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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, m'rketing, 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 uccupation
 
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
 
fishermen 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 cons~ier.
 

I q.
 

- ' . " 

i• . ,.P 

4- .. ~ ;' 



a,1 

p.' 




A COMPARISON OF THE RELATIONSHIP BETWEEN OPTIMAL HARVESTING
 
STRATEGIES AND REPRODUCTIVE VALUES IN YOUR 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
 
in 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
 
trrannus), 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
 

1 



survivorship rates. The blue whale is an example of a very
 
long-lived species with extremely low reproductive rates and
 
high survixorship 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 real data with a 
view toward acquiring a better understanding of reproductive 
value and its implications to optimal harvesting and 
management. In particular, it w;as 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. Il, ever, some studies have 
recognized its potential usefulnesb. 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 harengus) 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 gestation 
and weaning pe'iods (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 (A) of 
approximately 1.002-1.003 using a program in BASIC from Poole
 
and Borchers (1977) to calculate A. A hau Lo 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. 
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TABLE 1
 
Survivorship and Reproductive Rates for
 

Atlantic Menhaden, Cunner, Ray and Blue Whale
 

Menhaden Cunner Ray Blue whale 

Age 
Class P. F P. F. P F P F 

0 0.000077 0 0.0002121 0 0.0086 0 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 0.77 67 0.77 0.45 
10 0.77 69 0.77 0.45 
11 0.77 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 
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The reproductive value distributions are given in Figures
la - ic and were calculated using the discrete time formula: 

r(x-l) -rJ 1
v Z e (j) (j)l(x)
I j=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 (GoodmAiA, 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 ]'x=l, l'Ax is the
total amount of the resource prior to each harvest. 
Considering a harvesting matrix 9 of the form: 

I 0 0 0 

I 602 
I I 
I 0 I 

where the diagonal elements represent the proportion of each 
class remaining after harvesting, the problem is to maximize 
c'(1 - O)Ax. c' is a row vector of weights corresponding to 
the particular aspect of the harvest which is to be maximized 
and I is the identity matrix. For harvesting after
reproduction, OAx = x is the requirement that the initial age
structure be restored following harvesting. Therefore, 
maximizing c'(1 - O)Ax is equivalent to maximizing c'(Ax - x) 
over x subject to:
 

x >=O0 
0i
 Ax") >= x 

l'Ax 1 
l'x =I
 

Theta (0) can then be calculated from the relationship OAx = x.
The quantity c'(Ax - x) represents the yield per unit amount of 
resource prior to each harvest. This is a standard linear
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 reproduc tive 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,
 
yi1elds 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:
 

1 0 0 
I B. I 

9 k 0 
I 0
I . .I 

where 0 = 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, 0,k Ax - x has at 
most n-k+l solutions since 6k 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 - x) or c'(l 0 k) Ax over x and 

0k subject to:
 

l'Ax = 1
 
l'x = 1
 
0Ax = 
x
 

where 0kAx - 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 (c' = 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 0 were not 
affected by 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 0 are a function 
solely of the Leslie matrix. Optimal yields and values of 0 
for the four species are given in Tables 2a - 2d. The value of 
0 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 0 appeared to be greatest for the Atlantic 
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TABLE 2
 
Optimal 0 and Yield in Numbers (c' - 1),

in Weight (c 
= Weight) and in the Inverse of Reproductive
Value (c' - ) for Different Age-at-First-Capture Policies 

for Atlantic Menhaden, Cunner, Ray and Blue Whale 

a) Atlantic Menhaden
 

Age Classes 

Fished 


O - 7 

1 - 7 

2 - 7 

3 - 7 

4 - 7 

5 7 


6 7*
 

* No solution. 

0 


0.9983 

0.9972 

0.9924 

0.9722 

0.8826 

0.4147 


Age Classes 

Fished 


0 - 7 

1 - 7 

2 - 7 

3 - 7 
4 - 7 


5 - 7*
 

*No solution.
 

Yield
 
c'-l c'=l/v 


1.73E-03 1.73E-03 

2.71E-07 1.85E-11 

1.47E-07 5.00E-12 

1.05E-07 2.58E-12 

7.93E-08 1.61E-12 

3.36E-08 6.36E-13 


b) Cunner
 

Yield
 
0 c'=l 


0.9983 1.74E-03 

0.9979 1.15E-06 

0.9973 8.96E-07 

0.9963 7.42E-07 

0.9943 6.60E-07 


c'-weights(k)
 

6.58E-05
 
5.08E-08
 
5.77E-08
 
5.22E-08
 
4.73E-08
 
2.20E-08
 

c'-i/v
 

1.74E-03
 
1.94E-10
 
1.07E-10
 
6.97E-11
 
5.44E-11
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c) Ray
 

Age Classes Yield 
Fished 0 c'-l c'-l/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 
16 - 22 0.8466 6.88E-05 2.52E-07 6.33E-04 
17 - 22 0.7512 7.18E-05 2.49E-07 6.10E-04 
18 - 22 0.5511 7.50E-05 2.04E-07 4.86E-04 
19 - 22* 

d) Blue whale
 

Age Classes Yield
 
Fished 0 c'=l c'-l,/v
 

0 - 19 0.9967 1.43E-02 2.31E-03 
1 - 19 0.9962 2.95E-03 1.79E-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 I.58E-03 
6 - 19 0.9856 2.85E-03 1.66E.03 
7 - 19 0.9806 2.90E-03 l.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-03 
14 - 19 0.7161 3.71E-03 2.26E-03 
15 - 19* 

* No solution. 
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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 thee fish, the 
highest yields by far with c' - 1 and c' = v occurred when 
all age classes in the population were harvestable (0 - N).
For the blue whale this 1 as also true for c' - 1. However,
when yield in terms of v was maximized the yield for "age
classes" 13 - 19 harvestable was almost equal to that of 0 
19 harvestable. Fo 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 (c' = 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 wer
 
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-captu e. As with the 
ray, there was a decrease in yield (c' = 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 rhe optimal age structure. For menhaden with c' = 1
 
and c' - 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 
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to fish age class 2 (Table 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 partiaX harvest of one age class and the complete 
harvesting of the oldest age class (Tables 4a - 4b) . As with 
the fish, optimal yields were greatest when all "age classes" 
were subject to harvesting. However, the decrease in yield 
associated with the increase in age-at-first-capture from 0 to 
1 was insignificant compared to thit for the fish species. For 
c' - 1 and c' = v , yield stabilized at age class 3 and above 
at-first-capture. Partial harvest of the youngest age class 
available was not the best strategy in many cases. For 
example, for c' = I and age classes 3 to 13 and above 
at-first-capture, the optimgal yield was obtained by partially 
harvesting age class 16 (0 - 0.49) in all cases. 

Optimal yields in numbers converted to equivalent yields 
in 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 ]ate in life, there is 
little iU any difference between maximizing yield in numbers 
or in terms of v (fable 5a - 5b). However, for a species 
such as the IYlue whale, optimal yields in numbers converted to 
yields in v ere significgntly inferior to yields where the 
strategy was to maximize v 

DISCUSSlON
 

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 harvesting the youngest agp 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 
across 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 
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TABLE 3
 
Atlantic Menhaden Optimal Yields 
(c' - 1, v'I, and weight)
 

and 0. for Different Age-at-First-Capture Policies
 
Individuals of Different Ages 
can be Harvested at Different Rates
 

(Linear progralning problem) 

a) c' - 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 
- 7 

2 7 
3 7 
4 7 

1 
1 
1 
1 

0.9955 1 1 1 1 
1 0.9895 1 1 1 
1 1 0.9636 1 1 
1 1 1 0.8539 1 

1 
1 
1 
1 

1 
1 
1 
1 

3.44E-07 
1.63E.07 
1.14E-07 
9.20E-08 

5 
6 

7 
7 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0.3736 1 0 
1 0.000081 0 

8.14E-08 
2.54E-08 

b) c' - v 
"I 

Age 

Classes 
Fished 1 2 3 4 5 6 7 8 Yield 

0 7 0.9952 1 1 1 1 1 1 1 0.999904 
1 
2 

7 
7 

1 
1 

0.9955 
1 

1 
0.9894 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

2.64E-11 
5.93E-12 

3 
4 
5 

7 
7 
7 

1 
1 
1 

1 
1 
1 

1 
1 
1 

0.9636 
1 
1 

1 
0.8539 
1 

1 
1 
0.3736 

1 
1 
1 

1 
0 
0 

2.89E-12 
1.89E-12 
1.48E-12 
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c) c' - weight 

Age 

Classes 
Fished 1 2 3 4 

0 

5 6 7 3 Yield 

O 
I 

2 
3 
4 

- 7 
- 7 

- 7* 
- 7 
- 7 

0.9954 
1 

1 
1 

1 
1 

1 
1 

1 
0.9901 

1 
1 

1 
1 

0.9656 
1 

1 
1 

1 
0.8613 

1 
1 

1 
1 

1 
1 

1 
1 

1 
0 

0 
0 

1.16E-04 
6.01E-08 

5.59E-08 
5.43E-08 

* Did not converge 
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TABLE 4 
Blue Whale Optimal Yields (c' II and v ) and 0. for different
 

Age-at-First-Capture Policies 1 
Individuals of Different Ages can be Harvested at 

Different Rates (Linear Programming Problem) 

a) c' = 1 

Age 
Classes 
Harv'd 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Yield 

0-19 .98 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 5.96E-03 
1-19 1 .98 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 4.94E-03 
2-19 1 1 .981 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 4.16E-03 
3-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
4-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
5-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
6-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
7-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
8-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
9-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
10-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
11-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
12-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
13-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .49 1 1 1 1 0 3.87E-03 
14-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .25 1 1 1 0 3.87E-03 
15-19* 



b) c' =v 

Age 
Classes 
Harv'd 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Yield 

0-19 .99 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 8.19E-03 
1-19 1 .99 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 6.39E-03 
2-19 
3-19 
4-19 

1 
1 
1 

1 
1 
1 

.99 1 
1 1 
1 1 

1 
1 
1 

1 
1 
1 

1 1 
.96 1 
.96 1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

0 
0 
0 

5.23E-03 
4.76E-03 
4.75E-03 

5-19 1 1 1 1 1 1 .96 1 1 1 1 1 1 1 1 1 1 1 1 0 4.78E-03 
6-19 
7-19 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

.96 1 1 
1 .95 1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

4.75E-03 
4.71E-03 

8-19 1 1 1 1 1 1 1 1 .93 1 1 1 1 1 1 1 1 1 1 0 4.65E-03 
9-19 1 1 1 1 1 1 1 1 1 .91 1 1 1 1 1 1 1 1 1 0 4.58E-03 
10-19 1 1 1 1 1 1 1 1 1 1 .88 1 1 1 1 1 1 1 1 0 4.51E-03 
11-19 
12-19 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

.81 1 1 
1 .74 1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0 

4.40E-03 
4.25E-03 

13-19* 

* No possible solutions 



TABLE 5
 
Yields in Numbers (c 
- ) Converted to Equivalent Yield inC-1
 

Inverse of Reproductive Value (c' 

a) Atlantic menhaden
 

Equivalent Yield
 
Age
 
Classes
 

Harvested c'-I 
 c'-v
 

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'=l c'=v
 

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 .
 
5-19 
 .
 
6-19 
 .
 
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 

"
 v )
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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 0
 
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 I at-first-capture. This is
 
tre 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-first 
capture only becomes useful for species at the other end of 
the 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 
effecc of increased fishing mortality on population

reproduction. These analyses are in agreement with Jensen 
(1981). Management decisions based in part on knowledge of a 
population'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 
r:eal 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 life 
history characteristics were examined in light of MacArthur's 
(1960) work which suggested that harvesting should be 
inversely related to reproductive value. Linear 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
 

i. 	 The Fisheries Stock Assessment CRSP (sponsored in part by 
USAID Grant No. DAN-4146-C-SS-5071-O0) 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 nterntational 
Center for Living Aquatic Resources ManagemnLt. 

REFERENCES
 

Beddington, J.R, and ).B. Taylor. 1973. Optimum age specific 
harvesting of a population. Biometrics 29:801-809. 

Botsford, L.W. 1981. Optimal fishery policy for size-specific 
density-dependent population models. Journal of 
Mathematical Biology 12:65-293. 

Cullen, M.R. 1986. Linear Models in Biology. New York: 
John Wiley & Son. 

Doubleday, W.G. 1975. Harvesting in matrix population 
models. Biometrics 31:189-200. 

Fisher, R.A. 1958. The Genetical Theory of Natural 
Selection. New York: Dover Publications, Inc. 

Goodman, D. 1982. Optimal life histories, optimal notation 
and the value of reproductive value. American Naturalist 
119:803-823.
 

Holden, M.J. 1975. The fecudity of RAla elavata in British 
waters. Journal du Conseil International pour 
l'Exploration de la Mer 36:110-118. 

20 



Horst, J. 1977. 
 Effect of power station mortality on fish
 
population stability relation lifein to history 
strategy. In Proceedings of the Conference on Assessing

the Effects of Power-Plant-Related Mortality on Fish 
Populations, W. Van Winkle (ed.). Permagon Press. 

Jensen, A.L. 1981. Population regulation in Lake whitefish, 
CorregonTs clupeaformis (Mitchill). Journal of Fish 
Biology 19:557-573. 

Juha, M.P. , and A.O. Converse. 1968. Linear or Quadratic 
Programming Algorithm. Thayer School of Engineering 
Revised by M.T. Agardy. Feb. 1986. U.R.I. 

Kuester, J.L., and J.H. Mize. 1973. Optimization Techniques
with Fortran. McGraw-Hill Book Company. 

Law, R. 1979. Harvest optimization in populations with age
distributions. American Naturalist 114:250-259. 

MacArthur, R.H. 1960. On the relation between reproductive 
value and optimal predation. Proceedings of the National 
Academy of Science 46:143-145. 

endelssohn, R. 1976. Optimization problems with a Leslie 
matrix. American Naturalist 110:339-349. 

Poole L. , and M. Borchers. 1977. Some BASIC Programs. 3rd 
ed. Osborne/McGraw-Hill. 

Rao, S.S. 1984. Optimization, Theory and Applications (2nd 
ed). Wiley Eastern Limited. 

Reintjes, J.W. 1969. Synopsis of biological data on the 
Atlantic menhaden (Brevoortia tyrranus). FAO Synopsis 
No. 42. 

Rorres, C. 1976. Optimal sustainable yield of a renewable 
resource. Biometrics 32:945-948.
 

Ryland, J.S. , and T.O. Ajayi. 1984. Growth and population
dynamics of three Raia species (Batoidei) in Carmarthen 
Bay, British Isles. Journal du Conseil International 
pour l'Exploration de la Mer, 41:111-120. 

Ware, D.M. 1985. Life history characteristics, reproductive 
value, and resilience of Pacific herring (Clupea 
harrengus palllsi). Canadian Journal of Fisheries and 
Aquatic Sciences 42 (Supplement 1):127-137.
 

21 



22
 



DEVELOPMENT OF A SWIMMING CRAB FISHERY IN ECUADOR
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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 communities by
providing food or increasing employment in fishing and 
supporting activities, or activities which contribute to the 
national economy through the reduct ion 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 and 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 rathhunae, Callinectes similis and Arenaeus 
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 I:
 

(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 	II:
 

(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 	I. 

MATERIALS AND METHODS
 

Ecuador extends 950 kilometers along the western coast of 
the South American continent between the Latitudes of 10 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 (Figure 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 rnd 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 were siMultaneotusly Fished at each site: Chesapeake Bay
style crab traps (Van Enge 1, 1962) , trotline, gillnet and lift 
nets. Five Chesapeake Bay style baited crab traps were
constructed of locally available galvanized rectangular iiiesh 
wire with a mesh opening of 2. 5 x 5 cm . Each trap measured 65 
x 65 x 52.5 cm and had foEir entrai,ce funnels. A smaller trap
with a mesh size of 2.5 x 2.5 ciii 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 10our. These were constructed of I cm diameter, hard 
lay nylon and aichored at both ends. Five baited liftnets 
were constrcurted Witi a squre ii-on frame, covered with 1.2 cm 
webb i n . hlie,;e were, lifted twice per hour. Two 30 in gillnets
with 7 .6 cIl s tretched IIe:;h wer e constructed of soft lay 
polyallide w,bl ii.,. Trap;, trot lieles and I iftnet:s were baitedfor each set with locallv avai lable species. Thiese included 
Chi oo!-coinihi-s jr ,'ti;j Sel perani (e and Scottiber, c,, 


jJ~oi, i cii, . All geari 
 were fi;lod siMult:alteou,.IY for 3 hour
periods. tish inlg e tfort is expressed as gear-hour which 
epreselts O1 uiii t Of gear vi tiha One hoLurl soak.
 

All crabs collected as identified, mueasured (carapace

width) and weiglied. Carapace a idtlh refers to the 
 distance 
between the tips of the lonigest ceplialthoirax spines. General
 
appearalce of I le Cthe Y; wasl:noted 
including sex, Maturity and 
loss aiid regeneration of appenideiages. Environiental data 
includin sejdimelt type, bottomii and surface temnperature,
 
salinity and dissolved Oxygen leveis 
were recorded. 

RESULTS AND DISCUSSION
 

Resource Survey
 

The e.istence of five species of portunid crabs inhabiting
the coastal and estuarine waters of Ecuador 
as suggested by

Williams (1 9 74) was confirmed during these investigations.
Callinectes to.xotes and Call rectes arcuitus were captured in 
estuarine areas samples _bhlaxwhile of rebust-is, Por'tunus
 
ape and 
 Ct-oiius rl.ber were o)ta i ned froi fishermen working
in offshore areas. Initial indications suggest that these 
latter three species are not of sufficient size or quantity to 
support a fishery, although lend-:ickx (1985) indicates that 
the large abundance of the genera Portunus and Euphylax in 
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FIGURE 2. Map of Guayas Estuary showing the sampling sites
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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 Calli nectes
 
species and conversations with artisanal 
 and commercial
 
fishermen suggest the presence 
 of a large uonxploited r.soource 
in Ecuador. No al-utdanCe es timsates cal be cal colated aS a 
result of this preliminary phase of the rtsource .a'vy hut 
pre,7ious investigat ions in geographic rother reas 
have 
indicated that these species are found illhigh coic'nt c.it iolls. 
Dittel et al . (1985) reports that C. arcuatos in Costa Rica 
has potential commercial importance Paul (1981) and Tablcros 
(no date) studied abundance, breeding and growt 1i of C. 
arcuatus and C. tloxotes in a lagoonal estuary ott the Pacif ic 
coast of Mexi ':o and suggest that t a crab f-<SheCv woould coinc ide 
with a lull in tle shrimp fishery providin, iicoine at a time 
when local fishermen are uiesiploved. It is possib1e that- the 
Ecuadore an swiminng cIca) populat ion does not k'qul t he 
proportions fotind il other areas, but tih, pr Iimilntiv rl'stilt 5 
of the reso irC s r,,v , : , ,; ,- 'w, 1-, ;- . , ,! 
suff ici eit ilm [ it ie< to Willral[tfilrt l r i nv s ti g,'t i on;. 

Call itier tes toxotos Was t lit,Iarge st: oft lhr ,:inili', crib ;
found it' the G;oayas es ttli'v and havt beet.i describcd as the 
largest species in the genUS (ill1iams , Ii'). lhc lari'est 
specimen captured lttea,;ttred 2? cm illwidth. -itnd weipgird 06( g
rhe average size of C. toxotes captured was 14.*) ('it), 1 1 .9 
with average weight of 211 gr. _ 89. Call ine rts rrllitlls, a 
smaller species, had a sean carapace width of 10.i cm 4 1 .8 
and weight of 60 gr. 1 30. Average carapace width and weight
for both species for each area are snslsci::ed in Tabl( 1. 

TABLE 1 
Average Carapace Width (CW) and Weight (WT) for
 

Cattinectes toxotes (TOX) and Caltinectes arcuatus (ARC) Crabs Captured
 

Wet Season Dry Season
 

TOX ARC TOX ARC
 

CW WT CW WI CW WT CW WT
 
(cm) (gr) (cm) (gr) (cm) (gr) (cm) (gr)
 

Upper Guayas Estuary 11.9 113 - 14.7 198
 
Middle Guayas Estuary 15.1 320 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. lowever, 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 C. toxores 
dominated the less saline estuarine areas but was replaced by 
C. arcuatus in the higher salinity areas with some overlap in 
intermediate and high salinity areas (Figure 3). They suggest 
that salinity plays an important role in the distribution of 
the Call inectes species and describes both as being 
euryhal ne. 

The distribution and relative abundance results illustrate 
that the two Cal i inectes spp. appear to be spatially and 
temporally restricted to areas of the Guaas estuary. A shift 
in the distribution of C. arcuatus was observed in the middle 
estuary between the two seasons. Although salinity is thought 
to play a major role in the distri bution of this species, it 
seems unlikely that the miall differences in salinity during 
the sampling periods (from 1.5-18 to 19 ppt) is responsible for 
causing such a major slift in rtis r but ion. Other 
environmental factors mav be influencing this change in 
distribution, as well as tLM life history and behavior of 
these crabs. No shift in speies composition was semi in the 
upper estuary (0. 1 - 5.0 ppt) , although there was an 
indication of size difference. No data is available for the 
wet season of 1987 for the low',r Cuayas estuary. 

If C. toxto s and! !:. aretn-us follow a sisli ar pattern of 
distribution as (CIl I inectes swid ns, a differential 
distribution by sOx and ma turitv can be expected. Mating 
would occur in the fresher a rea;s of the estuary, with feiales 
later migrat liiI to estuary m1ouths to spawn result-ing in the 
dispersion of the larvae into the offs! ore high salinity 
waters (hail , 1984). 1. ite data is available on the spawning 
habits of C. toxotes" although illiass (197'.) ment ions that 
the distribution of ovigerous females is presumed to be 
similar to that of L. sphds 

Assuming that the combi, ation of gears eliminated 
individual gear biases and catiches represented the actu,al 
population structure, preliminary results indicate 
differential distribution of C. tox.ote. by sex and maturity in 
tile three sites during the dry season sampling period (Figure 
4). Data are not included from the wet season in the analysis 
due to the small sample sizes collected. Chi-squCre 
contingency table analysis was used to test population 
differences between the three sites. Results indicate 
significant differences in the distribution of nature males 
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WET SEASON DRY SEASON 

UPER 100% 100 % 

ESTUARY 

N=33 N=582
 

GUAYAS 6 %ESTUARY ..................
 

N:201 N=223 

GUAYASNODT(Ilmm3ESTUARY 55% 

N=306 

EC. toxot., 
[ C. arcuatus 

FIGURE 3. Species composition in the Guayas Estuary. 
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(P < 0.001), immature males (P < 0.001), mature females (P < 
0.001) and imnature 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 found in the upper estuary; and more 
immature females were found in the upper and lower estuarv. 
These results do not indicate a similarity to the distribution 
described for C. swpils, although data were restricted to a 
rhree month period and patterns may not he completely 
illustrated. A possible complication in the description of 
the distribution of C. toXotes aly hie due to distincLt 
populations of the species in the different sites. Camiphe1.1 
and Mohn (1983) defined a stock to be a group of itndividuals 
that sustains itself over time and responds ill a similar way 
to environmental changes within a discrete geographical a .ra 
Gene flow may occur between stocks. If two or more stocks are 
present in these diverse environments, d istrilhttion by sex and 
maturity may not he discerned until populat ions can he 
ide t if ti d. 

The majority of the .. arcutus c;ptured it tile snatpling 
periods were malen: principally Illature a11en were fouini in the 
middle (iayas estuary, an(l mature and immatore ma les were 
found in the lower estuary (Figure 5). Very few fema lesn were 
captured, which suggests their absence from the estuarine 
areas sampled. Dittel and Epi fanio (personal commticat ion) 
in their investigations on C. arcuatus ill Costa Rica, captured 
mostly females, but their sampling was condoCted lV trawi lig 
offshore in the Gulf of Nicoya area. Tie offshore watersc were 
not sampled in this studv, but literature supports th t.llecrV 
that C. arcuatus and C. toxotes may form larg,,e breeding 
populations ilt coastal waters throughout the year (ftendrick:-:, 
1985) and that the estuarine phase of the life cycle is a 
growth phase as suggested for Callinectes latimtnus it( 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. 

General aspects of size and weight are of considerable 
interest to both fishermen and ecologists. Of even greater 
interest to fisheries managers is size or age at sexttal 
maturity. Age is difficult to determine for decapods itt 
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 tmaturit y in 
Homarus americanus. Through management regulation of gear, 
fishing season or location, a certain percentage of the 
immature population can be protected and allowed to contribute 
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WET SEASON DRY SEASON 
47.2 	% 

GUAYAS 18 % 

ESUR 4.6 % 733.3 % 

TOXOTES N:33 TOXOTES N=582 

8.9 % 

LOWER .....
GUAYAS
 

ESTUARY 
 I
548 %17.9 % 

TOXOTES N=12 TOXOTES N=223 

76.5 	 % 

GUAYAS N T.6% 

ESTUARY
 

1.5 % 
MALESXMATURE TOXOTES N=136 

.:IMMATURE MALESMIDDLE	MATURE FEMALES
 
IMMATURE FEMALES
 

FIGURE 4. Se:- and maturity of Callinectes toxotes in the 
Guayas estuary.
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WET SEASON DRY SEASON 

UPPER 
GUAYAS 0% 	 0% 
ESTUARY
 

4.2 % 
95.3 %0.% 

MIDDLE 
GUAYAS 	 0% 
ESTUARYa
 

N:189 

45.4 % 

LOWER 
GUAYAS NO DATA 	 5.5 % 
ESTUARY 	 46.6 % 2.5 % 

ARCUATUS N=163 
SMATURE MALES 

E IMMATURE MALES 
- MATURE FEMALES 
" IMMATURE FEMALES 

FIGURE 5. 	Sex and maturity of Callinectes arcuatus in the
 
Guayas estuary.
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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 undergo a 
terminal pubertal molt during which they must become 
fertilized. The post-imolt configuration of the abdomen 
radically changes indicating that the female is mature. The 
maturity of males is not considered to be as import'at a 
factor ill recrui tment or management because they can mate 
several times with several females during their lifet ime. 
Maturity is indicated by the internal presence of developed 
testes and vas deferens and externally by the loose ness of 
their abdominal flap. Immature males have tile flap closed and 
efforts to force it open reso lt in breakage. Matore males are 
easily pried open (tlaefner; Van Engel, personal communica
tions) . 

Results of size at sexual maturitv in animala captur,.d in 
this investigation indicate that immature male C. lo:ot vs 
range from 2. 1 to 17 . 5 cm. The 50% mat ore/!imlnat Ire ra ng i s 
between 10.6 and 11.0 cm in width. Immature female, C. toxoo:,s 
range from .1 to 17.0 cm in width with the 50 
mature/inmature siz=e 13 1,"4 cm.be tween . 6 and . 0 I nIn 1 luort 1 t, 
C. ar tti-s range from 5.1 to 12.5 cm .:it t:hnl () 
mature/imimature size between 8.6 and 9.5 cm. I ;mit tir fca ,iv;
 
C. arcLatus range from 4.6 to 8.0 cm with 50. ,ilt]te/imitor,[ 
size range between 7.6 to 8.0 cm (small sample si:e 

Catchability
 

The blue crab in the United States nay be subject to tile 
most diverse kinds of fishing gear for any single species 
(Haefner, 1985). Gears can range from a simple baited hand 
line to the 50 kg crab dredge used in the winter months in tht, 
Chesapeake Bay. Only a few gears have proven to be 
economically practical on a commercial basis (Sholar, 1),'9: 
crab traps (80%), trotl ines (10% ) and dredges (l0 ). In 
Ecuador, there are technological, social , cul toral ind 
environmental factors that must be considered in the sele ct ion 
of the appropriate harvesting gear. The final recomnendat ion 
for the most appropriate harvesting gear will. 1e a compromise 
between these factors as well as catch pc,- unit effort or 
performance data for each type in the Guayas Estuary. 

Gear performance is measured by the catch per unit. ef fort 
(CPUE) which is defined in this study to be the ni tber of 
crabs caught in a one hour period by one defined gear uni t. 
Average CPUE for each gear was obtained by taking the mean for 
all replicates ised in each site. These are summarized in 
Table 2. Data from the wet season were not incluied 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 Gitinet Lift Net Trottine
 

Up. Guayas Est. 0.27(4) 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 Bishop 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 season. 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 were 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 catch
 
of the liftnet were present. This probably accounts for the 
higher CPUE of the liftnets in the middle estuary todue the 
great number of small crabs caught by this gear. A!I 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 gearthe 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 estuai-v for the 
capture of fC.toxotes. However, in the middle estuary a 
significant difference was found in the CPUE of immature nale.; 
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 d(efined 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 for examining species d a;tri.bution. Due to 
the mesh size available for trap construc ion, small animals 
were not retained. Gillnets did not retain juv'eniles for 
unknown reasons; and when fishi!ng trotlines, small crabs were 
usually not spotted while raising gear and dropped off or fell 
through the meshes of tite fishing basket. 

The CPUF of both trot Iines and 1 i tnet s can be 
dramatically changed it soak times are a Ite e(tI if fished at 
shorter intervals, the CPUE can he expected to increase. The
 
CPUE tor gil.liets and traps are subject to saturat ion e1fects 
with increasing soak time so CPUE may actally decliit with 
increasing soak time. 

Environmental parameteis did nor appear t.o affect the CPUE 
of any gear, although other authors have confirmed the effects 
of many Moon phase has been shown to cause variations in 
catches ot C. sapidus premolt females (Bishop et al , 198/4), 
reef fishes (Munro et al ., 1971) and lobsters (Chi ttleborough, 
1970). Effects ot increased temperature on catchabil ity has 
been documented with the rock lobster (Chittleborough, 1970). 
Although salinity and oxygen levels play signi ficant roles in 
the distribution of Cal linectes spp. (Norse, 1975), no 
information is available on their effects otn catchability. 
Changes in salinity are known to cause physiological changes 
in C. sapidus such as increased respiratory activity when 
crabs were transferred from :;eawater to dilute salilitites 
(Norse, 1975).
 

The presence of high or low oxygen levels may be
 
responsible for changes in the distribution of Callitiectes
 
spp. C. sidI~lus is known to tolerate 02 'ension as low as 0.08 
mg/l in estuarine tertiary sewage treatmen' pools, but crabs 
confined in baited traps in the Chesapeake Bay suffered a 25 
percent mortality at 09 concentrations of 0.6 mg/l at 
temperatures above 28°C "Williams and Duke, 1979). Loesch 
(1960) described a shoreward migration phenomenon termed 
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jubilees for fish and crustaceans in Alabama. Ile 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 parameters. 

Since most of the resource survey was conducted during the 
dry season (July - August), only partial answers to the 
original questions in study can beproposed this addressed. 
To completely describe the distribution 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 he 
located in Estero Salado, Puna Island and the Guayas River,
 
including many in polluted waters of
fishing the 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 gear most utilized in the Guayas estuary by
small-scale fishermen iq 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 
(US$57) 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
 
lift.
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TABLE 3
 
Approximate costs of (sucres) material for gears used in this
 

investigation
 

Gear Trap (10) Liftnet (10) Gitlnet 0t) Trotline i)
 

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 5 1
 

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

Total 16917 4767 11036 1143
 

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. However, the expense of the macerial to
 
construct this gear (17,000 sucres/10 traps, US$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, US$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 _ujmvt:~atioj.i
 
with artisanal fishermen employing this gear 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 in 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 1600n 8 376
 
Gillnet 200m 12 43 Gillnet 1600m 12 374
 

At presenL, a very small local market exists for fresh 
Call inectes spp. crabs in Guayaquil. They are captured with 
handlines and liftitets by artisanaI fishermen and children and 
vendors sell them on the streets of GuaVaquil for 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 eachsucres 
(US $2.62) have been reported. Crab processors from the 
United States, Japan and Turkey have visited Ecuador dui1ng 
this past ,ear and a new Ecuadorean crab processing faciliCy
"Jaiba Azul" has recently received funding to begin 
operations.
 

It is diflicult to ascertain the resource potential of 
Callinectes spp. from this preliminary resource study, 
although the rclults do offer some encouragement. Crabs were 
captured in all of the areas sampled although variability in 
the catch races was due in large part to the exploratory 
nature of this investigation. From the preliminary data 
obtained thus far, the Call inectes 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 -riab wo.rt is a labor intensive operation 
providing substantial employment. Although crab picking
machinery is available on the market, US crab processors 
prefe r 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 utili::ed as a semi -na tural growing out pond in 
which shedding operations could be careful lv monitored. 

Crab waste prodoc ts have been socc essfully U..L! 'L fi-1h 
food suppI emenit: (Htaefne r, 1985) and pond owners in Ecuador are 
currently experimenting with us ing crabs as potential 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 utili:ed 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 ecologica] 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 years
age, 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 I
 
Qualities of 
a Good Fisherman
 

Category 
 (f) Percent
 

Like fishing 
 27 39
 
Know how to use equipment 22 31
 
Personal characteristics 
 6 9
 
Know fishing spots 
 4 6
 
General knowledge about fishing 
 3 4
 
Luck 
 3 4
 
N/A 
 3 4
 
Have good equipment 
 1 1
 
Know tides, weather, etc. 
 1 1
 

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 percent the70 of responses. Personal 
characteristics of fishermen were believed to 
contribute to
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being a good fisherman in the view of 9 percent of the
 
respondents. As 
seen 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 ,he dependent variables, 
but years fishing was related (X = 7.25, p < .01) to 
whether one e:phasized "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 
non-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 see
 
in Table 2 the categories and percentages of responses.
 

TABLE 2
 
Most Like About Fishing 

Category (f) 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 (to with some
 
specific type of fishing such as gill netting, diving, etc. 
Thirty-seven percent of the responses were in this category.
The second most frequent response "catching many fish" 
amounted to 16 percent of the responses, while "independence" 
and some specific aspect of the job (e.g. pulling net) tied 
for third most frequent with 11 percent each. As 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 = 70
 

We note here that negative aspects of the environment
 
(wind, bad weather, etc.) form the most frequent (27 percent)
 
category of response. The category "nothing" is second 
most
 
common (21 percent), while some specific task (q.g. mending
 
nets) is third. The fact that negative environmental features 
are emphasized is of interest, as these fishermei, 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 environmental features as 
what they disliked most about fishing (X 3.96, < .05,= p 
phi = .24). Thus in some way, education contributes to a 
greater concern with environment as a negative aspect of the 
occupat ion. 

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 (1971). In this section, we will compare responses 
from the northwestern open ocean region with those fcom the 
protec ted gu l f in an effort to see how this 
macro-environmental difference appears to affect perceptions 
of occupation. 

Pol nac (L9//) used the same tests to determine 
fi.-hermen's perceptions of qualities of good fishermen and 
positiwve ,id negat ive aspects of the occupation. Hiis 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 regio;:;: in Table 4. 

TABLE 4
 
Ranked, Categorized Responses: Attribute of Good Fishermen
 

Rank Gulf of Nicoya 	 Rank Northwest Region 

I 	 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 north,'est 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 Responses: 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.Idependence
 

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 3f f 1 a 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 zohes. 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 offshore 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 
subculture 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
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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 ORIENTATIONf
 
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 oriented 
toward the future as opposed to the present or the past. This 
is true because most development schemes do not show immediate 
impact, and there is usually a delay between the acquisition 
of project inputs and increased income or production. This 
delay after investment of time, effort, and capital is often 
perceived as risk,', 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. Cornea (1987:2) 
writes that "without the building bricks of sustainabillty, 
much financing is condemned to inducing only short-lived 
'development spurts.'" fie indicates how the current 
international debt crisis is due in part to repeated 
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 of the profits
some are
 
reinvested to replace and/or repair productive equipment. 
This is especially true with respect to marine fishing where
 
equipment is subject to relatively rapid deterioration arid/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 result
a of the nature of their occupation 
and productive equipment involved (cf. Pollnac, Gersuny, and 
Poggie, 1975; Pollnac and Poggie, 1978; Poggie, 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 
protein shortages. 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 breakdown of productive equipment. For 
example, a recent article attributes the failure of an 
outboard engine project in a fishing community in southern 
Keral; , -I dia 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 associated 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; thierefore, 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 vuriables. 
Variability in gratification orientations has been related to
 
modernization and acculturation. Some researchers report a 
positi\'e relationship (e.g. Doob, 1960; Graves, 1967; Rogers, 
1969; Inkles, 1969), others find no relationship (Sexton and 
Woods, 1977) , while one study reports a non-linear 
relationship with a tendency 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 Met zner, 1962; Lessing, 1968; Pollnac 
and Robbins, 1972 Levy, 1976), positive (Pollnac and Poggie, 
1978), inconsistent, and no relationship (Doob, 1971; Robbins 
and Thompson, 1974; PolInac, Gersuny, and Poggie, 1975). 
Socioeconomic status has been reported as having both a 
negative (Thompson, L975; Levy, 1976) and a positive 
relationship (Graves, 1967; Wobr and Musoke-Mutanda, 1971) 
with deferred gratification. Findings have also been 
inconsistent with regard to urbanization. Gold (1961) 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, 1971), 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. It 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, tile major Pacific port of 
Costa Rica, is located on a thin finger of land jutting
westward into tile Gulf of Nicoya approximately 110 kiioim.eters 
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 ves;sels from 15 to 36 feet 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 factors 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 into tile 
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 goids 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 
content analyzed. Responses 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.g. 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 quest ions 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, sel f -evaluat ion 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 life test 
consisted of showing the respondent a ladder diagram with ten 
rungs. lie was told that the top rung represented the best 
possible life and the bottom, the worst. lie was then 
requested to tell us where he felt he stood on the ladder at 
the present time (T-0,1, 
 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 pL'efer 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 were 
as follows: 1-long line and net; 2-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 of from 0 to 35. Item 
total correlation!7 were calculated and were found rangeto 
from 0.41 to 0.6(, all significant at better than the 0.01 
level. This scile 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, and1 income in maximum and minimum months. Variability 
of income was calculated by dividing the difference between 
the maximum and minimum months by the maximum, resulting in a 
figure that varies between zero (no variability) and one 
(indicating maximum variability). 

Ape, father's occupation, and years 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 measured 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 
tl.e 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. Ttenty-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 I
 
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 
 I
 
Need for spare equipment 1
 
Loss of present equipment I
 

N - 80
 

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

avallable because shrimp boats have 
been killing the small

fish and 
their food. Overall, 
it appears that small-scale
 
fishermen feel 
that there are 
fewer fish available and that

they would invest in more equipment if they sure they
were 

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 
7ossible 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 
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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 aniial to fatten 0 2 
Put in bank 4 3
 
Save (bank riot 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
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TABLE 4
 
Distributions of Independent Variables
 

Total Urban Rural

Variable 
 Sample Sample Sample Test df p
 

F-RatioAge 
 3C.7 32.7 27.6 
 5.15 1 123 <.05

Education 
 3.6 3.9 3.2 1.97 1 123 >.05

Years Fishing Experience 12.3 12.6 11.8 
 0.23 1 123 >.05
 
Watch TV (days/week) 2.7 
 2.8 2.7 0.06 1 123 >.05
 
Listen to Radio (days/week) 5.2 4.7 
 6.1 7.52 1 123 <.01
 
Read Newspaper (davs/week) 1.8 
 2.8 0.3 26.71 1 123 <.001

Read Magazine (days/week) 0.9 1.2 0.5 1 123
3.50 >.05

Go to Cinema (davs/week) 1.2 1.9 0.1 1 123
22.96 <.001
 
Mass Media Exposure Scale 11.9 13.4 7.62 <.01
9.7 1 123

Fishing Gear (s ale) 
 3.7 3.3 4.3 14.61 1 123 <.001
 
'idder T-0 
 4.4 4.5 4.1 0.77 1 123 >.05
Ladder T-5 
 4.4 5.1 3.2 16.31 1 123 <.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 1 123 <.05 
Ladder T45 - 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

Income (minimumtnmnth) Colones 463 248
623 19.60 1 115* <.001
 
Incom. (past year) Colones 11.153 13.711 6,838 5.18 1 41 * <.05
 
Income (past month) Colone% 670 
 824 432 7.73 1 100* <.O1

Income Variability .74 
 .71 .78 4.72 1 115* <.05
 

Chi-qQOwn Boar (%) 38 
 31 50 1
4.74 <.05
 
Like Son to Become Fisherman (%) 
46 33 64 11.37 1 <.001
 
Farmer Father (%) 
 25 23 28 0.46 1 >.05

Fisherman Father (8) 
 53 43 68 7.73 1 <.01
 
Running Water (t) 
 52 83 6 70.65 1 <.001
 
Electricity (8) 
 49 81 2 75.50 1 <.001
 
Radio (t) 
 82 79 86 1
1.07 >.05

TV (t) 34 
 56 2 1
38.77 <.001
 
Refrigerator () 
 13 21 0 12.23 1 <.001

Sewing Machine (t) 30 
 33 24 1
1.25 >.05
 
Toilet Indoors (%) 
 35 57 2 40.30 1 <.001
 

• df 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 fishermen.
 

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 exposed to the mass media 
and score higher on the material culture scale. This is a 
direct result of the ready availability of electricity, 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 percentage of rural fishermen have fathers who are 
also fishermen. 

Interrelationships Be tween Independent and Dependent
Variables. Tunriing first to gratification orientations, the 
correlations between most of the independent variables and the 
ECOCOMP 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 is positively related to 
a deferred orientation
 
(Pollnac, Gersuny and Poggie, 1975; Pollnac 
and Poggie,
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1978). In 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 inprevious papers (Pollnac, Cersuny and Poggie, 1975; Pollnac
and Poggie, 1978). Nevertheless, it could be argued that avery high level of variability may result in a situation ofinsecurity and instability which could have just the oppositeeffect. Examination of a scattergram of the two variables
suggested that this is, in fact, the case. Second-order
polynomial regressions were calculated betweeni the dependentvariable and income variability for the total sample and each
subsample. 
This analysis indicated that the relationships arenot statistically significant for either the total sample orthe rural sample (R=0.20 and R=0.07, respectively; p > .05).
The results are, however, 
statis 1ically 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 Experience 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, find
we 

that the rural and urban subsamples are not significantly
 
different with respect to mean ECOCOMP Scale scores (1.44 
versus 1.29, respectively; F-ratio-l.]36, df-l 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 forced into the
was equation first. This
 
procedure was 
justified by the fact that the curvilinear
 
correlation between income variability and the ECOCOMP Scale
 
was higher than that between the EGOCOMP Scale and all 
other
 
independent variables. 
 The stepwise procedure was initiated
 
followiig the entry of income variability. The results -f 
this antilysis can be found in Table 7.
 

TABLE 7
 
Stepwise Multiple Regression between Independent Variables
 

and the EGOCOMP Scale for the Urban Subsample
 

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

Income Variability
 
(2nd Order Polynomial) 
 0.33 0.33*
 

Fishing Gear Complexity 0.25 
 0.41.**
 
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 ** < .01 

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

Turning to the 
question concerning small-scale fishermen's
 
preconditions for further investment 
in fishing equipment,

high frequency categorized responses were cross tabulated with
 
age and ed,:cation dichotomized at their sample means (30.6 and
 
3.6 years zespectively), 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 Investment
 

in Additional Fishing Equipment and
 
Selected Independent Variables
 

Prejondition
 
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 youngpr 
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 v, rsus 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* 0.02 0.11
 
Use of Net 0.44*** -0.24* -0.28**
 

N - 80 * p < .05 ** p < .02 *** p < .001 
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Equipnent types mentioned as possible investments were 
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%)
 

NT FLAUNCHA (20%)
NET FISHERMEN LNS() 

LINES (7%)
 

OTHER OR NONE (8%)
 

> NET (21%) 

LAUNCHI (41%)
 
LONG & HAND LINE
 

FISHERMEN > LINES (26%)
 

OTHER OR NONE (12%)
 

FIGURE 1. Investment Orientations of Long and Hand Line and
 
Net Fishermen.
 

DISCUSSION AND CONCLUSION
 

Turning first to preconditions 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 educeted 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
 
explained by the fact that there is a greater percentage of 
noL 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 correlatiois for the total sample
probably result from the significant correlations between the 
dependent and independent variables the urbanwithin 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 although 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 suggests 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 (cf.

Rodgers, 1967; 
Meade, 1971; Robbins and Thompson, 1974;

Thompson, 1975; Po'!nac 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
 
middtemen. 
If 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 variability 
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 over 50 
percent of the urban 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. When 
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 it.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 deferred 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, rejectedis
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 andoften in debt due to the credit structure. Further, incomevariability and minimum monthly income are related to economic
gratification orientations only thewhere effects of thesevariables are levelednot out by less obvious incomes such asproduce from subsistence plots and small domestic animals.
The importanee of this variable in contexts of planned change
suggests that the situational determinants of economic
gratification orientations are utmostof significance, and
development schemes should be involved with creating
environments favorable deferredto orientations if they are tosucceed. Sometimes, the establishment of an organizational
context (e.g., fishermen's association or cooperative) witheducational programs and functions facilitating savings,

investment, and preventative maintenance is all that is neeled
to stimulate an investment orientation favorable todevelopment project success. In cases where initial
 
assessment indicates lowa degree of future orientation amongthe target population, the required toextra effort 
 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 orientation,; among

small-scale fishermen 
in the Gulf of Nicoya, Costa Rica"

(1977). It was subsequently revised as a chapter which
 
appeared in Scale
Small 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 ECOCOMP Scale in the urban subsample. 

REFERENCES
 

Allsopp, W.H.L. 1985. Fishery Development Experiences.
 
Farnham, Surry, England: Fishing News Books Ltd.
 

Armer, M. and R. Youtz. 1971. Formal education and
 
individual modernity in an African society. American
 
Journal of Sociology 76:604-606.
 

Aronoff, J. 1967. Psychological Needs and Cultural Systems.
 
Princeton: D. Van Nostrand Co., Inc.
 

Cantril, H. 1963. A study of aspirations. Scientific
 
American 108:41-45.
 

Cernea, M.M. 1987. Farmer organizations and institution
 
building for sustainable development. Regional
 
Development Dialogue 8, No. 2: 1-24.
 

Doob, L. 1971. Patterning of Time. New Haven: Yale
 
University Press.
 

Doob, L. 1960. Becoming More Civilized. New Haven: Yale
 
University Press.
 

Gold, D. 1967. Psychological changes associated with
 
acculturation of Saskatchewan Indians. The Journal of
 
Social Psychology 71:177-184.
 

Graves, T. 1967. Psychological acculturation in a tri-ethnic
 
community. Southwestern Journal of Anthropology
 
23: 337-50.
 

Inkles, A. 1969. Making men modern: On the causes and
 
consequences of individual change in six developing
 
countries. American Journal of Sociology 75:208-225.
 

Lessing, 	E. 1968. Demographic, developmental, and
 
personality correlates of length of future time
 
perspective (FTP). Journal of Personality 36:183-201.
 

71 



Levy, M. 1976. Deferred gratifications and social class. 
Journal of Social Psychology 100:123-135. 

Margolis, M. 1977. Historical perspectives on frontier 
agriculture as an adaptive strategy. American Ethnologist 
4:42-64. 

Meade, R. 1971. Future time perspectives of college students 
in America and India. Journal of Social Psychology 
83:175-182.
 

Mischel, W. , E. Ebbesen, and A. Zeiss. 1972. Cognitive and 
attentional nechanisms in delay of gratification. Journal 
of Personality and Social Psychology 21:204-18. 

Mischel, W. and R. Metzner. 1962. Preference for delayed 
reward as a function of age, intelligence, and length of 
delay interval. Journal of Abnormal and Social Psychology 
64:424-31. 

Poggie, J.J. 1978. Deferred gratification as an adaptive

characteristic for small-scale fishermen. Ethos 
6:114-123.
 

Polinac, R.B. 1988. Evaluating the Potential of Fishermen's 
Organizations in Developing Countries. Kingston, R. I. 
International Center for Marine Resource Development.


Pollnac, R.B. 1985. 
 Social and cultural characteristics in 
small-scale fishery development. _n Putting People First: 
Sociological Variables in Rural )evelopment, M.M. Cernea 
kd.). New York: Oxford University Press. 

Poilnap, R.B. 1976. Continuity and change in marine fishing
'.ommunities. A state-of-the-art paper prepared for 
U.S.A.I.D.
 

Pollnac, R.B, C. Gersuny, and J. Poggie. 1975. Economic 
gratification patterns of fishermen and millworkers in New 
England. Human Orgarization 34:1-7. 

Pollnac, R.B. and J Poggie. 1978. Economic gratification 
orientations aag small-scale fishermen in Panama and 
Puerto Rico. Human Organization 37:355-367. 

Pollnac, R.B. and M.C. Robbins. 1972. Gratification patterns
and modernization in rural Buganda. Human Organization 
31:63- 72. 

Robbins, M. and R. Thompson. 1974. Gratification orienta
tions and individual modernization in Buganda. In 
Rethinking Modernization, J. Poggie and R. Lynch (eds.).
 
Westport, CT: Greenwood Press.
 

Rodgers, 4. 1967. Changing gratification orientations: 
 Some
 
finrings from the out-island Bahamas. Human Organization
 
16: 200-05. 

Rogers, E. 1969. Modernization among Peasants. New York: 
Holt, Rinehart and Winston.
 

Rosen, B. 1971. Industrialization, personality and 
social
 
mobility in Brazil. Human Organization 30:131-48.
 

Royce, W.F. 1987. Fishery Development. New York: Academic
 
Press.
 

72 



Sexton, J. and C. Woods. 1977. Development and modernization 
among Highland Maya: A comparative analysis of ten 
Guatemalan towns. Human Organization 36: 156-172. 

Thin, N. 1988. Villagers find that power fishing brings its
 
problems. Fishing News International (January):52.
 

Thompson, R. 1975. Gratification patterns in Buganda: an
 
explanation of intracultural diversity. American 
Ethnologist 2:193-206. 

Turner, J. 1971. Patterns of value change during economic 
development: an empirical study. Human Organization 
30:126-136. 

Wober, M. and F. Musok--Mutanda. 1971. Candy, canes and 
chronometry among Ugandan school children. Occasional 
Paper #4. Department of Sociology, Makerere University, 
Kampala. 

73 



74
 



AN EVALUATION OF SELECTED ARTISANAL FISHERIES 
PROJECTS IN
 
SENEGAL
 

T. R. Brainerd, Department of Resource Economics, The
 
University 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 thein 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, -ind 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 sectoi (including river fishing) which 
is controlled by Senegalese and the industrial sector of both
 
local and foreign vessels. The artisanal sector accounts for
 
80 percent of all marine fish landed in Senegal (Lawson and 
Robinson, 1983). The industrial production is mainly exported
 
canned or frozen.
 

The Coverrunent of Senegal, realizing the contribution of 
the artisanal sector to fish consumption and to employment in 
the country, instituted projects for expanding the artisanal 
fishery sector. Tile 1972 project for the motorization of 
pirogues (canoes) and the introduction of purse seines to 
artisanal fishermen 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, 90C canoes 
were equipped with outboard motors througn

the efforts of the Fisheries Department in Senegal. From 1963
 
to 1966, 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 Governmenc 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. A. a 
result, fish were in surplus, especially during the peak 
season, which caused prices to be depressed during tile peak 
fishing season. To alleviate this proble-.., the go',ernment 
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 (unmoturized, 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 concludes 
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 sp-re parts to
 
artisanal fishermen throughout Senegal.
 

b. To establish "satellite" stations in major 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 approximately 20,000
 
people involved in fish processing, distribution and marketing
 
throughout Senegal were e:'pected 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
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for outboard engines, spare parts, and other equipment. The 
Government of Senegal the componentscontributed local (staff,
buildings, etc., exact contribution not known). The Direction 
de l'Oceanograohie et des P~ches Maritimes (DOPM-Fisheries
Department) established a special unit called "Centre 
Assistance Motorization Pache" (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 number canoes eachthe of in 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 fishermenassist in 
maintenance and repairs to their engines. These stations also 
sold spare parts to the fishermen.
 

Under the credit agreement, fishermen were required 
 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
 
requiied 
 to make any payment until the fishing season started. 
Insurance coverage was added to the cost of the engille until
 
complete payment made. original of
was The costs 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 outboard motors and th.- 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
 
initial inventory was rapidly depleted. Some fishermen
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obtained the engines during the off season and enga'-d in
 
transportation activities without making any payments oi h ,j
 
loans until the fishing season because of the conditions of
 
the agreement. Some of them were unable to complete payments
 
before the engines became unserviceable.
 

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
 
proiect was supposed to continue its activities at the end of
 
thf five-year period, bt in 1976, uhen 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. In 1975 and 1977, the Belgium 
firm supplied 800 outboard engines to the project. In 1978, 
the Government of Senegal entered into another agreement 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 Peche
 
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
 
surrounding 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
 
pro.rided funds locally for the project. Between May 1969 and
 
May 1972, experimental fishing was carried out using the Durpe
 
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 (S. aurita prevailing in most cases) and 25 percent

of mixed pelagic species. The catch composition 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 th! 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 engage 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 fishe'rmen to
 
dispose of their catch at regulated prices.
 

c. 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. To train members of cooperatives in the maintenance
 
and operation of handling and storage facilities.
 

Tha project was 
called "Centre d'Assisuance A la PchE
 
Actisanal 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
 
for the formation of 
viable fishermen'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 "IDA. The other
 
components (motorization and purse seine) were expected to be
 
self-supporting. Outboard motors, spare parts, and fishing
 
nets, etc., were provided on cash basis to fishermen duty
 
free. At the end of the five-year project period, the
 
fishermen's cooperatives were expected to take over all of the
 
distribution and narketing 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 second period shows whether the project could 
have become self-sustaining financially without outside 
funding or subsidies.
 

Table I givas costs, sales, and earnings for both periods. 
The first period shows net earnings of 8,898,000 FCFA, while 
the second period shows a net loss of 1.8,114,000 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. 'he 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 to 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 mana'ement to control the 
operating costs, including admiristrative 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
 

(FCFA)
 

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 Mote-ization Project, Senegal
 

1975/76 1976/77
 

Operating Ratio (%) 69 265
 
(Operating Expenses/Revenue)
 

Return on Sales (%) 31 NEG
 
(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 soipe 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 chat the project could not have continued operations
 
without outside funding.
 

In summary, the financial analysis shows that the project
 
could not generat 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 canoe with longline, motorized
 
canoe with surrounding gill net, and motori-ed canoe with 
purse seine. Next, an analysis is done usinL actual values 
from purse si'ine 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
 
averagc variable costs, and if they are to operate in the long
 
run (be 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 canoes. This is not surprising because of
 
the added cost of motorization. Given the average revenues
 
for the three methods, -il 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 Production Costs and Revenues of Canoes('000 FCFA)
 

ArtisanaL Fishery, Senegal
 

Motorized Canoe Motorized
 
Non-Motorized With Surrsunding 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) 11 77 600 

Total Costs 120 1,377 7,598
 

Total Catch 8 100 600
 
Average Total Cost 15 
 14 13
 
Average Variable Cost 13 11 
 11
 
Total Revenue (g) 
 285 2,712 16,590
 
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.
 
'fable 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 tile 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 ol 15 percent of the cost 
of the equipment. 

(a) Cost of canoes (hull): (i) non-motorized - 60,000 FCFA 
with 15 years economic life and no salvage value; (ii) 
metor.zed 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) 
i,500,000 FCFA uith 10 years economic life and no salvage
 
value.
 

(.) Costs of outboard engines: 8 h.p. for canoe with gill net 
. 155,000 r'CFA with two years 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 fishin, 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 three 
years economic life and no salvage value. Straight line 
depreciation is used for all equipment.
 

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

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

(f) Repairs and maintenance costs: fifteen percent of capital
 
investment ior 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
 
canoe with purse seine 
- 27,650 FCFA (75 percent
Sardinella spp. at 25,000 FCFA/ton, and 25 percent mixed
 
species at 35,600 FCFA/con).
 

Table 5 shows that under these assumptions all three
 
operations can replace their equipment from 
the earnings of
 
the share system. However, if the estimates of costs and
 
prices are not accurate, the results could be different. The
 
sensitivity analysis that follows shows how the 
results could
 
be affected.
 

TABLE 5
 
Estimated Annual Returns on Fishing Equipment
 

('000 FCFA)
 

ArtisanaL Fishery, Seneat
 

Motorized Canoe
 
Non-Motorized With Surrounding Motorized Canoe
 

Canoe Gilt Net 
 with Purse Seine
 

Number of trips per year 200 
 200 200
 
Average catch per trip (tons) 
 0.04 0.50 
 3.00
 

Engiine
 
Gross Share 
 " 181 685
 
Repair and maintenance costs 
 23 75
 

Net Share 
 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 
 12 132 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 system. 
 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 Annual 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) 
 10 210 667
 

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 5 151 933
 

Canoe:
 
Gross Share 40 113 1,037
 
Repairs & Maintenance Costs 14 28 338
 

Net Share 26 85 
 699
 

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

Rufis 1ue 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 star-:ed 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 earnings for the three centers.
 

TABLE 8
 
Financial Activity of Fresh Fish Distribution Centers ('000,000 FCFA)
 

Capas Project, Senegal
 

..ly 1982 - June 1983 Apr 11-Jun 30, 1983
 

,,AYAR JOAL 
 RUFISQUE
 

GROSS EARNINGS 
Sale of fresh fish 85.00 67.00 7.0G 
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 
 (6.4i) 0.35
 

Operating Ratio (%) 
 89 (-) 95
 
Retuin on Sales (%) 11 
 (-) 5 

Average purchase price 69,390 FCFA 57,180 FCFA 85,106 FL.1
 
per ton of fresh fish
 

Average selling price 115,650 FCFA 81,510 FCFA 148,936 FCFA
 
per ton of fresh fish
 

Cross profit margin 46,260 FCFA 24,33U 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 mr.mbers 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 lI-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,O' 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 9,000
 

Total Operating Costs 1,967,700
 

(Breakdowns for the other two centers are not available.) 
Salaries, casual labor, and gasoline for the twG refrigerated 
trucks account for 85 percent of the operating costs. 

The operating ratio and the return on sales ratio are 
computed to assess the efficiency and profitability of the 
operations of the centers. The operating ratios for the Kayar

and Rufisque Cer ters (89 percent and 95 percent respectively) 
indicate high operating expenses and low returns. Both 
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centers cannot be financially viable in tile long run unless 
expenses are reduced considerably relative to returns. The 
operating rati, for tile Jual Centet is negative due to tile net
loss recorded The return oh. sales ratios for the Kayar and
Rufisque Centers are 11 percent and 5 percent respectively,
and negative or the Joal Center. The ratio need not be high
if the inventory (in this case fresh fish) turns over f;'St.
Since the average turnover time of inventory is only a few
days, the centers may be firhnciall v viable in the long run. 
Also, tile rat io for the Rufisque Center should i10Zcrease with
increases in fishermen's participation. At tie time of the 
analysis the center had operated for less than three months,
and the response of fishermen was usually slow at tile
beginniri, based on th. experience from the Kavar Center. 

In summary, the financial analysis shows that the 
centers were not generating enough funds to be financially
viable in tire long run. TIliopratir 0 ', rat io. are high; thus,
tiLe celn1t r.r Were lot itk aldt'qu"ate retuirrnsl . The projections

*for 1983- / 'e re that t Kii r Centetr would ilake net eirinirrgs
of. 13 n ll ion FCFA, aind tihe .toI Center , net eaciirupis of 8 
mill iorr CI-'A. Thle f isqle (tt'X1tti was also expected to record 
net earnings for the same period. These projections are 
discussed furt'her in the socioeconomic evalation. 

SOCIOECONOMIC EVALUATION
 

The socioecconomit evaluation of the three projects
consists of an evalloat ien of tieir results in terms of stated 
objectives. Wiere obj cct i es were not real ized, ieasons foc 
fai 1ure are propo:sed, Fi:hi rig operat ions art, also evaluated.
 

Over the f iv'-year pt'riod of the iritimri::nation project,

3,600 Outboard lrn'i reS were provide(i to a" ',tiral f isherreln.
 
This figure exceeded tile target of 3,5W) ii '. i-
 prloject plan.

Motorizatiou allowed fishermen to i rUceiV tuVll size alid
 
extend their f ishin, operations, resulting; ilr rore efficient 
operations and increased productivity. Table If gives the
 
est iated annrril1 i ncrerase in piodtct ionr per bonat due to tihe
 
chariges 
 brought about by iotor i Sation. "lI is shows an annual 
increase of 92 tons per boat . lhowtver'. fisI hing gear also 
change d wi mroto i::; tio.l The rio rr- lnnt o, l ludcaioe uses 
fishing gear that catche s species ith low .,,mi k d ensitv, but
 
h:.h value, slilk tihe motori ze-d carlo, lit 1 
 ::s filhing g alr
that catches pelagic species of lt,h stock dvn! itv but low
Va I t ie. 

The net arntnal inrcomne per i;cha shows an inrcrlease of 
935,000 FCFA due to riotoiization. The Net Preselit Value Index 
(NPVI) gives tire earning per FCFA of the investment. This is 
computed by dividing the Net Present Val, 'e (NI'V) of tire income
by the investment. Using a discount rate of 15 percent , tire 
NPVI is 4.17 for tire non-motorized canoe and 3.60 for the 
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TABLE 10
 
Estimated Increase in Boat Income and Production due to Mo'rization
 

and the Introduction of Purse Seine *
 

('000 FCFA)
 

Artisanat Fishery, Senegal
 

Motorized Canoe Motorized
 
Non-Motorized With Surrounding Canoe With
 

Canoe Gill Net Purse Seine
 

Nurber of trips per year 200 200 
 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 Droduction 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 haG 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 no mention in any of the reports of 
interest charged on the loans. 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 tho 
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 project 
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)
 

Artisanat 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 st ifng 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 (13 crew nan) 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 FCFA 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 canoe
 
with surrounding gill net 
based on two years economic life of
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the engine is 24 percent, and the IRR for the 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 P~che Maritime Senegalaise Ann6e 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 oy 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 thehold 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
allowance 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
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can be achieved by the Rufisque Center.
 
The turnover time for the trucks is criticr' 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
 
percent 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 troiniiig 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 fish
increasing production. Three
 
thousand six hundred engines were provided to fishermen during
 
the initial five-year period 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 197>, 250 purse seines were in operation.
Both projects increased 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 !lf-sustaining unless more 
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 o-in funds. Interest rates charged on loans 
should reflect the opportunity cost of capital so that the 
project can operate on a competitive basis. Measures should 
be devised to rduce 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 operate 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 have 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
 

99 



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 morelook 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 comiunity, 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 
marketplace. 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 population 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 food out the ofa item of reach 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 19 70's in Mexico, a significant program in 
the

commercialization of the increased fisheries production was 
initiated. It incorporated the establishment of numerous 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 productsof would be the 
most acceptable (Morrissey, 19 88a). Increasing 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 generateto 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 d: exist
 
international markets for several of the 
species of fish that
 
are regularly caught in 
Latin American waters, and there is
 
the opportunity for wcll-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. (Barnett, 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 fish 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 developments 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 involved can be substantial 
and is better met with a group input such as cooperatives. 
Often, working capital in the form of loaiis or development 
grants is more readily available to fishermen organizations 
than to individuals (Poilnac 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. In
 
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. In 
general, this does not occur in Latin America. Fish arrive at 
tho 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 seafood in the diet. The main negative points 
are the price and thie quality of the seafood. 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 increase in quality should not 
significantly increase the price, or the fish product could 
reach a cost level beyond The buying power of the average 
coniumer. 

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 betweer, fishery technologists, 
food scientists, sociologists and economists. The technology 
is there to improve quality. What should be studied is 
whether the driving forces are pres.lnt for the small-scale 
fishermen and he middlemen to use the appropriate technology 
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 conswner there is an increased purchasing of the product 
by both traditional and new consumers. Ideally, a general 
program to increase 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 general distrust that the 
Mexican consumer has for fishery products developed from 
Productos Pesqueros 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
 
ptoduct 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
 
expanLing domestic markets.
 

Several factors that should be taken into consideration in
 
developing market forstrategies 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 FAO 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 extension
field 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. Availability 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.
 

3. 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.
 

When we 
look at foreign markets as a means to gain income
 
for small-scale fishermen, we 
need to 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. 1986.
in 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
 
northe::n 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 major seafood
at 

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 rimmodity
 
such as fish the key words are time and temperature. The
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quicker the fish can be distributed, domestically 
or 
internationally, and the lower the temperature (ideally below 
4°C) ..he longer shelf life the fish will have. We can see 
from the work of Bostock et al. (19851 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 - 30 C) 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 that all the fish meet
sure 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 
fishermen 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. Its 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. It would be difficult to 
venture into this enterprise on the sm 11-scale but there are 
alternatives. Because of tihe high demand for fishery products 
there is an interest in different 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 sealed 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 species. However, 
recent advances in freezing 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 time U.S. has 
increased significantly over thec last several years. 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 seasonal activity. Processing of 
frozen fish allows ::he fisheran to extend his season 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. Tho 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 by additional washings and the mixing of
 
cryoprotectants (normally salt, phosphates and sugars that
 
protect the integrity 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 there 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 frozen fish mince blocks for both 
export purposes and for the development of products for 
domestic cons;umption. 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 Paizin, 1987).
 

In several countries the 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 survex 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 goveranment 
in conjunction with the indastry to establish a domestic 
market through 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 ref-.igeration which might not be readily 
available in the more remote areas of the country. There is a 
rising controversy 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 pyoducrs rather
 
than be used on domestic needs. Furthermor",, in the
 
processing of washed minces such as surimi, m-ny 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 blocks 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 tc 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-catch is used to 
varying degrees throughout Latin America. Th2re has been a 
concerted effort in the late 70's and eatly 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 thr 
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 need 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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MICROBIOLOGICfL STUDY ON THE QUALITY OF FISH IN COSTA RICA
 
AND GUATEMALA
 

L.F. Arias, 
G. Bonilla, C.O. Chichester, S.M. Constantinides,

S. 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 theproduct for domestic consumption and increasing the supply of
fishery products available to the consumer. A large
percentage of the marine fishery harvest be tocan lost
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 andelevated temperatures will greatly reduce 

ice 
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 htunan sources at different points in the 
distribution chain.
 

Before fishery losses can be red,,ced, 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

vendor to lessen the degree 

fish
 
of contamination and improve the
 

sanitation under which his product is sold.
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Costa Rica
 

Artisanal fisheries contribute to the economy and
 
nutritional well-being of Costa 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
 
fish 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 activity. The temperature of the neveras was found to 
vary from 1 to 190C. The fish remain in the nevera until it 
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Fisherman
 

(1)
 

Fish caught with
 
hooks or nets
 

Fish placed on the deck 

Eviscerated on board 

Washed with seawater 
during return trip 

Placed in plastic containers 
and transported to the 

receiving station 

Weighed and stored in neveras 
at the receiving station 

(2) 

Transported to the market in 
ice containers in trucks 

Transferred to the marketplace 
in plastic containers 

Fish displayed for the consumer 
at the marketplace 

(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.
 

S Puntarenas 

de
 

~Nlcoya 

Oceano Pac Ifico 

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 odorto by the buyer and 
weighed. The fish remain in ice for up to 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 ir 

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, easily-removed scales.
 
Recently captured, truly fresh fish 
 has no odor, little
 
Mucous, firm 
 flesh and intact scales. In general, handling 
proc edures for fish could he improved in a l areas from the 
time of capture until the fiSh are sold. 

Guatemala
 

Fi.sh is one of the foods of high nutri tive value whose 
increased consusMptiol would heie fit the Guatemalan 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 Guatemala. To clarify the nature 
of the problem, it was dec ided to study the sanitary
conditions of fresh and processed fish at the retail level in 
Guatemala City. 

Sanitary conditions were measured inicrobiologically and a 
visual assessment was made at the time of sampling. Bacterial 
counts were measured using the aerobic plate count (Al'C) at 
25 0 C, the most probable number (MPN) of faecal coliforms and a 
Staphvlococcus alirells count. These three parameters were 
studied in every' sample, including fish, table and surfaces, 
ice water and fish drippings. Because colifornis 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. If 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. In this part of the study, four
 
supermarkets and one popular market were visited.
 

2
 

MATERIALS AND METHODS
 

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), approximately 12 trips
 
were made in small fishing boats in the Guf 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 Count (APC): Total APC was determined using
 
serial dilutions of the sample in tryptone-glucose agar
 
(Difco). The plates were incubated at 27 + 10C 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

(Difco). Incubation was at 35°C + 10C for 24 hours. 
 In 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 + 10 
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 bent glass 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

involve 
 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
 
psychrophiles 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 probable

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. It was the only time observed when fish were placed 
between layers of ice.
 

La Placita market:--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 illtuination. 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, without 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 5
 
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 contactwith 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 onthe tables and boards used to prepare the fillets. The high
bacterial count found in the ice is not surprising since the same ice is reused until it melts. Ceagulase-positive
staphylococci were found in the residual liquid of the boatand in the drip at the fish market. 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 ishigher than the samples of corvina agria. The first twospecies 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 wascollected. After being put on ice, the temperature of these
fish was found to vary between 1 C and 19 0 C. This wouldfacilitate bacter al 
deterioration. Coliform counts 
varied 
little between 10
showed no 

and 10 except for the corvina agria whichcoliform 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. It is of special interest now br ause Costa
Rica is setting up its first "National Fisheries Plan" in aneffort 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
 

Sample 


Water used for washing
 

fish before they reached
a 


seLLing area. 


Liquid from the ice con

tainer at the setting 


area. 


Water used for washing 


at the receiving area. 


Residual liquid in the 


boat. 


Ice in the container 


(Puitarenas). 


Ice in the fish market
 

(San Jose). 


Table at the fish
 

market. 


Residual liquid at the 


fish market. 


Total count of 


aerobic bacteria 


No./ml 


4 

129 x 10 


62 x 106 


29 x 10 


6 


150 x 10 


5
 

80 x 10 


103 


200 x 10 


118 x 10 /cm 


12 


300 x 10 


CoLiform 


count 


No./mt 


12
 
10 x 10
 

2
 

90 x102
 

2
 

39 x 10
 

301C
 

76 x 10 


32 x 10 


141 x 10
 

86 x 10 /cm 


4 


46 x 10 


Staphylococcus
 

count
 

No./ml
 

128 x 0
 

160 x 10
 

100 x102
 

59 x 10 /cm
 

2c
 

80 x 10
 

a: sometimes water from the river was used for washing.
 

b: Central market.
 

c: Coagutase positive.
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Table 2
 

2
Bacterial Count Expressed in No. per cm 
2 

of the Different Species Studied
 

Days of Sampting
 

(taken a? 3 s.mr,sa p.lets)
Soecies 6acter,, 0 t 3 4 

Corvinsagri. Total o 2 ° i.SxlO 9
a. .10 1.3,10 1.3 3.5:102 3.0,l0(ticrit MM.) b.9.3103 2.5104 2.110 2.0,102 3.2x104 

CotIform A. 3.9.100 .010 
3 

9 
3 .7.10'B.O 

b 3.5,1 3.710 6.0,104 

Staphylococcus&. 8.3.102 9.3,10 
2 

4.9103 6.9,10. 
2 2 3
 

b. 3.2At0 3.3,10 3.6 10 1.1,10
 

Corvina aguads Total a. 2.8.10count 1.9,107 
 2.710 3.2:102 3.1,101"
 
4Coc 6 7
2 t1
1.1,10
3b. 2.T.1O 1.1.10 2.5 10 1.
 

2
3 3 4] 5
4
CotiformCob.m a..1.1,10 1.210 6.210 1.210 OX,0
5.x0 1.10 7.0,10 3.2a10 3.6410..
3
 

5I,2 -413 
 3 5 3D 

Stpyoocs2 3 5 5 4at.phy~ocoecuS3.0-102 7.1,103a. 1.7'10 7.3,105 5.5.104
 
3 4 


1.310 9.0 102
b.3.1710 3.O. O 2.0.1U
 

China total c,,xst a. 1alO6 2.1,10 3.41 1.4:, 1 71
 
(tlie
M .)5
(Setf . .) 5 10 3 I,4 1 .710b. 1.9,10 a.3,10 3.2x10 3.010 3.1U10 

3
Coiom3 3Coliforms a. 4.1,10 4.9:10 4.9,104 4 44.61I4 3.310 4
b.4.A,102:1 33.0,tO 6.1,10.. 0 3.2,10 3.6,104 4 

StaDVylococ~us A. 1.2.10 4.9,10, 8.010 1.24102
b. 4.0x,0 1.6,104 4.3,104 9.4104 

a: Saeplefromskin.
 
b: SwPle frombody cavity. 
0: Smples of fish as caught. 

1,2:Daysheldinthe icecontainerat thereceiving
station.
 
3,4:Daysheldinthe fishmarket.
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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 most 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). Ice 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 condirio s, t the end of three days, the 
APC of fish samples was 10 /cm or less, even inside body 
cavities. (According to the American Pu blic Health 
Association [APIA, 19761, figures higher than 10 per 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 (lay 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 is no real contact between the
 
freezer walls and the fish. In 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
 

Sat e 

a 

Aerobic Plate Count 
Day 1 Day? Dayv3 

Faecal Cotiforms Count 
Day 1 a2 

Staphylocoecus aureus 
CellCount 

Iay3ao nat ay3 

A Jutin skin surface 

8 JuLin cavity surface 

C PaLtoeta skin surface 

3.8x104 

1.6x104 

4.5x105 

7.3x105 

1.0x106 

2.6x106 

6.4x105 

1.9x106 

1.3x106 

3 

10 

1.5 

15 

160 

30 

0 

60 

0 

0 

0 

0 

70 

0 

0 

0 

0 

0 

D PaLometa cavity surface 

E Pepemechin skin surface 

F Pepemechin cavity surface 

------------------------------------
Ftoorsurface 

4.6x104 

1.9x105 

8.6x104 

18x106 

8.Ox1O5 

1.3x106 

8.OxlO5 

2.
8
xl06 

7.3x105 

8.6x105 

-8x106 

1.5x106 

3 

1 

.73 

73 

0 

15 

4.8 

310 

0 

150 

150 

60 

0 

0 

0 

0 

1 

0 

1 

70 

0 

0 

0 

0 

H Table surface 

1 Water 

J Ice 

1.4x106 

'103 

2.7A106 

1.6x106 

8.OxlO 

3.4x106 

2.8x106 

3.OxO1 

1.3x107 

31 

0 

1100 

73 

930 

;50 

0 

0 

360 

0 

0 

0 

1 

0 

103 

700 

0 

102 

Fish-ice drippingsb 3.6x107 1.xlO8 7.Ox1O <2400 2400 4300 0 0 0 

PQ 
_j 

a: except where noted APC is no. per cm 
2 

b: APC is no. per mt. 



Table 4
 

FreshFish - La Terminal Market
 

Faccal c:Liforms Count a 
Staphylococcus aureus Cell a
 

Sample Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
 

A Robatlo skin surface 312 160 31 0 0.6
 

B Roballo cavity surface 31 31 6.2 0 0 
 0
 
C Mojarra skin surface 73 31 14 0 0 0
 
0 Guapote skin surface <160 <160 73 6.6i01
 

E Floor surface <160 <160 73 0 0 0
 
F Table surface <160 8 <160 0 0 0 6
 
G Ice <2400 240 1100 0 0 
 10


b
H Water 0 0 0 0 0 0
 

I Fish-ice dripping <2400 2100 11000 0 0 102
 

2 
a: no. per cm
 

b: no. per mt.
 

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 seen in Table 5, samples
 
from two supermarkets, Norye and La Torre, have products with
 
APC results in order of 10 per gram. 

In the case of La Placita where only dried-salted fisP was 
sold, the situation is similar. Counts in excess of 10 per 
gram suggest improper handling conditions in processing and 
storage. If faecal coliforms are in excess of lO/g for frozen 

4fish and 0/g for salted-dried fish, it is supposed that 
products have been subjected to mishandling (AP1lA, 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 S. 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 5
 
Bacterial Counts of Supermarket Samples
 

Sarmples 

Frozen 

fish 

Corvina fillets 

Corvina fillets 

Corvina fillets 

Corvina fillets 

Corvina fillets 

Corvina fillets 

Unidentified fillets 


Robato slices 


Pristis perotetti fillets 


Pristis perotetti fillets 


Whole corvina 


Whole salmonette 


Whole salmonette 


Pristis perotetti 


Dried Roballo 

fish Robailo 


Juitin 


Cod 


Ice and Ice 


surfaces
 

Table surface 


Counter surface 


Front freezer wall 


Back freezer walt 

Side freezer wall 

Back freezer watl 


Paiz-Montufar 
 La Placita Market 

Supermarket 
 (IP) 


(PM) 


Faecal
 
Sample 
 APC Coliform 
 S. aureus
 

Location Cotonies/gram MPN/gram 
 Coagulase-/qram
 

PM 9.8x105 
 23 
 0
 
R 6.3x106 7.3 
 102
 
N 3.4x10 

5 
7.3 
 102
 

LT 1.4107 150 2
 
15 10
LT 1.4X10 
 150 
 0
 

LT 6.6x10 S 23 102
 

LT 3.5x106 
 23 
 0
 

PM 2.7x105 
 23 
 0
 

N 5.3x107 460 102
 
LT 5.3x10 0 
 101
 

PM 3.7x106 7.3 10
3
 

R 2.6104 
 0 102
 
N 1.3x10 
 0 
 0
 

R 6.9A106 460 103
 

PM 1.5x104 
 0 
 0
 
LP 2.3x10 6 
 3.6 
 0
 

LP 2.4x106 
 0 
 0
 

LP 1.2x10 7 
 0 
 10
 

PM 1.6x10 5/m O/mL 
 10/mI
 

LP 5.0x104/cm O/cm2
2 6.6/c2
 
2 
 2 


0/cm
 

2 


LP 1.6x10 2/cm 0/cm


R 8.0xl0 6/cm 0 
 0
 
2
R 1.3x101 /cm 0 
 0
 

N 0 
 0 
 0
 
N 0 
 0 
 0
 

Residential 
 Norte Supermarket 
 La Torre
 
Supermarket 
 (N) Supermarket
 

(R) 
 (LT) 

129
 



FOOTNOTES
 

I. 	This work is a compilation of two chapters presented in
 
the ICMRD publication; Small-Scale Fisheries in Central
 
America: Acquiring Information for Decision 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 MANAGEMENT
 

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 face the andcomplex 
costly task of fisheries management (MacKenzie, 1983; Troadec, 
1983; PanayotoLI, 1982). There is increasing evidence that the 
total costs of fisheries management high. example,are For 

the United States government spent approximately $100 million 
annually on fisheries law enforcement in the first years
following its extension of jur-';diction over marine fisheries
 
(Bell and Surdi, 1979). 
 Other expenditures on administration, 
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 ,f economic 
rent, may range from $200 million to $500 million annually . 
If these estimates are even roughly correct, they suggest 
considerable attentiozi should be given to finding 
and
 
implementing cost-effecti,,e manaZ, nent programs. 

A key element in any fisheries management progr'am is the 
information system supports decisionthat the 
 and
 
policy-making processes. Generating useful 
information also 
is costly. United States government expenditures on fisheries 
data amounted to nearlv $18 m.1lion 1980 (US Dept.in of
 
Commerce, 1980) . As fisheries management activities 
expand and mature, expenditures on information 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 of 
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 minimizing the cost ofas 
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 severa 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 
i:-ortant problem of determining least-cost methods for 
producing a given set 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 waich 
decisions are made, we restrict our discussion to management 
decisions in an organizational setting . 

Organizations (e.g. , fisheries departments) exist to 
achieve a purpose or set 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 personnel). The activities and 
organizational resources must be combined and coordinated in 
order to 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 > 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) (l1uppert, 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 must be treated as two distinct concepts. Data 
are raw, unevaluated facts in isolation. Information is 
meaningful or useful data4 Information is produced from data 
that are rearranged, aggregated, sorted, analyzed, etc., and 
put in a meaningful context. For example, length-frequency 
measurements for a given tow or trip are data that when 
combined with other data and analv zed provide information on
the state of the stock--informacion useful for making 
management deci.sions. 

For many purposes the concept of inmformation is too 
abstract or vague. Therefore, we will frequently work in 
terms of information products (La iliwen, 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 informa ion. 
Some (perhaps most) information products are interlediate 
products, i.e. , they serve as inputs in tile production of 
other information products. Information products possess 
numerous other attributes that are important for our analysis,
including timeliness, accuracy precision,or 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 amount 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. Foz example, the decision to license one more 
vessel in a fishery of little economic significance may have 
negligible or ininor 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 informatio~i to decision makers also depends 
on its several attributes . The greater the precision or 
accuracy of the information, the greater tile value of the 
information prouuct 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 thrashold. 
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 stylizeci, two-fishery case, there likely
would be some functional relationship 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 inshore 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 extent which an informationthe to product 
provides decision makers with all information relevant to the 
decision problem. If a report leaves decisiona 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 separate 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.
 

Clarit 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 yield
 
greater value.
 

Credibility is another attribute directly relatei to value
 
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 collect to
to raw data tends 

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 single
no 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 (especially public organizations) do not have
 
objectives that can be readily measured in monetary terms.
 
Students of organizations till 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 organization .... 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 goals 
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 dominats, 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 monetary 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, quantities and qualities of
data, and require different amounts and types of collection 
inputs (data collectors, transport, 
etc.) . Secondary data 
and information is acquired 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 ,,-e 
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 state 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 (1loaglin, 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. In 
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 informatioi 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 m-y 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 I
 
Relationships Between Information AtLtributes
 

and Production Processes
 

Production Processes
 

Collec- Recording Manipula- Packag-

Attributes tion & Editing tion Analvs1s 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 prouuction processes. For example, increasing
 
timeliness of information involves collecting more recent data
 
and perfcrming 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 the 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 9eciding whether to
 
order additional information. If rationl , 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 becan 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 the
 
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 principle 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 costs than to the expected monetary value of the 
fishery.
 

Fixed budget. 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. If the budget constraint is
 
binding, not all information products with a positive net 
value will be acqui red. Those products with the highest net 
values will be acquired; those with positive but lower net 
values will not he acquired. Of course, the net value of each 
product acquired will he no less than the net value of any 
product not acquired. 

The rule for deter-mining 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 economi.cs. To provide an 
intuitive justification twofor this rule, consider 

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 t)yes 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 while
is, 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 fcregone 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 processes (collection, recording and editing, 
manipulation, analysis 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 decive and explain than 
to implement in practice. Nevertheless, we feel they are 
important for the decision maker to keep 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 has 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 our attention to practical methods for 
improving fisheries information systems. We outline a general 
approach, synthesized from selected literature, that has been 
used in various forms. The imain 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. 
If 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 - long list 
of users to three primary user groups of state and federal 
ageiicies, 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-season decisions require both 
summarized and detailed stock condition and socioeconomic 
[information] .... In contrast, in-season decisions usually
 
require more sumnarized, 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 attributes, 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. Tihe survey was followed up with workshops in each 
fishery management region. Participants in the workshops 
(comprised of individuals directly 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 
developed in the group discussion ... led naturally to 
agreement on the relative priority ... [of] different data 
topic areas.' 

In a closely related paper, Marchesseault, 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 processing 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
 

(i) 	 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 monitiing the implementation of
 
a fishery management 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 othr-r, high-priority data?
 

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

(viii) 	 What 
are the chances the data collecrion 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 1980) Based 
on this 	perspective,

individuals directly 
involved 	in fisheries management ranked
 
various types 
of data for the major commercial fisheries in
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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 faue-to-face discussions of 
advisory panels: 1) the influence of dominant participants, 
2) group prt.ssure 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
 

DataTopiCArea.... Atlantic Silver Other Sea Red
 

Fisheries Pollock Redfish hake Hake Scallops Herring Crab..
 

1.1 Nurberof Vessels & Gear 1. 
 1. 1. 1. 1. 1. t.
 
1.2 Detailed Vessel Inventory P. 1. 1. 1. 1. 1. 1.
 
1.3 Costs & Earnings 1.P . 1. 1. 1 1 1.
 
1.4 EptLoytent 
 1. 1. 1 1 1' 1. 1. 
1.5 Iontoe.Level L Distribution 1. 1. 1. 1 1. 1 1.
 
1.6 Age, Education L Experience 2 2 2 2 2 2 2 
1.7 Cultural Characteristics 2 2 2 2 2 2 2 
1.5 Capacity Considerations 1. P. P. P. 1. P. 1* 
1.9 Landings L Effort 1. 1. . 1. 1" t. 1P 
2.1 Production £ Prices 1. 1. 1. 1 1 1. 1.
 
2.2 "otter of Proessors, etc. P. 1. 1. P . t . . 

2.3 Processing L Marketing Costs 1P 1. 1P 1. 1. j. 1.
 
2.4 Product FloS . 1.u. t t 1.P. I. 
2.5 Processing Employtnent 1 1. 1 11. P. 1
 
2.6 Processing Erployee Char. 2 2 2 
 2 2 2 1 
2.7 Processing Capacity 
 1P 1. 1. 1. 1. 1. 1
 
3.1 fleet Size L Coopositica i t 1 NA NA 
3.2 Costs & Earnings I I NA NA
 
3.3 LApenditures in Support Ina. 
 I 1 1 NA NA 
3.4 Detailed toonoittcs of Supp. ld. I 1 NA1 NA 
3.5 Eeiioynrent 2 2 2 NA NA
 
3.6 Eveioyee Characteristics 2 2 2 kA NA 
3.7 Sales of Rec. Caught Fish 2 2 2 
 NA NA
 
4.1 Hoie Coraiption I 1 1 I t I 
4.2 fest./lnst. Consucption 1 1 I I 1 
4.3 truastrial Usage 2 2 2 2 2 2 1 
5.1 liports 1. 1. 1.1. 1. 1 1P
 
5.2 Eports 2 2 2 2 2 2 1
 
5.3 Transfe-s to Foreign Ships 3 3 3 3 3 
5.4 Foreign Production I I I 1 1 1 1
 

t.S Forei3n market Data 2 
 2 2 2 2
2 1
 
6.1 Local EcorO¢ic Data 2 2 2 2 2 2 2 
6.2 Cultural Values 2 22 2 2 2 2 

Expenditures in Coon. Support Industries I 1 I I t 1 1 

C ithin priority category I those data topic areas aiarkedwith an asterisk are the rOst leportant.
 
Currently unifiportsnt, but ty soon beccameacre laeportavit.
 

• *Single ireicstry stomp.
 

Ptailed descriptions, of each data topic area will be found in Section 5.3.1. 

NA * Not Applicable 

Source: Narchesseault, at 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' identification of important 
types and attributes of information may not be accurate. 
Where several individuOls 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
 
'-he details of decision making, to note especially how 
information is used and why types and attributes 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.

SteL 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 Yankings obtained in step three, to identify and rank 
information deficiencies. 
 It is also useful to note available 
information that has been ranked low. 

Step five. In order to improve the information system, it 
will be necessary to identify the causes of deficiencies and 
constraints on improvements. Diagnosis of causes of 
deficiencies will 
involve a careful description and evaluation 
of the entire information production process, from collecti on 
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. IHigh 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 syste,., areas of significant 
improvement likely 'will emerge. 

We have identified six steps for improving fisheries 
management information systems. Other steps obviously are 
requi red. 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 feasibl-. To this end, we 
present here
 
some basic principles and a rractical framework for
 
determining the cost-effective set of information. The
 
principles involved are from elementary economics and 
are 
applied to the problem , f information production set in an 
organizational decision making context. 

Since techniques are not currently available for
 
estimating the moneta-y value of information, application of
 
the economics is not straightforward. P:actical application
 
involves methods for obtaining decision makers' rankings
 
(instead of values) of information for fisheries management.
 
Whiile 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 literature 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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