fish recovered by the use of
a deboner which removes the skin and the bones. Normally, the
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fish is first de-headed and gutted before being processed

through the machine. The minced product is then frozen so
that it may be processed at a later date or exported for
foreign capital earnings. Fish minces can also be further

processed hy additional washings and the mixing of
cryoprotectants (novmally salt, phosphates and sugars that
protect the irtegrity of the texture of the frozen fish block
during storage). These blocks are then used for the
production of surimi, a product that can have texture
pruperties similar to shellfish. Along with the increase in
demand for fresh fish therc has been an increase in demand for
frozen mince blocks and a gradual increase in price over the
last several years. Bertullo (1986) described efforts to
diversify the fish products in Uruguay. They have begun a
program in the production of f{rozen fish mince blocks for both
export purposes and for the development of productc for
domestic consumption. The economics of starting such a
program in Latin America show that there must exist (1) a
sustainable supply of fish that allows the processors to run a
year round operation, and (2) a sustainable demand for the
product that will allow processors to show a continual profit
(Regier and Raizin, 19687).

In several countries rhe potential supply of fish could
come from underutilized species in the current wild stock,
shrimp by-catch and fish frames from a fillet operation. An
economic survey should first be run to demonstrate the
availability of this supply and the cost of bringing it into
the processor. The present low consumption of fishery
products in Latin America would mean that initially most of
the mince production would go for export where the demand
exists. It would then be the responsibility of the goverument
in conjunction with the industry to establish a domestic
market threugh a propaganda campaign that would hopefully
increase fish consumption in the country. Many low cost items
could be developed from fish minces, however, most of these
products require refrigeration which might not be readily
available in the more remote areas of the country. There is a
rising contrcversy over the development of surimi type
products in developing countries. The focus of the
controversy is that capital resources for fishery development
may be diverted to develop surimi-based export products rather
than be used on domestic needs. Furthermore, in the
processing of washed minces such as surimi, muny of the
nutrients such as the soluble proteins and the lipids are
purposely washed away. Several fishery technologists who are
working in developing countries feel that this could be
considered a postharvest loss since the net return of edible
seafood is diminished in the process. Concern should be taken
regarding this issue and certainly white fish that is utilized
as fillets or breaded products should not be targeted for
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surimi based products. In Uruguay the targeted species is the
hake which does not have a high demand in the domestic market
and is an underutilized resource that can be exploited. These
issues need to be addressed and policy decisions should be
based on sound socio-economic data as well as biological
assessment of stocks.

Value-added products present another opportunity that
fishermen’s organizations as well as small-scale processing
industries need to explore to increase their earnings,
Value-added products is a term used for a processed product
that naturally has a higher price than the raw material. If
frozen fish blccks are being sold to a domestic or foreign
company who then manufactures a breaded frozen product, then
this breaded product is a value-added product and will under
most circumstances command a higher price. The main
constraints to local small-scale processors producing
value-added products is the lack of infrastructure and
requirements for capital investment. Several multinational
loan programs have focused on construction of processing plant
infrastructure in the past and capital could conceivably come
from these sources in the future as well. Some of the
products include: shark burgers, sardine in tomato paste, tuna
in Spanish sauce, breaded and battered squid rings, breaded
frozen fillets, etc. As in all other processed fish products,
one can only produce a product as good as the raw material.
Quality control assurance programs must be implemented from
the receiving of the raw material to final product evaluation.
Inconsistency with regard to product quality is a problem for
any processed product and must be solved before the expansion
of markets, both domestic and foreign, can take place.

Non-traditional Alternatives

Because of the increasing demand on many forms of seafood
products there are new opportunities opening for the
small-scale entrepreneur in the fishery sector. As a result
of the shrimp aquaculture industry, there has been an
increased need in the formulation of diets for the growing
shrimp. Many diets can be made locally from shrimp wastes or
underutilized species of fish and can supply small aquaculture
ventures. Chitin, obtained from the shell wastes of shrimp
and other crustaceans, is being used in the pharmaceutical
industry and is thought of as a potential additive component
in the food industry as well. The exportation of shark fins
to the Orient has been an established industry for years as
well as the utilization of shark skin for leather materials.
The oriental market has an increased demand for many specialty
items such as fish bladders, which are exported tec Miami from
Ecuador and Peru and supply the oriental restaurant trade.
Limpets are a shell fish not consumed in Latin America but
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with a high demand in Japan. The same is true for sea urchins

and sea cucumbers. In Ecuador there is an active industry in
the utilization of fish wastes in the small-scale fisheries
sector (Belisle et al., 1987). Eviscera and small

non-utilized fish are dried in the sun and ground up for fish
meal. Although the quality of the fish meal produced in the
pampas may be extremely low it is a good example of the
potential use of waste products that had little or no economic
value several years ago. The shrimp by-cavch is used to
varying degrees chroughout Latin America. Thare has been a
concerted effort in the late 70's and eaily 80's in several
Latin American countries, much of which failed due to economic
reasons. In Ecuador a system has evolved naturally without
any government support programs. The by-catch is brought in
on a daily basis from large shrimp vessels that fish off the
coast. This process, which involves launches that travel 20
kilometers or more to meet the larger shrimp vessels at
prearranged locations, assures that the daily by-catch will be
brought in relatively fresh. Similar systems could be
initiated in other Latin American countries depending on
market demand, by-catch composition and willingness on tne
part of small-scale and shrimp fishermen.

SUMMARY

The demand for fresh fish and fish products is at an
all-time high and there are opportunities for the small-scale
fishermen that didn’t exist a decade ago. To take advantage
of these opportunities it is necessary that the fishermen and
the small entrepreneur be willing to adapt market demands and
incorporate certain technologies that go hand in hand with
these opportunities. These technologies nced not be overly
sophisticated and most often deal with common sense practices
that improve quality and sanitation. If a decision is made on
a national level to further incorporate the small-scale
fishermen in Latin America into the mainstream of national and
world fisheries markets there are several steps that the
governments must take. The first and most important is that a
strong extension service to the small-scale fisherman must be
established. Quality control and the use of appropriate
fishery technology must be taught at the beach level, where
the impact will be the greatest. If this is not done there
will be less of a chance for the small-scale fisherman to
expand his base and adapt to market changes. These changes
will occur because they will be driven by economic factors
that demand more high quality fishery products. Finally,
capable fishery officers who can act as liaisons between
small-scale fishermen, the cooperatives and private industry,
and who understand the workings of the domestic and
international market need to take a larger role in fisheries
development projects within the country itself.
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HICROBIOLOGIC#L STUDY ON THE QUALITY OF FISH IN COSTA RICA
AND GUATEMALA

L.F. Arias, G. Bonilla, C.O. Chichester, S§.M. Constantinides,
§. de Cabrera, R. de Leon, T-C Lee, L.J. Nutley, and J.M,
Ridelman,

INTRODUCTION

Small-scale fisheries clearly have the potential for
playing a more significant role in improving the quality of
life in many nations, as well as making a major contribution
for improving nutrition in the diets at both the local and
national level. The reduction of postharvest fishery losses
is an important goal in both improving the quality of the
product for domestic consumption and increasing the supply of
fishery products available to the consumer. A large
percentage of the marine fishery harvest can be lost to
improper handling, contamination, and related factors
resulting from fish spoilage. The most important factor in
this spoilage is bacteria. The rapid growth of bacteria due
to the unsanitary conditions, lack of the use of ice and
elevated temperatures will greatly reduce the shelf-life of
fresh fish. Besides the normal bacterial flora, several types
of bacteria, which can be deleterious to human health, can be
introduced and have rapid growth under favorable conditions.
These bacteria are introduced through unsanitary practices and
contamination from human sources at different points in the
distribution chain.

Before fishery losses can be redrced, an idea of their
extent and their underlying causes are needed. With this in
mind, a research team from ICMRD/URI in collaboration with
CITA in Costa Rica and ICAITI in Guatmala conducted a fish
quality survey in these countries. In Costa Rica there was an
emphasis on marine fish while in Guatamala the emphasis was on
fresh water fish and imported fishery products. This study
helped us understand the critical areas of the fish
distribution chain where contamination is more likely to
occur. In the analysis of several market areas in Guatemala,
it demonstrated the need for increased education for the fish
vendor to lessen the degree of contamination and improve the
sanitation under which his product is sold.

115



Costa Rica

Artisanal fisheries contribute to the economy and
nutritional well-being of Ccsta Rica. Therefore, losses of
fish in this sector through mishandling and spoilage have
far-reaching consequences.

Deterioration of fish is caused by autolytic processes,
oxidation and microbial activity, with the latter being the
most important (Shewan, 1976). In order to obtain information
on the extent of bacterial spoilage of fish in Costa Rica,
microbiological studies were conducted on three fish species.
Samples of fish were taken (1) at capture, (2) when placed in
ice at the receiving station, and (3) when displayed for sale.
See Figure 1 for the position of these sampling points in the
entire distribution process. Three of the predominant fish
species caught by the artisan fishermen in the Gulf of Nicoya
were selected for this study:

Corvina Aguada (Cynoscion spp.).
Corvina Agria (Micropagon spp.).
China (Stellifer spp.).

Fishing in Costa Rica is still carried out largely using
traditional methods and gear. Fishermen live near each other
on the islands in the Gulf of Nicoya and in the coastal city
of Puntarenas, close to the fishing grounds. Fishing areas
are shown in Figure 2. The capture methods used in the
artisanal fishery of the Gulf of Nicoya are:

a) Longlines or handlines, primarily used by the
inhabitants of the islands fishing from small boats.
The fishing grounds are close to the coast where the
water is known to be contaminated.

b) Gill nets, used by the fishermen of Puntarenas fishing
from larger boats. These nets are used to catch
bottom fish primarily, though some nets float near the
surface. This fishing is done further out in waters
presumably less polluted.

Fishing takes place in the early hours of the morning or
the late hours of the evening depending on the methods used,
The catch is stored on the deck during the fishing period.
Once fishing stops, the fish is eviscerated and the abdominal

cavity is cleaned with a brush and washed in seawater. The
fisk may then be stored on ice in a box constructed on deck
for that purpose. The fishermen, upon returning to land,

transfer the fish to another ice box or "nevera" and resume
their activgty. Qge temperature of the neveras was found to
vary from 1° to 19°C. The fish remain in the nevera until it
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Fisherman

'

Fish caught with
hooks or nets

l

Fish placed on the deck

!

Eviscerated on board

!

Washed with seawatar
during return trip

l

Placed in plastic containers
and transported to the
receilving station

l

Weighed and stored in neveras
at the receiving station

l

Transported to the market in
ice containers in trucks

!

Transferred to the marketplace
in plastic containers

l

Fish displayed for the consumer
at the marketplace

(1)

(2)

(3)

Figure 1. Flow diagram of the fish from landing to the point
of sale. The numbers in parentheses show where
samples were taken,
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Location Description

1 Departure from the harbor, the boats go near

the beach.
2 Arrival at the fishing area, Bejuco Island.
3 Arrival at the fishing area, Caballo Island.
4 Capture near Naranjo beach.
5 Arrival at the fishing area, Negritos Island.
6 Arrival at the fishing area.
1 Return to the point of departure and to the

point of sale.

¢ Puntarenas

Peninsula
de
Nicoya

o

Oceano Pacifico

Figure 2. Map indicating different sites of capture in the
Gulf.
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is full, about two days, whereupon the fisherman takes the
load of fish to Puntarenas where it is sold to wholesalers.
The fish are transferred in plastic containers to the place of
sale where they are emptied onto the wooden floor. Here, they
are cleaned, classified according to odor by the buyer and
weighed. The fish remain in iCQ)fOE up te two days more, the
temperature varying between 1°C and 19 °C. They are then
transported by truck to cities in the center of the country.

In addition to the initial load on the fish from the water
in which it was caught, other sources of bacterial
contamination include:

1) the water used to wash the fish;

2) ice which comes in contact with the fish over a long
period of time;

3) table or boards used in the preparation of fillets in
the fish market; and

4) Liquid and drippings in the boats and in the neveras.

Fish sold in the fish market of Valle Central do not
appear to merit the term "fresh" used in its sale. It
exhibits spoilage characteristics including caved-in eyes,
opaque corneas, soft flesh, sour odor, casily-removed scales.
Recently captured, truly fresh fish has no odor, little
mucous, firm flesh and intact scales. In general, handling
procedures for fish could be improved in all areas from the
time of capture until the fish are sold.

Guatemala

Fish is one of the foods of high nutritive value whose
increased consumption would benefit the CGuatemalan people. It
is highly perishable unless methods such as drying, salting or
freezing are used. Ice continues to be the principal means of
preservation of fresh fish but even this is not used to full
advantage in the markets of Guatcmala. To clarify the nature
of the problem, it was decided to study the sanitary
conditions of fresh and processced fish at the retail level in
Guatemala City.

Sanitary conditions were measured microbiologically and a
visual assecssment was made at the time of sampling. Bacterial
counts were measured using the acrobic plate count (APC) at
250C, the most probable number (MPN) of faecal coliforms and a

Staphylococcus aureus count. These three parameters were
studied in every sample, including fish, table and surfaces,
ice water and fish drippings. Because coliforms and

staphylococci are not part of the normal flora of raw seafood,
their presence is taken to indicate contamination from human
sources,

The work was done in two parts. The first part was a
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study of the conditions of retail sales of fresh fish at two
public markets over a six-day period. The fish sampled
remained at the place of sale under conditions normally found
there. These sites generally lack modern equipment. Instead,
working areas may contain a large wooden or cement table,
another small table where fish are cleaned and cut, and
generally a wooden chest lined with galvanized tin to keep
fish with ice. 1If there is no such ice chest, cane baskets
lined with plastic are usually used with "pacaya" leaves as
insulation.

The second part of the study dealt with the
microbiological conditions of fish that had received some type
of processing such as freezing, filleting, drying and/or
salting. Frozen fish is distributed by small fishing
companies as whole or filleted fish. Dry fish is prepared at
the artisan level and is found in Guatemala in large amounts
only during Holy Week. 1In this part of the study, four
supermarkets and one popular market were visited.

MATERIALS AND METHODS2

A. Costa Rica

Sampling procedure: Fish samples were collected initially
at the point of capture, next at an intermediate collecting
point, and finally following arrival at the fish market. The
time between sampling and culturing was reduced to the minimum
to avoid significant changes in the bacterial populations
which would have made results meaningless. Noting the
location of capture (see Figure 2), approximateiy 12 trips
were made in small fishing boats in the Gulf of Nicoya,
During three of these trips, samples were taken with one trip

per species. The captured fish of the desired species were
tagged but treated normally until they reached the
marketplace. Samples were taken aseptically from different

areas of the skin and body cavity using the swab method. A
sterilized aluminum template (80 x 70 x 3 mm) was pressed
against the surface of the skin and microorganisms taken up
with the swab from this area (Yokoya and Zulzke, 1975). The
swabs were inserted in screw-capped plastic tubes containing
0.1% peptone solution (Thatcher and Clark, 1968). Samples of
wash water and ice were collected in sterile containers. All
samples were placed or. ice in insulated boxes and carried to
the laboratory in the shortest time possible. Microbiological
culturing was performed on the same day as sampling,.

Aerobic Plate Coun: (APC): Total APC was determined using
serial dilutions of the sample in tr%ptong-glucose agar
(Difco). The plates were incubated at 27 + 1 C for 48 hours
(I.C.M.S.F., 1974).
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Faecal coliforms: Coliform counts were made by plating
serial dilutions of the same sample in Violet Red Bile Agar
(Pifco). Incubation was at 35°C + 1°c for 24 hours. 1In order
to confirm the presence of faecal coliforms, typical colonies
were inoculated in fermentation tubes of Lauryl tryptose
(Difco). The incubation was at 35°C + 1° for 24 hours (Sharf,
1972).

Staphylococcus aureus counts were made using plates
previously prepared with Baird-Parker agar (Difco),
distribution 0.1 ml of the appropriate serial dilution over
the agar surface with a begt gla%s rod until absorbed. The
plates were incubated at 35°C + 1°C for 48 hours. Selected
colonies were then incubated in Brain Heart Infusion Agar
(Difco) for 24 hours at 35°C +°c and tested for coagulase
activity (USDA, 1974).

B. Guatemala

Sampling procedures and analytical methods used were those
recommended by the International Committee on Microbiological
Specifications for Foods (Thatcher and Clark, 1968). During
part one, the study of two municipal markets, the fish were
purchased but remained at the place of sale for four days to
be sampled under normal conditions. Each day a swab sample of
the skin surface and of the body cavity were taken. This
involved the use of a sterile metal square that circumscribes
a 15 cm” area. The swab was moistened with a sterile peptone
solution (0.1%), moved over the surface and replaced in its
tube with 5 milliliters of peptone water. In the second part,
samples of processed fish were purchased from four
supermarkets and one municipal market and transported to the
laboratory in the original packaging (if any). Bacteria on
freezer surfaces were sampled using the swab technique.

Aerobic plate count (APC):--The APC was carried out
following the pour plate method of Thatcher and Clark (1968)
with a lower incubation temperature of 25 C. Both
psyvchrophiles and mesophiles were of interest. The three-day
incubation period originally planned proved impossible in
practice, since in that time spreaders and giant colonies
developed. A 48-hour incubation period was used instead.

Faecal coliforms:--Determinations of the most nrobable
number (MPN) of faecal coliforms were performed using the
procedure of Thatcher and Clark (1968) with no further
modifications. This count was seen as a measure of
sanitation,

Staphylococcus aureus: The method of Thatcher and Clark
(1968) was followed with no further modifications. This count
was taken to demonstrate mishandling of the fish.

Colon market:--This is a popular market located in one of
the older quarters of the city. The large building with the
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high ceiling is divided into two main sections, one where
vegetables and staples are sold and the other housing tiny
restaurants or "comedores" and butcher shops. Like other
markets, the place is crowded with small stalls where selling
takes place. There is no specific area where fish vendors are
located. Of the three stands where fish are sold, two are
located with the comedores and butcher stalls in the hallways
and the other is located among the vegetable stands.

La Terminal market:--This market was designed to function
as a wholesale distribution center, receiving products from
the countryside and then distributing them to retail markets
in different parts of the city. However, at present, it also
functions as the largest retail market in Guatemala.

There is a specific area for selling seafood and the
stalls are built for that purpose. Each stand has cement
benches covered with glazed tiles and a source of tap water.
There is a great variety of seafood items on display, not only
from Guatemala but also from El Salvador. Even though the
installations are adequate, vendors do not use them correctly.
In many cases, the benches are covered with plastic which
prevents proper drainage.

Ice is used in large chunks that are placed with the
shellfish; no pieces of ice were observed with the other fish.

The temperature of the fish was 9°C. The ice to be sold is
prepared at the market entrance. Large rectangular pieces are
cut into smaller pieces to be sold to the fish stands. The
ice is prepared on a wooden platform outside the market on the
street exposed to dust. At the stand, fish was stored
overnight in cane baskets lined with plastic and pacaya
leaves. Tt was the only time observed when fish were placed

between layers of ice.

La Placita mavket:--This market is centrally located and
was formerly much larger, part of it being destroyed by fire.
It is in a tall building with a high ceiling with windows
providing good illumination. Here it was possible to sample
the dried-salted fish that is consumed in the days preceding
and during Holy Week. The fish stand is located in an area
where many different items are on sale in neighboring stands.
The dried-salted fish were piled on wooden tables against a
wooden counter, withcut any kind of packaging. There is no
running water and occasional cleaning is carried out using a
damp cloth,

The supermarkets:--The supermarkets sampled were located
in different parts of the city. In general, they had similar
sanitary conditions. They all had an open freezer where fish
were placed for sale. The supermarkets are listed in Table S
with a list of samples taken and the price per kilogram of
fish species sampled.

At two supermarkets, Norte and La Torre, fish were not
distributed in an orderly fashion in the freezer and some
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opened bags were found. In both these supermarkets no one
could give us information on the fish for sale. In many
cases, bags of whole fish carried no identifying label and
were of unknown species. Also there were some unpackaged fish
for sale, mixed with the packaged fish. The same printed
plastic bag was used for packing different kinds of fish
fillets so the contents could not be identified as to species.

RESULTS AND DISCUSSION
A. Costa Rica

Table I shows the variation in the microflora in contact
with the fish at the different locations of sampling. A high
bacterial count was found in containers, ice and table
surfaces at the fish market. The highest count was found on
the tables and boards used to prepare the fillets. The high
bacterial count found in the ice is not surprising since the

same lce is recused until it melts. Ccagulase-positive
staphylococei were found in the residual liquid of the boat
and in the drip at the fish markec. Such unsanitary

conditions must affect the bacterial numbers on the fish when
purchased by the consumer,
In Table 2, bacterial counts on three fish species at the

three sampling points are presented. Samples of corvina
aguada and china present an initial bacterial load which is
higher than the samples of corvina agria. The first two

species were captured near the islands of Bejuco and Caballo
which are in the more contaminated waters of the Gulf.

Corvina agria was captured outside the Gulf of Nicoya. The
fish were left for an hour or more until the total catch was
collected. After being put on ice, the temperature of these
fish was found to vary between 1 C and 19°C. This would
facilitate bacterjal deterioration. Coliform counts varied
little between 10° and 10 except for the corvina agria which
showed no coliform contamination initially. The samples of

corvina agria showed signs of contamination by coliforms after
storage in the ice containers at Puntarenas, possibly because
at that point all the species are mixed together. Coagulase
positive staphylococcus were found in some of the samples
stored at the fish markets.

This study, while exploratory in nature, does demonstrate
a lack of adequate sanitary practices in the artisan fishery
of Costa Rica. 1t is of special interest now br ause Costa
Rica is setting up its first "National Fisheries Plan" in an
effort to increase the quantity and quality of food from
marine sources. It is felt that more thorough studies should
be conducted along these lines. These would cover larger
areas and more species so that proper recommendations for
handling and processing might be made. Thus, fish from the
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TABLE 1

Total Bacteria Count in Samples Taken at the Different Stages

of Handling
Total count of Coliform Staphylococcus
aerobic bacteria count count
Sample No./ml No./ml No./ml
Water used for washing
fish before tgey reached ‘ 2
selling area. 129 x 10 10 x 10 .-
Liquid from the ice con-
tainer at the selling 2
area. 62 x 106 90 x 10 .-
Water used for washing 3 >
at the receiving area. 29 x 10 39 x 10 .
Residual liquid in th
esidual liquid in the 6 3 1c
boat. 150 x 10 76 x 10 128 x 10
Ice in the container 5 1 ]
(Puntarenas). 80 x 10 32 x 10 160 x 10
Ice in the fish market
10 100 x 10
(San Jose). 200 x 10 11 x 10° x 102
Table at the fish
b 1M 2 3 2 6 2
market. 118 x 10 /cm 86 x 10 /cm 59 x 10 /cm
Residual liquid at the
1 4 2
fish market. 300 x 10'2 46 x 10 80 x 10°°

a: sometimes water from the river was used for washing.
b: Central market.
c: Coagulase positive.
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Table 2

2 . . .
Bacterial Count Expressed in No. per cm of the Different Species Studied

Days of Sampling
(token 8t 3 samp,ina points)

Species Bacteria 1] \ 2 3 [

. . 2 ( 10 12 9
Corvina agris Total coun: a. 4.5x10 1.3210 1.3.40 3.5-10‘2 3.011014
(Micripago spp.) b. 9.3x10 2.5x10 2.1210 2.010 3.2x10

10 4 4 4
Colitorms ’. - 3.ox%0 2.8x10 4.9x10 8.7x10
b. - - 3.5x10 3.7x10 6.0210
2 2 3
Staphylococcus [N - 8.3x10 9.3x10 4.9210 6.91101
b. - 3.2x10 3.3x10 3.6x10 1.1210
7 8 10 12 %
Corvina aguada Total count a. 1.9x10 2.8210 2.7210 3.2x10 3.!!101‘
(Cynoscion spo.) b. 1.1x10 2,710 1.1x10 2.5210 1.6210
. 3 (3 3 4 4
Coliforms s. 1.1x10 t.exi0 7.0x10 3.2210 3.6x10
b. 5.5x10 1.2x10 6.2x10 1.2x10 4.0x10
2 3 5 S 4
Staphylococcus s, 3.0x10 7.1x10 1.7210 7.3810 5.5x10
b. 3. 110 3.0x10 2.0010 .30 9.0x10
(] 7 10 12 %
China Total count a, 1.'IIIOS 2.1x10 3.4-1010 l.Ll!DI, 1.7:10‘
“
(Stetlifer spp.) b. 1.9x10 8.3x10 3.2x10 3.0a10  3.1a10
4 4 4
Coliforms a. ‘.1-103 4.9-103 4.9x10 4.6110 3.3x10
b. 4.8x10 3.0x10 6.1x10 3.2x0 3.6x10
4 & 3 4
Staphylococius a. - 1.2210 4£.9x10 8.0x10 1.2x10
b. 4.0x10 1.6x10 4.3210 9.4210

a: Sample from skin,

b: Sample from body cavity,

0: Samples of fish as ceught.
1,2: Days held in the ice container at the receiving station.
3,4: Days held in the fish market.
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Costa Rican coast would be used more efficiently to feed the
Costa Rican people and strengthen the economy.

B. Guatemala
In phase one, two popular markets were studied to obtain a

picture of daily sanitary conditions so that the effects on
the quality of fresh, chilled fish sold there would also be

known. In each market, three of the nost popular species of
fish were chosen and sampled by swabbing the skin and body
cavity surfaces. The fish remained in the market and were

sampled daily for several days.

Results indicated that the Colon Market has tables,
floors, and ice that are grossly contaminated. The liquid
drippings from the piled fish are also heavily contaminated
(Table 3). 1Ice and liquid drippings would seem to be the most
important factors resulting in high counts since both are in
contact with fish and can be a source of cross contamination.
In spite of these conditions, %c the end of three dayvs, the
APC of fish samples was 10 /cm or less, even inside body
cavities. (According to the American Public Healcth
Asgociation [APHA, 1976}, figures higher than 10  pev gram or
cm are considered indicative of incipient spoilage.) The
general appearance of the fish was also good; no signs of
spoilage were evident.

The location at the other market, La Terminal, was
similar. The most heavily contaminated samples were ice and
liquid drippings (Table 4). Fish sampled were in the market
for four days and were spoiled at the end of the trial.
Because the exact day of their arrival at the market was
unknown, they could have been in ice longer than assumed. One
of the problems in markets is the tendency of people selling
fish to cover tables and benches with plastic, allowing water
to accumulate. In this market, the failure to allow for good
drainage is unnecessary since vendors have a cement bench
covered with glazed tiles with proper inclination and drainage
facilities; yet the drain is covered with plastic.

During part two, the purpose of sampling the processed
fish was to check the microbiological condition of the

products and the markets. In frozen fish, all samples are
sold in plastic bags so there 1s no real contact between the
freezer walls and the fish. 1In only one place, Supermarket

Paiz Montufar, unpackaged frozen fish is displayed on ice, not
for preservation but to keep the fish surface wet and shiny
for ornamental reasons. Dried-salted fish is displayed
without refrigeration or packaging of any kind.
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Table 3
Fresh Fish - Colon Market

Staphylococcus aureus

Aerobic Plate Couma Faecal_Coliforms Count Cell Count
Sample Day 1 Day 2 Day 3 Day 1 _Day 2 Dpay 3 Day 1 Day 2 Day 3
N : 3 5 5
A Julin skin surface 3.8x10 7.3x10 $.4x10 3 15 0 0 70 0
. . 4 (] 6
B Julin cavity surface 1.6x10 1.0x10 1.9x10 10 160 60 0 0 0
R 5 ) 6
C Palometa skin surface 4.5x10 2.6x10 1.3x10 1.5 30 0 0 0 0
. 4 5 5
D Palometa cavity surface L.6x10 8.0x10 7.3x10 3 0 0 0 1 ]
. . 5 ) 5
E Pepemechin skin surface 1.9x10 1.3x10 8.6x10 1 15 150 0 0 0
. . 4 5 6
F Pepemechin cavity surface 8.6x10 8.0x10 1.8x10 73 4.8 150 0 1 0
"""""""""""""""""" 6 6 6
G Floor surface 1.8x10 2.8x10 1.5x10 3 310 60 0 70 0
6 ) )
H Table surface 1.4x10 1.6x10 2.8x10 n 3 ] 0 1 700
b 3 4 1
1 water <10 8.0x10 3.0x10 0 930 0 o] 0 0
D [ [ 7 3 2
J lce 2.7x10 3.4x10 1.3x10 1100 50 360 0 10 10
. . .. b 7 8 7
K Fish-ice drippings 3.6x10 1.1x10 7.0x10 <2400 2400 4300 0 ] 0

. 2
8: except where noted APC is no. per cm
b: APC is no. per ml.



Table 4
FreshFish - La Terminal Market

| 3
Faecal coliforms Count Staphylococcus aureus Cell

Sample Day 1 _Day 2 Day 3 Day 1 _Day 2 Day 3
A Roballo skin surface 312 160 n 0 - 0.6
B Roballo cavity surface 3 N 6.2 0 0 0

€ Mo arra skin surface 73 3 14 0 0 0 1
D Guopote skin surface <160 <160 73 - - 6.6x10
E Floor surface <160 <160 73 0 0 0

F Tabée surface <160 8 <160 0 0 0‘6
G Ice <2400 240 1100 0 0 10

H Water b 0 0 0 0 0 02
I Fish-ice dripping <2400 2100 11000 0 0 10
a: no., per cm

b: no. per ml.

The microbial loads of the products, as measured by the
APC at 25°C are shown in Table 5. Most samples consisted of
filleted and frozen fish. As can be scen in Table 5, samples
from two supermarkets, Nor;e and La Torre, have products with
APC results in order of 10 per gram.

In the case of La Placita where only dried-salted fisg was
sold, the situation iz similar. Counts in excess of 10 per
gram sugpgest improper handling conditions in processing and
storage. If faecal coliforms are in excess of 10/g for frozen
fish and 40/g for salted-dried fish, it is supposed that
products have been subjected to mishandling (APyA, 1976).
Staphylococcus aureus should not be in excess of 10°/g; higher
counts are also indicative of mishandling. There are samples
where both these indicators, faecal coliforms and §. aureus,
are in excess of the limits.

The need for improved conditions in Guatemalan fish

markets is evident from this study. Yet even with improved
conditions, it is important that vendors become aware of the
importance of their role in preserving fish quality. With

increased interest and understanding of their role, facilities
which are adequate will be used more effectively to supply
fresh and processed fish to the people of Guatemala.
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TABLE §
Bacterial Counts of Supermarket Samples

Faecal
Sample APC Coliform S. aureus
__Samples Location Colonies/qram__ MPN/gram Coagulase+/gram
. . 5
Frozen Corvina fillets PM 9.8x106 23 02
fish Corvina fillets R 6.31105 7.3 10
Corvina filiets N 3.4x107 7.3 10
Corvina fillets LT 1.4x107 150 10
Corvina fillets LT 1.4!105 150 02
Corvina fillets LY 6.6x10 23 10
. . . 6
Unidentified fillets LT 3.5x10 23 0
5
Roballo slices PM 2.7x10 23 0
Lo . 7 2
Pristis perotetti fillets N 5.3x10 460 10
Pristis perotetti fillets L7 5.3x10 0 10
. 6 3
Whole corvina PM 3.7x10 7.3 10
4 2
Whole salmonette R 2.6x10 0 10
Whole salmonette N 1.3x10 0 0
N . (] 3
Pristis perotetti R 6.9x10 460 10
R 4
Dried Roballo PH 1.5x10 0 0
fish Roballo LpP 2.3x10 3.6 0
- 6
Juilin Lp 2.4x10 0 0
7
Cod LP 1.2x10 0 10
5
Ice and Ice PH 1.6x10"/ml 0/ml 10/ml
surfaces
4 2 2 2
Table surface LP 5.0x10_scm 0/cm 6.6/:9
Counter surface Lp 1.6x10 /em 0/cm 0/cm
6 2
Front freezer wall R 8.0x10_/cm 0 0
Back freezer wall R 1.3x10 /em 0 0
Side freezer wall N 0 0 0
Back freezer wall N 0 0 0
Paiz-Montufar La Placita Market Residential Norte Supermarket La Torre
Supermarket (LP) Supermarket (N) Supermarket
(PH) (R) (LY)
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FOOTNOTES

1. This work is a compilation of two chapters presented in
the ICMRD publication; Small-Scale Fisheries in Central
America: Acquiring Information for Decislon Making, edited
by Jon Sutinen and Richard Pollnac.

2. Two methodologies for microbiological assays are

described. The reason for this is that two in-country
organizations (CITA and ICAITI) were involved in the
survey.
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COST-EFFECTIVE INFORMATION FOR FISHERIES MANACEMENT

Jon G. Sutinen, Department of Resource Economics, University
of Rhode Island, Kingston, Rhode Island

INTRODUCTION

As opportunities improve for controlling exploitation of
marine resources, many coastal states fuce the complex and
costly task of fisheries management (MacKenzie, 1983; Troadec,
1983; Panayotou, 1582). There is increasing evidence that the
total costs of fisheries management are high. For example,
the United States government spent approximately $100 million
annually on fisheries law enforcement in the first years
following its extension of jurisdiction over marine fisheries
(Bell and Surdi, 1979). Other experditures on aaministration,
data collection and research may approach $200 million
annually (Norton, 1983). On the other side of the scale,
potential benefits from fisheries, in the form of economic
rent, may range from $200 million to $500 million annually
If these estimates are even roughly correct, they suggest
considerable attention should be given to finding and
implementing cost-effective management programs.

A key element in any fisheries management program is the
information system that suprorts the decision and
policy-making processes. Generating useful information also
is costly. United States government expenditures on fisheries
data amounted toznearly $18 m.llion in 1980 (US Dept. of

Commerce, 1980)°. As fisheries management activities
expand and mature, expenditures on inforization likely will
increase significantly. Hence, the problem of instituting

cost-effective fisheries information systems will continue to
be important for a long time.

For developing countries, the cost of fisheries management
programs in general, and of fisheries information systems in
particular, is more serious. The shortage of human and
financial resources, combined with the great number oi
important tasks to be accomplished, make it imperative to
operate fisheries management programs in the most
cost-effective manner feasible.
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The supporting information system is, as noted above, a
key and costly element in any fisheries management program.
Operating an information system in a cost-effective manner
means maximizing the pay-off, benefits or effectiveness of the
system for a given level of expenditures. Alternatively,
cost-effectiveness can be thought of as minimizing the cost of
achieving a given pay-off, benefits or effectiveness level.

We turn now to the problem of determining the dimensions
of a cost-effective information system for fisheries
management. The problem has several! interesting and important

aspects. We will focus our attention on the problem of
determining the optimal, or cost-effective, set of information
for fisheries management decision making. The equally

important problem of determining least-cost methods for
producing a given scet of information will be largely ignored.

BASIC CONCEPTS AND PRINCIPLES

Information has several important uses in society: e.g.,
in research, teaching, historical record keeping. Our focus
here is limited to the use of information in making decisions,
perhaps the most significant of all its uses. Further, since

there are several types of decisions and contexts within which
decisions are made, we restrict our djscussion to management
decisions in an organizational setting’.

Organizations (e.g., fisheries departments) exist to
achieve a purpose or sect of purposes (e.g., fisheries
development and management). Each purpose is accomplished by
a set of activities (e.g., stock assessment, implementing
regulations) using organizational resources (e.g., biologists,
economists, enforcement persovnnel). The activities and
organizational resources must be combined and coordinated in
order tc achieve the established purpose of the organization.
Decision makers rely on information to decide how best to
combine and coordinate the activities and organizational
resources.

According to Hoaglin, et al. (1982), public policymakers
generally draw on information to answer three key questions:
"How does it work?", "What is the state of the world?", and
“What will happen?" Since decision makers take action, they
want to know the effects of their actions, whether what was
done produced the desired effect and how much effect it
produced. For example, will limiting fishing effort result in
increased catches and, if so, by how much?

Measurements of the status quo are important because many
decisions depend on what exists at the time of the decision.
In fisheries management, quotas are commonly tied to the size
of current stocks. Fo~ example, the annual quota decision for
the anchovy fishery off California follows the rule
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0.333 (B-1,000,000) if B =2 1,000,000

0 if B < 1,000,000

where Q is the annual quota and B is the estimated standing
biomass (in short tons) (Hupperc, 1981).

Understanding cause and effect relationships and the
status quo prepares decision makers to predict the future
effects of alternative decisions. The ability to predict what
will happen is a key element in making decisions. For
example, forecasts of the future state of international
seafood markets are critical for making management decisions
which involve large investments in fish harvesting and
processing technology.

Data, Information and Information Products

For proper analysis of information systems, data and
information wmust be treated as two distinet concepts.  Data
are raw, uncvaluated facts in isolation. Information is
meaningful or useful data . Information is produced from data
that are rearrvanged, agpregated, sorted, analyzed, ete., and
put in a meaningful context, For example, lenpth-frequency
measurements for a given tow or trip are data that when
combined with other data and analvzed provide information on
the state of the stock--informacion useful for making
management decisions.

For many purposes the concept of information is too
abstract or vague. Therefore, we will frequently work in
terms of information products (Laihonen, 1981, p. 22). In
concrete terms, information products take the form of tables,
graphs, reports, testimony, etc. They can consist of a
single, meaningful fact or a synthesis of many facts subjected
to various degrees and types of analysis. Two or more
information products may be close substitutes for each other,
i.e., contain nearly the same type and quality of information.
Some (perhaps most) information products are intermediate
products, i.e., they serve as inputs in the production of
other information products, Information products possess
numerous other attributes that ave important for our analysis,
including timeliness, accuracy or precision, relevance,
completeness, clarity and ease of comprehension, and
credibility. These attributes are the subject of more lengthy
discussion below.
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Value of Information

An information product useful for decision making has
utility or value to the decision makers and, indirectly, to
all others affected by the decision. The amounc of utility or
value of the information depends on several factors. Other
things being equal, information will have more value the
greater the value of the effects or consequences of possible
decisions. Fo. example, the decision to license one more
vessel in a fishery of little economic significance may have
negligible or minor socioeconomic consequences, even though
the stock may be over exploited. Stock assessment information
in this case would have a relatively low value ascribed to it.

The value of informatiop to decision makers also depends

on its several attributes”. The greater the precision or
accuracy of the information, the greater the value of the
information product to decision makers. For example,

forecasts of next season's prices and/or stock abundance that
lie within 10% of their actual levels are more valuable than
forecasts which error by 25%.

Another attribute closely related to precision and
accuracy is timeliness or age of the information. This
attribute tends to be one :f the most important attributes for
fisheries management decision makers. In general, the older
the information at the time of decision, the less valuable the
information product. Consider, for example, the fisher .es
management problem of whether and when to close a fishery and
assume the decision to close the fishery will be made when
cumulative seasonal catch reaches some prescribed threshold.
Producing the cumulative catch information involves collecting
data on landings, transmitting the data to be processed
(edited, recorded and summarized), and an analysis with a
report to the fisheries management authorities. The decision
process may involve multiple steps as well. Because the
information production and decision processes take time,
actual cumulative catch has changed by the time a decision is
made and implemented. The amcunt of change, of course,
depends on the amount of time elapsed and on the catch rate
over this period. Pautzke (1979, pp. 38-39) reports a total
time lag of 42-50 days for pacific groundfish. He estimates
that during the peak fishing season cumulative catch would
increase by 32% over the period of the lag. In practice,
decision makers can attempt to forecast when cumulative catch
will reach the prescribed threshold. The greater the lag, the
less accurate the forecast and, hence, the less valuable the
information.

Relevance relates to the functional significance of the
information to the decision problem. To illustrate, consider
the problem of managing an offshore, large-scale fishery in an
area where there also exists an inshore, small-scale fishery
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of concern to (but not managed by) the management authority.
Information on the current and future states of the inshore
fishery is relevant if (i) the alternative management
decisions and resultant actions under consideration will
affect the inshore fishery, or (ii) the effects of alternative
management decisions depend on the status of the inshore
fishery. If neither (i) nor (ii) holds, then inshore fishery
information is not relevant. There are, of course, degrees of

relevance. In this stylized, two-fishery case, there likely
would be some functional relatlonship between the two
fisheries. The fish stocks may be biologically

interdependent, or by-catch of the offshore fleet may compete
in the marketplace with the catch of the iushore fishery. The
functional significance of such interdependencies and their
relation to the decision problem determines the degree of
relevance. Relevance enhances the value of information.
Completeness is the extent to which an information product
provides decision makers with all information relevant to the
decision problem. If a report leaves a decision maker with
unanswered questions, it is less than perfectly complete. The
more complete, the more valuable the information product.
Scope, or breadth, is closely related to completeness, but

deserves secparate treatment. Information that is relevant to
two or more decision problems has a broader scope than if
relevant to just one problem. Information that has uses over
several decision periods is considered to have greater scope
than if it can be used only once. Scope is directly related
to value.

Clarity and ease of comprehension refer to the degree to
which the information can be understood by decision makers.
The degree of clarity can depend on the writing or speaking
style, medium of presentation (e.g., charts, tables, graphs,
equations), and on the "mind set” of the decision makers
receiving the information. A decision maker with little or no
technical background, for example, is less likely to
comprehend information contained in a set of equations.
Greater clarity, other things equal, is expected to vield
greater value,

Credibility is another attribute directly relatei to vaiue
and which also depends on the mind set of a decision maker.
The sources of data can affect the information product's
credibility. For example, the use of inadequate or
inappropriate sampling methods to collect raw data tends to
reduce the value of the information produced. Secondary
sources of information can have more or less credibility for
reasons too many to list here. Some claim that quantitative
information tends to have more credibility than qualitative
information. Also, an information product may have high
credibility for one person and low credibility for another.
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There may be other attributes important for determining
the value of information in decision making, but a survey of
the literature reveals no single set of widely accepted
attributes. The seven attributes presented here include the
most important ones found in the literature survey.,

Assessing the Value of Information

For the purpose of determining a cost-effective
information system, it would be useful to have a means of
assigning monetary values to information., It is tempting to
draw on the concept of willingness to pay used in welfare
economics. The value to a decision maker of an information
product would be the amount, in money, he would be willing to
pay for it and be left no worse off. This measure would
suffice for an individual making a private decision. But in
organizations, decisions often are made by several
individuals, and the outcome of the decision can have
different consequences for the organization than for
individual decision makers. Therefore, asking decision makers
what they would be willing to pay for an information product
will not likely yield a valid estimate of its value.

It should be possible for a profit making organization to
show or derive the added profits that can be expected from an
information product. The added expected profits would be the
information’s value to the organization. But most
organizations (especlally public organizations) do not have
objectives that can be readily measured in monetary terms.
Students of organizations t:ll us that

organizational goals are not fixed in time but are
developed through a continuous bargaining process
[involving] a number of interest groups both inside and
outside the orpganization.... The best goal-setting
processes only result in agreement on rather vague
objectives, Invariably there are disagreements and
uncertainties about subgoals, so that organizations are
often pursuing several poals at the same time. (Knight
and McDaniel, 1979, pp. 8-9)

If, indeed, organizations' objectives are vague and transient,
there appears to be no way to consistently value information
in terms of how well it serves attaining the organization's
objectives.

If the decision making process in organizations were
systematic, one should be able to derive a value, or at least
a ranking, of information. This avenue also meets with
frustration, for there is no dominant, systematic decision
process followed in organizations. Rational decision making
is widely rejected by students of organizational behavior,
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Satisficing (Simon, 1982) and disjointed incrementalism
(Linblom, 1968) are two alternative decision making models
often cited as having some empirical validity. Hennessey
(1981, 1983) has found that fisheries management decision
making in the United States conforms closely to Linblom's
disjointed incrementalism mode. There is not enough evidence
that one decision making process dominates, however, and even
in the cases of satisficing and incrementalism, the processes
are not very systematic.

In sum, any attempt to assign monetary values to
information products will encounter great difficulties. Most
students of information systems analysis agree with Keen and
Morton (1978) that "... it is virtually impossible to evaluate
the ‘worth’ {[value) of information systems.... At present, we
can only fall back on intuitive definitions and trade-offs"
(p. 44). In the final section, we outline some alternatives
to monctary valuation.

Production of Information

An information product is the result of a set of inputs
and production processes. Principal inputs include data and
intermediate information, and processing and analytical
resources. Steps in the production process usually include
(1) data and information collection, (2) recording, editing
and manipulation, (3) analysis, and (4) packaging.

The data and intermediate information inputs can be

collected using a wide variety of means. Primary, raw data
are collected using standard survey methods, including
interviewing, observation, and self-enumeration. These

methods are not perfect substitutes for one another, as they
tend to produce different types, quantitiecs and qualities of
data, and require different amounts and types of collection
inputs (data collectors, transport, etc.) . Secondary data
and information is acquivred from other intermediate
information products.

Recording and editing of data is usually a manual

exercise, except in more sophisticated systems. For primary
data, these activities are among the more tedious, time
consuming and costly in the entire production process. A

means of storing and retrieving the data for subsequent use
is, of course, essential.

Manipulation includes the arranging, summarizing, etc. of
the data in preparation for later analysis. The manipulation
step often results in an intermediate information product,
such as a statistical bulletin or report where catch data may
be summarized and arranged by month for each species, gear
type and location. In most developing countries today,
fisheries data manipulation is a manual operation, performed
by clerks and statisticians. As small computers become more
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widely available, manipulation (as well as storage) will be
more machine oriented, involving fewer but more highly skilled
labor inputs.

To serve decision makers, analysis of data and
intermediate information is conducted to infer (i) cause and
effect relationships, (ii) the status quo, and (iii) the
future stacte of the system. Cause and effect relationships
can be ascertained by conducting controlled experiments or
comparative observational studies. Measuring the status quo
relies on censuses, sample surveys, panel and longitudinal
studies, case studies, etc. Prediction involves methods of
simulation, forecasting, mathematical modeling, introspection
and advice (Hoaglin, et al., 1982). In most circumstances,
analysis is conducted both for and by the decision makers.
Especially in decision problems which are not routine and not
easily structured, the decision makers often engage in various
degrees of analysis even after extensive analysis by

subordinates. In decision problems which are routine and
easily structured, decision makers can often just confirm the
results and recommendations of analysis by subordinates. 1n

fisheries management however, with uncertainty so pervasive,
few decision problems are likely to be routine.

Packaging is the preparation of the form in which the
information is transmitted to decision makers as a final
information product. The form of the informatioa product may
be a written report or an oral presentation with visual aids.

We expect a connection between the processes used to
produce information and the attributes of the resultant

product. Table 1 indicates likely areas where there are
strong and weak relationships between the individual
attributes of information and production processes. If these

speculative results have any merit, they suggest the processes
of coilection and analysis are most important overall (i.e.,
in value terms), and the attributes accuracy and timeliness
are most dependent on the entire set of production processes.
As discussed below, this relationship between attributes and
production processes plays a key role in devising a
cost-effective information system.

Information products may, of course, be produced
internally by the organization, or externally for decision
makers of the organization. The products may or may not
require a financial outlay to acquire, and they may be
produced specifically for the organization or for a number of
separate users.
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TABLE 1
Relationships Between Information Aitributes
and Production Processes

Production Processes

Collec- Recording Manipula- Packag-

Attributes tion & Editing tion Analysis ing
Accuracy S S S S W
Timeliness S S S S W
Relevance S S S
Completeness S W W
Scope S W S

Clarity W W S
Credibility S W W S S

S denotes strong relationship
W denotes weak relationship
Empty cell denotes no or unknown relationship

Cost of Information

Information is costly. The U.S. government reports
spending $18 million on fisheries data and collection in 1980
(U.S. Department of Commerce, 1980). Were the statistics
available, the amount spent on information in a country'’s
economy would likely be highly significant. The purpose here,
however, is not to impress the reader with cost statistics.
Instead, our purpose is to hypothesize the nature of
information costs. Specifically, we argue here that cost
increases with information quality, as measured by increases
in our seven attributes. This nature of information cost is
used below to analyze the problem of determining the optimal
set of information.

Increasing accuracy or timeliness, or any of the
attributes requires greater amounts of inputs in one or more
of the production processes. For example, increasing
timeliness of information involves collecting more recent data
and perferming each production step in a shorter period of
time, requiring more labor and equipment overall. Thus, it is
likely that costs rise as timeliness is increased. Similar
arguments appear plausible for each of rhe other attributes.

Cost obviously increases as the number of information
products increases. Hence, in general, we argue that cost
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rises with increases in both quantity and quality of
information.

Optimal Information

In this section, we apply elementary economic principles
to the information production problem. Whether producing
information internally or acquiring it from outside, managers
tend to be concerned whether the quantity and quality of

information they use in decision making are appropriate. It
is common to hear decision makers call for more and better
information. We intend to argue here that more and better

information is not always desirable, and to offer a framework
for determining the optimal set of information.

Consider the situation of a manager geciding whether to
order additional information. If rational , the manager will
choose to do so only if the added value” at least covers the
cost of the additional information. Similarly, increases in
timeliness, accuracy and the other attributes are justified
only when the added costs are at least offset by the added
value resulting from such improvements in the information.
This logical and plausible behavior results in a set of
information for which the net value is at a maximum. The
objective we adopt for determining the optimal set of
information (and information system) is to maximize the net
value of the information produced and used. This objective
provides a criterion for evaluating information systems design
and policy.

No budget constraint. If the decision maker faces no
constraint on the amount that can be spent on producing or
acquiring information, the quantity of information products
(of any and all types) acquired will be determined by the
quantity where the last product’'s value just equals its cost,
For example, assume the first information product on the state
of a fish stock has high value relative to its cost. A second
product may add some information by providing a more precise
estimate of the stock, but the added value may be markedly
less than the first product. As long as the value of cthe
second product exceeds its cost, it should be acquired. Where
added information exhibits diminishing marginal value, there
will come a point where the added cost cannot be covered, and
more information will not be justified. The same logic
applies to the attributes of an information product. An
information product is considered optimal when the level of
the attributes is such that the added (marginal) value of each
attribute is equal to its added (marginal) cost.

Applications of this important priunciple exist in
fisheries. Mathews (1971) examined the added value and costs
of improved accuracy in the forecasts of sockeye salmon runs.
Mathews estimated a forecast with an error of 50% provided
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additional fishery profits of over $500,000 per year.
Increasing accuracy to an error level of 10% added only
another §$100,000 to profits. The available sampling
techniques could produce forecasts with the 50% error for
roughly $100,000 per year, but achieving the higher degree of
accuracy would cost at least $250,000. The additional
$150,000 would add less than this amount to profits.
Therefore greater accuracy in this case is not worth the added
cost (ibid., p. 11). Another example is provided by Huppert
(1981) who calculated the added value to the fishery and the
added costs of improving the estimates of the California
anchovy biomass. According to his preliminary calculations,
reducing the standard error of the biomass estimate below 0.30
adds more to custs than to the expected monetary value of the
fishery.

Fixed budpet. Most decision makers face budgetary
constraints, at least over some decision interval, The
presence of an upper bound on the amount that can be spent to
acquire information affects the rules for determining the

optimal set of information. I[f the budpget constraint is
binding, not all information products with a positive net
value will be acquired. Those products with the highest net

values will be acquired; those with positive but lower net
values will not be acquired. 0f course, the net value of ecach
product acquired will be no less than the net value of any
product not acquired.

The rule for determining the optimal set of information in
this case is more difficult to explain and apply. The rule is
to equate the ratio of the marginal values of any two products
(or attributes) with the ratio of their marginal costs. This
is a well-known allocation rule in economics. To provide an
intuitive justification for this rule, consider two
information product types with constant and equal marginal
costs. If the marginal value of type A products (say,
regarding stock abundance estimates) is greater than the
marginal value of type B products (say, regarding industry
earnings), the mix of product types is not optimal. Clearly,
foregoing a type B product to acquire a type A product will
generate a higher net value. This shift away from type B
towards type A should ccntinue until the ratio of the marginal
value equals the ratio of the marginal costs.

This rule or principle of allocation reflects the presence
of opportunity cost. That is, while the value of an
information product may exceed its cost, its net value has to
be compared with the net value of other products not acquired
(i.e., the cost of feregone opportunities). If this
opportunity cost exceeds the product’s net value, another
product should be acquired instead.

This rule also emphasizes the presence of tradeoffs in
acquiring information. More and better information of one
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type or attribute can be acquired, but only at the sacrifice
of another type or attribute of information.

Fixed inputs. Related to the fixed budget is the
situation where the organization or decision maker is

confronted with a fixed set of inputs. Fixed manpower, for
example, is a common situation in fisheries departments in
less developed countries. Given a set of fixed inputs for

producing information, how should they be allocated? The
principle or rule in this case is to equate the inputs’ value
marginal products across production processes. To illustrate,
consider the problem of allocating manpower among the various
production process;es (collection, recording and editing,
manipulation, ana.ysis and packaging). Devoting a large
fraction of the available manpower to data collection
activities will leave less manpcwer for the other processes
and slow down or weaken recording, editing and manipulation
processes, resulting in less timely information. More data
have the potential to improve statistical precision, but
reduced manpower in the other processes can result in more
errors underpinning the final product. In order to realize
the greatest value from the information produced, manpower
should be allocated to balance its value marginal products in
each production process.

The above rules are far easier to devive and explain than
to implement in practice. Nevertheless, we fecel they are
important for the decision maker to kecep in mind. Too often
decisions on information production are made without
recognizing the nature of the inherent trade-offs. An early
decision on what data and how much data to collect, and which
method to use nas implications for the subsequent production
processes and, hence, for the attributes of the final product,
The decision to acquire a given set or type of information
obviously implies not acquiring other valued information. If
these trade-offs are recognized and the principle of balancing
values at the margin is appreciated, the decision maker should
find practical means to increase the value of information and
make improved decisions.

PRACTICAL METHODS FOR IMPROVING FISHERIES INFORMATION SYSTEMS

We now turn gur attention to practical methods for
improving fisheries information systems. We outline a general
approach, synthesized from srlected literature, that has Leen
used in various forms. The main feature of this approach is
the setting of priorities for management information in the
absence of a means to assign monetary values to information.

To restate, the basic problem is determining the types and
attributes of a cost-effective set of information for
management decision making. The problem is addressed in the
context of an existing information system which is part of a
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larger organization concerned with, among other things,
fisheries management. For example, information production may
be housed in a statistics division which is part of a ministry
of natural resources, the principal entity for managing
fisheries.

The approach outlined below probably is best suited for
making modest changes in the existing information system. It
is not necessarily applicable to the design of a new system.
For expository convenience, we present the approach in a
series of steps. The order of these steps need not be
followed in practice.

Step one. Since the value of information depends on the
decision makers and the decision problems they confront, an
early step is to identify all users (present and potential) of
the types of information produced by the information system,
1t the number of users is large, classifying users into groups
is helpful; identifying the primary user group is especially

important. The method of classifying users at least
implicitly involves a criterion for weighing the significance
of users (Laihonen, 1981). Pautzke (1979) reduces o long list

of users to three primary user groups of state and federal
agencies, and also specifies which officials in each agency
are most important. These agencies and individuals are
identified as the set of primary fisheries management decision
makers. The criterion for weighting user significance in this
case is the extent to which agencies and individuals play a
direct and active role in fisheries management. In the
subsequent analysis, Pautzke ignores the interests of
non-primary users.

Step two. Once users of the information are identified,
the specific types and attributes of information they desire
are defined. It is useful, if not necessary, to
systematically describe the nature of the activities where the
information is used (Laihonen, 1981). A good description of
user activities enables a clearer definition of the types and
attributes of information desired. For example, Pautzke
reports that the primary users operate in an annual fishery
management cycle. For those fisheries where a fisheries
management plan has been implemented, there are two decision
environments in the course of a year: 1) between-season
decisions; and 2) in-season decisions. These two decision
environments require different types and attributes of
information. "Between-scason decisions require both
sumnarized and detailed stock condition and socioeconomic
[information].... In contrast, in-season decisions usually
require more summarized, timely, stock condition information."
(ibid., p. 17)

Identifying users’ information requirements is not
necessarily straightforward. Information requirements will
depend, as noted above, on characteristics of the users, the
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use situations and the nature of the activities involved,.
Centaur Associates (1979) analyzed fishery management plans
and conducted interviews with individuals involved in the
fishery management process to produce a tentative list of
requirements. This procedure is probably satisfactory for
tentative definition of information requirements. The next
step, however, is critical and requires more careful and
rigorous methods.

Step three. Once a rough set of information types and
attributes is obtained, the next step is to obtain users’
ranking of information for significance/importance across
information type and atrributes, and for different use
situations (e.g., between- and in-season decisions). Centaur
Associates accomplished this by surveying relevant individuals
in industry, government and academia who were asked to rate
various categories of information according to their
importance in developing fishery management plans in each
region. The survey was followed up with workshops in ecach
fishery management region. Participants in the workshops
(comprised of individuals dicectly involved in the fishery
management process) refined the information priorities
obtained in the mail survey. Leaders of the workshop
attempted to elicit from the participants a comprehensive
rationale or criteria for ranking information. The resulting
criteria are listed in Table 2. Centaur claims (ibid., pp.
23-24) "...in most instances, despite the widely varying
backgrounds of the participants, the mutual understanding of
fishery management issues and related analytical needs
deveioped in the group discussion ... led naturally to
agreement on the relative priority ... [of] different data
topic areas.”

In a closely related paper, Marchessecault, et al. (1980)
provide more insight into how data priorities were set in two
regions of the U.S. (New England and Mid-Atlantic). According
to the authors, the principal objective of fishery management
plans in the two regions is to "maximize net economic and
social benefits” from the use of these resources. The
criteria utilized in evaluating the various strategies for
attaining this objective included:

- net income to the harvesting sector

- employment in the harvesting sector

- labor income in the harvesting sector
- net income in the proceesing sector

- employment in the processing sector

- labor income in the processing sector
- regional income

- consumer benefits

- enforcement costs
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TABLE 2
Centaur Criteria for Ranking Information

(L Is the data needed to satisfy legislative
requirements?

(ii) Is it necessary for arriving at a specific fishery
management decision?

(iii) Is it necessary for measuring the impacts of a
fishery management decision?

(iv) Is it necessary for monit.iing the implementation of
a fishery managemeat plan;

(v) Is it needed to address an issue raised by one or
more user groups?

(vi) Is it necessary in order to derive the fullest
benefit from other, high-priority data?

(vii) Will the additional accuracy afforded by these data
materially aifect the fishery management decision(s)
being taken

(viii) What are the chances the data collection effort may
(not) succeed?

(ix) Is the burden on respondents so great as to
prejudice chances of obtaining this or other data?

Source: Centaur Associates (1979, P. 24),

"These are fundamental economic performance
indicators and generally robust with respect to changes in
objectives. That is, it would still be necessary for these
data to be collected even if there were substantial variations
in objectives ... [since] the Councils are operating in the
mode of industrial management ... ‘t is imperative that the
Councils have a clear understanding of the current net
financial position of various segments of the industry and
that systems be established for monitoring the changes in the
financial position of the industry in the future."
(Marchessault, et al 1580) Based on this perspective,
individuals directly involved in fisheries management ranked
various types of data for the major commercial fisheries in

145



the two regions. The rankings for these two regions are given
in Table 3.

The approach used by Centaur may hold promise, but it
suffers drawbacks common to face-to-face discussions of
advisory panels: 1) the influence of dominant participants,
2) group prassure to conform, or 3) confusion. Hoaglin, et
al. (1982, pp. 263-264) observe that groups are often
influenced, for example, by rhetorical skill, which does not
reflect knowledge. Groups may be influenced by the opinion of
a senior or powerful individual. When the majority in a group
holds one view, it is difficult for a minority to hold and
defend a contrary view. Pressure for conformity silences
individual judgments and reduces the number of options made
available to decision makers. Too much time in meetings tends
to be spent not on solving the problem at hand, but on other
individual or group interests. This is confusing and diverts
the group from focusing sharply on the problem.

The Delphi Technique was developed to avoid some of the
problems associated with face-to-face meetings (ibid., p.
265). The technique involves repeated use of a questionnaire.
Repeated revisions and feedback stimulate group members to
reconsider contrary views. Between successive questionnaires,
participants are given continual feedback on the opinions of
the other (anonymous) participants. In this way, each view
stands on its own. If used artfully, the technique generates
a consensus of advice Lhrough group interaction and
cross-fertilization of ideas. Using the technique, however,
can consume a great deal of time, and requires highly skilled
and objective organizers.

Senn (1978, p 437) describes an experimental approach
using the Delphi Technique to assess the monetary value of
information to a group of users. Users were asked how much
they would be willing to pay for certain information. The
same questions were asked each user several times. Between
each round of questions, each user received feedback on the
values of other, anonymous users and their reasons for their
valuations., Each person had the option to change their
valuation in light of the feedback. Senn’'s approach is
clearly in the proper direction. Obtaining monetary values
for information would be a major breakthrough. However, at
the present time there is not enough known about the results
of this approach to advocate its use in practice.

It is also worth noting that the Centaur and Senn
approaches do not go far enough in their assessment of
information value. Neither attempted to identify the relative
importance of the seven attributes. Any applied valuation or
ranking method should address both types and attributes of
information.
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TABLE 3

Data Priorities for New England Region

Data Topic Area*s** Atlantic Silver Other Sea Red
Fisheries Poltock Redfish  Hske Hake Scatlops Merring Crab***
1.1 Nurber of Vessels L Gear 1 1* 1 1 1* i 1
1.2 Detailed Vessel Inventory 1 1. 1 1 1 1 1
1.3 Costs & Earnings 1 Lhd 1 1* 1" 1 1
1.4 Employment 1" 1 1* 1 1 1¢ 1
1.5 Income Level L Distribution 1 1 1 1 1 1 1
1.6 Age, Eoucstion & Experience 2 2 2 2 2 2 2
1.7 Cultural Charecteristics 2 2 2 2 2 2 2
1.8 Capacity Considerations ko 1e 1 1* 1* 1* 1*
1.9 Landings & Effort 1 1* 1 1e 1* 1" 1"
2.1 Production & Prices 1 1* 1 1" 1 1* 1
2.2 “urper of Processors, etc. 1¢ 1* 1* 1. 1e 1* 1
2.3 Processing L Marketing Costs 1 1* 1 1 1o 1* 1.
2.4 Product Flows 1e 1e 1e 1e W 1 1
2.5 Processing Employment 1* 1* 1e 1e 1 1 1*
2.6 Processing Employee Char, 2 2 2 2 2 2 1
2.7 Processtng Capacity 1 1e 1° 1* 1 1" 1
3.1 Fleet Size L Composition 1 1 1 .. o NA NA
3.2 Costs & Earnings 1 1 i .. e NA NA
3.3 Expenditures in Support Ind. 1 1 1 hid o KA NA
3.4 Detailed Economics of Supp. Ind. 1 1 1 A - WA NA
3.5 Emoyoyment 2 2 2 . o NA WA
3.6 Empioyee Characteristics 2 2 2 e o NA NA
3.7 sates of Rec. Caught Fish 2 2 2 .. e NA NA
4.1 Home Consumption 1 1 1 1 1 1 1
4.2 Rest./lnst, Consumption 1 1 1 1 1 1 1
«.3 Incustrial usage 2 2 2 2 H 2 1
5.1 Imports 1* 1 1* 1 1e 1 1
5.2 Exports 2 2 2 2 2 2 1
5.3 Transfe~s to Foreign Ships 3 3 3 e L 3 3
5.4 Foreign Procuction 1 1 1 1 1 1 1
5.5 Forcign Market Dats 2 2 2 2 2 2 )]
6.1 Local Economic Data 2 2 2 2 2 2 2
6.2 Cuttural values 2 2 2 2 2 2 2
Expenditures in Comm. Support Industries 1 1 1 1 1 1 1

**** Detailed descriptions of each dats topic ares will be found in Section 5.3.1,

Within priority category ! those dats topic areas marked with sn asterisk sre the most important,

Currently unimportant, but may soon become more important.

Single industry study,

WA & Mot Applicabie

Source: Marchesseault, et at (1980)
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With respect to the Delphi Technique, Hoaglin (ibid., p.
266) writes that it has produced both good and bad results.
It likely works best with a small group. For more on this
approach see Linstone and Turoff (1975).

Unfortunately decision makers' identificarion of important
types and attributes of information may not be accurate.
Where several individuals participate in making decisions in
an organization, each individual is not fully cognizant of all
the information that is or could be brought to bear on a
decision problem. In addition, their ex-post judgments may be
biased by their view of what information ought to be used in
making decisions, or other factors. The Delphi Technique may
eliminate such bias. Another (substitute or supplementary)
approach would involve a skilled, objective observer to record
the details of decision making, to note especially how
information is used and why types and attvibutes of
information are most important. This method has been
successfully used to study general decision making in large
business organizations (see, for example, Simon, 1982,
chapters 5.8 and 7.5) and would likely be fruitful for the
analysis of fisheries management decision making.

Step four. The next step is to identify deficiencies in
the information system. This involves a straightforward

inventory of the types and actributes of information currently
available. The inventory of types and attributes is compared
with the rankings obtained in step three, to identify and rank
information deficiencies. 1t is also useful to note available
information that has been ranked low.

Step five. 1In order to improve the informacion system, it
will be necessary to identify the causes of deficiencies and
constraints on improvements. Diagnosis of causes of
deficiencies will invelve a careful description and evaluation
of the entire information production process, from collection
through analysis and packaging. Flow charts tracing the data
and information through each step of the production process
are particularly helpful. The flow charts also help to
determine the amounts of time, labor and other resources used
in each process. Constraints on and opportunities for
improvements will emerge from this description and analysis,

Step six. The previous step will provide enough
information to determine a set of feasible improvements in the

information system. This step involves evaluating the
alternative improvements and ranking them according to their
cost-effectiveness. Here is where we attempt to apply the
principles of optimal information discussed above (section
II.F). Decision makers should ask whether and how existing
resources (manpower, financial, etc.) can be reallocated to
produce information with higher rankings overall. Can

information with low rankings be sacrificed to produce
information with high rankings? Can some manpower be shifted
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overtime out of data collection (at the expense of, say,
statistical precision) and into analysis (to provide more
complete information)?

Decision makers should consider the costs of the
information products available. Low ranked information with
high cost should be dropped, or at least reduced in quantity
or quality. High ranked information with low or modest costs
may deserve improvement.

As a general rule, the value rankings of information

products should correspond to their cost rankings. This
follows from our rule for cost-effectiveness with a fixed
budget.

There are too many kinds of information problems to be
considered here. The general approach should be clear,
however. Once decision makers begin asking basic allocation

questions about the information syster., areas of significant
improvement likely will emerge.

We have identified six steps for improving fisheries
management information systems. Other steps obviously are
required. Once identified, improvements must be designed and
implemented, and regularly monitored and evaluated. Regular,
perhaps annual, evaluations of the information system are
useful. Management objectives and problems change over time,
and information production should adapt to these changes.

CONCLUDING REMARKS

Information systems play a key role in supporting the
fisheries management decision making process. The high cost
of information production makes it imperative, especially in
developing countries, to achieve the most cost-effective

information systems feasible. To this end, we present here
some basic principles and a rvactical framework for
determining the cost-effective set of information. The

principles involved are from elementary economics and are
applied to the problem - ¢ information production set in an
organizational decision making context.

Since techniques are not currently available for
estimating the monetavy value of information, application of
the economics is not straightforward. Pr-actical application
involves methods for obtaining decision makers’ rankings
(instead of values) of information for fisheries management .
While less than perfect, use of the methods described herein
appear to have promise for improving fisheries management
information systems.

Not much is known about the validity of these methods.
The basic missing link in the problem is the lack of a valid
means for valuing information. A few careful case studies of
fisheries information system evaluation surely would refine
these methods and possibly suggest superior alternatives.
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FOOTNOTES

1. Estimated by Robert R. Nathan Associates, cited in Eckert
(1979, p. 51). These estimates are for 1985 in 1972 and,
therefore, not strictly comparable to the cost estimates.
We use them regardless since only the orders of magnitude
are essential to the discussion.

2. This figure does not include expenditures by state
governments.

3. Management decisions are decisions that affect the
allocation of resources (labor, capital, etc.). The exact
nature of the organizational setting need not be defined
at this point, though we clearly have in mind public
organizations whose purpose is fisheries management.

4. For more discussion of these concepts see Alexander (1974,
pp. 85-86), Knight and McDaniel (1979, pp. 12-13), Burch
and Strater (1974, pp. 23-24), or almost any text on
information systems.

5. This list of attributes discussed here is not necessarily
exhaustive; the lirerature does not agree on a set of
attributes. Some of the attributes discussed here are
presented in FAO (1974) and a few are analyzed by Pautzke
(1979). Most standard textbooks in management information
systems include good discussions of attributes; e.g., Senn
(1978) and Burch and Strader (1974).

6. For descriptions and evaluations of alternative methods
used to survey small-scale fisheries see Sutinen and
Pollnac (1981), chapters 4, 8 and 9.

7. Even though the rational decision making mode may not be
used generally in an organization, we argue that rational
decision making is superior to non-rational decision
making and, therefore, should be the standard with which
we evaluate information system decisions.

8. For the present discussion, we assume a monetary value can
be placed on information.
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