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INTRODUCTION 

C ARVI NGS O F FISH fo und in caves inhabited by our earl y ancestors and piles of 
shell s di sca rded by anc ie nt coastal inhabitants attest to the important ro le that aquati c 
animals have played in the li ves of humankind . These animals are equa ll y important 
today. Fish, she llfi sh, and crustaceans are the major source of animal prote in 
consumed by people in many areas of the world . Aquati c animals are among the most 
wide ly traded and transported food commodities. Recreational fi shing is a multi ­
billion do ll ar industry in North America, and the aquati c animal "pet" industry is 
va lued at several hundred million dollars. 

Throughout most of hi story, humans have harvested aquati c animals from 
streams, lakes, bays, and oceans. In contrast to terrestrial animals, there was almost 
no domesti cati on of aquati c c reatures. As the human populati on increased in s ize, 
people s imply harvested more . When they reduced the numbe r of animals ava ilable 
inshore, they dev ised improved nets and traps and increased the rate of ex plo itati on 
still further. When harvest was reduced to a po int ofunacceptable dim ini shed returns, 
they deve loped fi shing boats to be used in harvesting aquati c animals offshore. 

The re lati onship between an increas ing human populati on and increas ing 
harvest persisted genera ll y throughout hi sto ry unt il the 1970s. At that po int, a rapidly 
grow ing world populati on coupled w ith an increase in the consumption of fi sh per 
person and a leve ling off of the increase in the amount of animals harvested fro m 
natu ra l waters led to a reducti on in the quantity of fi sh ava il abl e per person. From that 
time onward, the harvest o f fi sh from wild popul ati ons could no longer keep pace 
with growing demand , and it has been estimated that world wide demand will exceed 
suppl y by 20 mill ion metri c tons at the beg inning of the 2 1st century (Nea l, 1987). 

Mos t fi shery sc ienti sts agree that the harvest of aquat ic animals from natu ra l 
systems cannot be increased substanti all y. While the re will be some inc reases in the 
harvest of under-utili zed spec ies, thi s increase will onl y offset the red ucti on in 
harvest of some over-utili zed spec ies. With thi s perspecti ve, it is ap parent that 
s ignifi cant increases in the suppl y of aquati c animals can be ac hieved onl y by d irect 
intervention in the prod uction process or th rough aq uac ulture. 
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I noted prev iously that aquaculture had contributed re lati ve ly littl e to the 
suppl y of aquatic animals hi stori ca ll y. This s ituati on began to change in the years 
fo llowing World War II , and then changed even more rapidl y in the 1960s and 1970s. 
At present, aquaculture provides some I 0- 12 percent of the suppl y of aquatic animals 
world wide, and the rate of increase is spira lling upward . It is now estimated that 
aquaculture w ill contribute as much as 20 percent of the supply by the end of thi s 
century . 

Meeting the demands ex pected to be placed on aquaculture thi s decade and in 
the nex t century will be a fo rmidable task. Providing the necessa ry inputs (ponds, 
seed , water, information, process ing, marketing, etc.) will require an enormous 
world wide investment. Deploy ing those inputs on such a large sca le w ill require an 
ex tremely effecti ve planning process and implementation strategy. It is the primary 
purpose o f thi s book to deta i I the inputs required and di scuss the deployment o f those 
inputs to advance aquaculture world wide . I propose to examine the nature of 
aquaculture as it affects deve lopment and to expand on the importance of advancing 
aquac ulture. Then I propose to di scuss various as pects of aquac ultural deve lopment 
using the general development process in biological systems as a model. With thi s 
perspective, l wil I consider the planning of a development strategy and its implemen­
tation . It is not practical in a book such as this to attempt to describe how the 
deve lopment of aquaculture might be accompli shed in eve ry locati on whe re the 
production of aquatic animals is or might be feas ible. Instead , I propose to define a 
general phil osophica l base fo r deve lopment that can be used as a mode l in a variety 
of environments. Throughout the book, it is my intent to present aquaculture as a 
dynamic ecosystem, a " we b" or matri x o f interconnected and interdependent phys i­
ca l, chemica l, biolog ica l, psycho log ica l, soc iolog ical , economic, and po liti cal pro­
cesses . I w ill describe the deve lopment of aquaculture from thi s perspecti ve . 

I 
1 

I 

l 
\' 
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PARTl 
THE NATURE OF AQUACULTURE 

THE SO-CALLED "CAPTURE" FISHERIES -- the harvesting, processing, marketing, 

and utilization of aquatic animals produced in the world's streams, reservoirs, bays, 

and oceans -- provide approximately 90 percent of the 90-100 million metric tons 
harvested each year. This process of production and utilization of aquatic animals can 
be roughly divided into five steps: (I) production, (2) harvesting, (3) processing, (4) 

marketing, and (5) utilization. People must be involved in steps two to five, but not 
in step one -- production. Aquatic animal production is a naturally occurring process 

that proceeds without human intervention. If people do become purposefully in­

volved (intervene) in the production step as well, the process becomes aquaculture 
instead of capture fisheries (Food and Agriculture Organization of the United 
Nations, 1990). As part of this general definition of aquaculture, it is assumed that 

any intervention in the production process is planned. With this perspective, I will use 
the following definition of aquaculture for discussions in this book: 

Aquaculture is the planned or purposeful interl'ention 
in the production of aquatic animals. 

The production and harvest of aquatic animals is a widely occurring, natural 
process in ponds , streams, and oceans. In the process, energy from the sun is trapped 
in the chemical bonds of complex carbohydrates through photosynthesis, primarily 
in single-eel led plants (algae and diatoms) suspended in the water column. The plants 

are "grazed" by foraging microcrustaceans and/or insects. These small animals, in 
turn, are used as food by forage fish that may, in turn , be eaten by predatory fish. After 
death, the predators and forage fish become sources of raw materials and energy for 
"decomposers" (microorganisms). Because of the loss of energy between steps of the 
process (The Second Law of Thermodynamics). the quantity (weight) of organisms 
forms a so-called pyramid with the algae at the base and the predatory fish at the apex. 
This is a simplified description for a complex process that in reality is an ecosystem 
or "web" of interconnected, interdependent processes (Odum, 1983; Cowley, 1988). 
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Figures la., lb. (facing page). The aquacultural ecosystem shown as a web. 

The interconnected phys ical, chemica l, and biologica l processes that charac­
teri ze aquatic producti vity are complex; yet they represent onl y a fracti on of the 
complex ity of the entire aquac ulture ecosystem that a lso includes harvesting, 
process ing, marketing, and utili zation. In thi s larger ecosys tem, the chlo roplasts in 
algal cell s are "connected" with decomposing bacteri a, fi sh and crustaceans, feed 
manufac ture rs, bankers, leg islators, g rocers, and Eu ropean famili es ce lebrating 
Chri stmas with a carp for dinne r. Thi s ecosystem can be represented by a multi ­
dimensiona l matri x or web where each component is connected and interdependent 
with a ll other components e ither directl y o r indirectl y. Defining the characteri stics 
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of thi s tota l system and coping with its complex ity in the deve lopment of aquaculture 
will be a primary thrust o f thi s book. 

I have chosen to represent the interconnected, interdependent processes 
compri sing the aquaculture ecosystem as the web of a spider (Figures I a., I b. ); 
however, it is not intended that thi s ana logy be overdrawn. 1 chose to use the visua l 
impact of the suspended web to emphas ize the fact that one part of the structure 
cannot be di spl aced without di splac ing to some degree every other part. A primary 
goa l of thi s book is to encourage everyone involved in any aspect of the deve lopment 
of aquaculture to be aware of the inte rdependent nature o f the vari ous processes and 
to pl an and implement deve lopment efforts from thi s perspective. 
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CHAPTER 1 
AQUACULTURE REDUCES UNCERTAINTY 

THE PRODUCTION OF AQUATIC ANIMALS in natura l systems is an uncerta in and 

unpredictable phenomenon. Production from one year to the nex t is the result of a 

number of density-independent factors, such as the weather, and density-dependent 

factors, such as predation and competition for food (Odum, 1983). Harvest and 

utilization of the production from natural systems by man also is an uncertain and 

unpredictable process , as evidenced by the wide fluctuations in the catch of the 

Peruvian anchoveta and many other species over time (Comte, Hendry, and Thomas, 

1984A; Mi ller and Francis , 1989). Also, any angler can attest to the wide fluctuation 

in catch per unit of effort from hour to hour or from one year to the next. 

Tt is possible to intervene in the harvesting, process ing, marketing , and 

utilization steps in capture fisheries and reduce the level of uncertainty somewhat. By 

utilizing improved technology , such as better boats and nets, electronic fish locators, 

and better angling eq uipment, the catch per unit of effort can be increased and the 

certainty of harvest improved. The use of new techno logy can have a similar effect 

on process ing , marketing, and utilization as well. 

However, to realize a significant reduction in overall uncertainty, intervention 

in production is essential. Aquaculture, or intervention in the production process, 

reduces the uncertainty. As the degree of intervention (organization) increases, the 

level of uncertainty decreases (Figure 2). There is less disorder, and the loss of energy 

is minimized. As the degree of interve ntion increases , there also are increased 

opportunities for realizing economies of scale. Unfortunately, there is no free lunch; 

as the degree of intervention increases, complexity also increases. Along with 

increased complexity, the demand for energy increases. At some point, the increased 

certainty realized is less than the energy cost of the intervention. Then the aquaculture 

reaches a point where there are d iseconomies of scale. 

There is another important effect of increased intervention in the aquacultural 

ecosystem. As the level of intervention increases, the size of the ecosystem ("web") 

also tends to increase a lmost exponentially (Figure 3). The size of a simple 

subsistence ecosystem is much reduced compared to the size of an ecosystem that 

provides fish for an export market to a developed country. The importance of this 

re lationship will be covered in a following section. 
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In the deve lopment of aquac ulture, there is a strong pressure to increase the 

leve l of inte rvention and reduce the leve l of uncertainty. Subsistence aquac ulture 

requires a limited amount of inte rve ntion in the producti on process, and the results 

obta ined are re la ti vely unpredi ctable . Consequentl y, it is like ly that farmers w ill 

increase the level of intervention in an attempt to further reduce uncerta inty . One of 

the major dri v ing fo rces in human deve lopment has been the e ffo rt to seek ways to 

reduce uncerta inties in the food suppl y. This was an obvious reason for domesti cat­

ing pl ants and animals some 10,000 to 15,000 years ago (Lewin , 1988A). 

Intervention 

' ' 

/ 

I 
I 

/ 

Figure 2. General relationship between the level of inter vention in the production of aquatic 
animals and uncerta inty and complex ity. 
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Intervention 

Figure 3. Relationship between levels of intervention and aquacultural ecosytem (web) dimen­
sions and complexity. 
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CHAPTER2 
THE RANGE OF INTERVENTION IN AQUACULTURE 

THE CONCEPT THAT ECONOMIC DEVELOPMENT occurs in sequenti a l stages from 
simple to complex apparentl y originated in the 19th century. Hayami and Ruttan 
( 1985) di scussed the contributions of Friedri ch List and Karl Marx to the theory of 
stages in economic deve lopment. List proposed a fi ve-s tage c lass ificati on based on 
shifts in occupational di stribution , inc luding savage, pastoral , agri cultural , agricul­
tura l-manu fac turing, and agri cultura l-manufac turing-commerci a l. Marx also in ­
cluded five stages based on changes in product ion technology and assoc iated changes 
in property ri ghts : primiti ve communism, anc ient s lavery, medieval fe udali sm, 
industri al capi ta li sm, and soc iali sm. Robertson ( 1987) provided a fasc inating di scus­
sion of the sequence of changes that has taken place in soc ieti es over time. He defines 
these changes as "sociocultu ral evo lution," o r the tende ncy of soc ia l structures and 
cultures to grow more complex over time. He a lso concluded that there have been fi ve 
stages (soc ieti es) in thi s process: hunting and gathering, pastoral, horti cultural , 
agri cultu ral, industri a l, and postindustri a l societies . 

The wide range o f aquacultural prac ti ces indicating diffe re nt leve ls o f inter­
vention and demonstrating the sequential nature of the deve lopment of the farmin g 
of aquatic animals w ill be briefl y di scussed in the fo llowing sections. These secti ons 
are not intended to describe in deta il aquacultures fo und around the world . Rather, 
the purpose of the materi al is to ca l I atte ntion to the increase in the complex ity of the 
aquac ultura l sys tem as the leve l of intervention in the process (production, harvest­
ing, process ing, marketing, and utili zat ion) increases. In presenting the material in 
thi s manner, I am suggesting that the leve l of intervention is indicati ve o f the stage 
of the deve lopment of aquaculture. 

Schmittou et a l. ( 1985) recogni zed the concept of the stages o f growth in 
aquaculture. They based the ir c lass ificati on on the qua lity and quantity o f nutri ents 
utili zed by aq uaculturi sts as be ing indicati ve of the stage of development. The ir 
class ifica ti on includes seven leve ls: ex tensive (no nutrients added), ex tensive fe rtili ­
zati on, intensive fe rtili zation, ex tens ive feeding, inte ns ive feeding, hype rintensive 
feeding, and ult rahyperinte nsive feeding. While they based the ir class ificati on on 
nutrie nt inputs, they sugges ted that the leve ls are rea ll y based on the magnitude of 
modificati on of the ori g ina l aquacultu ra l environment and the magnitude of control 
exerted over that environment. 

Sti ckney ( 1986) suggests that the types (leve ls) of aquacultural systems are 
d istributed a long a continuum in which li ghtly stocked fa rm ponds are at one end and 
systems utili z ing c losed rec ircul ating c ulture techno logy are at the other. Between 
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the two ex tremes are heavily stocked ponds, cages, linear raceways, c ircul ar tanks, 
and c losed systems. 

Shang (l 981 ) suggested that aquaculture could be class ified according to 
several criteria: purpose of culture, nature of enclosure, sources of fry , level of 
management intensity , number of spec ies stocked, water sa linity, water movement, 
water temperature, food habits, and combinati on with agricultural production . For 
example, under hi s criteri on for " purpose of culture," he li sted the fo llowing six 
class ifications: 

1. Humanfood. 
2. Improvement of natural stock. 
3. Sports and recreation. 
4. Ornamental f ish. 
5. Bait. 
6. Industrial products. 

I will take a more general approach to the c lass ification of different stages of 
aquaculture than either Schmittou , Shang, or Stickney. I prefer to utilize levels of 
inte rvention (limited, intermedi ate, and high) instead. These leve ls of inte rvention 
lead to the development of lower, intermediate, and highe r stages of aquaculture. 

Limited Intervention Culture Systems 

On the coast of South America, there are numerous tidal streams and tida l 
swamps. These streams and swamps fill and drain with the ebb and fl ow of the tides . 
They usually contain the various species of mangroves plus a number of vines and 
shrubs. 

In and around the roots of the mangroves and in the mangrove pools live an 
asso rtment of fi sh, cru staceans, and mollusks. Larger fi sh and crustaceans may come 
and go with the tides. Local fi shermen hunt and gather aquatic animals from this 
producti ve environment. They place nets in narrow channels to catch these animals 
as they move out with the receding tide. On occasion , a few mangroves or shrubs may 
be removed to provide easier se ining or trapping. Mangrove swamps are ex tremely 
productive ecosystems, but they are re latively unre li able as a source of food. The 
availability of fi sh and crustaceans changes with the tides and seasons. While the 
swamps are an important source of food for local fi shermen, the ir lack of re li ability 
makes them o f questionable va lue as human popul ation density increases in adj acent 
areas. 

Several yea rs ago, I vi sited a l ,500-acre tida l swamp on the West Coast of 
Berbi ce in Guyana (She ll, J 969). Channels from the ocean supply waterto the swamp 
through tidal action. Fi shermen using the swamp worked together to construct 
earthen dams on some of the sa ltwater stream channels, creating impoundments that 
trapped the wate r along with fi sh and crustaceans (Fi gure 4). After a peri od of time 
the fi shermen used a variety of nets and traps to remove the animals (Figure 5). 
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Figure 4. A dammed tidal strea m on the west coast of Berbice, Guyana (above). 
Figure 5. Harves ting fi sh and crustacea ns from a dammed, tidal stream container {below). 
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Impounding the brackish water and animals represents a low leve l of inte rven­
tion in the production-utili zati on process . These sa ltwater impoundments were littl e 
more than traps that he ld the fi sh and crustaceans until they could be removed, yet 
aquaculture was being practiced. Some production took place in those impound­
ments. The re was at least some growth in some of the animals between the time they 
were trapped and the time they were harvested. Also , as a result of thi s extra growth , 
the swamp probably conta ined a larger weight of animals. 

This dammed, natural watercourse-based ecosystem is one of the lowest stages 
of aq uac ulture, yet it conta ins a ll of the components of highe r stages -- production , 
harvesting, process ing, marketing, and utili zation . In this example, there is minimal 
intervention or change in the natura l sys tem. The level of control placed on the system 
is ex tremely low, but the fishermen-farmers do exert some control by impounding a 
volume of water and a pop ul ati on of animals that will be allowed to inc rease in 
biomass before be ing harves ted. Furthermore, there is some decrease in the leve l of 
uncerta inty compared to hunting and gathering in the same area of tidal swamp. 

Intervention in the processing, marketing , and utili zati on was s imilar to the 
leve ls of intervention in producti on and harves ting. Processing was essenti a lly 
limited to heading, gutting , scaling , and peeling in preparation for cooking. Most of 
the utili zati on was by the fishermen-farmer families , although when there was a 
particularly good harvest, the excess beyond extended family needs was so ld or 
barte red to ne ighbors or other community members. In these cases , the re was 
virtually no process ing prior to marketing. 

It is questionable whether the fi shermen-farmers have increased the producti on 
of the described area by converting from hunting and gathering to culture. If they had 
continued to harvest each day as the tides brought new fish and crustaceans into the 
area , the ir total catch summed over the culture period might be s imilar to the harvest 
when the container is drained . While total catch may or may not be greater, the effo rt 
(energy) required to produce a g iven quantity of fi sh is like ly reduced substantiall y 
by utili z ing c ulture ra ther than hunting and gathe ring. Even considering the energy 
cost of building and mainta ining dams, the production per unit of ene rgy expended 
is probably greater for the culture system. The return on investment probably was 
greater a lso. Certainly, the results are more predi ctable , which is of value. While 
many fishing trips to the swamps result in little or no catch, draining and harvesting 
the pond results in a genera ll y pred ictable catch. 

Thi s simple c ulture system probably meets the needs of loca l human comm u­
nities better than the hunting and gathering system, but there are numerous problems 
with it. The s imple dams tend to leak as the water leve l outside the pond recedes on 
low tide. The pond can be filled completely onl y during the monthly high tide, 
making wate r control difficult. A lso , stock ing the pond is qualitatively and quanti­
tative ly unpred ictab le. If there is a large quantity of small fi sh and crustacea ns in the 
volume of water impounded, then stock ing is successful. If the quantity is low, the 
pond will be poorly stocked. There is littl e contro l over the spec ies (q ua lity) stocked. 
In some cases, the captured water will include a number of predatory fish. These 
predators grow rapidly , consuming smaller fish and crustaceans before they can be 
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harves ted. When the pond is dra ined, there may be only a few large predators 
remaining. Because of the loss o f energy in converting prey spec ies to predators (the 
" pyramid" effect), total production is low. Furthermore, water depth is vari able; the 
culture container is fill ed with brush, trees, snags, and stumps; and the irregular 
shore! ine offers few pl aces to use a se ine or even a cast net. The pond mu st be drained 
to harvest a reasonable percentage of the animals. 

Intermediate Intervention Culture Systems 

Channel catfi sh culture as practi ced in Mi ss iss ippi is an example of increased 
intervention and reduced uncertainty in aquaculture (Huner and Dupree, 1984A, B; 
Foulke, 1989). fn thi s culture system, two separate and di stinct production cycles are 
in vo lved. Fingerlings (seed) are produced in one cyc le, and food f ish are produced 
in another. Because spawning success, hatching, and earl y surviva l and growth are 
so unpredictable, these tages must be separated from the final grow-out phase. 

Brood f ish spawn in containers placed in holding ponds in late M ay th rough 
mid-Jul y. Eggs are removed to a hatchery where they hatch in four to fi ve cl ays. They 
are kept in troughs in fl owing water unti I the yo lk sac is absorbed and they begin to 
acti ve ly seek and accept fi nely ground feed. Then they are transferred to fi ngerling 
producti on ponds. While in the producti on ponds, the small fish rece ive a hi gh­
quality feed da ily. After a grow-out peri od of six to eight months, those f ish are 
removed and read ied for stocking in the food f ish grow-out ponds. At thi s po int, the 
uncertainty that was assoc iated w ith spawning, hatching, and early surviva l is no 
longer a problem. Generally, these six- to eight-month-o ld fi ngerlings w ill surv ive 
well and grow at a predictable rate when stocked. 

The grow-out ponds are the levee-type (Figure 6) constructed in a sim il ar 
manner to the ponds utilized in shrimp aquacu l ture in South America. The ponds are 
fi ll ed by pumping high-qual i ty water from a large aquifer approx imately IO meters 
below the surface. Once fi lled, these ponds are stocked with 4,000 to 6,000 

Figure 6. Ty pica l ca tfish farm w ith levee containers in the Miss iss ippi Delta , U.S.A. 
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fin ge rlings pe r ac re, each three to five inches long. The fi sh are fed daily with a high­
quality feed for s ix to e ight months or until they reach marketabl e s ize. 

Intervention in a ll aspects of the catfi sh farming system is at a highe r leve l than 
fo r the dammed, tidal swamp culture system in Guyana. There is s ignificant 
inte rvention in a ll as pects of the production process , including container construc­
ti on , water management, "seed" procurement, and the addition o f nutri e nts to the 
system. Harves ting is mo re predi ctable and e ffici e nt, and the re is a hi ghl y structured 
process ing system. Process ing is managed to produce a high-quality product consis­
tentl y. 

Production of channe l catfi sh in Mi ss iss ippi is on such a large sca le that it 
exceeds the capac ity of markets in the loca l area, state , and regio n. A s igni ficant 
po rti on of the fi sh must be marketed in the north centra l and eastern reg ions of the 
United States. 

Channe l catfi sh command a re lat ive ly high price in the mark etpl ace. Ge ne r­
a ll y, the price is so hi gh that catfi sh are not used as a stapl e food item in the way that 
poultry is used . Catfi sh is utili zed as a spec ialty food. A s ignifi cant percentage of the 
fi sh is purchased in resta urants. 

Channe l catfi sh farm ing in Mi ss iss ippi reduces the uncertainti es o f production 
compared to aquaculture in a flood ed swamp in South Ame rica, and production may 
be hi gher. However, the system stil I has problems. Even if there is a good source of 
water in a nearby aq ui fer , it is ex pensive to pump e nough of it to fill a fi sh pond and 
ma inta in the water leve l. A lso, the leve l of the aq uifer is pumped down ra the r rap idly 
(Fentress , 1987), furth er increas ing the cost of water. Unde r certa in conditio ns in the 
grow-out ponds, fi sh consume oxygen through res piratio n fas te r than a lgae can 
produce it throu gh photosynthes is, poss ibly causing the di sso lved oxygen concentra­
ti on to fa ll to dangerously low leve ls. These conditi ons are mo re common when 
fa rmers have stocked at a high rate and when they must feed at a high ra te to o btain 
sati sfa ctory g rowth of the stocked fi sh. Unde r these conditi ons, it is necessary to 
beg in mechanica l aeratio n of the pond water. Finally, there is no practica l way to 
maintain the water temperature so that a sati sfactory growth rate can be ma inta ined 
during co ld weather. Even in Mi ss iss ippi , the wate r is co ld e noug h during the w inter 
to severe ly restri ct the rate of g rowth. 

High Intervention Culture Systems 

In some culture systems, intervent ion in the producti on process is much more 
intense than in chan ne l catfi sh production in Mi ss iss ippi (J ones, 1988). A culture 
syste m for tilapia, whic h demo nstrates a mode rate ly high le ve l of interve ntion, is 
shown in Figures 7a. and 7b. 

McCoy ( 1986, 1987) described the characte ri sti cs and o perati o n of a system 
with an even higher leve l of inte rvention - a system deve loped to cu lture the marine 
shrimp, Penaeus vannamei. It was deve lo ped hundreds of mil es from the nea rest 
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Figures 7a. , 7b. A high intervention cu lture system. Although a biological fi lter and water 
circulation were used, there was no effort to control water temperature. This sys tem, used to 
culture tilapia, was not operated during the winter. 

A Tilapio Production G Coarse Li mestone Filter 

B Primary Clarifier H Wate r Chestnu t Production 

C Hyocinrh Produc1ion I Worer Cress Producr ion 

D Tricl< llng Fil ler J F1ne Limestone Fil ler 

E Secondary Cla rif ie r K Eqeria Production 

Per foro led Troy F Hyacinth Production 
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marine environment in a large midweste rn United States c ity, where there would be 
littl e transportat ion involved in getting the product to markets. The culture containers 
cons isted of 20 stacked race ways . Flat-bottomed raceways vari ed from 20 to 60 feet 
long and we re six feet wide. They were constructed of wood and lined with 
polyethylene . The raceways we re he ld in a warehouse, where water tempe rature 
could be maintained with natural gas-fired heaters. Artificial marine water made with 
a commercial mix was used in the system. Water was rec ircul ated continuously 
through the raceways. Waste was removed by passing the water through two large 
comme rcial fi lte rs with bio-di sks. Approximate ly 12 percent of the water was 
rep laced each day . 

Total environmental control is of limited conseque nce in the husbandry of 
cattle, swine, sheep, o r poultry because these warm-blooded animal s have internal 
environments that remain re lative ly constant under a wide range of conditions. Thi s 
more-o r- less constant internal environment allows growth to continue all year with 
limited effects from a number of other environmental changes. High inte rvention 
aquacu lture sys tems, such as the one desc ribed previously, attempt to compensate for 
the lack of contro l that fi sh, shrimp, and crabs have over their interna l environments . 
Contro l of the ex ternal c ulture environment is substituted fo r inte rna l contro l by the 
an imals. 

It wou ld be diffi c ult to ach ieve a higher leve l of interve ntion than was reached 
in that rec irc ulating sys tem developed for the culture of shrimp. Unfortunately the 
ventu re fai led afte r approximate ly three years , apparent! y because of the problem of 
disposing of the tota l so lid and soluble organ ic wastes generated in the system , as 
well as the cos t of the artificia l sea wate r. 

There are many complex processes operating in the production of aquatic 
animal s in natural systems. ft is poss ible to bring some of these processes under 
control and to manage them through aquacu lture. But it is diffi c ult , at least with the 
c urrent state of technology , to bring all of them unde r contro l. A lso, when interven­
ti on beg ins, economic and soc ial processes come into play , complicating the 
management of the who le system to a considerable degree. ln a system consisting of 
some processes that are managed and some that are not (for exampl e , the channe l 
catfi sh c ulture system), it is poss ible to contro l the complex ity. However, as the leve l 
of inte rvention increases , complex ity tends to become difficult to manage. 
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REQUIREMENTS FOR AQUACULTURE 
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CERTAIN ENV IRONM ENT AL AND MANAGEMENT requirements must be met if the 
capabi lities and poss ibilities of aq uaculture are to be rea lized or if its full potenti al 
is to be reached. These requirements and associated inputs w ill be di scussed in the 
fo llowing sections. Aq uaculture, as noted previously, is a complex process which 
consists of a seri es of interrelated, interdependent sub-processes (production, har­
vesting, process ing, marketing, and utili zat ion) that take place in a well -defi ned 
order over a peri od of time. The order of the di scuss ion of the requirements fo llow · 
the genera l " fl ow" of the complete process as is indicated by the topics of the secti ons. 

The first section describes vari ous factors related to production, incl uding 
needs assessment, product design, incenti ve, information , cred it, labor, equipment, 
services, containers, water, seed, and nutrients. In the secti on on harvesting, I di scuss 
concentra ting the animals, remov ing them from containment, and transporting them. 
The third section, process ing, is devoted to primary process ing, or butchering; and 
secondary process ing, which in vo lves chemica l or physica l change. A section on 
marketing covers needs assessment, product des ign, price determination, promotion , 
and di stribution. Finall y, the f i fth section concerns utili zation, or consumption. 

Sti ckney ( 1986) quotes James T. Dav is in proposing a somewhat similar set of 
requirements fo r aquaculture. He ca ll s them " considerations for prospective fi sh 
farmers." Hi s requirements include financing, site, fi sh source, feed ing, harvesting, 
marketing, and management. While hi s l ist is not as exhaustive as the one presented 
in thi s book, it nevertheless includes most of the essential requirements. 

A s the level of intervention increases in aquaculture, the process becomes more 
complicated, and the environmental requirements also become more complex. 
However, the actions or inputs li sted above are required regardl ess of the stage of 
aq uaculture in vo lved. For example, credit, containers, seed, and equipment are 
required at all stages from the lowest to the highesL However, the level of interven­
tion required of each increases as the stages of aquaculture advance. A s an example, 
a flooded swamp container might suffice as a culture container at the lower stages but 
would not be adequate at the higher stages. The importance of maintaining a balance 
in the levels of intervention of the indi v idual inputs w ill be discussed later. T he 
changing characteristi cs of the inputs as the level of interventi on increases also w i 11 
be di scussed in each section. 

This li st of requirements is neither exhaustive nor highl y spec ific. It wou ld be 
difficult to become invo lved in an aq uacultu ra l enterpri se and be successfu l in it on 
the basis of thi s presentati on alone. The purpose of presenting thi s materi al in thi s 
way is to show that in developing aquaculture, a broad range of physica l, chemica l, 
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biologica l, social, and econom ic inputs are required. And while the same actions and 
inputs are required regardless of the stage of aquaculture practiced, the nature (level 
of in tervention) of these requirements does change. 

Production 

Production , harves ting, process ing, marketing, and uti I ization are components 
of both capture fisheries and aq uaculture. However, intervention in the process of 
production makes the difference between aquaculture and capture fisheries , and 
production is the primary component in aq uaculture. In the following sections, the 
inputs required in the intervention wi ll be discussed. 

Needs Assessment 
Determining that there is a need fo r a cu ltured product is the first input in the 

process of aquacu lture. Needs assessment per se is not a component of the product ion 
process. Rather, it is a com ponent of marketing. In fact, it is the firs t of five di stinct 
steps in marketing. However, needs assessment and the second step, product des ign, 
will be di scussed as act ions required before the prod ucti on process begins. The 
remaining three steps wi II be disc ussed later. Although marketing in a physica l sense 
cannot be done until the fi sh are produced and harvested , the total marketing process 
must be initiated before production begins. Without a positive response in the needs 
assessment process, production should not be initiated (Chaston, 1983). 

eeds assessment is a complex phenomenon in aq uaculture, because there is 
a limited specific demand fo r the products of aq uaculture as opposed to the demand 
fo r products of capture fisheries. Wijk strom and Jul-Larsen ( 1986) sugges ted that 
there is no such thing as a popular demand for aq uacultural products di stinct from 
capture fisheri es. While this statement may not be true in all local situations, it 
certainl y is true on the broader scale. 

Shang ( 198 1) sugges ts that loca l culture, relig ion, and tradition play an 
important ro le in determining the acceptability and need fo r cultured aq uati c animals. 
He cites several examples: shellfi sh are genera ll y not consumed by orthodox Jews; 
tilapi a are generally not a popular fi sh in Vietnam; ca tfi sh are shunned by the 
Japanese; some African tribes have taboos aga inst fi sh; and Hindus and Buddhists 
often are vegetarians. 

The demand for fish is grea ter than suppl y throughout the world (Neal, 1987), 
not on ly fo r cultured fi sh but also fo r any kind of fish that can be obtained in 
dependab le quantity and quality. The onl y specific demand fo r the products of 
aq uaculture result from those cases in wh ich certain spec ies that are no longer 
ava il ab le from the capture fi sheri es in sufficien t quan tity can be cultured (Food and 
Ag ri culture Organi zation of the United at ions, 1986). These spec ies include 
chan nel catfi sh, marine shrimp, rai nbow tro ut , and Atlantic sa lmon. Beyond a limited 
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numbe r of spec ies, however, needs assess ment becomes a matte r of de te rmining 
whethe r a culturable spec ies can be substituted for another spec ies that is in short 
suppl y and cannot be grown re li ably under controll ed cond itions. For example , cod 
and haddock, two important species in capture fi she ries, are in I imited suppl y re lative 
to de mand , but ne ithe r can be cu ltured with ex isting techno logy. There obv io usly is 
a need , but it is not certa in that aquac ulture can produce a substitute. The redfi sh in 
the Gu lf of Mex ico is another exampl e where there is an obvious need , but where 
there is not yet an effective culture alte rn at ive . The growin g need fo r thi s species has 
. parked a mass ive e ffort to deve lop cultural techniques (Texas Agricu ltural Ex te n­
s ion Serv ice , 1986). 

Because an aquaculturi st makes a pos itive response in the needs assessment 
process does not mean that production and marketing e fforts w ill be successful. 
Needs assessment sho uld be do ne from the perspective of spec i fie producti on units. 
Thi s means that not onl y sho uld prospective farm ers dete rmine that there is a general 
need for a product befo re they beg in producti o n, but they also should determine 
whether the re is a need fo r the ir parti c ul ar product. Even though the re may be a need 
fo r cultured fi sh, in a g iven s ituatio n, an indi v idual fa rme r may not be able to meet 
that need or even take part in meeting that need . For example, even when the re has 
been a greate r demand than suppl y of channe l catfish in the larger c iti es of the 
southern United States , fi sh fa rme rs in east A labama genera ll y have not been able to 
partic ipate in those markets because there are no process ing pl ants near the ir farms. 
Conseq uentl y, those farmers have had to marketthe ir fi sh loca ll y, usuall y as I ive fi sh. 
For these small farm s that are approximate ly I 00 mil es away from process ing plants, 
needs assessment is a d iffe rent probl em than for the large fa rms in west-cen tral 
Mi ss iss ippi which are near the center of the catfi sh farming industry. 

It is a lso impo rtant to rea li ze that needs assess me nt is a continuing process. For 
example, shrimp ha ve been conside red to be a luxury product for man y yea rs. As a 
result , prices are re lative ly high. The high price and re la tive ly limited suppl y 
provided incentives for ea rl y efforts to culture shrimp. These incenti ves were so 
powe rfu l that they encouraged the fl ow o f large amo unts of capital to the coastal areas 
of Centra l and South Ame ri ca, China, and Southeas t As ia for shrimp aq uacu lture. 
Production has increased so rapid ly that shrimp are los ing the ir re putation as a lu xury 
food . Handley ( 1989) noted that "shrimp produce rs are see ing the transfo rmati on of 
shrimp from a lu xury food to a re la tive ly low-cost, steadily suppli ed commod ity. " 
Needs assessment must be carri ed out continua ll y fo r fa rmers not onl y to cope w ith 
c hanges of thi s magnitude, but with changes of a less profound nature as we ll. 

Needs assess ment a lso mu st be re lated to the stages of aquac ulture. Farmers 
operat ing at the lower stages must genera ll y assess the needs of the ir immediate 
fa mili es, loca l people, and s imple loca l markets. As the levels o f intervention 
increase , loca l marketing genera ll y is not adequate. Conseque ntl y, at the higher 
le ve ls of intervent io n, needs assessment must be done in a much broade r and more 
complex contex t. 
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Product Design 
Product des ign refers to the characteri sti cs (species, size, shape, etc.) of an item 

des ired by a consumer. Like needs assessment, product des ign is a component of 
marketing, but it should be dealt with before production begins. Even if there is a need 
for an aquacultural product, effective marketing wi ll be diffi cult unless production 
is planned and organ ized to provide that specific item at the des ired time, with the 
des ired size and in the cles i reel fo rm (fi I lets, steaks, fresh, frozen, etc .). Product des ign 
in its broadest form shou ld take into account the basic needs or motivations of 
consumers as defined by Bransom and Norvell ( 1983): 

I . To satisfy individual tastes and pref erences. 
2. To experience change . 
3 . To find dependable products. 
4. To /ind safe products. 
5. To improve heal!h . 
6. To save time in meal preparation. 
7. To save money . 

Product design in aquaculture is not a particularly difficult problem in the 
current fi sh demand-supply situation. Virtually all of the species that are produced 
under cultu ral cond itions are those that have been obta ined for many years through 
capture fi sheri es . The rapidly growi ng channel catfi sh inclu try in the southern 
Un ited States is a direct result of the failure of a capture fi shery that probably ex isted 
along the major rivers from the time the American Indians came to thi s region. The 
catfi sh farming industry developed because the demand for the product could no 
longer be met through capture fi sheries. Demand simply became greater than the 
natural system could provide on a sustainable basis. Product design for the channel 
catfi sh has become somewhat more fl exib le in the las t decade, but when the culture 
of thi s species was begun, consumers demanded a farmed product that was identical 
to the captured product w ith respec t to size and form. Simil arl y, the product des ign 
for marine shrimp, Atl antic sa lmon, and rainbow trout produced under cultural 
conditions is determined largely by customer preferences establi shed over a long 
peri od by fi sh captured from the w ild . Hav ing product design determined from fi sh 
captured while " hunting" is not a unique phenomenon. The product des ign for 
v irtuall y all ofour foods initiall y was determined by animals, seeds, and tubers which 
were captured and gathered from the w i Id . M an's domesti cated food bears a striking 
resemblance to his "w ild" food. 

While product des ign o f cultured spec ies largely has been determined by 
capture fi sheri es, there are developments taking pl ace that w ill fo rce maj or changes 
in thi s situation. Product des ign for cocl , haddock, fl ouncier, grouper, and snapper also 
were determined by capture fi sheries, but capture fi sheri es no longer can meet the 
rapidl y growing demand for those species. Unfortunately, methods for their cu lture 
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have not been deve loped, and it probably will be many years before it will be poss ible 
to grow some of those species in suffici ent quantity and at a reasonable price to meet 
even a small fraction of the demand. As a result of these deve lopments, efforts are 
underway to find suitable substitutes that can be cultured and that can meet product 
des ign requirements. 

For example, research is we ll underway to deve lop through se lective breeding 
strains of the til apias that resemble some of the snappers and certain other ocean fi sh. 
Tilapias genera lly have a dark gray ish-blue or even darker colo r. As a result of 
breeding for red body color, these spec ies may be more acceptable as substitutes or 
replacements for some of the ocean fish that are no longer available in adequate 
quantity (Ga lman et al. , 1988) . 

In a s imil ar manner, the cu lture of the channel catfi sh is changing to attempt to 
meet product des ign characteri sti cs of some of the ocean spec ies. When the industry 
first began, product des ign characteristics fo r the catfi sh required re lative ly small 
fi sh, usuall y 0.2 to 0.5 pound , that could be skinned, headed, and deep-fri ed in hot 
oil. A re lative ly sma ll fish is required if it is to cook uniforml y without absorbing 
excess oi l. Al so, most customers wanted a fish that would just span the diameter of 
a large dinner plate. Production of catfi sh initi all y was programmed to provide fi sh 
thi s s ize . However, because of the shortage of many of the spec ies of ocean fi sh, 
catfish are now be ing grown to a large r size that can be filleted or steaked. These c uts 
can be processed into a form similar to those products usuall y developed from cod, 
haddock, or s imil ar spec ies. Because of the growing demand for fi sh re la ti ve to the 
ava ilability , traditiona l product des ign is becoming much more pl as tic. Thus, there 
are opportuniti es for developing and marketing new products that can be produced 
through aquaculture. Chas ton ( 1983) has discussed procedures that should be 
followed for new product deve lopme nt. 

Product design is affected by c ustomer behavior which, in turn , is a fun ction 
of culture and of soc ia l characte ri sti cs. For example , Ed Re iche l (persona l commu­
nicati on) suggested , "People tend to eat with the ir eyes as much as with the ir 
mouths. " With some foods , the appearance of the package may be as important as 
price in the consumer ' s decision to purchase it (Se nauer, 1989). The purchase of 
farmed trout with " heads on" is like ly a result of rec reationa l or sport fis hing fo r trout. 
It has been traditi ona l that trout harves ted by ang ling are cooked with heads on after 
g ill s and vi scera are removed . In Thailand, the culture o f Pangasius surch i, a spec ies 
of catfi sh, is influe nced to a degree by a be li e f among certain ethnic g roups that the 
fl esh of thi s spec ies has spec ia l powers. Eating it is supposed to guarantee that 
pregnant wome n will be ab le to carry the baby full-term (W imol Jantrarota i, personal 
communication). A lso , as noted earlie r, the cat fi sh fa rming industry was the result 
of Saturday night fish fries in ri ve r towns of the southern United States. S imilarly, 
ca rp fa rming in centra l Europe probabl y was encouraged by meatl ess or fa sting days 
(Dyk and Berka, 1988) . Today, fish consumption in genera l in the United States is 
increas ing rap idly because of a groundswell of inte rest in nutrition and hea lth 
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(Rhodes, 1988). Obviously, thi s increased demand for fi sh has a major effect on 
product des ign in aquaculture. 

The fas t-food industry has had a major impact on fi sh consumption. The g iant 
McDonald ' s restaurant chain is credited with he lping create part of the current 
demand for seafood with its fil et o f fi sh sandwich. McDonald 's is marketing a shrimp 

sal ad as part of its new line of sal ad products (Pierce, 1987). Thi s fast-food g iant 
purchases shrimp in the quantity required to meet the needs of its far-flun g cha in , and 
it has had a major impact on the shrimp market. Thi s market was important because 
McDonald 's purchases a smaller-s ized shrimp, a move espec ia ll y welcome to shrimp 

farmers. 
Food fad s that are a mani fes tation of a nation 's culture also can have a major 

e ffect on product des ign. The Creole cooking fad, which o ri g inated in New Orleans 
primaril y as a result of the 1985 World 's Fair he ld in that c ity, swept across the United 

States carrying with it a skyrocketing demand fo r " bl ac kened" redfish (Texas 
Agri cultu ral Ex tension Service, 1986). Thi s spec ies prev iously was taken primarily 

by sport fi shermen because of its size and " fi ghting" characteri sti cs when hooked. It 
was not considered to be a high qua lity food fi sh until it was prepared using the Creole 

sea ring heat rec ipe. The catch has now increased to the point that a larmed recre­
ational fi shermen have banded together to fo rce the curta ilment of commerc ial 

fi shing. Thi s situati on has resulted in major efforts to deve lop the technology for 
culturing redfi sh. 

Food fads such as the blac kened red fi sh wave often tend to become less di stinct 
with di stance from the ir ori g in and wi th time. Already severa l other spec ies, 

including catfi sh and tuna, are be ing used in Creo le rec ipes . While these fads finall y 
d iss ipate, they usuall y leave a legacy. The Creo le cook ing fad seems to have 
convinced many Ameri cans, slowl y and somewhat re luctantl y, that fi sh can be 

cooked without breading and fry ing (Pierce, 1987). These changes in consumer 
attitudes (product des ign) will have a long- las ting effect on aquac ulture . 

Incentive 
Incenti ve is defined as something that " inc ites to action." Aquac ulture is a 

re lati ve ly expensive ente rpri se because of the cost of the culture conta iners (ponds, 
raceways, and tanks) and because of the cost of water in some cases (Keenum and 
Wald rop, 1988). Consequentl y, it is not li ke ly that indi viduals will inves t scarce 
resources in aquaculture without some incenti ve to do so. 

Both the private and public sectors commit scarce resources to the culture of 
aquatic animals. There are seve ral incenti ves for individua ls in the pri vate sec tor to 
engage in aquac ulture. These include : 

I . To produce food fo r their immediate fam ilies. 
2. To produce aquatic animals fo r sale or barter as food or bait. 
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3. To produce ornamental.ftsh fo r pets or fo r sale to others as pets. 
4 . To produce j,sh fo r their own recreation or fo r sale fo r the 

recreation of others . 
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Cons iderable quantiti es of aquati c animals are produced fo r all o f these 
purposes , but the profit motive (ex pressed in incentives 2, 3, and 4) is the major 
reason fo r aquac ulture . Probabl y the least important in terms of quantity (we ight) is 
the producti on of fi sh o nl y fo r the consumpti on of the immedi ate famil y. Not many 

fa rmers grow fi sh onl y fo r use by the ir fa mili es whe re there is no barte r or sa le 
involved. There is an obvious reason fo r thi s. A famil y can consume onl y so many 

fi sh. Once that quantity is exceeded, the excess must e ither be so ld or barte red in some 
manner where there is a return on investment. 

Although the quantity o f orname ntal fi sh produced is re lative ly low, the value 

is extreme ly hi gh. Winfree ( 1989) notes that the retail sa le o f aquarium " li vestock" 
in the United States has been estimated to reach as high as $700 million annua ll y, and 

that aquari a are fo und in approximate ly 7 percent of Ame ri can househo lds. The value 

of the ornamenta l fi sh industry in 1987 in the state of Flo rida was estimated to be in 
excess of $2 1.7 million (Harvey, 1988) . Similarl y, the acreage devoted to the culture 

of fi sh fo r recreati onal purposes in the United States is much greate r than that devoted 
to food fi sh production. The re is an estimated 2 million ponds ( I million acres) 

devoted to the culture of sportfi sh such as the blueg ill sunfi sh and the largemouth 
black bass , but less than 200,000 acres devoted to catfi sh production. 

The re are two genera l groups of indi vidua ls invo lved in aquac ulture with 

respect to the nature of the ir investment : those who invest persona l resources and 
provide day -to-day care of the animals and those who invest resources but are not 

involved in day-to-day operations. The incentives required to get these two groups 
invol ved are quite different (Pill ay, 1977) . Investor fa rmers, who make up the first 

group , are usua ll y somewhat resource limited , and aquac ulture is only a part of the ir 
fa rming operations. These fa rmers generall y will not engage in aquac ulture primaril y 
to earn all o f their cash income, and they will produce aquati c animals onl y if they 

are convinced that inves tment of the ir time and resources in aquac ulture will not 
jeopardi ze the ir established agric ul tural ac ti viti es (Wijkstrom and Jul -Larsen, 1986). 
lf they are to become involved in aquac ul ture, they must be assured beyond a 
reasonable doubt that they can launch a successful operation. Indiv iduals o f the 
second group -- those who have nothing to do with day-to-day operations -- invest 
in aquaculture onl y because of the opportunity to earn a profit on the fin anc ial 
resources they invest. They employ others to care for the animals. These people are 
ex tremely important to the development o f aquac ulture on the scale required to 
prevent a seri ous sho rtage of aquatic food animals throughout the world . The farmer 
investors o f the first group often do not have access to the fin ancial resources required 
for developme nt of thi s magnitude. 
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The public sector has several incentives for becoming involved in aquac ulture 
(Pi llay, 1977): 

I. To provide food for poorer people. 
2. To meet the increasing demand for highly valued species. 
3. To replace the loss of an important species from natural sources . 
4. To support export trade or import substitution. 
5. To generate rural employment and prevent the drift o,f'people to 

the cities. 

Generally, but not always, public involvement in aq uacu lture is limited to 
providing some input (cred it, seed, information, etc.) that will encourage individuals 
to become involved. Seldom does the public sector suppl y all of the inputs required 
and become directly responsible for the production process on a day-to-day basis. 
The fact that the public sector does not become involved in the day-to-day production 
process results in a problem relating to incentive that is difficult to deal with. It is 
difficult for government to transfer its incentive for invest ing in aq uaculture to the 
individuals who must actually care for the animals on a day-to-day basis. Govern­
mental success in transferring incentive to individua ls will determine the effect ive­
ness of public effort to promote aq uac ulture in many situations. 

Producing fish for food onl y for a farmer's famil y genera ll y is limited to the 
lowest stages of aquaculture (lowest leve ls of intervention) where it is on ly a minor 
part of a farmi ng operation. The total quantity produced usua ll y is quite limited. Even 
in cases where fish farming is a minor part of the farming operation, production is 
often suffic ient for at least some of the fish to be sold for profit. Ken t ( 1986) c ited a 
survey in Thailand of 159 rice farmers who also cu ltured fish. Of the total, 26 percent 
grew fish onl y fo r food for their families. Thirty-one percent grew fish for food and 
minor economic benefit , and 43 percent grew fi sh for significan t econom ic benefit. 
In a study in Guatemala, 53 percent of 62 fish fa rmers surveyed sa id that having fish 
avai lable for fami ly consumption was the primary reason they constructed ponds for 
aq uaculture (Tom Popma and Alex Bocek, personal communicat ion). In the same 
study, it was fo und that a typical fam il y disposed of fish they had grown in the 
fo llowing ways: 

PERCENTAGE 
Consumed byfamily ........ ................. ... ...................... ..................................... 48 
Sold ................................ ..... ... .... ..... ....... ... ................................... .. .. .... ........... 40 
Donated to neighbors ..................................................................................... JO 
Used for restocking .......... .......... ..... ..................... ...................... ............... ........ 2 

At intermediate and higher leve ls of intervention, the primary incentive for 
aq uac ulture is the production of fish for profit. Because of the quantity of fish 
produced and/or the cost of inputs required, barter or sa le is required. 
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This book will primarily focus on the incentive to c ulture aquatic animals to 
produce food for the fami ly or for other people after barter or sale. Limiting the 
di scuss ion in no way suggests that other incentives for aq uac ulture are not important. 
Many deve loping countries earn important foreign exchange as a result of their 
invo lvement in some aspects of the culture of ornamental fish. Similarly, the culture 
of fi sh for recreational purposes is an important economic consideration in many 
countries. Actually, there is not a great dea l of difference in the culture systems. Most 
of the inputs are quite similar. The primary differences are in marketing and 
utili zation. 

Information 
Informat ion is an essenti al prerequi s ite and corequisite of aquaculture. With­

out some information on opportunity , inputs and outputs , and return on investment, 
aquaculture would not be attempted. The decision to commit scarce resources to 
culture at any stage would not be made without some information. Even the minimum 
level of intervention likely would not be carried out without informat ion. Similarly, 
once the decision to commit resources is made, culture could not be carri ed out 
effec tive ly without informati on about the inputs required and about the ir application. 
Informati on is the "g lue" that holds the other components (conta iners, water, seed , 
nutri ents, credit , e tc.) together. 

The qua lity of information avail able to farmers is important. Qua lity relates to 
each bit of informati on required in the aq uac ultural process and to how close ly what 
is known approx imates the truth . There is an old fo lk-say ing appropriate to thi s point : 

It ' s not what I don't know that hurts me. It's what I know that' s not true. 

It is safe to say that no one can know all there is to know about a culture system. 
The uncertainty principle (Platt , 1966) keeps us from studying anything to the leve l 
that we would like. The more diligentl y we seek to learn everything there is to know 
about a natural phenomenon, the more we change it so that it is no longer the same 
phenomenon. For example, if we wish to study in deta il the daily growth response of 
fish in a pond to a parti cul ar feeding reg ime, it wou ld be necessary to se ine the fi sh 
each day to see how much they had grow n. Unfortunately , if the fi sh are handled 
dail y, they probably would not grow at all . 

The number and spec ies of shrimp in tidal streams that can be captured for 
stocking in a mangrove swamp pond is determined by the action of a large number 
of complex physica l and bio log ica l fac tors and the ir interactions. We wi ll never 
know enough about thi s complex system to predict with a high degree of certainty 
exact ly how many and what kind of shrimp there will be in a g iven vo lume of tidal 
water at a g iven time. In the prev iously described system of producing shrimp and 
fi sh in No. 19 Swamp in Guyana, it is important to know when to fill the container 
with water containing the animals. The number of larval shrimp and the number of 
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imm ature predatory fi sh vary with the time of year. Al so, there is variation in the 
spec ies compos ition , the sa linity of the water, and the he ight of the tide. Considering 
all of these factors, the ir ma in e ffects and the ir interac ti ons, there probably is an 
optimum time to fill the container. In most cases, those farm ers never have ava il able 
more than a fracti on of the in fo rmati on needed to make correct dec is ions. 

The closer avail able in fo rmation approximates actual needs, the higher the 
qua lity. From observati on, loca l people kno w some things about the system . Truth 
and error are wrapped in superstiti on to provide an information base that is 
marg ina lly adequate to susta in the lo west stages of culture but littl e more . I am not 
suggesting that qua lity of in fo rmati on is unimportant at the lowes t stage of aquacul­
ture . It is important , but pro babl y not as criti ca l to success as is the case in more 
advanced stages . 

The quality of informati on ava il able for aquac ulture is relative ly poor regard­
less o f the leve l o f intervention. While aquaculture is an o ld art , it is a yo un g sc ience 
(Sasson, 1983). Si gnifi cant efforts to establi sh and build a scientifi c info rm ati on base 
for the de ve lopment of aquaculture are littl e more than a ha lf-century o ld and are 
large ly confined to the las t 20 years. The Institute of Fisheri es and Hydrobiology was 
establi shed at Yodnany , Czechos lovakia, in 192 1 (Dyk and Berka, 1988) , and the 
aquac ultural research center at Auburn Univers ity , Alabama, in the United States 
was establi shed in 1934. These are two of the o lder stati ons in the world es tab I ished 
to conduct research on aquaculture. The re latively young age of these two institutions 
is to be compared with the almost 150 years invo lved in the production of info rmation 
through research in agriculture . The agricultural experiment station at Rotham sted 
near London, Eng land, was establi shed in 1843 (Ruttan , 1982) . 

A high percentage of the investme nt for producing quality information for 
aquaculture has been fo r the intermediate levels of intervention. There has been 
relative ly little investment for research to improve the quality of information at e ither 
the lo west or highest levels. Most of the effort to deve lop aquac ulture is taking pl ace 
at the intermediate leve ls. Consequently , there is a relative ly hi gh probability that 
lack of good information will cause fa ilure of a c ulture system on lo w re turns on 
investment at e ither extreme. 

As aquac ulture of a species is deve loped from one stage to another or as 
intervention increases, info rmation avail ability a lso mu st change. For the s implest 
leve l, where fi sh are "corralled" in a flooded watercourse, information requirements 
are re latively minimal. The farm er need only kno w when to close the container in 
order to trap the most " seed" and how to construct the structure to g uarantee that it 
will ho ld the water until time to harvest. Al so, there would be some requirement fo r 
information on length of the waiting period until the fi sh had grown some . In thi s 
s ituati on the fa rme r would need no source of info rmati on other than an o lder family 
member or an experi enced ne ighbor to pass along information based on experi ence. 
At an intermediate stage of c ulture, the leve l of the vari ous inputs also increases . 
While the inputs required (container, seed, food , etc. ) are the same, the complexity 
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of those inputs is at a higher leve l. For example , the conta iner, the seed req uirements, 
and the problems encountered are more numerous and complex. Generally, average 
fa rmers , espec ia lly the less experi enced ones, would not have all of the information 
required. Similarly, it is not like ly that other family members or neighbors would 
have it e ither. When thi s is the case, it is necessary to have ava il able individuals who 
spec ialize in supplying information. In many countries, this need is met by the 
ex tension agent or change agent. A person is employed usually by gove rnment to 
make information avai lable to farmers. Usually these agents make the same informa­
ti on ava il ab le on re lati ve ly short notice to a large number of farmers . As aquaculture 
expands and as a support industry deve lops, the input suppl y companies (feed 
manufacturers, for example) may employ spec iali sts to provide farmers w ith infor­
mation , espec ially informati on as it relates to the use of spec ific products which those 
companies have for sa le. 

At the most advanced stages of c ulture, the need for information is so great and 
so spec ia li zed that a source of information (the ex tension or change agent) which is 
shared by many farmers may no longer be adeq uate or be available when needed . For 
example, in rec irculating culture systems, the system is in such a dynamic state that 
a large amount of complex in fo rmation must be availab le almost continuously. In 
those situations, farmers may employ their own information sources or reta in 
consultants who are ava il able to provide the necessary informat ion when it is needed. 

Deve loping information (new technology) is ex tremely important in the 
development of aquac ulture . This subject will be discussed in detail in a fo llowing 
section , but a few general comments are appropriate here. At the lowest stages of 
c ulture, the summed experi ences of severa l generations of farmers would slowly 
improve the quality of info rmat ion. Trial and error, though extremely slow, does 
result in in fo rmation of improved qua lity (S he ll , 1983; Myers, 1989). It should be 
noted that the only reli able method of improving the qua! ity of information is through 
tri a l and error. Inductive and ded uctive logic certain ly play a role, but only trying 
poss ible so lutions to prob lems under actual conditions and discarding those that 
don ' t work can lead to signifi cant improveme nts. 

With intermediate stages of aquaculture , traditiona l tri al and e rror is no longer 
appropriate. Inves tments are so large and the like lihood of loss so great that tri al and 
error must be systemati ca ll y applied . It must be institutionali zed. Institutionali z ing 
trial and error in the fo rm of aquac ultural research has become the province of 
government worldwide. Public agenc ies , utili zing funds derived primarily from 
tax ing a broad segme nt of the population, now apply trial and error in a highly 
o rgani zed manner to improve the quality of info rmati on. Institutiona li zing the 
process spreads the losses resulting from error over a much larger populati on. The 
cost of error can be catas trophic, and fa rme rs are re luctant to try new so lutions to any 
except the simplest problems. 

In the highest stages of aquaculture, the institutiona li zed approach to improv­
ing the quality of informat ion may not be e ntire ly sati sfactory. The traditional 
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fa rmer-ex tension agent-research sc ienti st linkage may not be suffi ciently respon­
s ive. In those cases, the farmer might establi sh a private research organ izat ion to dea l 
with spec ifi c problems. This approach has the advantage of providing highl y spec ifi c 
information . This information also be longs to the farmer , and may be used to provide 
some advantage in competition with other farmers. Thi s proprie tary informat ion 
might also be so ld to other fa rmers for a profit. 

Credit 
In economic terms, credit is defined as the acceptance of debt on the promise 

of payment at a later date . Almost a ll aquacu ltu ra l production systems require credit. 
Debt is accrued in the form of inputs (seed , feed , labor, e tc.) over a pe riod of time 
before the fi sh can be harvested and marketed . Regardless of the s implicity or 
complex ity of the culture system , some credit is usually required . Credit in aquacul­
ture varies from the debt incurred in the expenditure of human musc le energy 
required to build an earthen dam to the cost of e lectrical energy, capital cost of pumps 
and filters , and cost of land and bui !dings that are required in a complex, rec ircul ating 
cu lture system. 

In a tidal swamp where a " trap-and-grow" conta ine r is constructed by building 
a dam across a natural water course on public land, littl e more is required than picks 
and shove ls and the food energy required for the human muscle powe r to e rect the 
dam and to open the gate periodica ll y during high tide to allow additiona l water to 
flow in. Some money might be needed to purchase the tool s and even timbe r, but 
re latively little wou ld be required . Even if an individual owned the tool s and did the 
labor, he would have to provide credit to the "sys te m" until the crop is harves ted and 
consumed and/or sold . At the other end of the sca le, the credit needs are ex tremely 
hi gh. 

Table I includes information on the estimated investment required fo r the 
physica l pl ant and equipment for three different s izes of catfish farms in the 
Mi ss iss ippi De lta in 1988. These es timates range from $2,79 1 to $3,479 per ac re of 
wate r farmed. Thi s range of estimates suggests the economy of sca le that can be 
rea li zed in aquaculture. These estimates do not include any of the va ri ab le costs of 
production , such as the cost of finger lings, feed, and labor. These vary wide ly 
depending on the intensity (level of interventio n) of product ion. On Alabama fi sh 
farms these variable costs of producti on average approx imate ly $ 1,500 per ac re 
(John Jensen, persona l communica ti on). 

Us uall y the more complex c ulture sys tems are constructed nea r o r in a major 
center o f trade because of the need for servi ces (spec ial consultants , equipment 
repa ir, spare parts , dependabl e tran sportati on, and powe r). Land , bui !clings , and labor 
are ex pensive. Operati on requires the continuo us use of large amounts of e lec tri c ity . 
Back-up generators and pumps must be avail able. Complex sensors and sw itching 
systems must be ma intained. A lso, the system is so complex that it usua ll y requires 
an ex peri enced technician to remain on the job continuous ly. Aq uac ulture utili z ing 
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Table 1. Estimated Capital Investment Required on 
Three Sizes of Catfish Farms in the Mississippi Delta in 19881 

Investment Category 

Land .... ...... .... ... ............. .......... .... ........ .. ...... ... .. . 
Pond Cons truct ion .. ....... ....... ....... ...... ............ .. 
Providing Water Supply .. ..................... ......... .. 
Feeding Equipment .... .. .... .. ..... .. .. .......... .... ...... . 
Pest, Disease Control Equipment .................. . 
Misce llaneo us Eq uipment .. ................... ......... . 
Acres of Water Farmed ............ .. .......... .......... . 
Investment Per Acre of Water ...... ................. . 

1 Keenum and Waldrop, 1988. 

163a. 
$ 130,400 
$ 11 7,956 

$30,720 
$ 17,585 

$3 ,340 
$ I 88,406 

140a. 
$3,479 

Farm Size (Land Acres) 

323a. 
$258 ,400 
$225 ,842 

$61 ,440 
$23,225 

$3,340 
$268, 10 I 

284a. 
$2,96 1 

643a. 
$5 14,400 
$452,225 
$ I 22 ,880 

$36,280 
$3,340 

$458,670 
569a. 

$2,79 I 
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these systems requires an extremely large amount of credit. Although the absolute 
need for cred it increases with the level of intervention , the relative need probably 
does not change at the same rate. Credit needs for culture in a dammed, tidal stream 
conta iner culture (Figure 4) are re lative ly small , but the amount of fi sh and shrimp 
likely to be harvested is al so re latively small. At the other end of the sca le in the highly 
intensive culture systems, the need for credit is extremely high, but production of 
aquatic animals also can be extremely high. The increased requirement for credit 
generally parallels the increased intervention in aquacultural production systems. At 
the same time, there also is a parallel change in the nature of creditors. At the lowest 
stages of aquaculture, a fa rmer may provide virtually a ll of hi s credit. However, as 
the level of intervention increases, second party creditors (banks) are usuall y 
involved. At the highest and most complex stages, venture capital investors may be 
involved. These complex credit schemes are seldom required in the lower stages . 

An obvious consideration in obtaining credit for aquaculture is whether the 
debt can be repaid. This is a complex matter because the question must be answered 
before the culture begins. Whether or not the question was answered correctly cannot 
be determined until the fish are marketed, but a pre liminary answer must be given at 
the beginning. Otherwi se the culture should not be attempted. Making a pre liminary 
dec ision as to whether a debt incurred in culture can be repaid is difficult because of 
the difference in credit-worthiness of the stages of aquaculture. In the first stages of 
aquaculture, the farmer has limited control of the system. Consequently, the amount 
of fi sh or shrimp produced is highly variable and unpredictable. The water captured 
in a tidal pond may contain relative ly few or many fish and shrimp and few or many 
predators. The credit required is small , but the probability of not being able to repay 
the debt is relatively high. These systems have a re lative ly low leve l of credit­
worthiness. 

At the other end of the scale , the degree of control over the culture system is 
relative ly high. However, because of the complexity of maintaining a constant 
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environment, there is a considerable degree of uncertainty and commensurate lack 
of credit-worthiness. Furthermore, the cost of maintaining that leve l of control is al so 
high. Consequent ly, even with the high leve l of production , it will be difficult to pay 
the debt unless production leve ls and prices rece ived fo r the product are high. Thus, 
at the highest stages of cu lture, cred it-worthiness also may be low. 

Credit-worth iness probably tends to increase with the leve l of control that the 
farmer exe rts over the system because the predi ctability of the system a lso increases . 
At some po int , however, predi ctability seems to level off while the cost of providing 
additiona l units of control continues to inc rease. Beyond thi s po int , the probab ility 
of repay ing the debt (credit-worthiness) beg ins to dec rease. Thus, credit-worthiness 
would seem to be low at both lowest and highest stages of aquacu lture and highest 
at the intermediate stages ass uming that the re lati ve qua lity of management rema in s 
equal. Obviously this re lationship is not firml y fi xed. As more resea rch is done and 
rec irc ul ating systems are made more dependable w ith lower costs , credit-worthiness 
wi ll increase at the higher stages. However, even with considerable progress in the 
deve lopment o f more re li able, lower cost systems, it is like ly that credit-worthiness 
will always be somewhat depressed at the highest, more experimental stages of 
culture . Even at the inte rmediate stages , credit-worthiness is not guaranteed. Poor 
farmer knowledge or performance can depress cred it-worth iness. Also, ex ternal 
fo rces, such as lost markets, genera l depress ion of food prices, increasing cost of 
inputs without an increase in market prices, and restrictive legislation or government 
contro ls, can affect credit-worthiness at any stage. 

Even at the level s of intervention (s tages of culture) where c redit-worthiness 
is at its highest point , there still is some probability that a production cycle will fail 
and the debt cannot be repaid , and there must be some provision for pay ing it. There 
must be something set aside (co ll atera l) to pay the debt if the crop fa il s. At the lowest 
stages of aquaculture , the coll atera l may be nothing more than having an alternative 
food supply available to repay the muscle energy used in constructing the tidal 
swamp darn if there are no fis h or shrimp to be eaten. At the highe r stages the need 
fo r collatera l is more complex. 

The coll ateral issue also is re lated to credit-worthiness. As credit-worthiness 
dec reases, the importance of co llatera l increases . This rel ationship causes problems 
in the development of aquac ulture. At the lowest stages of aquaculture , credit­
worthiness is low, and availability of co ll ateral also is low . Poor, subsistence fa rmers 
require re lative ly littl e cred it, but they have a lmost no co ll atera l or anything to set 
as ide to pay the debt in the case of a crop fail ure. Usua ll y some other person or group 
of persons (public sector) must provide the co ll ateral. In thi s way the ri sk is shared 
by a large number of individuals. Public guarantee of repayment is often the only 
practi ca l way to involve poor people in aquacultural production sys tems that require 
cred it from a second party. While thi s is a commendable goa l, it is not without 
problems. It is likely that a public guarantee aga inst loss may result in deformities in 
credit-worthiness. 
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A somewhat comparable situation ex ists at the highest stages of aquaculture 
where credit-worthiness also may be low. Most of the rec irculating culture systems 
are developed and operated by a group of investors who commit venture capital to 
the business with the anticipation of a high return on investment. In these situations, 
the ri sk also is shared by a number of individual s. At intermed iate stages of 
aq uaculture where credit-worthiness is high , it is customary for the individual farmer 
to provide hi s own collateral. In thi s case one or a few people are at risk . 

Even under the best of conditions, cred it for aquaculture can be diffi cult to 
obtain (Trosclair, 1987 A, 8 ; Water Farming Journal , 19878). Many investors 
remember the failures of a number of aquacultural enterpri ses in the ea rly 1970s 
(Huner and Dupree, 19848; United Nations Development Programme, 1987). To 
investors, aquaculture continues to hold more promise than profit and is an ex pensive 
undertak ing that often takes years to yield an adequate return on in vestment. These 
business failures, along with the perceived complex ity of aquaculture compared to 
agri culture, are road blocks to credi tor confidence. Also, the problem of inventory 
control is a major deterrent to cred itor confidence (Mead, 1988). In most situations, 
the cultured anima ls are part of the collatera l for the credit. Unfortunately, from the 
time the aq uatic animals are stocked as seed until they are harvested, it is difficult to 
inventory them. Generally , the farmer does not know how many animal s there are in 
the container until the water is drained away. 

Fortunate ly there are indications that investor attitude is changing. The 
financia l successes of shrimp farming in Central and South America and Asia , cat fi sh 
farming in the southern ti er of states in the United States, and the net pen culture of 
sa lmon in Canada and northern Europe have created a much more positive image for 
aq uaculture. 

While the inves tor/lender environment is improving, there is lingering con­
cern . Requests for credi t mu st be accompan ied by rather complex business plans if 
they are to be approved. These plans must include information on the following areas 
(Water Farming Journal , 1987 A): 

I. A technica l report of th e proposed operation. 
2. A statement of' purposes. 
3. Proj ect background. 
4 . History of' the .fi'rm. 
5 . Permit requirements and industry regulations. 
6 . Progress already made in selling 11p the production operation. 
7. Capital already raised and spent . 
8. Future capital needs . 
9 . Competitors, including their sales. 

JO . Barriers and risks. 
JI . Management experience . 
12. Spending plans. 
13. Technology procedures. 
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14 . Business background of company officers. 
15 . Techniques used in projecting production sales and profit s. 
16. Renumeration schedules for company personnel. 
17. Audited financial statements. 
18. Marketing plan and price schedule. 

Providing information on these as pects of an aquacultural operation requires 
a major planning effort on the part of the group requesting cred it. If done correctly, 
it provides an exce ll ent road map for deve loping a successful operation. At the same 
time , it builds confidence in potential creditors. Information developed regarding the 
business pl an e lements li sted above probably would have to be more complex when 
obtaining credit through a public stock sa le than when dea ling with a local banker. 
However, the basic approach to the plan would be the same in both cases . In fact, a 
s imilar exerci se in planning and "counting the cost" should be completed regardless 
of the stage of aquaculture involved. In any situation where credit is required , there 
should be a business plan . In the long term , such a plan would like ly be of greater 
benefi t to the farmer or group developing the operation than to the potential creditor. 

The ava ilability of good collateral and a generally good record of paying off 
crop loans like ly was responsible to some degree for the rapid increase in catfish 
farming in the Miss iss ippi Delta. Many of the farmers there owned large tracts of 
valuable land that could be used as collatera l. Also, most had a long established 
hi story of borrowing and paying off crop production loans. In other areas of the 
southern United States with good prospects for catfi sh farming, obtaining credit has 
been more difficult. 

Another characteri stic of the need for credit in aquaculture is the dynamics of 
the credit load. At the lowest stage of aquac ulture (a flooded man-made pond in a tidal 
swamp) after the building of the dam and trapping of the wate r, littl e additiona l credit 
may be req uired until additional water is added during the monthly high tide . Once 
the initial debt is incurred , it remains essentially constant until more water is added, 
at monthly interva ls, until the time of harvest. At the other end of the sca le ( in the 
rec ircul ating systems) the inc rease in credit required is continuous. Electricity , 
supe rvi sion , and other s imil ar inputs, for example, are needed continuously. At the 
inte rmedi ate stages, credit tends to increase in a stair-ste p fashion. For example, in 
a catfi sh pond c ulture, additional feed and some supervi sion are required each day, 
but the amount of credit does not increase continuously . 

Labor 
Obviously , labor is required in aquaculture. Equipment can substitute for labor, 

but with the state of aquac ultural technol ogy, the degree of substitution is somewhat 
limited. As the leve l of technology improves there will be increased substitution . At 
least thi s is the path followed in agricultural development (Hayami and Ruttan, 
1985). 



THE DEVELOPMENT OF AOUACUL TURE: AN ECOSYSTEMS PERSPECTIVE 37 

At the lowest stage of aquaculture , there is a re lative ly large labor component 
in v irtuall y every input from constructing the dam with shove l and pick to co llecting 
the fish from potholes when the pond is drained . The requirement for labor on a time 
scale tends not to be continuous. Once the dam is completed and the water containing 
the seed anima ls fills the pond, there is re lative ly little additional labor required until 
the next time water is to be added, although some observation is required periodically 
to be sure there are no breaks in the dam. The labor required is not highly spec iali zed, 
and the workers may be involved in a wide range of other act iviti es unre lated to 
aquaculture (Wijkstrom and Jul-Larsen, 1986). Obvio usly, some knowl edge on the 
best ways to build dams and the best times to collect seed is required , but the genera l 
requirement for informed labor (technica l sk ill ) is re lat ive ly low. 

At this lower stage of aquaculture, there is littl e substitution of equipment 
(capital) for labor. Labor under these conditions often is relative ly cheap and locally 
available. There is littl e pressure to replace it. Also, there are limited opportunities 
to do so. There would be very little equipment available that could replace labor. 
Even if there was equipment designed and manufactured for use at this stage, there 
would be little demand because of the cost re lative to the return ex pected. Hayami 
and Ruttan ( 1985) provide an informative di scuss ion of thi s phenomenon as it occurs 
in agriculture . 

The labor requirement changes significantly for the intermediate stages of 
aquaculture. Labor is required for constructing the container, although there is 
genera ll y more opportunity for equipment substitution than at the lower stages. The 
leve l of intervention involved requires more knowledge of fish farming. Generally , 
there are more problems to be dealt with at these stages because of the increased 
complexity . Even at thi s stage, the labor is not completely specialized. For example, 
most channel catfish production takes place on farms that produce a variety of other 
agricultural crops (cotton, corn , soybeans , cattle , hogs, e tc.). The same labor is used 
for the production of a ll of these. Some labor is required almost every day in the year, 
but the requirement genera lly is not uniformly di stributed within the day or the year. 
In the catfish industry , a major requirement of labor is for feeding, because fish in 
each pond must be fed one or two times pe r day. The most difficu lt require ment for 
labor at these stages, however, is for water quality monitoring in the early morning 
hours before daylight. lf a serious dissolved oxygen depletion problem occurs in a 
pond , it will usually happen between midnight and sunri se. For thi s reason, dissolved 
oxygen concentrations must be monitored periodica ll y during thi s time. This activity 
requires considerable spec iali zed labor. 

At the most advanced stages of aquaculture , labor is ma inly limi ted to 
operating the production system. There is littl e opportunity to do anything e lse. There 
is so much eq uipment in service that constant attention is required. These systems 
usua lly involve a seq uence of events that is cyclic and continuous in nature. If any 
one of these events does not take pl ace at the proper time and in the correct manner, 
a major loss offish can occur. The labor involved is usua lly highly specia li zed. The 
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complex ity and dynamics of the system and the interacti on o f the fi sh with the 
environment require that knowledgeable people be readil y ava il able fo r problem 
so lv ing and troubleshooting. 

There is conside rabl e substituti on of equipment for labo r at the highest stage. 
Much of the work invo lved must be done with equipment. Because of the dange r o f 
an equipment fa ilure, a lmost constant o pe rator presence is required . The requirement 
fo r labo r is essenti a ll y continuo us. 

Equipment 
Aquaculture wo ul d not be poss ible without equipment. Even at the lowest 

stages , shove ls, picks , bas kets , and too ls fo r constructing an ea rthen dam o r s imil ar 
dev ice fo r regul a ting water leve l in a tida l swamp are required . At thi s stage , there 
is v irtua ll y no spec iali zed equipme nt req uired . John Moehl (personal communica­
ti on) sugges ts that fi sh farmin g in Rwa nda in Central A fri ca requires equipme nt no 
more spec ia li zed than a hoe, a mac hete, and a bas ket. The shove ls, picks. ca rpentry 
too ls, and bas kets are used prim aril y fo r other purposes and onl y peri odi ca ll y fo r 
aq uac ulture. 

As the leve l of inte rventi on advances , the amount and complex ity of equipment 
increases (Astatke, Bo uning, and Anderson, 1986). Even at the intermediate stages 
o f aquaculture, the re is a need fo r many kinds of equipment that were not required 
at lower leve ls of intervention. For example, fo r catfi sh fa rming in levee ponds as it 
is prac ti ced in Mi ss iss ippi , earthmov ing equipment is needed fo r pond construction 
(Figure 8). Large pumps with diese l eng ines are needed fo r fillin g the ponds. A wide 

Figure 8. Earth-moving equipment used in the construction of levee catfi sh production ponds. This 
equipment is fitted with a laser leveling instrument to allow precise placement or clay on the dam. 
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Fig ure 9 . Truck fitted with an aluminum haulin g container and liquid oxygen distribution system. 

va riety of equipment is req uired fo r spaw ning, hatching, and growing the seed. 
Trucks with hauling tanks outfi tted with aerators and oxygen suppl y lines are needed 
fo r hauling and stock ing (F igure 9). Feed manu facturing requires many kinds of 
spec iali zed equipment. Harvesting, process ing, and marketing also require many 
di ffere nt eq uipment items. At the intermedi ate stages, even though the same genera l 
inputs (conta iners, seed, water, etc.) are needed, the amount of equipment required 
is greater by at leas t an order of magnitude than for the lowest stages. Further, these 
items of equipment are essenti al fo r increased intervent ion. It is not poss ible to 
increase the leve l of contro l over the production process without increas ing the use 
of equipment. 

Even though the intermediate stages of intervention require much more 
equipment , re lati ve ly littl e of it is des igned o r manufac tured primaril y fo r aquac ul ­
ture . There ce rtainl y is an increased proportion of spec ia li zed eq uipment compared 
to the lower stages, but much of it can be utili zed fo r other purposes. 

The increas ing leve ls of intervention in the producti on process also carry with 
them an increased degree of the substitution of equipment (capital) fo r labor. The 
lowest level of inte rvention can be characteri zed as labor intensive. There is a 
re lati vely high labor component in each unit of fi sh or crustacean produced. At the 
intermediate stages , the labor component in each unit is considerably lower. Equip­
ment is used to replace human labor. Thi s is not meant to imply that less labor might 
be used on a channe l catfi sh fa rm than on a tidal swamp fa rm . There actuall y is more 
labor in use on the catfi sh fa rm , but the rati o of labor used to fi sh produced is lower. 

At the highest leve ls of intervention, the amount of equipment required is even 
greater. Generall y, some of the same kinds of equipment are required for these stages 
as fo r the intermediate stages . In addition, controlling the quality of rec ircul ating 
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water requires a whole array of additional equipment (surve illance equipment, back­
up equipment, switches, and filters) not requi red at the lower stages . Al so, at those 
levels of intervention, a higher portion of spec iali zed equipment is requ ired. In fac t, 
some of it is des igned espec iall y for the production of fi sh in rec irculating systems. 
At the highest levels of intervention, the subst itution of equipment fo r labor is even 
more pronounced than at the lower levels. 

Services 
In economic terms, the inputs required for aquac ulture are e ither goods or 

services. Goods are those tangible things required, such as containers, seed, equip­
ment , or nutrients. Services are all fo rms of work done fo r others that do not result 
in the direct production of a tangible good. Information, credit , and harvesting are 
examples of spec ific services that are requi red in the production process . 

There are other, more general, services that are not absolute requirements of 
aquaculture, but that may be needed if inte rvention in the production process is to 
function smoothl y and effic ientl y. These inc lude but are not limited to: 

J. Utilities ( electricity, water, and gas). 
2. Accommodations (hotels and restaurants). 
3. Repair and maintenance. 
4. Communications (te lephone, radio, etc .). 
5 . Transportation (highways , airplanes, etc.). 
6. Advertising. 

The need for these general services is pos itively re lated to the stages of 
aquaculture. As the level of intervention increases, the amount of services required 
also increases. Farmers culturing shrimp and fi sh for food fo r the ir families in tidal 
swamp ponds require few of these general services . At the intermediate stages, the 
general services are more important to the success of the farming venture. The farmer 
could produce and market a crop of fi sh without them, but not without increased ri sk 
of fa ilure. Certa inly the effic iency of production and marketing would be reduced in 
the absence of adequate transportation, utilities, repair, and maintenance. 

These genera l services become much more important at the highes t stages. Not 
onl y are the leve ls of serv ices required ex tremely high, but a lso the level of 
integration of those inputs is high. The serv ices not only must be available, they a lso 
must be ava il able at the right time and in the correct amount. At these stages, because 
of the amount of equipment required, maintenance and repair are espec iall y crucial. 
Breakdowns that las t only a few minutes may result in the loss of the entire crop. 

Containers 
Aquaculture requires that the farmer maintain some degree of control of the 

animals be ing cultured; animals must be "conta ined" if they are to be cultured. Also, 
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aquatic organisms generally require water, and water must be contained. Because the 
water and fish are contained, I have chosen to use the term "container" at this point 
rather than ponds, raceways, or cages, although the more common terms will be used 
throughout much of the book . The term aquaculture implies the passage of time in 
which the biomass of the organism or organisms is increasing. During thi s period, the 
animals must be under someone's control or in someone's container. Otherwise, the 
wild fish of the oceans could be considered to be in a culture system. 

There are three primary characteristics of containers that affect their use in 
aquaculture: (I) sty le of construction, (2) effectiveness as a container, and (3) 
harvestabi I ity . 

Style of Construction -- There is considerable variation in the style of 
construction used in aquacultural containers. The style varies from primitive to 
highly sophisticated. While there is some argument on the applicability of such a 
scale , it essentially reflects the degree of alteration (intervention) required of the 
natural containers (rivers, lakes, bays, oceans, etc.) in which the animals are usually 
encountered. 

The most primitive containers, those utilized in the lower stages of culture, are 
constructed by placing a man-made "plug" or dam in a natural watercourse or channel 
creating a pool or pond. This primitive system requires little alteration of a natural 
land area to provide the containment. Many of the coastal shrimp ponds in use in the 
tropical world are of this type . These dammed watercourse ponds often are nothing 
more than tidal pools in which the natural channel is plugged with an earthen dam. 
Water is supplied to the pond from tidal flow. The ponds are most effective where 
there is a rel atively high tidal range, otherwise the depth of water that can be trapped 
is relatively shallow. These ponds often have an ill-defined shoreline and variable 
water depth and contain both woody and herbaceous vegetation (Figure 4). 

Many of the ponds utilized in catfish farming in the United States are of the 
more primitive type, the dammed watercourse (Boyd, 1985; Jensen, 1989). This is 
especially true in rolling-hill topography where there are numerous valleys. These 
valleys are the result of thousands of years of erosion. Many contain small , semi­
permanent streams. A container is created by building an earthen plug (dam) across 
the valley damming the stream (Figure I 0). The shoreline is irregular, the depth is 
variable, and there may be a considerable amount of vegetation. In more hilly terrain , 
the ponds may be deep relative to the area impounded. In order to impound three to 
five acres of water, for example, it may be necessary to construct a dam 15 to 18 feet 
high across the valley. These high dams are expensive to construct, and the deep pond 
usually stratifies thermally in the summer, resulting in the development of a large 
volume of water containing little or no oxygen (Tucker and Boyd, 1985). Water is 
supplied to the pond by the stream, which is usual ly dependent on localized rainfall 
and flood run-off. Water control is limited. 



42 ALABAMA AGRICULTURAL EXPERIMENT STATION 

Figure 10. Dammed water course containers used in catfish production in Alabama, U.S.A. 

The so-called levee ponds (formed conta iners) are more highl y deve loped 
(Boyd, 1985). A dam or levee is constructed on four sides creating a rectangular pond 
(Figure 6) (Wellborn , 1989). These ponds are usua ll y constructed on fl at land so that 
the depth is uniform and the shore line is regular. A large area can be impounded wh ile 
mainta ining a relative ly shallow depth. Often, fo r thi s type of pond , water must be 
prov ided by pumping (Boyd, 1985). Many of the shrimp ponds constructed in the 
tropics in recent years are levee ponds (Figure 11 ). Water is supplied by pumping 
fro m a tida l stream (Figure 12). 

Most of the catfi sh produced in the United States are g rown in levee ponds. The 
ponds are constructed on the re lati ve ly fl at de lta soil s along the Miss iss ippi Ri ver. 
Water is pumped into these ponds from sha llow, high-yie ld aquifers unde rl ying those 
so il s. 

Actuall y, there is a sort of transition from the dam used to inte rrupt a 
watercourse to a levee pond . In some situations, one dam or levee will fo rm a 
conta iner. In others, two levees may be suffi c ient and in other situations, three or four 
dams or levees may be required to contain the water. Shore line and depth unifo rmity 
and bottom contour generally improve with increases in the number of levees 
fo rming the container. 

Raceways are a more highl y deve loped conta iner than any of the previous types 
desc ribed, a lthough they also often are dependent on the damming of a wate rcourse. 



THE DEVELOPMENT OF AQUACULTURE : AN ECOSYSTEMS PERSPECTIVE 43 

Figure 11. Levee conta iners used in the production of shrimp in Honduras, South America. 

Figure 12. Pumps used to lift wa ter out of a tidal stream into ponds in Guatamala, South America. 
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Raceways are combinations of interrupted water courses and levee ponds (formed 
containers) (Piper et al., 1983; McLarney, 1984; Beleau, 1985). These containers are 
long, narrow, man-made watercourses with uniform width and depth (Figure 13). 
Usually they are supplied with water from a nearby stream or spring. Most often, 
raceways are constructed in areas where the streams have a relatively high gradient. 
A dam is placed across the stream, creating a small, interrupted watercourse 
container and raising its level high enough so that water can be diverted by gravity 
onto the stream bank where the raceways are constructed. The water flows rapidly 
through the container which contains a high density offish and back into the stream. 
A high percentage of the trout produced throughout the world are grown in raceways. 

Cages (Figure 14) are highly specialized containers (Beleau , 1985; Beveridge, 
1987) which confine the movement of the cultured animals to provide a degree of 
control of the stock that would not be practical otherwise. Cage culture has an old and 
honored history in Southeast Asia where people living on river houseboats would 
keep catfish in slatted, bamboo cages. The fish were fed scraps from the table just as 
the penned-up pigs on shore. Cages have had their greatest use in the culture of 
salmon in the Pacific Northwest in the United States and in Europe (Fitzgerald, 1987; 
Lowe, 1988; Needham, 1988). Virtually all of the cultured salmon are grown in 
cages. Cages suspended in marine waters provide the salmon with the salinity and 

Figure 13. Typical raceway containers used in trout production. 
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water quality requi red fo r rapid growth 
and , at the same time, provide the de­
gree of stock contro l needed. 

Some channe l catfish are produced 
in cages in the United States. In Arkan­
sas, cages are suspended in large fresh­
water reservoirs. W ind-induced water 
movement in those reservo irs causes a 
steady fl ow of freshwater th rough the 
cages; yet the fi sh are conta ined. 

The net pens used in milkfis h and 
til apia producti on in the Philippines are 
a spec ial application of cage culture 
(Guerrero, 1987). Large pens, which 
cover severa l hectares , are created by 
draping synthet ic fiber netting on bam­
boo poles. Small milkfi sh are stocked in 
the enclosure where they feed on natu ­

Figure 14. A cage used in the culture of channel ra t foods carried into the pens by wate r 
catfish in east-central Alabama. currents. 

Rec ircu lating systems also are a spe­
c ia lized type of container (Beleau, 1985; McCoy, 1986) (Figure 7). In rea lity, they 
are a type of raceway or fo rmed container. The animals are contained in a tank . Water 
is pumped into one part of the tank and fl ows out in another. The conta iner is part of 
a c losed loop. After fl owing into the culture container, water is parti all y stripped of 
oxygen by the fi sh, and it becomes contaminated with re lati ve ly high leve ls o f carbon 
diox ide, along with other metabolic by-products, feces, and uneaten feed . Waterthen 
fl ows from the culture conta ine r into a settling bas in where the suspended matter fa ll s 
to the bottom and subsequentl y is flu shed from the system. Then the wate r goes to 
a bio log ica l filter where the soluble nitrogenous metabo li c by-products are removed. 
Fina ll y, it is re-oxygenated and pumped bac k into the conta iner. Thi s system provides 
a high degree of water quality control. 

Because of the cos t of the operati on and maintenance of thi s type o f container, 
re lative ly fe w fi sh are be ing cultured in them on a commerc ia l sca le. These systems 
have a certain fasc inati on because they prov ide a mechani sm fo r contro lling, to a 
considerable ex tent , the eccentric ity of nature: fl ood and d rought, cold and heat, day 
and night, and oxygen supersaturati on and oxygen defic iency. Research and deve l­
opment on these containers will continue. With the improvements in engineering 
ex pected and with the deve lopment of sophisticated computer-aided monitoring 
systems, it is poss ible that they might be used in commerc ia l aq uaculture some day. 

The most spec iali zed type of conta iner is not rea ll y a containe r at all (Sedgwick, 
1982). In ocean ranching, sa lmon are placed in a " phys io logica l container. " The earl y 
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life hi sto ry stages of the fi sh become patterned to the chemica l make-u p of the water 
in the hatchery. Later, smolts are re leased to go into the ocean to feed. After several 
years, o n reaching sex ual maturity, they use the ir senses of tas te or sme ll to follow 
the trail of the rive r and then the creek until they re turn to the same hatche ry ponds 
whe re they were he ld in the ir earl y lives. Obviously , not a ll of those fi sh released 
actually return , but because of the unique nature of the container, cost of production 
per individua l fish is re lative ly low. This approach to aq uac ulture can be pro fitable 
with even a re lative ly low return percentage. 

Effectiveness as a Container -- To be effective, an aq uacultu ra l container 
must contai n both water and fi sh . Fortunate ly, w ith most types water containment is 
re lati ve ly effecti ve. However, when it is lack ing, an efficient aq uac ulture is ex­
treme ly difficult. In the more primitive conta iners, such as the tidal pool , the pool 
leve l is essenti a ll y at the leve l of the wate r tabl e, and the water tabl e in tidal areas 
rema ins relative ly stable. Seepage tends to be minimal. When there are problems, 
they usuall y are re lated to leakage around the man-made dam in the waterco urse. 
Water loss can, however, be a seri o us problem in containers constructed in mangrove 
areas . Ofte n so il s utili zed to build the dam conta in large quantiti es of plant roots and 
other plant materi a l. Seepage through levees o r small dams conta ining thi s organic 
mate ri a l can be quite high. This is espec iall y true if the tida l range is relative ly high 
so that the leve l of the water in the pond is higher than the water level in the 
surrounding area much of the time. The hydrauli c pressure forces a large vo lume of 
wate r th rough the fibrous materi al in a re lat ive ly sho rt time. 

Wate r conta inment in most levee ponds usua ll y is e ffec tive . Seepage can be a 
problem, a ltho ugh thi s is usua ll y no t the case. Land that is leve l e no ugh to be used 
to construct levee ponds usuall y is assoc iated with re lat ive ly high water tab les , and 
the so il usua ll y con tains re la ti ve ly hi gh percentages of c lay. Leve l land is usua ll y the 
res ult of s ilt and clay settling o ut o f stati c water in rive r va ll eys or de ltas. These so il s 
compact we ll in levee construction , and when the so il s are wet , there is very littl e 
seepage . Levee ponds have one sho rtcoming re lated to water conta inment. While the 
fin e cl ay usua ll y fo und in fl at lands res ists seepage when fo rmed into a levee, it is 
subject to eros ion . With fo ur levees surrounding most ponds, w ind-driven wate r 
currents constantl y move the fine partic les from the shore line to deepe r water. As a 
result , the levees must be rebuilt after a time. Thi s problem is furthe r compo unded 
by the lack of trees or windbreaks usua ll y assoc iated with levee pond construction . 

The conta inment of water is effective in both raceways and in the tanks uti I ized 
in rec irc ul at ing systems. Raceways are most often constructed of concrete to prevent 
eros ion resulting from rapidly fl owing water. Tanks used in recirculating systems 
may be constructed of sheet metal , a luminum , fiberglass , o r plasti c, and conta inment 
is ex treme ly effect ive . 

The containmen t offish usua ll y is directly re la ted to the conta iner ' s effecti ve­
ness as a water conta ine r. Any pond o r tank that effecti ve ly conta ins water a lso will 
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effective ly conta in fish under ordinary c ircumstances . Dammed watercourses are 
less secure because of the danger of flooding from high tides caused by storm s or 
from excess ive rainfall. The safety of the structure is usua ll y directly re lated to the 
degree of intervention in modifying the natural system. Levee ponds are usuall y less 
subject to flooding and fish loss than dammed watercourses, although areas suitable 
for the construction of levee ponds often are in flood pl ains of major ri vers. Although 
fl oodi ng is infrequent, it can be disastrous when it does occur. Raceways and 
rec ircul ating tanks are even more safe. 

Harvestability -- This characteri st ic is re lated to the ease or difficulty of 
harvest ing the crop once it is produced. Obviously , the re is littl e return in produci ng 
fish or shrimp if they cannot be harvested when they have reached market size or 
when the market is ava il ab le. 

Harvestability usua ll y is re lated to the degree of intervention invo lved in the 
sty le of construct ion. The harvest of a crop from conta iners constructed on tidal 
streams, fo r example , is usua lly difficult because of the uneven shore line, variab le 
depth , abundant vegetation, and lack of water control (Figure 5). To harves t the fi sh, 
it usua ll y is necessary to complete ly drain the pond and catch the animals in nets as 
they pass through the " broken" dam with the water. Harvesting also is somewhat 
complicated because it is usua ll y necessary to wait for the ri ght stage of the tide 
before the water can be completely drained out. 

Dammed watercourses in fresh water provide some improvement, because it 
usuall y is not necessary to wait until low tide to drain the water. However, irregular 
shore lines and variab le depths st ill cause problems. In hill y areas, it usually is 
necessary to dra in most of the water from the pond before the depth is sha llow enough 
to remove the fish. Under these conditions, a large quantity of fish may be confined 
in a small volume of water before it is sha llow enough to se ine. Often the fish stir up 
anox ic muds and must be removed quickly or they wi ll di e. Even if the fish can be 
removed a li ve, carcass quality may be affected . 

Levee ponds are much eas ie r to harvest. The shore line is usuall y regular, the 
bottom is smooth , and the change in depth is gradua l. Consequentl y, it is necessary 
to drain off on ly a small amount of water, if any , before the fi sh can be removed by 
se ining. Water quality remains good throughout the harves t. 

Harvest is relatively simple in raceways and in tanks used in rec irculating 
systems. Fish can be forced to one end with nets where they can be dipped out. 

Water 
Wate r is one of the bas ic requirements of aquac ulture. Water is important to 

aquatic animals for a number of reasons, but the most important is that respiration out 
of water is litera ll y imposs ible. Without a constant suppl y of oxygen, most aquatic 
animals quickly di e . Oxygen cannot pass across the g ill or respi ratory membrane into 
the c ircul atory system unless the membrane is wet. Without water, the membranes 
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quickly dry and oxygen cannot pass through. Similarly, the metabolic waste product, 
carbon dioxide, cannot pass through a desiccated membrane. 

At the lower stages of aquacu lture, the natural food that cultured animals feed 
upon is produced in the same container where they live. The water serves as a matrix 
for an aquatic "pasture." These natural pastures are characterized as food pyramids 
in which the mass of the pyramid is determined by the size of the base (green plants), 
which in turn is related to the quantity of inorganic salts (nitrates, phosphates, and 
potassium salts) available as fertilizers for the plants (Odum, 1983). The algal cells 
are eaten by micro-crustaceans, the micro-crustaceans are eaten by aquatic insects, 
and the aquatic insects are eaten by fish. Because of the loss of energy between links 
(due to the effect of the Second Law of Thermodynamics) in the so-ca ll ed food chain 
in this aquatic pasture, the amount of algal cell s required to produce a unit of fish 
tissues is relatively large. As a result of the pyramid effect, if a modest production of 
aquatic animals is expected, the pasture must be relatively large or there must be 
relatively large quantities of water available . The ratio of fish weight to water volume 
is relatively low compared to the more advanced stages of aquacu lture. 

The water also serves as a medium for waste disposal and recycling. The wastes 
(feces, carbon dioxide, urine, etc.) from the fish are quickly broken down by 
decomposer microorganisms to simpler organic and inorganic molecules that are 
recycled. These microorganisms need oxygen to carry out most of the steps in the 
recycling process. Photosynthesis takes place during daylight, and there is ample 
oxygen. At night, when there is no photosynthesis, there usually is enough oxygen 
stored in solution in the container to meet the needs of microorganisms, algae, 
insects, and fish until the sun rises the following day. Thus , a major function of water 
in the pasture system is to serve as a storage place for oxygen. 

At the intermediate levels of intervention, such as in the culture of channel 
catfish, the stocking rate of animals is increased, and food needs can no longer be met 
from the pasture alone. The animals must be fed . The weight of fish in the container 
may be as high as 6,000 pounds per acre, and as much as 150 pounds of high-protein 
feed per acre may be fed each day. The amount of organic waste produced in the 
container is large (Tucker and Boyd, 1985). With so much organic matter (wasted 
feed and feces) to be decomposed , there is a significant increase in the amount of 
oxygen required for the recycling process, especially when compared to the lower 
stages of aquaculture. 

The increased quantity of wastes which are processed by the decomposer 
microorganisms results in increased levels of nutrients to be utilized by the algae or 
other aquatic plants. Consequent ly, photosynthesis and oxygen production in­
creases. Thus, feeding results indirectly in the increased need for oxygen for 
decomposition and the increased production of oxygen from photosynthesis (Tucker 
and Boyd, 1985). Unfortunately, photosynthesis proceeds only during daylight. 
During darkness, no oxygen is produced, while respiration continues unabated (Boyd 
and Hollerman, 1982). Because of the increase in oxygen demand by the biota at these 
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intermedi ate stages, the di sso lved oxygen leve l beg ins to decrease at sundown and 
will continue to decrease until sunri se the fo llowing morning. In some cases, the rate 
o f consumption is so high that a ll of the oxygen stored in the water column is utili zed 
in bio log ica l oxidation . In thi s s ituation, unless additiona l oxygen is added to the 
wate r, the fi sh will die. As a result , it is frequentl y necessary to use mechanical 
devices for stirring or ag itating atmospheric oxygen into the water during the early 
morning hours to prevent the death of fi sh (Tucker and Boyd , 1985). At these leve ls 
of interve ntion, the fi sh we ight/water vo lume ratio is larger than at the lowest stages 
of aquaculture . 

At more advanced stages of aquaculture, such as the culture of trout in 
raceways, the fi sh we ight/water vo lume ratio becomes even greater. Large quantities 
of food are required for optimum growth , more than can be produced in the culture 
conta iner. The large quantity of feed added to the system results in the production o f 
a large quantity of wastes. Al so, because of the high fi sh to wate r volume ratio, there 
is inadequate oxygen production and storage to meet the needs o f the fi sh. To deal 
with these two water quality problems, a large amount o f fresh wate r is flu shed 
through the raceways , continuously removing wastes and providing a constant 
supply of oxygen. 

In the highest stages of aquaculture (rec ircul ating systems) where a high degree 
of environmenta l control is practiced , the fi sh we ight/wate r volume rati o is at its 
highest leve l, and water must be flu shed through the conta iner at a high rate to remove 
wastes and to maintain a high leve l of di sso lved oxygen in the system. The water 
containing the wastes is passed into a filter system where larger particl es are 
phys ica ll y removed. The remaining wastes are removed through microbi a l decom­
position in a biolog ica l filter. This wate r subsequentl y can be reoxygenated and 
passed back through the system. 

In thi s section , most o f the di scuss ion has been limited to the importance and 
diffi culty o f manag ing the oxygen concentration in aquac ultural systems. While 
oxygen may be the most criti ca l of the wate r qua lity characte ri sti cs , there are seve ral 
others (carbon dioxide, ammonia, nitrite , sa linity, turbidity , and temperature) that on 
occas ion can have a s ignifi cant e ffect on the success o f the aquac ultural e ffort. 

As indicated previously in thi s secti on, quality and quantity o f water are 
important considerations in aquac ulture. Another conside ration is wate r ava i la bi I ity. 
Ava ilability concerns having water ava il able to add to the conta ine r when it is 
required . Generall y , avail ability increases as the level o f intervention increases. 
However, increased ava il ability usuall y comes at an increased cost. At the lowest 
stages of aquaculture, such as where a tida l pond is constructed to ho ld water and 
capture small fi sh and shrimp, water usuall y can be added to the pond onl y during the 
two highest tidal peri ods of the month . At othe r times , tida l range is so small that 
water will not flow into the pond whe n the gate is opened. Under these conditions, 
even if water is needed fo r any reason at a time other than whe n the re is an adequate 
tidal leve l, it would not be available. The same problem of water avail ability is 
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present at some intermediate stages of aquac ulture where water is harvested from 
ra infa ll and runoff from a surrounding drainage area (Boyd , 1982, 1985). For 
example , in catfi sh fa rming in the hill s of east Al abama, ponds are fill ed during the 
winter, the period of heaviest ra infa ll . Genera ll y, unless a pond is fill ed by earl y 
April , it is not likely to fill that year. From April th ro ugh Novembe r, rainfa ll is 
gene rally insuffi c ient to offse t seepage and evaporation. Consequentl y, if a crop of 
fi sh is to be harvested after April by draining the pond , it cannot be re fill ed and put 
bac k into production until the fo ll owing winter (Boyd , 1982; Boyd and She lton, 
1984) (F igure 15). 

Water ava il ability is much better fo r catfi sh farm ers in the Mi ss iss ippi De lta 
where levee ponds are fill ed by pumping fro m a shallow, hig h-y ie lding aqui fe r. The 
wate r is ava il able as needed , but pumping water in the quantities required fo r fillin g 
ponds is costl y. A lso, continued pumping in that area has led to fa lling wate r leve ls 
in the aqui fe r (Fentress , 1987). Pote e t a l. ( 1988) prov ide a di scuss io n on the use of 
water, its sources and conse rvati on, in catfi sh fa rming in Miss iss ippi. Thi s work is 
a good example of the studi es that must be done fo r virtua ll y a ll kinds o f aquaculture 
because o f the large quantity of wate r utili zed fo r the culture o f most spec ies . As 
aquac ulture continues to grow, the ava il ability o f adequate water w ill become an 
inc reas ing ly important matte r (Wax and Pote, 1990). 

At the highest stages o f aquac ulture , water ava il ability generall y is not a major 
problem. T rout raceways are usua ll y fill ed and ma inta ined with water from springs 
or permanent streams, so ample wate r is usuall y ava il able at a ll times. Simil arl y , in 
rec ircul a ting systems, wate r is ava il able continuously. Us uall y these systems are 
connec ted to the water supplies of a town o r c ity. Also , since the water is rec irc ul ated , 
there is plenty ava ilabl e so long as the filters and pumps fun cti on sati sfactoril y . 
O bvio usly, the cost of g uara ntee ing ava il ability is quite hi gh in thi s stage of 
aquac ul ture. 

Seed 
For want o f a better term, those small , immature anima ls that are the bas is o f 

aq uaculture are often ca lled seed . Wh ile such terms as fry , fin ge rlings , spawn, and 
a lev ins a lso are used , the term seed re la tes aq uac ulture more close ly to agri culture 
than do the othe r te rm s. Seed are essenti al in aquaculture just as they are in 
agri c ulture. In fac t, it probabl y was the co ll ecti on, storage, and acc ide ntal planting 
of wild seed that led to the deve lopment o f plant agri c ulture as contrasted to hunting 
and gathe ring food. 

In the lower stages o f aquac ulture, seed are usua ll y obtained d irectl y from the 
wild . At the lowes t stages, seed are obta ined and stocked by channe ling ti da l fl ow or 
stream fl ow conta ining the sma ll , immature anima ls in to the culture con taine r. A 
fl ooding ri ve r or a high tide carri es the shrimp and/or fi sh seed into a conta iner which 
is then closed to capture the wate r and the seed. T hi s type of seed gathering has been 
the bas is fo r a s ignifi cant porti on of the bracki shwater aquaculture in the tropica l 
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Figure 15. Annua l water budget f'o r catfish ponds in hilly terrain in east-central Alabama showi ng 
the r elat ionship among rainfall, seepage, and evaporat ion (Claude Boyd , personal communication). 
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world. In these situations, there is little or no control over the quantity or quality 
stocked in the container. The quantity available for stock ing is dependent on the 
quantity occurring naturally. Over time, trial and error have resulted in the accumu­
lation of practical knowledge that provides some minimal control of quantity. 
Capturing water at certain times of the year, month , and day brings the likelihood of 
a hi gher stocking rate. 

At higher stages of cu lture, seed are harvested from natural sources and stored 
in a holding container until a sufficient quantity is avail ab le to provide the required 
dens ity in a production container. Thi s sys tem of seed harvest and storage is the bas is 
fo r milkfi sh culture in Southeast As ia, for the culture of the Indian carps in South 
As ia, and for shrimp culture enterpri ses in Centra l and South A meri ca (Bardach et 
al. , 1972). Here, some of the uncertainty of the actual quantity ava i I able for stocking 
at a spec ific time is eliminated, but there till is limited control over the total number 
ava i I able. There is no contro l of the number of seed produced in the natural systems. 
A lso, the number may vary considerabl y from year to year. Finall y, there is little 
opportunity to increase production above a certain leve l. The total amount (area) of 
culture that can be developed is dependent on the avai la bi I ity of seed , whi ch cannot 
easil y be increased. In the limiting situati on, seed from the natural sources may be 
harvested to the point that there w ill be insufficient wi ld brood animals remaining to 
maintain the level of seed required . Thi s is the dilemma already faci ng shrimp 
aquacu lturi sts in some areas. 

A t the intermediate stages of aquaculture, seed are usuall y produced under 
controlled condition . For example, in the production of channel catfi sh seed, brood 
males and fema les are kept together in a pond which contains boxes or cans where 
the fema le deposits eggs and the male fertili zes them (Busch, 1985A) (Figure 16). 
The farmer then removes the fertili zed eggs to the hatchery (F igure 17). After 
hatching, the tiny catfi sh are held in troughs until they beg in to accept prepared feed. 
Then they are moved to rearing ponds where they are grown to a suitable size for 
stock ing in the production units. A lthough there is a somewhat higher level of control 
in thi s situati on, compared to the lower stages, there is still a degree of uncertainty 
over the m1 mber of seed that will ac tually be produced. For example, climate seems 
to have a strong effect on the number of spawns that w ill be prod uced, but predicting 
spawning success is difficult. A lso, not all of the fema les spawn in a given year. 
Further, there is some indicati on that under certain conditions a parent may actuall y 
eat the eggs before they hatch. Finally, survival of the recently hatched fi sh when 
stocked in the rearing ponds is hi ghl y vari ab le. 

In the higher stages of culture, the seed quantity is virtually guaran teed by 
contro l led spawning. M ature adults are confined in a container and al lowed to spawn. 
In some cases, they may be induced to spawn or the eggs and sperm may be taken from 
the adults and fertili zation effected. The total quantity can be control led by increas ing 
the number and/or size of the adults being spawned. For example, the production of 
seed of the ra inbow trout has been developed to the point where the quantity to be 
produced can be predicted w ith a high degree of certainty (Piper et al. , 1983). 
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F ig ure 16. Spawn in g pen s for chan ne I catf i sh. In some hatcheri es a ma le and and fern a I e a re 
sto cked in a srnal I pen con tainin g a spawn in g box or con ta in er. Aft er spawnin g and aft er t he 
fen i Ii zed eggs a re rem ovecl for hat chi ng, th e spent fem a I e may be rep I aced w ith anew fem a I e. 

Qua I ity of seed also is an important consideration in aquaculture. Qua I ity refers 
to the characteri sti cs of the seed that will al low them to survive and grow in response 
to husbandry. Seed that die soon after be ing stocked obviously are poor qua lity , 
ass uming, of course, that water quality in the container was not the cause of morta lity. 
Simi larly , if the growth potential of a gro up of seed is reduced because of inbreedi ng 
dep ress ion (P iper et a l. , 1983; Tave, 1986), they are poor qua I ity. 

Often, at both the lowest and highest stages of aq uaculture, wild seed are 
utilized. This is because there have been limited efforts to improve geneti c quality 
in aquacultural species. There have been some so-ca ll ed improved strains of common 
carp for many years (Mclarney , 1984), and there have been some efforts to breed 
improved rainbow trout (Piper et al., 1983). Recently , a few stra ins of improved 
channe l catfi sh have been re leased to farmers (Dunham and Smitherman, 1985). 
Also, there has been some effort g iven to improving the market appea l of tilapia by 
breed ing for a red color (Gal man et al., 1988) . Except for these few examples, most 
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Figure 17. Paddlewheel trough used in the ha tching of channel catfish eggs. The paddles passing 
through the water create a zone of turbulence around the egg mass, resulting in the oxygenation 
of the interior of the mass. 

fish seed used fo r culture are essenti all y of the same ge neti c quality as those fo und 
in the wild. 

fn a broader sense, quality of seed also includes having the appropriate spec ies 
available for stocking. At the lowest stages of culture, there is limited control of the 
species avai lab le . When the water is channe led into the conta ine r from a flooding 
river or tidal flow, all of the seed present at that time are stocked. The desired spec ies 
are stocked a long with the undes irable . Even at higher leve ls of cultu re, where seed 
are harvested from the wild before stocking, farmers are limited to using those 
spec ies occurring naturally in their areas . At the inte rmed iate and highest stages , the 
availability of a particular spec ies usually is of limited concern. Farmers obtain the 
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broodfi sh of the spec ies they wish to culture, or they purchase the kind of seed they 
need from anothe r farmer who can suppl y the spec ies desired. 

In some cases , the best spec ies for culture may not be ava il able in the country 
or even in the reg ion (Shell , 1983) . The distribution of families of fi shes is such that 
some countries have much be tte r candidates for domesti cati on and aq uaculture th an 
others. Thi s was true of the animals (cows, pigs, chickens, e tc .) that we c ulture fo r 
food today. At one time, they had a limi ted di stribution . Over time, they have been 
moved from country to country and from one continent to another. In aquaculture, the 
opportunity to benefi t from the movement of be tte r spec ies is genera ll y limited to the 
inte rmedi ate and hi gher stages of culture . Where the seed are obtained directly from 
na tural waters , the re is limited opportunity to bene fit from introduced spec ies. 

Seasonal availability is another aspect of seed quality that is impo rtant. At the 
lowest leve l of inte rventi on, where seed are trapped a long with water on ly at certain 
times of the year, c ulture is dependent on seasonal ava il abi I ity. The husbandry must 
beg in when the seed are ava ilable. At inte rmed iate stages, where seed are harvested 
and stored for a time before stock ing, seasona l availabi lity is still of some concern , 
espec ia lly if the window of ava ilability is ex treme ly narrow. However, in thi s 
s ituation , the seed can be stored in holding containers for cons iderable time before 
they are stocked. Thi s strategy a llows the fa rmer to ex tend the seasonal availability 
throughout most of the year. Even at the intermedi a te stages of cu lture, where a 
spec ies is spawned under more-or-less controlled conditions, the pe ri od when 
fe rtilized eggs can be obta ined may be re lative ly sho rt , requiring storage of the seed 
for long periods to dea l with the problems of seasonal ava il ability. 

Channel catfish cu lture in the southe rn United States provides an inte resting 
example of a problem with seasonal ava il ability . The spawning season for the spec ies 
in thi s area genera ll y beg ins in mid-May and continues through mid-Jul y (Busch , 
1985A). It is ex treme ly diffic ult to produce seed in May, stock them in ponds, and 
produce harves tabl e fi sh before decreasing wate r temperatures in November s low 
growth. For optimum utili zati on of the g rowth window (March-October genera ll y) , 
the seed should be ava ilable by mid-March, approximate ly two mo nths before 
spawning actua ll y occurs. As a res ult of this problem , seed are produced during the 
spawning season, then reared under re lativ e ly crowded conditions until they a re 
ha rvested from the conta ine rs and stocked in the culture ponds, usua ll y w he n they a re 
e ight to IO months o ld but still re la tive ly small. 

Thi s problem of seasonal ava il ability is mu ch less common in tropi ca l a reas 
whe re the re is a yea r-round grow ing season. There, the recentl y ha tched seed can be 
stocked into the production po nds without the conce rn for a temperature-related 
growth pe ri od . However, even in those tropi ca l countri es, storage o f recently hatched 
seed for a period is bene ficial. The mortality o f seed decreases rather dramat ica ll y 
after one o r two months. If seed a re stocked soon afte r ha tching , surviva l in the 
production units will be hi ghly unpredic tab le. By sto rin g the fi sh for a few months 
unti I they grow large r and then stocking them in the producti on conta ine rs, hi ghe r and 
more predi c tabl e survival can be achieved. 
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Wi th a few spec ies, the problem o f seasonable ava il ability is o f little or no 
concern . Til apias , for example , spaw n through the year in the tropics and throughout 
the summer in the temperate zone. For most spec ies , however, there is a ra ther limited 
spaw ning peri od . And there has been re lati ve ly little progress in ex tending the period 
fo r most spec ies, a lthough it has been demonstra ted that the reproducti ve cyc le of fi sh 
can be altered d ras tica ll y by artifi c ially chang ing the length of day or the amount of 
li ght the adults rece ive (I ngram, 1987 A, 8 ). Thus, by ho lding the fis h in a light-proof 
container and using arti fi cia l li ght , the normal annual day light cyc le can be quick­
ened to cause the fis h to spaw n earli er. While thi s procedure is poss ible, it is not 
commonl y used in commerc ial aquaculture. 

The window of ava il ability of seed of the rainbow trout has been expanded 
dramatica ll y. Orig inall y thi s spec ies spawned in the spring of the year. Now there are 
stra ins ava ilable that spaw n virtuall y every month . This is a parti cul arl y valuable 
characteri stic in the raceway culture system fo r trout where seed may be needed fo r 
stocki ng th roughout the year. It is poss ible to extend the spawning season of the 
channe l catfi sh to some degree. Large, mature brood fi sh spawn in the spring, but 
yo unger fi sh that are gro wing rapidly may reach sex ual maturity and spawn fo r the 
first time late in the summer. In fac t, by using thi s technique, it is poss ible to ex tend 
the spawning season from mid-May to mid-September. However, ex tending the 
season that late is of limited va lue because, as the water beg ins to cool, growth is 
reduced by early October. Ex tending the spawning season does allow the fis h fa rmer 
to produce more seed with limited fac ilities . 

Nutrients 
Fi sh, shrimp, and other animals used in aquaculture are not able to make the ir 

own food. Unlike green plants (producers) -- which are able to manu facture v irtually 
all of the chemica ls (nutri ents) they require if provided with inorganic sa lts , carbon 
di ox ide, and sunlight -- animals are unable to synthes ize many of the chemica l 
compounds required fo r the ir growth and reproduction. Aquati c animals are consum­
ers. They use food materi als produced by plants (Odum , 1983). The ir diets must 
conta in prote in (as a source of essenti a l amino ac ids) , fa ts (as a source of fa tty ac ids 
and ene rgy) , and carbohydrates (as a source of energy) , a long w ith vitamins and 
minera ls. These essentia l d ietary nutri ents must be ava il able in quantity in excess of 
the requirement fo r maintenance if growth is to take place (Robinson and Wil son, 
1985; Love ll , 1988). There is a nutritional requireme nt if the animals do no more than 
ma inta in the ir we ight. Just mainta ining life requires food. 

The nutri ent requirements of a fis h o r a shrimp are inde pendent of the stage of 
aquac ultu re. Ce llular metabo li sm of a til apia requires the same nutrients regardl ess 
of whether it is in a fl ooded swamp pond in the tropics or in a complex rec ircul at ing 
system in a developed country. However, there are considerable differences in the 
manner in which the aquac ulturi st prov ides fo r the nutr itional needs of the fi sh in 
these two situations. 
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In the lowest stages of aquac ulture, the food to meet the requirements of the 
animals being cultured is produced in the container itse lf. For example, in a swamp 
pond conta iner where annual flooding brings in fresh water, a food chain or food web 
provides nutrients for the fish be ing cultured. The fi sh being cultured are a part of the 
web. They are consumers, but in death and decomposition they are themselves 
consumed (Anderson, 1987; Pruder, 1987). Inorganic salts brought in with the flood 
water are used along with carbon dioxide and sunlight by algae and other pl ants 
(producers) to synthes ize organic matter and to trap energy. Photosynthes is directl y 
or indirectl y provides the o rganic matter (food) that the various groups of consumers 
must have. Also , bacteria decomposes dead plants and animals in the system, thus 
releasing inorganic sa lts and carbon diox ide to be recycled. The organic matter 
synthes ized by the green plants is consumed by protozoans and microc rustaceans 
which are, in turn , consumed by insects which are then consumed by fi sh (Hickling, 
1968; Boyd, 1979; Odum, 1983). Also , the microcrustaceans and/or the decaying 
organic matter (plant detritus) laden with bacte ria and small invertebrates might be 
consumed by the fi sh. 

The food supply fo r cultured animals in a flooded swamp containe r is highly 
variable, and is dependent on the amount of nitrogen, phosphorus, potass ium , and 
other inorganic sa lts that are in solution in the flood water. Once the flood waters 
recede, the addition of inorganic salts is limited until the next flood season. In thi s 
situation, the sa lts are quick ly taken up by plants and some, espec ially phosphorus , 
are adsorbed to soil partic les on the bottom (Boyd, 1979), Because of the influence 
of nutrients in the flood water, there is a "pul se" of organic matter production . This 
pul se moves throughout the food web and results in a spurt of fish growth . Some of 
the inorganic salts, organic matter, and energy are trapped in the ti ssues of the fi sh 
as a result of fish growth. Al so, salts become part of higher aquati c plants and are no 
longer available for cyc ling in the food web on a short-term basis. 

The alga l cell s and many of the small animals in the web have short li fe spans. 
If they are not consumed, they die quick ly and are decomposed by bacteri a. On 
decomposition , the inorganic sa lts are released only to be reabsorbed by other a lga l 
ce ll s. Obviously , the photosyntheti c producti on of organic matter by a lga l ce ll s is the 
driving force in thi s system, but most animals do not effecti vely utili ze green plants 
as food. Probably, the dead and partl y decomposed a lga l ce ll s (manure) play a greater 
role in the nutrition of the animal consumers in the web than do the live cell s 
(Anderson, 1987). This cycling in the conta iner following the annual flood continues, 
but as it does, more and more of the salts are trapped and lost in parts (fi sh ti ssues, 
higher pl ants, bottom muds, etc.) of the web that do not turn over rap idly . As a result , 
inorganic sa lt concentrations in the water in the culture conta ine r dec rease , which 
results in a shrinking of the web. As part of this phenomenon, fi sh growth slows 
down, and may cease altogether. 

At thi s lower stage of aquaculture, the farmer has limited control over the crop 
of animals that will be produced. It is largely determined by the amount of inorganic 



58 ALABAMA AGRICULTURAL EXPERIMENT STATION 

sa lts in the flood water. In turn , the level of sa lts is dependent on the nature of the so il s 
over which the water passed on its way to the swamp (Arce and Boyd, 1980). Fertile 
agri cultural so il s provide more plant nutrients than poor agricu ltu ral so il s. Flood 
waters from limestone-derived so il s contain more salts than waters from so il s 
derived from granite or igneous rocks. 

At a higher stage of culture, the farmer adds inorganic sa lts on a regular basis 
in o rder to counter the trapping of sa lts as they cyc le through the foo d web (Boyd , 
1979) . These salts are added (fertili zation ) in quantity and in time to maintain a more 
or less constant leve l of algal ce ll s, thus stabilizing the food web and allowing the 
continued growth of fi sh in the system. The farmer s imply augments the leve l of salts 
that are brought to the containe r in fl ood water. Even though inorga nic sa lts are added 
in thi s s ituation , the food consumed by the fi sh is produced in the container. 

Even with ferti li zati on, onl y a re lati ve ly low level of fish production can be 
obtained. The food web essenti ally becomes se lf limiting. As the mass o f the web 
grows, the amount of organ ic matter than can be synthes ized through photosynthes is 
beg ins to leve l off. In the ex treme case , the bloom of a lga l ee l Is becomes so abundant 
that absorption of radiant energy is limited by shading (Smith , 1977; Tucker and 
Boyd, 1985). The farmer has limited control of the quantity of food produced in the 
system. Us ua ll y inorganic sa lts are added to obtain the highest poss ible mass of food 
in the web. Once the fi sh crop reaches the po int where the food ava i I able just meets 
its ma intenance requirements, growth ceases. It is difficult to increase the quantity 
of food produced as the crop grows. 

A s lightl y higher stage of culture involves adding organic matter, usua lly 
anima l or plant refuse (manure), rather than inorganic salts to the container (Wohl fa rth 

Fig ure 18. 
Composting 
grass and animal 
manure as a 
means of 
providing 
organic fertilizer 
to a tilapia 
production pond 
in Rwanda , 
Ce ntral Afr ica. 
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and Hulata, 1987; Hi sham unda and Moeh l, 1989) (Figure 18). In thi s s ituati on, 
depending on the spec ies being cultured, some of the organic matter may be 
consumed directly. However, it may have a limited effect because it does not meet 
the nutritiona l requirements of the fish. Usually, the prote in leve l and protein quality 
(amino ac id balance) in plant and animal manures are re lative ly low ( Boyd, 1979). 
Most of it, however, becomes part of the food web at the same point and in the same 
way as the dying and decomposing algal ce ll s, protozoans and mic rocrustaceans, and 
feca l materi al from a ll of the animals produced in the web. 

Aquacultural production utili zing manures is ge nera ll y higher than when 
depending on fertilization with inorganic sa lts, because the mass of the food web is 
not so severe ly limited by the amount of photosynthetic production of organic matter 
that can take place in the container. Obviously there is a limit to the leve l of 
production that can be obta ined in thi s manner. As was noted prev iously, photosyn­
thes is plays two v ital ro les in aquac ultural systems, the synthes is of organic matter 
and the production of oxygen. Fi sh production can be increased by adding organic 
matter (manure) from an ex ternal source , but at some po int the amount of oxygen that 
can be produced becomes the limiting factor. Decompos iti on of the manure requires 
so much oxygen that there is little ava il able for the respiration of the fi sh. 

At intermediate stages of aquaculture, the fish are fed directly (Figure 19). 
There is li mited conce rn for the natu ra l food produced in the contai ner. Usuall y, the 
stocking rate of seed in the container is so high that natural food production plays only 
a limited role in meet ing the nutritiona l needs of the fish as they grow . There is , 
however, a considerable amount of natural food produced in the pond. Certai nl y, 
more is produced than with fertilization w ith ino rganic sa lts, but the amount avai lable 
is small re lative to tota l needs. In some cases , natura l food may serve to provide some 
ingred ients, such as vitam ins and amino ac ids, that may be absent or avail ab le in 
limited quantity in an incomplete fi sh feed (Swing le, 1958) . 

Fish are fed a mi xture of meals made from gra ins (corn , soybeans, and wheat), 
plus vitamins and minera ls combined with fi sh meal or some other mea l de rived from 
animal by-products. These materials usuall y are pressed into pe ll e ts (Robinson and 
Wil son, 1985) . The pe ll e ts are more eas il y ingested by the feeding fi sh. Feeding a 
mea l mixture without pe ll e ting is essenti a ll y the same as adding manure to a culture 
pond (Prather, 195 7; 1958). Also, there is less loss of water soluble ingred ients from 
a pe lle t than from a meal mi xture. The compos ition of the pe llet is des igned to meet 
the nutritional requirements of the fish as close ly as possible. 

At the intermediate leve l of inte rvention, the amount of feed g iven to the fi sh 
can be adjusted as the fish increase in s ize and as the total crop mass increases . 
Although some upward adjustment is practi ca l, there is a limit beyond which the leve l 
of feedin g cannot be increased without supplementing the natural production of 
oxygen with mechanical ae ration (Tucker and Boyd, 1985). The addition of feed 
signifi cantl y increases the amount of organic matte r in the container, which in turn 
increases the demand for oxygen. Feeding results in some wasted pell ets and a large 
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Figure 19. Feeding channel catfish in a production pond at Auburn. A blower sprays a measured 
amount of feed onto the surface of the pond. 

amoun t of feca l mate rial. As a result , although the fi sh are be ing fed directl y, there 
is a high leve l of indirect manuring taking place (Hopk ins and Manc i, 1989). In the 
I imiting case, not enough oxygen is produced through photosynthes is and stored in 
so lution in the pond during dayli ght hours to meet the requirements for respiration 
and oxidation occurring during the night. To prevent the death of the fi sh, additional 
oxygen must be di ssolved in the water from the atmosphere us ing various mechanica l 
devices. 

The amou nt of feed that can be g iven to the fi sh a lso is limited by the water 
temperature (Robinson and Wil son, 1985). The metaboli sm of these co ld-b looded 
animals is directly re lated to the temperature of the water in which they live . Fo r the 
channe l catfish, feeding should be reduced somewhat when the temperature goes 
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below 68°F. When the temperature is less than 55°F, feed is poorl y utilized. It 
accumulates on the pond bottom and requires oxygen for its decomposition. 

At these in te rmediate stages of aquaculture where a single spec ies o f fi sh is fed 
directl y, there is a large and complex food web establi shed, and there may be an 
accumulation of under-uti I ized natura l foods , such as m icrocrustaceans and aquatic 
insects. ln thi s situation, it is poss ible to add other aquati c animals to the container 
that feed primaril y on those accumulated natural foods. Thi s practi ce o f stock ing 
species w ith complementary feed ing habits in the same container is ca lled polyculture 
(Hick ling, 1968, Dunseth , 1977). Through polyculture, more of the mass of the food 
pyram id can be utili zed for increas ing total aquati c animal production in the 
conta iner w ithout add ing more nutrient s. Polyculture also prov ides a means of 
storing waste organi c matter in the ti ssues offish where the demand for oxygen is less 
than i f it were being decomposed in the container. A lso th rough po lyculture, the 
waste organic matter can be removed by harvesting the f ish thus reducing the amount 
of oxygen required for decomposing if it were left in the pond. 

At the highest stages of aquaculture, there is v irtuall y no production of natural 
food in the culture container. There is no food web. The nutritional needs of the fi sh 
are met entirely through the use of prepared feeds. A lso. there is no accumulation of 
organic matter except in the ti ssues of the f ish as they grow. Generally , the feed 
utilized at the highest stages is the same used in the in te rmed iate tages. In both cases, 
a nutritionall y complete ration is required. The primary d ifference in providing 
nutriti on to f ish in the different stages is that, at the highest stages, the water 
temperature does not va ry wi th the season. I t is always kept at an optimum level for 
max imum feed utili za tion, all owing more feed to be fed over the course of the year. 
There is v irtually no opportunity for polycultu re in the rec irculating systems, at leas t 
in the primary culture container, although the organi c matter removed from the 
system by f iltration might be used as a manure in a separate culture sys tem. 

Harvesting 

Harvest is required if cultured aq uati c animals are to become food or be entered 

into commerce (Busch, 19858). It is that part o f the culture process between 
production and process ing. Harves ting, in its simplest form , involves remov ing the 
animals from the conta iner and transporting them to market. However, under some 
circumstances it can be a complex and costl y process and may affect the final qua! ity 
of the product which the consumer purchases. There are three general steps in 
harv esting: 

I . Conce111ra ti11g the animals. 
2. Removing.fi·om containment. 
3 . Tran sporting to processing and/or marketing. 
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Concentrating the Animals 
Except for cu ltured molluscs (oysters and clams), aq uati c ani mals are dis­

persed throughout the container when it is time for harvest, and it is necessary to 
restrict their potentia l for movement by concentrating (confining) them. As de­
scribed earli er, the tidal swamp pond containe r is usually constructed by building a 
low dam through the brush (Figure 4). The pond is usually irregular in shape with an 
uneven bottom and contai ning many stumps, snags, and standing brush. It is difficult 
to concentrate fish when these containers are full of water. Seines, cast nets, and dip 
nets are difficult to use under these conditions. Generally, the animals can be 
concentrated on ly by draining the ponds and trapping them in nets as the water flows 
out or picking them up by hand or with dip nets from shallow puddles (Fig ure 5). 

Harvest ing from tidal swamp ponds a lso is more complicated because the 
water from the pond usually can be completely drained ou t only on low tide. Because 
of the nature of these production systems, the pond is filled during a high (spring) 
tide , and it can be complete ly drained on ly during low (neap) tide. Neap t ides do not 
occur on a daily basis, but rather at 14 3/4-day interva ls and are independent of the 
diurnal cycle. As a result , the optimum time for draining a tidal pond (at neap tide) 
can be at an inopportune time considering the need for daylight to be able to see the 
shrimp and fish. Further, because the window of opportunity to harvest is so narrow, 
the avail ab ility of labor may be a problem. 

Concentrating aq uatic animals is less complex at the higher stages of culture. 
For example, at the intermediate stage when channe l catfi sh are produced in the hill 
country of east Alabama, it is not as difficult as in the tidal swamp ponds , but there 
st ill are difficulties. The contai ners used in this system are constructed by building 
a dam across a natural valley which contains a small permanent or semi-permanent 
stream (F igure I 0) (Boyd, 1985) . Most of the trees are removed from the pond , but 
it is ex tremely difficult to remove all of the stumps and sma ll roots. Also, the bottom 
is uneven. The shape of the nat ural valley a lso results in a deep pond with shallow 
edges. Because of the combination of depth and obstruction (stumps and snags), it 
is difficult to concentrate the fish by se ining. It is possible to trap fish (Smitherman 
et al. , 1979) from these ponds by surrounding them with a net while they are being 
fed, but no more than 50-60 percent of the crop can be captured in thi s manner. Also, 
trapping is labor intensive when considering the quantity of fish that can be removed. 
I fall of the fish are to be harvested , the pond must be drained at least to the point where 
it can be seined. Often in a c ulture of this type, the pond will con tai n 3,000-4,000 
pounds per acre of fish. In a two- to three-acre pond , there will be 6,000-12,000 
pounds of fish that must be confined before removal. As the pond is drained , the fish 
are concentrated into smaller and smaller volumes of water (Figure 20). This is a 
time-consuming process. In larger ponds, it may require several days to remove 
enough water to be able to seine. Also, because of water movement and the activities 
of the fish , mud from the bottom is stirred into the water. Under these cond ition s, the 
fish must be removed quickly or many of them will die and carcass quality will 
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Figure 20. Removing fi sh with a seine in a hill pond. All of the fi sh must be concentrated into a 
re lati ve ly small volume before they can be seined . 

deteri orate rapidly. To keep the fi sh a live and in good conditi on, harvesting from 
these systems is usuall y done during the winter when the water is coo ler, it conta ins 
mo re oxygen, and the fi sh require less oxygen. 

It is less complex to concentra te anim als in conta iners usua ll y assoc iated with 
more advanced stages. For example , confining catfi sh in levee ponds in Mi ss iss ippi 
is muc h easier (Busch, 1985 8 ) (Figure 21 ). Those ponds usuall y are rectang ul ar w ith 
re lati ve ly smooth bottoms. Virtuall y a ll o f the fi sh can be captured by se ining witho ut 
lowering the water leve l. Confinement in race ways o r rec ircul ating water conta ine rs 
is even simpler. Nets are constructed to fit the shape of the conta iner. All of the fi sh 
can be " he rded" into o ne end of the conta iner. 

Re mo val from Containment 
Thi s is a part of the harvesting process that can become complex and dangerous 

unde r some c ircumstances. In the ti da l swamp po nd , the concentra ted anima ls can be 
dipped up with a net and pl aced in the conta ine r to be used fo r transportati o n. In hill 
ponds used in some areas fo r the culture o f c hanne l catfi sh, the fi sh are usua ll y 
concentrated at the lowest point in the bas in . The confinement area may be 18-20 feet 
be lo w the to p of the cl am and as much as 30 fee t be low the transpo rtati o n conta ine r 
on a truck or wagon. In larger ponds, thousands of pounds o f fi sh must be I iftecl more-
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Figure 21. Harvesting catfish from a levee pond in Mississippi. Fish can be harvested as needed 
without lowering the water. 

or-less vertically over a distance of 20-30 feet as quickly as practical. The problem 
of lifting so many live fi sh thi s distance is further compounded by the need to restrict 
the quantity moved at one time. If too many fish are lifted , the weight is so great that 
those at the bottom of the basket or bucket will be brui sed . 

Removing fi sh from levee ponds or more specialized containers (raceways, 
cages, or tanks) is somewhat s impler, but lifting large quantities of live animals is 
never rea lly s imple. Lifting thousands of pounds of fi sh or shrimp requires a great 
deal of energy and powerful mechanical dev ices. The process is a lso dangero us. 
Usually there are people working around and be low the animals as they are being 
lifted . Mud and water contribute to slippery footing. Because of the time and energy 
required , the potential reduction in quality from bruising, and the danger associated 
with the process, the use offish pumps is increas ing. These pumps lift the water which 
contains the fi sh. With thi s equipment , large quantities of fi sh can be moved quickly 
with littl e injury . 

Transportation to Processing 
Moving aquatic animals (Fi gure 9) from the production site to the process ing 

plant usually is the simplest part of the harvesting process, but it can have a s ignificant 
effect on the quality of the final product. The quality of the hauling water and/or ice, 
the time required ,_and the weight of fish in the container all affect the condition of 
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the animals when they reach the processor. These fac tors are important wherever 
aquati c an imals are transported, but they become even more signi ficant in semi­
tropica l and tropica l areas where so much aquaculture takes place. 

Processing 

Process ing can be defined as "any action or series of actions that change the 
physica l and chemica l characteri stics of aq uati c animals to enhance the ir acceptance 
as food, to preserve them, or to increase the ir value." 

Cultured fi sh, like those captured fro m the wild , se ldom are consumed without 
undergoing some process ing. Thi s is not a unique characteri stic assoc iated with the 
consumption of aquati c animals. Almost without exception, fl esh or meat food is 
processed before be ing eaten. Thi s practi ce is contrasted wi th the utilization of many 
plant foods that are minimall y processed, if at a ll . 

There are two general phases of process ing, both of which will be di scussed in 
the fo llow ing sections: 

I . Primary processing (butchering). 
2. Secondary processing ( chemical or physical change). 

Primary Processing 
Primary process ing involves simple butchering or reduction of the carcass. In 

thi s phase, those portions of the carcass which have limited value for food (scales, 
skin , head, intestines, fin s, gill s, rib cage, and backbone) are removed and di scarded. 
Also, the carcass may be reduced to a number of smaller pieces which can be handled 
more effecti ve ly. 

Primary process ing generall y requires more labor than secondary process ing. 
But because so much of the original weight of the animal is di scarded at this stage and 
because the product requires further process ing (cooking, smoking) before it can be 
consumed, return to labor is more limited. For thi s reason, the butchering phase is 
being mechanized whenever practi ca l to reduce the labor input. 

Secondary Processing 
This stage of process ing involves changing the chemical or phys ical structure 

of the fl esh in some way, and it is carried out fo r two primary reasons: 

I . Preserving it against spoilage. 
2. Making the portion more acceptable as human.food. 

Aquatic animals are considered to be the most peri shable of all of the so-called 
meat or " fl esh" foods consumed by man (Ammerman, 1985). As soon as a fi sh dies, 
spoilage beg ins. Spo il age is a result of a whole series of complicated changes brought 
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about by its own enzymes, by bacteria, and by chemical ac ti on (Burgess et a l. , 1967). 
Of these three dete riorative changes, those resulting from the action of bacteria are 
the most extensive . Much of the secondary process ing is carried out to counte r these 
deteriorati ve changes and to preserve fi sh as food fo r a period of time. Procedures 
used in secondary process ing inc lude : 

I . Drying and dehydration. 
2. Freezing. 
3 . Smoking. 
4 . Salting. 
5. Canning. 
6. Radiation. 
7. Fermenting. 
8. Marinating . 

Secondary process ing also is practiced to enhance the value of aquati c animals 
as food. These procedures visuall y increase the market appea l of the animals or 
increase the price which consumers are willing to pay. These also are ca ll ed " value 
added" practi ces, and include: 

J. Cooking. 
2. Pre-cooking fo r oven or microwave readiness. 
3. Special coatings (b reading). 
4. Stuffing. 
5. ?repacking prepared fi sh meal. 

Considerable research and deve lopment have been conducted in the las t I 00 
years on the process ing of ocean fi sh. The same princ iples and practices are 
appropriate for cultured fi sh. However, while the same procedures and princ iples 
apply, some characteri sti cs of pond aquac ulture may require that more attention be 
g iven to preventing spo il age than with wild-caught fi sh, espec iall y those taken from 
the co lder ocean waters. Because of the complex food webs that are establi shed in 
culture ponds, there like ly will be a much higher leve l of bacteri a per unit of pond 
water than in cold ocean water. Al so, a high proportion of these organi sms in culture 
conta iners is like ly to be decomposers which can readil y affect fi sh qua lity. Further, 
because of the longer g rowing season, much of the deve lopment of aquaculture will 
take pl ace in areas of the world where the water is warm fo r much o r even most of 
the year. The increased bac teri al load and the highe r temperatures result in optimum 
conditions fo r deteriorative changes in fi sh qua lity . As a res ult of these characteri s­
tics, assoc iated especiall y with aquac ulture where ponds are used as containers, 
considerable attention must be g iven to maintaining fi sh quality during harvest and 
immediate ly thereafter. 

The leve l of process ing is generall y, but not a lways, corre lated with the stage 
of aquaculture. For example, shrimp are produced in cultural systems in South 
America , which in some instances represent re lative ly low stages of aquaculture, but 
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because of the demand for and value of these animal s, high levels of processing 
technology often are utili zed . Virtually all of these shrimp are frozen fo r preservation 
and large quantiti es are breaded before fin al sa le. At the same time, trout culture in 
raceways represents a much more advanced stage of aquaculture, but for most of 
these animals, process ing is limited to remov ing the g ill s and intestines and freezing. 

Heading and gutting might be practi ced at the lower stages, while filleting and 
steak ing are more common at the intermed iate and higher stages. Generally, more 
machinery is used in process ing fi sh from the higher stages. Under these conditions, 
it is more economica l to subst itute machinery (capita l) fo r labor. 

ln general, the type of preservati on used is re lated to a degree to the stages of 
aquac ulture. The more primitive methods, such as drying, smoking, o r fe rmenting, 
are more common at the lower stages (Figure 22). Freez ing and canning would be 
more common at the higher stages. Value-added process ing, such as spec ia l coatings 
(bread ing) , stuffing, or pre-cooking, would generall y be utilized only at the higher 
stages (Ammerman, 1985; Water Farming Journal, 1989). 

There is one other as pect of process ing that should be mentioned. One of the 
primary objectives of processing is the separati on of the parts of the carcass that are 
suitable and acceptable for human consumption from those parts that are not. Of 
course this differentiation is highly culture specific. Parts of the carcass that are 
routinely di scarded in some countries are utili zed in others. In most cases , however, 
process ing results in a large quantity of offal. For example , in the basic catfi sh 
process ing operat ion , the head, skin , and intest ines are removed and di scarded. These 

Figure 22. Drying fish removed from lower-stage aquacu lture ponds in Thailand. 
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parts comprise approximately 40 percent of the total weight of the fish. Fortunately, 
in the case of catfish processed by the larger plants, thi s offal can be so ld to rendering 
plants for the production of fish meal. Smaller plants with less offal often have 
difficulty disposing of it without creating environmental problems. Even larger 
plants may have problems with di sposing offal. The wash water from process ing 
lines contains large quantities of water-soluble organic compounds that cannot be 
released into adjacent streams without causing water quality problems. 

Marketing 

A relative ly small percentage of a ll aquatic animals produced through aquac­
ulture is consumed by the farmer or hi s immediate family where no transfer of title 
is required. The percentage consumed in thi s fashion is highest at the lowest stages 
of aquacu lture . Kent ( 1987) reported on a study of rice farmers in Tha iland in which 
approximate ly 26 percent grew fish for food for the family. At the intermediate or 
higher stages of aquaculture, few, if any, of the animals are produced for food for the 
farmer's family. If the fish are not to be consumed by the fami ly and if the farmer is 
to obtain a return on his investment, he must exchange title of the product for goods 
of equal value or currency. This exchange requires marketing. Smith and Klontz 
( 1991) noted that aquaculture can provide a variety of products to sati sfy the needs 
and wants of consumers, but that these products must be positioned through effective 
marketing to give the industry a competitive edge on the products of captive fisheries 
as well as red meat and poultry . 

Bransom and Norvell ( 1983) provide several definitions of marketing: 

I . The processes associated with exchanging one product.for 
another. 

2. The pe1formance of all of those transactions and services 
associated with the flow of'goods (product design, advertising, 
shipping, storing and selling) from the point of initial production to 
the final consumer. 

3. The process of satisfying human needs by bringing products to 
people in the proper.form and at the proper time and place. 

Marketing is an extremely important component of aquaculture. Without it, 
aquacultural production would not proceed through many cycles. Although it is a part 
of aquaculture, it is often separated from the other parts. A ll of the components or 
steps except marketing and utilization can be considered as production functions . 
Marketing, therefore, is the culmination of all of the other steps in the aquaculture 
process. It is at this point that change of ownersh ip usually occurs. It is the point 
where demand and supply converge and pricing occurs. 

In general , relatively little attention has been given to marketing compared to 
the effort g iven to production (Chaston, 1983). Consequent ly, many of the problems 
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encountered in the development of aquaculture can be traced to a lack of concern for 
marketing. In too many cases, farmers produce the animals and then search for a place 
to sell them. This is production-oriented aquaculture. In market-oriented aquacul­
ture , marketing is utilized to assess the needs before production begins; then 
production is organized to meet those needs. 

According to Smith and Klontz ( 1991 ), the successful marketing of aquacul­
tural products depends on developing a consumer orientation. This orientation 
recognizes that the principal task is to be skillful in marketing what the customer 
wants and expects and not what the market expects. 

Chaston ( 1983) suggests that those charged with marketing aquacultural 
products answer 12 questions des igned to define the nature and characteristics of the 
market environment before production begins. These are: 

I . What are the markets? 
2. What major segments exist within each market? 
3. What is the current size of those markets and their segments? 
4. Which of those markets and their segments represent areas of 

growth or decline? 
5. Who are the primary target customers? 
6. What is known about customer purchasing behavior? 
7. What are possible changes that may occur in their behavior in 

the future? 
8. Who is the competition? 
9. What are the strengths and weaknesses of the competition ? 
J 0. What changes are expected in competition activity in the future? 
11. What are relevant macro-environment variables of influence 

(technological, cultural, legal) ? 
J 2. Which of the relevant macro-environment variables might be 

expected to change in the future? 

Marketing was defined as a part of the process whereby title of a product 
changes from a seller to a buyer. This change of ownership is dependent on a number 
of conditions in which it takes place. In some instances, the farmer will se ll hi s crop 
directly to the consumer. This process takes place in two steps: 

1. The farmer and customer exchange information and agree on a 
price. 

2. Title of the animals changes as they are delivered to the 
customer and currency or goods of equal value are deli vered to the 
farmer. 

This is a simple marketing system where producer and consumer deal directly 
with each other (Chaston, 1983) (Figure 23). Simple markets are relatively rare in 
developed countries and are characteristic of the lower stages of aquaculture 
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Figure 23. Representation of' a s imple marketing system (C haston , 1983). 

(Hi shamunda and Moehl , 1989). Channe l catfi sh produced in eastern Al abama 

beyond the areas serv ed by process ing p lants are more like ly to be marketed us ing 

thi s s imple system. While it is s imple, it provides max imum gross re turn to 

produce rs, because they not only se ll directl y to the consumer but a lso o ften process 

and mark et the product befo re se lling it. In seve ral cases, indi v idua l fa rmers produce 

the ir own catfi sh seed , g ro w o ut the fi sh to marketab le s ize, process them , and market 

them through fa mil y-owned restaurants. Thi s is vertica l integ rati on in its purest form. 

Producti on, process ing , and mark eting are owned and operated (integrated) by the 

same indi vidual. Unde r these conditions, demand , suppl y, and pric ing are much 

s im pler. 

Direct marketing between producer and consumer o ffe rs opportunities for 

max imum degree of custome r sati sfacti o n. Often producer and consumer live in the 

same community and kn ow each other. Product qua lity and price o ften re fl ect thi s 

re lati onship and there is ample o ppo rtunity to deal with di sag reements which might 

a ffect demand. 
ln complex marketing s ituati ons, the producer does not se ll directly to the 

consumer but rather to an intermediary who may se ll to the consumer or to a second 
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intermediary (Bransom and Norvell , 1983). In some cases where there is secondary 
processing involved before final sale to the consumer, severa l intermediary buyers 
may be involved. Under these conditions, the two-step process which leads to 
exchange of title in simple systems may be repeated several times before the fish 
reach the consumer. With some seafoods, ownership may change I 0-12 times before 
the products are finally prepared for consumption (John Jensen , personal communi­
cat ion). In reality, a complex marketing system consists of two or more simple 
systems linked together (Figure 24). 

Complex marketing systems are essential for the delivery of large quantities of 
food in modern , industrial soc ieties where consumers general ly are separated by 
hundreds of miles from the producer. Such systems are also vital in societ ies where 
farmer productivity is high enough that on ly a small number of people are involved 
in production. 

Most cultured aq uatic animals are purchased fo r food , of course, but significant 
numbers of channel catfi sh (Huner and Dupree, 19848) and rai nbow trout (Mclarney, 
1984), and some other species are sold for sport fishing . Fish are purchased by " live­
haulers" who transport the fish to a pond or stream where they are released . Then 
recreational fi shermen pay a price for the privilege of catch ing them with some form 
of "hook and line" equipment (Figure 25). Most of these fish finall y become food , 
but the recreation involved is the primary force driving the marketing effort. This 
situation makes a complex marketing situat ion even more complex because sport 

Simple 
marketing 

system 

>-
0::: Cl::: --------, 
<( w -:e s ::::, 
!~ 

Simple 
marketing 

system wo z u ------' 

Figure 24. Representation of a complex marketing system (C haston, 1983). 
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Figure 25. Recreational fi shing at a fish-out channel catfi sh market. 

fi shermen are willing to pay more than the value of the animal for food to catch the 
fi sh. Fi sh cultured for the pet industry (aquarium trade) is another example of an 
additional leve l of complex ity in marketing. In thi s case, the purchase of fi sh is not 
re lated to food production o r food va lue in any way. 

While complex marketing systems are essenti al, they create problems in 
re lating suppl y to demand , in establishing equitable pric ing, and in dealing with 
customer di ssati sfaction. This situation is best characterized by the old adage that "a 
cha in is no stronger than its weakest link." In a complex market, a serious malfunc­
tion of any one of the links can affect the entire system. For example, when ownership 
changes severa l times between the producer and the fi na l consumer, it may be 
di fficult to maintain the quality of the product. A ll of the temporary owners may not 
have sati sfactory storage fac ilities. Mainta ining product quality could be di fficult 
under those condi tions. Al so, it would be diffi cult to determine at what point in the 
chain deterioration occurred. 

Five spec ific steps that fac ilitate marketing (Branson and Norvell , l 983) 
inc lude needs assessment, product design, price determination, promotion, and 
di stribution. 
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Needs Assessment 
The first step in marketing, needs assessment, means that the need for a product 

should be determined before production begins. Its important role in aquaculture 
already has been di scussed in the section on production. 

Product Design 
Product design is the second step in marketing. Once the need for a product is 

determined, specific plans should be developed to produce that item with the specific 
characteristics that the consumer wants (Senauer, 1989). This step also was discussed 
in some detail in a preceding section. 

Price Determination 
The third component of marketing is price determination, termed "price 

discovery" by Bransom and Norvell ( 1983). The term price discovery is an appropri­
ate one because the producer (farmer) cannot know in advance how consumers will 
value his product and how much they will be willing to pay for it. At the same time, 
consumers cannot know the farmer's production costs. Each side discovers the 
position of the other in the marketplace. Ekelund and Tollison (1988) suggest that 
"prices are the essential signals that tell producers and resource suppliers what and 
how much to produce and the signals that help consumers decide what and how much 
to buy." Setting the price of a product is important. If it is set too high , consumers will 
purchase less of the product or will buy alternative products. If it is too low, the 
producer can make little or no profit or possibly even incur a loss . Therefore, an 
optimum price between these two limits must be found. The relationship between 
demand and supply and price elasticity will be discussed in a following section. In 
theory, price is determined to be that point where the price-demand curve intersects 
the price-supply curve (Figure 26). Ekelund and Tollison (1988) call this the 
"equilibrium price. " At this point, a given price will result in demand being exactly 
equal to supply (Chaston, 1983). Because purely competitive market conditions do 
not prevail , however, price may be set by one or combinations of the follow ing 
situations: 

I . Cost-based pricing. 
2. Demand-based pricing. 
3. Competition-based pricing. 

With cost-based pricing, producers add a profit to their known production costs 
(Chaston, 1983). This procedure is simple, but when applied alone it can lead to 
marketing problems because it does not take into consideration demand or compe­
tition. In simple marketing situations where the producer sell s directly to the 
consumer and where there is limited competition and strong demand, it is possible 
to use cost-based pricing. Obviously, these conditions are relatively rare. 
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In demand-based pric ing, the se ll er sets prices to manage demand. Thi s 
situati on usuall y requires that the se ll er have a mix of products ava il able that will 
appeal to a broad range of customers. Prices are set on the various items of the mi x 
as customer demand responds. Usua ll y there must be a range of products that will 
a llow a re lati ve ly broad range of pric ing. 

Marketing of fi sh products commonl y invo lves a number of companies 
marketing essenti all y the same spec ies. Under these conditions, the product of one 
company is indistingui shable fro m that of another. In thi s situati on, prices are often 
set by a lead company with due consideration for the smaller ones. When the large 
company changes prices, the smaller ones usually quickly do the same. This method 
simply depends on determining what everyone e lse is charging. It is the most 
common method for determining price. 

The three types of price determination described are more common to the 
marketing of fi sh captured from the wild through commerc ial fi shing. Price determi­
nation of the products of aquac ulture is a much more complex process that res ults 
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from a combination of cost-p lus, demand , and competition factors. The complex ity 
is increased because, in the case of some spec ies, they come to market from farms and 
from the ri vers, lakes, and oceans. For example, in Alabama 's channe l catfish market, 
there are four potenti al sources of fish : 

J. Farmed channel catfish. 
2. Wild channel catfishfi·om Alabama rivers. 
3. Other species of catfish fi·om ri vers and lakes in other states. 
4. Brazilian ca(fish , indistinguishable from channel catfish after 

processing. 

Once these fish are skinned, headed, ev iscerated, and cooked, even the most 
di sc riminat ing customers would have a difficult time knowing which catfi sh they are 
eating. Yet the costs of production and demand for these four form s are quite 
different. Obviously , price determination for those four different, yet similar prod­
ucts is complex. Because the supply of farmed fish is much greate r, the price of a ll 
fo ur is more or less dependent on prices set for those produced in ponds. If the suppl y 
of river fish was larger, it is like ly that this product wou ld be a price leader. Thi s 
phenomenon of dua l sources (w ild versus cultured) fo r the same food product is not 
unique to aquatic food animals, but it certainl y is an important example from a 
volume standpoint. 

Price determination of cultured fi sh is further complicated by the ex tremely 
large number of spec ies that is avail able to the consumer. In a good meat market, it 
is likely that a consumer would be able to se lect products from four or five different 
spec ies; beef, pork , lamb, and poultry wou ld most like ly be ava il ab le. In a good fi sh 
market, the consumer could select from at least l 0-15 different spec ies. 

The increase in fis h consumption a lso complicates the problem of price 
determination. The consumption of meat, fi sh, and poultry per capita for 1990 
compared to 1970 in the United States is as fo llows (Putnam, 199 1 ): 

PRODUCT POUNDS PER CA PITA 
/ 970 / 990 

Mear ... ....................... ..... ........ ....... ........ ..... .... ..................... /30.4 11 2.3 
Poultry .. ...... .... ..... .. ...... .. ... .... ...... .......... .... ..... ...... .......... ... .... 34.7 63 .6 
Fish .. .. ...... ...... ....................................................................... 12. I 15.4 

Per capita consumption of total fi sh and she llfi sh in 1990 ( 15 .4 pounds) was up 
27 percent compared to the 1970-74 average ( 12. 1 pounds) . Consumption act uall y 
reached 16. 1 pounds per person in 1987. This ri se in consumption occurred even 
though price increases for seafood were up 369 percent over that period. Consumer 
price indices for red meat and pou ltry were up 193 percent and 140 percent, 
respecti ve ly, during the same period. 

Because of the changing nature of competition between farmed and captured 
products, the large variety of more-or-less comparable spec ies in the market, and the 
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rapidly increasing demand for all kinds of fish, price determination for cultured 
species will continue to be a rapidly changing and complex situation. The combina­
tion of steadily increasing prices and improvements in technology that should lower 
production costs should result in excellent profitability. Chas ton ( 1983) suggests that 
these higher profit margins should be invested in the creation of strong customer 
loyalty for cultured fish. 

Promotion 
Promotion is the fourth component of marketing. It is defined by Bransom and 

Norvell ( 1983) as "any additional sales effort over and above the normal process of 
taking orders for sales." Even a correctly designed product with a competitive price 
and an effective distribution system would not result in demand unless potential 
customers are made aware of the comparative advantages of the product. Customer 
purchasing decisions are based on their perception of a product. Promotion is a means 
of creating a positive perception. Promotion is accomplished in four primary ways: 

1. Advertising. 
2. Personal selling. 
3. Pricing . 
4. Public relations. 

Of the four, advertising (Kinnucan et al., 1990) and personal selling are the 
most important in building long-term customer loyalty, which is a primary objective 
of promotion. The other two methods, pricing (free samples, coupons, special price 
reduction sales, etc.) and public relations, usually will have only a short-term effect. 
While sales may increase during the price manipulation period, they are likely to 
return to approximately the original level when it is completed. Public relations, 
where the media is encouraged to publicize some aspect of the product free of charge, 
usually affects sales for only a relatively short time. 

It is important to remember that promotion alone will not result in increased 
sales unless the other components of marketing also are operating effectively. If there 
is no need for a specific aquacultural product, if it is poorly designed for the market, 
or if it is priced poorly relative to alternative products, promotion will have little, if 
any, permanent effect on sales . 

Promotion is most effective when the producer or seller can establish a 
dialogue with the customer. In this way, questions concerning price, quality, value, 
and product characteristics can be dealt with quickly. For this reason, personal 
selling, where the seller or his representatives contact the consumer personally, is 
more effective than advertising. However, personal selling is difficult unless con­
sumers are concentrated. As customer dispersal increases, the effectiveness of 
personal selling decreases. Where the sales force must spend a large amount of their 
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time traveling between contacts, total effectiveness declines. At the same time, as 
customer dispersal increases, the effectiveness of advertising also increases. 

The relative effectiveness of personal selling versus advertising is constantly 
changing because of food fads and other consumer behavior, the introduction of new 
products, and the degree of maturity of an existing product (Chaston, 1983). For 
example, in the early days of the development of the catfish farming industry, 
virtually all of the promotion was done by personal selling. Most customers were 
confined to the larger river valleys of the central United States. Relatively little effort 
was given to advertising to promote the product. Now the geographic distribution of 
customers has broadened significantly, especially toward the eastern seaboard states. 
As a result of this spread of consumer interest, more emphasis is now being placed 
on advertising. 

While personal selling remains effective in the original sales territory, adver­
tising is the on ly effective method of promotion to reach a large number of the 
potential new customers in the population centers of the Northeast. Recently , a new 
organization has been formed specifically to advertise farm-raised catfish in the 
major United States magazines and newspapers. This organization, the Catfish 
Institute, is funded by contributions from the major companies producing feed for the 
catfish industry (The Catfish Journal, 1989). 

There is probably a positive correlation between the stages of aquaculture and 
the degree of promotion of the products involved. At the lower stages, little or none 
is required. Pillay ( 1977) notes that, in the lowest stages, the information that fish are 
available spreads rapid ly by word of mouth among consumers who flock to the fish 
ponds. John Moehl (personal communication) suggests that most of the fish cultured 
in Rwanda are sold as a result of word-of-mouth promotion. In this situation, the 
seller and buyer probably know each other personally. Additional promotion is not 
necessary. At the intermediate and higher stages, considerably more promotion is 
required as potential customers become more dispersed. However, the increased 
level of promotion is not just a function of greater customer dispersal. Higher levels 
of intervention also tend to be associated with increased production. More production 
usually requires providing information regarding fish avai lability to a larger area and 
to more people. 

Distribution 
Distribution is the last component of marketing to be considered. It is rare today 

for the producer and the fina l customer to be located close enough so they can trade 
directly without intermediaries. Usually there is a need to establish some type of 
system to distribute the product to the fina l customer. A distribution system is a chain 
of intermediaries along which the product moves from farmer to final consumer and 
usually involves a sequence of ownership changes as the fish move from link to link. 
In the simplest distribution system, the farmer and consumer are linked by transac­
tion, but a system with two or more intermediaries is much more common. 
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The highly perishable nature of aq uatic animals makes their distribution more 
complicated than other meat products. Aquatic animals are among the most highly 
perishable of humankind 's foods, and that quality inevitably falls during process ing 
and di stribution (Connell , 1980). Chaston ( 1983) suggested that the shortest poss ible 
distribution channel should be used for cultured aquatic animals, that the number of 
intermed iaries should be kept to a minimum , and that direct marketing should be used 
when poss ible. When it is impracti cal to market directly and the quality of fre sh fish 
cannot be assumed, it is necessary to di stribute the product in a form which offers a 
longer she lf-life, such as frozen or canned. 

There are relatively few di stribution systems for cultured aquatic products 
spec ifica ll y, while there is a worldwide distribution system for fi sh captured from the 
oceans (Bligh, 1980). Pillay ( 1977) suggested that, whenever practi ca l, distribution 
systems for c ultured products be linked to established ocean fish distribution 
systems. Obviously, there are severa l advantages to this linkage. Certainly, when the 
cu ltured form of a spec ies is to be marketed with the wild form, it would be benefic ial 
to utili ze established di stribution channe ls. However, when introduc ing a new, 
c ultured product, di stributing it with we ll-es ta bl ished spec ies can be a di sadvantage. 
Special efforts in promotion will be necessary to overcome this di sadvantage . 
Although product identificati on of a c ultured product in a wild fish market is a 
problem, the advantages of using established di stribution channels far outwe igh the 
disadvantages. Establishing a parallel system is generally out of the question. 

There is a positive corre lation between the stages of aquaculture and the 
complex ity of the di stribution system . At the lowest stages, the s implest systems 
genera ll y are utili zed. However, this relationship is rea ll y between the quantity 
produced and the complex ity of the di stribution system. Production is generall y 
lower at the lower stages of aquac ulture , so there is no need for a complex distribution 
system. In fact , most of the product might be marketed at the fa rm , and very littl e 
distribution would be required. Since production at the hi gher stages of aq uac ulture 
usua ll y is greater than local consumers can use, some system fo r di stributing aq uati c 
animals to consumers away from the point of production is necessary. 

While there is the general re lati onship between the stage of aq uac ulture (level 
of producti on) and the complex ity of the distribution system, there are facto rs that can 
essenti a ll y reverse it. For example, some spec ies are so va luable in the marketp lace 
that loca l people cannot afford to purchase them. Therefore, virtuall y a ll of the 
production must be moved away from the point of production even if the level of 
production is re lati vely low . Cultured shrimp is an example of a product that 
commands such a high price that it usua ll y is not consumed by loca l people even if 
it is produced in limited quantity. 

Utilization 

Utilization is the fin a l input o r environmental req uirement of aquac ulture . 
Un less the product is consumed after purchase, the entire process of production and 
marketing would soon come to an end . The te rm utili zati on usua ll y implies that 
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something is " used up" or "consumed. " At the point where the consumer takes title 
to the product, the utili zation process begins. Utilization in the aquacultural process 
is defined more broadly. It is much more complex than simply eating a fi sh to satisfy 
hunger. For example, fish may be consumed because of the belief that they promote 
improved health (Love ll and Mohammed, 1988; Rhodes, 1988). 

In the past, large quantities of cultured fi sh were consumed, espec ially in 
Central Europe, because of re lig ious be liefs (Dyk and Berka, 1988). ln some 
countries, certain species of cultured fi sh are believed to increase the probability that 
pregnanc ies will be carried to term (Wimol Jantrarotai , persona l communication). In 
the United States, the channel catfish industry deve loped from a well-established 

Figure 27. Utilization of a largemouth bass taken from 
a recreational aquaculture pond with hook and line. 
The fish will be returned to water. Hopefully , it will be 
caught again after it has grown larger. 

taste for the fish among people 
who lived adjacent to large rivers 
in the South. These consumers sti 11 
provide an important market for 
the industry . Even when these 
people move away from the river 
valleys, they tend to carry food 
preferences (cultural characteris­
ti cs) with them. The growth of the 
catfish industry in California prob­
ably can be traced to people who 
migrated there from the river va l­
leys of the southern United States. 
Utilization is defined more broadly 
th an actually ea tin g the fi sh . 
Watching and enjoying cultured 
aquarium fish could be considered 
a fo rm of utilization (Winfree, 
1989). As a result of thi s form of 
utilization , an important industry 
for the culture of these fish has 
deve loped in Flo rida. In 1987, the 
sa les of tropica l aq uarium fishes in 
that state was estimated at $2 1.7 
million (Harvey, 1988). Similarly, 
a largemouth bass cultured in a 
farmer's pond fo r recreational fi sh­
ing may be considered to be uti ­
lized or "consumed" even though 
it is returned to the water after 
capture to be caught again during 
future fishing trips (Figure 27). 
Minnows produced through aqua­
culture also are consumed when 
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they are used as bait to capture piscivorous species such as the largemouth bass or 
crappie (Davis, 1986). 

Utilization, as noted previously, is an essential part of aquaculture, but in its 
broadest context it takes on added importance. When fish are used as food, the prices 
that consumers are willing to pay and, in turn, the prices that farmers receive for their 
product are related generally to their value as food. These prices also have some 
general relationship to the prices of other meats (pork, beef, poultry, etc.) used for 
food. This general relationship is relatively broad as is evident in the case of cultured 
shrimp or Atlantic salmon. With these species, customers are willing to pay more 
than the prices of good quality beef or pork. Although the relationship is somewhat 
complex, a ll of these products are used for food and basically are purchased for that 
purpose. 

In the broader context of utilization , prices are not related except in a general 
way to the value as food. Some rare, cultured aquarium fishes sell for hundreds or 
even thousands of dollars per pound, although they are seldom sold by the pound. 
And bait minnows usually are sold at prices several times greater than the most 
expensive shrimp or salmon. There seems to be little rhyme or reason for the range 
of prices other than supply and demand. In the case of cultured fish that are used 
principally for food, when the set price is too high , the consumer simply changes to 
beef, pork, or poultry. These shifts are not easily made when other types of 
consumption are involved. There simply is no good substitute for the large golden 
shiners that are used as fishing bait for largemouth bass in central Florida. Similarly, 
there is no good substitute for the Christmas carp used in some family celebrations. 

The range of prices associated with the broad range of utilization has an 
interesting effect on production and marketing of aquacultural products. The prices 
received often are much greater than the cost of production. In fact, the price received 
for the product may be so great that there is little or no need to improve the efficiency 
of production or marketing practices in the short term. 
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PART2 
CAPTURE FISHERIES 
AND AQUACULTURE 
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THE CENTRAL TH EME OF THIS SECTION is the constantl y chang ing balance 
between human reproducti ve potenti al and innovation and environmenta l " res is­
tance" (fl oods, droughts, di sease , famine, earthquakes, etc.). Slowly but sure ly, man 
has tipped thi s balance in hi s fa vor, re leas ing the full force of the geometri c 
progress ion that characteri zes sexual reproduction. Hundreds of thousands of years 
passed before the world 's population reached I billion in 18 15 (Figure 28). It took 
only 115 more years fo r the population to reach 2 billion, 30 more years to reach 3 
billion , and then 15 more years to reach 4 billion in 1975 . Estimates are that our 
population may increase to 6 .1 billion by the year 2000 and IO billion by 2070 
(Chantfort, 1988; Ehrlich and Ehrlich , 1988). 

With the birth of each child , new resources must be found to prov ide food, 
clothing, and shelter. With the birth of enough children to increase the world 
population by one-third in 16 years, an a lmost unimag inable amount of new 
resources must be found and developed in a short time. In the search for new 
resources, o ld ones inevitably will be over-exploited. Such is the case with one of the 
world 's most important and continuously ex ploited resources - fi sh. 

Aquatic animals a lways have been an important food (Pillay , 1983; Lewin , 
19888). Because 70 percent of the world is covered by water (most of it marine) , 
people were never far removed from fi sh, shrimp, oysters, or c lams (Steinberg, 
1980). Ea rl y man encountered oysters and clams when the low tides exposed them. 
Fish were fo und stranded in tidal pools. Ri ver floods left pools containing fi sh that 
could be harvested as the water evaporated or seeped away. Many spec ies , such as 
the sa lmon, were vulnerable to capture during spawning migrations (Putman, 1988). 
It was only natu ra l that human diets from the earli est times included re lative ly large 
quantities of fi sh and other aquatic animals. 

Fish is an exce ll ent food. It conta ins onl y about one-third as much fa t as average 
cuts of red meat. Also, the fa t is chemica ll y diffe rent from that of beef, pork, or 
poultry . Some research has shown that replacement of red meat with fi sh in diets can 
reduce cholesterol levels in the body (Lands, 1989). Because the level of fat in fi sh 
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is lower, the caloric value of dressed fish is only about one-third that of beef or pork. 
The quality of fish protein also is excel lent (Kent, 1987). Except for whole egg, it 
meets the human requirement more closely than any other animal protein (Lovell, 
1979). Fish also is an important food. Fish comprise approximately 20 percent of the 
world's total supply of animal protein , and in certain countries may supply as much 
as 55 percent (Kent, 1987). 
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CHAPTER4 
THE GROWTH OF FISHING 

W ORLD FISHI NG HAS PARALLE LED the growth of the world populat ion. Fish catch 
began to expand rap idly (Figure 29) in the early 1950s fo llowing World War II at 
about the same time that the effect of the geometr ic human population growth began 
to mani fes t itself (Figure 28). During the 1950s, the annual catch increased at an 
annual ra te of over 6 percent. The rate of growth was somewhat less during the 1960s, 
but then dropped dramati call y during the 1970s to approx imately l percent (Comte 
et al., 19848 ). In three years of that decade, there were decreases in catch. In the late 
1970s, worl d catch again began to increase rapidly. Thi s trend continued through the 
1980s, but apparently ended in 1989. Catches in 1990 and 199 1 have been lower 
(National Marine Fisheri es Service, 1992). Fisheri es sc ienti sts interpret these data to 
indicate that we are approaching the leve l of fis h removal that will severely damage 
many of the world 's important food fi sh stocks. For example, the Marine Fisheri es 
Service noted that most traditional fi sheries in the nation 's coastal waters are being 
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Figure 29. World fi sh har vest over a SO-year period. 
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harvested at or near maximum sustainable yield and that the commercial harvest of 
wild species has not increased over the last IO years (University Corporation for 
Atmospheric Research, 1989). 

The known and projected world catch offish available per capita from L 950 to 
2000 present a disturbing trend of population outdistancing fish catch. Demand for 
fish is expected to exceed supply by 20 million metric tons by the end of the century 
(Harvey, 1988). Total demand could reach 114 million metric tons by 2000. Ocean 
harvest is expected to provide 94 million metric tons of the demand. This situation 
is especially critical in the developing countries where much of the population 
increase is occurring and where fish are more important in diets . It has been estimated 
that two-thirds of the shortfall will be in those emerging nations of the world (Neal, 
1987). Availability of fish per person reached a maximum level in the 1970s and 
began to decline as a result of the combined effects of population growth and the 
levelling off of world fish catch (Brown, 1985). 

Historically, as the human population and the demand for food increased, 
farmers were able to increase production by increasing the area in cultivation and by 
increasing the yield from each field (Hayami and Ruttan, 1985). The first of these 
solutions has been utilized extensively by fishermen. Unfortunately , there are 
essentially no remaining areas of the world where there is no fishing . The second 
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Figure 30. Generalized relationship between fishing effort and fish harvest (Meany, 1987). 
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solution is not available to fishermen. As noted in a previous section , they cannot 
practically increase production. Their only alternatives are to send to sea more boats 
with larger nets. Unfortunately , this solution can be used only for a limited time 
before numbers of adult fish are so few that they will be unable to maintain their 
populations. The relationship between fish catch and effort then shifts to less and less 
return for increasing fishing effort (Figure 30). At some point, the harvests equal the 
number and weight offish being replaced through reproduction and growth. Increas­
ing the fishing effort beyond that point actually reduces catch (Meaney, 1987). It is 
difficult to imagine that a body of water as large as an ocean can be fished so heavily 
that a population of fish can be reduced to a dangerous level. However, there is 
considerable evidence that many of the more important fish stocks in the world are 
being over-fished, some severely (Comte, et al., 1984A; University Corporation for 
Atmospheric Research, 1989). 

The increase in the world population, the levelling off of world fish catch, and 
the increased per capita demand have interacted to create a major effect on fish prices 
(Pierce, 1987). For example, in 1986 and 1987, the change in the Consumer Price 
Index for fish was greater than for any other major food or beverage (Parlett, 1987). 

The va lue of fish as food has had a significant effect on consumption, especially 
in the developed countries. Fish consumption in the United States, for example, has 
increased steadi ly since 1960 but began to increase more rapidly after 1980 (National 
Marine Fisheries Service, 1992): 

PER CAPITA CONSUMPTION 
YEAR OF FISH IN THE U. S. (pounds) 
/960 ..... ...... .. ..... .......... .... .... ........ .... ... .... ..... ... ..... ....... .. .. ............. 10.3 
1970 .. .. .... ... .. .... ... ...... ........................ .... .. .... .... ................ ..... ....... 11 .8 
/980 .... ............................................... .................................... .... 12.8 
1985 .... ... .......... ...... ........... .... .. ........... ..... ..... ...... .... ..... ...... ... ...... 14.5 
1986 ....... ....... ..... ... ............... ................... .... .. .......... .... ... ........... . 14.7 
1987 .. ... .... .... .... .. ........... .. ... ....... ............. .. ... .. ... ... .... ... ................ 15.4 
1988 ................... .......... .... ...... ......... ... ... ..... .......... ...... .. .. ... ......... 15 .0 
1989 ... .. .......... ... .. .......... .. ..... .. ... ... .. .... ............. ... ........... ... .. ..... .... 15.9 

Americans do not consume large quantities of fi sh compared to the Japanese 
( 150 pounds per capita) , the Portuguese (80 pounds) , or the Senegalese (89 pounds). 
However, the United States market is so large that even small changes in consump­
tion have a major effect on world fi sh supplies. For example, a one-pound per capita 
increase in fi sh consumption in one year would require an increase in fi sh supplies 
of more than 255 million pounds. 

For many years , the United States has been unable to catch enough fish to 
supply its needs, making fish the only major food that must be imported. Each year, 
approx imately 3 billion pounds of edible fish are purchased abroad. As our popula-
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ti on grows and as per capita consumption increases, it is likely that the amount 
imported also will increase. 

Demand and Supply and the Developing Countries 

The interplay of demand and suppl y has resulted in a significantly increased 
fl ow offi sh from the lesser developed countries to the developed countries. Many of 
the developing countries desperately need fo reign currency to prov ide funds fo r their 
essential imports. The sale of fi sh from their coastal zones often represents the best 
source of that currency (Comte, et al. , l 984B). In 1989, the trade in fi sh was the major 
source of hard currency for the developing world. The net trade surplus in fi sh was 
$ 10 billion, fo llowed by rubber and coffee with $3. 1 billion and $800 million, 
respectively (Food and Agriculture Organization of the United Nations, 199 1 ). 
Unfortunately, few of these countries have the necessary fi shing boats and nets and 
on-shore process ing facilities to exploit their stocks and prepare them for market. As 
a result , fi shermen from the developed countri es are allowed to catch and ship fi sh 
back to their home ports for process ing. Thus, the developing countries not only lose 
the fi sh needed as food by their people, but also, by selling onl y unprocessed fi sh, 
they lose the value-added advantage of doing the process ing themselves. 

Because world population growth will double by the year 2000, the demand­
suppl y relationship fo r fi sh will put increas ing upward pressure on prices. As a result , 
the fi shing pressure probably will increase further on stocks of fi sh adjacent to those 
developing countries, leading to further over-fi shing, which could ultimately lead to 
the virtual destruction of many of these stocks. 

In many tropical countri es, fi sh stocks in near-shore waters prov ide meager 
diets for extremely high densities of people in coastal communities . Already some 
of these stocks are over-exploited, even with the primitive gear available to those 
arti sinal fi shermen (Pauly and Thia-Eng, 1988). As fi sh prices escalate, many of 
these stocks likely will be exploited for export, leading to widespread hunger in those 
coastal communities. Thus, fi sh supplies for people in developing countries are 
threatened by the combination of increased population, slowing fi sh catch, and 
export to countries able to pay higher prices. 
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THE WORSENING PROBLEM WITH FISH SUPPLIES might have been avoided if early 
humans had domesticated fi sh along with cattle, swine, goats, and poultry. In the 
tapestry of the past, one of the most significant things that occurred in the continuing 
human struggle with the environment was the domest ication of their food suppl y. 
Forcing wild wheat, rice , corn , potatoes, goats, swine, cattl e, and horses into 
domestication was a key fac tor in civili zation, re leas ing the human reproductive 
potenti al and providing the bas is for the development of statehood. Domestication 
led to food production instead of food procurement. Before domestication, humans 
obtained the ir food by hunting and gathering. This significant change, begun some 
20,000-30,000 years ago, has reached a point where more than 90 percent of the 
world ' s food suppl y is obtained from domesticated plants and animals. 

The story is different, however, for aquatic animals. Fish, oysters, and crabs 
were important in the diet of early humans, but these animals were not forced into the 
predictable, dependable food culturing system. Fish were difficult to tie to a post or 
keep in a pen. In fact, it was di fficult to even see them. Also, because some 70 percent 
of the world was covered by water, the assumption probably was made that the supply 
of fi sh was inexhaustible. Today, more than 90 percent of the fi sh consumed comes 
from wild stocks. We use sonar to locate fi sh and diese l engines to power boats, but 
still we must chase if we are to eat (Hickling, 1968). 

Driving forces behind domesti cation of food supplies are the high costs in time, 
energy, and unpredictability of hunting and gathering. These costs associated with 
utili zing wild fi sh for food are becoming more important as the costs of fossil energy 
and time (wages) increase. Also, because some stocks are overexploited, more effort 
is required per unit to catch, further increas ing the cost. 

Although domestication and culti vation have resulted in predictable supplies 
o f many types of plant and animal foods, our ability to intervene in the production 
process of fi sh in large lakes, rivers, and the oceans is severely limited. We can 
regulate the harvest of those animals to some degree by setting open and closed 
seasons, establishing catch quotas (l imi ts) , and restricting the type of gear (nets or 
boats), but we only have limited contro l of the kind, size , or number of fi sh being 
produced. Production essentia ll y must be left to the mercy of the natura l order of 
things. 

Aquac ulture has the potenti al to meet the worldwide shortfa ll of fi sh. It could 
provide the required aquatic animals and at the same time, help reduce the over­
fi shing pressure on stocks of wild fi sh (Gri vetti , 1982). Aquaculture also has the 
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potenti al for prov iding fi sh for many poor people in the world who have been priced 
out of the market (Comte, et al. , 1984A). 

The culti vation of aq uatic animals can be traced back to approx imately 1100 
B.C., according to Hickling (1968), McLarney (1984), Costa-Pierce ( 1987), and 
Parker ( 1989), where it was practiced fi rst in China. However, because the common 
carp -- the mainstay of Chinese aquacul ture -- is not nati ve to China, but to Central 
As ia, Costa-Pierce (1 987) suggests that aquac ulture may have actually originated 
somewhere in ancient Europe. While the exact origin of aquaculture cannot be 
established with certainty, it has been established that aquacultu re persisted in China 
for some 1,300 years before its use began to spread into adjoining countries. 
McLarney ( 1984) suggested that fi sh farming spread to Japan via Korea, perhaps as 
early as 200 A. O. There is li tt le in formation on the origins of aquac ulture in Southeast 
Asia, but it probably was carried there by Chinese immigrants. 

Costa-Pierce ( 1987) suggests that aquac ulture first appeared in Hawaii some 
1,500 years ago, and that mariculture may have originated there rather than being 
brought there from Southeast As ia. 

Fish farming appeared in Europe in the Middle Ages. The culture of carp began 
in Central Europe at the close of the 11th century (Berka, 1986). There is little 
information to suggest how aquac ulture came there, but one has to conclude that there 
must have been an As ian connection. Fish farming grew slowly but continuously in 
Centra l and Eastern Europe. By the 16th century , there were about I 00,000 hectares 
of fis h ponds in Bohemia, a reg ion in the Czech Republic. 

Carp culture has been the bas is for aquaculture in Central and Eastern Europe 
for 1,000 years, but it has never been of more than inc idental importance in Western 
Europe. Conseq uently, the cultu re of that species did not come to North America with 
the first immigrants. In fac t, carp were not introduced into the United States until 
around 1830 (Parker, 1989). Carp were being cultu red and marketed in Ca li forn ia by 
1832. However, the cultu re of the spec ies never gained acceptance, although they 
were reprod uced and stocked th roughout the country by the U.S. Fish Commission 
in the 1880s. Today , th is spec ies is considered to be a trash fi sh and an aquati c pest 
in most areas of the country. Relati vely few carp are marketed for food. 

While food fis h culture may have ori ginated in China, apparentl y the culture 
of fis h fo r use in recreational or sportfis hing originated in Germany in the middle of 
the 18th centu ry (Mcl arney, 1984). The first trout hatchery was established in that 
country in 174 1. Over a century passed before trout fa rming came to the Uni ted 
States . The firs t tro ut eggs were fe rtili zed artific ia ll y here in 1853 , utili zing European 
techniques. From the beginning in the Uni ted States, tro ut fa rming has served both 
recreational and food production purposes. Although sportfi shing was the dri ving 
force behind the development of cold-water aquac ulture, trout fa rming fo r food fi sh 
benefitted equally from the development of the technology. 

The successes achieved in the hatchery production of cold-water fi sh fo r use 
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in stocking public waters for recreational fishing led to the establishment of 
hatcheries for warm water fish in the early part of this century. A number of warm 
water species were produced and stocked widely across the country. However, 
warm-water aquaculture in this country was not really significant until the farm pond 
boom that swept across the country after World War II. Although virtually all of the 
fish removed from these ponds by recreational fishermen became food for the family, 
the driving force behind the development of this culture system was sportfishing. The 
production of warm-water fish for food did not really begin in the United States until 
the first channel catfish were grown in ponds sometime in the early 1950s. 

According to Hickling ( 1968), efforts to develop aquaculture in Africa did not 
begin until the early years of World War II when efforts were made to culture tilapia. 
Although the former European colonial powers made repeated efforts to establish 
aquaculture, that continent still lags behind the other major land masses in the 
production of cultured aquatic animals. However, even though progress has been 
slow, the potential for aquacultural development in Africa is equal to any other 
continent. 

Aquaculture also came relatively late to South America, but it has grown 
rapidly . Even so, the continent accounted for less than I percent of the world's yield 
of cultured aquatic animals in 1985 (Saint-Paul , 1989). While total production is low, 
the value of South American aquaculture is relatively high because of the preponder­
ance of Penaeid shrimp produced there and the value of those species on the world 
market (Aiken, 1990). The potential for the development of aquaculture is also 
extremely good for that continent. Many of the indigenous species of fi shes found 
there are candidates for aquaculture (Saint-Paul, 1989). It is likely that some of the 
more important aquacultural species of the future will be found in the Amazon basin 
or other river basins of the continent. 

Aquaculture is approximately 3,000 years old, but it has never provided more 
than a small fraction of the aquatic animals consumed by humans (Sasson, 1983). 
Although aquaculture has grown rapidly in the last 25 years, it provides little more 
than IO percent of world fish production ( 13.2 million metric tons in 1987) (Food and 
Agriculture Organization of the United Nat ions, 1989). Table 2 contains information 
on the production of aquatic animals in different regions of the world . It is interesting 
that the rank of productions on the different continents generally is rel ated to the span 
of aquacultural hi story on the continents. Asia, with the longest hi story of aquacul­
ture , ranks first in total production. Europe, including the former Soviet republics, 
with the second longest hi story of aquaculture, ranks second in production . North 
America ranks third in both length of aquacu ltural hi story and total production. 
Africa and South America, which have much shorter hi stories, produce approxi­
mately the same quantity of aquatic animals through aquaculture. Table 3 includes 
information about the leading countries in aquacultural production, and Table 4 
includes a li st of the major cultured aquatic animals in the world. 
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Table 2. Production of Finfish, Crustacea, and Mollusca 
in Different Regions of the World in 19871•2 

Region Fin fish Crustacea Moll usca Tota l 

Asia ... ... ..... .. .. .. .... ... .... .. ..................... 5,701,474 439,747 1,805,745 7,946,966 
Europe, USSR .. ................ .. ... ........... 688,006 3,285 645,430 1,336,722 
North America ... .. .......................... .. . 266,672 44,480 138,84 1 449,993 
Latin America, Carribean ................ 48 ,8 84 87, 123 54,678 190,685 
Afu~ ... ... ... .... ... ...... ........................ .. 6 1,858 79 5 15 62,452 

Table 3. Aquaculture Production in 13 Leading Countries in 19871•2 

Country 

Ch ina .... ... ... .. .. .. ..... ... ..... .. ..... ........ .... .......................... ........ ..... .. ......... .. ... ...... ...... ... ... ... . 
Japan ..... ..... ............ ... ... ........... .............. ........... .... ... ..... .. .. ..... ... ..... .... .. .... .. ... .... ............. . 
Republic of Korea ......... .. .... ........ .. .. ..... .. .... ... ... ... ... ... ..... .... ..... .. .... ...... ... ........ .... ......... . 
India ................. ... .... .... ... .... ..... ... ... ... .... .. .... .. ..... ....... .... .............. .. .......... .. ... .. .... .. .. .. .. .... . 
People's Repub lic of Korea ...... ........... .. .......... .. .......... ................ .. ................ .. ........... . 
Phi ll ippi nes .. .. .................................................... ... ...... ... ... ........ ....................... ............ . 
United States ............... ... ..... ...... .... .... .. .. ... ... ......... ......... ............. .. ................ .... ........ ... . . 
Indones ia ..... .... .... .. ..... .. .......................... .. .......... ..................... .. .. .. ..... .. .............. .. ........ . 
Taiwan ................ ............ ... ................... ... ... .... .. ..... .. .. .... ......... ...... .............. ...... ......... ... . 
USSR ......................... ... ... ...... .... .... .. .... .... .. ...................... ... ........... ... .. .... ........ ..... ..... ... . . 
Spain .... .. .. ...... .. .... ..... .. .. .. ......................................... ... .... .... .... .. ... .... .. ... .. ... ...... ... .......... . 
Viet Nam ....... ....... .... ......... ..................... ...... .... .. ... .... .... .. ... ... ..... ...... ... ......................... . 
France .................... .. .......... ........... ........ ..... .. ... .. ... .... .... ... ...... ........................................ . 

Product ion 

5,600,604 
1,226, 190 

876,788 
746,300 
7 19,000 
560,970 
437,888 
394,090 
305 ,429 
292,588 
264,949 
264,949 
236,000 

Table 4. Production of the More Important Cultured Species in 19871•2 

Species Annual Production 

Si lver carp (Hypopthalmichthys molitrix) .... .. .... ...... ........... ........... ... ......... .. ............ .. 
Common carp (Cyprinus carpio) ...... .. .... ...... ....................... ............ ......................... .. 
Pacific cupped oyster (Crassosrrea gigas) .............. .. .......... ...................... .... .... .. .. .... . 
Bighead Carp (Aristichthys nobilis) ........................................ .. .. ..... ................. ..... .. . .. 
Grass carp (Ctenopharyngodon ide//us) ........ ................... .... .... ... .. ................ .... ........ . 
Blue Musse l (Mytilus edulis) .................... ...... ... .... ..... .. ...... .. .. ... ........... .. ......... .... ...... .. 
Mi lkfish (Chanos chanos) ......................... .... ........ .... .... ...... .. .......................... ..... .. .... . 
Ti lapias (Oreochromis , Ti/apia sp.) .............. ... .. .. ..... ..... .... ... .. .. .. .......... .. ........... .. ...... . 
Rainbow trout (Oncorhynchus mykiss) ............ .. ......... ..... .... ... .. .. ... .. .. .. .. ..... .... .. .. ... ... .. 
Japanese sca llop (Pecten yessoensis) ............... ..... .............. .. ...... .... ..... ... ... ... ... .. ........ . 
Chan nel catfish (lctalurus punctatus) ........ ..................... ..... .. ... ..... ... ... ....... .... ..... .. .... . 
Japanese amberjack (Serio/a quinqueradiata) ............. ...... ....... .... ........ ...... .. ... ......... . 
American cupped oys ters (Crassostrea virginica) ............. .. .. .... .. ... ..... ............. ... ... .. 

'Food and Agriculture Organizat ion of the Uni ted Nations, 1989. 
' Measured in metric tons. One metric ton equals 2,204 .6 pounds. 

1,340,7 18 
927,735 
779,707 
631,435 
535,69 1 
453 ,84 1 
330,148 
246,399 
2 13,642 
196, 109 
169,982 
160,285 
134, 113 
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A CENTRAL THEME IN THE HISTORY OF HUMANKI ND from the earli est times has 
been the relentless effort to improve quality of life (Machan, 1989). The World Bank 
( 1991 ) suggests that development is the most important chall enge faci ng the human 
race. Development has been defined as " bringing out capabilities and possibilities" 
and "bringing to a more advanced or effective state." Economists would probably 
define development as increasing the efficiency of the allocation and utili zation of 
resources. The term "development" seems to imply that some positive change is 
occurring. Combining these various elements, aquacultural development can be 
defined as bringing out the capabilities and poss ibilities of culturing aquatic organ­
isms or bringing their culture into a more advanced or effective state as a means of 
improving directly or indirectly the quality of people's lives. Durning ( 1989A) 
defines development from a different perspective: 

Real development is the process whereby individuals and societies 
build the capacity to meet their own needs and improve the quality o,/'their 
own lives. Physically, it means finding solutions to the basic necessities 
ofnutritiousfood, clean water, adequate clothing and shelter, and access 
to basic health care. Socially, it means the institutions that can promote 
the public good and restrain the individual excess. Individually, it means 
self respect. 

Sincere ( 1990) does not define development, but he explains the results: 

Development makes people li ve longer and more comfortably, gives 
people more options in the ways they choose to live and allows cultures 
to intermingle in ways that are mutually beneficial and educational. 

A considerable body of information has been produced on the development 
process. The book by Hayami and Ruttan ( 1985) is an espec ially good reference on 
agricultural development. The accumulation of information on aquacultural devel­
opment is comparatively meager. However, the book by Pill ay (1977) and the book 
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edited by Smith and Peterson ( I 982B) are good sources of information . The latter one 
is an especially good source of information and philosophy on the importance of the 
social sciences in the development of aquaculture in emerging nations. The publica­
tion, Thematic Evaluation of Aquaculture, produced by the United Nations Develop­
ment Program, the Norwegian Ministry of Development Cooperation, and the Food 
and Agriculture Organization of the United Nations (United Nations Development 
Programme, 1987), is probably the best practical source of information on the 
development of aquaculture. It describes the factors that led to the success or failure 
of 39 aquacultural development projects in 15 countries. Schmittou et al. ( 1985) 
prepared an excellent publication on the development of aquaculture in the Philip­
pines. This publication includes information on the contribution of aquacultural 
technology, environment, social and economic factors, government, public service 
institutions, and external assistance on the development of aquaculture in that 
country. 
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AQUACULTURE IS A COMPLEX ECOSYSTEM, an intricate system of living and non­
living components, as are all ecosystems in which man and his institutions play a 
central role. However, we must learn to understand thi s ecosystem, its components, 
and how to manipulate them if aquaculture is to reach its potential as a tool in 
improving the quality of life for people. 

In general, efforts to promote the development of aquaculture or agriculture, 
or even economic development, have not dealt with the entire ecosystem of a spec ific 
problem. Rather, efforts have emphas ized attempts to manipulate some component. 
Historically, development efforts have resulted in a mixed bag of successes and 
fa ilures, with failures outnumbering successes by a significant margin (Paddock and 
Paddock, 1973; United Nations Deve lopment Programme, 1987; Durning, l 989B; 
Hancock, 1989). I suggest that failure to plan and implement development efforts 
from a unitary whole, or ecosystem perspective may be a reason why the percentage 
of successful projects is relatively low. 

Although it is important to consider aquaculture as a unitary whole (an 
ecosystem), the complexity of the whole is extremely difficult to deal with concep­
tuall y and practi cally in a development sense. One can apprec iate the need for all of 
the inputs (described in Chapter 3) that are required to produce, harvest, process, 
market, and utilize aquatic animals, However, it is a complex task to assemble, 
organize, and apply these inputs so that the possibilities and capabilities of aquacul­
ture are brought out and development takes place.One approach to understanding 
the formidable, complex ecosystem of aquaculture is to reduce the complexity to a 
simplified version that encompasses only the most important or basic properties and 
functions. These simpli fied versions of the real world , or models as Odum ( 1983) 
describes them, do not imply that complex ity does not ex ist. Rather, they provide a 
mechanism where some related components can be grouped together to reduce the 
total number of terms in the equation. For example, simplifying the enormously 
complex process of aquac ulture by dividing it into the five parts (production, harvest, 
process ing, marketing, and utilization) is a form of modeling. Even though thi s 
model is severely oversimplified, it does prov ide a useful version of the real world . 
The objecti ve in modeling is to learn something of the operation of relatively less 
complicated ecosystems that will help explain the operation of a more complicated 
system such as aquac ulture. 

All models need not be simplified or smaller versions of the real world. A 
model also can be an example taken from the real world, an example that can be 
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studied to understand how it functions. These real-world models prov ide a basis for 
establishing "copies" in other real world situations. Two real world models of 
aq uacul tural development, til apia farming in Rwanda in Centra l Afri ca and the 
catfis h industry in the southern tier of states in the United States, are described later 
in thi s chapter. A report by Popma et al. ( 1984) on the development of commerc ial 
farming of til apia in Jamaica and a report by Lovshin et al. (1 986) on cooperatively 
managed Panamanian ru ral fi sh ponds provide descriptions of other aquac ultural 
development projects which can serve as models. 

While models are useful too ls in prov iding a framework for understanding 
complex phenomena, they often are unreliable in predicting how an ecosystem or a 
portion of an ecosystem wi ll function at some time in the future under a given set of 
circumstances. This di ffic ulty results primaril y from our inability to predict what 
individuals will do when making dec isions on the use of scarce resources and our 
inability to predict microcl imatological or macroc limatological events. These defi ­
ciencies d iminish the usefulness of models somewhat, but they are still extremely 
valuable in providing the fra mework or matri x fo r understanding re lationships 
between elements in the ecosystem. 

As noted above, the extension of the concept of modeling is to assume that the 
ecological principles and processes in the more complex aquacul tural ecosystem are 
similar to those in less complicated and more narrowly defined ecosystems. While 
these principles are seldom directly applicable without some qualificat ion, they 
nevertheless provide a useful fra mework for dealing with the complex ity of aq uac­
ulture. For example, the dynamics of the production and utilization of oxygen in a 
small , natu ral pond ecosystem provides a valuable model for understanding the 
problem of dangerously low di ssolved oxygen concentrations that develop in catfish 
culture ponds receiving large quantities of formulated feeds (Boyd, 1979). Similarly, 
establi shment of a non-native game bird into a new habitat, as was done with the 
introduction of the Chinese ringneck pheasant (Leopold , 1933) in the upper Midwest 
in the United States as a wildlife management technique, might be used as a 
simplified model fo r the establishment of aquac ulture in a country or in a region 
where there has been little or no aquaculture practiced before. Increas ing the 
production of aquatic animals in an ex isting aquacultural ecosystem through the use 
of formulated feeds is somewhat analogous to increasing the production th rough the 
use of inorganic fe rtilizer of fi sh in a small , man-made pond containing largemouth 
bl ack bass and the bluegill sunfi sh (Swingle and Smith , 194 7). 

If there is general applicability of ecological principles to the development of 
both simple and complex ecosystems, it may be because all living cell s, ti ssues, 
organisms, and ecosystems are spati ally organized along the "fl owing streams" of 
solar energy fro m the time it reaches earth as sunlight until it becomes so diffuse as 
waste heat that it no longer can be utilized. Evolution of cell s, ti ssues, organisms, and 
ecosystems to c:>nserve energy and to counter the inevitable effect of the Second Law 
of Thermodynamics (Smith, 1977) insures threads of similarity throughout these 
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processes in simple and complex ecosystems. Cells, ti ssues , organisms, and ecosys­
tems all are affected by the same general problem of conserving energy efficiently 
enough and long enough so that useful work (movement, feeding, reproduction, 
growth, etc.) can take place. 

Much of the energy from the sun is quickly di ss ipated as low quality heat as 
soon as it reaches earth unless it is trapped in the chemical bonds of complex 
carbohydrates through photosynthesis. From this point, this chemical bond energy is 
moved through a series of transformations in which some of the energy is lost at each 
step (the Second Law of Thermodynamics) until there finally is so little of the original 
quantity remaining that it has little value. In this process, algae trap the energy of 
sunlight through photosynthesis. Microcrustaceans consume the algae and are 
consumed by fish, which, in turn , becomes food for man. At each step in the 
transformation, there is less energy available than in the preceding step. This 
sequential loss of energy in the transformations is the reason for the so-called 
pyramid phenomenon in ecosystems. The centrality of the effect of the Second Law 
of Thermodynamics in the life processes of all living things probably means that there 
are many general ecological principles that apply to all of those living things 
individually and collectively, whether organized into simple or complex ecosystems. 

The flow of energy associated with ecosystems involving people (automobiles, 
microwave ovens, lasers, computers, etc.) is considerably more complex than the 
flow of energy through the food chain in a natural pond ecosystem, but even here the 
immutability of the Second Law of Thermodynamics requires the adherence to 
certain ecological principles, at least in the longer term. Odum ( 1983) expressed 
these ideas succinctly: 

The essence of life is the progression of such changes as growth , sell 
duplication, and synthesis of complex relationships of matter. Without 
energy transfers which accompany all such changes, there could be no 
life and no ecological systems. Civilization is just one of the natural 
proliferations that depend on the continuous inflow of the concentrated 
energy ... energy is a common denominator and the ultimate forcing 
function in all ecosystems ... 

The Second Law of Thermodynamics may virtually guarantee that people will 
make an effort to find ways to increase food production, to increase the efficiency, 
and reduce the uncertainty of production. All three of these actions are ways in which 
energy loss from a system may be minimized. There must be a strong positive bias 
toward reducing the loss of energy from food gathering and producing systems if 
human populations are to grow and prosper. In thi s sense, improving the quality of 
life may be another way of expressing the idea of conserving energy in the system . 
Given thi s context, as the system becomes more stable and predictable, and the loss 
of energy is minimized, the quality of life improves. 
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Development in Lower Animals as a Model 

It has been difficult to do definitive studies on the development process. 
Human ecosystems are difficult to study effectively because of their size, complex­
ity, and dynamics. For example, the ecosystem that encompasses the production of 
shrimp in Ecuador and their preparation and utilization for a family meal in New 
York is extremely large and complex, and it is constantly changing. Also, from the 
earliest times , conducting experiments on humans has been ethically and morally 
unacceptable. The Apostle Paul essentially set limits on the direct study of human­
kind in The Epistle to the Hebrews, Chapter 2, verses 7-8 , almost 2,000 years ago: 

You have made him a little lower than the angels; 
You crowned him with glory and honor, 

And set him over the works of Your hands. 
You have put al/ things in subjection under his feet. 

It has been difficult to conduct research on a creature "a little lower than 
angels." Finally, the practical effects of Heisenberg's "Uncertainty Principle" also 
make it difficult to study the development process in humans. The effort and 
arrangements that must be made to study this phenomenon tend to change the process 
being studied. The observed process then tends to become the product of the study 
rather than the object. Because of these inherent difficulties in studying the develop­
ment process in humans, I have chosen to look at the process in lower animals, to 
search for biological principles and models that might help us understand more 
clearly development in our own institutions. Hannan and Carroll ( 1992) utilize a 
somewhat similar approach in their book on the dynamics of change in populations 
of organization. In doing so, I am well aware of the problems of the overzealous 
application of biological "reductioni sm," but I am confident that the potential 
benefits outweigh the dangers. 

If we accept the definition given in a preceding section , "bringing to a more 
advanced or effective state ," development has been taking place since the appearance 
of life on earth. With thi s definition , the process of evolution is a developmental 
process. Any animals such as a quail , with a constant internal environment, is more 
advanced or more effective in functioning in its environment than a catfish or a toad 
whose internal environment changes with the external temperature . Animals such as 
the house cat that incubate their young inside the body are more effective in coping 
with their environment than birds whose young must be incubated outside the body. 

Development in lower animals generally depends on the following steps: 

I . The development of new "technology," in this case biological charac­
teristics , through selection, recurrent mutations, and genetic dnfi that will 
allow the animal to function more effectively in its environment. Here, 
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"technology" is defined as any physical, chemical, or behavioral changes 
that improve the effectiveness of the animal in its environment. 

2. Storing the technology in the strands of DNA in the genes. 
3. Difji1sion of the technology through reproduction and dispersal. 
4. The evolution of mechanisms to capture and expand the effectiveness 

of the new technology through social interaction (the herd, covey, or.flock). 
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Deve lopment in the lowe r animals has taken place rather s lowly , although 
some recent research indicates that thi s process on occasion can result in rapid 
advances (Robertson, 1987). Apparently , approximately 200,000 years ago the pace 
of development began to quicken (Gould and Eldredge, 1977; Garrett, 1988). Some 
of the anima ls began to utilize tri al and error and cause and effect more effective ly . 
The informat ion ga ined from these efforts was stored in an enlarged brain and shared 
through improved communications (language). These new capabilities increased the 
rate of change in the primitive development process and provided the platform for the 
process of development in which our spec ies of animals are involved in today. 

A usefu l perspect ive of the deve lopment process can be obtained by consider­
ing the life cycle of wild bobwhite quail (Colinus virginianus). In thi s case, 
development invo lves bringi ng out the capabilities and poss ibilities as defi ned by the 
phys ica l and chemica l characteristics of the strands of DNA in the genes of the 
fertilized egg (Keeton , 1967). After ferti li zation , the capabilities and poss ibilities 
begin to be manifested. The sing le cell becomes two, and the two become four. Under 
gene control , cells differentiate and become tissues. Ti ssues become organs. Organs 
are combined into sys tems. Communication , both chemica l (hormones) and neural , 
arises and results in the integration of the systems. These communication control 
loops resu lt in a re lative ly stab le internal environment. Before hatching, sensory 
mechani sms (v is ion , touch, etc. ) arise, allowing the young animal to establ ish contact 
with the ex ternal environment and monitor it once the animal hatches. Thi s commu­
nication system, ne ural and hormona l, plays a key role in the success of the organism 
in its environment. 

After hatching, the yo ung animal continues to deve lop . Growth takes place. lt 
is deve lop ing toward a more advanced and effective state. Ex ternal resources (fats , 
ca rbohydrates , prote ins, vitamins, minera ls, and water) are ingested and distributed 
to the individual ce ll s which divide to increase body mass . While much of thi s 
development is still under geneti c control, interacti on between the internal and 
ex ternal environments begins to pl ay a ro le th rough learning from observati on 
( imitation) and trial and error. 

The further deve lopment of the indi v idua l becomes intertwined with the 
development of a population of individuals (Leopold , 1933 ; Odum , 1983 ; Stribling, 
1988). And individua l characteristi cs such as competition , sex uality, and territorial­
ity mani fes t themse lves. In the autumn, qua il form loose group ings ca ll ed coveys. 
This grouping together lessens the like lihood of predation on individual birds and 
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allows for the transfer of information about food and cover resources among its 
members. Populations of individuals respond to density-independent fac tors, such as 
climate and habitat destruction; and density-dependent factors, such as food re­
sources and predation , by increas ing and decreas ing in size over time (Smith , 1977). 

Fo llowing Chapman, Leopold (1 933) and Odum ( 1983) suggested that the 
success of a population of animals in increas ing its number in a given environment 
is determined by the re lationship between "biotic potenti al" and "envi ronmental 
res istance." In thi s case, biotic (reprod uctive) potential refers to the inherent property 
of organi sms to reproduce and to increase thei r number exponenti ally. Environmen­
tal res istance is the sum total of a ll of the environmental fac tors (drought, floods, 
di sease, predation, etc.) which prevent the reali zation of bioti c potenti al. 

The example of the individual qua il and the quail population is useful , but the 
analogy is of somewhat limited va lue as a model fo r the development of aquac ulture. 
The "emergent property" principle (Odum , 1983) prevents the exact application of 
knowledge of eco logica l re lationships inherent in simpler ecosystems fo r explaining 
more complex ones. As ecosystems become more complex, new properti es and new 
re lati onships emerge that were not present in the simpler ones. Still , it is like ly that 
bas ic ecological principles which determine the nature of simple ecosys tems like that 
of the quail also play the same general ro le in more complex systems like aquaculture. 

The primary value of the qua il example is to show that animals and animal 
populations develop in stages and to suggest that thi s process, in many respects, is 
a model fo r the deve lopment of aquaculture. The bird develops fi rst as an ind ividual 
and fi nall y as a part of a population of individuals, and both the individual and the 
population are better able to cope with and respond to environmenta l opportuni ty and 
change as deve lopment takes place. With each stage in the development process from 
the indi vidual ce ll to the covey, the capability to cope with envi ronmental res istance 
increases, and bioti c potenti al is less constra ined. However, although uncertainty in 
coping with the envi ronment is reduced as the process proceeds, complex ity has 
increased substanti ally. Also, the interdependence of ce ll s, ti ssues , organs, and 
ind ividuals and the division of labor has increased. As the process proceeds, the leve l 
of coordination and communication required also grows. Finall y, it is important to 
note that the components deve lop as the ir function in the process is required . For 
example, geneti c contro l of the process prov ides fo r the development of a ci rculatory 
system in the embryo when the mass of ce ll s becomes large enough so that simple 
di ffusion will no longer suffi ce. 

The development of both quail populations and aquac ulture is dependent on a 
large number of inputs: water, cover, laws protecting private property, learned 
behavior, new technology, a genetic plan for growth , and business plans. Both 
deve lopments require a continuous supply of exogenous energy, and effective 
strateg ies for the conservation of energy must either evolve in the case of quail or be 
deve loped in the case of aquaculture. The Second Law of Thermodynamics and the 
requirement for energy conservation ass ure the bas ic similarity of the process of 
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development in both the quail and the aquaculture ecosystems. One additional 
comment is in order regarding development in ecosystems involving lower animals. 
When new technology appears in an ecosystem involving lower animals, the 
ecosystem changes. For example, if through mutation a predatory fi sh in a small 
natural pond inherits a more effective hunting capability, the environment becomes 
more hostile for the prey species, and se lection pressure builds for some mechanism 
(new technology in the prey species) to counter this new technology that has become 
part of the biological characteristics of the predator. Over time, a new technology also 
must be developed in the prey or it may be eliminated. The appearance of new 
technology in the predator causes di sequilibrium in the ecosystem which requires the 
development of compensating technology if the system is to return to equilibrium 
(Robinson, 1992). 

Agricultural Development as a Model 

Studies of agricultural development provide valuable information and insight 
that can be used in understanding and promoting the development of aquacu lture. 
Hayami and Ruttan ( 1985) have summarized a vast amount of literature on thi s 
subject. Their book, Agricultural Development --An International Perspective, is a 
valuable source. 

As noted previously , agricultural development is an ancient process. Lewin 
( 1988A, B) suggested that it has been in progress for at least I 0,000 years and 
possibly longer, and that this development seemed to take place simultaneously 
throughout the world. Hayami and Ruttan ( 1985) commented that there was slow but 
continuous development even in premodern times, with tools , machines, plants, 
animals, and husbandry practices showing continuous change. They suggested that 
these changes were driven by general population increases and price fluctuations. 
Lew in ( 1988B) summarizes the work of the anthropo logist Barbara Bender and 
others in proposing that the deve lopment of agriculture was the result of the evolution 
of soc ial complex ity or that hunting and gathering could not support the " increasing 
soc ial complex ity and the stratifi ed socia l and economic order" that was evolving 
some I 0,000-12,000 years ago. 

Even though change in premodern ag riculture was relative ly slow , food 
production , in general , ex panded rapid ly enough to meet the needs of a human 
popul ation constrained in s ize and growth rate by wars , pesti lence , di sease, and 
natural ca lamities (environmental resi stance). S low inc reases in productivity (pro­
duction per unit area) were combined with rapid expansion of the area cultivated, so 
that food and fiber production kept pace with a slowly grow ing human population 
beset with powerful environmental res istance (Evans, 1980). 

After World War II, it became obvious that food supply and population 
probably would become seriously unbalanced. New technology and the rapid 
diffusion of that technology as a result of the war was finally releas ing the full 
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reproductive potenti al of the human spec ies by reducing the effect of environmental 
res istance (di sease and pestilence). Even though food production was increasing at 
a respectable rate, in some countries the rate of increase in the human population 
overshadowed it. With little opportunity to expand food supply by farming new 
lands, attention was focused on increas ing yields from ex isting fa rm s. Also, in the 
decade following World War II , the interdependency of agricultu ral development 
and economic development became better defined and appreciated. It soon became 
obvious that nations could not expect stable economic growth without a growing 
ag ri cultural sector. 

It was conceded that farmers themselves could increase product ivity on their 
lands. However, most agricultura l deve lopment experts fe lt that thi s farmer-initiated 
change would not be fast enough or mass ive enough to meet the food needs of a 
rapidly increas ing human population and that some direction , organization, and 
energy would have to be applied to the process . At that point, the di scuss ion and 
debate on how to speed up the pace of thi s naturally occurring process intensified . 
How could it be telescoped in time and space? 

Agriculture is our only essential industry because food (energy) is essential for 
life. The primary goal for agriculture is to provide suffic ient food for every person 
on earth on a sustainable basis. Some I 0,000 years of agricultural deve lopment have 
resulted in a mi xed bag of accomplishments. We have the necessary technology and 
the land , water, and climate resources to provide adequate food and fiber for everyone 
(Hayami and Ruttan, l 985) , yet there is some hunger in virtually every country of the 
world. Governments have defended the ir domestic agricu ltures by erecting protec­
ti oni st trade barriers, adopting exploitive pric ing polic ies , and supporting ineffic ient 
land tenure systems. The result has been a widening di sequilibrium between 
productive capac ity and actual production. 

The great expectations of the "Green Revolution" have not been reali zed (Roy, 
1984) . Regardless of obvious successes in some restricted ecosystems, millions of 
subsistence farmers were left behind , bare ly able to make a li ving after the revolution 
washed over them and moved on. In fac t, many were in poorer condition afterward . 

In some countries, the shortage of food directly results in thousands of deaths 
each year. Young ( 1988) estimated that at least 20 million people in the United States 
suffer from hunger severa l days each month . Even some of the deve loped countries, 
such as Russ ia and Japan , though for different reasons, must import food to meet the 
needs of the ir people (Martinez, 1986 8 ; Sheeves, 1986). For other countri es , the re 
are such large surpluses that enormous quantities must be exported to maintain the 
hea lth o f the ir agricultural industries (Edwards, 1986). 

In virtuall y every country, there are many people who are unable to purchase 
food at prevailing prices. In fac t, poverty is a primary cause of hunge r throughout the 
world (S tults, 1988; Mellor, 1989). In these situations, governments must provide 
free food (Matsumoto, 1988) and deve lop poli c ies to guarantee low food prices. At 
the same time, many countries must provide direct subsidies to farmers to encourage 
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adequate food production at prices that consumers can afford to pay (Martinez, 
1987). In Japan, government agricultu ral poli cies are des igned to guarantee the 
survival of the small famil y farms, while in the United States, government agri cul ­
tu ral po lic ies probabl y have led to a reducti on in the number of these small famil y 
fa rms (Martinez, 1986A; National Research Counc il , 1989). 

Structural problems in American agri culture have required mass ive interven­
ti on by the government in an attempt to manage the suppl y of food (Martinez, 1987; 
Matsumoto, 1988). Government commodity income, price support programs, tax 
po licy, and agri cultu ra l research and ex tension heav il y influence on-farm dec isions. 
Despite the fac t that net fa rm income has reached record leve ls, federa l programs 
support an unprecedented pe rcentage of total fa rm income (Nationa l Research 
Counc il , 1989). In 1986, federa l fa rm program outl ays reached $25.8 billion (Daft , 
1988), and in 1987 government payments were equivalent to 30 percent of net fa rm 
income. Worldwide, government subsidies to agri culture are in the range of$ I 00 to 
$ 150 billion annua ll y (Taylor and Frohberg, 1989). These efforts to intervene 
resulted in severe problems for the agri cultu ra l credit system (Manning et al. , 1988). 

Unfortunate ly , mass ive federal outlays for agri culture in the United States have 
not significantly improved the independent, innovati ve acti vity needed in ru ra l 
America to allow it to adapt to cultural and economic change (Whitener, 1989) . Farm 
polic ies which result in subsid izing inputs, such as water, credit and graz ing land , or 
guarantee ing prices may actuall y have inhibited cultural and economic fl ex ibility 
rather than encourag ing it. In general, worldwide efforts to manage the supply of food 
rather than to manage demand have resulted in simil ar structu ral problems. Structu ral 
problems in agriculture in the centrall y planned economies are the most g laring 
examples of the results of efforts to manage suppl y. Unfo rtunately, there are plenty 
of horror stories in countries with limited economic planning as well. 

Explo itive fa rming sys tems that have evolved to increase yields have led to 
severe degradation of the agro-environment. Mass ive soil erosion threatens the 
economic future of India, China, and the former Soviet republics . It is estimated that 
in India, 6 billion tons of soil e ither wash or blow away each year (Bro wn, 1988). In 
a survey of 38 countries in Sub-Saharan Africa, it was conc luded that more pl ant 
nutrients were be ing lost each year from soil erosion than farmers could afford to 
replace by applying fertili zers (Cherfas , 1990). The excess ive use of fe rtilizers and 
pesti cides may result in serious contaminati on of gro und water in many areas of the 
world. Gro und water in some 1,400 counti es in the United States is potenti a ll y 
vulnerable to contaminati on from fe rtili zers and pesti cides. Approximate ly 300 
counti es are vulnerable to nitrate contaminati on (King, 1987 A). The excess ive use 
of pesti c ides has resulted in the deve lopment of populati ons of insects that are 
res istant to the chemica ls (Manning, 1988). Increases in rates of production per area 
of land in many cases required increases in the quantity of inorganic fe rtili zers and 
ex pensive, complex equipment. Increases in the area of land culti vated have resulted 
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in the deforestation of millions of acres of marginal land fo r crops. Frag ile pra irie 
grass lands have been plowed and planted, and valuable wetl ands have been drained . 

Even with the massive efforts by governments worldwide, some ex pe rts fee l 
that the world is fac ing a major food cri sis. Nightingale (1 990) li sted the fo llowing 
indicators of an impending cri sis: 

I . A slowdown. in technological change. 
2 . High population growth . 
3. Limited availability of agricultural resources. 
4. Environ.mental degradation. 
5. Inability of policies and institutions to influence the f irst four 

indicators. 

Agricul tural deve lopment does not serve as a particul arl y good model for 
aquac ultural deve lopment because of the poor balance between its pos iti ve and 
negati ve results. It is obvious that the whole agri cultu ral ecosystem has not func­
tioned uni fo rmly. One possible reason is that deve lopment has not been carri ed out 
with enough consideration for the entire ecosystem . Poss ibly, we have not reall y 
understood what the agricultu ral ecosystem is, how it functi ons, and how the 
di fferent sub-systems are re lated one to another. 

One of the reasons agricul tural deve lopment is so d ifficult is the perce ived need 
fo r food security among nations of the world . Most nations perce ive that they cannot 
be politicall y safe unless they are able to guarantee the food suppl y fo r the ir people. 
For thi s reason, most nations are un willing to let their food suppl y be determined 
entire ly by the laws of demand and suppl y. Food security is an important political 
consideration. Unfo rtunate ly, in too many cases it is used as a crutch to justi fy poor 
agri cultural po lic ies. 

Development of Aquaculture in Rwanda as a Model 

The growth of aquaculture in Rwanda is a good model to study to increase our 
understanding of the deve lopment process. Fish fa n-:iing there is a re lati ve ly simple 
and ra ther limited ecosystem. Yet a ll of the inputs required in all aq uacultu ral 
ecosystems are in place. 

This disc uss ion of the deve lopment of aquaculture in Rwanda is based on a 
pu b! icati on prepared by Moehl et al. ( 1988) and a fina l report of the Auburn 
Uni ve rsity technica l ass istance project in Rwanda prepared by Hi shamunda and 
Moehl ( 1989). 

Rwanda, the " land of 1,000 hill s," is a small country in Centra l Afri ca, v irtua ll y 
all which is hill y. Among the hill s are narrow, flat, fe rtile va lleys (marais) that fea ture 
fi sh ponds inte rspersed among vegetab le gardens, cropland , and pasture. The 
e levation where fi sh culture is prac ti ced ranges from 1,300 to 2,500 meters. 
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Consequentl y, the cool c limate has been considered marginal for the culture of warm­
water fi sh. 

Rwanda has the highest population density in Afri ca. In some di stricts (com­
munes), it reaches 750 persons per square kilometer. Some 95 percent of the 
population li ves in ru ra l areas , and most of the ru ral inhabitants are subsistence 
fa rmers . Farming is practiced on private plots on the hill s and in gardens around the 
houses which are scatte red across the landscape. The marais are often farmed 
collecti ve ly to make max imum use of thi s valuable and scarce resource. A variety of 
plant and animal crops is cultu red on the farms. Coffee, tea, and potatoes are the 
primary cash crops. Most families have some experience with animal agricul ture 
(cows, goats, pigs, and poultry). 

Figure 31. Typical fi sh ponds in Rwanda. 

A Historical Perspective 
Efforts to establish aquac ulture in Rwanda date back to the time of Belg ian 

colonial rul e in the mid-1920s. The Belgians introduced the cultura l technology they 
had employed prev iously for almost a half-century in the Congo. The construction 
offish ponds was encouraged by the colonial adm inistration. It was estimated that by 
the end of the 1950s, there were some 2,000 ponds in the country (Figure 3 1 ). 

Aquaculture in Rwanda had not been effecti ve ly institutionali zed in the fo ur 
decades of Belgian efforts to establish it. During the 1960s there was limited 
aquacultura l acti vity . Hishamunda and Moehl ( 1989) suggested fo ur reasons for the 
lack of deve lopment: 
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I . A lack ofcooperationfi·om native Rwandans becausejishfarming had 
been pressed on them. 

2. Lillle history offish consumption. 
3. A lack of trained personnel for service as extension or change agents. 
4. Less than adequate farm er understanding of the technology being 

promoted. 

In 1967, the Food and Agriculture Organization of the United Nations began 
the first of a series of aquacultural development projects which continued into the 
early 1980s in Rwanda. During this period, aq uacultu ral development projects also 
were unde rtaken by the Canad ian International Development Research Center, and 
a team from North Korea provided technical ass istance on the production of grass 
carp seed. At one point, a Peace Corps volunteer from Zaire he lped assess the 
potential for aq uaculture in the country. Also, numerous private volunteer organiza­
tions were involved in small aq uacultural development projects in many areas. 
Regard less of th is spate of effort, aq uacu I ture in Rwanda remained large I y unprod uc­
ti ve into the earl y 1980s. Even though success was limited, two important aspects of 
successful development emerged during this period: 

I . Farmers had developed considerable interest in aquaculture. 
2. The National Go vernment of R wanda (GOR) seemed to be con­

vinced that the development of aquaculture could play an important role 
in the country's food economy. 

As a result of the converging interests on the part of farmers and the public 
sector, the GOR requested ass istance from the U.S. Agency for International 
Development (USAID) in establi shing the Rwandan Fish Culture Project (Project 
Pisciculture Nationale, or PPN) in 1983 . USAID provided a grant to Auburn 
Univers ity for technical ass istance for the PPN for a five-year period. 

The primary emphasi s of PPN was to encourage the development of ex isting 
aq uaculture. Fish farming had been practiced in the country for a half-centu ry , so it 
seemed wise to build on that base . There also was a need to expand aq uac ulture onto 
new farms and into new areas of the country where the re had been limited develop­
ment. However, the primary emphas is was on identify ing and ex tending more 
appropri ate technology, given the inputs avai lab le in the exist ing Rwandan aquac ul­
ture ecosystem.Several development outputs were projected fo r the PPN. These 
included the fo llow ing: 

I . Develop a package of .fish culture technology appropriate f or the 
cooler climate and the limited input capability of Rwandan fa rmers. 

2. Increase the annual yield offish jimn the pre-project level of three to 
fiv e kilograms per are (an are is I OO square meters, or 0.0 1 hectare) to 12-
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15 kilograms per are. 
3. A total of 80 percent of the fun ctional fish ponds in the zones of 

intervention were to be put in production using improved fish cultural 
practices. 

4 . The rate of construction of new ponds would average 3-5 percent 
annually by the end of the project. 

5. Improvements and renovation would be accomplished on six regional 
fish stations. 

6. The PPN would help local administrators choose sites /or fish culture 
development that would integrate fish production with other uses of the 
wetlands (marais) and that would promote good land and water manage­
ment. 

7. Promote farm er training in.fish culture by improving the capability of 
extension agents. 

105 

From the beg inning it was reali zed that the level of intervention would be 
constrained by the availability of inputs and that aquaculture would have to be 
developed at a lower stage. Prepared feed would not be available. The availability of 
nutrients would be the limiting factor that would essentially constrain the effective 
level of intervention with other inputs. In fact , the only source of nutri ents would be 
animal and plant manures . 

Farmers were encouraged to seek ways to integrate aquaculture and agricul ­
ture. They had been growing crops on pond levees before PPN was initiated. During 
the project period , they were encouraged to grow only high-va lue crops to take better 
advantage of the availability of water nearby and to mi x enriched bottom muds into 
the planting beds when the ponds were dra ined. They a lso were encouraged to use 
pond water for irrigation during periods of limited rainfall and to add animal and plant 
manures from the family plots to the ponds to increase natural fish food production. 

At the end of the five-year project period , the PPN had demonstrated that fi sh 
culture in higher, cooler altitudes with limited inputs is technica lly sound , economi­
ca lly feasible , and soc ia lly acceptable. Aquacultural production in the targeted areas 
inc reased more than four-fold. Acceptable fi sh production was obtained at a ltitudes 
as high as 2,200 meters. Average inte rna l rate of return on the average fi sh farming 
enterpri se was 41 percent. During the project, 1,061 fish ponds were renovated , and 
661 new ponds were constructed. Fifty-five ex tension agents, e ight reg ional exten­
sion supervi sors, and six fi sh station (hatchery) managers were trained . Finally , PPN 
clearly demonstrated the value of integrating agri culture and aq uaculture in limited 
input ecosystems with surplus agricultural labor. 

Fish culture cannot be considered to be full y institutionali zed in Rwanda. 
Significant progress in the deve lopment of aquaculture had been achieved on 
prev ious occasions only to go into a period of limited activity . Only time will te ll 
whether thi s return to the past will be the final result of PPN. 
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Production Inputs Utilized 
Although the final fate of Rwandan aquaculture is not certain , it is he lpful in 

our study of aquac ultural deve lopment to look at the individua l inputs that were 
ava il able and that were utili zed in these development efforts. 

Needs Assessment -- The importance of needs assessment as an input in 
aq uacultural deve lopment was discussed in Chapter 3. The first input in the process, 
needs assessment took place at two leve ls in the PPN: 

I . The change agencies (the governments of Rwanda and the United 
States). 

2. The individual Rwandan/armers who made the decisions to commit 
scarce resources to the development process. 

The governments of both Rwanda and the United States committed significant 
fundin g to PPN. These commitments were based on the ass umption that aquaculture 
was needed to improve the nutritional and financial budgets of Rwandan farm 
famili es. Over time , many fa rm fa milies had become convi nced that they needed 
aquac ulture to complement the ir limited agri cultural resources and to more effec­
ti ve ly use some under-utili zed resources. 

Product Design -- Little attention was g iven to product design in the initial 
stages of the development of PPN. The use of fi sh in the diets of fa rm families and 
urban dwe ll ers also was re lative ly limited. Fish had been important primarily only 
to those people who lived near lakes Kivu and Ihema. Consequently, there were few 
guide lines for the des ign of a commod ity that could be produced through aquac ulture. 
Biolog ical characte ri stics of the product, such as the growth potential in the cool 
c limate, was more important initially. The only concern for product des ign became 
apparent during the latter stages of PPN when it was rea li zed that cultured fi sh 
smalle r than I 00 grams were difficult to sell even at reduced prices , while fi sh 
averag ing 120 grams could be sold readil y. 

Incentive -- The primary incentives for undertaking the ir development of 
aquaculture by both the GOR and individual farmers were to increase food 
prod uction in the rural areas and to supplement limited fa rm income. Also, some 
initial partic ipation was undoubtedl y due to political status derived from cooperating 
with local offic ials. 

Information -- An important aspect of the development strategy was to 
provide a new information base (new technology) that would fit the Rwandan 
environment better. There were severa l important components in this new package 
of informati on: 
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I . Improving water management. 
2. Composting of animal and plant manures in the ponds to improve 

fish food production. 
3. Introducing a better species of fish for culture. 
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None of this technology was really new. All of it has been used in other 
countries, but it had been employed little, if at all, in Rwanda. However, all of these 
management techniques were adjusted to local conditions and field tested at the 
National Fish Culture Center at Kigembe (Figure 32) before the technology was 
given to the farmers. 

In addition to providing a more effective information base, PPN also improved 
its information delivery system by reorganizing its extension effort and by providing 
practica l training and experience for its personnel. The PPN (change agency) strategy 
was based on the premise that the transfer of technology under Rwandan conditions 
wou ld probably be more effective if there was frequent and continuous contact 
between extension workers (change agents) and farmers. This approach required that 
an extension worker be assigned to a relatively few farmers in a small geographic area 
(zone). 

Extension workers were assigned at two levels. Agronomes were selected to 
serve as regional supervisors. The agronomes were responsible for eight to 10 

Figure 32. The National Fish Culture Center at Kigembe, Rwanda. 
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monitors who were responsible for day-to-day contacts with the farmers. In the 
beginn ing, it was expected that the monitors would vi sit each pond in a zone once 
each week. As farmer experience increased , the frequency of these visits was reduced 
to no less than two times per month. 

Agronomes rece ived second-country tra ining in aquacultu re . All of them 
attended a nine-month course at Bouake, Ivory Coast. The monitors were trained in­
country at a tra ining center constructed at the National Fish Culture Center at 
Kigembe. Training for the monitors emphas ized practical fi sh culture skill s in the 
three-month course. Each trainee was ass igned a pond and expected to grow a crop 
of fi sh during the tra ining period. Refresher courses (three to five days) were 
provided for each monitor twice a year. 

The two Ameri can aquaculturi sts ass igned to PPN as advisors also played an 
important ro le in the development effort. One was responsible fo r the organization 
of the training effort and served as primary tra iner. The second served as adv isor for 
a ll of the technology transfer (change agent) work. Both of these indi viduals had 
considerable experience with warm-water aquaculture before going to Rwanda. Both 
were fluent in French and had worked in Francophone Africa as Peace Corps 
vo lunteer aquaculturi sts. Five, short-term consultants fro m the United States also 
provided technical ass istance in fi sh production, hatchery management, water-borne 
diseases, and rural soc iology. 

Rwandan counterparts to the American change agents rece ived training at 
Auburn University. They attended the Aquacultural Training Program from March 
to July, 1985. Following thi s formal training program , they also vi sited Jamaica to 
study aquacultural deve lopment. 

Credit -- Rwandan fis h fa rmers do not require credit in the usual sense. They 
do not receive credit from commercial credit institutions. Ponds are constructed 
primaril y on the marais, which are publicly owned lands. There is an opportunity cost 
(Ekelund and Tollison, 1988) involved in using these lands fo r aquac ulture rather 
than fo r some other purpose, and thi s cost can be considered a fo rm of credit ex tended 
by the public sector. 

Pond construction was accompli shed primaril y with hand tools, usuall y with 
labor provided by several cooperating families . Again , there were opportunity costs 
assoc iated with thi s labor (muscle power), and these would be considered credit 
provided for the culture of the fi sh. 

Animal and plant manures composted in the ponds to prov ide nutri ents to 
increase fi sh production were obtained as by-products from other agricultural 
activities on the cooperating fa rms. Usua ll y these same materi als also could be used 
as organic fertilizers in the production of other crops. The opportunity costs 
assoc iated with using these materi als fo r aquaculture instead of agriculture could be 
considered to be credit utili zed in the system. 

Farmers paid approximate ly two-thirds of the cost of producing the fi ngerlings. 
The remainder was provided by GOR. All of these costs were prov ided in anti c ipation 
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of a pay-back in economic and soc ial te rms at the time of harvest, marketing, and 
utili zation. 

The change agenc ies, both GOR and USAID, provided a substantial amount of 
credit indirectly to the farmers. The cost of faci liti es, training, technical advi sors, 
commodities, travel, and admini stration were provided as credit for the PPN. 

Labor -- Labor requirements fo r thi s stage of aquaculture are re lative ly high. 
Fortunately, there is plenty of it ava il able at a low cost. As noted prev iously , pond 
construct ion required a large amount ofl abor. Gathering a sufficient quantity of grass 
and animal manure also required a considerable amount of labor on a continuing basis 
and the compost piles had to be mixed daily. 

There was little need for labor with spec ia l training. Most of the tasks required 
were similar to those utili zed in o rdinary fa rming. Building ponds and composting 
enclosures and harvesting fi sh were new to many of the farmers, but these new skill s 
were readil y learned. Vegetables commonl y are grown on raised earthen beds in the 
marais. These beds provide better drainage for the plant roots. Movement and 
placement of c lay to construct these plant growing beds are similar to the activ ities 
required in pond building. 

Virtuall y all of the labor was provided by the families operating each pond. 
Because the individual ponds were relat ive ly small and because several families 
usually cooperated in thi s effort, there was a suffi c ient amount of labor available. 
Also, there is considerable surplus labor in Rwanda. 

Equipment -- Given the stage of aquaculture practiced in Rwanda, the type 
of equipment required is simple. John Moehl (persona l comm unication) suggested 
that the only equipment required by fi sh fa rmers in the country is a hoe, a machete, 
and conta iners (baskets and pl ast ic buckets). Shovels are sometimes used but not 
required. 

Services -- Fish fa rmers in Rwanda require almost no services (e lectric ity, 
te lephones, railroads , or highways). 

Containers -- There were approxi mate ly 1,400 ponds still in nominal use in 
Rwanda when PPN was initiated. An additiona l 66 1 were constructed during the 
period that the project was in progress. Virtuall y all of the ponds were constructed 
in the mara is (Figure 3 1 ). The typical pond was dug with hand tools near a stream. 
Because the topography in the mara is was re lati ve ly flat , it was necessary to ra ise a 
levee around the entire pond area to impound water. Ponds averaged approximate ly 
fo ur ares (400 square meters). Because of the high population density and the limited 
amount of land available for ponds, the size of each pond was limited. Typica ll y, 
more than one famil y wo uld be involved in construct ing the pond. In a few ex treme 
cases, as many as 50 famili es would share the management of a four-are pond. In 
constructing the ponds, usua ll y individuals fro m severa l famili es parti c ipated. C lay 
was dug out of the pond area and carried by hand to the levee where it was set in place. 
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Walking back and forth on the individual c lay "ball s" that had been previously set in 
place tended to fuse them together. Usually a small dam was constructed on the 
stream to ra ise the leve l of the water so it could be di verted through a channel into 
the ponds for filling and repleni shing. 

Because cool wate r temperatures in production ponds was a problem, as the 
project progressed, farmers were encouraged to reduce the depth of the ir ponds so 
that they would warm fas ter in the morning (Moehl et al. , 1988). The maximum depth 
recommended was less than 120-150 centimeters and the minimum depth 40-50 
centimeters. 

Water -- Be.cause of the hill and va ll ey topography and a moderate amount of 
rainfall , there usually was ample water avail able for filling the small ponds and 
maintaining water levels. In fac t, the generally good availabili ty of water had led to 
the practi ce of fl owing water through the ponds continuously. Thi s practice had been 
encouraged by some individuals associated with prev ious projects. Unfortunate ly, 
the constant inflow of cool stream water lowered the temperature of the pond water 
and resulted in reduced growth rate of the fis h. Because of the high altitude of the 
country , water temperature in the ponds already was marginal fo r fi sh production. 
Thi s problem was compounded by water fl owing continuously through the pond. 
Continuously fl owing water through the ponds also prevented the establishment of 
efficient natural food webs or pyramids in the ponds. In thi s respect, the ponds were 
just enlarged stream sections. Reducing fl ows to only mainta in water levels resulted 
in increas ing water temperatures 2°-4° C. 

Most of the water sources were soft and ac id. The concentrations of inorganic 
salts ava il able in the wate r suppl y were too low in most sources for the establi shment 
of good populations of algae to serve as the base for food pyramids. Consequentl y, 
it was necessary to add fe rtili zers (nutrients) to the water to increase fis h production 
to an acceptable leve l. 

Seed -- Historica ll y, the Government of Rwanda had prov ided seed to the 
fa rmers. Unfo rtunate ly, when PPN was ini tiated there were few seed ava il ab le. The 
GOR hatcheries were essenti all y non-functional. Production pract ices were poor at 
a l I of the fac i Ii ti es. At the majority of the stations few or no seed were be ing produced 
and di stributed. Consequentl y, it was necessary to renovate several of the 26 
hatcheries and to initiate improved seed production, handling, grad ing, and di stribu­
tion practices. 

Oreochromis niloticus, or the Nile til ap ia, is indigenous to Rwanda and would 
have been a good species fo r culture. Unfortunately, the brood stock at the GOR fi sh 
stat ions were mostl y hybrids of O. niloticus and 0 . macrochir. Because of the poor 
conditions of the brood fi sh, the dec ision was made to replace them with the Egyptian 
strain of O. niloticus. Thi s strain of the spec ies had been demonstra ted to be 
somewhat more cold tolerant than some strains. 
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Ini tiall y, under the PPN, GOR hatcheri es supplied virtuall y all of the seed 
requi red by farmers. Currentl y, onl y about 20 percent of the farmers do not produce 
enough seed to restock the ir ponds. In the normal production sequence, the re is some 
reproduction in the ponds, and in most cases there are enough young fis h produced 
to restock. Some farmers produce a surplus of seed and share them with neighbors 
or other farmers in the area. In some cases, at the higher altitudes, reproduction is 
limi ted, and not enough seed are produced for restocking. Also, the prod uction cyc le 
may be shortened so severe ly because of the low water temperature that the food fi sh 
be ing produced for market do not reach a size where they become sex ua ll y mature 
and spawn. 

Nutrients -- As noted in a previous section, most of the water avai lable fo r 
fi lling fis h ponds in Rwanda is acidic and re lati ve ly low in hardness and alkalini ty. 
Under these conditions, it was necessary to add nutrients to the pond if production 
was to be high enough to offset the fi xed costs of prod uction and to rea li ze an 
acceptab le return on investment. 

There are fe w inputs available fo r animal agri culture or aquaculture in Rwanda 
(Moehl et al. , 1988). The primary nutri ents ava il able are plant and animal manures . 
In areas of the coun try where there is some grain prod uction, brans (rice or wheat) 
are ava il able, but these are poorly utili zed as a feed by Nile til ap ia. If there are 
substantia l transportation costs req uired in obta ining these brans, they are not 
econom ica l for use as a feed because the conversion rates from bran to fis h are 
relati ve ly poor. 

The onl y nutrients generall y ava il able were organic fe rtili zers, primarily dried 
grasses and animal manures. These materials are utili zed by compost ing them in the 
ponds (Figure 18). Stakes are driven into the pond bottom along the edge to fo rm an 
enclosure. It was recommended that one enclosure be installed fo r each I 00 square 
meters of water and that at least IO percent of the pond area be enclosed fo r 
composting. The compost consisted of 80 percent dried grass and 20 percent dried 
animal manure by volume. Grass and manure should be added weekl y and the 
compost pil e in the enclosure mi xed da il y. 

While the recommended use of compost does res ult in substantial fis h prod uc­
tion, the ava il ability of nutri ents will continue to be a limi ting factor in the further 
deve lopment of aquac ulture in Rwanda. The collection of grass and manure is a labor 
intensive acti vity and must be scheduled along with many other home and food plot 
duties. These mate ria ls are somewhat difficult to transport , so they should be 
obta ined near the pond site. Finall y, grass and animal manure are difficult to store. 
For optimum quality, they must be obtained and utilized within a re latively short 
period. 

Although production is primaril y based on composting, pond operators are 
encouraged to feed avail able household wastes to fi sh. Un fo rtunate ly, family meals 
based primarily on beans and potatoes do not result in substanti al quantiti es of 
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household wastes. Some farme rs a lso utilized chopped leaves as feed . This practice 
originated many years ago when ponds were stocked with Tilapia renda/li . That 
species readily accepts virtually any green plant material as food. In contrast, 0. 
niloticus are primarily planktivorous and generally will not feed on plant materials. 
Feeding of the chopped leaves does , however, add to the organic ferti li zation 
provided by the decomposing compost piles. 

Harvesting 
Farmers cou ld begin partial harvesting of their ponds after four months and 

were encouraged to remove a ll the fish after seven to nine months. Fish were 
harvested by se ining the ponds to remove as many fish as practical before lowering 
the water leve l to remove the remainder (Figure 33). This procedure was followed by 
farmers who were being provided technical assistance by the change agents (moni­
tors) . Jn these situations, the agents provided a smal I seine for partial removal of the 
fish. 

When farmers were not ass isted by extension agents , they genera lly did not 
have seines for partial harvesting. Under these conditions , they waited until the entire 
crop was ready for harvest, and they broke the levee to drain the pond. A basket was 
placed in the breach to prevent the loss offish. When the water level was low enough, 
the farmers waded into the pond and dipped up the fish in baskets . 

Figure 33. Harvesting from a farmer's production pond in Rwanda. 
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Processing 
There is limited processing of any type before the fish reach the consumer. 

Virtually all of the fi sh are marketed in the "round" Uust as they were taken from the 
pond). 

Marketing 
Molnar et al. ( 1990) reported that most of the production from the ponds is 

utili zed by the farmers as food , but that se lling fish for cash is a common practice. 
Apparently, the quantity so ld generally does not exceed more than half of the ir 
production. Sales of the fi sh were more common when the ponds were operated by 
more than one fami ly. Cash rece ived for the fi sh was more eas il y divided. 

John Moehl (personal communication) noted that the fish are marketed on the 
pond bank as they are being harvested. News that the pond will be harvested trave ls 
by word of mouth throughout the community, and buyers come to the pond at the 
appointed time to purchase the fish. When the farmer was be ing assisted by the 
ex tension agent, fish were so ld by weight, but when the scales were not ava ilable 
from the agent, they were so ld by the " piece" or by the "pile" of fish. 

Harvesting and market ing often were sched uled to co inc ide with the time of the 
month when local civi l servants were pa id. Cash flow is so limited in those rural areas 
that it is necessary to wait until a new supply of cash comes into the community before 
customers are able to purchase the fish. Also, harvests may be scheduled to coincide 
with the time of coffee harvest and marketing when cash is more readily available. 
A high percentage of the markets were simple ones. The fish farmer so ld directly to 
the consumer, with few middlemen invo lved. In a few cases, bar owners purchased 
fish from the farmer for resa le as a grill ed product in the ir establi shments. Some 15-
20 percent of the fish were so ld through a more formal market ing procedure. Usualiy 
a market area is located near the commune administration building. Farmers and 
craftsmen gather there on a week ly schedule to se ll the ir produce and wares . On 
occas ion , a farmer carried a bas ket of fi sh to the market where they were displayed 
in the round on a rack made of sti cks. 

Utilization 
Fish have been eaten since ancient times in areas adjace nt to lakes Ki vu and 

Ihema and some smaller lakes in the northe rn and eastern reg ions of Rwanda. Fish 
were not widely utili zed in the interior. In fac t, for many years they were conside red 
to be taboo. Thi s situation has changed recently , and fi sh are read ily accepted as food 
throughout the country. However, the taboos left a legacy of ignorance rega rding the 
preparation offish as food. When fi sh began to be more read ily ava il able in the rural 
areas as a result of PPN activities , women threw fish which had only been g illed and 
gutted into the bean pot. The resulting mixture of cooked beans, fi sh fl esh, sca les, 
fin s, and bones was poorl y accepted. Now most of the fi sh consumed in the home are 
roasted or grilled after the sca les, g ill s, and intestines are removed. 
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Some bar owners purchase fish from farmers to serve along with beer and soft 
drinks. The fish are scaled, the gills and intestines removed, and then the dressed fish 
is grilled over charcoal. This product apparently competes favorably with roasted 
goat meat or roasted chicken. The utilization of fish in this manner apparently was 
influenced by visitors from Zaire where there is a longer history of aquaculture and 
of the preparation of farmed fish for food. 

An Overview 
Aquaculture in Rwanda is practiced at a relatively low stage. Intervention is 

limited. All of the required inputs are limited both in quality and quantity. Fortu­
nately , the entire aquacultural ecosystem (production , harvesting, processing, mar­
keting, and consumption) is relatively well balanced. Even though fish farming is 
being practiced at a low stage, it is producing acceptable results because the inputs 
are balanced. It is fortunate that the change agencies involved were wise enough to 
choose a system of aquacultural technology for diffusion that could be supported by 
inputs already available in the country. 

Fish farming has grown rapidly in Rwanda since the initiation of PPN. The 
number of ponds has increased dramatically, along with the rates of production. Yet 
with this level of progress, aquaculture is a relatively insignificant food-producing 
system. Although significant progress has been made, aquaculture cannot be consid­
ered to be institutionalized. Similar progress had been achieved in previous efforts 
to establish it, only to have the farmers lose interest after a few years. The likelihood 
of eventual institutionalization is promising this time because the inputs seem to be 
better balanced than they were with previous development projects. 

The primary threat to institutionalization will come from the probability that 
the inputs will become unbalanced over time. For example, given the return on 
investment, more ponds are likely to be constructed, and management practices will 
be improved so that total fish production can be increased dramatically . When this 
happens, the inputs will become unbalanced. Marketing a significantly larger 
quantity of fish on the pond bank will be difficult. To market this larger quantity of 
fish, simple marketing arrangements will no longer be adequate. The surplus fish will 
have to be transported to population centers where cash flow is higher and more 
predictable. This need to change the marketing input could create severe unbalance 
in the system that could be solved only by increasing the levels of intervention for the 
other inputs. To support the added costs associated with the complex marketing 
system, it probably would be necessary to increase the stocking rate of seed and to 
improve the nutrient system. Certainly, better equipment (especially seines) would 
be necessary, and it would be wise to construct ponds with drains. 

Because there are potential problems that could result in another failure in 
\ 

Rwandan aquaculture is no reason to try to prevent it from being developed to a 
higher stage. Development to a more advanced stage must be a basic objective of 
GOR. However, if the inputs are not available at the required levels to balance the 
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ecosystem at a higher stage, the PPN successes to thi s point could quickly be lost and 
fi sh farming once aga in largely abandoned. 

Development of the U.S. Channel Catfish Industry as a Model 

The growth of the channel catfi sh industry also prov ides a useful example fo r 
the deve lopment of aquac ulture (King, 1987B; Egan, 1990). The industry is onl y 
approx imate ly 30 years o ld , although catfi sh have been cultured fo r a longer period 
primaril y as a sportfi sh. The industry is confined geographicall y, making it conve­
nient to record its growth (Wellborn and Tucker, 1985). Also, re lati ve ly good records 
are avail able regarding most aspects of the growth of the industry from the beginning, 
primaril y because sc ient ists and scientific institutions in the reg ion have been deeply 
involved in the development of the industry from the beg inning. 

A Historical Perspective 
The growth of the culture of thi s species in the United States has been 

phenomenal (Figure 34). Thirty years ago, virtua ll y none were being produced, but 
in 1987 (Table 4) the channel catfi sh ranked 11th among the fi shes cultured 
world wide in terms of total weight produced. Now, it ranks fourth behind pol lock, 
salmon, and cod in Uni ted States landings of fi n-fis h species. The annual rate of 
growth in catfi sh processed has been more than 25 percent fo r the peri od 1970-1 989, 
although there has been considerable variation from year to year. 

Earl y efforts to culture the channel catfi sh were undertaken because of its value 
as a sportfis h, although its qualities as a food fi sh probably had been establi shed years 
earlier in the southern tier of states by the Indians and then later by the settlers. The 
spec ies was harvested for home use and for local sa les by fi shermen along the swift 
fl owing creeks and ri vers of the South fo r many years before its culture was 
considered. 

Sm itherman and Dunham (1985) noted that the fi rst recorded spaw ning of 
channel catfi sh was accompli shed in 1892, and that the Kansas State Fish Hatchery 
began propagating the spec ies as earl y as 19 10. H.S. Sw ingle stocked channel catfi sh 
obta ined from a local creek into some of hi s first experiments on aq uac ulture at 
Auburn in 1934. He concluded that because the fi sh did not reproduce, they were not 
a promi sing spec ies for stocking into recreational fi shing ponds (Sw ingle et al. , 
1936). Some 13 years later, in 1949, he dec ided to take another look at the spec ies. 
In the inte rvening decade, he had deve loped an interes t in the prod uction of fi sh fo r 
food. In 1956, he began a series of experiments that were to lead to three pub I ications 
on the cul ture of the channel catfis h (Swingle, 1954, 1956, 1958) and that were to 
provide much of the information base for the earl y development of the industry. 

While Swingle 's earl y experimentation prov ided important info rmation for the 
growth of the industry, there were other developments taking place in Arkansas that 
were equall y important. The culture of ba itfis h for use in recreational fis hing had 
deve loped rapidly in that state foll owing World War JI. By the late 1940s, there were 
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at least a dozen successful bait fi sh farming operations (B ureau of Sport Fishe ri es and 
Wildlife, 1973) . Some of these farmers had begun to spawn the channel catfi sh and 
grow the fingerlings for sa le for stock ing in recreational fishing lakes. Ben Ne lson 
( 1956), a minnow farmer in Arkansas, described the procedures he used to spawn the 
channe l catfi sh and rear the fin gerlings (seed). He commented that in 195 1 he had 
produced I 04, I 00 fish tota ling 1,542 pounds in a 5. 76-ac re pond . Hi s comments a lso 
suggested a good future for culturing the fish fo r table use. 
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Figure 34. Quantity or channel catfish processed during the period 1970-1989 (Harvey, 1990). 
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By 1953, some of the minnow farmers in Arkansas had started to produce the 
buffalofish (Bureau of Sport Fisheries and Wildlife, 1970, 1973). Wellborn and 
Tucker ( 1985) reported that by 1960 there were 1,458 hectares of ponds with 
buffalofish and l O I hectares of ponds with catfi sh in that state . For severa l reasons, 
the culture of buffalofish was not successful , and the farmers converted the ponds 
used for that species to channel catfish culture. By 1963, the re were 1,451 hectares 
of ponds in catfi sh production and 303 hectares of ponds in buffalofi sh production . 

Commercial production of channel catfish as a food fi sh did not beg in in 
Miss iss ippi until 1965, although there were some farmers produc ing fin gerlings for 
sa le as early as 1959. Commercial production in Alabama began in 1959, after 
Chester 0. Stephens, Jr. , began to spaw n the spec ies on a farm near Greensboro, Ala. 
Stephens and two partners, Joe Glover and Richard True, constructed the first catfi sh 
process ing plant in the United States at Greensboro in 1964. The deve lopment of the 
pl ant provided a powerful stimulus to the growth of the industry in that area. 

From the beg inning, it was obvious that the culture of channel catfi sh would 
be done at an intermediate stage. In hi s first publicati on on the subject, Swingle 
( 1954) concluded that the production of thi s spec ies would not be profitabl e as a farm 
crop using onl y natural foods produced in the pond as a res ult of adding inorganic 
fertilizers. The cost per pound of fi sh produced was re lati ve ly low, and tota l 
production was much too low to cover fi xed costs and provide a return on investment. 
He also concluded from hi s work that , even with feed ing, the stocking rates would 
probably have to be re lative ly high. 

Production Inputs Utilized 
With some of the earl y hi story of the catfi sh fa rming industry establi shed , it 

should be worthwhil e to brie fly look at the inputs that were required in the 
deve lopment of the culture of that spec ies and to consider how the ir ava i !ability has 
dete rmined the nature of the deve lopment of thi s industry. It is not intended that thi s 
rev iew provide a detailed description of the technica l and bio log ica l as pects of catfi sh 
fa rming. For thi s degree of detail , the reader should consult the publicati ons, Third 
Report to the Fish Farmers, edited by Dupree and Hune r ( 1984) , and Channel Catfish 
Culture, edited by Tucker ( 1985). Rather, the objec ti ve in thi s secti on is to look at 
each of the inputs required in culturing channe l ca tfish and conside r the leve l of 
intervention invo lved. 

Needs Assessment -- There was no formal effo rt to do a needs assessment 
before the channe l catfi sh farming industry began to develop. In the late 1950s, no 
one rea lly apprec iated or could imagine the potenti a l of aquac ulture. There was littl e 
concern fo r world populati on growth , and certainl y no one in the southe rn states 
could foresee how increased exploitation would affect the harvest of fish from the 
oceans. There like ly was some reali zation that catfi sh could be marketed for food in 
the river towns of the South , and the potenti al of thi s spec ies for recreati onal fi shing 
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was appreciated. However, there was no indication that any of the farmers could see 
the need for or predict a market for more than 300 million pounds of farmed catfish. 

Keenum and Waldrop ( 1988) suggest that the real impetus for the development 
of the industry in Mississippi was not an assessment that there was a growing demand 
for fish. Rather, the Delta farmers were responding to an assessment of need 
regarding alternative agricultural enterprises. During that period, commodity prices 
were depressed , and there were restrictions on cotton and rice, the two major crops 
on the clay soils of the Mississippi Delta and in Arkansas . Almost from the time the 
first commercial ponds were harvested, the industry began to grow rapidly. Except 
for a "shakeout" period in the interval 1973-1975, the industry has expanded 
continuously. 

Needs assessment that has resulted in an appreciation for the potential market 
for farmed catfish is a recent phenomenon. Catfish farmers and potential farmers are 
well aware of the growing demand for fish in the United States and the rest of the 
world, and they are making substantial investments in response to their assessment. 

Product Design -- There was little, if any, concern for product design when 
the catfish farming industry was beginning to develop. Most of the catfish were 
marketed live or freshly cleaned and iced. My earliest experience with this fish was 
the result of accompanying some of my relatives to the home of a river fisherman on 
the banks of the Escambia River in northwest Florida some 50 years ago to purchase 
river cats (channel catfish) for a fish fry. The fish had been captured either by hook 
and line or by trapping, and they were held live in a cage consisting of a wooden frame 
with wire mesh that was submerged in shallow water in the river. If I remember 
correctly, the fisherman was paid for the fish and for skinning them. They were 
prepared for the table by rolling them in corn meal and frying them in oil or possibly 
melted animal fat. Some vari at ion on this general theme characterized the channel 
catfish as food when the industry began to develop. 

Fish farmers and the early process ing plants had little difficulty with product 
design. The product which they imitated or competed with was an extremely simple 
one. However, with the passage of time, the increasing demand for the product away 
from river bank towns , and the increasing production, the product has changed 
significantly. The farmed channel catfish no longer competes with the river fisherman's 
catch, but with halibut, salmon, flounder, cod, snapper, shrimp, lobster, and crabs in 
a wide array of product forms. Paying attention to product design is essential today , 
and it is growing increasingly important as new specia lty items come on the market 
and as more seafood restaurants and restaurant chains appear on the scene. 

Incentive -- Apparently , as suggested in a preceding section, the primary 
incentive for the beginning of catfish farming was the result of an effort to find 
alternatives to cotton and rice as farm crops in Arkansas and Mississippi . In Alabama, 
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it was a need to identify any crop or land use that would provide some improvement 
in a dismal rural situation . 

Once farmers began to produce catfish, however, it soon became obvious that 
this was potentially a crop that could provide substantial farm income. Net returns to 
intensive catfish farming were better than for rice, soybeans, or oats. There was no 
comparison with other crops, but returns for catfish certainly would also have 
exceeded those for cotton. These returns for fish were based on production obtained 
with relatively low stocking rates (usually 2,000 per acre or less). Once stocking rates 
were increased and feeds and feeding practices were improved, net returns increased 
dramatically. Today, the return on investment is acceptable, even with relatively high 
feed prices. With return on investment as the principal incentive , production is being 
expanded at a rate of 5-10 percent per year. 

Information -- Whi le there are some serious gaps in the knowledge base for 
the catfish farming industry , the lack of information has not yet been a serious bottle­
neck to the development of the industry. As noted previously , there was a successful 
baitfish cu lture industry in Arkansas prior to the beginning of catfish farming in that 
region (Bureau of Sport Fisheries and Wildlife , 1970, 1973). Some of the information 
required in the culture of catfish was adapted from the minnow farmers (Prather et 
al., 1953). Even rice farming in that region provided some useful information on pond 
construction and water handling. Also, for a number of years there had been a number 
of progressive, well-managed Federal and state warm-water fish hatc heries in the 
region (Parker, 1989). Although these hatcheries produced fi sh primarily for use in 
recreational fi shing, many of the culture techniques they developed were directly 
transferable to catfish farming. 

In 1955 , the U.S . Fish and Wildlife Service, utili zing funds from the Saltonstall­
Kennedy Act, sponsored research on channel catfish at the University of Oklahoma 
(Bureau of Sport Fisheries and Wildlife, 1973). In 1956, the Alabama Agricultural 
Experiment Station at Auburn University began a systematic study into virtually all 
areas of catfi sh culture. In 1958, funds provided under Public Law 85-342 (the Fish­
Rice Rotation Act) were utilized to develop the Fish Farming Experimental Station 
in Stuttgart, Ark ., to be operated by the U.S. Bureau of Sport Fisheries and Wildlife. 
In 1959, the Southeastern Fish Cultural Laboratory was estab li shed by the same 
agency at Marion , Ala ., on federal land adjacent to a National Fish Hatchery . These 
state and federa l research laboratories provided a wealth of practica l information on 
many aspects of the catfish farming industry. From the beginning, these programs 
were highly responsive to the informational needs of the deve loping industry, while 
working in areas that posed potential problems . 

There was good availability of information from the beg inning of the industry 
and most of the farmers involved were experienced in obtaining information and 
utilizing it (Bureau of Sport Fisheries and Wildlife, 1970). Virtually all of them were 
progress ive in the adoption and exploitation of new technology. 
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In later years, strong aq uacultu ral research programs were establi shed at 
Mi ss iss ippi State University, Lo ui siana State Univers ity , and Texas A&M Univer­
sity. These programs have added substantiall y to the info rmation-developing system 
supporting the industry. 

At the beg inning of thi s secti on, I suggested that the lack of info rmation had not 
limited the growth of the industry substantially , if at a ll. This comment is not meant 
to suggest that a ll the info rmati on needed is avail able . Thi s is not true at all. The re 
are weaknesses in the information base. Sooner or later, when competition increases , 
the off-fl avor problem (We ll born and Tucker, 1985; Love ll , 1983 , 1986) and the lack 
of info rmation on how to prevent o r control it will be a seri ous threat to the stability 
of the industry. S imilarl y the w inter kill problem in Mi ss iss ippi (MacMilli an, 1985) 
would be devas tating in a highl y competitive envi ronment. Hopefull y, solutions to 
these and other perplex ing problems w ill be fo rthcoming before the need fo r the 
appropriate info rmation becomes more criti ca l. 

Credit -- Catfis h fa rming requires a hi gh leve l of capital (Keenum and 
Waldrop, 1988), and consequently utili zes a large amount of credit. Fortunate ly, the 
ava il ability of credit has not been a limiting facto r in the deve lopment of the industry. 
As noted previously , the earl y interest in catfi sh farming developed among farmers 
w ith large land ho ld ings who were looking for a lte rnatives to traditi onal agricultural 
crops. These farmers were experienced in dealing with credit and with private and 
public lending institutions. The large fa rms a lso served as good co ll ateral fo r the 
credit . 

Obvi ously there was some early skepticism among the lending insti tutions, 
espec ially in Arkansas , because of the fa ilure of the buffa lofi sh fa rming industry. 
However, thi s skeptic ism was di spe lled re lati ve ly soon. Later, catfi sh loans we re to 
be conside red among the safest loans that lending institu tions could make on any 
fa rm-re lated enterpri se . 

Labor -- The catfi sh fa rming industry deve loped most rapidly in Arkansas and 
Mi ss iss ippi , primaril y on large soybean, rice, and cotton fa rms. There usuall y was a 
considerable amount of general fa rm labor ava il able. While the labor was not trained 
fo r work in fi sh fa rming, because of the s imilari ti es between land and water fa rming, 
the transferability of thi s labor was not a major problem in the beg inning. However, 
as the industry deve loped and stocking and feeding rates we re increased, the risks 
invo lved also increased. Labor requirements became more spec iali zed , but even 
under these conditions the avail ab ility of labor (quantity or quality) has not been a 
limiting fac tor to the deve lopment of the industry. 

The labor s ituation in west Alabama has been somewhat di ffe rent. Fish fa rming 
also deve loped on the larger fa rms there, but they genera ll y were not nearly as large 
as those in Mi ss iss ippi and Arkansas . On the A labama fa rms, a highe r percentage of 
the labor was provided by owners of the fa rm and the immediate fa mil y. When they 
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added catfish production to the ir fa rming operations, the owners had to increase the ir 
labor input significantly , espec ia ll y at night. While the labor situation in west 
Alabama does not seem to have slowed deve lopment , at least in the short-term , it has 
placed a heavy burden on those farm families, and it may affect their competitiveness 
in the long-term. 

Equipment -- The ava il abi lity of equipment has been adequate for the needs 
of the developing catfish farming industry. Tractors , trucks, wagons, and hand tool s 
were a lready avai lable on the fa rms. Seines, nets, and hauling tanks were ava il able 
from businesses supporting the bait minnow industry in Arkansas. Feed bins were 
avai lab le from suppl iers of poultry equipment. Pumps, pipe, and water handling 
equipment were ava il ab le from suppliers of equipment to the ri ce farming industry. 
The ava ilability and easy transferability of equipment was a signifi cant fac tor in the 
deve lopment of the industry. 

Services -- As noted prev iously, the catfi sh farming industry developed in 
rural Arkansas and Mi ss iss ippi. The Delta is the least industri ali zed and urbanized 
area in e ither state. However, the presence of successful and influentia l planter 
families in those areas meant that services (roads, e lectric ity, communications, spare 
parts, etc .) were readil y ava il ab le. The ava ilability of services never limited the 
deve lopment of the industry in e ithe r of the two states. 

Containers -- The areas where catfi sh farming has developed most rapidly 
(west-centra l Alabama, southeast Arkansas, and west-central Mississippi) are char­
acterized by relative ly flat land with a heavy clay so il. Under these conditions, the 
construct ion and maintenance of ponds is relatively easy and inexpensive. Most of 
those areas were already cleared for row crop or pasture agri culture. Because of the 
nature of the terrain , it was possible to construct large-area containers with low dams. 
Because the conta iners are shall ow and the bottoms smooth , harvests can be made 
without remov ing the water. The onl y disadvantage to thi s type of terrain is that, 
because it is so fl at , it is usua ll y necessary to construct a levee or dam around the 
entire pond. The general utility and effecti veness of conta iners that could be 
developed in those areas contributed significantl y to the rapid development of the 
industry. 

Water Much of the catfish industry is located on ei ther side of the 
Mi ss iss ippi River in Arkansas and Mi ss iss ippi. This De lta is unde rl ain by severa l 
different aquife rs. Each of these is at different depths, and ground water in different 
amounts and quali ty (Pote et al. , 1988) is avai lab le from each. The most important 
is the Miss iss ipp i River Alluvial Aq uifer. This aquifer is approximate ly 40 miles 
wide on either side of the ri ver in the vici nity of Greenville, Miss. It ranges in 
thickness from approximately 50 to 200 feet in that vic inity. The water is only 20 to 



122 ALABAMA AGRICULTURAL EXPERIMENT STATION 

50 feet from the surface, and wells penetrating the aquifer yield from 250 to more than 
5,000 gallons per minute. The water is of excellent quality for aquaculture. The 
quantity , quality, and availability of water has been a significant factor in the 
development of the industry in the Delta. Another factor involving water utilization 
was the experience gained in pumping and moving large quantities of water in the rice 
farming industry in Arkansas. Much of this technology was directly transferable to 
the fish farming industry. 

The water supply for the catfish farming industry in Alabama is quite different 
from that in Arkansas and Miss issippi , having limitations caused by both water 
source and soil type. Aquifers underlying the principal fish farming region in the 
west-central section of Alabama yield considerably less water to pumping, and they 
are much deeper. Generally, they are not suitable supplies for pond aquaculture. 
Much of the soil in the area is a heavy clay. Because rainfall does not penetrate very 
deeply into such soils, there are relatively few permanent streams. Virtually all of the 
farms there are dependent on harvesting the run-off following rain storms. Because 
of the impervious nature of the soil, a high percentage of the rainfall runs off quickly 
following storms. Gently rolling topography results in large watersheds that direct 
storm flows into broad, flat valleys. The culture ponds are located in these valleys. 
Also, much of the land in the watersheds is in improved pasture so the water yield 
from a storm is relatively high. Storm flows are captured behind dams in shallow 
ponds. 

In normal years, the rainfall total is approximately 50 inches. This level of 
1 precipitation, together with the large watersheds and low seepage rates from the 
ponds , guarantees enough water to fill and maintain water levels in the ponds each 
year. Unfortunately, rainfall is not evenly distributed over the year. Although ponds 
fill quickly in the winter, it is generally unlikely that they can be drained and refilled 
between May and November. Fortunately, most of the ponds are relatively shallow, 
and only a few feet of water must be drained before the fish can be removed with 
seines. 

The quality of the water available to the fish farmers in west Alabama is much 
more variable than that available to farmers in Mississ ippi and Arkansas. Rainwater 
flowing across the land carries with it any compounds or materials that will go into 
solution or that are light enough to be carried along by the current. Harvested storm 
flow can contain a variety of pol I utan ts and turbidity. Generally, however, the quality 
of water is adequate for fish farming. 

The water available to fish farmers in Alabama is cheap. Obtaining it requires 
no pumps or pipe and there are no aquifers to be pumped down. Unfortunately, the 
supply is less predictable and the quality not as constant as would be the case if 
aquifers were available. 

Seed -- The development of aquacu lture for some species is severely limited 
by the availability of seed. Availability was never a serious problem in the develop-
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ment of the catfi sh farming industry. Fingerling catfish were being produced in state 
and federa l hatcheries and on private farms fo r a number of years before demand 
began to increase (Nelson, 1956; Busch, 1985A) . The private sector has provided 
virtuall y all of the seed required by the growi ng industry. From the beg inning of the 
industry , meeting the demand for seed involved little more than increasing the 
number of brood fi sh and the number of fingerling grow-out ponds as demand 
increased. The seed production process was somewhat unpredictable, but not great 
enough to limit the growth of the industry. 

Nutrients -- It was suggested earlier in thi s section that there never was any 
serious consideration given to growing catfish without prepared feeds. Conse­
quentl y, almost from the beginning of the industry , research was being conducted on 
the nutritional requirements of the spec ies and how to meet those requirements with 
practical diets (Shell , 1967; Lovell , 1988). Before the beginning of the fish farming 
industry, the intensive production of poultry was well deve loped. Catfish feeds were 
similar in many res pects to poultry feeds. In fac t, much of the info rmation avail able 
in the broadly based poultry, swine, and pet feed industries was readily transferable. 
The same ingredients were utili zed in all of the feeds for these animals. Also, much 
of the same feed processing equipment could be used. Plenty ofhigh-qual ity feed was 
available, and feed di stribution , marketing networks, and sales points were well 
established before the beginning of the catfi sh industry . 

Harvesting 
Harvesting has not been a constraint in the development of most of the channel 

catfi sh industry. From the beginning, approx imate ly 90 percent of the total produc­
tion has taken place in levee ponds. Most of these ponds were constructed with wide 
levees so that heavy equipment could be eas ily used around the perimeter (Figu re 21) 
(Busch, 1985B). Also, these containers are relatively shallow with smooth bottoms. 
It is simply a matter of encirc ling fish in a section of the pond or even the entire pond 
with a seine. Then the seine is slowl y pulled out of the water onto the levee, 
concentrating the fi sh in a small circle of net against the levee. The fish are dipped 
out and placed in a tank on a truck for hauling to the processing plant. Usually it is 
not necessary to drain any water out of the pond in order to harvest the fis h. 

Obviously thi s is an over-simplified description, but it describes the process 
that is fo llowed. However, considerable research and development efforts have gone 
into improving the effic iency of the system and in designing practical, effective 
se ines, live cars, lift nets, lifting equipment, and hauling tanks. Huner et al. ( 1984) 
and Busch ( 1985A) include descriptions of the harvesting process in levee ponds. 

Harvesting fi sh in the so-ca lled hill ponds or dammed , watercourse ponds 
(Figure 20) is more complex (Smitherman et a l. , 1979) , a lthough the principle is 
essentially the same. Because of the rolling characteristic of the land where most of 
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those ponds are constructed, the water is usually re lative ly deep near the dam , and it 
is not poss ible to se ine th is deep water effective ly. Consequentl y, it usually is 
necessary to drain the pond parti ally . Thi s draining results in a shallower pond and 
more concentrated fi sh. In the extreme case where land slope is more severe, it may 
be necessary to drain away 80-90 percent of the water before the pond is sha llow 
enough to seine. In thi s case, the fi sh become so concentrated that all of them must 
be removed within a short period or they will di e from lack of oxygen. 

Processing 
It was noted previously that approx imate ly 90 percent of the channe l catfi sh 

industry is located on either side of the Miss iss ippi River in southeast Ark ansas and 
west-central Miss iss ippi . These areas have limited hi stori es of animal agri cul ture . 
Most of the agri culture has been agronomic. The nature of the so il s prov ided limited 
opportunity for pasturage, and except fo r some recent interest in soybeans, there has 

Figure 35. Bandsaw used to remove catfish heads. 

been little feed gra in produced the re. 
Certainly, the area had limited ex pe­
rience in commerc ial butchering and 
process ing of animal carcasses and 
equall y littl e experience with pro­
cess ing equi pment, process ing Ii nes, 
sizing, and packaging. Also, the la­
bor fo rce, although fa rm ori ented, 
had littl e experi ence in thi s area. 
Virtua ll y a ll of the technology had 
to be transferred from other areas or 
deve loped on site. 

The situation was somewhat dif­
fe rent in wes t-centra l Alabama 
where the re was a cons ide rabl e 
amount of animal agriculture . Much 
of the land that was destined to be­
come catfi sh ponds was in improved 
pasture . Farmers had conside rable 
experi ence with cow-calf grazing op­
erations that prov ided cattl e fo r the 
feed lots of the high pl ains in the 
West. Although fa rmers the re pro­
duced animals, there was littl e pro­
cess ing. It is interes ting, however, 
that the first commerc ial process ing 
venture in the state was in the bac k 
of a grocery store meat market in 
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Figure 36. Machine used to r emove skin from catfish. 

Gree nsboro , Al a. Late r, the owner of that business j o ined two othe r bu sinessme n to 
establi sh the first comme rc ial catfi sh process ing pl ant in the United States . The 
catfi sh industry in A labama deve loped around that pl ant and its successors. 

Ri ver fi shermen were process ing the ir catch fo r many yea rs before the industry 
began. They used a knife to cut throug h the sk in on the c irc um fe re nce of the fi sh just 
behind the g ill . Then pliers or tongs were used to strip the thick , heavy skin away. 
Finally , a kni fe was used to ev iscerate the fi sh and c ut off the head . Thi s same 
procedure was utili zed fo r a few yea rs after comme rc ia l production began. Soon, 
however, processors began to use a bandsaw (Fig ure 35) to remove the head and a 
Townsend membrane skinner (Figure 36) to remove the skin. Ammerman ( 1985) 
provides a descripti o n of the entire butche ring (transportation, receiv ing , c leaning 
and dress ing, s iz ing, and pack ing) process. 

Butchering is a labor- intens ive process. While machines have been des igned 
that w ill remove the head automatica ll y, the skin cannot be effective ly removed from 
the " round" ca rcass. Thi s must be done in a hand operation by passing the fi sh across 
the roller of the sk inning machine. There are machines avai lable that wi II fill et the 
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fish and remove skin from the fillet, but these machines can be used only when the 
filleted product is wanted. 

When the industry was just beginning, processing consisted of butchering and 
storing the fish on ice. Later an increasing percentage of the fish were butchered and 
then frozen. More recently the trend has been to butcher and then fillet before 
freezing, and in the past five years increasing attention has been devoted to further 
processing of the fillets. For example, an article published in the Water Farming 
Journal in 1989 reported the following percentages of processed products: 

PRODUCT PERCENTAGE 
Frozen fillets ......... ..... ...... .. ... .. .... ... .. ........ .. .... .. ... .. ..... ..... .. .... ....... ...... ......... 27 
Fresh whole .............. ...... ..... ...... ..... ..... .... ..... ... ...... ........ ....... .... ..... ......... ..... 24 
Fresh fillets ... .................. .. ... .. ........ .......... ...... .... ............. .... ...... ... .. ...... ... ... . 19 
Frozen, other ... .... .. .... ..... .. .. ... .. ... .... ..... ..... .......... ..... .......... .... .. ........... ......... 14 
Frozen, whole ..... ...... ...... .. ...... ...... .. ... ..... ........... .. .......... ............ ..... ... .......... 11 
Fresh, other ... .... .... ... ......... .. .... ............... .... .......... .. ... ..... ...... ... ......... : ...... ...... 5 

Although processing channel catfish is relatively labor intensive, this has not 
constrained the development of the industry. However, ultimately more equipment 
(capital) will be substituted for labor. As noted previously, most of the catfish are 
processed in areas where there is an excess of relatively unskilled farm labor. This 
labor situation has been essentially the same in west-central Alabama, west-central 
Mississippi , and southeast Arkansas. Because of this similarity, neither of the three 
areas had a comparative advantage from the labor cost in processing. Wi th time, it 
is likely that the wage scales for this labor will be increased to the point that there will 
be an increased incentive for use of machinery in processing. 

Marketing 
As suggested previously, there had been a good market for channel catfish 

along the rivers of the South for many years before the beginning of the catfish 
farming industry. As the major cities along these river corridors grew, the demand 
for the fish increased. At the same time, interest in commercial fishing began to wane. 
Although there are few good records to support the claim, anecdotal sources suggest 
that catch per unit of effort was decreasing, poss ibly because of a combination of 
pollution and over-fishing. The return on investment to the river fishermen certainly 
had to be low considering the primitive fishing methods they used. 

The 1960s also brought the realization that capture fisheries in the world 's 
oceans, lakes , and rivers could not keep pace with demand. The Food and Agriculture 
Organization of the United Nations underscored this concern when it held the first 
worldwide conference in Rome in 1966. It was during this decade when world 
population spurted and increases in the world fish catch began to level off. 

Also during the 1960s, there was increased interest in recreational fishing. 
Transplanted Southerners in many of the industrialized cities responded favorably to 
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the opportunity to catch catfish out of nearby "put-and-take" fishing ponds (Figure 
25). Livehaulers would transport the fish from farms in the lower South upriver to 
stock in fi sh-out ponds. Interest in this market was intensified by research conducted 
by Prather ( 1964) at Auburn on the operation and management of fish-out ponds. 

Until 1970, farmers could sell virtually everything they could produce because 
of this combination of demand for channel catfish as a food fish and as a recreational 
fish (Bureau of Sport Fisheries and Wildlife , 1973). Livehaulers and processing 
plants competed for the limited supply of fish. Unfortunate ly, in the early 1970s, 
supply began to overtake the limited marketing efforts in place at that time. The first 
process ing plants had been established by fish farmers. While trying to learn the 
process ing business, producers neglected marketing. As a result, there was a severe 
shakeout of marginal and unprofitable producers when the cost of feed increased due 
to a shortage of fish meal (Dupree and Huner, 1984). 

After 1977, the industry began to cooperate on a more sophisticated marketing 
approach. Following the 1973-1976 shakeout resulting from limited and temporary 
di sequilibrium between production and marketing, the demand for fish increased 
regularly. For more than 13 years production and marketing have increased regularly 
each year. This long-lived se llers market has been the result of three factors: 

I . Continuing increases in demand for these fish for recreational 
fishing (fish -out) . 

2. Increased interest in al/forms of seafood.for the promotion of good 
health. 

3. Shortages of .fish of all kinds worldwide as the leveling-off trend in 
capture .fisheries continues. 

Much of the success of the channel catfish industry can be traced to the strong, 
increasing demand for the fish. This growing demand has helped overcome the 
numerous problems encountered in thi s pioneer-stage industry. Problems such as 
winter kill, bird predation , off-flavor, seasonal growth, poor product name (catfish), 
and strong reg ional product identification wou ld be suffici ent to stymie the orderly 
development of virtually any other food industry. Yet, because of the growing 
availability of markets (demand), those problems have not serious ly threatened the 
industry. This situation substantiates the old adage: 

Utilization 

A good idea is a jewel to cherish , but I would 
rather have an ordinary idea whose time has come. 

Virtually all of the catfish produced in the United States are ultimately used for 
food. Even those fish that are harvested by hook and line from fi sh-out ponds are 
taken home by the angler and eaten. There is little evidence of catch and release of 
the channel catfish that is prevalent in recreational fi shing for the largemouth bass. 
Some anglers enjoy catching catfish, but most are caught to be used as food. 
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Essenti a lly no catfi sh are used as live bait to catch other fi sh, and re lative ly few 
are used for ornamenta l purposes in aquari a. Also, the spec ies is never prevalent 
enough in the wild o r easy enough to harvest to have been considered as a source of 
fi sh meal. 

Although the channe l catfi sh is native to virtua ll y all of the large rivers in the 
eastern United States , it has never been an important item in the diets of Americans. 
The spec ies genera ll y does not constitute a large portion of the fi sh populati on in 
streams. Its feeding habits place it re latively high on the food pyramid, just be low the 
pi sc ivorus spec ies . Also , these fi sh are not easy to harvest in large quantiti es without 
a conside rable amount of effort. They do not occur in large schools in the rive rine 
habitat. Further, the physica l characteri sti cs of most rivers preclude the use of 
surrounding gear (se ines or nets) for harvesting them. A high percentage of the fi sh 
have been harvested with baited hooks or baited traps. 

Hi storica ll y, because of the general diffi culty of harvesting thi s fi sh and its 
re lative scarc ity , it has been considered a spec ia lty item in the diets of even those 
people li ving in the rive r corridors. These consumers never seemed to consider 
catfi sh as a fo rm of seafood. More than anything e lse, people have seemed to want 
to eat catfi sh more as a "celebration of life" than fo r any othe r purpose. A Saturday 
night fi sh fry was a tradition. 

In the early days of the deve lopment of the catfi sh industry, at leas t in Alabama, 
farmed catfi sh were purchased fo r the same reason as river catfi sh. They still were 
not a staple item in diets. Farming, however, did make them avail able on a more 
reli able bas is and further away from the rivers. People who wanted to eat catfi sh no 
longer had to go to the ri ver to get them. In the pas t decade, the nature of the uti I izati on 
of the catfi sh has changed . Eating them is still a spec ial event . Even with the rapid 
growth of the industry , Ameri cans still eat onl y approximately one pound per person 
per year. There are still many people in the South who go out to spec ialty restaurants 
to eat catfi sh. But more and more, people in the South and espec ia ll y in other reg ions 
of the country now consider catfi sh to be a seafood to be se lected from a menu that 
includes sa lmon, lobste r, shrimp, and crabs. In fac t, the catfi sh has become quite 
popular as a seafood item. 

As noted previously , catfi sh harvested with hook and line from fi sh-out ponds 
are eaten. The consumer gets the double value of the recreati on of fi shing and the use 
of the catch as food. It is an unusual situation fo r a food to be utili zed fo r such 
di ve rgent purposes . Thi s double va lue phenomenon provides some fi sh fa rmers with 
a unique opportunity for marketing the ir fi sh. While the producer may not receive 
more than 80-85 cents per pound fo r hi s fi sh when so ld to a processo r, it is not 
uncommon to se ll the same fi sh to an angler through fi sh-out for $ I to $ 1.25 per 
pound . The fi sh-out also provides a ready market fo r fa rmers with a sma ll acreage of 
ponds located too fa r away from a process ing plant to use it as an outlet fo r the ir fi sh. 
However, unless the fa rmer is located near a sizea ble populati on center, it would not 
be practica l to expect to market a large quant ity of fi sh through fis h-out. 
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An Overview 
The development of the channel catfish farming industry in Alabama, Arkan­

sas, and Miss iss ippi is a useful example of the introduction of aq uaculture into areas 
where it had been practiced sparingly , if at all. It a lso provides a good model for the 
development of ex isting aquaculture after it became established. In Mississippi 
espec ially , there had been virtually no aq uaculture and littl e animal agriculture. 
Development succeeded almost spectac ularly because all of the physical, chemica l, 
biologica l, technologica l, soc ia l, economic, and political requirements for develop­
ment were e ither already avai lable or were made ava il ab le re lative ly eas il y. The stage 
of aquaculture or leve ls of intervention chosen for introduction and adoption were 
espec ia ll y well adapted for introduction into that environment at that time. 

While all of the required inputs were genera ll y available when needed, it would 
be a mistake to overlook the importance of "demand-pull " in the development of thi s 
industry. Lewis ( 1982) suggested that " the ' push ' of new technology yie lds the 
greatest rewards when it is guided by the ' pull ' of the marketplace." For reasons 
di scussed previously, the quantity of a ll kinds of fi sh utili zed in the United States 
began to increase soon afte r the beginning of the catfish industry and has continued 
to increase regularly. Because the American market is so large, only a small , regular 
increase in utili zation would absorb all of the production that the new, expanding 
industry could supply . As noted in a preceding section, a one-pound-per-capita 
increase in utilization by Americans during one year would translate into an 
increased demand for more than 250 million pounds of processed catfish o r more than 
400 million pounds of whole fish before process ing. This leve l ofutilization is almost 
a third greater than the total annual production of the entire industry. 

Jn the deve lopment of the catfish industry, the demand-pull for the product has 
been so strong that problems with the quality or quantity of any of the inputs have 
been "fl attened" under the onrushing expansion. A strong demand by consumers 
willing to pay good prices re lative to production costs will overcome all but the most 
intractable input limitations. Fortunate ly, g iven the demand-supp ly situat ion for 
aquatic animals worldwide, the demand-pull for virtuall y all cultured products will 
be strong. In most cases, it will be strong enough to simplify the solutions to problems 
re lated to input shortages and imbalances . 

The strong demand-pu ll for catfi sh relative to suppl y probably tends to mask 
a rathe r serious imbalance in the ecosystem. As the industry matures, almost certa inl y 
the re will be a need to better coordinate producti on and marketing functions. The 
present system -- where production is largely independent of process ing and 
marketing -- is highly di sorgani zed, and the re is a substanti al loss of energy . I suspec t 
that ultimate ly most of the catfi sh will be produced using the vertically integrated 
model of the poultry industry (Barnett , 1987; King, 1988). 

The successful deve lopment oft he channe l catfi sh industry in the three primary 
states does not mean that thi s same technology wou ld prosper as well in other 
environments. The avai lability of re lative ly cheap feed grains to be used as nutrients 
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has been an important factor in the development of the industry. Catfi sh fa rming 
would not be profitable without high-prote in feeds. These feeds are ava ilable in 
re lative ly few other countries of the world . The point here is that the environment in 
Alabama, Arkansas, and espec iall y Miss iss ippi was ideal for the introduction of 
aquaculture. This does not mean that catfi sh farming will cont inue to grow at the 
current rate. In fac t, over time, the environment might change so that catfi sh 
production in those states will not be competitive with production in Florida or 
Mex ico. As the environment changes , however, there is hope that new technology 
will be deve loped that will permit those fi sh fa rmers to remain competiti ve . 

In one sense, the development of the catfish industry is not a good model. While 
the economies in Alabama, Arkansas , and Miss iss ippi are at a more advanced state 
as a result of the development of the industry, it is not a good model because it was 
not a planned effort. This model does not show us how we might purposefull y design 
a deve lopment project and then implement it. While it is a good example of the 
dynamic tension between di sequilibrium and compensation in the ecosystem, it does 
not provide a good example of how thi s process might be purposefull y set in motion 
in a developing country, fo r example. 
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CHAPTER 7 
DEVELOPMENT OF HUMANKIND 

131 

TH E DEVELOPM ENT PROCESS IN HOMO SA PIENS seems to be similar to the 
development of lower animals, except that we are able now to exert considerable 
control ove r the process. Development in our species depends on the same bas ic steps 
that were described prev iously for the lower animals, although there are some 
obvious changes and refinements: 

I . Development of new technology -- such as ideas, understanding, 
processed products, and machines -- or more effecti ve and equitable use 
o.f' existing technology results in improved quality of l(f'e. 

2 . Simultaneous, if not prerequisite, development o.l a social .fi'ame­
work or structure is necessary fo r the application and management of 
technology. 

3. Technology is diffused through the basic processes of communica­
tion and learning by observation. 

4 . Technology is institutionalized so that it is wide ly used and so that 
other components of the ecosystems have adjusted and adapted to it. 

5. Development of procedures such as taxation allow society to 
capture some of the benefitsfi·om the utilization o,j'the technology in order 
to obtain resources fo r statecraft and the creation and support of public 
institutions (A dam Smith's "In visible Hand") . 

From a ll available evidence, the process of deve lopment was extremely slow 
during those millennia fo llowing the appearance of our spec ies on earth some 
I 00,000 years ago (Putman, 1988). Then, some 35,000 years ago a "cul tural 
explosion" took place. During that period, real tool technology appeared. People 
began des igning and making things to so lve problems. And they were learning to 
store primi tive technologica l info rmation th rough cave art and carvings. 

While the slow but steady process of technologica l development certainly 
played a major role in the evolution of our species (Stav rianos, 197 1 ), the deve lop­
ment of language and soc ia l structure played an equal if not greate r ro le (Lewin, 
1988 8 ). Inventing a more effi c ient tool certa inly is an important element in devel­
opment, but it is no more important than hav ing a language so that its manu fac tu re 
and functi on can be diffused to potenti al users. Also, the new technology would be 
of limited benefit without a soc ia l framework that promotes and institutionalizes 
innovations and that provides fo r the capture of benefits fo r society as a whole. 

To look at the time invo lved, it is obvious that the rate of deve lopment was 
painfully slow. But the important thing was that the rate at which the process was 
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tak ing place was increas ing. The rate increased through the "old stone age," the " new 
stone age," and the " iron age." While it started ever so slowl y, the fas ter deve lopment 
took place, the greater it acce lerated. It increased at an exponential rate. But nothing 
in those by-gone days prepared us for the ex plos ion of technological and soc ial 
deve lopment that has taken place in the 20th century. While thi s explos ion has 
provided us with almost unlimi ted opportunities for deve lopment, it has left us with 
some of our most in tractable problems. 

In the di scuss ion of the development process in the lower animals, it was 
suggested that new technology introduced into an ecosystem creates di sequilibrium 
and that the geneti c se lection process in tensifies to counter its effect. An important 
part of human development lies in the institutionali zation of new technology so that 
it can be wide ly used and so that other components of the ecosystem can adapt to it. 
Unfo rtunate ly, when new technology can be developed so rapidly, it is v irtuall y 
imposs ible fo r all components of the ecosystem to adjust to it within a reasonable 
period of ti me. 

In many countries, new agri cul tural technology has made it poss ible for 
farmers to become more effective in produc ing food. Fewer people are required in 
agri culture. Unfo rtunate ly, those countri es have not developed the compensating 
technology for providing alternative opportuniti es for displaced farm workers. In the 
United States, new technology has resulted in a significant increase in human li fe 
expectancy. Unfortunate ly, we have not deve loped the necessary technology to 
effective ly accommodate so many elde rl y people . Th rough technology we are 
rapidly becoming a " th ro w- away" soc iety , o nl y to di scover tha t we have no 
pl ace to th row any thin g. 

It seems that for every signifi cant technolog ical advance, there are at least 
severa l problems created in the web of the ecosystem. Ne w technology deve loped in 
one area o f the web often ini tiates reverberations that are ex tremely d ifficult to 
dampen or contro l. Roger Bacon 's comment, " In nature, things move vio lentl y 1Q 

the ir place and calmly in their place," succ inctl y desc ribes thi s situati on. This 
situation will only become more di fficult until some limiting rate of the deve lopment 
of new technology is reached, if the re is such a limiting rate . As noted prev iously, new 
technology provides wonderful opportuniti es fo r development or to " bring to a more 
advanced or effecti ve state ." Our challenge is to deve lop enough unde rstanding of the 
process so that we can antic ipate the di sequilibri a that likely will result from the new 
technology . That will not be a simple task. 

The problem of di sequilibria in ecosystems resulting from the introducti on of 
new technology also is important in another area of deve lopment. As suggested 
prev iously, the deve lopment process through which people strive to improve the 
quality of the ir li ves has been in use fo r tens of thousands o f years, accord ing to a ll 
the evidence. Unfortunately, fo r many reasons, the process has not produced uni fo rm 
res ults (S hepherd, 1985 ; Ba il ey, 1988 ; Durning, 19898 ). The quality of li fe varies 
wide ly among people from country to country and with in a country. This di sparity 
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has been observed and recorded for at least two thousand years. T he plight of poor 
people has been a central theme in the re lig ious teachings of the Buddhist and 
Chri sti an re lig ions from the ir beg innings. However, littl e was done until the 20th 
century to deal systematicall y with the problem of di sparity. 

Earl y concerns with di sparity were large ly ethi ca l ones, but the concerns have 
become more sociall y, politically, and economicall y foc used. With the birth of the 
philosophy of earth as " li fe boat," the conce rns have become more practi ca ll y 
ori ented . Earl y efforts to dea l with di sparity of the quality of li fe were carried out by 
individua ls or small groups of people. Now d isparity is the concern of broad public 
consensus in many countries . Early effort s to he lp dealt with symptoms -- hunger, 
di sease, exposure, etc. Modern efforts, while still concerned with symptoms, al so 
attempt to dea l with causes. 

Because so much emphasis has been placed on deve lopment that benefits the 
world 's poor, we tend to lose sight of the fac t that deve lopment re lates to all people 
regardless of economic or social class. Every person in the world is invo lved in 
development to some extent. Our ability to ass ist in the deve lopment processes that 
benefit the Third World depends on the continuing deve lopment of the remainder of 
the world . The wea lth that might be shared with the less fo rtunate in one country or 
region must be generated from expanding or increasing those economies in the other 
countries or reg ions. Unless there is continued deve lopment in the so-called deve l­
oped countries , resources needed to ass ist the less fortunate can be made available 
onl y by reduc ing the standard of li ving for everyone. 

Another problem re lating to our understanding of the meaning of deve lopment 
is a resul t of di viding the world into two groups -- deve loped and " less" deve loped 
countries , or " North" and "South" countries. This di vision doesn ' t reall y ex ist. There 
are no deve loped countries . While there may be considerable d iffe rences in the 
availability of food, she lter, and c lothing and in the quality of I ife among countri es, 
none have deve loped to the point that poverty, hunger, traffic congestion, pollution, 
crime, child abuse, and di scrimination have been e liminated. Food, she lter, and 
clothing alone do not adequate ly define the limits of the qua lity of li fe . A ll countries 
are on a development continuu m, and there is some considerable separati on, but none 
can be considered to be deve loped. 

The lack of a suitable sca le of measurement is also a major problem in 
promoting deve lopment. Tradi tiona ll y, economic planne rs and deve lopment experts 
have utili zed changes in per capita Gross Nationa l Product (G NP) -- " the do ll ar va lue 
measured at market price of all final goods and services produced in an economy in 
a year" (Eke lund and Tolli son, 1988) -- to determine the successes or fa ilures of the ir 
efforts. However, it is now be ing recognized that the gene ral we ll-being of the people 
in a country is better corre lated with the way GN P is utili zed than with the absolute 
va lue. Consequentl y, the United Nations is studying a new sca le fo r measuring 
deve lopment (Hammond, 1990). The Human Development Index (HDI ) combines 
li fe ex pectancy, literacy, and purchas ing power into a single measure. Although HDI 
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incl udes three important aspects of development, it does not incl ude eq ually impor­
tant aspects such as political freedom, human rights, free elections, or the leve l of 
inves tment in education and hea lth. Even though there are obvious defi cienc ies in 
HDI as it is proposed, it is much more meaningful than GN P because it puts a " human 
face" on the measuring scale. 

ln the last 40 years, billions of dollars have been spent in attempts to improve 
the quali ty of li fe fo r less fort unate people around the world . These efforts have 
resul ted in both successes and fa ilures (Paddock and Paddock, 1973; Herman, 199 1 ). 
Hancock ( 1989) prov ided numerous examples in which efforts to help were actually 
detrimental to development. Singh ( 1989) commented that the economies of most 
countries in Africa and Latin Ameri ca have regressed sharpl y, al though there have 
been signi fica nt efforts to promote development there. Sincere ( 1990) quotes the 
Thi rd World politica l philosopher Ivan Illich regarding the situation: "U nder the 
cover of development, a world war on people's peace has been waged." Ill ich looks 
on development as a means " to di srupt traditional soc ieties, to di sfigure people's 
cultures, and to destroy long- lasting ways of li fe." He has characteri zed economic 
development as "v iolent ." 

Sincere ( 1990) suggests that most deve lopment programs are simply govern­
ment-to-government transfers of money, and as such they are rec ipes for economic 
decl ine. Lord Bauer, the Briti sh economist, said ass uming that "aid helps people help 
themselves is very nearl y the complete oppos ite of the truth ." He further suggests that 
"fore ign aid also tends to encourage the adoption of inappropriate ex ternal models 
in development and planning." Molnar and Joll y ( 1988) concluded that re lati ve ly few 
appropriate agri cul tural innovat ions have reached farmers in the Third World , and 
even fewer have penetrated or energized subsistence farming systems. Singh ( 1989) 
commented that the cri sis of development challenges the entire community involved 
in the process to devise new strateg ies that will work . 

Schuftan (1 99 1) li sted some of the reasons why our efforts to promote 
deve lopment have produced mi xed results: 

But I th ink we can stand accused for the staleness of our approach;for 
our complacency toward the status quo; fo r our lack of criticism of the 
overall lack of progress;for our political naivete - more likely----jor our 
choice not to get involved in the politics of it all;for uncritically pushing 
fo rward to do something and get things done and over with; for not 
solving problems boldly using workable approaches agreed upon with 
those who must live with our decisions;for our paternalistic and ethno­
centric approach. 

G iven the record of successes and fa ilures, it is important to ask a bas ic 
philosophical question regarding development, espec ia ll y the promotion of deve lop­
ment: Who has the ri ght or responsibility to dec ide that someone else should be more 
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advanced, or be happier and healthier, or have more options in life? Who has the right 
or responsibili ty to put the li ves and cultures of other people at ri sk? Sincere ( 1990) 
comments that the attitude of Western development agencies toward the people of the 
Third World can best be described as patronizing. An equi valent term is "conde­
scending." To help someone through deve lopment efforts, we must fi rst make a 
judgement that someone has fewe r choices, is less healthy or wealthy, or is not as 
happy as we are. 

Although efforts to promote development have resulted in a mixed bag of 
successes or fa ilures, we cannot afford to reduce our efforts to help. The grow ing 
interdependence of the world 's peoples and their societies makes it essentia l that we 
do so. Helping just makes good sense. Dav id Landes notes that "development is not 
to be taken for granted. It is hard business" (S incere, 1990). There have been too 
many fa ilures in our efforts to promote development, but we must look beyond those 
to find methods that are effecti ve. As suggested prev iously, the entire development 
community must now become involved in the process to devise new strateg ies that 
will work (S ingh, 1989) . We must be willing to stop development practices that we 
are currently using and move dec isively with the benefi ciaries into new directions 
that have greater potenti al fo r so lving the chronic and se lf- perpetuating problems of 
maldevelopment (Schuftan, 199 1 ). 
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PART4 
PLANNING A 

DEVELOPMENT STRATEGY 
AQUACULTURAL DEVELOPMENT HAS BEEN DEFINED as bringing out the capabili­

ties and possibilities of culturing aquatic animals or bringing the ir culture into a more 
advanced or effective state as a means of improving ei ther directly or indirectly the 
quality of people's lives. Aquaculture has many poss ibilities and considerable 
capabilities that can be brought out in the process of development (Pillay, 1973; 
Comte et al. , 1984A; Brown , 1985; Molnar and Duncan, 1989). It has a considerable 
potential fo r growth, and in growing, to contribute significantly to improving the 
quality of life for many people. 

When considering implications of the deve lopment of the human spec ies 
through its long evolutionary hi story, it is obv ious that considerable deve lopment 
already has taken place and is continuing to take place. The process drives itse lf; it 
is se lf-actuating. It will continue at some rate regardless of whether there is an effort 
to promote it. The physica l, chemical , biological, soc ial , economic , and political 
forces that brought us to thi s time in hi story are still operat ing. One problem with thi s 
approach is that it often takes a long time for needed changes to take place . Also, the 
results o f this self-ac tuating process often are uneven. Not enough of the people who 
should benefit most from development do so (Werlin , 1987). Because of the rapid 
changes taki ng place in human populat ions as a result of the deve lopment and 
diffusion of new technology, allow ing the process of culturing aquatic animals to 
grow slowly and unevenl y (at its own pace) is not acceptable. The process must be 
telescoped in time and space. It must be quickened. 

In the natura l process, deve lopment proceeds by " starts and stops." As it 
proceeds, scarc ities or bottl enecks develop that slow or stop the whole process fo r a 
time. Remember the analogy of the predatory fish in a small natural pond which 
became a more effic ient hunter as a result of a genetic mutation. The process slows 
or stops until the bottleneck can be removed or opened. Then the process continues 
until the nex t bottleneck develops. Hayami and Ruttan ( 1985) provide an exce llent 
di scuss ion of the operation of thi s process in agriculture. 

\ 
\ 
l 
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The strategy for speeding up and managing thi s process (bringing out the 
capabilities and possibilities) involves understanding how it operates, what factors 
are involved, anticipating where the bottlenecks are likely to occur, and preventing 
them from developing to the point where they can slow or stop it. The strategy 
involves emphasizing those activities that maximize the biotic potential of aquacul­
ture and that reduce or minimize the environmental resistance . Obviously , accom­
plishing these tasks is difficult, but this is how , in general terms, development must 
be promoted. The principle is relatively simple even if its application is not. 

I suggest that a practical strategy for the application of the general principle 
defined above involves five different steps, which will be discussed in the following 
chapters: 

1. Determining th e goal(s) of the development. 
2. Planning development from an ecosystems perspective. 
3. Planning aquacultural development for people. 
4. Selecting the activities for implementation that will provide the 

level( s) of intervention required to meet the desired goal( s) and determine 
whether the necessary inputs are available or can be made available to 
sustain those levels of intervention. 

5. Implementing the development process by encouraging the appro­
priate participation of the public sector ( government) , di;ffusing the 
required technology among the target individuals or groups , developing 
any new technology necessary to sustain the process, and establishing an 
effective communication network that includes all elements of the devel­
oping aquacultural ecosystem. 
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CHAPTERS 
DETERMINE GOALS OF DEVELOPMENT 

IT IS IMPORTANT IN PLANNING AN EFFECTIVE STRATEGY to determine the specific 
purpose(s) or goals for developing aquaculture in a given situation. The strategy to 
be followed in developing aquaculture to provide animal protein in provincial 
villages would be considerably different than the strategy for developing aquaculture 
to provide an export product for the "white tablecloth" market in a developed 
country. 

An obvious and necessary step in the introduction of aquaculture in a new 
environment is to determine as precisely as possible exactly what is expected of it in 
that environment. Determining the specific need that aquaculture is expected to meet 
would, in ecological terms , be similar to determining the ecological niche of an 
animal before it is to be introduced into a new environment (Odum, 1983). Without 
a relatively precise determination of the purpose, goals, and outputs expected, it will 
be difficult to develop the necessary strategy to make the introduction successful. 

It is essential that farmers, investors, government officials , or others who will 
be responsible for supplying the scarce resources for the introduction be encouraged 
to determine as precisely as possible what they expect. Many failures in aquaculture 
result from poorly defined expectations (Werlin, 1987). These expectations should 
be defined in precise terms. Producers should determine the amount, size, and 
species , that can be harvested from production systems and how frequently harvests 
can be made. The expected return in kilograms should be related to the investment 
required of land, water, labor, and capital. Even for the lowest stages of aquaculture , 
the expectations should be defined in terms of return on investment. In fact, defining 
expectations in terms of return on investment may be more important at the lowest 
stages of aquaculture, where the availability of resources may be limited, than at the 
higher stages. When investors are interested in the fish because of their exchange 
value rather than their food value, then expectations should be defined in those terms 
and related to return on investment. Similarly, where the expectation is the reduction 
of imports, it should be defined in those terms and related to investment required. 

Characteristics of Fish Important in Development 

Fish have a number of characteristics that can be exploited through culture to 
meet several different development purposes or goals . The more important of these 
characteristics are: 
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I. Fish size appears to be indeterminate. Fish apparently can continue 
to grow until death ff'adequatefood is available (Moyle and Cech, 1988). 
In mammals, the limit to size seems to be fixed genetically. 

2. Fish and most other aquatic food animals are cold-blooded, so 
there is no expenditure of energy to maintain a constant, relatively high 
body temperature, as is the case with virtually all other domesticated 
animals (Hickling, 1968). 

3. Fish are essentially weightless in water. As a result, energy is not 
required to counter the effects of gravity . In contrast, land animals utilize 
large amounts of energy just remaining upright (Hickling, 1968). 

4. Because of weightlessness and the peculiar method of locomotion 
( swimming) developed inji'sh, the skeletal system offish is not as massive 
as in most domesticated food animals. 

5. As a result of'the nature of their metabolic system,jishproduce more 
animal protein per unit off'ood energy consumed than do other domestic 
f ood animals ( Lovell , 1979 ). 

Capabilities and Possibilities of Aquaculture 
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Exploitation of these positive characteristics can provide a number of benefits 
to society . Some of the capabilities and possibilities which contribute to the biotic 
potential of aquac ulture are listed in the following section: 

1. Farming in water complements farmin g on land, thus improving the 
efficiency of resource utilization (Shell, 1986). 

2. Aquaculture encourages good stewardship of water (Hickling, 1968 ). 
3. Aquaculture encourages better utilization of land resources by 

providing a use f or marginal agricultural lands. 
4. Cultivation of aquatic animals can be utilized to produce large 

quantities of high-quality animal protein in a wide range of environ­
ments. 

5 . Given the large number of kinds of fi sh, it is possible to develop 
highly efficient "polycultures" of species with complementary f eeding 
habits (Hickling, 1968; Mclarney , 1984). 

6. Because of the world fish demand and supply situation , aquaculture 
can be a profitable farm enterprise and can substantially brighten an 
otherwise dim agricultural profitability situation. 

Pillay ( 1977) li sts capabi lities and poss ibilities of aquaculture from a broader 
perspective. These include: 

1. Farmed fish can help replace the loss or shortage of important 
species usually takenfi·om natural waters. 

2. Aquaculture can help meet the demand for high-valued species. 
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3. Cultivation of" aquatic animals can contribute to trade or import 
substitution efforts. 

4. Fish farming can be a tool in generating rural employment and 
prosperity, thus preventing the drift of rural populations to the cities ( also 
see Dicks and Harvey , 1988). 

5. There is a well-established world trade in seafood that can he 
utilized to market and distribute the products of aquaculture. 

Once it is decided exactly what need aquaculture is expected to meet in the 
specific environment in question, the next step is to decide whether aquaculture can 
be expected to meet that need. This is a critical step. Once it is taken, if the decision 
is positive , resources must be committed to the process. Beyond this point, the costs 
of aquacultural development increase rapidly. 

It is important to remember that aquaculture is not a panacea for all of the social 
and economic problems on a farm , in a region, or in a country (Smith and Peterson, 
I 982B). Also, it is not a "goose" that always lays a "golden egg." Regardless of the 
excitement about aquaculture and the often extraordinary claims that are made for it, 
it is clear that farming the water is dependent on and responsive to the same market 
economy forces that limit agriculture or any of man ' s other activities (Kent, 1986). 
The investment of resources in aquaculture and the return to investment must be 
evaluated in the same terms as any other investment. 

Resistance to the Development of Aquaculture 

While there obviously is considerable potential (biotic potential) for the 
development of aquaculture to play a role in improving the lives of people, there is 
considerable environmental resistance to the realization of this potential. As Ben­
Yami ( 1986) has so aptly pointed out, "results of efforts to develop aquaculture in 
many 'Third-World' countries have brought meager results regardless of efforts and 
financial resources committed." While the term " resistance" is useful in conceptu­
alizing the problems that must be dealt with in the development of aquaculture, these 
environmental factors do not in reality oppose development. More simply stated, 
there are some factors that must be dealt with or considered in bringing out the 
capabilities and possibilities of culturing fish . Some of these are described in the 
following section : 

J. The environment-animal interaction is much more complex in water 
than on land. Therefore,farmers must develop new understanding and 
new skills. 

2. It often is di;fficult to see or to correctly in ventory the stock. 
3. Virtually all animals used in aquaculture are cold-blooded, so most 

o.l their physiological fun ctions (growth, reproduction , etc.) are strongly 
temperature dependent. 

l 
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4. Generally, aquaculture requires that the animals be contained. 
Because of the hydraulic and erosive properties of water, containers must 
be relatively strong and consequently expensive. 

5. The culture offish requires more water per unit offood produced 
than any otherfood-growing system. 

6. Because of the dynamics of oxygen absorption, production, and 
utilization in water used for aquaculture, catastrophic losses offish to 
anoxia can occur quickly and with little warning. 

7. In most types of aquaculture, the same water that serves as the 
medium for production also serves as the medium for waste disposal. 
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Obviously, in add ition to these biological and physical characteristics, there 
are several soc ial , cultural , and econom ic characteristics that also can resist, s low, or 

even prevent development of aquacu lture in certain situations (Smith and Peterson, 
1982A). These include: 

J. The tradition offish farming is not widely distributed in the world. 
Changing traditions can be slow and tedious (Po /lnac, 1982). 

2. Aquaculture is not an effective means of alleviating hunger (l the 
problem stems from a deficiency of calories rather than of protein 
(Grivetti , 1982). 

3. Aquaculture is not usually an effective development tool if signifi­
cantly increased employment opportunity is a major goal (Food and 
Agriculture Organization of the United Nations, 1986). 

4. Competition.for water and space in environmentally sensitive areas 
can be a major impediment (Wijkstrom and Jul-Larsen, 1986). 

5. Excessive government regulations and stringent permitting re­
quirements can severely restrict development ( Fitzgerald, 1987). 

6. Th e general economic climate in a country or region can have a 
sign1ji'cant effect on realizing the capabilities and possibilities of.fish 
farming (Pi/lay, / 977). 

7. Th e interaction and interdependence of'biologica/, physical, social , 
cultural, and economic fa ctors that i,~fluence development are not well 
understood by those planning or implementing aquaculture (Po l/nae et 
al., / 982). 

8. Th e principles and procedures required .for diffusion and accep­
tance of the innovations and technology of aquaculture are generally 
poorly understood by those planning.for the deve lopment of aquaculture 
(Pol/nae, 1982). 

Aquaculture does have the potential for meeting many of the varied needs of 
farm families, investors, and governments (Food and Agricu lture Organization of the 
United Nations, 1986). At thi s point in the deve lopment process, the question is 
whether aquacu lture can be expected to meet a spec ific need in a spec ific environ­
ment. This is not a simple answer to determine. Investment in aq uacu lture is like any 
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other investment. There always is some probability that even a sure bet will fa il. 
There simply is no way to guarantee that aquaculture will meet a specific need in a 
spec ific environment. The dec ision-making process is further complicated by the 
fact that the more conservati ve the dec ision-making process becomes, the less like ly 
the development process will result in unusual successes. In the investment fi e ld , the 
guaranteed return will always be much lower than with high-yie ld investments, but 
the ri sk of loss is the inverse. The higher the expected yield , the higher the chance of 
loss. Dec isions such as thi s have very practica l consequences. Farmers, investors, or 
countri es with limited resources generally must make conservative or guaranteed 
return dec isions. In those cases, a dec ision that resul ts in the loss of the investment 
can be catastrophic. Unfortunate ly, in many cases, it is these groups with limited 
resources that might benefit most from the adoption of a high-y ie ld stra tegy. 

The onl y guarantee, if there is such a thing, against making a poor investment 
in aquacultu ral development is experi ence with the development of aquaculture 
meeting similar needs in similar environments (Werlin , 1987). Thi s is a re lative ly 
simple matter if development involves introducing aquac ulture on a farm when there 
has been a successful introduction on an adjacent farm. The prediction of the 
likelihood of success becomes much more difficult if there are no adjacent fa rms 
where it has been successful , or where it is to be introduced into a reg ion of a country 
where it has not been practiced before. 
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CHAPTER9 
PLANNING FROM AN 

ECOSYSTEM PERSPECTIVE 
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THE TERM "ECOLOGY" IS DERI VED from the Greek word "oikos" which means 
household and the word " logos" which means study. The term implies that ecology 
is the study of the household. Webster 's Seventh New Colleg iate Dictionary defines 
ecology as "the totality or pattern of re lations between organisms and their env iron­
ment," and defines an ecosystem as "a complex of ecological community and 
environment fo rming a fu nctional whole in nature ." 

Aquaculture is an ecological process , because it invo lves the manipulation of 
li ving organi sms and their environment. It also is an ecosystem process, because it 
involves the totality of the interaction of people and their environment and aquati c 
animals (all li ving organisms) and their environment. Because of the nature of this 
re lationship, the development of aquaculture must be approached from thi s perspec­
tive if it is to be successfu l. Aquacultu re is a web (Figure 1) of interconnected and 
interdependent phys ical, chemical, biological, psychological, soc iological, eco­
nomic, and political processes. The prod uction, harvesting, process ing, marketing, 
and uti li zation of aquati c animals is an ecosystem. It is a uni tary whole. Intervention 
at any po int on the web ultimately reverberates throughout the whole. Problems or 
bottlenecks that develop at any point on the web affect the function of the enti re 
system. The promotion of aq uac ultural development requires that we understand the 
nature of the ecosystem (web) with a ll of its components and linkages and the fl ow 
of resources through it. 

It is important to think of aquac ulture from an ecosystems perspecti ve in 
planning and implementing a development strategy. It is equally important to 
understand that the nature, size , and complexi ty of the ecosystem changes with the 
stage practiced. Obviously, the aquac ul tural ecosystem of the farm family culturing 
just enough til apia to meet its immediate needs would be considerably smaller and 
less complex than the aquac ultural ecosystem that produces large quantities of 
aquatic animals for export to another country. In general, the size and complex ity of 
the ecosystem is positively correlated with the stage of aquac ulture practi ced (Figure 
3). 

As noted above, the aquacul tura l ecosystem (web) has phys ical, chemical, 
biological, psychological, soc iological, economic, and po litical d imensions. Before 
proceeding fur ther with the discuss ion of the development of aquacultu re, it would 
be usefu l to di scuss some of these dimensions. In the fo llowing sections some aspects 
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of the biological, psychologica l, soc iologica l, and economic dimensions will be 
considered, and some general comments on how each of them impinge on the 
deve lopment process will be presented. 

Biological Dimensions of Aquacultural Ecosystems 

While the size and complex ity of aq uacultural ecosystems vary considerably , 
the general principles governing their function appl y over the entire range. There are 
a number of principles that seem to govern the progress ion of processes in simpler 
ecosystems, such as natura l ponds, swamps, temperate grass lands, or deserts. Four 
of these a lso seem to be espec ia ll y re levant to understanding aquaculture as an 
ecosystem and in promoting its deve lopment : 

I . Environmental stability and ecosystem complexity . 
2. Energy conservation in organized ecosystems. 
3 . Liebig' s Law of the Minimum. 
4. She(f'o rd' s Law of To lerance. 

Environmental Stability and Ecosystem Complexity 
The stability of an environment can have a significant effect on the complex ity 

of an associated ecosystem. When a phys ical environment is re lative ly stable or 
benign with a low probability of a major or catastrophic disturbance, then a high leve l 
of structure or complex ity can be achieved and mainta ined as a steady state or c limax 
for long periods. In contrast, a lower leve l of organizat ion or complex ity is like ly in 
a stressful environment subject to periodic di sturbances (Odum , 1983). 

Experts are becoming aware that the stability of the envi ronment in a country 
can have a profound effect on deve lopment. In a report prepared by the World Bank 
( 199 1 ), it was noted that a stable macroeconomic fo undation is one of the most 
important public goods that governments can provide. This same principle also 
probably applies to the development of aq uaculture in a genera l way. For example, 
in a country with a high degree of economic or politi ca l instability, it would be 
diffic ult to deve lop and sustain a high stage of aquac ulture. Under these conditions, 
the leve l of infrastructure and services necessary to support a high stage of aquacul­
tu re would not be available on a dependable schedule . investors would be re luctant 
to prov ide the fund s required where there would be a high probability of catastrophic 
loss as a result of some economic or politica l di sturbance. John Jensen (personal 
communication) has noted that in countries with high and unpredictable ra tes of 
inflati on, inves tors are re luctant to fund complex aquac ultural deve lopment projects 
because of the uncertai nty of the va lue of currency over the period of time required 
to deve lop a fi sh fa rm and to produce a crop . 

Where the re is a high leve l o f environmental instability, it still is poss ible to 
develop aquaculture, but it must be deve loped at a lower leve l of complex ity. For 



THE DEVELOPMENT OF AQUACULTURE: AN ECOSYSTEMS PERSPECTIVE 145 

example, the stage of aquaculture being developed in Rwanda, described in Chapter 
6, would be functional even in environments with relative ly high leve ls of instabi lity, 
while the catfi sh production system in Mi ss iss ippi would not. 

Energy Conservation in Organized Systems 
I have noted on severa l occasions the central role played by the Second Law of 

The rmodynamics in the organi zation and function of an ecosystem . In thi s section , 
I want to examine the general imp lications of one aspect of thi s phenomenon in the 
development process. Smith ( 1977) has noted that the better organi zed (ba lanced) the 
system, the longer the energy is retained. Even though the loss of some energy is 
inev itab le, more of it is reta ined longer if the system through which it is passing is 
bette r organized or ba lanced. 

The principle of "ene rgy conservation in organized systems" probably ex­
plains to a degree why vertica ll y integrated farming systems tend to be more effic ient 
in the utili zation of resources. The same management is involved in essentially all 
aspects of the entire ecosystem (producti on, harvesting, process ing, and marketing). 
Communications and coordination within the web that ti e all of these act ivities 
together are much more effective . There is much less energy loss at each nex us or at 
each transformation point. The vertical integration of the poultry industry (Barnett , 
1987; King, 1988; Paarl berg, 1989) is a good example of the advantages of organi zed 
systems. This principle does not apply just to situations invo lv ing large corporations. 
Individual fish farmers also can benefit from improved organization or from verti cal 
integrat ion if they produce, harvest, process, and market the ir animals. In thi s 
s ituation, energy losses are minimized, and the individual farmer genera ll y wi ll 
rea li ze a max imum return on investment (Baldwin, 1989; Burnett , 1989). 

Energy conservati on in organized systems expla ins why aq uati c animal pro­
duction in ponds stocked with severa l spec ies that have complementary feeding 
hab its (po lyc ulture) is greate r than in ponds stocked with a s ing le spec ies (monoc ul­
ture) (Dunseth , 1977; Mclarney, 1984; and Burnett, 1989). The polyculture systems 
are better organi zed. There are more connect ions and feedback loops in the produc­
ti on web. 

Unfortunate ly, whil e better organized systems conserve energy more effec­
tive ly in its transformation , these systems tend to be more complex. The re is a net 
benefit from increas ing size and complex ity to a po int. Thi s re lationship g ives ri se 
to the so-ca ll ed economy of sca le phenomenon. However, thi s process cannot be 
continued indefi nite ly. Even with the best poss ible organi zation , there is enough loss 
of energy at the various transformation po ints that the economy of sca le wil l 
inevitabl y become a diseconomy of sca le and the system wi ll have reached the point 
of dimini shing returns. 

Pol yc ulture is a good example of the problem of di seconomies of sca le that can 
result from too much organi zation . The culture of more than one spec ies provides a 
bette r organi zed producti on system. Yet the system is much more complex . Seed 



146 ALABAMA AGRICULTURAL EXPERIMENT STATION 

availability may be different for the different species. Growth rates often are 
different. Market requirements with respect to size and timing may be different. In 
many cases, the species must be harvested at different times. Because of the increased 
complexity, input requirements -- especially labor -- often are greater. Also, in­
creased coordination in harvesting, processing, and marketing is required. In differ­
ent environments, these increased requirements can have a telling effect on the 
effectiveness of the function of the entire system. As an example of this relationship, 
polyculture in China probably would be more effective than in the United States, all 
things considered, primarily because of the availability of cheap labor in that country. 
There are some situations, however, where polyculture does work effectively in the 
United States. There are a few fish farms in Alabama that are successfully growing 
several species of fish in the same ponds. There are a few special cases in which the 
farms are vertically integrated. Seed production, market fish production, harvesting, 
processing (where required), and some marketing are done at the farm. These farms 
serve restricted markets. And the owner is manager, laborer, processor, and salesman 
(Baldwin, 1989; Burnett, l 989). In these cases, increased labor costs associated with 
polyculture are more than offset by the advantages of the highly organized produc­
tion and marketing system. 

An interesting extension of this relationship between energy loss and organi­
zation is the relationship between metabolic rate and size. According to Odum 
(1983), the rate of metabolism (energy consumption) is inversely related to size in 
many living things. According to this relationship, while an elephant would require 
more total energy than a mouse, on a per unit of weight basis the mouse would require 
more. The energy-use efficiency would be lower in the small mouse. The practical 
effect of this relationship is that small mammals must search for food almost 
constantly to obtain enough energy to meet their needs. 

Martinez ( 1986A) commented on the decline in the number of farms in the 
United States since I 935. According to his data, by 1985 the number of farms had 
dropped to a third of the l 935 level. With this reduction in number, there has been 
a commensurate increase in average size (Paarl berg, 1989). Harvey ( 1989) suggested 
that catfish farms seem to be following the same pattern. Farms seem to be decreasing 
in number but increasing in size. Probably as a result of increasing in size, they also 
become more efficient in the use of energy. 

Not only are farms increasing in size, but also the larger ones seem to increase 
their efficiency of operation. Martinez ( 1986A) noted that 5 percent of the farms in 
the United States (the largest farms) accounted for 49 percent of the total crop and 
livestock production. The smallest farms ( 48 percent of the total number) produced 
only 3 percent of crops and livestock. The larger farms are much more efficient in the 
use of resources (energy) relative to their size than the smaller farms. Extrapolating 
the biological relationship, I suggest that if small farms are to compete with large 
farms, the operators are going to have to work extremely hard to do so. Also, 
operators of those small farms will be forced to organize so that they can work closely 
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with each other. They might approach the effic iency of the larger fa rms if they are 
organized to reduce the loss of energy (resources) from the system. 

Highl y organi zed systems are more effic ient in manag ing the loss of energy . 
As a result , society often benefi ts from less costly products. However, it is important 
to remember that the re are opportunity costs assoc iated with increas ing the degree of 
organization. We cannot increase the level of organization without g iving up 
something. For example, Ba il ey ( 1988) describes how the rap idly g rowing shrimp­
farming industry in the tropics has di splaced traditional small-scale fishermen and 
aquaculturi sts from the coastal mangrove areas . Intervention in the production of 
aquatic animals in the coastal zone has resulted in a bette r organized system, but at 
the same time has resulted in some negative cultural changes for many of the 
individuals involved. 

Liebig's "Law of the Minimum" 
In 1840, the German chemist Justus Liebig wrote that the growth of a plant is 

dependent on the amount of feedstuff which is presented to it in minimum quantity 
(Smith, 1977; Odum , 1983). This statement is the bas is for Lieb ig's Law of the 
Minimum . It s imply implies that where there are severa l fac tors involved in the 
functioning of a natu ral system, such as the growth of a plant, the leve l of function 
will be determined by the fac tor present in the lowest or limiting quantity. A 
simplified example of Liebig ' s law from inorganic chemistry is the fo rmation of one 
molecule of water from two molecules of hydrogen and one molecule of oxygen. If 
there are a hundred molecules of hydrogen available and only one molecule of 
oxygen , onl y a single molecule of water wi ll be formed. The remaining 98 molecules 
of hydrogen wou ld be of littl e value. 

The five primary fac to rs or steps in aquac ulture (producti on, harvesting, 
process ing, marketing, and utilization) must a ll be in place if the ecosystem is to 
function at a ll . However, the system fun cti ons most effic ientl y when the fac tors ex ist 
in a narrowly defined re lationship with each other. If there is littl e production, the 
ecosystem will function ineffic ientl y. At the same time, if production is excess ive in 
re lationship to marketing and consumption, the system will function poorl y, if at all. 

The importance of the Law of the Minimum is explained by the fact that the 
leve l of production that can be obta ined in a spec ific culture situation , or the stage of 
aquaculture that can be atta ined, is dependent on the avai lable level of any input 
(incentive, c redit , water, equipment, etc.) re lati ve to the required leve l. For example , 
it would be extremely diffi cult to install an advanced aquacultural system in 
dammed, tida l stream ponds. Even if a ll of the other inputs were ava ilable commen­
surate with a highe r stage of culture, the leve l of container ava ilable could limit the 
stage of culture that could be attained . 

For each stage of aq uac ulture there is a rather spec ific combination of the levels 
of the different inputs required for optimum effic iency . There would be a rather 
specific combination of leve ls of informati on, container, cred it, equipment, and labor 
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for each stage. The leve ls of intervention for the environme ntal requirements must 
be essentially eq ual. A complex container system, for example, should be matched 
with a high leve l of cred it, labor, and process ing. Any major deviation o r imbal ance 
in thi s combination would increase the stress (d isequilibrium) in the system and the 
like lihood of fai lure. 

There have been several failures of introductions of channel catfish farming 
systems in areas of Alabama and Georgia in the Southeastern United States because 
of a lack of attention to the balance of inputs or environmental requirements (Liebig's 
law). In virtually all of these cases, a process ing plant which would be needed at a 
hi ghe r stage of aq uaculture was insta lled in a system where the ponds, credit , 
info rmat ion, and water were ava il ab le at a much lower leve l. The processing plants 
and aquaculture failed because the remainder of the system could not provide the 
number and size of fish on the sched ule required by the plant. When the plant fa il ed, 
the remai nder of the system also collapsed. 

The South American shrimp c ulture industry a lso suffe rs to some ex tent from 
an imba lance in environmenta l requirements. Many of the inputs, water, processing, 
and marketing are avai lable at leve ls required at intermediate stages of aquaculture. 
However, the seed proc urement system of capture from the wild is characteri stic of 
lower stages of aquaculture. 

Application of Lieb ig's Law of the Minimum is important in the deve lopment 
of aquaculture. There is a general tendency to want to install the most advanced stage 
of aquaculture possible in a g iven situation. Without a c lear understanding and 
application of thi s ecolog ica l principa l, systems will be put in place that cannot be 
sustained because a specific input is not ava il ab le at the required leve l. This princ iple 
applies equally to those s ituat ions where aquaculture is be ing developed in an area 
where it has not been practiced before or where an effort is be ing made to develop 
a more ad vanced stage of aq uac ulture . In e ither situati on, it is important to have a 
thorough understanding of the levels of the various inputs that wil l be ava ilable to 
susta in a spec ific stage. 

Shelford's "Law of Tolerance" 
Lieb ig ' s law applies to those s ituations where a necessary fac to r is present in 

I im iting quantity, th us Ii m iting the function of an ecosystem, but there a lso are many 
situations where a fac tor can be present in excess . The fac t that too little or too much 
of an environmenta l fac to r could be limiting was inco rporated into the Law of 
Tolerance by V. S. Shelford in 19 13 (Od um , 1983). For example, the amount of heat 
energy in the water of a ra inbow trout production unit can determine the level of 
fun ction of the system. The rainbow trout is a temperate zone spec ies, with an 
optimum temperature fo r growth of 17 .8°C. However, when the water temperature 
fa ll s be low I 0°C, growth slows significantl y and becomes a limiting factor in 
product ion. At the same time, ra inbow trout do not grow well when the water 
temperature reaches a level of 20°-24.4°C, and when the temperature increases to 
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approx imate ly 23.3°-25°C, the fi sh die (Mc Larney, 1984 ). Conve rse ly, spec ies of the 
tropical genera Oreochromis and Tilapia do not fun cti on well in environments with 
cooler wate r tempe ratures. Virtually all of these spec ies di e when the water tempera­
ture goes as low as I 0°- l 2°C. They do not feed we ll at temperatures below 20 °-22°C, 
and they grow at the fas test rate onl y when the water temperature is greater than 26°-
280C. These two examples show that different spec ies o f animals are like ly to be most 
successful in relative ly spec ific environments or ecosystems. At the marg ins of thi s 
optimum environme nt or ecosystem, the animal utili zes ava il able resources ineffi­
c ientl y. Reproducti ve success dec reases, growth rate decreases, and the inc idence of 
di sease increases. Appli ed to aquacultural deve lopme nt , She lford 's Law of To ler­
ance suggests that a g iven stage of aquac ulture in which all o f the inputs are balanced 
is most e ffi c ient in a re lati vely spec ific environme nt o r ecosystem. If that environ­
ment changes or if that spec ific stage of aquac ulture is moved to a different 
environment , the effic iency of resource utili zati on may decrease, and efforts to 
develop it may fail. 

A subsidiary to She lfo rd 's Law of To lerance is that organi sms may have a 
greater degree of to lerance for one fac tor than fo r another (Odum , 1983) . For 
example, di sso lved oxygen and carbon diox ide are both important in the habitat o f 
a channe l catfi sh, but the we ll -be ing of the fi sh is some what more dete rmined by the 
quantity o f di sso lved oxygen present than of the quantity of carbon diox ide . The fis h 
are more to lerant to major change in the leve l o f carbon d iox ide (Boyd, 1990). 
However, carbon diox ide does antagoni ze the use of oxygen. At high leve ls of carbon 
diox ide, channel catfi sh w ill become stressed even at moderate ly low leve ls of 
oxygen. 

As an example o f the Law of Tolerance and its subsid iary princ iple , labor and 
eq uipment are essenti al if aq uac ulture is to proceed, but there is more fl ex ibility with 
respect to the leve ls ava il able fo r those inputs than with some of the others, such as 
process ing and marketing. Marketing probabl y plays a greater ro le in de te rmining 
success (return on investment) than any of the other inputs. The re are some 
opportuni ties fo r accommodating some imba lances in the other requirements. There 
is less opportunity to do so w ith marketing. Marketing is the envi ronmenta l require­
ment or input that determines the leve l of return that must be applied aga inst 
investment. Unless the change of ownership of the prod uct is effected quick ly, 
effic ientl y, and at a reasonable leve l of return , the prod ucti on fun cti ons (conta iners, 
cred it, nutri ents, e tc .) cannot be ma inta ined . The leve l of the marketing system 
ava il able or that can be deve loped is a majo r determining fac tor in the se lection of 
a system of aquaculture . Othe r inputs vary in re la ti ve importance. The ava il ab ility of 
seed also is one of the more important inputs. The range of to lerance is much more 
narrow fo r seed avail ab ility than fo r some of the othe r inputs. 

Factor interacti on also plays a rol e in the stri ct applicat ion of Liebig ' s Law of 
the Minimum and She lfo rd's Law of Tolerance. An excess of one facto r can a ffec t 
the need fo r other requirements. For example, some pl ants require less z inc when 
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grow ing in the shade than in full sunlight. The re latively unlimited availability of 
sunlight increases the need for zinc (Odum, 1983). Obviously , there is factor 
interaction in the environmental requirements for the success of an introduced 
aquaculture system. The availability of equipment affects the requirement for labor. 
Labor can be substituted for equipment to a degree. There also is a strong interaction 
between the requirements for containers and water. 

Utilization affects the requirements for all the inputs. When fi sh are utilized as 
food by the family producing them, the levels of the othe r inputs required are 
re lative ly well fixed. ff one of the inputs is applied at a greater leve l than is required, 
it is essenti ally wasted and the return on investment is affected . However, genera ll y 
speaking, when fish are utili zed by watching them sw im in an aquarium, there is 
much more fl ex ibility with respect to the levels of the other inputs required. In thi s 
case, the return on investment can be so high that ineffic ienc ies resulting from the 
imbalance of leve ls of inputs is of littl e consequence. In a similar situation , a farmer 
growing channe l catfi sh has much more fl ex ibility with respect to the balance of 
inputs if he allows sport fi shermen to harvest the fi sh from hi s pond than if they are 
harvested by seine and sold to a processor. Fishermen are willing to pay a much 
higher price for the live fish than the processor will pay . 

Psychological Dimensions 

Because there is so much emphas is on groups of people, nationa liti es , races , 
and the ir ac ti vities and problems, it is easy to forget that the affa irs of the world are 
really the aggregated affairs of billions of individual people making choices and 
taking actions based on those choices. The deve lopment of aquaculture can take place 
only when individuals choose to commit and to sustain the commitment of scarce 
personal resources to the process over a period of time. Deve lopment basica lly is an 
individual people business . Deve lopment is about the mental processes that individu­
als use to make dec isions regarding commitment o f scarce resources and the ir 
behavior once those deci sions are made. The study of these characteri st ics of 
individual people is the essence of psychology (Myers, 1989). 

In a preceding section , I di scussed some of the biological dimensions of the 
ecosystem where the deve lopment of aquaculture takes place. Those dimensions 
were concerned primarily with the dynamics of the flow of energy through that 
ecosystem and the effect of organization on its flow . In thi s section, I will di scuss 
briefl y some of the psychologica l dimensions of that ecosystem or dimensions that 
are derived from the mental processes and behavior of individua ls as they impinge 
on the deve lopment of aquaculture. 

The re are many psychologica l dimensions in the aquacultural ecosystem that 
are important in the deve lopment process . These include, but are not limited to, the 
following: 
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I . Consciousness. 
2 . Learning. 
3. Decision making. 
4. Behavior. 
5. Confo rmity. 
6. Persuasion. 

Consciousness 
Myers ( 1989) defines consc iousness as se lecti ve attention to ongo ing percep­

tions, thoughts, and fee lings . Psychologists have a di ffi cult time defining the term. 
In genera l terms, consc iousness refers to the process by which we continuously, at 
least during our waking hours, mentall y identify , evaluate, organize, and integrate 
aspects of our internal and external environment. It is the process by which we 
maintain an awareness of our needs, wants, aspi rations, concerns, observations, 
capabilities , fears, accompli shments, and potenti a l as we re late to our ex te rnal 
environment. Consc iousness is the principal characteristic that separates us from the 
lower animals. It is a product of our larger, more complex bra in . 

Although the phenomenon is difficult to define, it is the well spring of our 
efforts to improve the quality of our li ves and to make dec isions regarding the 
commitment of scarce resources. The complex ity of the ebb and fl ow of thi s ongoing 
process, as all of those fac tors interact, is probably a primary reason why it is so 
di ffi cult to predict decis ions that ind ividuals will make on any spec ific issue at a 
given time (Buchanan, 1987). 

Consc iousness is the process by which we visua li ze the need for "bringing to 
a more advanced state" (development) some aspect of our li ves and environment. It 
is the process by which we can imag ine the contribution that adopt ion of new 
technology will make to our li ves . It is the bas is of our fea r of fa ilu re and 
conservati sm. It is the process where we weigh a broad range of costs and benefits 
related to the commitment of scarce resources . Individual consciousness is the basic 
materi a l that change agencies and change agents (ex tension agents) have to work 
with in efforts to promote aquacultu ral development. To encourage development, 
individual consciousness must be foc used on the opportunities to be rea li zed, on the 
commitment of scarce resources required, and on the necessary steps in the process. 

In the li st of psychological dimensions presented at the beg inning of thi s 
section, consc iousness was li sted first, fo llowed by learning, dec ision making, 
behav ior, conformity, and persuas ion. All o f the other dimensions li sted are reall y 
aspects or manifes tati ons of consc iousness. This re lationship should be kept in mind 
as each dimension is considered. 

Learning 
Psychologists define learning as "a relati ve ly permanent change in an organi sm 's 

behav ior due to ex peri ence." Learning is at the heart of the development process. I 
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have suggested in a preceding section that development means to bring to a more 
advanced state, and that it depends on individual choices , commitments, and actions. 
Individuals cannot make the necessary cho ices and commitments or implement the 
required actions for deve lopment without some change in the ir behavior. The term 
development implies a change in behav ior. Changes in behav ior are the results of 
learning. Myers ( 1989) summarizes thi s concept succinctl y: 

Indeed, nature' s most important gift to us may be our adaptability­
our ability to learn new behaviors that enable us to cope with ever 
changing circumstances. 

Learning is essenti al for development, and equally important for those of us 
who encourage and promote development. Things that can be learned have the 
potential for be ing taught, and what has a lready been learned has the potenti a l for 
being re inforced or cance led by add itiona l or new learning. This phenomenon is the 
key to our involvement in deve lopment. Individuals must make the choices and the 
commitment of scarce resources and engage in the required activities, but we can play 
an important role in the process by parti c ipating in the ir learning of new insights, new 
perspectives, new skill s, and new approaches to old problems. 

Psycholog ists suggest that there are three bas ic ways in which we learn , each 
of which will be discussed in the following sections: 

I . Classical conditioning. 
2. Operant conditioning. 
3. Learning by observation. 

Classical Conditioning -- The c lass ic example of c lassica l conditioning was 
Pavlov 's research in whi ch dogs learned to expect food and would begin to sa livate 
at the sound of a be ll . They learned to associate the bell with food. This is a more 
e lemental , in vo lun tary type of learning. While it is valuab le in a bas ic way to prepare 
animals, including humans, to cope with the ir environment , it probably is less 
va luab le in preparing them to manage the ir environment. 

A fo rm of c lassica l cond itioning is used effective ly in modern ad verti s ing to 
eng ineer "want" responses in potenti a l consumers (Kinnucan et al. , 1989). The form 
used in adve rti s ing is much less obvious and more complex than the form used by 
Pav lov. One only has to watch well-designed comme rc ial advertisements for beer or 
fo r a cha in of seafood restaurants to fully apprec iate the rea li zed and potentia l 
importance of c lass ica l conditioning. Class ica l conditi oning is an effective counter­
weight to be used in balancing the demand-supply equati on. Typica ll y, suppli ers 
produce goods with the hope that there will be a demand for them. Class ical 
conditioning is a means of eng ineering or creating demand. 



THE DEVELOPMENT OF AQUACULTURE : AN ECOSYSTEMS PERSPECTIVE 153 

Operant Conditioning -- Operant conditioning is the process of learning to 
repeat actions that bring good results and avoid acts that bring poor results . Thi s is 
the c lass ical process of learning by tri a l and error or learning by experience. Over the 
long span of our hi story, our ancestors made mistakes and learned not to make them 
again. They not only learned by mistakes, but they a lso learned from success. They 
learned to repeat those things that brought good results. Learning by experience 
certainly has played a role in the development of much of the technology that we 
utili ze. It was the basis for the development of new ideas, new techniques, and more 
useful objects in pre-historic man. In fact, virtually a ll animals are able to learn 
through trial and error. 

Operant conditioning also is essentially the bas is for the sc ientific method . Sir 
Franci s Bacon emphasized the importance of thi s way of learn ing : 

Truth will sooner comeji-om error thanfi'om confi,,sion. The induction 
which is to be available fo r the discovery and demonstration of sciences 
and acts, must analyze nature by proper rejections and exclusions. To 
man it is granted only to proceed by negatives and at last to end in 
affirmatives ajier exclusions have been exhausted ( Platt, 1966 ). 

We use learning through operant conditioning in the development process even 
more intensive ly today, espec ia lly in the development of new, biolog ica lly based 
technology. However, much of this type of learning is done by change agencies in 
conducting applied resea rch (i nstitutional learn ing), and then the results are passed 
on to the individuals who must make the choices and commitments. When the 
individuals themselves must learn through operant conditioning, the deve lopment 
process tends to proceed sporadically . When the learning is done by the public sector 
at public ex pense (research and ex tension), the process can proceed more smoothly . 
This phenomenon will be di scussed more full y in a following sect ion . 

Bheenick et al. ( 1989) commented that, in a study o f successful development 
projects in Africa, man y of those successes could be traced to the change agency 
learning by experience. They suggested that those projects were successful because 
the change agenc ies (governments in those cases) utili zed the following operant 
conditioning learning process: 

I . A government implements a set of policies to achieve specific 
ol?jecti ves. 

2. After a period of time the policy makers learn that those policies will 
11 0 1 achieve the stated objecti ves. 

3 . The change agencies modify the original policies and/or implement 
new policies . 
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Those authors commented on the importance of learning by experience in the 
deve lopment process: 

This (the process described above) makes it clear why learning from 
experience is so important. At any point in the process, (f new policies fail 
to solve satisfactorily the problems that have arisen, the program may be 
judged a failure. For the program to succeed, it must continue to adapt 
and solve problems as they arise during implementation ... Whether we 
are talking about an individual or a society, progress is bound to be slow 
and erratic unless people can learnji-om experience . Repeating th e same 
mistakes over and over ... is a terrible waste. 

Operant conditioning is important in aquacultural deve lopment. Learning from 
experience is practical only if the re is effective evaluation of development efforts. 
Pollnac ( 1989), writing on the monitoring and evaluation of small-sca le fi shery 
projects, commented that "adequate monitoring and eva luation of the impacts of 
development projects is essential as a means of providing the information necessary 
to both adjust ongoing projects and formulate new ones." The publication (edited by 
Pollnac) c ited several chapters by different authors on the mechanics of evaluation 
and monitoring. Molnar and Duncan ( 1989) provide an especially useful chapter on 
the monitoring and evaluation of aquac ultural projects. 

Learning by Observation -- Learning by observation is a characte ri stic of the 
higher animals and is extremely important in our species. It is succ inctl y stated: 

Monkey do as monkey see. 

Lord Chesterfie ld stated the importance of learning by observation: 

We are, in truth , more than half what we are by imitation (Myers, 1989). 

If lea rning through operant conditioning is the heart of deve lopment, learning 
by observation is its arms and legs, for thi s is how new technology that is so essenti al 
to development is diffused. Learning by observation , by watching others , is the 
essence of the range of ex tension methodolog ies used so effective ly to teach others 
how to do new things. Bheenick et al. ( 1989) commented on the importance of 
" learning by observation" in the development process: 

... Repeating the same mistakes that other countries have made is a 
terrible waste that developing countries can ill afford. Similarly , neglect­
ing the implications of other countries' successful development policies 
is a wasted opportunity. 

Learning by observation is enhanced severalfold by the use of language. Myers 
( 1989) suggests that language -- "our words and how we combine them to communi-
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cate with each other" -- is one of the signal achievements of our spec ies. Words 
combined with observations are a powerful stimulant to learning. In thi s manner, we 
are ab le to communicate details that the observation is unab le to grasp eas il y from 
observation alone. Uncertainties can be handled quickly . Questions and answers 
provide a matri x for understand ing. 

Spoken language along with demonstration are powerful aids to learning. 
Written language without observation is much less effective. Anyone who has 
attempted to assemble a Christmas toy following written directions can attest to the 
difficulty of learning from written language a lone. Words are powerful tools when 
combined with observation, but they become relatively weak, plastic, indefi nite 
symbols when written. While they are re lat ive ly ineffective in convey ing ideas and 
emotions, they are re lat ive ly effective in convey ing facts. 

Decision Making 
I suggested in a preceding section that development was primari ly the result of 

individuals making decisions (choices) to commit scarce resources. Consequently , 
it is he lpful to understand something of the way in which people make decisions and 
the typica l problems they encounter in doing so. 

Our li ves are an a lmost continuous series of dec isions. Except for breathing and 
other bodily fu nctions that are controll ed by our autonomic nervous system, virtually 
every other act ion is the result of some decision made in our consciousness. Most of 
the successes and failures in our persona l, soc ial, and economic lives are a result of 
decisions that we make. I have followed the development of the catfi sh farming 
industry in Alabama closely throughout its short hi story, and I have been awed by the 
cascading effects of seemingly simple decisions made by individuals and groups 
involved in the development of the industry. Of course, it is much eas ier to judge 
decisions afte r the fac t, but it is a useful exercise to trace both fa ilures and successes 
back to those key decisions and to try to understand how they were made. 

Most people use a heuri st ic approach to make decisions (Myers, 1989). This 
approach is based on a "ru le-of-thumb" strategy. Decis ions based on heuri stics are 
empiri ca l rather than reasoned. We tend to make decisions based on bits of 
knowledge which we have obtained in the past and based on similar decisions that 
have provided good results. While the use of heuri stics provides a basis for maki ng 
reasonable decisions rather quickly, this approach can lead to difficulty. People tend 
to re late decisions that must be made to a prototype decision or to quickly put a new 
decision in a category with other decisions which they have made. When we consider 
a decision to be made according to some prototype decision, we are using a 
representative heuri stic. 

The effect iveness of decisions we make following thi s strategy will depend on 
how well these decisions are represented by a prototype. Errors in making decisions 
also can result from trusting the quality of in formation in our memories (avail ab ility 
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heuri st ic). We too often feel that we have accurate recall on the nature of the situation 
that led to a prev ious decis ion. In too many cases this is not true at a ll. 

Myers ( 1989) refers to the work of psychologists Daniel Wheele r and Irving 
Janis in li st ing five steps to arriving at decisions based on a logical , reasoned process 
rather than on heuri stics: 

I . Accept the challenge. Important decisions won' tjust disappear. Go 
ahead and make them. 

2. Search for alternati ves. 
3 . Evaluate the alternative . List positive and negative considerations. 
4. Make a commitment. Choose the alternative that gives you maxi­

mum benefits at minimum costs. 
5. Adhere to the decision. Once the decision is made, adhere to it and 

proceed with its implementation. 

Rogers ( 1983) and Pollnac ( 1982) suggest that dec isions on whether to commit 
scarce resources to aquacultural deve lopment are based on people ' s eva luation of 
five characteri stics of the technology in which they are be ing asked to invest: 

I . Complexity . 
2. Compatibility . 
3. Advantage. 
4. Trialability. 
5. Observability . 

Complexity -- This attribute genera ll y relates to the perception by people of 
the difficu lty in understanding and implementing new techno logy that might result 
in an improvement of the quality of the ir I ives if adopted. Rogers ( 1983) suggests that 
the rate of adoption of new technology is negative ly co1Telated with complex ity. The 
rate of adoption is slower for more complex technology. People pe rce ive new 
technology by comparing it with what they already are doing. In developing new 
techno logy, those promoting change should be awa re of the complex ity of the new 
in re lati on to the old. If the new technology is significantl y more complex than that 
a lready in use, the process of adopti on will be slowed considerabl y. 

The importance of the perception of complexity in the development of 
aquaculture probably changes with the stages of aquacultural deve lopment, although 
the re is littl e in formation available regarding thi s re lationship. At the higher stages 
where aq uaculture tends to be practi ced as an investment, perceived complex ity 
se ldom would be an issue. At these stages , people investing resources in aquaculture 
would I ike ly ass ume they could employ someone who would be able to dea l with the 
complexi ty. The same would not be true at the lowest stages, where the farmers 
themselves would have to dea l with it. 

Complexity is a more important considerat ion in establi shing aq uaculture 
where it has not been practiced before. In genera l, aquacultural technology is more 
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complex than agricultural technology, and it appears even more comp I icated than it 
really is to people unfamili ar with it. People generally know very littl e about the 
characteri stics of fi sh that are important in husbandry . Farmers, for example, faced 
with the problem of understanding the dynamics of oxygen producti on and utili za­
tion in the culture contai ner and contemplating the difficulty of manag ing water 
quality are likely to be concerned about the investment of scarce resources in such 
a complex techno logy. They seldom would face s ituations of equal complexi ty in 

animal agric ulture. 
As noted earlier, the complex ity of aq uacultu ral techno logy increases with the 

stage of aquacultural development or with the leve l of intervention. It a lso was noted 
that uncerta inty of the production system decreases as interventio n and complex ity 
increase. Farmers obvio usly would want to minimize uncertainty, but probably 
would not feel comfortable accepting the level of techno logy required to moderate ly 
decrease uncertainty because of the perceived complex ity issue. 

Complex ity is a fac to r even for farmers try ing to make a decision on the 
adoption of aquac ulture as part of the ir farming operati on, even when ne ighbors 
around them are practicing it. They still must dea l with the complexity o f the entire 
system s imultaneously. It is less of a constraint in thi s case, however, because they 
are able to conceptualize the system by observing the ir ne ighbo r ' s operation 
( lea rning by observati on). This opportunity to watch the entire system function on a 
ne ighbor's farm makes it seem much less complex. 

Compatibility -- This factor re lates to farmers' pe rception of whether the new 
technology will be compatible with the ir farming prac ti ces , li fes ty le, or c ulture . Will 
it mesh w ith the things that fa rmers are already do ing? Rogers ( 1983) a lso suggested 
that the ra te of adoption of an innovati on is pos iti ve ly corre lated w ith compatibility. 
The rate of adoption is faste r when an innovation is compat ible with the c ulture and 
li fes ty le of potentia l adopte rs. As noted in a prev io us chapter, aq uac ulture is a seri es 
of inte rre lated steps which includes production, harves ting, process ing , marketing, 
and utili zat ion. Obviously, there are sub-sets of seq uential acti viti es w ithin each of 
these. The efficient utili zati o n of resources req uires that these e le me nts be kept in 
some so rt of balance. Changes in any of the e lements may result in an imbalance and 
may require a restructuring o f the who le system . It is within thi s contex t that a 
potenti al adopter will eva luate the compatibility of new techno logy, and it is within 
thi s contex t that new packages should be developed. 

The impo rtance of compatibility would tend to change with the stage of 
aquac ulture . At the lower stages, individua l fa rmers and their families are like ly to 
be directl y and continuously invo lved in the new techno logy . Fitting any new 
techno logy or any add itional act ivity into the ir a lready busy li ves often is diffi c ult. 
At the higher stages o f aquaculture, espec iall y where it is to be pract iced as an 
investment, compatibility would be of littl e consequence. 
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Advantage -- While compatibility of an innovation relates to how well it will 
mesh with existing practices, advantage relates to the perception of whether the new 
will be better than the old. Is there an advantage in change? The rate of adoption also 
is positively correlated with advantage (Rogers, 1983). When potential adopters 
perceive that an innovation offers significant advantage, they tend to adopt it more 
quickly . Probably this is the most important of the attributes of the decision-making 
process . Improving one ' s "lot," as suggested earlier, is a powerful incentive to 
change. However, relative effectiveness of the old and new is not the only consider­
ation. Relative costs are also considered. Even if an innovation is an improvement, 
it will have little or no attraction if its cost more than offsets its advantages . Personal 
characteristics of the potential adopter also play a major role here. Relative advantage 
would almost certainly be evaluated differently by the innovative and the late 
adopters (Maunder, 1973). 

Relative advantage is related to the change in the rate of return on investment 
expected from the use of the innovation compared to the practice in use. Where 
aquaculture has not been practiced before , advantage or relative advantage is more 
difficult to perceive. Farmers might have a good idea of the rate of return from various 
agricultural enterprises, but would have difficulty in comparing those returns to the 
returns they might receive from aquaculture, a largely unknown innovation. 

Trialability -- This attribute relates to the degree to which an innovation can 
be tried before making a complete commitment or before full-scale use . Potential 
adopters are more likely to be interested in trying new technology if they do not have 
to make an irreversible commitment to it (Rogers , 1983). For example, farmers might 
be interested in using a new piece of equipment if it can be returned to the dealer if 
it does not meet their needs. They would not have to make a final decision until they 
had tried the innovation. In some cases , innovations cannot be tried without a firm 
commitment. For example, if farmers want to try a new feed, they can do so only by 
using it. That portion which is used cannot be returned . Changing pond design is an 
example of an even less "trialable" innovation. A commitment is necessary in order 
to try the new container design . 

Trialability also is positively correlated with the rate of adoption (Rogers , 
1983). This is an extremely important attribute in the promotion of aquaculture on 
farms, in provinces, or in countries where it has not been practiced before. It is 
difficult to try aquacu lture without committing considerable resources to it. Gener­
all y, once production containers are constructed, for example, they cannot be used 
for anything but aquaculture. Water supplies developed specifically for aquaculture 
have limited use for other purposes. 

Because aquaculture has limited trialability in these situations, potential 
adopters must be much more conservative in their decision-making process. Those 
with limited resources would likely be difficult to convince that they should invest 
in aquaculture . 
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Observability -- This factor re lates to the observability of the results of using 
new technology . The rate of adoption also is positively correlated with observability 
(Rogers, 1983). Obviously, people who commit resources want to see a dramat ic 
change as the result of adopting an innovation. They a lso are concerned with how 
long they will have to wait to see a difference. 

The results of technology cannot be observed until someone has made the 
dec ision to commit resources to a tri a l. This would be a major considerat ion with 
poorer farmers. They would be unlike ly to commit scarce resources until they can 
observe positive results. In this situat ion, it usua ll y is necessary to encourage fa rmers 
with more adequate resources to try the technology or to have a public agency invest 
the fund s and take the ri sk. This latter approach is not without a potentiall y important 
limitation. Trials funded by public agencies may not provide a good picture of what 
will happen when fa rmers apply the technology. It is difficult fo r public agenc ies to 
try the ir technology in the same manner as farmers would. Agencies genera ll y have 
more resources to use and are less concerned when the technology fa il s. Also, it is 
diffi cult for public agenc ies to adequate ly count all of the costs involved. 

Observability can be a problem in the acceptance of new techno logy in areas 
where aq uaculture has not been practiced before because a re latively long peri od is 
required to produce a crop of aquatic animals. In the meantime, people who have 
invested resources are anxious fo r some indication that the tria l will be successful. 
Further, it is likely that those with limited resources would be more anxious than 
those who had considerab le excess funds to invest. Also, farmers with limited 
resources would want to be able to clearl y observe positive results in which an 
acceptable return on investment is obvious. Farmers with more resources like ly 
would be sat isfied with less observable resul ts. 

Encourag ing indi vidual fa rmers to adopt new technology is obviously much 
eas ier when the ir ne ighbors already use it , as opposed to introduc ing innovations in 
areas where no one practices aquaculture. In both cases, obse rvability is li kely to be 
more of a problem than when promoting a change in technology on farms already 
involved in aquaculture . 

Demonstration fa rms are an effective means of dealing with the problem of 
observability. Whether they are operated by a change agency (Ex tension Service) or 
on a private farm with signifi cant involvement by the change agency, these fa rms 
provide potential adopters with an opportunity to observe the entire process . 
Although demonstration fa rms tend to be somewhat unnatu ra l because of the 
involvement of the change agency and its agents, they still offer sufficient observability 
to meet the needs of most potential adopters. The use of"Farming Systems Research" 
(FS R) is a va luable too l in dealing with the problem of observability in making 
dec isions. Through the use of FSR , fa rmers are more closely invo lved with the 
deve lopment and diffusion of new technology. Consequentl y, they are more com­
fo rtable in making decisions concerning its use. Molnar et a l. ( 1987) provide a useful 
di scuss ion of the use of FSR in the deve lopment of aq uacultu re . 
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Other Factors -- In add ition to the more tang ible attitudes toward new 
technology , (complexity, compatibility , advantage, tri a lability, and observability), 
there are a number of relatively intang ible factors that affect peop les' decisions to 
commit limited resources to aq uac ulture. According to Pollnac (1982), these factors 
include: 

I . Education of the potential adopter. 
2 . Social status. 
3. Attitude toward credit. 
4. Level of aspirations. 
5. Degree of contact with change agents . 
6. Exposure to mass media. 
7. Social stratif ication system. 
8. Degree of' socio-cultural stability . 
9. Degree of subsistence versus market orientation. 

Behavior 
Behavior, or the way people conduct themse lves, is centra l to the development 

process. Myers (1989) provides a good defi niti on: 

Behavior is best understood in terms of the interp lay of internal and 
external influences. At every moment our behavior is determined by our 
genes and our experiences, our personalities and our environments. 

Development is dependent o n the choices that people make, the actions they 
take in extending those cho ices , and the manne r in which they conduct themselves 
in those act ions. Myers ( 1989), rev iewing the work of Alfred Bandura, suggests that 
people ' s behavior can be derived through a learning process, th rough condi ti oning, 
and by observing the act ions of others. This process invo lves a " rec iproca l determin­
ism" in which o ur personal needs and wants interact with o ur env ironment to affect 
o ur behavior; our behav ior then affects our needs and wants, which leads us to alte r 
o ur e nvironment to improve the quality of o ur lives . T hi s interact ion between a 
person 's intern al and ex ternal env ironments is another perspecti ve of the ecosystem 
concept. Workin g effecti ve ly with thi s interacti on is cen tra l to the success of 
development. 

An important aspect of o ur behavior is whether we fee l (from o ur consc io us­
ness) that we are in control of o ur environment or whether our env ironment control s 
us. People who feel they can exert some control ove r their environment or that they 
con tro l the ir own destini es tend to achieve more in schoo l, to be more independent, 
to be more capable in dea ling with stress. This perspective also seems to influence 
a person ' s pers istence and asserti veness. In contrast, people who are he lpless and 
depressed tend to perce ive that control of the ir lives is external. Some studies have 
indicated that thi s fee ling of he lplessness can be learned . When people must face 
repeated traumati c events over which they have littl e or no control , they tend to fee l 
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he lpless, hope less and depressed. Obviously, these aspects of behavior would be 
extremely important in the development process. Promoting development among 
people who feel they have littl e or no control over the ir lives would require a different 
strategy than when working with people who feel they do control their destinies. 

Conformity 
How individuals respond to soc ial influences is important in the deve lopment 

process. Conformity, the need to be similar or identical , is one important behavioral 
response to soc ia l influence. Myers ( 1989) suggests that we confo rm because we feel 
more secure when we follow " understood rul es for accepted and expected behavior," 
and because we are unwilling to gamble that the price fo r be ing a non-confo rmist may 
be too severe. He further suggests that we conform because we have learned that the 
soc ial "group" can provide valuable information regarding uncerta in situations and 
that the group wisdom and experience can be valuable. He quotes Asch in describing 
conditions that strengthen conformity: 

J . When we are made to feel incompetent and insecure. 
2 . The group includes at least three people. 
3. The opinion of the group is unanimous. 
4. We admire the group's status and attractiveness. 
5. We have made no prior commitment to a position. 
6. Our behavior will be observed by others in the group . 
7. The group strong ly encourages respect for cultural standards. 

Obviously , the effect of conformity on the deve lopment of aquaculture can be 
a two-edged sword . A high degree of conformity in a target group would simplify 
effort s to diffuse new technology throughout the group . Once one group member 
adopted it, adoption by othe r members should follow quickl y and eas il y. In contras t, 
however, it would seem like ly that a high leve l of conformity would tend to stifl e 
innovation or the creation of new technology which is extreme ly important in 
development. Obviously , a low leve l of conformity would make it much more 
difficult to diffuse new technology, but might be a better environment for the creation 
of technology. 

Persuasion 
Persuasion is an essenti al aspect in the development process. Deve lopment is 

dependent on individual s maki ng choices to commit sca rce resources. Because 
individuals must be persuaded to make the desired choices, the factors that influence 
persuas ion and how individuals respond to persuas ion are ex tremely important. 
There are four e lements in the process : 

I. The communicator. 
2. The message. 
3 . The medium. 
4. The audience . 
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The Communicator-- Myers ( 1989), summarizing Bernay ' s work, suggested 
that there are two important characteristics of a good communicator -- attractiveness 
and cred ibility. 

He suggests that people respond more favorab ly to persuas ion by physically 
att ractive communicators, espec ia ll y when they have the same general physica l 
characteristics as the audience, and that the attractiveness of the communicator is 
more important when the message concerns matters of lifestyle, tastes, and values. 
In contrast, if the communicator is attempting to persuade the target group on matters 
of fact , physica l attractiveness is less important. In thi s si tuation, the credibility of the 
communicator is more important. 

The Message -- The nature of the message is important in the persuas ion 
process. There is considerable interaction between message content and the nature 
of the communicator and the audience. For example, a message that asks for an 
ex treme change in position on the part of the audience is more like ly to be accepted 
if the communicator is highly respected and credible . Less credible communicators 
are more effective when they are delivering a message with a position that is similar 
to one a lready he ld by the audience. Less cred ible communicators cannot expect to 
persuade audiences to accept significant changes in the ir opinions. 

Whether the message is appeals to reason or emot ion a lso is important in the 
persuas ion process. If the audience is informed regarding the message and they have 
a vital interest in it, they are more like ly to respond to a logica l and structured 
presentat ion . In contrast, when people are less informed and less interested, they wi ll 
respond positive ly to a more emotional message. 

The Medium -- The med ium used to deliver the message a lso can influence 
the persuasion process. When the message involves minoror unfamiliar issues, radio , 
te lev ision , and newspapers can be ex tremely effective. These mass media are less 
effective for more substantive issues. In thi s situation , face -to-face appeals are 
considerably more persuasive. 

The Audience -- The audience is the most important e lement in the persuas ion 
process. When the message is important or if it can be made important, the audience 
will become mentally involved. In a sense, they partic ipate as communicators to 
themselves. Myers quotes the French philosopher and mathemat ic ian Bl aise Pasca l 
concerning thi s phenomenon : 

People are usually more convinced by reasons they discover 
themselves than those found by others . 

Persuas ion is significantly enhanced if the audience can be encouraged to 
become invo lved in thinking about the message. Personal characteristics shared by 
an audience also affect the ir responsiveness to persuasion. Individuals with strong 
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opinions or pos itions regarding the message are much more diffi cult to persuade than 
those with less well-defined ones . 

Sociological Dimensions 

Biolog ical and psychological fac tors doubtl ess ly pl ay an important rol e in the 
deve lopment of aquac ulture , but there are other fac tors that have equa l or even 
greater effects. These are soc iolog ica l and cultural princ iples , including property 
ri ghts, inheritance patterns, dietary habits, di vision of labor, soc ial o rgani zation, and 
othe r fac tors. These as pects of the deve lopment process have rece ived far too littl e 
consideration. Pete rson ( 1982) commented that while technica l desc riptions of 
aquacultu ra l systems abound , there are fe w desc riptions that inc lude soc ial and 
cultu ra l as pects of the ecosystem. Further, the more usua l reason for the fa ilure of 
deve lopment efforts is that the technical aspects are considered in iso lation ra ther 
than as an intricate part of an ecosystem. Pollnac ( 1982) suggests that projects are 
like ly to fa il unless there is careful considerati on of economic, soc io-cultural , 
sc ientific, and technologica l factors. 

The Nature of Sociology 
A ll li v ing things are part of some ecosystem and a ll share certa in bio logica l 

characteri stics . However, people have some characteristi cs that tend to set them apart 
from the so-ca ll ed lower organisms. Darwin implied -- a lthough he did not specifi ­
cally say so in the case of our spec ies -- that environment determines the nature of 
all li v ing things . The nature of lower animals is determined by natu ral selecti on, 
recurrent mutation , and geneti c drift in response to characteri stics of the phys ical, 
chemica l, and bio log ica l environment. Avai lable ev idence suggests that the nature 
of our spec ies also has been formed by thi s same process, over some 450,000 years. 
However, approximate ly 35,000 years ago, we began to take charge of determinin g 
("rec iproca l determini sm") our response to the environment (Myers, 1989). From 
that point onward , we have made major contributions to our nature or to our ability 
to respond effective ly to our environment. Diamond ( 1989) refers to thi s sudden 
change from genetic response to cultu ra l response as " the great leap fo rward. " He 
suggested that thi s momentous event could have been the result of a mutation that 
altered our tongue and larynx so that the deve lopment of language was poss ible. He 
suggests that language is a requirement for the deve lopment of culture. According to 
Robertson ( 1987), language is the keystone of culture. Culture cannot be shared 
except th rough the medium of language. The anth ropolog ist Misia Landau provides 
an even more intriguing picture of the ro le of language in the development of culture: 

... Language is not merely a device fo r communicating ideas about the 
world, but rather a tool fo r bringing the world into existence in the.first 
place . Reality is not simply "experienced" or "re.fleeted" in language, 
but, instead, is actually produced by language (Lewin , 19888 ). 
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For whateve r reason, approximate ly 35 ,000 years ago our anc ient ancestors 
began to develop a response capability to "environmenta l res istance" through the 
processes of di scovery, invention, and diffusion. The tota lity of these responses is 
call ed culture, and that is what allows us to adapt to our environment. These 
responses are the shared products o f the cumulati ve e ffo rt by our ancesto rs and 
ourselves to adapt to our environment. In a g iven environment, a number of people 
will share or utili ze the same culture. Those who do so are referred to as a soc iety. 

Culture can be divided into two basic compone nts, materi al and non-material: 

I . Material Culture - Artifacts or physical o~jects that we create to 
help us adapt to our environments. Examples include the wheel, cloth.es, 
shelter, books, telephones, roads, and fa rms. 

2. Non-material Culture - Products of abstract effort to provide for 
the more efficient utilization or application of the objects of our material 
culture. Examples include languages, beliefs, rules, customs, skills, 
political systems, and ideas . 

The importance of thi s culture differenti ation will become obvi ous in a 
fo llowing section. 

Each of us individually must adapt to hi s or her environment. No two people 
have exactl y the same culture. Sociolog ists aggregate these individual adaptations to 
define a shared culture. This aggregation, whil e describing the average adaptation of 
many individuals to the ir environment, may not predict with any degree of acc uracy 
the adaptati on of any spec ific individua l. It is ex tremely important to keep thi s 
phenomenon in mind in promoting the development of aquac ulture . As noted 
previously, aquac ultura l deve lopment is the result of individuals mak ing personal 
commitments of scarce resources and sustaining those commitments in order to bring 
the fa rming of aq uatic animals to a more advanced state. To he lp individuals make 
the correct dec ision regarding the ir commitment, and to he lp them sustain that 
comm itment, it is important to know something of the ir indiv idua l culture. 

While culture is a characteristi c of indi v idua ls, the inte raction between indi ­
viduals and the ir cultures result in effec ts that are ex tremely important in deve lop­
ment. For example, Schwartz et al. ( 1988) describe how effo rts to introduce 
aquac ulture in Panamanian vill ages were affec ted by po liti c ians who lived there. The 
problems encountered in promoting deve lopment in those vill ages were differe nt 
from those encountered in vill ages without loca l po liti cians. The presence or absence 
of e lected "Honorable Representati ves" li ving in a community had a pronounced 
effect on the ex press ion of the response of individuals to the introduced fis h- fa rming 
techno logy. These same authors also desc ribed how cultural hi story affected the 
c ulture of indiv iduals and, in turn , the effectiveness of the ir partic ipati on in the 
deve lopment of integrated fi sh fa rm ing in Panama. The people in one province had 
Hi spanic cultural traditi ons, a more egalitarian ideo logy, and an acti ve oppos ition to 
centra l gove rnment. The people in thi s prov ince imposed the ir ideas on change agents 
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and were resistant to " top-down" development projects. In an adjo ining province, 
people more readily accepted change agents because they viewed them as potential 
patrons. In a more general sense, Lewis (I 982) conc luded that there is a strong 
correlation between culture and economic behavior or that "society's va lues, priori­
ti es, and attributes importantl y condition the performance of its enterpri se. " 

Sociological Characteristics and Aquacultural Development 
The food that we eat is part of our culture (S te inberg, 1980). The methods we 

use to hunt , gather, o r produce it also are part of our culture . Aquaculture is part of 
our cu lture. It is a part of our effort to manage or work within our environment to 
provide for one of our bas ic needs - food. If we are to bring the culture of aq uati c 
animals to a more advanced state (development), e ither by changing existing 
aq uaculture or by introduc ing it into areas where it has been practi ced littl e or not at 
a ll , we have to do it within the boundaries imposed by our culture(s). To deve lop 
aquaculture, we must change some aspects of ex isting cultures. And if we are to be 
successful in the deve lopment of aquaculture, we must thorough ly understand the 
nature of culture , what it represents, and how it is functiona ll y related to the 
environment that shaped it. 

The re are several characteri stics of culture that are important in thi s process: 

I . Differences in cultures. 
2. The problem of cultural change. 
3. Ethnocentricity . 
4. Dysfunctional bureaucracy. 
5. Conflict and power. 

Differences in Cultures -- As suggested before , culture in the genera l sense 
is shaped or determined by environment. Because there are different environments 
in the world, there are different cultures. Obviously, the re can be important cultural 
differences between reg ions in a country or between countri es . For example, Sanoff 
and Golden ( 1989) , summari zing information from histori an Dav id Hackett Fischer's 
book, Albion' s Seed, suggest that there are seven reg ional cultures in the United 
States. They suggest that these are a result of fo ur diffe rent waves of ea rl y immigrants 
from different regions of England in the 17th and 18th centuri es which have co­
mingled with later immigrati ons from other countries. 

Di ffere nces in culture are espec iall y important now when so much money and 
effort are be ing expended to he lp the developing countries of the world improve the ir 
food- produc ing systems or to improve the profitabi I ity of their agri cu ltural sectors. 
[ti s espec iall y important in any situation where a member of one soc iety (people who 
share a common culture) is involved in any way in assisti ng the members of another 
soc iety with the development process . Unless we understand thoroughl y the cultural 
charac te ri stics of those we want to he lp , we certainly cannot unde rstand the 
environment in which we must work , and our chances fo r success are small . 

Understanding the differences in cultures is important espec ially if the deve-
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lopment effort involves moving an "artifact" of one culture to another. For example, 
efforts to introduce channel catfi sh farming into Rwanda in Central Africa would 
almost certa inly result in fa ilure. Channel catfi sh fa rming is a cultural arti fac t of a 
re latively spec ific environment primarily found in the southern United States and of 
the major river valleys in that reg ion. Some of the characteri stics of thi s cultural 
artifact were described is a preced ing section. The Rwandan environment is so 
di ss imilar that it is highly unlike ly that catfi sh farming could be established there . 

While efforts to transfer catfish farming to Rwanda would like ly fa il , they 
wou ld like ly succeed in introduc ing it onto a farm in Humphries County, Mi ss ., when 
an adjacent farmer and many farmers in the county already are produc ing catfish. 
There are minor environmental differences from one farm to another o r from one 
county to another in the same reg ion, but generall y these are not great enough to 
markedl y influence the success of transferring thi s cultural arti fac t. Similarly, 
transferring some improved technologica l innovation, such as a new feed or new type 
of aerato r, from one farm to anothe r also would likely be successful because of the 
similarity of the environments on adj acent fa rms or in adjacent counti es. In the 
development of aquaculture through the transfer of technology (a cu ltu ral artifact), 
it is important to remember that some cultu ra l differences may essenti ally preclude 
thi s approach. Consequently, it is essenti al that the change agency or agent proposing 
the transfer unde rstand the nature of the culture and the environment of the area that 
is to rece ive the new technology. Of equal importance is understanding the nature of 
the culture and the environment from where it is be ing transferred. One cannot 
predict the like lihood of successfull y transferring technology to a new environment 
until the functional characteri sti cs of that technology in the o ld environment are 
known, as we ll as how that particul ar environment shaped the cultura l arti fac t in 
ques ti on. For example, one cannot expect to be successfu l in transferring channe l 
catfi sh farming to another environment until it is understood why and how it is 
successful in Alabama, Miss iss ippi , and Arkansas. 

The Problem of Cultural Change -- It requires a change in culture to develop 
aq uac ulture e ither through changing ex isting aquaculture or introduc ing the practi ce 
into new areas. Remember, I have suggested that the food we eat and the way we 
obtain it is part of our culture. Unfortunately, one characteri sti c of a soc iety is that 
its shared means of coping with its environment -- its culture -- changes slowly . This 
phenomenon probably is a result , hi storica ll y at least, of the fac t that environments 
changed slowly. Remember, however, that in reali ty, it is the culture of individuals 
which changes slowly. As noted previously , Sanoff and Golden ' s ( 1989) arti c le on 
the book Albion's Seed desc ribed seven reg ional cultures in the United States. These 
seven resulted from a co-mingling of four different early immigrat ions of people 
from four different regions of England with later immigrations from other countries. 
According to the book, these reg ional differences in cultures in England during the 
17th and 18th centuries were so strong that they withstood the rigors of immigration 
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to a new land and were strong enough to pe rsist at least to the beg inning of the 2 1st 
century. 

While culture changes slowl y, its materi al component (phys ical objects) can be 
changed much more rapidl y than its non-materi al component (abstract human 
creations) (Robertson, 1987). Apparentl y, people are more willing to accept change 
that invo lves "feeling" and "seeing" phys ica l objects than changes in the menta l 
process ing of info rmati on regarding abstract creati ons. This can be an important 
consideration in aquacul tural development, espec iall y when a change agency is 
promoting change. 

In planning for the deve lopment of aquaculture, it is essenti a l that the ex tent of 
cultural change required be determined, as we ll as whether materi al culture, non­
materi al culture, or both must be changed to achieve development. It also is important 
to understand the cultu ra l changes that will be required of each individua l. Thi s is 
espec iall y important when aquaculture is be ing introduced to an area where it has not 
been practiced before. The materi al culture change required to grow channe l catfi sh 
in Israe l would be rather insignificant compared to the non-material culture changes 
because of the Jewish belief that scale less fi sh are unc lean. That belief is such a strong 
and important part of the ir culture that attempts to deve lop catfi sh aquac ulture there 
would lead to certai n fa ilure. 

In a simil ar sense, it would be d iffi cult to develop the commerc ial culture of the 
common carp in the United States because most Americans do not like the boniness 
of that spec ies. Most food fi sh nat ive to the United States are re lati vely bone-free or 
free of the intramuscular bones found in the carp. The materi al culture change 
requi red to grow carp would be readil y acceptable . 

Another important facto r to note in planning a strategy for aquacultu ral 
development is that if the plan is successful , it will like ly result in irreve rsible cultu ra l 
changes fo r the individuals involved. While change agenc ies strive for these to be 
pos itive changes, thi s is not the case in too many situations. The deve lopment of 
shrimp fa rming along the coasts of many tropical countries has resulted in significant 
cultu ral changes in those communities . Those new farms represent a moderate stage 
of aquac ultural deve lopment with a substanti a l leve l of cap ita l intensiveness. 

Ba il ey ( 1988) described how the deve lopment of shrimp farming in mangrove 
habitat has resulted in the transformation of a multi -use/multi -user coastal resource 
into a private ly owned, single-purpose resource. Individuals who used those re­
sources as fis hermen or lower-stage aquac ulturi sts genera ll y are no longer able to fi sh 
and fa rm in areas where they had traditiona l use rights. Rather than benefiting 
directly fro m resource utili zation, they must depend on indirect utili zation by 
working as fi e ld laborers and in other, often low-wage jobs on the shrimp farms. 
Saclauso ( 1989) reported that conversion of mangrove swamps to ponds in the 
Philippines fo r the culture of the ti ger prawn (Penaeus monodon) forced similar 
changes on the culture of loca l people. 

In increas ing the leve l of intervention in shrimp aquaculture in those tropical 
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coastal communiti es , the human culture was irreversibly changed. In many situati ons 
and for many indi viduals, the changes have not been positive. Histo ry is rep lete with 
examples where development resulted in at least temporary negative cultural change. 
For example, the " Luddite Movement" in England, shortl y after the beg inning of the 
19th century, was a revo lution aga inst cultural changes perce ived to be caused by the 
use of new technology. The Luddites staged a series of destructive attacks on 
machines a lleged to be depriving men of the ir jobs. In fact, such examples are so 
common that it seems that this is just one of the costs that soc ieties must pay for 
deve lopment. However, because of the increas ing interaction and interdependence 
of soc ieties and cultures on a worldwide sca le, it is no longer wise o r prudent to accept 
thi s conclusion. We must be more carefu l in des igning development projects to full y 
unde rstand the ex tent of both positive and negative cultural changes that will result 
from their implementation . It is common in deve lopment to ca lculate an economic 
cost/benefi t ratio. It might be wise and prudent to determine a cost/benefit ratio for 
cultural change as well. 

Ethnocentricity-- Sociologists define ethnocentri sm as the tendency to judge 
other cultures by the standards of one's own culture (Robertson, 1987). As a child , 
l can remember adults around me commenting from time to time that "what we 
be lieve about others is based on what we know about ourse lves." Essentially , 
ethnocentri sm implies that we have a reasonable idea of the ways in which we cope 
with our envi ronment (culture) and that we assume that other people must adapt to 
the ir environments in a similar manner. In a sense, every person is ethnocentric . 
Because they cannot ente r the pe rsona l environment or consc iousness of anothe r, 
they have little choice but to assume other cultures are simil ar to the ir own. Probably 
the more widely these individual environments and cultures diverge, the more 
ex treme ethnocentri sm is likely to become. 

The deve lopment of aquac ulture, as noted in a preceding section, involves 
some change in culture. To bring the culture of aquatic animals to a more advanced 
state, the ecosystem must be dealt with in a different manner than befo re. It is poss ible 
to develop aquaculture by changing the culture of onl y a single person. A man li v ing 
a lone near a tidal swamp and tending a small , dammed tidal stream pond might invent 
a better way of allowing larva l shrimp into the pond while preventing the entry of 
predatory fi sh. This invention should result in the higher production of shrimp. His 
aquac ulture wo uld be changed to a more advanced state. In most cases, however, the 
development of aq uaculture involves the interacti on of two or more people and two 
or more cultures. The deve lopment of the channe l catfi sh industry in Miss iss ippi 
involved the interaction of many individuals and cultures. 

Ethnocentrism can be pos itive in that it provides fa ith and confidence in one ' s 
own tradition, or negative when it leads to rac ism, hostility, o r an unwillingness to 
see the need fo r a change in hi s or her own culture. In the development of aquaculture, 
ethnocentri sm can be quite important, espec iall y when a change agent (ex tension 
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agent) is attempting to help individuals change the ir cultu re th rough the adopt ion of 
new techno logy. Changing the ir way of culturing aquatic animals always requires the 
comm itting of scarce resources. Unless the agents are thoroughl y familiar with the 
local cultu re and empatheti c with the individuals, they may encourage them to make 
poor dec isions. Under these cond itions, ethnocentric ity can lead e ither to encourag­
ing people to adopt inappropri ate technology or to be ing unable to se ll a technology 
that is needed. Without a doubt, much of the fa ilure of development efforts around 
the world has been the res ult of ethnocentri sm -- well -intentioned, we ll -financed 
efforts to change cultures in fa r-away lands with little apprec iation fo r those cultures. 
Worse still , some change agents have ass umed that those people would respond to 
preferred change in the same manner as the agent 's nex t door neighbor. 

There are few effecti ve rules fo r complete ly e liminating the negati ve effects of 
ethnocentrism. Certa inly an awareness of the culture of potenti a l technology adopt­
ers is essenti a l. Also, it is he lpful fo r change agents to full y understand the nuances 
of the ir own cultures before trying to change the cultures of others . 

There also can be a problem with becoming too empathetic with the cultures 
of other people. Remember that ethnocentri sm can lead to rejection of change even 
when it is needed . It is poss ible fo r change agents to become so empatheti c that they 
cannot bring themselves to promote benefi c ial change. 

Dysfunctional Bureaucracy -- Robertson ( 1987) defined "Sociocultural 
Evo lution Theory" as suggesting that soc iet ies gradua ll y develop from simple to 
more complex forms: hunte rs and gatherers - pastora l - horticultural - agri cul ­
tu ral - industri al - postindustrial. " Modern Evolutionary Theory" is defined as 
suggesting that soc ieties tend to move from small -sca le, single fo rms to large-scale, 
complex forms. In other words, there is the tendency fo r culture to become more 
complicated with time. 

As the complex ity of soc ieties increases, the need for formal organizations also 
increases. As complex ity increases, " trad itional, spontaneous, rule of thumb meth­
ods .. . are replaced by abstract, explic it, carefull y calculated rul es and procedures." 
The simple organization is replaced by a " hierarchica l authority structure that 
operates under explic it rules and procedures" - a bureaucracy. 

Robertson ( 1987) quotes Max Webber regarding the nature of bureaucracy: 

The passion for bureaucracy is enough to dri ve one to despair ... The 
great question is ... not how we can promote and hasten it, but what can 
we oppose to this machinery in order to keep a portion of man-kind.fi·ee 

.fi'om this parcelling out of the soul, .fi·om this supreme mastery of the 
bureaucratic way of life. 

Buchanan ( 1987), in hi s forewo rd to Tullock 's The Politics of Bureaucracy, 
comments that "Tullock makes no attempt to conceal from view his opinion that large 
hierarchica l structures are, with certa in explic it exceptions, unnecessary ev il s, that 
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these are not appropriate parts of a good society ... The bureaucratic world which 
Tullock pictures for us is not an attractive one, even when its abstract character is 
recognized, and even if the referenced politician of that world is not assigned the 
dominant role in real life." 

Although terms like "red tape," "runarounds," and "petty regulations" are 
generally conceived to be synonymous with inefficiency and bureaucracy, bureau­
cracies exist and continue to grow and thrive simply because they are the most 
effective means yet devised to make large , complex, formal organizations work. As 
culture becomes more complex, bureaucracy becomes an indispensable element, 
although often an almost unmanageable element. The growth of government usually 
associated with increasing complexity may add to the difficulty of the situation. 
Government bureaucracy can be even more intractable than private sector bureaucra­
cies. This is especially true in some of the less-developed countries . Fortunately, the 
power of the marketplace tends to force those in the private sector to be more 
efficient. There is no similar mechanism to encourage efficiency in public bureau­
cracies. 

As discussed in a preceding section, the development of aquaculture also tends 
to evolve through stages from simple to more complex as the degree of intervention 
increases. Also, aquaculture was described as an ecosystem (a web) consisting of 
physical, chemical, biological, psychological, sociological, and economic compo­
nents. Development was defined as a dynamic process whereby all of these interact­
ing components are changed more or less simultaneously to a more advanced state. 
Given the dimensions of this ecosystem, it is inevitable that the development process 
will result in multiple encounters with a large number and broad range of bureaucra­
cies regardless of the country involved (Fitzgerald, 1987). Unfortunately, there is 
usually a separate bureaucracy and sometimes overlapping bureaucracies for virtu­
ally every input required for the development of aquaculture. Permits that must be 
obtained from various bureaucracies before beginning the production of salmon in 
pens limits the development of aquaculture in the United States (Stickney, 1988). 
Poorly capitalized farmers often have a similar problem obtaining credit in less 
developed countries. Purchasing spare parts for machinery can be equally difficult. 
There are literally thousands of little bureaucratic obstacles that can divert the 
impetus for the development of aquaculture. 

Buchanan (1987) and Max Webber (Robertson, 1987) seem to consider that 
there is little redeeming value in bureaucracies. Robertson takes a different position. 
He seems to say that bureaucracies in and of themselves are essentially neutral 
elements of complex cultures, that in reality the problem is bureaucratic dysfunction 
usually associated with some human frailty. Included in his list of dysfunctions are 
the following: 

1. The anonymous, impersonal nature of the relationship between 
officials and "outsiders". 
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2. lnefficiency in unusual cases. 
3 . "Trained incapacity" or the blind adherence to existing rules and 

procedures. 
4 . Goal displacement or.forgetting the goals of the organization. 
5. Authoritarian structure. 
6. Bureaucratic personality or the st(fling of individual creati vity and 

imagination of officials in the bureaucracy . 
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All of these dysfuncti ons are essenti ally self-expl anatory and require no further 
comment except " ineffic iency in unusua l cases." It has been noted that aq uac ulture 
is a re lat ive ly recent phenomenon in many countries. It a lso is ra ther unusual in a 
number of respects. Bureaucracies have had re lati vely little experience dealing with 
it. The resulting ineffic iency in responding to deve lopment needs by bureaucrac ies 
is a major constra int to bringing aquaculture to a more advanced state. Its rate of 
growth and the rate of geographic diffusion also are unusua l and perplex ing to 
bureaucrac ies. 

There is one more dysfunction of bureaucracy that should be described . The 
impenetrability of seq uenti a l and overlapping bureaucracies is an important dysfunc­
tion . It is not included in the li st g iven above, because it is a result of a functiona l 
weakness rather than of"human fra ilty" alone. A major goal of deve lopment over the 
past four decades has been to improve the quality of lives for poor people in less 
developed countri es . Us uall y these efforts at deve lopment consisted of the govern­
ment of a deve loped country providing some type of financ ial ass istance to the 
gove rnment of the developing country. In theory , contributions (usuall y taxes) from 
citi zens in the developed country were expected to move upward through multiple 
layers of bureaucracy, move across the gap between the two governments, and finall y 
to trickle down through multiple layers of bureaucracy in the less deve loped country 
to reach the des ignated beneficiaries. Obviously , thi s system has not worked 
effective ly (Paddock and Paddock, 1973; Agency for Inte rnational Development, 
1989; Hancock, 1989). In fact, it is surpri sing that it worked as well as it has (Sincere, 
1990). 

Moving resources through that compound maze of bureaucracies would be 
difficult at best and large ly imposs ible at the worst. It is surpri sing that we have used 
thi s system for so long. The fact that it has pers isted for 40 years suggests that 
bureaucrac ies are able to function ine ffect ive ly for many years without serious effort 
to make them operate more effic iently . There are some initiatives unde rway to bypass 
at least a portion of the multiple bureaucrac ies . Durning ( 1989A) describes the 
growing "Action at the Grassroots. " With thi s approach , governments of developed 
countri es are finding ways to provide support directl y to grassroots organizations, 
thereby at least bypass ing the multiple bureaucrac ies in the less-deve loped country . 
Unfortunately, the resources still must run the gauntlet of bureaucrac ies in the 
developed country. An even more effective procedure is the fl ow of resources from 
individual contributors (voluntary contributions) to pri vate vo luntary organizations 
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(PYOs) such as CARE and Save the Children. The PVOs transfer the resources 
directl y to counterparts at the grassroots in the less-deve loped country. While there 
still is some bureaucracy invo lved, it is onl y a fraction of that involved in the "force 
it up and over and trickle down" method. Al so, the altrui stic nature of the PVOs 
generally provides some protection against bureaucrati c dysfunction. While the 
re lative success of the "mainlining" process utilized by PYOs to get funds to the 
grassroots in less-developed countri es might appear to be the triumph of the common 
man over Max Webber's "evil empire," thi s is really not the case. Less-developed 
countries cannot become more developed without becoming more complex. This 
complex ity cannot be managed and directed without fo rmal organizations such as 
bureaucrac ies. Grassroots organizations can onl y make limited progress before 
higher levels of government must become invo lved. For example, regardless of how 
success ful local grass roots organizations become, they cannot enact supportive 
agri cultural polic ies or build roads to di stant markets. Durning ( 1989A) summari zes 
the situation succinctly: 

Small may be beautiful but it can also be insign!ficant. 

There are fe w suggestions fo r improving the performance of bureaucracies that 
slow the deve lopment of aquaculture. There are so many poss ible problems that it is 
impracti cal to consider any of them individua ll y. The best approach is to attempt to 
understand the nature of the dysfunction that is resulting in a spec ific problem and 
to try to deal with it spec ifica ll y. 

Conflict and Power -- According to most soc iolog ical theori es, cultures 
develop as a result of people adapting to the ir environment. There is a continuing 
struggle to overcome environmental res istance. Environment is the constant enemy. 
There are other theories that, while agree ing on thi s po int, go further to suggest that 
the confli ct between individuals over limited resources in the environment is a lso an 
important determinant in the development of culture. With these latter theories, an 
indi vidual has two enemies , the environment and competition or conflict with hi s 
ne ighbor for scarce resources. 

Robertson ( 1987) quotes Lasswe ll in defining politics as the process of 
dec iding " who gets what, when and how. " From the earliest times, people have 
competed fo r valued and scarce resources , and as part of the process of c ivili zation, 
they invented politics as a way of reso lving these di sputes. This ancient so lution to 
an ever-present problem led the philosopher Ari stotle to obse rve that "man is a 
politica l animal. " The process (politics) of dec iding who gets the scarce resources is 
an ancient one. Equally ancient is the emergence of people who wanted to control the 
process -- people who wanted the power to dec ide who gets what, when, and how. 
The matter of who controls thi s power, how it is applied, and to what purposes it is 
put is the essence of political li fe throughout the world . 
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The exerc ise of political powers within and between nations has led to obvious 
ineq uities in the allocation of scarce resources. This really is not surpri sing. This is 
why political power was invented . There are other reasons for these inequiti es 
(resource endowments, populat ion , system of government, etc. ), but political power 
certa inly plays a major role. In many cases these ineq uities have been in place for 
many years. They were born in conflict and , for all practical purposes, they have 
become institutionalized . Unfortunately , it often is diffi cultto redress them. They are 
highl y res istant to change. The political power that was used to put the inequiti es in 
place to beg in with is equa ll y effecti ve in resisting change. 

One of the major objectives of much of the deve lopment effort in the last 40 
years is to redress the inequities in who gets what, when , and how in the emerging 
nations of the world. Thi s has been a noble goa l, but it has not worked well. 
Deve lopment assistance provided by a donor country, because of its very nature, is 
a poor vehicle for attempting to redress inequities in resource allocation in deve lop­
ing countri es when those inequiti es are the result of o ld power struggles or social 
confli ct. 

Aquaculture is not a panacea for the world 's ill s. The culture of aquatic animals 
is an important too l, when used correctly, in promoting food and economic security 
in virtua ll y every country. However, it is relatively ineffectual when used as a tool 
in "social engineering." It is not a strong lever to be used in redressing inequities of 
resource allocation resulting from conflict and power. 

Economic Dimensions 

The word "economics" is derived from the Greek "oikos" which means 

household and "nomics" which means management. Economics is translated as 
" management of the household. " Economists use a more specific definition of the 
term: 

Economics is the study of how individuals and societies, experiencing 
virtually limitless wants, choose to allocate scarce resources to satisfy 
th eir wants (Eke /und and Tollison , 1988). 

Buchanan ( 1987) suggests a different meaning of the term. He suggests that 
Adam Smith 's statement in hi s Wealth of Nations concerning our " propensity to 
truck, barter, and exchange one thing fo r another" is what economics is about. 
Aquaculture has to do with sat isfy ing the needs and wants of individuals and soc iety. 
It also has to do with our propensity to truck, barter, and exchange. Aquaculture is 
a part of the household. 

Although the basic meaning of the term economics indicates a broad interest 
in the entire household, hi storica ll y economi sts have been more conce rned with 
unemployment, inflation, the Gross National Product, and other e lements of the 
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money cycle (Poste l, 1990). There was little concern for the utili zation and manage­
ment of natural resources as part of the cycle. Apparently, early economists 
cons idered natural resources (timber, fish , so il , oil , etc.) to be so abundant that 
notions of scarc ity, depletion , and environmenta l damage did not become a part of 
their understanding of how econom ics functions. For example, in computing the 
Gross National Product, no correction is made for the loss of so il from farm lands or 
the over-ex ploi tat ion of fish stocks. Costanza and Wainger ( 1992) also suggested that 
convent ional economics distorts the value of things, because the value of natura l 
resources is not adequate ly counted. 

Laird ( 199 1) suggests that "env ironmental accounting is an idea whose time 
has come" and that the time is overdue to include the costs of the dest ruction of nature 
or of increased pollution into the GNP. He concluded that we can obta in a much more 
accurate picture of nat ional economic health by including the cost of natu ral resource 
degradation in the computat ions. Yon Loesch ( 199 1) suggests that if "environmenta l 
accounting" were considered, some resource-depleting poor countri es have had a 
negative income for years. He further suggests that if envi ronmental degradat ion is 
cons idered, fewer national development funds might be a llocated to agriculture in 
some countries because of the poor return on investment when al I of the environmen­
ta l costs are considered. While he strongly supported the use of environmental 
accounting, he underscores the difficulty of placing a monetary value on the 
component parts of healthy ecosystems. Without setting a va lue on the healthy 
system, it will not be poss ible to determine the loss of value associated with an action 
that reduces its health . 

Fundamental Principles 
Over time, as econom ists have observed the way in which we satisfy our wants 

and the effects of the resulting act ivities on human affairs, they have suggested that 
there are three fundamental principles of econom ics. Ekelund and Tolli son ( 1988) 
li st two of these. I have added a third (number three in the fo llowing li st) primarily 
based on Buchanan 's ( 1987) work. 

I . There is no "ji-ee lunch. " 
2 . People beha ve according to a rational self-interest. 
3. People are led by an "in visible hand" to promote the public interest. 

No Free Lunch -- The development of aq uaculture is never a free lunch. In 
every effort to bring the culture of aq uatic animals to a more advanced state, the 
decision must be made to commit scarce resources to that activity rather than to some 
other activity . The opportunity to practice aq uaculture has a cost associated with it. 
When farmers in Arkansas and Mississippi decided to grow catfish, there were 
opportunity costs involved. They could not use the same land for cotton or soybeans 
and for catfi sh simultaneous ly . Similarly, when farmer-fi shermen decide to dam a 
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tidal stream in the trop ics to make a brack ish water pond, there is an opportuni ty cost 
invo lved. They have to fo rego the use of the stream fo r capture fis heries. 

There is another im portant concept that is re lated to the fundamenta l principle 
of no free lunch. Development of aquaculture virtua ll y a lways invo lves chang ing 
fro m one situation to another. There were costs and benefit s assoc iated with the old 
use of the tida l stream as a fi shing ground. There will be costs and benefits assoc iated 
with the use of that area as a pond for aq uac ulture. The important consideration in the 
development of thi s stream resource into a pond is the difference between the costs 
and the benefit s of the old use versus the costs and bene fits of the new use. There is 
no free lunch. 

Rational Self-Interest-- Buchanan ( 1987) quotes fro m Adam Smith 's Wealth 
of Nations regarding the matter of "self-in terest:" 

It is notfi·om the benevolence of the butcher, the brewer, or the baker 
that we expect our dinner, but ji-om th eir regard to their own interest. 

A strong se lf-interest on the part of individuals would be a requirement fo r the 
Darwinian concept of the survival of the fittest. The strength of th is characte ri stic in 
our spec ies and the difficulty of dea ling with it can be gauged by the efforts expended 
by the re ligions of the world to manage it over the last 2,000-3,000 years. The term 
"rational se lf-interest" implies that individuals do understand that, on occas ion, 
interests of the family, the village, or even the country can supersede the ir individual 
interests. They understand that it is sometimes in the ir best interest not to pursue se lf­
interest. Self-interest has played and continues to pl ay an important ro le in c ivili za­
ti on. Indi viduals thro ughout hi story who worked and fo ught harder, longer, smarter, 
and sometimes even crue ll y and di shonestl y to earn a larger, di sproportionate share 
of ava ilable resources were indispensable in the development of new technology, 
commerce, statecraft, and c ivili zation in an inhospitable environment. 

Obviously, over time se lf-interest has been replaced to a degree with a ltrui sm 
or the unse lfi sh concern fo r or devotion to the we lfa re of others. But as Desmond 
Morri s ( 1967) suggests in hi s book, The Naked Ape, altruism is onl y a thin and often 
weak veneer covering the more primiti ve trait. Wil son ( 1974) uses the terms of 
evolution to describe altruism as the "surrendering of personal genetic fitness fo r the 
enhancement of personal genetic fi tness of others." Attempting to reconcile the 
evolution of a ltrui sm, as opposed to the apparently more successfu l trait of se lf­
interest, Wil son concluded that a ltrui sm appears or becomes more important when 
kinship is invo lved. Altruism in a family, a cl ass, or even a village wo uld increase the 
capabili ty of the kinshi p group to more successfull y cope with the environment. 

Altruism or cooperation for the benefit of the group can be an important 
component of deve lopment, but it is somewhat more di fficult to achieve when the 
investment of scarce resources (land , labor, and capita l) are involved (Machan, 
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1989). People are naturally torn between a rational se lf-interest and altrui sm, but in 
the complex, rapidly changing world environment of food production , marketing , 
and utilization , unse lfi sh devotion to the welfare of the entire group or industry could 
be extremely beneficial. Wilson 's (1974) suggestion that the kinship which resulted 
in the deve lopment of altruism could be extended to suggest that ti ghtly knit 
commodity organizations might encourage cooperation and di scourage se lf-interest 
in the deve lopment of aquaculture. 

An important goal in aquacultural development is to encourage se lf-interest so 
as to guarantee progress and innovation through competition. At the same time , we 
must encourage the altruism that is needed to develop the integration , cooperation, 
and communication required if an aquacultural industry is to be successful in an 
increasingly complex technological , regulatory , and international trade environ­
ment. 

The "Invisible Hand" -- Free and competitive trade that results from the 
exercise of rational self-interest leads not to chaos but to a harmony of interests. 
Adam Smith suggested in hi s Wealth ofNations that the process by which individual , 
self-interested actions result in progress rather than chaos seems to be guided by an 
" invi sible hand ." Ekelund and Tolli son ( 1988) quote Smith regarding thi s concept: 

He ( every individual) generally indeed, neither intends to promote th e 
public interest, nor knows how much he is promoting it - he is in this , as 
in many other cases, led by an in visible hand to promote an end which was 
not a part of his intention. Nor is it always the worse for the society that 
it was no part of it. By pursuing his own interest he.fi'equently promotes 
that of society more effectively than when he really intends to promote it . 

His invisible hand is the growing efficiency of increasingly organized systems 
of production and marketing that res ult primarily from the continuous evolution of 
the divi sion of labor. In a sense, the effect of Smith 's invisible hand in human affairs 
is similar to the positive effec t of polyculture in Dunseth 's ( 1977) experimental 
ponds. Because of the divi sion of labor, the "sum of the whole is greater than the sum 
of the parts." According to Robertson (1987), the increased effic iency in the 
economic life of a nation caused by the divi sion of labor results in surplus wealth that 
can be used to create opportunities for arti sts, writers, architects, ha irdressers, 
te lev ision repairmen, profess ional baseball players, used-car sa lesmen, and other 
servi ce people. 

Some General Applications of Economics 
It will not be the purpose of thi s section to attempt a di scuss ion of the 

economics of aquaculture. However, there are some general applications that should 
be considered. These inc lude: 

1. Demand and supply . 
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2. Elasticity . 
3. Comparative advantage. 

These are basic concepts in the management of the household and , in turn , in 
the deve lopment of aq uaculture. Some general comments on their relevancy in 
development are presented in the following sections. 

Demand -- Two of the most bas ic aspects of the management of the household 
(economics) are the demand for goods and servi ces by individuals and efforts to 
suppl y those goods and serv ices by other individuals. The definition of demand has 
become highly spec ific to economists. They most often use the term as part of a 
general statement of the re lationship between prices and demand -- the "Law of 
Demand." According to the Law of Demand, " the price o f a product or service and 
the amount purchased are inverse ly re lated" (Eke lund and Tollison, 1988). If the 
price of a product or service ri ses, then the quantity demanded fa ll s; if the price falls, 
the quantity demanded increases , all other things being equal. The Law of Demand 
is one of the most powerful forces in economics. For the di scuss ion of demand in thi s 
section, however, I will use a more genera l definition of the term. According to 
Webster's Collegiate Dictionary, Fifth Edition, it is the "des ire to purchase a 
commodity accompanied by means of payment. " 

All living things have demands, or requirements that must be met if they are to 
survive. Even the autotrophic organi sms, such as green, unice llular a lgae that 
manufacture their own food , require simple inorganic salts and sunlight for survival. 
Heterotrophic organism. , such as our spec ies , have a much more complex and 
exhaustive combination of requirements. However, not all of our requirements are 
equally important. Mas low ( 1970) suggested that there is a hierarchy of needs. These 
include (in descending order of importance) : 

I . Basic needs -- physiological and safety requirements. 
2. Psychological needs -- belonging, love, and esteem requirements. 
3. Se(f-actualization needs -- requirements for se(ffi,1(/i"llment and 

peak experiences. 

The most important or limiting of these are the phys iologica l needs which 
include food, shelter, and clothing. Mas low further suggested that we are not 
prompted to sati sfy those needs lower in the hierarchy (l ess important) until those 
hi gher leve l (more important) needs are met. 

Food, shelter, and c lothing were never free. They were a lways scarce relative 
to demand. They had to be " purchased" at some price. In our pre-history , our ancient 
ancestors paid with muscle and sensory system " work" for hunting and gathering 
food , for searching for shelte r in caves, and for killing animals fo r the ir pe lts. For 
much of the time, these primitive individuals were at or near the subsistence level of 
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li ve lihood. At that level, there was li tt le re lat ionshi p between the ir demand (needs) 
for food , she lter, and clothing and the prices they pa id. They s imply paid whatever 
price was necessary if they had it, and if they didn ' t, the chances were good that they 
would not survive . 

With time and the effect of the invis ible hand , indiv id ua ls were able to move 
away from the subsistence level of li velihood. The evo lution of the divi s ion of labor 
resulted in improved effic iency in the management of the ir ho useho lds. The re was 
surplus wea lth. The same bas ic needs for food, she lter, and c lothing were still there, 
but the ir needs were expanded to inc lude wants. They continued to need animal 
prote in in thei r die t, but they wanted it cooked and seasoned with salt and herbs. They 
continued to need shelter, but wanted it with doors and windows. They continued to 
need clothing, but wanted it with z ippers. 

The expansion of needs to become wants prov ided more strength to Adam 
Smith 's inv isible hand. The evolution of the di v ision of labor intensified. Additiona l 
surplus wea lth was created and the ac ti ons of self-interested ind iv iduals sati sfy ing 
the ir wants recyc led that wea lth aga in and again through the economic system. 

As might be ex pected , there is a wide range of s ituations regard ing needs and 
wants. In some areas of less deve loped countri es, people are still at the subsistence 
leve l. All too many d ie because they are unable to meet the ir bas ic needs fo r food, 
she lter, and c lothing . For those who do survive, v irtuall y all of thei r resources are 
required just to meet needs. In more-deve loped countri es, individuals are able to 
exceed their bas ic needs severa l times over. They are more concerned with sati sfying 
their wants. Only a small frac ti on of the ir resources are requi red to meet the ir needs. 

Human needs are re latively stable. In a given envi ronment, ind ividuals require 
a bas ic leve l of food , she lter, and clothing . If forced to live very long be low thi s level, 
they survive only with great diffi culty. Human wants are highl y volatile. The quanti ty 
they demand is dependent on the price they must pay ; hence, the law of demand is 
where the price paid and the amo unt demanded are inverse ly re lated. 

Tn February 1966, Pope Paul VI issued a decree that all owed loca l Catho li c 
Bishops to end , at the ir di screti on, the rul e requiring that they not eat meat on Fridays 
except during Lent. T hi s had an immed iate effec t o n the demand fo r fi sh; prices 
dropped sharpl y for some spec ies . Economist Frederick W . Be ll ( 1968) studi ed the 
effect of the decree on fi sh prices and repo rted that the average dec rease in price fo r 
seven spec ies of fi sh averaged 12 .5 percent . 

The demand fo r fis h by individual Ameri cans has increased since 1960, but 
demand has increased much more rapidl y since 1983 because of reports that eating 
more fi sh promotes good hea lth . On the other hand , individ uals demanded less beef 
because of the be li ef that consuming fa ts in beef would have a negati ve effect on 
hea lth . Recently , there was a temporary reducti on in the demand fo r poultry because 
of a general concern fo r the cleanliness of processed bro il ers. I have a lready 
di scussed the effect that the development and promotio n of the "blackened redfi sh" 
in restaurants had on the demand for that species. 

M any fac tors other than price affect the wants of individuals, and it is ex treme ly 



THE DEVELOPMENT OF AQUACULTURE : AN ECOSYSTEMS PERSPECTIVE 179 

diffi cult to predict how any individua l or the aggregate will respond to any of these 
fac tors at a g iven time (Buchanan, 1987). As we seek to develop aquac ulture, it is 
important to be aware of the volatility of the demands of individuals as they attempt 
to sati sfy the ir wants , as we ll as the sheer desperation of individuals who can barely 
meet the ir needs. It is often difficult to predict the choices indi viduals will make in 
the first case and equall y difficult to provide choices for those individua ls in the 
second . It is diffi cult to manage aq uac ultural deve lopment to accommodate such a 
broad range of opportunities, but these are the dimensions of the ecosystem where we 
must work . 

Se lling fresh fi sh in open-air markets in tropica l countries provides an interest­
ing example of the nature of the re lati onship between demand and prices. The sell er 
brings a supply of fresh fi sh to the market, but because there is no way to keep them 
co ld in the hot, tropica l air, the quality of the fi sh decreases a lmost from the time it 
gets there. As quali ty decl ines, the sell er is in effect putting a new product in the 
market almost continuously. He is in a race with time to se ll hi s fi sh before the qua lity 
is so poor that no one will purchase them at any price. At any g iven time, if potenti al 
customers do not like the price, they can wait until the se ll er is forced to lower it, but 
potenti al customers are also in a race with time. They can wait for a lower price but 
they a lso may wait so long that they purchase a spoiled fi sh. In thi s situation , affl uent 
customers come to the market when the qua lity of the fi sh and the price are highest. 
The poor come to market when quality and price are both low (S teet and Sullivan, 
1985). 

Supply -- Webster's Seventh New Collegiate Dictionary defines suppl y as 
" the act or process of filling a want or need. " The phenomenon of one individual 
supplying the needs of another is a fascinat ing one. Thi s fasc ination sterns from the 
fact that adults of many spec ies of vertebrate animals supply the needs of their 
offspring without receiving any compensation. Birds supply the ir young with food 
and she lter until they are ready to take care of themse lves . And in some of the soc ial 
insects, highly spec ia li zed suppl y mechanisms have evolved along with a divi sion of 
labor (Wilson, 1974). One wou ld probab ly conclude from these observations that 
there is a re lat ively strong se lection pressure in the evolutionary process for the 
deve lopment of a divi sion of labor and for one individual to supply the needs of 
another. 

Buchanan (1987) quotes Adam Smith from his Wealth of Nations: 

The principle which gives rise to the division of labor, fi·om which so 
many advantages are derived is not originally the effects of any human 
wisdom whichforesaw and intends that general opulence to which it gives 
occasion. It is the necessary, though very slow and gradual, conse­
quences of a certain propensity in human nature which has in view no 
such extensive utility; the propensity to truck (peddle) , barter and 
exchange one thing for another. 
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In quoting Smith, Buchanan seems to be suggesting that the propensity to truck , 
barter, and exchange is a driving force in the deve lopment of commerce and 
economics. Wilson (1974) suggests that barter and exchange probably appeared 
early in the evolution of our spec ies. He further suggests that without thi s propensity 
to do so , divi sion of labor would never have developed . Obviously , without a 
willingness to exchange one thing for another, divi sion of labor could not ex ist. 

Economists defi ne supply as part of the Law of Supply : "The price of a product 
or service and the amount that producers are willing to offer for sale are positively 
related" (Eke lund and Tollison, 1988). If the price ri ses, then the quantity supplied 
ri ses; if the price drops, quantity suppli ed drops. 

Of the five parts of the production of aquatic animals process -- production , 
harvesting, process ing, marketing, and utili zation -- four are included within the 
definition of supply. A major portion of thi s book is concerned with suppl ying 
aq uati c animals that people need or want. It is an enigma that of the demand-supply 
re lationship, supply requires much of the total effort. Purchasing and consuming a 
cultured mullet, fo r example, to satisfy a demand for a fish for food usually requires 
re lative ly little effort or time. Conversely, the preparat ion for supplying that mullet 
on demand may require well over a year from the time the seed is stocked into a 
container until it is harvested , processed, and marketed. During thi s period, the 
supplier invests an ever-increas ing amount of scarce resources in the fish. These 
resources must be committed on credit and on the assumption that they will be 
redeemed when the consumer takes title of the fish. In that long interval, the supplier 
must assume virtually all of the ri sks that the fish will e ither not grow or that it will 
die. Although the supplier ass umes most of the risk, the consumer also is somewhat 
at ri sk, fo r if the fish does not live or is not brought to market, the individual with the 
need or desire fo r the fish is the ultimate loser. 

The supplier must commit scarce resources over a re lative ly long period of time 
with the hope that, when the fi sh is ready for the market, the re wi ll be an individual 
who needs or wants the fish. Unfortunately, in most cases, the suppli er must wait until 
the very las t moment to ascertain whether or not hi s or her hope will be rea li zed. With 
so much uncertainty and potentia l resource loss involved, it is fascinating that there 
are so many individuals ready and willing to be suppliers. Adam Smith's observation 
of the importance of our propensity to truck, barte r, or exchange one thing for another 
is surpri sing when one considers what the supplier must invest and put at ri sk to 
provide such an important serv ice. 

The demand-supply relati onship is so biased against the suppli er in terms of 
ri sk and uncerta inty that it was inev itable that some mechanism would evolve to bring 
it into a more reasonable ba lance with demand . This bias is the primary reason for 
worldwide efforts to manage the supply of agricultural products ava il able. Govern­
ments everywhere utili ze direct subsidies to farmers , marketing orders, export 
assistance loans, price supports, acreage set-as ides, and other mechanisms to manage 
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or guarantee the supply of food (Martinez, 1987; Matsumoto, 1988; Sheeves, 1986; 
Martinez, 1989). 

The evolution of adverti sing al so has provided some balance fo r the re lation­
ship and promises to bring even more in the future. Adverti sing is a means of creating 
(engineering) wants through a process c losely re lated to the learning through 
cl ass ical conditioning described in a preceding section (Kinnucan et al. , 1990). 
Through research on the nature of the "needs-wants" phenomenon , the supplie r is 
better able to understand the forces that dri ve that process. Although, as Buchanan 
( 1987) suggested, it is di fficult to predict what choices individuals will make, it is 
poss ible through psychological research to better understand the nature and sources 
of the uncertainty. Armed with even thi s limited understanding, it is poss ible to 
dev ise a strategy to guide the dec ision or wants process. Telev ision , radio, newspa­
pers, magazines, and billboards are replete with efforts to "program" the choice­
making process of the individual. The location of items in the supermarket is not the 
result of the random ass ignment of space, but is based on a planned strategy fo r 
manag ing the needs-wants process. The market research and adverti sing campaign 
undertaken by the Catfish Institute (The Catfi sh Journal, 1989) is a good example of 
the efforts on the part of supplie rs to remove some of the uncertainty and inequity 
from the demand-supply re lationship. 

Supply is primaril y what aquac ulture is about. It is a complex phenomenon, and 
the complex ity increases as the level of intervention increases . We need to redouble 
our efforts to increase the effic iency and effecti veness with which we meet needs and 
wants of individuals. At the same time, we need to look for ways to reduce the ri sk 
and uncertainty assoc iated with suppl ying those needs and wants. 

Elasticity-- According to the Law of Demand , as the price of goods or serv ices 
dec reases, demand tends to increase, but to what extent? A fi sh fa rmer at the market 
would expect to increase sales of hi s mullet by lowering the price, but a more practica l 
question is how responsive will hi s customers be to a spec ific change in price? The 
Law of Demand does not te ll him if the buyers will be relative ly responsive or 
re lati ve ly unresponsive. 

E las tic ity, or more spec ifica ll y "Price Elastic ity of Demand," is a measure of 
the re lati ve responsiveness of buyers to price changes. Price e las ti c ity of demand is 
the rati o of percentage change of the quantity demanded divided by the percentage 
change in price (Ekelund and Tolli son, 1988). ff the percentage change in demand is 
greater than the percentage change in price (the va lue of the ratio is greater than 1.0), 
buyers are re lati ve ly responsive or there is elas tic demand. If, however, the percent­
age change in demand is less than the percentage change in price (the va lue of the ratio 
is less than 1.0), buyers are re lati vely unresponsive or there is ine las tic demand. 

Kinnucan and Wineholt ( 1989) studied demand and prices in the catfi sh 
industry . They concluded that demand is price elas ti c at the wholesale level, or that 
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the processors could effect demand by changing who lesa le prices which they charge 
the ir customers. They further conc luded that demand is price ine las tic at the farm 
leve l, o r that the fa rmer can have limited effect on the quantity of li ve fi sh that the 
processor will purchase by changing prices. As a result of these observations, they 
suggested there would be greater vo latility in prices received by the farmer fo r hi s li ve 
fi sh than the prices rece ived by the processor th rough hi s wholesale outl ets. When the 
demand-price re lati onship is ine las ti c, many factors other than demand can affect 
price. As these factors vary in importance, prices may vary considerably with little 
or no change in demand. 

Comparative Advantage -- Economi sts have a relati vely complex definition 
of the term "comparati ve advantage." For our purpose, it is acceptable to define it as 
" the ability of one economic entity to prod uce a product at a lower price than another 
economic entity" (Ekelund and To lli son, 1988) . Thi s advantage comes when one 
economic entity is better able to use avail able resources to prod uce its product than 
another entity, or when one entity has better access to resources. Ike rd ( 1989) 
suggests that comparative advantage essenti all y means doing those things you can do 
more effic ientl y than someone e lse, or in other words, "comparative effic iency." 
Crook ( 1990) suggests that the principle of comparative advantage " is perhaps the 
single most powerful idea in economics." 

Recall that Shelford 's Law of Tolerance suggests spec ies of animals and 
spec ific stages of aquac ultu re have optimum environments or ecosystems. In thi s 
optimum environment or ecosystem, the animal or stage of aquacul ture would have 
a comparati ve advantage compared to the same animal or stage of aquaculture in a 
less optimum environment or ecosystem. 

Given sufficient resources and suffic ient time, change agencies can establish 
some type of aquac ulture in a wide range of environments. The problem is not 
whether it can be established, but rather, once establi shed, whether it can be 
susta ined . A major consideration in susta inability is whether it has a comparati ve 
advantage in the chosen area over the culture of those animals in an adjacent area. 
Generall y, with other things be ing equal, the aquac ulturi sts with the comparati ve 
advantage will be the most successful. It is important that some determination of 
potentia l comparati ve advantage be inc luded in virtuall y all plans for deve loping 
aquac ulture, espec iall y where it has been practiced litt le or not at a ll. This determi­
nation is not simple, because it requires a substanti a l know ledge of the aquacultural 
ecosystem utili zed by the competing economic entity. Thi s di ffic ulty genera lly 
increases as the level of intervention increases. At the lowest leve ls, where the 
animals produced are like ly to be so ld in the local village, competition may be 
between adjacent farms. However, as the level of intervention increases and the 
ecosystem becomes larger, the competition for sales may be between different 
reg ions or even diffe rent countries. 
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The channe l catfi sh industry is an interesting study in comparative advantage. 
This species reproduces and lives throughout much of the eas tern United States from 
the Gulf Coast to the Great Lakes. For profitable production , the channel catfi sh must 
be fed a prepared feed, a grain-based ration. The best source of feed gra ins is the 
Midwest, which has a comparative advantage in the producti on of feed grain 
compared to the gulf states. Also, that region is re lative ly close to major markets for 
live and processed fish in the upper Mi ss iss ippi Vall ey. However, because this 
spec ies is co ld-blooded, it grows more rapidly in the warmer gulf states . The gulf 
states have a comparative advantage in the production of channe l catfish, because the 
longe r grow ing season is more important than the ready ava ilability of feed gra ins 
and access to markets. It is cheaper to transport feed grains to the gul f states and 
transport fish back to the upper Mi ssiss ippi Vall ey and Easte rn Seaboard than it is to 
heat water in the Midwest. 

While the gulf states have a longer growing season than the midwestern states, 
the winters are co ld enough in the South so that there is littl e growth during three to 
four months in mid-w inter. Mexico and Centra l America have a year-round growing 
season, and these nations also have the advantage of a less ex pensive labor force. But 
they are even farthe r away from the best source of feed gra ins and from the markets. 
It is not yet certain whether the ir longer growing season and lower labor cost is 
suffic ient to overcome the added cost of transporting feed grains that far. 

Comparative advantage is also relative ly volatile . Some factors that provide an 
advantage today may become a di sadvantage tomorrow. It is conce ivable that at some 
future time, energy prices will reach a leve l where it will be more important to be near 
the source offeed gra ins and neare r the major markets. Under those conditions, it may 
be more ene rgy- and cost-effecti ve to accept the shorter growing season and the 
longer production cycle in the Midwest. Comparati ve advantage fo r the production 
of channe l catfi sh would shift to the Midwest just as the production of feed grai ns did 
many years ago. With feed gra ins, the cooler climate is an advantage . 

Comparati ve advantage is the result of many different fac tors and the ir 
interactions. I suspect, however, that fac to rs such as so il , wate r, climate, geography, 
and human culture tend to provide a more permanent comparative advantage than 
new technology or governmental po li c ies such as taxation and subsidies (Martinez, 
1989). Those factors li sted first change very slowly, if at all . Aquaculture that 
matches well with those natural-resource characteri stics should be re latively stable 
and have long-term comparative advantage. The less stable fac tors, such as transpor­
tation , infrastructure costs, policies , and regulat ions, can provide a degree of 
comparative ad vantage, but it is likely to be transitory . Where there is little o r no 
comparative advantage , attempts to deve lop aquaculture like ly will be an exerci se in 
market deve lopment for fa rmers in a different ecosystem who do enjoy a comparati ve 
advantage. For example, it is poss ible to grow til apia in Alabama, but because these 
spec ies cannot survive most winters in producti on ponds, a ll of the fi sh must be 
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harvested in earl y fa ll . Thi s mandatory harvest means that all of the fi sh would have 
to be processed within a few weeks during that period. The sensitivity of these fi sh 
to low water temperatu re lim its any comparati ve advantage Al abama might have in 
the ir culture. As a result , any efforts to develop an industry could end in fa ilure when 
anothe r reg ion wi th a year-round growing season goes into production. 

Time as a Dimension 

Throughout all of man's experience, through every aspect of the world 
and universe he inhabits, runs the elusive entity called time .. . Time 
governs not merely man' s acti vities hut his very being .. . Time, which 
gives continuity and pattern to life, also brings disrup tion and death ... Of 
all the great abstractions of science, it is omnipresent time - not space 
orfo rce or matter - that comes most ojien to our lips ... What we cannot 
do , oddly enough, is de.fine it (Goudsmit and Claiborne, 1966). 

All living things ex ist in a matri x of time and change with time, but onl y 
humans are able to interact with it. While we cannot slow it or speed it up , we are able 
to manipulate our affairs so as to use it purposefull y. Humankind is able with the aid 
of memory, writing, drawings , and pictures to recapture some aspects of the past. In 
thi s sense, we are able to go bac kwards in time. Also, by recapturing the past and 
integrating it into our consciousness , we are able to plan for the fu ture. 

A bas ic phenomenon of physics is the re lati onship between time and motion. 
Phys icists re late the two through the use of the rate at which one changes with respect 
to the other: 

Rate = Distance/Time 

The processes of deve lopment do not obey the laws of motion in the usual 
sense, but changes do take place over time, so it is poss ible to think of them as hav ing 
ra tes . 

All processes or aspects of deve lopment are related to time. Deve lopment takes 
place over time, and the rate at which deve lopment changes take place vary wide ly. 
Several hundred thousand years elapsed while our ancestors were changing from 
hunting and gathering to farming soc ieties . The ad vantages of hybrid corn were 
known 25 to 30 years before it was widely used in the United States. Yet only about 
three years were requi red fo r the widespread adoption of new pond wate r aeration 
technology by the catfi sh farming indu stry. As noted in a previous section, some 
aspects of cultu re (Materi a l versus Non-materi a l) change more rap idly than others. 

The differing rates of change result in some diffic ult problems as we attempt 
to promote development. Often deve lopment processes with wide ly di ffer ing rates 
are linked together in change agency projects. Because ofbureaucrati c requirements, 
too littl e attention is g iven to the time required fo r the des ired changes in the 
individual processes . For example, many deve lopment projects des igned by change 



THE DEVELOPMENT OF AQUACULTURE: AN ECOSYSTEMS PERSPECTIVE 185 

agencies have a five-year li fe, but in many cases, only a few of those linked processes 
can be completed in five years. From a project planning, implementation, and 
evaluation perspective, five years may be a reasonable period, but it places highly 
artificial and ri gid restri ctions on a number of complex physical , chemical, biolog i­
cal, psychological, soc iologica l, economic, and political processes which are chang­
ing at the ir intrinsic rates. 

For example, in developing aquaculture where it has not been practiced before, 
it is necessary to put in place production, harvesting, processing, marketing, and 
utili zation if the effort is to be successful and aquati c animal farming is to be 
institutionali zed. All five processes must be linked together in the development 
effort, but the rate at which they proceed is different. Obtai ning production can be 
accompli shed re lative ly quickly . Harvesting and process ing proceed at even more 
rapid rates. But the deve lopment of markets may require a much longer period and 
is diffi cult until at least one production cycle is completed . Finally, getting people to 
change their food hab its to include aquatic animals regularly in the ir diets may 
require many years. It would be extremely fortunate if a ll of these processes could 
be completed in five years . Probably, under even the best conditions, it would require 
15-20 years to complete all of them so that aquacu ltu re would be institutionali zed. 

With respect to the role of time (and rates) as a dimension of the aquaculture 
ecosystems, the primary limiting factor in change agency promotion of development 
is that the political process generally provides the funding (energy) for all of the other 
processes, and its rate of change may be rapid and highly variable. Often the political 
process in a development effort reaches an endpoint many years before the other 
processes are completed . When thi s happens, the effort will usually yie ld poor results 
and may fail complete ly. It would be extremely helpful if the rate of change in the 
political process could be reduced, or at least made more predictable. Unfortunately 
given the nature of the process, thi s is extremely diffi cult. 

Effects of Aquaculture on Ecosystems 

Most of the di scuss ion in thi s section has dealt with the effect that environment 
has on the deve lopment of aquaculture , but aquacu lture a lso affects its environment. 
This perspective of the ecosystem also is important in pl anning deve lopment. Pillay 
( 1992) has written a comprehensive book on thi s subject, so I will mention only two 
examples here. 

When it was determined that mangrove swamps were good sites for shrimp 
farming ponds, investors swarmed to those areas (McCle ll an, 199 1 ). With the arrival 
of shrimp farming , the mangroves were eliminated. By 1985, Java had lost 70 percent 
of its mangroves ; Sulawesi, 49 percent; Sumatra, 36 percent; the Philippines, 45 
percent; Thailand , 27 percent; and Malays ia, 20 percent. 

The loss of mangrove breed ing and growing areas for fi sh and shrimp reduced 
the ava il ability of these animals for loca l fishermen who depended on them for food . 
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In some cases , pumping sa lt water into the newly developed ponds caused saliniza­
tion of adjacent rice paddies, bringing further hardship to the local farmer-fishermen 
in those remote areas. 

When aquaculture involves the use of manufactured feeds, even with the best 
conversion rates achievable, a high percentage of these materials remains in the water 
column as uneaten feed or is returned to the water as feces (Hopkins and Manci , 
1989). Boyd ( 1990) stated that the conversion rate of dry feed to wet weight of fish 
presents a distorted picture of the amount of feed go ing into the water column as 
uneaten feed or feces. From 1.5 to 2.0 kilograms of dry feed are required to produce 
one kilogram of wet weight of fish. However, when the dry weight of fish is 
considered, approximate ly 5.4 kilograms of feed are required to produce one 
kilogram of fish dry weight. 

If a fa rmer is obtaining a conversion rate of 1.5 -- allowing him to produce one 
kilogram of fish for each 1.5 kilograms of feed -- 1.32 kilograms of the feed becomes 
organic matter pollution. Each 1.32 kilograms of feed voided as feces releases into 
the water 51.1 grams of nitrogen, 7.2 grams of phosphorus, and 1.1 kilograms of 
oxygen demand. Unfortunately, the problem does not end there. Nitrogen and 
phosphorus released into the water by microbia l decomposition of the feces leads to 
the production of add itional organic matter through the fixing of carbon in photosyn­
thesis. 

Poor water quality in the culture pond can result in low oxygen levels, wide 
swings in oxygen concentrations during the diurnal cyc le, and toxic leve ls of 
ammonia. If these nutrient-laden waters are re leased into an adjacent stream during 
harvesting, the water quality of the receiving water can be drastically reduced at least 
temporarily, depending on the volume of water in the receiv ing stream. If there is a 
concentration of aq uac ultu ra l operat ions in a small area, the reduction in the quality 
of the receiving water can be severe over a long period. 

Poor water quality, resulting primarily from high leve ls of feeding, has 
emerged as the most important enemy of shrimp farming worldwide (Boyd, 1989; 
McClellan, 199 1 ). For example, Taiwan's regional share of shrimp production 
plummeted from 21 percent to 4 percent in one year when poor water quality caused 
so much stress on the animals that they became susceptib le to a variety of viral , 
bacterial , and parasitic diseases. This same situati on is rapidly developing in 
Thailand. In some areas with limited access to good water, low-quality effluent 
flushed from one pond is picked by the pump intake of an adjacent pond as the owner 
fills the container to begin a new crop. Claude Boyd (personal communication) 
reports that water pollution is becoming such a problem in Indonesia that shrimp 
growers are searching for other countries for development. Unfortunately , the so­
called Taiwan disaster will be repeated over and over until feed ing leve ls are reduced 
or until more effic ient pond management systems can be developed to promote faster 
ra tes of organ ic matter decomposition in culture ponds. 

I 
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CHAPTER 10 
AQUACULTURALDEVELOPMENT 

AS A PEOPLE ENTERPRISE 

187 

D EVELOPM ENT IS A " PEOPLE" MATTER. Development projects often are de­
signed to dea l with groups of people, such as the poor majority, the underc lass, small 
fa rmers, entrepreneurs, or women. Unfo rtunate ly , the success or fa ilure of develop­
ment is not determined entirely by group action (Polk , 199 1 ). Gro ups may accom­
plish many important things in the deve lopment process, but onl y after appropriate 
individual dec isions and inputs have been made. Development is the sum of 
individual dec isions and actions. Governments often invest large sums in develop­
ment projects, such as irrigation, roads, schoo ls, and power generation stations. 
However, the ultimate success or fa ilure of those projects will depend on ind ividual 
decisions on whether to invest and to susta in the investment of scarce personal 
resources (land , labor, or capital). Deve lopment depends on myriad dec isions and the 
resulting actions of individual people. But the keys to success are insuring that 
individuals have the opportunity to partic ipate in dec isions that affect thei r lives, 
encourag ing them to make the correct dec isions, urging them take correct actions 
foll owing their dec isions, and prevailing upon them the need to susta in the ir 
commitments. 

One persistent problem in promot ing development has been that individuals 
often have limited opportunity to make dec isions on matters that will significantl y 
affect the ir lives. Too often dec isions on what development strategy to promote and 
how to promote it are made far from the people who will have to make the final 
dec isions on the commitment of scarce personal resources. With too many of the 
typical top-down development projects, change agencies seem to say that the poor or 
those who will be d irect ly affected by the process cannot be trusted to make dec isions 
about the ir own economic well-be ing. However, as S incere ( l990) points out, even 
the poorest persons, whether in New Delhi or New York , in Abidjan or Aberdeen, 
know how to make a cho ice in the ir best interest. In the same contex t, Herman ( 199 1) 
suggested that the answer to fa il ed top-down economic and soc ial engineering could 
be greater parti c ipation of c li ents in the dec ision-mak ing process . He quotes the 
di stingui shed British economist, Lord P. T . Bauer on thi s matter: 

Economic responsiveness does not depend on literacy or fo rmal 
education. Illiterate, uneducated people can readily recognize the exten­
sion of their opportunities . They can tell whether a change makes them 
better or worse off; and they can certainly tell th e difference between more 
and less. 
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In this context, Herman ( 1991 ) suggests that the answer to failed top-down 
economic and social engineering could be greater participation of clients in the 
decision-making process. 

While individual decisions and actions are the basic building blocks of 
development, it is important to emphasize that individuals must also come together 
and function as a unit in most development situations. At the lowest stages of 
aquaculture, there might be limited need for group deci sions. However, at the higher 
stages, group decisions are essential, for example, in passing taxes to build roads and 
bridges required for complex marketing systems ... in efforts to support research to 
develop necessary new technology .. . in the formation of associations to promote the 
use of cultured aquatic animals ... or in the development of product quality standards 
to protect the viability of the industry. Individual decisions are the building blocks 
of development, but in many situations those deci sions are less effective if they are 
not expressed in concert with other individuals. 

It is probably appropriate to suggest that development does not really occur 
until individuals commit scarce resources to the process on a sustained basis. Earlier 
understanding of development tended to suggest that government or ruling elites 
were the chief sources of human progress . Now, the idea is slowly emerging that 
individuals working for their own economic and social improvement are the only real 
source of development (Agency for International Development, 1989). T. W. Schultz 
succinctly described thi s role of individual people in development: 

The future productivity of an economy is not foreordained by space, 
energy, and cropland. It will be determined by the abilities of human 
beings. It has been so in the past and there are no compelling reasons why 
it will not be so in the years to come. 

There are at least three basic traits of people that must be dea lt with effective ly 
in the development process: 

I. Individuals by nature will make decisions and take actions which 
they perceive will improve the quality of their lives. 

2. Predicting decisions that individuals will make concerning the use 
of their scarce personal resources is extremely difficult. 

3. The rate at which individuals adopt technology and the effective­
ness with which they manage it vary . 

Suggesting that people have these traits is not meant to denigrate or to 
categorize them unfavorably. Rather, it is to suggest that these traits played important 
roles in humankind 's long struggle against environmental res istance while trying to 
improve the quality of life. These traits played an important role in the development 
of human civilizations and continue to pl ay central roles in their affairs today. I 
suggest that we can encourage and promote continued development, more specifi-
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cally aquacultural deve lopment , by working within the framework o f these same 
traits. 

Improving Quality of Life 

As suggested above, individuals will make dec isions and take actions which 
they perce ive will improve the quality of the ir lives. The unre lenting pressure of the 
Second Law of Thermodynamics ultimate ly will force the evolution of energy use 
effi c iency in all li v ing things . I suspect that thi s may be one of the major dri ving 
fo rces of Darwin ian evolution. In thi s sense, improving the quality of one's life 
would result in an improvement in the utili zation of energy. Agriculture and a more 
predi ctable food suppl y is more energy effi c ient than hunting and gathe ring, at least 
for a large population of people . Improved clothing and she lter, which improve the 
quality of li fe, would al so result in increased effi c iency in the use of energy. While 
thi s process ultimate ly must move in onl y one direction (toward energy effi c iency) , 
there are like ly to be many wide positi ve and negati ve swings in the process . 

Improving the quality of one ' s life seems to be something everyone would 
want, but it is a complex phenomenon. Taking actions that may improve quality of 
life, almost without exception, requires the ex penditure of scarce resources (land , 
labor, and capital). Improvement must be purchased at a price. Individua ls with 
limited resources must be convinced beyond a reasonable doubt that the expenditure 
of those resources would result in a better quality of life, but these individuals are by 
nature conservative in making these dec isions. The des ire to improve the quality of 
li fe can be a powerful force. It can encourage the development of aquaculture if the 
individua ls invo lved can be convinced that the investments required will rea ll y result 
in improvement and if they actuall y have the resources available to make those 
investments. 

Making Decisions 

Buchanan ( 1987) suggests that " predi ctions about the behavior of individua ll y 
identifi able human be ings are clearl y imposs ible except in rare instances." It is 
extremely difficult , if not imposs ible, to predi ct how individual farmers will respond 
to effo rts by a change agency to promote aquacultu ra l deve lopment, how individual 
consumers will respond to the introduction of a new spec ies of aquati c animal to the 
market, or how they will react to an increase in the price of an animal a lready in the 
market. Some of the fac tors that affect dec ision making were di scussed in thi s book 's 
section on the " Psycholog ical Dimensions of the Aquac ulture Ecosystem. " 

While a study of past choices that individuals have made in the marketplace 
may provide some indicati ons of choices they may make in the future , these 
indicati ons often are little better than guesses. When the nature and the dynamic 
process of human consc iousness (Lew in , I 988 B; Myers, 1989) are taken into 
consideration, the diffi culty of predi cting behavior is to be expected. 
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Predicting choices that individuals will make in managing the ir households, 
sati sfying the ir wants, and trucking, bartering, or exchanging one thing for another 
is ex tremely diffi cult. Further, aggregating indi vidua l uncerta inties by creating an 
average individual for purposes of prediction does not improve the situation at a ll. 
The diffi culti es that economi sts have in attempting to predi ct recess ions, unemploy­
ment rates, inflation rates, stock market trends, or doll ar exchange rates provide 
ample evidence of the di ffic ulty of aggregating unpredictable individual cho ices . 
Thi s lesson should not be lost on those of us involved in the development of 
aquaculture . Regardless of how promising the advancement of the producti on of 
aquati c animals might be from our perspective, the success of our effo rts will 
ultimate ly depend on individuals making dec isions based on the ir c ircumstances and 
preferences at the moment. 

Adopting and Managing Technology 

Individual differences make up an important aspect in the success of any 
deve lopment effort. In the previous section , the difficulty of predicting individual 
dec isions was di scussed. In thi s section, two other important characteri sti cs of 
individua ls re lative to development will be di scussed briefly. 

Individual Variations in the Rate of Adoption of New Technology 
The rate at which acceptance of new technology takes place is dependent on 

personal, socia l, and cultural characteri sti cs and on the economic status of individu­
als. These characteri sti cs include age, education, spirit, experience, wealth , soc ial 
activeness, role in the community , degree of conservati sm, attitude toward change, 
and certain community cultu ral characteri stics . Based on the rate at which they adopt 
innovati on, people can be divided into fi ve general groups: 

J. In novators (ven turesome). 
2. Early Adopters (respectable). 
3. Early Maj ority (deliberate). 
4 . Late Maj ority (skeptical). 
5. Laggards (traditional). 

Maunder ( 1973) and Rogers ( 1983) describe characteri stics of these five 
groups with re ference to the ir perception of and response to innovation. Rogers' 
characteri stics are shown within the parentheses. There are diffe rences in the rates 
at which individuals respond to new technology. However, these differences prob­
ably are not as pronounced as the groupings would indicate, but rather a continuum 
of responses. Al so, these group designations do not suggest that one is c learly more 
important than the other in the deve lopment process. All of these groups play a vital 
rol e in deve lopment. Innovators certa inly are important, but they sometimes do not 
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susta in the leve l of interest or commitment long enough to effectively support the 
deve lopment of the aquacultu ral ecosystem. In contras t, once the laggards do accept 
the new technology, they will usuall y remain highl y supporti ve. Obviously the 
pioneers are important in the deve lopment process, but no more important than the 
settl ers who fo llow. 

Brown ( 198 1) and Roling (] 984) suggest that there are other fac tors that 
contribute to thi s range in the ra te of technology adoption -- from innovators to 
laggards. They suggested that in too many cases be ing an early adopter tended to be 
more a fun ction of hav ing access to resources, while lack of access to resources 
tended to cause others to lag in adapting new technology. Roling further suggests that 
the tendency now is to substitute "system blame" fo r " person blame" in explaining 
differences in the rate of adoption of new technology. Lovshin et al. ( 1986) and 
Schwartz ( 1986) di scuss a number of psychologica l, soc ial, and cultu ra l fac tors that 
affected the ra te at which aquacultural technology was accepted by people in some 
rural areas of Panama. C learl y the pendulum is sw inging toward blaming the system 
and away from personal tra its of individua ls as an ex planati on fo r di ffe rences in the 
rate of adoption of new technology. It probably is a mi stake to spend too much time 
fi xing blame in e ither direction. 

Differences in the Ability to Manage New Technology 
Roling ( 1984) notes that on the " polders," or recla imed lands in the Nether­

lands, where carefully se lected fa rmers were located on unifo rm tracts of land , there 
were large differences in the results achieved by those individuals. He suggested that 
these diffe rences were the result of vari ati on in manageria l ability, entrepreneurship , 
and profess ionali sm between individuals. Similar results have been reported with 
Ameri can farmers (Jerry Crews and Joe Yeager, pe rsona l communicati ons). 

Aquacultural deve lopment is a people business . It will not proceed without 
the ir parti c ipation. Obviously, there would be no need fo r it except fo r people . 
However, the nature of people and the ir institutions make deve lopment a difficult 
process to manage. Deve lopment proceeds, as suggested previously, because people 
want to improve the quality of the ir lives, yet it cannot a lways be advanced ve ry 
effic iently because of the characteri sti cs noted above. These characte ri sti cs of people 
are the bas ic building blocks with which we have to work in aquac ultura l deve lop­
ment. They are the only game in town . Our ability to work constructi ve ly with those 
individua l differences and responses of people will dete rmine, to a large ex tent , the 
success of our effort s to promote the deve lopment of aquaculture . 
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CHAPTER 11 
APPROPRIATE LEVELS OF INPUTS 

ONCE THE GOALS OF DEVELOPMENT have been adequately defined, the nex t step 
in the process is to choose the technology that will provide the leve ls of intervention 
or stages of aquaculture required to achieve those goa ls. Here I am using the more 
genera l term , technology, to inc lude any input, combination of inputs, or any stage 
of aquaculture that might be required in the deve lopment process ( in fo rmati on, 
procedures, chemicals, tools, and machines) . 

In choos ing activities with potenti a l for meeting the goal s in a parti cul ar 
situation, one must first consider whether the development involves changing 
ex isting aquaculture or introducing aquaculture where it has been previously prac­
ticed little or not at all. Each of these development situations will be considered in 
the fo llowing sections. 

Changing Existing Aquaculture 

The first general envi ronment where aquacultural deve lopment is promoted is 
where aquac ulture a lready is being pract iced, and the goa ls of development are to 
change some characteri sti cs of the ex isting industry to bring it to a more advanced 
state . There are two genera l types of changes that can be made in ex isting aquac ul ­
ture : 

I . Vertical Change -A change that will result in an increase in the 
number of' un its of' aquatic an imals produced. 

2. Horizontal Change-A change that will result in an increase in the 
efficiency of the system or that will result in an increase in the rate of 
return on in vestment at a given level of production. 

These are not highl y spec ific or mutuall y exc lusive. In some cases , a change 
(a deve lopment initiative) can increase both the number of units of animals produced 
and the return per unit produced. However, the two genera l situations do provide a 
useful framework fo r considering the deve lopment of ex isting aquac ulture . The 
important consideration in emphas izing these two general methods is that all 
deve lopment does not necessaril y result in the production of more aquati c animals. 
Bringing out the capabilities and possibilities of aquaculture can be accompli shed 
without an increase in production. Obviously , given the world fi sh supply situation, 
increas ing total producti on is a major goal, bu t in many cases , improv ing the return 
on investment or hori zonta l change at a g iven stage of producti on also is important. 

r' 
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An example will prov ide a clearer differentiat ion of these two generali zed 
methods of development. Fish ponds in the tropics which are stocked onl y with a 
single spec ies of til apia and do not receive fe rtil izer or feed usuall y contain a modest 
quantity of fis h after one year in production. Production of green plants (algae) and , 
in turn , microcrustaceans, insects, and fish is dependent on the plant nutrients 
(nitrogen, phosphorus, potass ium, etc.) in the so il s surroundi ng the ponds. For 
example, van der Lingen reported (Hepher and Pruginin , 198 1) that in ponds in 
Rhodes ia stocked with Oreochromis mossambicus and not receiving fertili zer or 
feed, the carrying capaci ty was approx imately 900 kilograms per hectare. The 
carrying capac ity or un its of fi sh produced in those ponds was increased to approx i­
mately 2, 130 kilograms per hectare by adding inorganic fe rtil izers. By adding 
supplemental feeding plus ferti li zation, production was increased to 6,160 kilograms 
per hectare. This is an example of verti cal development. By increas ing the input of 
nutri ents in an ex isting container, the number ofunits offi sh produced was increased . 
The poss ibilities and capabilities of aquaculture were advanced by increasing the 
nutrient input in the system. 

While the total weight of fi sh was increased in thi s situation, the return on 
investment may have increased very little. The til apias have relat ively high rates of 
reproduction. In ponds containing only these fis h, most of them will be small because 
there are more individuals present than can be grown to a larger size with the natu ral 
food limitations. While there are many fi sh present, most of them may be too small 
to be of much value in the market. In some countries, people will not accept the 
smaller sizes of 0. aureus fo r food. For example, Galbreath (personal communica­
tion) noted that the market in Ivory Coast would not accept fis h less than 150-200 
grams in weight. In others, the size of the fi sh is of little concern to consumers. They 
will eat any size fi sh available (Low, 1985). If the fis h in the pond are too small , 
fe rtilization generall y will not solve the problem. Although the amount of natura l 
food will be increased as a resu lt of fert ili zation, the individual fi sh get no larger. 
Instead, with more food available, more young fi sh are produced, and compet ition for 
food is greater. 

In thi s case, the return on investment would be low because of the limited va lue 
of the small fis h and the cost of fe rtilizer. A more effecti ve solution would be to add 
a predatory fi sh such as Cichlasoma managuense (Dunseth , 1975; Bay ne et a l. , 
1976). The predator consumes some of the small fi sh after they hatch. As a result , 
excess 0 . aureus seed are converted into C. managuense. Because the numberof seed 
are reduced, those remaining have more food avail able and will grow larger. 
Consequently, they may be much more acceptable in the market and should bring a 
higher price and a larger return on investment, a lthough there would be some 
additional cost in stocking the predators in the pond. Ofori ( 1988) reported that 
stocking the Nile perch (Lates niloticus) into ponds contain ing three spec ies of 
til apias resulted in the higher yield of larger til apia and a higher gross income. 

In the predator-prey (polyc ulture) situation, total fi sh production in the pond 
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may actually be lower than in the monoculture. There is inevitably a loss of energy 
from the system as Oreochromis are converted to Cichlasoma, as a result of the effect 
of the Second Law of Thermodynamics. Also in the monoculture, there were so many 
small fish present that virtually every natural food item (microcrustaceans and 
insects) was consumed almost as it was produced. There was little loss of food from 
the system. In the predator-prey situation, because of the reduced number of fish, 
some food animals would escape predation to complete their life cycles and die. 

Depending on the specific situation, either "vertical" or "horizontal" develop­
ment could be a more important development goal. In the following sections, both 
will be discussed. 

Vertical Change 
With the current status of aquacu lture worldwide, increasing the quantity of 

aquatic animals produced is the most common of the two general types of change 
taking place. Generally, aquaculture is in a se ll ers' market phase. The demand for fish 
relative to supply is increasing so rapidly that virtually all the fish that can be 
produced can be sold at a reasonable price. Under these conditions, farmers rush to 
increase the number of units of animals produced rather than to be overly concerned 
with improving the rate of return on the individual unit. 

Generally , bringing existing aquaculture to a more advanced state through 
vertical development involves introducing some new technology, such as a new 
species of fish, a better feed, improved pond aeration equipment, or a new manage­
ment practice. In this process, existing aquacultural ecosystems are analyzed to 
determine what factor(s) or input must be altered to allow the system to be moved to 
the more advanced state. I have previously described a systematic procedure for 
identifying these bottlenecks, based on the "ladder of the intellect" of Sir Francis 
Bacon (Platt, 1966; Van Doren, 1991), in the book Fish Farming Research (Shell, 
1983). While the specific procedure described in that work is most applicable to the 
production component of aquatic animal culture, it can be applied equally well to the 
other components (harvesting, processing, marketing and utilization). The general 
process of selecting the appropriate technology for e liminating the bottlenecks will 
be described in a following section. 

While there is a strong tendency to emphasize vertical change in aquacul tural 
development, it is important to remember that as production per unit of container is 
increased, the dimensions of the ecosystem also expand. Increasing production often 
requires more nutrients, more services, more equipment, and more complex market­
ing arrangements if the ecosystem is to remain in balance. Remember that an increase 
in the dimensions of the ecosystem is accompanied by an increase in its complexity. 

There are several general methods for increasing the number of units of aquatic 
animals produced on existing farms . Included are examples, which will be discussed 
in the following sections: 
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1. Increasing the number of production units (containers) . 
2. Upsca ling the stage of aquaculture practiced. 
3 . Improving the effectiveness of individual inputs . 

Increasing the Number of Containers Increas ing the number of 
containers operated by an individual farmer is an effecti ve vertical change tool. 
Experienced farmers usually are able to hand le the increase relatively easi ly. They 
are familiar with all of the inputs required and where they may be obtained. They also 
are familiar with the problems most like ly to be encountered. Obviously, it is implied 
that increas ing the number of containers requires a commensurate increase in all of 
the inputs required (capital, nutri ents, labor, process ing, marketing, and consump­
tion). If the farmer already is successful , usuall y little encouragement will be 
req uired . 

Simply increas ing the number of containers without adequate attention to the 
other inputs can lead to serious stresses in the culture ecosystem and to catastrophic 
fa ilure. For example, increas ing the number of units produced by increas ing the 
number of containers in operation could lead to a seri ous problem for the farmer if 
there were not unused capac ity ava ilable in process ing and marketing. 

One other problem should be avo ided in increas ing the number of containers 
operated by a farmer. Often the most suitable sites for containers are developed first. 
Subsequently, if poorer sites are developed to increase total production, serious loss 
of production effic iency can result. At the same time, however, adding new contain­
ers can be an advantage in the respect that mistakes made in the deve lopment of 
containers at an earlier time can be avoided subsequently. 

Upscaling the Stage of Aquaculture Practiced -- Moving up the sca le 
(increas ing the level of intervention) of aquacultura l practice is another means of 
increas ing the number of units of animals produced. Wi th thi s method, the farmer is 
encouraged to move from a lower stage of aquaculture to a higher one. Generally, as 
the stageofaquaculture is advanced, the numberofunits of animals produced per unit 
of container increases. The upscaling of channel catfis h production procedures used 
in Alabama in the late 1950s as recommended by Swingle ( 1958) and production 
procedures in use today (Jensen, 198 1; Busch, 1985A) are an example of thi s method 
of aquacultural development. In the 1950s, the stocking rate of the containers was 
ex tremely low compared to stocking rates used today. The fis h generally were fed 
incomplete rations. Feeding rates were kept low to prevent water quality problems. 
Most of the fis h were so ld loca lly. Now stocking rates are several-fo ld higher. Feeds 
have been improved signi ficantl y, and di ffe rent forms of feed (fl oating and sinking 
pellets) are utilized. Aeration is used to maintain water quality when the normal 
photosynthes is-respi ration balance in the container is seriously di srupted . Per unit 
production of channel catfis h is increased significantl y. 
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Upscaling or increas ing intervent ion, while potenti a ll y leading to increased 
production, inherently leads to increased responsibility for management. Us ually as 
the prod uction rate per uni t increases, the ri sk of catastrophic loss also increases. As 
the stocking rate is increased, the amount of nutrients added also must be increased. 
Consequentl y, the amount of wasted feed, feces, and other metabolic wastes that 
must be ox id ized by the aquatic system is increased signifi cantl y (Tucker and Boyd, 
1985). The ox idation of wastes leads to the re lease of inorganic compounds 
(phosphorus, nitrates, and carbon dioxide) which are utili zed by algae. Th is process 
leads to the development of dense blooms of phytoplankton and to wide swings in the 
concentration of di sso lved oxygen in the container. Under some conditions, the 
oxygen concentration becomes so low that a ll of the fis h die (Boyd, 1990). As was 
noted prev iously, upscaling the stages of aquaculture usuall y leads to increased 
product ion, but it also leads to increased complex ity. 

Improving the Effectiveness of Individual Inputs -- This general method of 
increas ing production in ex isting uni ts is utili zed re lative ly little on a worldwide 
scale, although it is important in a fe w spec ific culture systems. The method involves, 
fo r example, the util ization of geneticall y improved seed . While current use is 
somewhat limited, the potenti a l for use in the future is ex tremely promising. 
Certa inly, if the experiences in production in animal agricultu re are a guide, the 
future fo r the use of geneticall y improved aquatic animals is extremely promising. 
In fac t, with the broad di versity of gene pools of cultured aquatic animals avail able 
in the world and unique reproducti ve characteri stics (large eggs, exte rnal fertiliza­
tion, large numbers of eggs per female, etc.), the futu re for the use of geneticall y 
engineered aquati c animals may be greate r than for animal agriculture. 

Already geneticall y improved ra inbow trout are be ing utili zed in the culture of 
that spec ies (Ingram, 1987B), and sex-controlled individuals are be ing used to good 
advantage. Genetically improved common carp a lso are cultured, espec iall y in 
Central Europe and Israe l (Mcl arney, 1984). The first geneticall y improved channel 
catfish have been released to fa rmers by fis h breeders at Auburn Uni versity, but very 
few of these are yet being produced fo r market (Dunham and Smitherman, 1985). 

Another example of improv ing the effecti veness of ind ividual inputs would be 
the use of improved feeds. In the early days of channel catfis h farming, most 
producers utili zed an incomplete ration (Welborn and Tucker, 1985) , which did not 
meet a ll of the nutritional requirements of the fi sh. The di fference between what was 
needed by the fi sh and what was suppli ed in the diet had to be made up by the fi sh 
forag ing on natural foods in the pond. Thus, the maximum weight o f fis h that could 
be produced was determined to some extent by the availability of natural food. 
Changing to a complete ra ti on limi ted the importance of the natu ral foods in the 
production process. Fish production on a given we ight offeed, in a unit of production 
space , and at a g iven stock ing rate could be increased by improv ing the quality of the 
feed. 
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Horizontal Change 
Horizontal change refers to those methods that generally do not result in the 

production of more units of animals, a lthough in some cases that may happen. The 
emphas is is primarily on increasing the rate of return on investment at a g iven level 
o f producti on. Usuall y these methods involve improving the ba lance of the inputs 
required. An example of thi s method was presented prev iously in thi s section by 
describing the stocking of a predator in a til apia monoculture pond (Bayne et al. , 
1976). 

Horizontal change is not yet wide ly used as a too l in aquacultural development. 
As was noted prev iously, aquaculture, in most cases, is in a se ll er phase. The re is 
limited concern for balanc ing inputs and for increas ing the effic iency of the 
producti on systems. However, as suppl y beg ins to overtake demand and competiti on 
in the market increases, the concern fo r the rate of return w ill inevi tably increase. 
Sarig ( 1988) has questioned the re lati onship between max imum production and 
profi tability on Israeli fi sh fa rms. 

While there is re lative ly little immediate concern fo r balanci ng the inputs 
(hori zontal change) as a deve lopment tool , it is important to have the method ready 
when it is needed. Farmers should be regularl y reminded that hori zonta l development 
is an important concern for the long term. Those farmers who are I ittle concerned for 
balance in the ir operations could experience serious di fficulty in an increas ing ly 
competitive market. If thi s s ituation is widespread in an industry, it can lead to 
catas trophic fin ancial losses and to a reduction of production while fa rmers strugg le 
to cope with new realities . 

Numerous input changes in aquaculture can increase return on investme nt but 
cause little or no increase in the tota l number or we ight of animals produced. The 
foll owing li st includes three of those changes as examples: 

J. Change the species being cultured. 
2. Change the timing of the production cycle . 
3 . Change the marketing strategy. 

Change the Species Being Cultured -- Oreochromis mossambicus, the so­
called Java til apia, was transported and introduced widely in the tropical deve loping 
world fo llowing World War II (Hick ling, 1968). The fi sh were easy to re produce, and 
they ate a wide variety of foods. They were an ideal c ulture animal except for the fac t 
that in most situati ons they began to reproduce before reaching market s ize (Hepher 
and Prug inin , 198 1 ). With the attainment of sex ual maturity , growth rate slowed 
signifi cantl y. They essentially fill ed up the conta iner with more reproduction (seed) 
than could be grown to a market s ize with the amount of natural food ava il able. Al so, 
these fi sh tend to be darkly colored and generall y unattractive in the market. 

More recentl y, other species of til apia with most of the des irable characteristi cs 
of the Java til apia and fewer of the undes irable ones have been collected from the 
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wild. Oreochromis niloticus and O. aureus are being used to replace O. mossambicus 
on farms in many countries . These species grow to a larger size before becoming 
sexually mature, and they are much lighter in color. They are much more attractive 
in the market. By changing species and keeping other inputs at essentially the same 
level, the value of the product is increased, and the return on investment also should 
be increased . 

Sarig (1988) reported that on Israeli fish farms, the choice of species has a 
major effect on farm profitability . Farms were most profitable when they stocked 
more mullet, compared to farms that stocked more common carp, silver carp, or 
tilapia. Also, replacing 0. niloticus x 0 . macrochir hybrids with 0 . niloticus as the 
primary culture species in Rwanda was a primary reason for the resurgence of interest 
in aquaculture in that country (Hishamunda and Moehl, 1989). 

Change the Timing of the Production Cycle -- In the usual pattern of 
production in the channel catfish industry, seed are stocked in February or March 
(Jensen, I 981 ). The fish are fed a prepared, complete ration until September or 
October when they are harvested. This system effectively utilizes the warm months 
of summer when the fish grow rapidly. Unfortunately, when too many farms use this 
particular production cycle, there is an excess of fish available from September to 
December and a shortage from February to April (Busch, I 985A). Fish prices tend 
to be lowest in the fall and highest in the spring. Farmers who can alter their 
production schedules so that fish are available during the period when the supply is 
somewhat limited can receive a higher price. Many farmers in Mississippi utilize a 
continuous production system so that they will have fish available for sale when the 
general supply of fish is at its lowest point. 

Change the Market Strategy -- More than 90 percent of the channel catfish 
produced in the United States is sold to companies that both process and market them. 
The price paid to farmers at the pond in 1986 and 1987 ranged between 55-65 cents 
per pound. In some situations, farmers have a marketing alternative. The channel 
catfish is considered by many to be an excellent sportfish. It can be readily caught 
with a variety of sportfishing gear. Farmers who are near population centers have the 
opportunity of selling their fish to fishermen. Instead of harvesting the fish and 
selling them to the processor, the fish can be harvested and stocked in ponds where 
fishermen are permitted to remove the fish by hook and line (Prather, 1964; 
McLarney, 1984; Cichra and Carpenter, 1989; Engle et al. , 1989). Fishermen are 
willing to pay a higher price for the fish than the processor. Obviously, there are 
limited opportunities for selling fish through fish-out compared to selling to proces­
sors . However, where the opportunity exists, the return on investment at a given level 
of production is much greater. 
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Introducing Aquaculture into New Areas 

The second general case of aquacultural development involves establishing the 
farming of aquatic animals in areas -- on individual farms, in regions, in provinces, 
even in countries -- where it was never practiced before or practiced only on a limited 
basis . 

ln a preceding section, it was suggested that in order to bring existing 
aquaculture to a more advanced state that it was generally necessary to introduce new 
technology into the existing aquatic animal farming ecosystem. In contrast, to 
introduce aquaculture to new areas, proven technology from another ecosystem 
generally is used. 

There are two stages to the process of choosing the appropriate technology for 
introduction into new areas, both of which will be considered in the following 
sections: 

I. Defining the new environment. 
2. Matching the technology with the environment. 

Defining the New Environment 
The first step in selecting the best technology to be used when establishing 

aquaculture in a new area is to precisely define the environment where it will be 
introduced. Here the term "define" means "to determine or fix the boundaries or the 
extent of," and the term "environment" is defined in its broadest sense as "the 
aggregate of surrounding things." Thus, defining the environment means to deter­
mine the boundaries of the aggregate of surrounding things where aquaculture is to 
be introduced, considering factors such as the area's geology, hydrology, sociology, 
economics, climate, transportation, and services available. The environmental re­
quirements or inputs of aquacu lture were described previously. The environment 
where the aquaculture is to be introduced should be defined in terms of those 
requirements. It is difficult to overemphasize the importance of this step. Poor 
definition of the total environment (ecosystem) is a primary cause of failure or poor 
performance of aquaculture when introduced into a new area. Poor environmental 
definition can lead to poor selection of a system of culture to be introduced. 

Aquaculture is a chain, or series, of events (stocking, growing, harvesting, and 
marketing) that must take place in a relatively orderly fashion . The environmental 
requirements of aquac ulture were listed in Chapter I in the general order in which 
they are needed. If one of these events does not occur more or less on schedule, the 
entire process of aquacultural production can quickly come to a halt. Defining the 
environment is a means of determining whether all of the required inputs can be 
reasonably expected to be available when they are needed. 

There is a danger in oversimplifying the process of defining the environment. 
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Certainly, that is the first step in the process of introducing aquacu lture, but doing it 
is not as easy as say ing it. The human environment (people, land , climate, hi story , 
government, economics, etc.) is a complex ecosystem in which some components are 
constantly changing, while at the same time others are changing ever so slowly. As 
a result , determining the boundaries is also complex because they keep changing. 
From the time a decision is made to consider introducing aquaculture until it is 
implemented, many of the boundaries may change significantly . A once promising 
economic environment quickly can become a poor one. 

The size of the environment to be defined also is critical in the definition 
process. Defining the environment for aquaculture on a single farm is obviously less 
complex than the process for a state, province, or country. The process becomes 
somewhat less overwhelming, however, when it is remembered that the introduction 
of aquaculture in a state or province is the sum of introductions onto a number of 
individual farms. But it is important to remember that the whole can be quite different 
than the sum of its parts. 

The difficu lty in defining the environment is also related to how isolated the 
new area is from other environments where aquaculture is practiced. It is relatively 
easy to define the environment for aquaculture on a farm when it is already practiced 
on an adjacent farm, but it is much more difficult in a province or country where the 
neares t aq uaculture may be hundreds or even thousands of miles away. 

Defining the environment should be done systematicall y lest some important 
characteristic be overlooked. The only way to adequate ly define the geographic, 
economic, climatic, and social boundaries of the environment is to prepare a li st of 
information required before beginning the definition process. A comprehensive plan 
for systematically collecting the required information was described by Schmittou 
(personal communication) for use by Auburn University in planning aquacultural 
development projects in developing countries. Shang ( 198 1) also has developed a 
check-list to be used in determining the suitability of a given environment for 
aquac ulture. His li st requires obtaining information on so il and water resources , 
environmental suitability, biological factors, market potential , economic feas ibility , 
and inst itutional feasibi lity. He suggested that thi s information be co ll ected jointly 
by a biologist and an economist. 

Pollnac et al. ( 1982) suggested that there were a series of dec ision points that 
should be considered in designing development projects. These decision points, in 
effect, define the environment or ecosystem where aquacu ltu re is to be introduced. 
Thei r li st of deci sion points, which place more emphasis on the soc io-economic 
dimensions of the environment, include the fo llowing: 

J. Assessment of consumer demandforjish. 
2 . Availability ofji·eshjish in the market. 
3. Potential to increase availability of freshjishji-om a capture fishery. 
4. Evaluation of natural resource inputs. 
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5. Cost/benefit analysis of aquaculture versus other animal protein sources. 
6. Assessment of irifi-astructure. 
7. Biosocioeconomic cost/benefit analyses. 
8. Attitudes toward proposed aquacultural systems. 
9. Availability of skilled personnel. 
I 0. Assessment of capital distribution . 

Matching the Technology to the Environment 
Once the environment in question is adequately defined, the next step is to 

determine which stage of aquaculture a particular environment can support. The 
range of aquacultural stages and the environmental requirements of each stage were 
discussed in a preceding section. 

In some situations, selection of a system or a stage of aquaculture for 
introduction is relatively simple. In the area around Yazoo City, Miss issippi, where 
a high percentage of the catfish in the United States is produced, selecting a system 
for introduction on a new farm requires nothing more than defining the details of the 
system already in use throughout the area. The environment is relative ly homog­
enous, and the stage of cu lture in use is relative ly well standardized. Choosing the 
system for an additional farm is a simple matter. 

In contrast to the situation in Mississ ippi , selecting a stage of aquaculture for 
introduction in the Piedmont region of east Alabama is more complex. There are no 
processing plants operating in that area. Harvesting, processing, and marketing must 
be done by the individual fish farmer. Also, some of the other environmental 
requirements (inputs) are more difficult to obtain and more expensive. Water 
availabi lity is quite different in the Piedmont than in the Delta in Mississippi . 

Selecting an aquacu ltural system for some regions of Central and South 
America presents an even greater problem than in the Piedmont area, because there 
is at least a rapid ly growing catfish farming industry in west-central Alabama. Some 
of those experiences are transferrable from west to east, and technology transfer 
(information) systems are effective. In some regions of Central and South America, 
there is little or no hi story of aquacu lture in an entire country. Consequently, there 
are few experiences on which to base the se lection of a system for introduction. 

In se lecting a stage of aquaculture for introduction where there is little 
experience to serve as a guide, there are some general principles that can be followed . 
For example, it is essentia l that all of the input requirements must be met if the 
introduction is to be successful. These requirements form a kind of chain of events. 
If a single link is avai lable in limited quantity, it will seriously jeopardize the success 
of the introduction. Remember that Liebig's Law of the Minimum also applies to 
these situations; the level of success will be determined by the level of the required 
input avai lable in the most limited quantity . 

In addition , not only must all of the requirements (links) be available in an 
environment, but a rather specific combination of levels of the requirements also 
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must be available. Shelford's Law of Tolerance seems to apply to these complex 
ecosystems as well as to the simpler ecosystems. For example, introducing an 
intermediate stage of aquaculture when only a low level of marketing is available 
would probably result in disequilibrium. Similarly, introducing a high level of 
intervention when using containers usually associated with the lowest stages of 
culture also would likely lead to considerable difficulty. 

Suggestions for Selecting Appropriate Inputs 

In this section, I have discussed the planning of a development strategy in 
rather general terms, but there are some specific practical aspects that should be 
considered. Some of those are li sted below and will be commented on in the 
following sections: 

1. Choose an optimum environment for introducing new technology. 
2. Establish a critical mass. 
3. Establish a balanced system. 
4. Time the introduction carefully. 

Choose an Optimum Environment 
It is important to choose an optimum environment for the initial introduction 

( diffusion) of aquaculture into a new area. It is important that few, if any, efforts to 
develop aquaculture fail. It is especially important that few failures occur in 
provinces, states, or regions where it has not been practiced previously. Development 
efforts under these conditions are extremely fragile. A failure in this situation can 
make it extremely difficult to try to establish aquaculture later. 

An American company attempted to establish a relatively large catfish farming 
enterprise in south Georgia in the United States several years before the industry 
began to develop in Mississippi or Alabama. This was a highly successful company 
in other areas of food and fiber production. It was assumed that the company would 
be equally successful in this endeavor. There were many flaws in the technology 
available to the company at that time. For that reason and several others, the 
enterprise had to be abandoned. As a result, it was extremely difficult to achieve even 
a modest growth rate for the fish-farming industry in that state for many years after 
the failure of the business. Even today , the development of catfish farming there lags 
behind Mississippi, Alabama, and Arkansas even though Georgia has good soil, 
water, and climate. There were other reasons for this situation, but the failure of that 
early attempt at development certainly had a significant effect.In wildlife manage­
ment, when an effort is made to introduce an animal into a new area, every effort is 
made to locate a release site that has all of the environmental factors required by that 
particular species. It is anticipated that, once established, the introduction will spread 
rapidly as a result of reproduction and dispersal into adjacent areas with less than 
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optimum condi tions. In the case of the introduction of aq uacul ture, it a lso is 
antic ipated that once established, if successful it will diffuse into surrounding areas. 
Thi s principle of seeking an optimum environment for the introduction of new ideas 
is an anc ient one. A parable recorded in the Bible admoni shes the sower to sow hi s 
seeds on " good ground. " 

In a prev ious section, it was suggested that at a given stage of aquaculture there 
is a combination of leve ls of intervention for each input (contai ners , seed , labor, 
process ing, etc.) that are optimum for that stage. When that stage is to be introduced 
into a new area, it is essential that a site be chosen that can provide all of the inputs 
at the required levels when they are requi red. If these inputs are not avail able in the 
requi red qua lity and quantity, the result ing effect of Liebig ' s Law of the Minimum 
will probably lead to the fa ilu re o f the introduction. 

Establish a Critical Mass 
In establishing an animal in a new environment, it is necessary to introduce 

enough indiv idua ls to create a "critical mass" or a critical populati on density. The 
number and size of largemouth bass and bluegill seed required fo r stocking a new 
pond to establish a balanced populat ion is an example of th is princ iple (Swingle and 
Smith, 1947 ; Swingle, 1950) . In a few situations, establishing thi s critical mass might 
require the introduction of no more than a sexuall y mature pa ir. However, in most 
cases a larger number would be req uired to guarantee that reproduction wi ll take 
place and that the populat ion will become self-s ustaining. Also, stocking a larger 
number would guarantee a much more rapid expansion of the population in the new 
environment. 

The matter of critical mass is quite important in introduc ing aquaculture to a 
new environment. One must consider how many ponds and how much labor, credit , 
process ing capacity, and marketing must be avail able at a g iven stage of aquac ulture 
or would have to be made avail able to guarantee a self-sustaining aquac ultural 
system. If a critical mass of these inputs is not achieved in the introduction, the 
probability of fa ilure of the introduction is quite high. 

Cri t ical mass tends to change w ith the stage of aquaculture introduced. For 
example, on a dammed, tida l stream c ulture in which the famil y produc ing the fis h 
and shrimp consumes the entire crop, a s ing le fa rm could be se lf-s ustai ning. From its 
own resources, the family could prov ide all of the necessary inputs. The presence or 
absence of other s imilar fa rms would be of little consequence. Critical mass would 
play a ro le only with respect to the s ize of that partic ul ar aquacultural system. If the 
container is too smal I and the y ie ld too low, the return on investment even at that stage 
may be too low. There are economies of scale even here. Jfthe return on investment 
is too small , the famil y probably would not maintain the dam or manage the water 
level, and aquaculture would not be sustained. 

In many villages in emerg ing nations, where the deve lopment of aquaculture 
would provide rich di vidends for the people , too often it is d ifficult to make the 
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introduction because it is not possible to establish the necessary critical mass to 
sustain the system. Resources may be so limited that a number of families must 
cooperate to provide the inputs. Unfortunately, even though production may be 
relatively good, it is not sufficient to provide more than a token amount for each 
participating family . While the return on total investment might have been relatively 
good, individual investments are so small that returns would be discouraging. 

At the intermediate stages of aquaculture, the critical mass situation becomes 
more complex. For example, when production on an individual farm exceeds what 
the family or other families in the vicinity can consume, some processing usually is 
required to prepare the product for marketing away from the immediate area. The 
success of processing plants requires a dependable and continuous supply of product 
from the farms. For example, a moderately well equipped, mechanized (one band 
saw) processing plant for channel catfish must process approximately 3.7 million 
pounds offish per year to operate profitably. Assuming a moderate rate of production 
of3,000 pounds offish per acre per year, a critical mass of approximately 1,200 acres 
of production would be required to sustain the plant. Without at least that many acres 
in production within the effective transportation range of the plant, it could not 
remain in operation, and without a plant the farmers cannot market their fish . In this 
situation, the aquacultural system would not be sustained. 

Smaller, less mechanized catfish processing plants can operate efficiently and 
at a profit, but they probably cannot do so except when supplying fish for small and 
specialized markets . Where there is custom processing for local restaurants and other 
local customers, they usually can charge a slightly higher price. These small plants 
cannot compete effective ly in the larger regional or national markets unless they can 
reach some agreement with a larger processor or broker to market their fish for them. 
Small operations cannot afford to provide specialized processing and packaging, 
refrigerated transportation , or a sales staff, which are all required in the larger 
markets. Even where smaller processing plants can function efficiently, there still 
is a critical mass requirement involved. Several small-scale catfish processing plants 
have failed in east and south Alabama because of a lack offish. There simply was not 
a critical mass of farms and other required inputs to sustain them. 

Critical mass may be defined in terms other than the acres of farms required to 
maintain a processing plant. In some situations, the size and nature of the market 
determines it. In this case, the amount of product required to establish and maintain 
a specific market determines the number of processing plants and the amount of 
production area required. Critical mass also is affected by economies of scale of some 
of the required inputs . Establi shing catfish farming in areas far removed from the 
center of the industry in southeast Arkansas, west-central Mississippi, and west­
central Alabama is difficult because there are not enough farms in the beginning to 
obtain bulk prices for feed, seed, and other inputs . Yet price of the finished product 
is largely determined by the production, processing, and marketing of fish from 
Mississippi, where most of the catfish are produced and processed. Production costs 



THE DEVELOPMENT OF AQUACULTURE : AN ECOSYSTEMS PERSPECTIVE 205 

are a function of the volume of production. In east Alabama and west Georgia, market 
price is essenti all y fi xed, but production costs are higher because of the lack of a 
critica l mass of farms and the resulting economies of sca le. 

There probably is a critical mass in every case where aquaculture is being 
introduced into a new area, regardless of the stage being introduced. Although 
quantiti es available of all of the inputs could , under some circumstances , determine 
the criti cal mass, the marketing and utili zation inputs probably are most important in 
determining it. 

Establish a Balanced System 
The concept of"balancing the inputs" in aquac ulture was di scussed previously. 

It was suggested that, at each stage of aquaculture and for each system establi shed 
utili zing that stage, there is an optimum combination of levels of inputs, such as 
containers, seed, water, and nutrients. When thi s combination is in place, the system 
would be balanced fo r that particular environment. In introducing a system of 
aquaculture into an area where it has not been practiced previously, it is necessary to 
provide the inputs in the proper amount so that it will come into balance and remain 
that way. 

As was noted in the prev ious section, mechanized processing plants and catfis h 
production ponds must be established in a fa irly spec ific ratio -- 1,200- 1,500 acres 
of production units for each plant. Further, other inputs would have to be available 
in a relatively narrow range. For example, channel catfi sh fingerlings usually are 
stocked in production ponds at sizes ranging from fi ve to seven inches (1 3-1 8 
centimeters). To obtain fingerlings of thi s size, the rearing pond cannot contain more 
than 50,000 fi sh per acre ( 123,500 per hectare) (Busch, l 985B). If the stock density 
is higher, the size of the fi ngerl ings will be smaller. Therefore, each acre of seed 
production pond would provide enough young fi sh fo r stocking approx imately 16 
acres of production ponds. Thus, 1,200 acres of production units would require 
approx imately 75 acres of seed production ponds. 

The same ex trapolation used above also would apply to feed. Catfi sh grown 
under pond conditions usually add one pound of we ight fo r each I. 7 pounds of feed 
consumed; 3.6 million pounds offish (3,000 pounds per ac re from 1,200 acres) would 
require 6. 1 million pounds of feed. Similar ex trapolations could be made for brood 
fi sh, credit , labor, equipment, and all other inputs required . The significance of those 
ex trapo lations is that they prov ide an estimate of the leve ls of inputs that must be put 
in place as part of the aquaculture being introduced if the system is to be balanced. 

In introducing aq uaculture in thi s situation, it wo uld be necessary to plan and 
establi sh the criti ca l mass of farms along with the process ing plant to achieve a 
balanced, functioning system of aquaculture. Accompli shing thi s balanced introduc­
tion would be quite complex. Obtaining suffic ient inputs and the necessary coordi­
nation to bring 1,200 acres of ponds into production in the correct sequence would 
be a complex but necessary management problem. Obviously , the diffic ulty of 
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establishing a balanced system increases exponentially with the level of intervention. 
If establishing a balanced system is difficult, maintaining it is even more 

difficult. When there is a change in any element of the ecosystem, there usually must 
be a commensurate change in some or all elements if the system is to remain balanced. 
For example, if new technology is developed that will double the production per acre 
in catfish ponds, then farming 1,200 acres of ponds would produce too many fish for 
the one-bandsaw processing unit. Either some ponds would have to be taken out of 
production, another production line would have to be added, or the plant would have 
to operate on a double work shift schedule. Also, additional markets would have to 
be found. Any of these adjustments would , in turn, result in the need to change other 
elements of the ecosystem. 

A major difficulty with maintaining balance is a result of the fact that all of the 
inputs and other factors are not equal in cost (Arndt and Ruttan, 1975). For example, 
it might be relatively inexpensive to increase the production per acre of pond, but the 
changes required in creating new processing, marketing, and utilization capacity 
would likely be much more expensive and much more difficult to accomplish in the 
short term. 

Time the Introduction Carefully 
Timing the introduction of inputs in developing aquaculture in a new area is 

critical. In an analogous situation, the timing of the introduction of an animal into a 
new habitat is critical. In introducing the animal, it is essential that it be done at a time 
when environmental resistance factors such as drought, floods, and predation are at 
a minimum level. It is essential that the availability of environmental requirements 
such as food and cover be at the highest level. In a similar manner, the inputs required 
for the successful introduction of aquaculture must be available as needed . For 
example, if processing and marketing capabilities are not developed by the time fish 
are harvested, the introduction would likely fail. Similarly, the establishment of 
processing facilities and the development of markets cannot be done too far in 
advance of beginning production. When marketing commitments cannot be kept, 
those markets often disappear as other suppliers are sought. 

\ 
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IMPLEMENTING THE 

DEVELOPMENT PROCESS 

207 

ONCE THE GOALS FOR DEVELOPMENT have been set and the preliminary planning 
on the technology or aquacu lture system to introduce has been completed, implemen­
tation can be initiated. However, it is important to reiterate that all of the activities 
are links in a chain of events. The success of implementation will depend to a large 
extent on planning and preliminary activities that have preceded thi s last step . 

Implementation consists of four general processes, each of which will be 
di scussed in a fo llowing chapter: 

1. Encouraging the appropriate participation of the public sector. 
2 . Diffusing the required technology among the target individuals or 

groups. 
3 . Developing new technology necessary to sustain the process . 
4 . Establishing an effective communications network that includes all 

elements of the development ecosystem. 
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CHAPTER 12 
APPROPRIATE PUBLIC SECTOR PARTICIPATION 

U NDER EXISTING CIRCUMSTANCES, it is di fficult to imagine how either industri al 
or agri cultu ra l development might be actively promoted or encouraged without the 
direct participation of the public sector. Government involvement in development 
probably was limited in the past, but it has become so pervas ive in the modern era that 
few aspects of human endeavor are unaffected by it. Many people have suggested that 
the role government plays is too large and that it is not responsive enough to changing 
needs. For example, Singh ( 1989) comments that voluminous development I iterature 
now argues that excess ive government interference in deve loping countries has 
di storted price structure, promoted ineffic ient resource use, and given ri se to 
undes irable rents fo r influential groups. He further suggests that the Third World is 
being called upon to accept a development and structu ral adjustment model in which 
the government ' s role is drasti call y reduced. 

In the United States, as with most industri ali zed countries , government is more 
involved in agriculture than in virtually any other sector of the economy. Production 
credit loans, conservation reserve, eros ion control rules , marketing orders, price 
supports, export support loans, support for agricultural research and extension, and 
myriad other programs exert a degree of influence over virtually every aspect of food 
and fiber production . While most c iti zens would agree that government involvement 
in American agri culture is excess ive, few would trust market fo rces alone to guide 
the quantity , quality , and price of food. Our psychological re lationship with food , 
food production, and the mystique of fa rming and ru ral life will not allow these 
aspects of our lives to be wholly determined by the laws of suppl y and demand. 

Obviously, government must be involved in the development of agriculture 
and in the development of aquaculture as we ll . The problem is to find the proper ro le 
for it. Government is an essential part of the ecosystem of aquac ulture. It exerts a 
fo rce that can be either positive or negati ve as do all the other e lements of that 
ecosystem. 

Determining the correct ro le fo r government in the development of agriculture 
will be difficult. The two are so firml y and intricately intertwined that it is difficult 
to fully determine where one ends and the other beg ins. ln a sense, government is an 
inoperable part of agriculture. "Surgical" intervention may cause more harm than 
good. Government involvement in aquaculture is still severely limited, so there is 
still time to seek out the proper role for it and to promote its involvement in the most 
benefic ial way. If there have been mistakes made in government invo lvement in 
agriculture, we still have some time to avo id those mistakes in aquaculture. 
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The optimum role of government probably changes with the level of interven­
tion (stages of development) and whether the development effort is designed to 
change existing aquacu lture or to introduce aquacu lture into new areas. In improving 
existing aquaculture, direct government (change agency) participation is more 
important at the lower stages than at the higher stages. At the higher stages, indirect 
government participation is probably sufficient. 

The role of government is much more critical when introducing aquaculture 
into new areas. Direct involvement is especially critical at the lowest stages (Annis, 
1987). It is less critical at the higher stages, but still necessary if aquacultural 
development is to proceed smoothly toward institutionalization. 

Adam Smith wrote about the role of government in his Wealth a/Nations (The 
Economist, 1990) and suggested three primary roles : 

1. Defend people ji·om "violence and invasion by other independent 
societies." 

2. Protect every member of society from the "injustice or oppression 
of every other member of it ." 

3. Provide "certain public works and certain public institutions , 
which it can never be for the interest of any individual or small number 
of individuals to erect and maintain." 

The World Bank has studied the role of government in economic development 
for many years. Its World Development Report 1987 (World Bank, 1987) summa­
rizes many of their conclusions and suggests a broader role of government than Adam 
Smith: 

I. Participate directly in "running" the economy (trade policies, 
fiscal incentives , tax policies , price controls, investment regulations , 
etc.). 

2. Set the "ru les of the game" which deji:ne the use, ownership , and 
conditions of transfer ofphysical,jinancial, and intellectual assets. 

3 . Be the primary provider or guarantor of certain services, such as 
education and physical inji·astructure (transport, communications. power 
systems , etc.). 

4. Collect and provide economic information. 
5. Provide for the regulation of standards and weights. 
6. Promote scientific and technological research. 

Al l of these ro les for government also would be important to the development 
of aquacu lture; while a ll are important, however, some are likely to be more 
important than others. Some of these special considerations relative to the role of 
government in the growth of aquaculture are di scussed in the following sections. 
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Running the Economy 

It is inevitable today that governments must be involved in efforts to "run" 
economies by setting tax and trade policies, instituting price controls, establi shing 
investment regulations , and providing fiscal incentives. The results of the efforts on 
the part of the public sector can have widely different effects depending on the 
orientation or purpose of those efforts. The Agency for International Development 
(1989) has published an excellent book on the effects of government efforts to run 
economies. Entitled Development and the National Interest: U.S. Economic Assis­
tance into the 21st century , the book provides a wealth of information and examples 
on the effects of public sector involvement. The authors conclude that the lesson of 
the economic success and failures of development efforts over the last three decades 
is that some factors cannot be controlled by man while others can. Natural disasters , 
such as floods, earthquakes, and drought, and the wide swings in commodity prices 
resulting from those disasters obviously cannot be controlled. But people can control 
economic factors that directly affect development. And the evidence overwhelm­
ingly suggests that efforts to encourage economic development are significantly 
enhanced when governments establish and sustain responsible , growth-oriented 
policies that encourage competitive market forces and that do not hinder the 
productive energy of its citizens (De Lorenzo, 1989). These same policies also serve 
to reduce the effects of natural disasters and to hasten recovery from them. 

Governments also must follow policies that make people feel their economic 
system treats them fairly. This does not mean all people will receive equal benefits 
from participating in the system, but they must feel that they have equal opportunity 
to participate. 

The public sector also should implement economic policies that can be 
maintained over relatively long periods. Development involves risks by all partici­
pants. Farmers, entrepreneurs, and even government policy makers are all involved 
in risk taking. Risk cannot be eliminated in development, but it can be dealt with more 
effectively in a relatively constant economic environment. Where there are high 
levels of risk involved and uncertainty about changes in economic policies , it is li kely 
that there will be missed opportunities for development at every level of the economic 
system from small farmers to industrialists . Both short-term and long-term planning 
are essential for effective development and both are virtually impossible where there 
are widely fluctuating economic policies. 

Economic stabi lity is so important in development that it probably governs to 
a large extent the stage of aquaculture that can be developed effective ly. This concept 
was introduced previously. In a highly unstable environment, I suspect that it would 
be difficult to develop and sustain other than at the lowest stages. The risk of loss of 
investment required for intervention at higher levels would be too great. With 
improved economic stability , the risks associated with higher levels of intervention 
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can be justi fied. Fina ll y, it is not li ke ly that the highest stages of aquaculture could 
be developed and sustai ned except in countri es with highl y stable economic environ­
ments. There is a somewhat ana logous situation in plant and animal eco logy . The 
most complex animal and plant communiti es are generall y assoc iated with those 
areas with the most stable and hospitable environments. 

Fina ll y, the public sector must develop and promote polic ies that will guaran­
tee the capture of some of the ga ins reali zed from the employment of new technology 
and Adam Smith 's " invi sible hand. " It will be argued later that the continuous 
deve lopment and dep loyment of new technology are twin engines of deve lopment. 
Unfortunate ly, they cannot be highl y effecti ve in the absence of public sector polic ies 
which capture and even enhance some of those benefits. Unless government is able 
to capture (usuall y through taxes) some of those benefits and convert them into 
essenti al services, such as roads and bridges, a irports, education systems, clean and 
dependable water systems, zoning ordinances , jud ic ial systems, and regulatory 
agenc ies, it is questionable how far development can proceed. This is and will remain 
a major problem for many of the deve loping countries of the world . 

Setting the Rules of the Game 

It has been suggested that the industrial revolution began in Great Britain in the 
late 18th and earl y 19th centuries. Political stabili ty and we ll-established and we ll ­
understood " rules of the game" were primary fac tors in its beginning (Gomory and 
Shapiro, 1988). These rules define the use, ownership , and conditions of transfer of 
phys ical, fi nancial, and intell ectual assets (World Bank, 1987). When these rules are 
fa ir, we ll defined, we ll understood, and regularl y enfo rced, economies run more or 
less smoothly . For example, a report by the World Bank (World Bank, 199 1) reminds us: 

... Competitive markets are the best way yet found fo r efjfriently 
organizing the production of goods and services. Domestic and external 
competition provides the incentives that unleash entrepreneurship and 
technological progress. 

Unfo rtunate ly, these markets cannot operate without a supporting framework 
of laws and regulations (rules of the game) that onl y government can prov ide. 
Fortunate ly or unfortunate ly, because aquaculture onl y recentl y has become a 
significant fo rce in economic deve lopment, the number of rules deve loped for it 
spec ifica ll y is relati ve ly limited in some cases . Of course, vi rtuall y all of the rules for 
the use, ownership, and transfer of assets impacting agriculture are applicable to 
aquac ultu re, but there are few spec ia l rul es for growing crops in water. 

A major tas k in setting the rul es of the game for aquac ulture is to have fa rming 
in water included in many of the rul es that appl y to agriculture. The problems and 
opportunities are similar fo r both farmers of the land and of water. Severa l states in 
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the United States have amended the organic law perta ining to agri culture to include 
aquac ulture. In 1988, New York leg islators considered the omnibus "New York 
Aquaculture Development Act" that would have defined aquacultu re, designated the 
Department of Agriculture and Markets as the lead state agency for aquaculture, 
required the purchasers of aquacultural products to compl y with bonding and 
licensing provisions governing the sa le of fa rm products, provided for coordination 
among severa l state agencies, prov ided tax incentives re lated to the new or recon­
structed farm buildings, and included lands used to produce aquacultural products 
under the Agri cultural Di stricts Law. Although the Act was not passed, it prov ides 
exce llent guidelines for the rul es of the game that should be establi shed for 
aquac ultu ral development. 

The State of Al abama has a " Prompt Pay Law" that regulates the purchase and 
pay ment for livestock. It guarantees that the farmer will receive payment within a 
reasonab le length of time after the sale. As catfi sh production developed in the state, 
it became obvious that fis h farmers needed the same protection as livestock 
producers. Consequentl y, a bill was passed by the Legislature to prov ide that equity. 

Another example involves the ri ght of fa rmers to se ll cultured catfi sh on the ir 
farms to recreational fi shermen. Alabama law required that people, except the 
owner's family , fis hing in a private pond had to have a recreational fi shing li cense. 
Many catfish fa rmers market their product by allowing rec reational fis hermen to fis h 
them out of the production ponds. Under the law, those fi shermen had to have a 
recreational fi shing li cense. Fish farmers fe lt that thi s was unfa ir since customers 
who came to the farm did not have to have a special license to purchase other farm 
products. Consequentl y, a law was passed exempting those fi shing for fa rmed catfi sh 
in private ponds from having a license. 

One of the major tas ks in promoting the deve lopment of aquac ulture is to bring 
aquaculture under the broad umbre ll a of the ex isting rules of the game and to develop 
new rules when necessary. This is a formidable task in some cases. Many states have 
onerous rules and regulations regarding the establishment of aquacultu ral enterpri ses 
(S tickney, 1988). These rules and regul ations were establi shed to protect aq uati c 
env ironments from degradation. Some of these permitting systems are unreasonable 
and serve as a powerful impediment to the deve lopment of aquac ulture (Fitzgera ld , 
1987). 

The deve lopment of net pen culture of salmon in the marine waters of British 
Columbia, Canada, is advancing rapidly . In a re latively short period of time, salmon 
production has become a significant economic force and helped to breathe new li fe 
into some segments of a severely ail ing commercial fi shing industry . Government is 
actively encouragi ng the development of the industry the re. Just south of the 
Canadian border, in Washington, the culture of salmon is hardl y grow ing at all , 
although the aquati c envi ronments in both areas are essentiall y the same. The 
di ffe rence is the governmental environment. Obta ining permits fo r the establishment 
of net pen fa rms in Was hington State is time consuming and difficult (S tickney, 
1988) . 
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Guaranteeing Essential Services 

Educational systems, roads, te lephones , television, water and sewer systems 
and e lectric ity are essentia l components of the aq uacultural ecosystem. Although 
they are important, the degree of importance varies with the stage of aquaculture. 
They are less important at the lowest stages, but become increasingly important as 
the level of intervention increases. 

Genera ll y, these serv ices are more dependable and even cheaper when pro­
vided by the private sector (Quinn , 1989). However, it is diffi cult for the private 
sector to provide some of them, such as roads. Even where the private sector can 
provide them, they generally must be regulated by the public sector. Market forces 
are incapable of providing the quality and quantity required for the broad spectrum 
of citizens that need them. 

The role of government in providing or guarantee ing these services is impor­
tant , but providing or guaranteeing suitable educational systems is especially crucial. 
There is a need for educated people at all stages of aquaculture, but the need grows 
almost exponentia lly in both a qualitat ive and quantitative sense as the level of 
intervention is increased. In order to cope effectively with the complex ity of the 
ecosystems at the higher stages of aquaculture, it is mandatory that a large number 
and broad spectrum of educated people be available. While the private sector can play 
an important role in some specialized aspects of the educational system, such as 
training production or technology support personnel, it cannot be expected to provide 
the breadth and depth of education req uired for the continuing function of the 
ecosystem. 

Collecting and Providing Economic Information 

A continuing supply of good economic information is important in deve lop­
ment. Information on current prices, demand, sa les, interest ra tes, and suppli es are 
essenti al if effective business management dec isions are to be made. Weather 
forecasts a lso wou ld have to be included in the array of information needed. Because 
aquac ulture is a relat ive ly small industry and because it has so recently come on the 
economic scene, the avai lability of information is re lative ly poor. Governments have 
been slow in moving to provide thi s in formation. In fac t, most countri es have made 
virtually no effort to do so. In the United States, where aq uacu lture is an important 
economic force in some areas, collect ion and di ssemination of the informat ion is 
done on an ad hoc basis. In Alabama, catfi sh is not even included in the agricultural 
commodity statistics. The va lue of catfi sh is inc luded in the "misce ll aneous" 
category even though it ranks in the top 10 crops in the state. There is limited effort 
to regularly report prices be ing paid to farmers or the volume of sa les on a daily or 
even week ly basis. If aquaculture is to rapidly reach its potential for contributing to 
the economies of nations, governments must be encouraged to collect the important 
stati stics and to make them avai lable to a ll of those involved in the entire industry 
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(ecosystem). Collection and dissemination of relevant information should be done 
even before the volume of production would seem to justify it. Providing the growing 
industry with needed information is a good investment in development. Encouraging 
government to play this important role in the development of aquaculture should be 
high on the agenda of al I segments of the industry. 

Regulating Standards and Weights 

Government provides an important service in regulating standards and weights. 
It is amazing how much mischief can be caused in an industry when the accuracy of 
scales or the analyses of feeds, fertilizers, and chemicals are questionable . It is 
difficult to imagine that aquaculture could advance rapidly under any circumstances 
without public sector involvement in guaranteeing standards and weights. Alabama's 
Department of Agriculture and Industries has the responsibility for inspecting scales 
used in all aspects of the food and fiber industry where the change of ownership of 
products is involved. Unfortunately , this responsibility did not extend to scales used 
in the catfish farming industry, so it was necessary to have a law passed to bring the 
scales used in the industry under the department's purview. Encouraging govern­
ment to play this role in the development of aquaculture should also be included on 
the agenda of groups promoting its development. 

Promoting Scientific and Technological Research 

Government also should play an active role in promoting scientific and 
technological research and in the diffusion of new technology. The importance of 
these aspects of aquacultural development will be discussed in detail in a following 
section, but some comments are needed concerning the problems in getting govern­
ment to provide such support for a new industry. Governmental support for research 
and for the diffusion of technology is largely energized by two forces: 

J. The size of the political constituency associated with an industry or 
commodity . 

2. The degree of crisis that can be attached to the need for the new 
technology. 

Aquaculture has a severely limited political constituency in most countries, 
and in the competition for available funds for research and technology transfer, this 
growing industry generally does not fare well. Funds available for research and 
technology transfer on food and fiber production are never more than barely 
adequate. Seldom does new funding provide opportunities for more than keeping up 
with inflation. In this scenario, the only realistic way to get funding for aquaculture 
is through the reallocation of existing funds. This process is extremely difficult, 
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g iven the limi ted poli tical const ituency of the industry. Obviously, this constituency 
is growing rapidly in much of the world as aquacultural production grows. Unfortu­
nately, thi s process is much too slow given the informational needs in aquaculture. 

Aquaculture is outgrowing its proven info rmation base in virtua ll y every area. 
Fortunate ly, demand for cul tured aq uatic products is growing so rapidly and returns 
on investment are so good that mi stakes or errors resulting from the lack of 
information can be tolerated to a degree. Thi s situation will not a lways remain. As 
suppl y fi na ll y comes in line with demand, profits will be reduced, and mistakes and 
errors will become more important. While aq uaculturi sts' poli tical influence is 
limited in a re lati ve sense as they work to obtain funds for research and technology 
transfer, they should take practi cal steps to max imize the ir effectiveness. Well ­
organized, hard-working commodity groups are ab le to exert considerable force, a 
fo rce much larger than the ir numbers would indicate, if it is sharpl y foc used and 
carefull y applied. 

Aquaculturi sts have had much better success in obta ining funding for research 
and technology as a direct result of the cri sis in the farm sector, espec iall y in the 
southern ti er of states in the United States during the 1980s. Traditional agriculture 
and ru ral America took a severe beating du ring that period; there was a real cris is. 
Aquac ulture was "di scovered" as an alternati ve to traditional agriculture in some 
rura l areas . The worldwide shortage of fis h has caused cri sis situations around the 
globe, situations that can onl y be all ev iated only through aquaculture. Aq uacul turi sts 
have not adequate ly arti cul ated the contri butions they can make in he lping to so lve 
those cri tical problems and the need for government funding for research and 
development to be effecti ve. 

While the World Bank Report (World Bank , 1987) c ited at the beginning of thi s 
section did not spec ificall y mention prov iding techno logy transfer as a rol e of 
government, it obviously is impl ied as part of the need to promote sc ientific and 
technological research. In fac t, promotion of the research would be of limi ted va lue 
without di ffusion of the results. The private sector (change agencies) does play an 
important role in technology transfer, but its efforts are usuall y re lated to the need to 
se ll spec ific products. The private sector cannot be expected to transfer the broad 
array of technology that is necessary fo r the development of the aquac ultu ral 
ecosystem. Also, private sector change agencies usuall y d isseminate info rmation 
re lated to the purchase and use of proprietary technology or technology on which a 
private company owns the patent or license. Much of the required technology, 
espec iall y biolog ical technology, is not proprietary, so the private sector has limited 
interest in transferring it. Government-supported change agencies must be the 
primary transfer sources for thi s technology. 

Aq uaculturi sts must mainta in a continuous effort to encourage governmental 
actions and programs that pos itively affect the ir industry. At the same time, they must 
be just as diligent in gett ing government to stop programs and actions that have a 
negative effect. Thi s is a difficult problem. In some situations, direct government 
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participation in the production part of the process is required. For example, in many 
countries where aquaculture is just beginning to develop, a shortage of seed is a 
severely limiting factor. As a result, government is encouraged to develop hatcheries 
and seed-distribution systems. Usually the seed are provided at little or no cost to the 
farmers. As the industry grows, government is no longer able to meet the needs of the 
industry. Farmers develop the capability to produce seed themselves for use on their 
farms and for sale to their neighbors. In a situation like this , government can become 
a direct competitor with private enterprise. It is extremely difficult to close govern­
ment hatcheries once they become well established. 
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CHAPTER 13 
DIFFUSING THE REQUIRED TECHNOLOGY 

THE CAPABILITIES AND POSSIBILITIES OF AQUACULTURE described previously can 
be reali zed only if there is widespread, continuous diffusion of appropriate technol­
ogy. Appropriate technology must be transmitted to and adopted in areas where 
aquaculture is not practiced already, as well as to farmers or businesses already 
involved in the production of aquatic animals. 

Diffusion of innovations such as aquacultural technology is a complex and 
exceedingly important process. Brown (1981) contends that diffusion of innova­
tions, or the lack of it in some cases, accounts in part for the ri se, relative prosperity, 
and fa ll of civilizations. Certainly, diffusion of innovations is the centerpiece of 
market-oriented economies throughout the world. 

Nature of the Diffusion Process 

Most research on the diffusion of innovations or new technology has empha­
sized the so-called "adoption perspective" in which the central role in the process is 
played by the person or persons who adopt the new ideas, practices, or products 
(Brown, 1981 ). The range of individual responses to innovations (" innovators" to 
" laggards") discussed in a preceding section has been an important e lement of thi s 
perspective. The adoption perspective is used extensive ly in situations where an 
effort is being made, usually on the part of government, to encourage the diffusion 
of innovations. This is the primary approach taken by the Cooperative Extension 
Service of the U.S. Department of Agriculture to encourage farmers and their 
families to adopt improved practices on their farms, in their homes, and in their 
family life. This same approach is utilized by bilateral development agencies , such 
as the U.S . Agency for Inte rnational Development, and multilateral agencies, such 
as the World Bank, to promote the diffusion of improved agricultural technology 
primarily in the developing countries of the world. 

Obviously , the adopter does play a major role in the diffusion process , but 
Brown ( 1981) contends that the adopter perspective places too much emphasis on 
those individuals and groups. It is person intensive. He suggests that, with this 
perspective , it is too easy to place the blame for poor results or failures in develop­
ment projects on the adopters rather than the promoters (change agencies). He 
suggests that a "market and infrastructure" perspective shou ld be used to comple­
ment the adoption perspective. This second perspective focuses on supplying 
(marketing) innovations to the potential adopters, but it also takes into account the 
infrastructure used by change agencies in the marketing effort. The market and 
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infrastructure perspective is people extensive. It is possible to deal with more people 
utilizing this perspective than with the adopter perspective. 

The adoption perspective assumes that all potential adopters have equal 
opportunity to decide whether they wish to accept innovations. Roling ( 1984) 
describes this assumption in different terms. He suggests that the assumption is made 
that "the social system within which an innovation is to be diffused (is) homogeneous 
so that the innovation (is) equally relevant to all members of the system." From thi s 
perspective, differences in the speed with which new ideas, practices, or products are 
adopted are the result of characteristics of individuals. In contrast, the market and 
infrastructure perspective suggests that the opportunity to adopt is widely unequal -
- sometimes purposefully so. Furthermore, it suggests that adoption is not a free-will 
process on the part of the adopter so much as it is a matter of choice that must be made 
within boundaries establi shed by the change agencies. This perspective further 
suggests that the promoters of innovation must take these inequalities into consider­
ation when developing the infrastructure for marketing (supplying) innovations 
among potential adopters . 

As stated earlier, the adoption perspective places the primary responsibility of 
the response to innovation on the person or persons who will have the opportunity to 
accept or reject it. Diffusion theory developed from this perspective emphasizes that 
acceptance, speed of acceptance, and rejection are a function of the basic processes 
of learning by observation. Consequently, the basic strategy of adoption is that 
potential adopters can be persuaded to adopt new technology through the communi­
cations process. With the market and infrastructure perspective, diffusion becomes 
more a matter of logistics, distribution , and promotion rather than consumer behavior 
alone. 

Robertson ( 1971) contributed to the understanding of the process by which 
innovat ion is diffused by suggesting that there are two basic types of innovation , and 
differences in the two affect the speed with which they are adopted: 

1. Continuous innovations . 
2. Discontinuous innovations. 

Continuous innovations refer to those that involve the alteration of an idea, a 
practice, or a product already in use. Discontinuous innovations refer to those where 
a new idea, practice, or product is involved. These two types of innovations generally 
are applicable to the diffusion of aquacultural technology. There are two general 
situations, as suggested previously, in which the production of aquat ic animals can 
be promoted: 

1. On/arms already producing aquatic animals. 
2. On farms , in provinces, and in countries where there is little or no 

aquaculture. 
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On farms already producing aquatic animals, innovations according to the 
defin iti on would be continuous ones, while di scontinuous innovations would be 
d iffused in situations where little or no aquaculture is be ing practiced. Obviously, the 
same innovation could be both continuous and di scontinuous, depending on where 
it is be ing diffused. The important point is that the concept of whether an innovation 
is continuous or di scontinuous depends on the point of view of the potenti al adopter. 
This is primaril y of importance when implementing a strategy for promoting 
di ffusion. 

Innovations that are promoted among ex isting aquacul tural enterpri ses (con­
tinuous) are of a different nature than those that are promoted where there has been 
no aquaculture (di scontinuous). The first situation involves the introduction of 
re lative ly small "packets" of technology, such as a new feed, a new genetic strain , or 
a new marketing scheme. In the latte r situation , entire systems of technology -­
production, harvesting, process ing, marketing, and utili zati on -- must be diffused. 

Role of Change Agencies and Change Agents 

Theoreticall y, di ffusion can take place without promotion or the addition of 
exogenous energy to the system. For example, if a single drop of a concentrated dye 
so lution is carefull y placed at the surface of a container of water, diffusion of the 
molecules of dye wi ll take place away from the point of application. After a period 
of time, the molecules will be uni formly di stributed throughout the container. 
Diffusion will take place as a result of the "jostling" (kinetic energy) of molecules 
of dye and water as they move in solution. The diffusion process can be speeded by 
several orders of magnitude by adding energy to the system in the fo rm of a 
mechanical stirrer. 

In a similar sense, it is theoreti call y poss ible for agri cultu ral or aquacultural 
innovation to be diffused th roughout a particular environment contai ning potenti al 
adopters without promotion (the addi tion of energy). However, the rate certainly can 
be increased signifi cantl y by promotional acti vit ies. Just as the diffusion of dye 
molecules introduced into a conta iner of water takes place as the result of the jostling 
of dye and water molecules, di ffusion of innovation can occur as the result of the 
jostling or sharing of in fo rmation by neighbors who grow aq uati c animals. This 
largely pass ive process of di ffusion operated for thousands of years before the 
concept of acti ve promotion was conceived. Roling ( 1984) reported, fo r example, 
that cocoa was adopted as a cash crop by thousands of small farmers in Ghana and 
Nigeria without the ass istance or involvement of a single extension agent. However, 
diffusion is likely to take place much more rapidly with the addi tion of energy to the 
system in the fo rm of marketing or promotion. 

Those situations in which there is di rected, pos itive effort to promote the spread 
and adoption of new technology are te rmed "Centra li zed Diffusion Systems" 
(Rogers, 1983). These systems require that some unit or entity, usuall y govern men-
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tal, accepts or is assigned the responsibility of actively promoting diffusion. Such 
units or entities are called change agencies. The change agencies usually have the 
responsibility of implementing development plans and strategy by promoting the 
diffusion of appropriate technology. This system essentially requires a top-down 
process. 

While the emphasis is usually placed on public sector change agencies , the 
private sector can play an equally important, if not greater role. Privately owned 
companies invest billions of dollars each year in developing new technology and in 
diffusing (marketing) it throughout the world. They develop and market new 
machines, chemicals, and materials that are important in the development process. 
They are more product oriented than process oriented. Their involvement generally 
is on a much narrower scale. It is much easier to obtain proprietary (patent) rights to 
products than to processes. Private companies are more likely to be able to recover 
their investment from development and diffusion from products rather than pro­
cesses. The private sector would not be expected to become involved in the 
development of infrastructure such as roads , schools , or research stations, and they 
generally would not participate in the development of human capital. 

Change agencies function in the development process in a manner somewhat 
analogous to the role of catalysts in certain chemical reactions. In the chemical 
reaction, the catalyst increases the velocity of the reaction but does not itself appear 
in the products of the reaction. The catalyst is unchanged chemically in the process. 
Also, the catalyst will increase the velocity of only those reactions that will proceed 
to completion without the catalyst. Catalysts will not cause reactions to take place 
that would not take place naturally. 

Deciding what technology to develop and to diffuse (market) is an awesome 
task and responsibility. If a private sector change agency designs and produces a new 
product that is over-priced, too complex, does not meet the needs of individuals, or 
does not function properly , it is likely efforts at marketing will fail and the investment 
wil l be lost. In this situation, the unsuitable technology would disappear from the 
marketplace. Unfortunately, although the technology is withdrawn, farmers who 
adopted it will a lso lose their investment. Public sector change agencies have 
essentially the same problem. They must design and produce a product or process and 
market it to individuals. If it is too costly, does not meet the needs of individuals , or 
is too complex, individuals will not purchase it, and the public sector change agency 
will lose its investment (credibility). 

To preclude the loss of investment because of a lack of sales , the private sector 
change agency often will spend a considerable amount in market research before 
designing and producing new technology. In this research, the private company will 
try to determine the needs and wants of individuals and the likelihood of their 
accepting the innovations. Public sector change agencies should approach the 
problem of developing and diffusing technology in the same manner. Unfortunately, 
in too many instances, market research is not given high priority by the public sector 
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change agencies. This phenomenon probably results from the fact that the loss of 
investment will have more immediate and serious consequences for the private sector 
than for public sector agencies. The fa ilu re of an " Edse l" automobile in the market 
place will be noted and steps taken to correct the mistake much more quickl y than the 
fa ilure of a multi-million dollar aquacultu ral deve lopment project. This contras t, of 
course, is an oversimplification. It is much more di ffic ul t to plan and implement a 
successful aquacultu ra l development project than to produce and market a new 
product. I do suspect, however, that eva luation and accountability play a role. 

Change agencies also must maintai n an awareness of balance in the ecosystem 
in which the ir product is to operate and compete. For example, automobile manufac ­
turers, as change agencies, must mainta in an awareness of the quality and extent of 
highways and bridges , the avail ability and price of gasoline, the availability of 
mechanics and spare parts, the cost of insurance, and the cost of automobile 
fi nancing. While they exert a significant degree of contro l onl y over a re lati ve ly small 
part of the ecosystem, they must maintain contact and communications with all the 
other e lements and pos itively participate in the creation of the optimum environment 
fo r the ir products. Public sector change agencies should use the same approach. They 
must mainta in a sense of the balance in the development ecosystem, be aware of 
changes in the system, and parti c ipate acti vely to the extent poss ible to reso lve the 
di sequilibrium. 

Change agencies often play a crucial rol e in the development of aquacul ture. 
Unfo rtunate ly, that role can be negati ve as well as pos itive. S imply because the 
change agency dec ides to promote the development of aquaculture does not mean 
that the effort will be successful. The percentage of aquac ultu ral development 
projects that have fa il ed to meet the des ired goa ls prov ides ample ev idence of the 
bas ic weaknesses that seem to be assoc iated with the promotion efforts (United 
Nations Development Program, 1987; Hancock, 1989). Change agency fa ilure is a 
two-edged sword . Because change agencies usuall y are public ly funded, a fa iled 
project equates to the misuse or poor use of those fund s, bu t probably even more 
importantl y, a fa iled project places a heav ier burden on pri vate sector participants or 
indi viduals who put the ir scarce personal resources at risk. These fa il ed projects 
promoted by the change agency affect the pri vate sector partic ipants negati vely in 
two ways. They (I) rea li ze little or no return on the ir investment and (2) because of 
the poor return , they are less like ly to cooperate wholeheartedl y in succeeding 
deve lopment efforts. Because of the potenti al for these negati ve res ults, change 
agencies should choose carefull y the development projects they implement , and they 
should make every reasonable effort to guarantee that those chosen fo r implementa­
ti on are successful. 

Change agencies employ change agents (ex tension agents) who are directl y 
responsible , on a day-to-day bas is, fo r influencing the dec isions of potenti a l adopters 
or clients in the direction deemed des irable by the change agency. The change agent 
links the change agency with c lients, or the people who must make the dec ision 
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whether to commit scarce resources. Generally, it is the responsibility of the change 
agent to influence client decisions, but the process is much more complex. Rogers 
(1983) suggests the following seven roles for the change agent: 

l. Help develop an awareness of the needfor and benefits of change 
among potential adopters and investors. 

2. Establish an information-exchange relationship. 
3. Analyze characteristics of problems . 
4. Motivate and encourage an interest in change . 
5. Help translate intent into action. 
6. Stabilize adoption and prevent discontinuances. 
7. Achieve a terminal relationship. 

It is beyond the scope of this book to discuss the specific roles of change agents. 
The reader is directed to Rogers' book, as well as the publication written by Engle 
and Stone ( 1989), for this purpose. 

Rogers ( 1983) also suggested eight factors that determine the success or failure 
of the change agent in carrying out or playing these seven roles: 

1. Change agent success is positively related to amount of effort spent 
in contacting clients. 

2. Change agent success is positively related to client orientation 
rather than to their change agency orientation . 

3. Change agent success is positively related to the degree to which the 
di;ffusion program is compatible with clients' needs. 

4. Change agent success is positively related to empathy with clients . 
5 . Change agent success is positively related to the degree of homophily 

with clients. 
6. Change agent success is positively related to credibility in the 

clients' eyes. 
7. Change agent success is positively related to the extent they work 

through opinion leaders among clients. 
8. Change agent success is positively related to increasing clients' 

capability to evaluate innovations. 

Rogers ' list includes important elements of change agent success, but there is 
one other characteristic that should be added. The success of change agents will be 
proportional to their abi lity to work effectively with a wide range of social and 
economic groups. Working effective ly with diverse groups is a difficult task . To 
begin with , because of our personal ethnocentrism, we often find it difficult to 
understand and appreciate other people and their cultu res . It is much easier to work 
with those whose culture approximates our own. Also, it is on ly natural that we 
respond most positively to those who come to us for help . We tend to be more helpful 
to those who help themselves. It is much easier to work with farmers with good 
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resource endowments than with those who are resource limited. As change agents, 
it is much easier to work with the innovators and early adopters of the world. 
Unfortunately, in too many cases, these groups need our help much less than the less 
aggressive and more conservative people who find it difficult to approach us. 

The Flow of Innovations 

The two general ways (directions) that innovations flow will be discussed 
briefly: (I) a centralized diffusion system, or vertical flow; and (2) a decentralized 
diffusion system, or horizontal flow. 

Centralized Diffusion System 
This system suggests by its general nature that it is a top-down system, but 

information can actually move in both directions. The communication of client needs 
and attitudes about change readily and effectively move back through the change 
agent to the change agency . However, even through the bi-directional flow of 
information does occur, the very nature of the administrative and bureaucratic 
process usually dictates that the strength of the downward flow is greater than the 
upward one. Thi s effect is the primary disadvantage of the widely used centralized 
diffusion system. 

There also is another weakness in the top-down flow of technology. Using this 
approach, it is difficult to get the appropriate technology to the lowest rungs on the 
ladder. It is difficult to reach people at the grass-roots. Too much of the energy in the 
downward thrust of diffusion is absorbed by the innovators and early adopters before 
it can reach the late adopters and laggards. 

This di scussion implies that centralized diffusion systems , or top-down sys­
tems , involve only public sector entities. This is not the case. The private sector also 
is heavily involved in top-down technology diffusion where change agents (salesmen 
or sales representatives) bridge the gap between the corporation or company that 
developed the technology and the clients who are to be persuaded to purchase it with 
scarce resources . While the principles are essentially the same, there are important 
differences. Usually public sector-directed diffusion is not marketing a specific 
product. Most often the technology involved is biological or similar technical 
information and is provided essentially free of charge. Private sector-directed 
diffusion usually markets a specific product (a new feed , a new drug, or a new pond 
aerator) for a price. This system also provides information, but usually it tends to be 
related to the operation and function of the specific item of equipment. 

Decentralized Diffusion System 
Decentralized diffusion systems have no change agencies or change agents. 

There is no top-down movement of technology. Rather, in this system, the technol­
ogy users themselves create and share innovations with each other. The flow of 
technology tends to be horizontal rather than top-down (Roling, 1984 ). This is the 
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more primitive system that provided for the diffusion of technology that undergirded 
agricultural development from ancient times . With the horizontal flow system, there 
is wide sharing of power and control. It is a problem-centered approach where the 
technology is "pulled," rather than "pushed," in response to locally perceived needs. 
This system is also characterized by a high degree of local adoption and re-invention 
(continued change) of innovations through trial and error. 

While there are a number of advantages to the decentralized system, there are 
disadvantages. For example, it is possible for bad innovations to diffuse through the 
horizontal system. With the top-down system , the change agencies and their agents 
exercise a degree of quality control on innovations. Those that could potentially 
cause more damage than good in particular situations can be discarded. Unfortu­
nately , inappropriate technology, in too many cases, slips through the quality control 
screen of top-down diffusion as well. Also, decentralized systems often do not take 
into consideration larger social and economic issues when developing and diffusing 
technology. Local problems are viewed as being more important, while there might 
be a need to view a particular problem in a broader context. 

Centralized systems function more effectively in those situations where the 
technology has high technical content and the clients belong to relatively homog­
enous groups , whereas the decentralized systems work most effectively in those 
situations where the technology is not highly technical and where the clients are 
heterogenous with respect to their particular needs (Rogers , 1983). Obviously, these 
two systems are on the extremes of a continuum. There are common elements to both. 
Both serve the same essential purpose of providing technology to meet specific needs 
or to remove constraints to the development process for individual clients. 

Intuitively, one would expect that one of these systems might be more 
important than the other for diffusion of new technology in the different stages of 
aquaculture. At the lowest levels of intervention, the technical content of innovations 
is relatively low and the farmers (clients) are a heterogenous group. Many of them 
culture aquatic animals as a matter of convenience rather than necessity. In this 
situation, the horizontal diffusion system probably works more effectively. How­
ever, the effectiveness of the overall process probably would be enhanced by 
combining the two. Top-down diffusion could contribute to a point, but would have 
to be replaced by horizontal diffusion for some part of the process. 

At the intermediate stages of aquaculture with moderate levels of intervention, 
the technical content of innovations is greater and the client ' s operational needs are 
more homogeneous. In this situation, the top-down system is clearly superior, 
although even here the horizontal system clearly can be used effectively to reinforce 
the establishment of the technology and to encourage local re-invention and adapta­
tion. 

The highest stages of aquaculture present a paradox. Intervention is at its 
highest level, as is the technical content of any innovations that might be needed. The 
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degree of homogene ity of c li en ts is only moderate. fn this situat ion, ne ither system 
seems to work well. The need for new technology and information is so critical that 
ne ither the top-down system nor the horizontal system seems to be very effective. 
Rather, a peculi ar private sector-horizontal system tends to develop to support these 
highest stages. The fa rmers, often investors, purchase consultants' time for informa­
tion and enter into spec ial arrangements with industry to obtain specially designed 
techno logy. 

In dete rmining a strategy for the diffusion of new technology, the change 
agencies must decide whether to utili ze the adoption perspective, the market and 
infras tructure perspective , or a combination of the two. These two perspectives were 
discussed in some deta il in a previous section. They differ primarily in whether the 
promotional emphas is will be foc used on the pe rsona l lea rning characte ri sti cs of the 
potenti al adopters or on the characteri stics (logistics, adverti sing, choices offered, 
etc.) of the change age ncies themselves. Obviously, the best strategy is to combine 
the two, se lecting the best characteristics from both. Diffusion strategy must take the 
individual psychological, soc ial, and cultu ra l characteristi cs of people into consid­
eration, while at the same time, it cannot avoid the consideration of the procedures 
o r the purposes em ployed. 

Diffusion Strategy Applied to Aquacultural Development 

Theories concerning the diffusion of innovations were discussed at the beg in­
ning of thi s chapter. In the following section, concepts derived from that information 
will be applied in proposing a general strategy fo r the introduction and adoption 
(d iffusion) of new technology into current aquacu ltu ral practice (continuous innova­
tions) and into areas where aquac ulture has not been practiced prev iously (di scon­
tinuous innovations). There are spec ific and important differences in introduc ing 
new technology, such as feeds, chemica ls, equipment, and management practices, 
into an ex isting industry , as we ll as in introduc ing an entire new industry into an area 
unfamiliar with it. Yet the general principles that govern how target individuals or 
g roups learn and adopt new technology are essent ially the same in both situati ons. 

The adoption of new technology follows a rather well refined process which 
inc ludes the fo llowing six interre lated steps (Po llnac, 1982): 

I . Development ofa package of appropriate technology that will meet 
development goals and that will be acceptable to potential adopters . 

2. Communicating the technology to the target individual or group. 
3. Perception of the technology by potential adopters. 
4. Trial of the technology. 
5. Adoption or rejection of th e technology . 
6 . Institu tionalization of the technology. 
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These are arbitrary divi sions in a more-or-less continuous process (Robertson, 
197 1 ). Also, li sting these steps does not imply that adoption of an innovation always 
follows thi s path. In some cases, the process may well beg in in the middle . Even with 
its obvious oversimplification, it provides a usefu l model for the promotion of 
aquac ultura l innovations. 

The process described by Pollnac, as it applies to the diffusion of aquacultural 
technol ogy , includes essenti ally the same e lements as the more general process of 
technology adoption described by Maunder ( 1973) and Rogers ( 1983). He adds one 
addi tional step -- institutionali zati on -- that was not inc luded in the more general 
discussions . This added step is quite important, as will be shown later. 

The process described by Pollnac implies that a change agency (Extension 
Service, development agency , corporation, or company) decides what constraints are 
affecting the production-utilization process and determines that the problem could be 
so lved with appropriate technology, or that the technology to remove it could be 
marketed for a profit. In the following sections , each of Pollnac 's steps in the process 
of diffusing new aquac ultural technology is discussed. 

Developing a Package of Technology 
Selecting an appropriate leve l of an input or stage of aquaculture for promotion 

or diffusion was di scussed in some detail, but from a broad perspective, in the 
preceding section . Here, the se lection process is presented from a much narrower, 
more spec ific perspective. 

The selection of an innovation or new technology for promotion in ex isting 
aq uaculture is usua ll y done by some change agency (Rogers, 1983). lt might be a feed 
manufac turer developing a new product to sell to farmers, a government laboratory 
deve loping a new geneti c strain of aq uati c animal for release to fa rmers, or a variety 
of other private gro ups or pub I ic agencies seek ing to promote some change in exis ting 
practice. Private sector change agenc ies usua ll y provide the energy req uired for 
promoting innovat ions which they develop. They genera ll y develop the innovation 
and promote it for profit, as in the case of the feed manufacturer, or fo r othe r private 
secto r enterpri ses. Government agenc ies that function as change agenc ies often have 
a wide range of motives for developing innovations , such as encouraging economic 
development or increas ing food production. The beginning point in the strategy for 
promoting the timely and orderly diffusion of innovations is to deve lop a package that 
like ly will be acceptab le and that the aq uac ulturi sts need. 

This is the step in which the decision is made regardi ng which technology 
should be packaged for promotion. This is a cruc ial dec ision in the process and should 
be made only on the bas is of a thorough knowledge of the needs of an individual or 
group , tak ing into consideration a number of fac to rs. The decision should be based 
on a thorough knowledge of the dynamics of the entire production-utilization process 
(the ecosystem) for that parti cul ar aq uac ultu ra l commod ity. The genera l process of 
defining the boundaries of the ecosystem was discussed in a preced ing sect ion. 
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Technology should be selected for promotion that will , if adopted and utilized 
effectively, remove or eliminate a constraint or bottleneck in the process. Obviously 
this decision is not simple. Constraints or bottlenecks may vary widely in their 
complexity. Some may be removed by even a modest change in a procedure. Others, 
if they can be removed at all, may require the application of a complex series of new 
practices. In some cases , additional research (both basic and applied) may be required 
to provide information needed for the package. Even so , regardless of the complexity 
of the problems, decisions on which new technology to promote at any one time 
should be based on a thorough knowledge and understanding of that specific 
aquacultural ecosystem or the environment where aquaculture will be introduced. 

The choice of the appropriate technology is important in all circumstances, but 
it becomes even more important in the case of developing countries. Resources for 
development often are scarce. People in those countries who must commit their 
limited resources to adopt and put into use new technology can be seriously hurt 
socially and economically if that technology is not appropriate to their needs. Baum 
and Tolbert (1989) , writing for the World Bank, strongly encouraged developing 
countries to use technology appropriate to their circumstances. They noted that in 
many instances these countries have adopted or retained clearly unsuitable technolo­
gies. This mismatch of technology to circumstances can be a major constraint in the 
development process. These authors further suggest that the principle of selecting 
technology based on circumstances in developing countries may be difficult to apply 
for the following reasons: 

1. Foreign consultants or advisors may advocate technology with 
which they are most familiar ( ethnocentricity ). 

2. Local decision makers, if educated abroad, may favor advanced 
technology that is not appropriate . 

3. Local decision makers may wrongly assume that what is most 
modern is best. 

4. Special interest groups may favor a particular technical approach. 
5. Deep-seated customs and traditions may favor certain technical 

solutions and make others unacceptable. 
6. A simple lack of knowledge or reluctance to experiment may limit 

the range of choice . 
7. External assistance may be tied to a particular technological 

approach so that ji·eedom of choice is compromised. 

While the same considerations are appropriate for promoting the adoption of 
innovation in an existing aquacultural industry and where there is no industry, the 
difference of scale is quite large. In an existing industry , a package might consist of 
a minor change in some part of the production system. Where there is little or no 
industry, the innovation package consists of all components in the production and 
utilization process . An entire aquacultural production and utilization system is being 
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introduced. The deve lopment of a package of technology fo r promoti on is more 
critica l in thi s situation. Implementation is much more complex . Al so , the rol e of the 
target individual or group is more complex . As Robertson ( 197 1) has suggested , the 
process of diffusion is much more di ffic ult when di scontinuous innovati on is 
involved . The potenti al adopter has a limited frame of reference within which to 
consider an entire new system of food production. 

Communicating the Technology 
This is the second step of the process by which innovation is di ffused. It is the 

step in which the specific change in aquac ulture pl anned and packaged in Step I 
wo uld be introduced to the potenti a l adopters. In agri culture, thi s step is the ex tension 
process . 

It is beyond the scope of thi s book to d iscuss the process of ex tension. This 
subject rece ived more than adequate treatment by Maunde r ( 1973) , who wrote a 
practi cal book on thi s subject, presenting a large amount of in fo rmation on all aspects 
of ex tension. Rogers ( 1983) provides a more generali zed, but pertinent , di scussion 
of the general process of d iffusion. Engle and Stone ( 1989) di scuss the process 
spec ifica ll y fro m the aquac ultu ra l perspecti ve . 

Although littl e attention will be g iven to ex tension here, a few suggestions are 
appropriate . First, lack of effecti ve ex tension personne l (change agents) capability is 
a primary constra int to the deve lopment of aq uaculture worl dwide. The info rmation 
base on aq uac ulture is limited, but there is considerably more available than is being 
effective ly d iffused to potenti al adopters. There simply are not enough ex tension 
agents with a good working know ledge of aquac ulture fo r the rapidly grow ing task. 
Aquacu ltu re worldwide is probably growing at an annual ra te of 7-10 percent. It is 
ex tremely di ffic ult to maintain an equal pace wi th the tra ining and deployment of 
change agents. 

Another problem is that aq uac ultu re changes rapid ly. Much of the early 
deve lopment was at the less complex stages in which the leve l of inte rvention was 
re lati vely low . Limited inputs were required. However, in virtua ll y every case, 
regard less of the spec ies involved , lower stages of aquac ulture are be ing replaced by 
intermediate and higher stages . Thi s rapid deve lopment places additional press ure on 
change agenc ies and change agents to meet the rapidly changing needs fo r technol­
ogy transfer. 

The complex ity o f aquac ultu ral technology a lso limits the effecti veness of 
diffusion, making it re lat ive ly diffi cult to communicate. Agents of change must 
rece ive training in a broad range of bas ic sc ience subjects in order to unders tand the 
technology themselves . In tu rn, it is di fficult to teach thi s technology to persons with 
an inadequate sc ience bac kgro und. 

Observability is a problem in the promotion of aquacultu ra l innovations. 
Production cyc les of most aq uati c animals are re lati ve ly long. This time peri od is 
more of a problem, because fo r virtua lly all of the prod uction cycle , the animals 
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cannot be observed. In agricu lture , it usuall y is poss ible to observe the positive results 
of the use of new technology, if there are any, rather quick ly. It is much more diffic ult 
when the animals cannot be eas ily observed. 

The production of aq uati c animal s is relati vely expensive compared to the 
production of most food animals on land . The conta iners cost more in aq uaculture , 
and land animals do not require large quantiti es of water, which usuall y is relatively 
expensive. Because of the costs invo lved, extension agents must be espec ia lly careful 
with their recommendations. Implementation of some of thei r recomme ndations can 
be expensive , and unless there is a s ignifi cant increase in production, these cannot be 
just ifi ed. Agents must be somewhat conservative in the techno logy which they 
extend . Target indiv idua ls or gro ups should not be encouraged to try new things that 
they cannot afford or that have li mited promise to provide a reasonable return on 
investme nt. 

Earlier comme nts regarding the communicati on of technology whe re aquac ul­
ture is already practiced a lso are pertinent to situations where a technology package 
is promoted to fa rms, provinces, countri es where littl e or no aq uac ulture is practiced 
(diffusion of di scontinuous innovations). There are, however, some significant 
differences in the communication of continuous and discontinuous innovations. 

The communication process is much more difficult when promoting the 
adoption of aquaculture than when promoting a change in ex ist ing technology. Also, 
as noted before, in promoting the adoption of an entire system of aquaculture, the 
change agent must communicate, almost simultaneously, all aspects of the system -
- production, harvesting , processing, marketing, and utili zation. [f any one part is 
omitted , the entire diffusion process can fail. The respons ibilities or the diffi culties 
faced by the change agency and , in turn , the ex tension agent are immense. Res istance 
to adoption is much greate r. Complexity, compatibility , advantage , tri a lability, and 
observabi lity exert a much greater influence (greater environmental resistance). The 
energy input (promotion) required by the change agencies is relatively high if they 
wish to achieve rapid adopti on in a broad geographica l area . A large investment in 
the numbe r of change agents, the ir trave l, communications equipment, and demon­
stration fa rms will be required to ass ure a relatively rapid rate of adoption. 

The role of change agents in thi s s ituation is important. Also , the burden on the 
agents is much greater. They must be able to communicate a much broader range of 
technology and must be invol ved with a much broader range of adopters. Not only 
must they work with farmers to get them to adopt aq uac ulture, but they also must 
encourage the deve lopment of harvesting and process ing capability. At the same 
time , marketing channe ls must be investi gated. In fact, the agents must be involved 
to a degree in promoting the availability of al l of those inputs li sted prev iously . The 
degree of personal invo lveme nt required of the ex tens ion agents with the potential 
adopters is ex tremely high. There is s imrly too much deta il to be dea lt with to re ly 
on more passive methods of communication . The degree of personal involvement 
with the promotion process in thi s s ituation would be much greater than when 
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promoting the adoption of an innovation in an ex isting aquacultura l industry. 
Change agencies, in genera l, are poorl y prepared fo r the intensity and amount 

of communication with potential adopters that is required to effect rapid adoption of 
aquaculture. Historica ll y, the level of effort allocated to communicating technology 
has been positive ly correlated with the size of the industry. More resources are 
allocated to ex tension work in support of technology promotion and adoption in the 
major ag ri cultural commodities. ft is difficult fo r the agencies to mobili ze the amount 
of resources necessary fo r a small industry such as aquaculture, although it is growing 
rapidly. 

The agencies also have a di ffic ult problem in attempting to rea llocate re­
sources. The ex tension agents themselves may not welcome mov ing into a new fi eld . 
Many of them are not tra ined to quickl y make such a move. Also, the representati ves 
of other commodities themselves generall y do not want to see ex tension support 
transferred. 

In established agricultu ra l industries , supporting businesses (feed, drug, and 
equipment companies) prov ide fo r much of the communicat ion required to maintain 
the diffusion process. In the poultry industry in the United States , I suspect that these 
pri vate change agencies prov ide fo r well over 75 percent of the communication of 
innovations required. In aquaculture, the role of the pri vate companies in this process 
is still limited but is growing rapidly. As a result, public sector change agencies must 
accept the responsibility for a much larger share of the communication process, 
although under ex isting political and economic conditions, this is a difficult commit­
ment to make. In spite of the difficulty, public change agencies should redouble their 
efforts to prov ide the fu nds required fo r the rap id diffusion of aquaculture. The world 
fi sh supply-demand situation will require a mass ive effo rt of technology di ffusion if 
severe shortages are to be averted. In the remaining years of thi s century, the return 
on investment fro m the di ffusion of aquac ulture is likely to be much greater than fo r 
any agricultu ra l technology. 

Perception of the Technology 
Perception ofan innovation by the target individual or group is generall y based 

on the fi ve criteri a or attributes li sted by Pollnac (1 982): complex ity, compatibility, 
advantage, tri alability, and observability. Each of these was discussed in some detail 
in a previous section. Virtuall y all of the comments made regarding these attributes 
in that section also appl y to the perception of innovations. It was suggested that each 
of these be considered because they would pl ay a vital role in decisions of whether 
people will commit scarce resources to try innovations. 

The process of perceiving an innovation is generall y the same whether 
individuals in the target area already practice aquaculture or not. Thi s is the point in 
the process where potential adopters must become psychologica ll y invo lved (Rogers, 
1983). At this point , communications by change agents are actively eva luated. 
Complex ity, compatibility, advantage, tri alability, and observability become like 
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filters or prisms of the menta l evaluation process through which characteristi cs of the 
innovation are passed. These highl y personali zed pri sms magnify , dimini sh, or warp 
images of the innovation and project how an indi vidual' s econom ic, soc ia l, and 
cultural status might change if the innovation is adopted or rejected. 

Although the perception process is genera lly the same in both es tab li shed 
aquaculture and where it is be ing introduced for the first time, there are signifi cant 
differences in sca le. Adoption of a new feed requires onl y minor changes in the 
primary aspects of the ex isting production system. The additional commitment is 
re lative ly small. However, the percepti on process becomes much more ri gorous 
when the innovation invo lves go ing into a completely new and large ly unknown 
venture. The added economic, soc ial, and cultural commitment that is required places 
a tremendous amount of pressure on the process. 

The perception process is less pressured when an individual fa rmer conside rs 
adopting aquaculture after some of hi s ne ighbors become involved in the producti on 
of aquati c animals. Essential ly the same commitment is required whether he can 
observe hi s ne ighbor ' s fi sh farm or he is the first in the province to adopt the 
technology. 

As noted prev iously, the perception process is affected by the soc io-economic 
status of the potenti al adopter and characteristics of the innovation itse lf (Rogers, 
1983). The financ ia l resources of the potential adopters and the stages of aquaculture 
be ing promoted also would affect the process . The effects of these two factors plus 
their interaction should be g iven careful attention by change agencies and their agents 
in their invo lvement in the perception process. 

Trial of the Technology 
The actual tri al of the recommended technology is a criti cal step in the diffusion 

process. The target individuals or gro ups already have satisfied themselves with 
regard to complexity , compatibility, and advantage, and they have made the decision 
that the required resources are ava il ab le for a tri al. At thi s po in t resources are 
committed. It is essenti al that the potential adopter be provided as much support as 
practical from the change agent at thi s point . The new techno logy should be put in 
place as it was intended. The tri al should be conducted so as to prov ide the maxi mum 
chance for the technology to provide the results expected. It is at thi s point in the 
technology diffusion process that fa rming systems research (FSR) can pl ay a crucial 
role. Application of the FSR approach prov ides the farmer with an opportunity to be 
directly involved in experimentation, fa rm trials, and ex tension (Molnar et al., l 987). 

Th is step also is known as the implementation stage, wherein indiv iduals or 
gro ups actua lly try the innovation or actually implement the culture of aquatic 
animals. This leve l of commi tment does not guarantee final adoption o r institution­
ali zation. The innovati on may be rejected after it is tri ed once or even a few times 
(Rogers, 1983). 
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The implementati on stage is cruc ia l in the fin al adoption of di scontinuous 
innovations, such as aquac ulture, where the potenti a l adopters have never tried it 
before. Aquaculture is a re lative ly complicated system with a number of interre lated 
components. The entire system will not function effective ly fo r very long unless all 
the components are in place and are ba lanced . Cred it, conta iners, seed , nutri ents, 
labor, process ing, and marketing plus several other components, all must be put in 
pl ace in the proper sequence and in proper quantity fo r the system to functi on 
effective ly. Implementation that involves putting all of these components in place is 
an ex treme ly di fficult task . 

The tas k of implementation is somewhat less diffi cult for farmers who are new 
to aquaculture if the ir ne ighbors already are invo lved. The hori zonta l di ffusion 
process plays an important rol e here . In thi s s ituati on, many of the components of the 
entire system (credit, in fo rmati on, process ing, and marketing) already are ava il able . 
Even in thi s s ituati on, however, implementati on is not as simple as when aquacultur­
ists are implementing a change in an ex isting operation (continuous innovation). 

To ensure the success of implementat ion or tri al of the technology when 
aquac ulture is be ing introduced for the first time to a province or other large area, 
change agenc ies and agents must play an ex tremely active ro le . They must provide 
a high leve l of coordination in order to get all of the components in place at the proper 
time. These situati ons almost demand that aquac ulture be implemented at one of the 
lower stage. It is just too diffi cult to get all of the components in place for the higher­
stage systems. Once the system is functi oning properl y at a lower stage , diffusion can 
beg in through continuous innovations to rai se the stage to a more suitable level. 

Adoption or Rejection of the New Technology 
The adoption stage is reached when substanti a l numbers of the target group 

begin to use the new technology. Farmers have tried the technology and at least some 
of them are convinced that the return on investment is acceptable or will be 
acceptable within a reasonable pe ri od of time. Usually fa rmers will have completed 
several tri al production cyc les before they will have reached the adoption stage. 
However, even though they have successfull y tried the technology on more than one 
occas ion , the fin al step in the process, institutionali zation , cannot be assured. 
Although substanti a l numbe rs o f fa rmers may be invo lved, seri ous problems may 
develop that will halt further development. In fact, the technology may be rejected. 

In the mid- l 950s, Arkansas fa rmers began to grow a fi sh ca ll ed the buffa lo 
(/ctiobus spp. ) as part of rotation of fi sh and ri ce. A number of farmers adopted the 
practi ce and produced several crops. By 1958, approx imate ly 3,032 acres of water 
were devoted primarily to buffalo culture (Watson, 1979; McLarney, 1984). At one 
po int , a process ing pl ant fo r buffalo operated in the state , but after considerable initi al 
interest, production began to decrease because, at that time, there was little market 
appea l for buffal o outside that area. Al so, fa rmed fi sh were fo rced to compete in the 
market with wild-caught fi sh from the Mi ss iss ippi River. Consequently , the price of 
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the fa rmed fish was large ly determined by the price rece ived for the rive r fish. Little 
effort was made to locate suffi c ient markets outside the area to accommodate the 
grow ing production . Channel catfi sh farming also began to rece ive considerable 
attention about the same time and was a more profitable venture. A few buffalo still 
are produced for limited loca l consumption (Watson, 1979), but there are few fi sh 
involved. One would have to conclude that while the practice was adopted at one 
po int, it later was essenti a lly rejected. Certainly it was never institutionalized. By 
1972, the monoculture of this spec ies was largely non-existent in Arkansas. It was 
simply impractica l to ba lance the system. Production, harvesting, and process ing 
were implemented rather easi ly, but marketing and utili zation could not be imple­
mented at an acceptable level, and the technology was finally rejected. 

The final dec ision of whether to accept or reject an aquacultural system may 
require considerable time, as the Arkansas experience with buffalo fish demon­
strates. From the time of first trial, a peri od of 15-20 years e lapsed before the buffa lo 
culture system was finally rejected. Fortunate ly , the re have been relatively few tota l 
rejections of aquacultural systems, so it is difficult to predi ct the time interval that 
might e lapse before rejection would take place in other situations. 

Tom Popma (persona l communication) has reported an interes ting phenom­
enon re lated to the rejection or adoption of aquacultural technology in Sierra Leone. 
In some areas of that country , the rate of abandonment of re lat ive ly successful fi sh 
ponds may reach as high as 80-90 pe rcent. He suggested the concept of "s lash-and­
burn" agriculture was be ing applied to fish ponds. In other words , fish fa rmers may 
have felt that after a period of time, ex isting ponds should be abandoned. 

Robertson ( 197 1) has discussed why a new product (technology) fai ls when it 
is to be diffused in the market place. He li sted six reasons for failure or lack of 
adoption and the percentages of total fai lures assoc iated with each: 

REASON FOR FA ILURE PERCENTAGE 
I . Inadequate market analysis ... ...... ... .. ....... .. ........ ... ...... ... ....... ...... .. .. ........ 32 
2. Dej,ciency in the product .... .... .... .... .. ... .... ... ........ ....... ..... ..... .... .......... ..... 23 
3. Higher production cost than anticipated ...... ....... .... .... .. ....... .... ... .. ........ 14 
4. Poor timing of the introduction .. .......... ......... ....... ...... .. ..... ..... .. ... .. ...... .. . 10 
5. Competition from similar products ... ... .. ......... .. ........ ...... .. .... ..... ... ... .. ...... 8 
6. Weakness in the marketing effort ...... ... ........ ....... .. ..... ... ........................... 3 

While these reasons for fa ilure were determined for specific products, I suspect 
that the fa ilure to adopt new technology when it is presented would be caused by 
essentially the same fac tors. 

There have been re lative ly few complete rejec ti ons of aquac ultural systems, 
but re-inventions are commonplace. Re- invention is the process of change that takes 
place in an innovation during the implementation stage (Rogers, 1983). While an 
innovation may not be tota ll y rejected, it may be rejected in its origina l form. 



234 ALABAMA AGRICULTURAL EXPERIMENT STATION 

The change agency and agent play a role in final adoption of new technology. 
Rogers (1983) notes that stabilizing adoption and preventing discontinuation or 
rejections is one of their changing roles in the process. It is obvious that the agencies 
and their agents have played a lesser role in the diffusion of aquacultural systems in 
areas where they have not been utilized before. The trial and adoption of many 
systems have taken place with relatively little assistance from the agencies or their 
agents. Decentralized diffusion played a much greater role in those cases. Fortu­
nately , in most cases the relative advantage of aquaculture has been large enough that 
adoption has taken place without their input. 

Institutionalization of the Technology 
This is the final step in the diffusion process. Final adoption is complete when 

the technology becomes a part of the socio-cultural system (Pollnac, 1982) . Rogers 
(] 983) suggests that institutionalization has occurred when the technology becomes 
a regular part of the adopter's continuing operation. At this point, aquaculture has 
become a balanced system where all of the components (production, harvesting, 
processing, marketing, and consumption) at the required level are in place and 
functional. Another characteristic of institutionalization wou ld be the development 
of aquacultural associations, or associations of producers who have joined together 
to promote their industry, di scuss common problems, and establish a united front in 
dealing with change agencies, regulatory agencies, and other governmental agencies. 

I 
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CHAPTER 14 
GENERATING APPROPRIATE TECHNOLOGY 

T EC HNOLOGY HAS BEEN DEFINED as " the totali ty of the means employed to 
provide objects necessary fo r human sustenance and comfo rt. " Lewis ( 1982) defines 
technology as " the use of know ledge to modify the phys ical world ." From these 
defi nitions, technology would inc lude any in fo rmation, procedures , chemicals, 
too ls, and machines necessary fo r the improvement of the quality of people's lives . 
Technology, given thi s broad definiti on, always has been important to deve lopment. 
Stav ri anos ( 1971 ) suggested that from earl y hi story, the range of man ' s activiti es 
depended on the level of hi s technology. As hi s technology changed and was 
improved, the range of hi s activiti es was increased dramaticall y. Development is 
dependent on the generation of these new technologies that are a means of coping 
with res istance (bottleneck) in the envi ronment. 

There are two bas ic types of technology -- biological and technical. Biological 
technology includes fac tors assoc iated with the re lationshi ps between the living 
dimensions of the ecosystem. For example, improved information on stocking rates, 
feeding practi ces , water quality management, and stock manipulation would be 
considered biological technology . Technical technology includes fac tors generall y 
assoc iated with the d imensions of the ecosystem rather than the re lati onships. A new 
strain of fi sh for culture , an improved feed, a new drug to be used in di sease treatment, 
or an improved aeration device would be examples of technical technology. 

The importance of these two types of technology probabl y shifts somewhat 
with the stages of aquac ultu re invo lved. Biological technology is important at all 
stages of development, but it probably plays a more criti cal ro le than technica l 
technology at the lower stages. Technica l technology probably plays a somewhat 
more important ro le at the more ad vanced stages . The importance of the di ffe renti a­
tion between these two ty pes of technology will be apparent in a following section. 

Exogenous and Endogenous Technology Development 

Hayami and Ruttan ( 1985) have written that technica l innovations or new 
technologies are the result of one or two genera l processes , an "exogenous" process 
and an "endogenous" one. Exogenous technology means that it is generated outside 
or independentl y of the food production research system and is re lated to the genera l 
progress in sc ientifi c understanding. From the beg inning of recorded hi story, man 
has studied the natu ral order of things in an attempt to solve problems as well as to 
understand how things work and how to make these things work to hi s advantage. The 
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process of understandi ng in sc ience res ulted in a spin-off of new technology that 
genera ll y is unre lated to need. 

The endogeno us or demand process of techno log ica l innovati on is the res ult of 
a dynamic res ponse to changes in the re lative costs of producti on inputs (resource 
endowments) and to growth in demand . E ndogeno us means that it evo lves fro m 
within o r is a produc t of the food produc tion-utili zati on system . In thi s process, the 
dynamics of prod uct ion fac to rs (inputs) , such as seed , nutr ients, and equipment , and 
the demand fo r the produc ts of the process induces or fo rces technical change. Forces 
wi thin the system drive techn ica l change. If the pri ce of one prod uc ti on in put , such 

as labor o r catfi sh feed , inc reases re lative to anothe r, a sequence of technical changes 
is initi ated that reduces the use of that in put re lati ve to the use of othe r inputs (Hicks' 
theory of induced innovati on). Barrie rs to increased product ion caused by resource 

scarc ity are c leared away by technica l changes that fac ilitate the substituti on of 
re lative ly abundant fac to rs for re lat ive ly scarce facto rs. In broader economic te rm s, 
techno log ical innovation is an endogenous process by which constra ints on produc­

ti on imposed by ine lasti c supplies of land o r labor a re eased . In thi s example , a 
limiting suppl y (and the increas ing cost) ofl abor will induce advances in mechanica l, 

labor-sav ing techno logy, just as a limited suppl y of land will ind uce advances in 
bio log ical and chemical techno logy to save land . 

Theoretically , in the endogenous process, a pri ce increase in fee d , fo r exam ple, 
re lative to the price of o ther inputs results in an immedi ate response to develop new 
techno logy to ei the r reduce the use of feed or red uce its price . In thi s s ituati on, if 

private industry senses an opportunity to m arke t a new produc t o r new process, it 
moves quickl y to deve lop, produce, and marke t it. Thi s process has led to a rap id 

inc rease in the development of new techno logy fo r use in agric ulture. The worldwide 
popul ati on ex plos ion, whi ch inc reased food demand and red uced the amo unt of 
usable land , has induced priv ate ind ustry to deve lop, produce, and market a spectacu­
la r array of new stra ins and breeds, new fe rtili zers and chemica ls, and ne w machines. 

In theory, companies th at deve lop techn o logy and market new produc ts o r 
processes are wa iting ex pectantl y fo r a price "s igna l" o r an indicat ion of a change in 
demand fo r some input. In prac tice, however, the system does not fun ct ion exactl y 

th at way. While the re a re a large number of companies that deve lop and marke t 
techno logy ge nera ll y in response to industry need s, they cannot wa it pass ive ly for 
s igna ls . They are subj ect to the same economic forces as fa rmers. In o rde r to rema in 
in bus iness, they must no t onl y respond to needs , but a lso they must c reate needs 
through adverti sing and marketing strateg ies. They must res pond to fa rmers' recog­
ni zed (fe lt) needs, but at the same time they must c reate an awareness of unrecogni zed 
(unfe lt) needs. In thi s techno logy deve lopment and marketing environment, fa rmers 
purchase many new things that they need , as we ll as many new thin gs that they want 
but do not reall y need (Easte rbrook, 1985 ; Hadl ey , 1988). Whil e thi s may seem to be 
an inefficient way to produce and market new techn o logy, in the long term it probabl y 
is the least costly process. It a ll o ws the service companies to mainta in a critica l mass 
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of deve lopment and production capac ity that will be ava il able when reall y critical 
needs fo r new techno logy ari se. 

The market for agricultu ra l technology is so large that even a minor innovat ion 
can result in enormous profi ts for the company responsible fo r it. Its size, its rate of 
growth , and the dynamics of the prices of inputs guarantee an enormous effort on the 
part of private industry to produce and market a continuing fl ow of new technology. 
Many efforts to develop new technology fa il , and the costs of development are lost, 
but because of the potenti a l return on investment, development costs can be justifi ed 
even when the outcome cannot be guaranteed. 

It would be a mistake to leave the impress ion that new technology fl ows 
quick ly and effortless ly to the marketplace in response to changes in re lati ve fac tor 
prices (input costs) (Arndt and Ruttan, 1975). O 'Connell ( 1989) suggests that 
nothing could be fur ther from the truth . Scientific laboratories, libraries , and 
inventor 's work benches contain countless descriptions and models of alternative 
technologies for producing, harvesting, process ing, and marketing food and fibe r. 
Getting those new technologies to the production sites and pl ants or into the hands 
of fa rmers takes an average of seven to IO years and involves a complex sequence of 
ac ti vities . O 'Connell ( 1989) further suggests that thi s lengthy process is the weakest 
link in the American economy. 

Thi s process of endogenous technological innovation is most obvious in the 
deve loped countries. There, industry responds quickl y to scarc ity and price fluctua­
tion. In the poorer countries o f the world , while the process works in a similar way, 
the response is not so rapid. 

Bias in the Endogenous Process 

The process of endogenous technological innovation is large ly market driven, 
thus the system can be too narrowly responsive . For example, in some cases the 
development of harvesting machinery in response to increas ing labor scarc ity can 
requi re the deve lopment of crops with less consumer appeal but that meet narrow 
requirements for mechanica l harvesting. Currentl y the re is concern about whether 
the system is prov iding adequate technology for smaller, fa mily farms in the United 
States. Large farms produce most of the food and fiber, and the primary emphas is in 
technology deve lopment is in responding to the needs of these larger units. There are 
some studies (Chantfort , 1985; Paarl be rg, 1989) which suggest that new technology, 
espec iall y mechanica l technology, may actua ll y encourage the trend to fewe r and 
larger farms. Harvey ( 1989) c ites data indicating that the catfis h industry is fo llowing 
the trend of other farming operations -- dec reas ing in number while increas ing in 
average size . The development of new technology that results in improved econo­
mies of sca le probably is at least partl y responsible fo r thi s phenomenon. 

Usually, a lmost any new technology will provide greater benefit s to those who 
are richer in resources. Farmers usuall y must pay someth ing fo r using new technol­
ogy. Resource-rich people are generall y more able to afford these costs. For example, 
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more affl uent farmers are better able to fin ance combines and automated milking 
parlors. As a result of increased productivity and the cost of the technology, these 
farms increase in s ize. The smaller farms are less able to finance the cost of the new 
technology . Fortunately, bio logical and chemica l technology do not fa vor the larger 
farms over the sma ller ones to the same ex tent as mechanica l technology. 

New technology also tends to favor the early adopters (Chantfort , 1985). By 
adopting new technology early , farmers increase profits th rough reduced costs per 
unit of output. They a lso tend to increase the size of the ir farms to pay for the 
technology and to take ad vantage of the increased productivity. As more fa rmers 
adopt the technology, with the resulting increases in production , markets become 
saturated and prices fa ll. Farmers who were late adopters or who were non-adopters 
may not benefi t at a ll from the technology. ln fac t, its introducti on may actually result 
in losses to them. 

Similarly , the endogenous process does not work well for emerging agro­
industries, such as aquaculture. While seri ous scarc ities and input price di sequilibrium 
ex ist in most types of aq uac ulture, market-driven technolog ica l innovation does not 
respond we ll because the market is so limited . For example, catfi sh farmers must 
contend with several ex tremely seri ous bacteri al diseases. When there is a seri ous 
loss as a result of an outbreak of one of these di seases, the cost of production for that 
crop fo r that year can be ex tremely high. Normally in thi s situation, the technologica l 
innovation response process would result in the deve lopment of a number of drugs 
or bio log ics that could be used to combat the diseases. Unfortunately , the process is 
not responsive in thi s case. Potentia l sa les are not large enough re lative to the cost of 
deve loping the technology. The cost of deve lop ing and testing a new chemica l fo r use 
on food fi sh is several million doll ars. Given the size of the catfi sh farm ing industry 
and the incidence of disease, it would require many years of sa les before a company 
could recover these costs and return a profit. Thi s is an example of market fa ilure or 
the ineffic iency of the market in produc ing a soc ially optimal amount of a good or 
servi ce (Eke lund and Tolli son, 1988). 

The cost of innovation and market s ize determines how responsive private 
industry will be in deve loping technolog ica l innovati ons that bring input prices back 
in line. While companies generally cannot afford to spend the money to deve lop new 
drugs to treat fish diseases, eng ineering firm s and metal fa bricat ing companies have 
moved quickly and fo rcefully to deve lop better pond aeration equipment. The catfish 
farming industry is the same size in both examples . The drug companies do not 
respond because of the high cost of deve lopment and the limited market; usua lly only 
a fraction of a ll catfi sh farmers have disease problems in a g iven year. Firms that build 
aerators do respond because development costs are relative ly low and the market is 
re latively large . Virtua lly all catfish fa rmers requi re aerat ion equipment each year. 
Similarly, the response for developing new feeds will be relative ly fas t, whil e the 
response for deve lop ing new strains of catfi sh will be much slower. 
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Lack of understand ing and information also limit the respons iveness of 
endogenous technology development to price and demand signa ls in aquac ulture. 
Potenti al servi ce industri es know littl e abo ut aquac ulture or the nature of the 
production factors ( inputs) required. As a result , even the strongest price s ignals from 
the industry are not detected. This lack ofunderstanding probably has its most seri ous 
effect in the cred it industry . The limited availability of credit is a major constraint to 
the development of aq uac ulture virtually everywhe re. Also , the servi ce industri es 
have a li mited experience base for developing new technology needed by aq uac ul­
turists. They are uncertain about the costs of development and the s ize of markets. 

The lack of understanding and appreciation for aquaculture and its technologi­
ca l needs is a prob lem even where ex ist ing aquaculture is be ing expanded . In this 
s ituation, there generally are some servi ce industries that can provide at least a 
limited fl ow of new technology. However, the problem is much more ac ute in 
situati ons where aq uaculture is being established in new provinces or countri es. The 
capac ity for providing a flow of technology to the grow ing industry would have to 
be deve loped a long with the capacity to deal with production , harvesting, processing, 
and marketing. 

The capab ility to develop new technology generally will be induced as a result 
of the growth of a viable aquaculture industry. There are obvious market opportuni­
ti es for new products and new equipment. As the industry grows, the demand fo r 
technology becomes so intense that ex isting businesses will be induced to supply it, 
a lthough the ir response capability will be limited in the beg inning. Development of 
a new industry -- espec ially if there is a strong demand pull for its products -- will not 
be severe ly constrained very long by the lack of a fun cti oning system for providing 
the needed technology . In thi s situation , technology and equipment used in s imilar 
or even completely different industri es are adapted for use in the new , rapidly 
growing industry. This adaptation process will not meet the needs of the industry as 
it matures, a lthough adaptat ion will a lways be important in the development of 
appropriate technology for a new industry. Private industry has responded rapidly to 
provide new technology for the net pen salmon growing industry in Northern Europe. 
One cannot help but be impressed by the variety and sophi stication of the mechanica l 
technology being advertised for sa le in trade publicat ions, even though that industry 
is very young. 

Endogenous Technology Development in the Catfish Industry 

It has been fascinating to observe the deve lopment of the capability to supply 
new techno logy to the rapidly growing catfi sh industry in west Alabama. There 
essenti ally was no industry there 25 years ago , and now farmers in a nine-county area 
produce approximate ly 40 million pounds of fi sh annua ll y. And the industry in that 
area is growing at a rate of 8- 10 percent a year. Two examples of the development 
of ne w technology - one to solve a production problem and the other to fill a 
process ing need - are of spec ial interest. 
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The development of equipment for pond aeration , the solution to the west 
Alabama production problem, is a good example of the process by which new 
technology is made available. As the demand for channel catfish grew, farmers 
increased the stocking rates and feeding rates in their ponds. With these changes, 
problems with dangerously low dissolved oxygen concentrations increased in 
frequency and severity. It soon became obvious that some means would have to be 
found to provide additional oxygen to the ponds , at least on an emergency basis 
(Tucker and Boyd, 1985). 

There was some aeration equipment available from the sewage treatment 
industry , but it was not totally satisfactory, especially for emergency aeration. While 
this equipment did increase the concentration of oxygen in the immediate vicinity of 
the aerator, fish even a short distance away did not benefit. What was needed was a 
device that would add oxygen to the water and at the same time create a strong current 
that would move the better quality water around the pond. The affected fish could 
swim into the current until they reached the area near the aerator where the oxygen 
concentration was near saturation. 

A mechanic in a welding shop in the area that serviced a wide variety of farm 
and forestry equipment conceived the idea of building a paddlewheel by welding flat, 
steel plates perpendicular to the surface, at regular intervals around the circumfer­
ence of a short section of large diameter steel pipe (Figure 37). These paddlewheels 
were attached to the axle of a truck differential. The drive shaft to the differential was 
attached to the power take-off of a farm tractor. The paddlewheel was mounted on 
a trailer so that it could be easily moved from pond to pond. When needed, it was 
backed into the pond and the power take-off activated. The spinning paddlewheels 
throw a large volume of water into the air with considerable force, creating "curtains" 
of tiny droplets that absorb oxygen readily before they fall back to the surface. The 
force of the spinning wheels partly immersed in the water also create a strong current 
that carries the highly oxygenated water around the pond. The development of this 
aeration device designed specifically for use in pond aquacultures utilized parts and 
steel pipe readily available locally, and could be fabricated with technical skills 
available in local welding shops. Further, it could be transported and powered by a 
farm tractor, a piece of equipment generally available on all fish farms in the area. 

Some of the technology needed to get the catfish processing industry moving 
in west Alabama, and the second example cited, originated in a similar manner. 
Equipment and pieces of equipment used for other purposes were adapted for use in 
fish processing. One of the most important of these adaptations to the catfish 
processing plant was the use of a machine that was designed to remove membranes 
from pork livers. The channel catfish has an extremely tough, thick skin that 
generally must be removed before it can be marketed. In the first processing plants, 
the skin was stripped off the fish using hand-held, skinning pliers. This was a tedious, 
labor-intensive process. Finally, someone conceived the idea of skinning fish with 
the machine designed for removing the membranes from pork livers. This machine 
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Figure 37. Prototype paddlewheel pond aeration device. 

consists essenti all y of a rapidly spinning steel cylinder with knife blades mounted on 
the surface. The rapidl y moving knives move past a fi xed stee l bar mounted so there 
is a small c learance. The liver membrane is caught in thi s narrow space between 
whirling blades and the bar. Each time a blade passes the bar, more of the membrane 
is pulled rapidly into the opening and past the bar. 

Earl y attempts to use the li ver skinner were failures (Chester 0 . Stephens, Jr. , 
personal communications). The catfi sh skin would not be pulled through the narrow 
opening, and several hands and fin gers were cut ra ther severely in the tri a l process. 
After many failures, it was dec ided that the machine simply could not be adapted fo r 
skinning catfi sh. Sometime later, it was dec ided to try the machine "just one more 
time. " It also was dec ided that the blades should be sharpened. Fortunately , the man 
ass igned the job of sharpening the blades used a coarse abras ive that dull ed them 
rather than sharpening them. When they were put back in place, the machine 
fun cti oned much better. The blades had been too sharp fo r the thi ck catfi sh skin. The 
skin was be ing cut rather than be ing pulled through the narrow opening. A redesigned 
machine orig ina ll y built fo r use in pork process ing plants is still used fo r removing 
the skin from most of the catfi sh processed in the United States (Figure 36). 

Ultimate ly, aquaculture will be large enough so that the process of induced 
technological innovation will fun ction effecti ve ly for a ll of the inputs required for 
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production , harvesting, processing, and marketing (Ingram, 1987 A). In the short­
term, however, the responsiveness of the process will be uneven de pending on the 
cost of developing new technology, s ize of the potential market for that technology, 
and general understanding and famili arity with the industry on the part of those who 
develop and market technology. 

Certainly , the continuous flow of new, appropriate technology is req uired for 
the deve lopment of aq uaculture. It is necessary to begin promoting the development 
of a responsive service industry at the same time production , harvesting, processi ng, 
and marketing compone nts are being developed. Planning and implementing an 
effective strategy for its development is crucial. If thi s vital segment of the industry 
does not rece ive adequate attention, development of the entire industry cannot 
proceed very rapidly or effic iently . 

Technology Transferability 

Deve loping aquaculture in the emerging nations is a spec ial case with respect 
to building responsive servi ce industries and resea rch institutions that can provide 
the required technology (Steward, 1987). It will be difficult to do in most cases in the 
short term. There are just too many constra ints to overcome for a new industry like 
aquaculture. In thi s s ituation , the transfer of technology is a vi able solution. Because 
aq uac ulture takes place in spec ific containers with spec ific environmental character­
istics and produces food animal s usually for specific markets, technology provided 
to farmers in a g iven area is usually most appropriate when des igned specifically for 
the ir needs (Me llor, 1989). Unfortunate ly , there is littl e choice with most emerging 
nations. The aq uac ul tural technology will have to be developed somepl ace e lse and 
transferred. 

Wortman ( 1980) suggested that there are differences in the transferability of 
technology that must be considered. Technology invo lving advances in phys ical and 
chemica l sc ience is more like ly to be applicable in virtually any country. Technolo­
g ies that invo lve communications, transportation, chemi stry , or manufac turing also 
genera lly can be transferred rather effective ly. On the other hand , technology 
invo lving the biological or soc ial sc iences has a relat ive ly low degree of transferabil­
ity (acceptance of material vs. non-materi al c ulture) (Robertson, 1987). The effec­
tiveness of technology transfer in this case depends heav ily on loca l ecolog ica l 
(c limate , so il s, water, pests, etc.) and soc ial characteristics. 

Deve loping a fl ow of new, appropriate technology fo r the lowes t stages of 
aquaculture also is a s ignificant problem. Ofte n price and demand signal s are so weak 
from these culture systems that there is limited response on the part of those 
businesses or institutions that could deve lop new technology. There are insufficient 
markets fo r new technology to encourage much interest. Also, aquac ulturi sts at these 
stages usua ll y re ly on proven technology. There is littl e interest in experimenting. In 
these s ituations, if a fl ow of new technology is required , the private sector usua lly 
cannot be expected to provide it . In that case, the public sector must become invo lved. 
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Public Sector Development of Technology 

The private sector develops most of the new products, new equipment , and new 
machinery required in the advancement of agriculture and aquaculture . The public 
sector, especially the public-funded research insti tutions, such as the land-grant 
universities in the United States, also play a signifi cant role in the development of 
new techno logy by conducting both basic and applied research in support of the 
private sector role. The public research inst itutions deve lop the basic sc ience on 
which many of the new developments by private industry are based. Also, some of 
the inst itutions, espec ia lly the agricultural experimen t stations, conduct important 
applied research on the improvement of farm practices. 

The development of pond aeration equipment is a good example of the 
interaction between the private and public sectors in the deve lopment of new 
techno logy. The importance of aeration to catfish farming and earl y efforts to 
develop the necessary technology were described in an earlier sec ti on. The tractor­
driven paddlewheel (Figure 37) played an important role in the early development of 
the catfi sh farming industry , especiall y for use in emergencies . It still is useful in 
ex treme emergencies. Unfortunate ly, it is an ineffic ient method of transferring 
oxygen to water. Also, tractors are expensive sources of power to be used for thi s 
purpose. It is not prac tica l to use a $40,000 farm tractor as a stationary power source. 

Claude Boyd, who worked for a number of years at Auburn University in 
research on water quality problems in catfi sh production ponds, made a number of 
contributions (Boyd , 1979, 1990) to the understanding of the dynamics of di sso lved 
oxygen levels in ponds. Several years ago, he became inte rested in the problem of the 
transfe r of oxygen from the atmosphere to the pond water us ing padd lewheels. He 
deve loped a test facility and procedures for measuring the amount of oxygen be ing 
transferred and the amount of power req uired per unit of oxygen transfe rred . He a lso 
developed an adjustable , experimental paddlewheel so that he could vary the size, 
shape, and number of paddles , along with other characteri sti cs . After a peri od of 
rather intense research, he developed a set of spec ificat ions that would provide for 
the most effic ient transfe r of oxygen . 

Boyd publicized the results of hi s research in sc ientific journals, ex periment 
station publications, trade publicat ions, and presentations at meetings attended by 
farmers and representatives of businesses that cou ld manufacture equipment for the 
catfish fa rming industry. Within a few months after he began to public ize hi s results, 
prototype equipment began to appear on the market. Because the research informa­
tion on paddl ewhee l design was free ly ava ilable to everyone , a number of manufac­
turers quickl y adopted the technology and began to incorporate it into paddlewheels 
for the catfi sh farming industry . Now there are at least a dozen companies produc ing 
paddlewheels for use in the industry. The re is considerable competition as these 
manufacturers attempt to reshape the basic Boyd technology into more marketable 
products (Figure 38). 
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Figure 38. Paddlewheel pond aerating device powered by an electric motor. 

The development of public research institutions is a relatively recent phenom­
enon, especially in agriculture. Development of new technology in farming was in 
the realm of the private sector, generally farmers themselves, throughout history until 
the mid-19th century. There are records of farmers conducting field trial s to improve 
farming practices in England as early as the 17th century (Ruttan , 1982). These 
private efforts were continued through the 18th and into the 19th century. By the early 
19th century, the results from the private research efforts had been successful enough 
to indicate that a systematic , pragmatic, problem-solving research system could 
provide valuable technological innovations for agricultural development. As a result 
of these early efforts , Great Britain was considered to be the world leader in 
agricultural research in the first half of the century. The first agricultural experiment 
station was established in England at Rothamsted in 1843. However, it was funded 
from private sources until the early 20th century. The first publicly funded agricul­
tural research station was actually established in Germany at Moukem, Saxony, in 
1852. 

Public support for the Rothamsted Station in England was encouraged because 
the cost of operating it became excessive relative to the funds available from the 
private trust fund that had been established to sustain it. The German decision to 
support agricultural research from public funds seems to have been a political one 
(Ruttan , 1982) and was the result of a national decision to "overcome the gap in 
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resource endowments, in industrial and agricultural technology, and in economic and 
political power between Germany and Great Britain." Public funding for agricultural 
research grew in popularity through the late 19th century. The first state agricultural 
experiment station in the United States was established in Connecticut in 1877. Early 
Japanese efforts to improve agriculture were based on the transfer of western 
technology. Finally, an experimental farm was set up in Japan in 1886, and a national 
agricultural experiment station was established in 1893. The concept of public 
involvement in the development of new technology for agriculture has continued to 
flourish in the 20th century. Now, most countries have at least a rudimentary system 
of publicly supported agricultural research. 

As noted previously, the production of new technology is induced in private 
industry primarily as a result of market opportunities. Market forces, in theory, 
control the rate and direction of the production of new technology. Public research 
institutions are largely independent of these forces. Instead, farmers must somehow 
inform the institutions of their need for technology, and the institutions respond. This 
system probably works best when farmers are organized so that they are able to 
communicate their needs more forcefully and with a single voice (Ruttan, 1982). The 
effectiveness of the relationship also is strengthened if the institutions have change 
(extension) agents who provide a two-way, continuing communication link between 
farmers and scientists. 

Hayami and Ruttan (1985) suggested that public funding for agricultural 
research resulted from the failure of market forces to induce sufficient new technol­
ogy for a broad range of large and small farms. Private enterprise would be expected 
to emphasize the development of new products for which there would be the greatest 
demand and for which the return on investment would be the greatest. This approach 
would likely not meet the needs of all farms. 

Public funding of research also was expected to correct another problem 
inherent in the development of new technology by private enterprise. Basic research 
is essentia l for the long-term flow of new technology (Arndt and Ruttan, 1975). 
Unfortunately, the results of this type of research usually cannot be protected by 
patents. It is generally available for everyone to exploit. Firms involved in basic 
research may have a difficult time earning an adequate return on their investment. In 
establishing public research institutions, it was expected that there would be a steady 
flow of basic research that private enterprise would convert into new products or new 
equipment that could be protected by patents. While this was obviously an effective 
approach to these problems, and American farmers and consumers have benefitted 
significantly from the technology produced by those institutions , there have been at 
least some indications that the state and federal agricultural research stations have not 
been as responsive as was initially planned. Ruttan ( 1982) notes that books by Rachel 
Carson (Silent Spring, 1972) and Jim Hightower (Hard Tomatoes, Hard Times, 
1973) and the report prepared by a committee of the National Research Council, 
chaired by Dean Glenn S. Pound, severely criticized the quality and focus of 
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agri cultu ra l research conducted by publi c institutions (A lso, Budiansky, 1985). 
Public research institutions were created to avoid the pressures of the market. Critics 
o f these inst itutions now contend that without at least some pressure, the institutions 
tend to " wande r about aimless ly." 

A lso, it is di ffic ult to change the research agenda in public ly supported research 
inst itutions. Even after fa rmers se rved by an institution no longer have a comparative 
ad vantage in produc ing a spec ific crop and are no longer competit ive in an ex panding 
world market, it is extremely d ifficult to rea llocate those research resources to 
another crop. Commodity organi zati ons, usuall y with po liti ca l support, oppose such 
rea llocati ons. Also , it is d ifficult to phase out programs, to abandon expensive 
fac ilities, and to terminate permanent resea rch staff. 

The re is another problem with publi c research institutions, such as at the State 
Agric ultura l Ex periment Stati ons in the United States . In terms of the land , labor, and 
capital ava il able to them, they resemble moderately endowed fa rms and fa rmers. 
When most of these research stations were established, thi s was the predominant type 
of fa rm in the country , and fo r many years they produced a wea lth of va luable new 
info rmation and technology. However, in recent years, thi s moderate-sized fa mil y 
fa rm is be ing replaced with a sma ll er number of large, highl y cap ita li zed , high­
technology fa rms and a large num ber of small er farms where most of the famil y 
income is generated off the fa rm (Martinez, 1986A) . Gi ven the resources (funds, 
staff, and fac ilities) available to the public agricultura l experiment stations, they have 
a d iffic ult time meeting the applied research needs fo r e ither the small or large fa rms. 

The public research institutions were expected to solve still a third problem. 
Research, espec iall y basic resea rch, is a stochasti c process. Success cannot be 
predi cted . Often years ofresearch must be completed before results are obtained that 
can be converted into a marketable product. Thi s unpredi ctability is a heavy burden 
fo r the private sector. It was envi sioned that public fundin g would allow research to 
be conducted w ithout undue pressure fo r immediate results. While the idea was a 
good one, and thi s system of resea rch prov ided much of the info rmation to make the 
Ameri can farmer the most producti ve in the world , there have been some problems 
encounte red in impleme nting it. Ruttan ( 1982) suggested that 50 to 70 yea rs of 
persistent effort were required to o rgani ze a producti ve, public-supported agri cul­
tu ra l research and ex tension system in the United States. After a ll of these years, there 
is some concern whether thi s supposedl y complementary system of pri vate enter­
prise and public institutions can be effecti ve ly jo ined to prod uce the kinds of 
technology needed for an increas ingly competitive world (Gomory and Shapiro, 
1988). Wortman ( 1980) noted that the princ ipal weakness of the pub I icly supported 
agri c ultural research network seems to be absence of acceptable procedures for 
invo lving business and industry. 

Publicly fund ed research insti tut ions have played a somewhat di fferent rol e in 
the deve lopme nt of aquac ulture than they did in the deve lopment of agriculture. 
Agric ulture was re lative ly we ll deve loped throughout the world for severa l thousand 
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yea rs before the first pub! ic research institution was establi shed. In the case of 
aquac ulture, some public research institutions were in place before the first commer­
c ial aquac ulture was establ ished. The aquac ul ture resea rch stat ion at Auburn Univer­
sity (then the Alabama Polytechnic Institute) was establi shed in 1934, some 20 years 
before the fi rst commercia l ventures in catfis h fa rming were establi shed (Swingle et 
a l. , 1936). This station was establi shed primaril y to conduct research on ponds 
managed fo r recreationa l fi shing. While the deve lopment of the research stati on at 
Auburn predated the beg inning of the catfi sh industry, the Research Institute fo r 
Fisheries and Hydrobio logy was establi shed at Vodnany in Czechos lovakia 800 
years after the beg inning of carp fa rming in that country (Dyk and Berka, 1988). 

The publi c research institutions have played a leading ro le almost fro m the 
beg inning of commerc ial aquac ulture in many countries . Much of the ir research has 
been highly applied rather than bas ic. Emphas is has been on so lving procedural and 
cultu ra l problems limiting producti on and profi tab ility. Most of the institutions are 
experimental fa rms where fa rmer innovations are tested or practica l fa rmer problems 
are investigated. While thi s approach has limited risk-taking by fa rmers to some 
extent, the long-term implicati ons fo r the insti tutions are somewhat sobering. At 
some time they will need to devote more time and energy to bas ic research 
(Bud iansky, 1985). Unfo rtunate ly, the transition from public experimental farm s to 
research institu tions will be di fficult. 

The public research institutions also are fac ing another problem re lated to bas ic 
research that affects the ir ro le of making knowledge ava il able to all. Bas ic research 
today is so expensive that the public instituti ons have a difficult time obtaining funds 
fo r it. Ofte n they m ust establi sh some type of partnership with the private sector to 
obtain the necessary fun ds . Unfo rtunate ly, these partnerships may lead to some 
restricti on in the di sseminati on of the info rmati on obta ined from the research. 
Businesses usuall y are not willing to commit resources to the partnerships unless they 
can recogni ze some return on the ir in vestment (Henkes, 1989). 
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CHAPTER 15 
ESTABLISHING EFFECTIVE COMMUNICATIONS 

TH ERE IS ONE FINAL MATTER TO CONSIDER in our di scuss ion of the implemen­
tation of a development strategy fo r aquaculture: communications. I di scussed how 
the components of the aquaculture ecosystem are re lated, using the analogy of the 
spider' s web. The e lements of a web are jo ined phys icall y so that the impact of a fl y 
striking any part is instantl y communicated throughout the structure. While the 
components of aquati c animal culture are not physicall y connected, the same 
effi ciency of communication is essenti al fo r the function of the aquac ulture ecosys­
tem. Some aspects of the establi shment and maintenance of a communication system 
will be di scussed in the fo llowing sections. 

Us ing the model of animal biology again , warm-blooded animals such as 
rabbits and squirre ls are highl y successful in optimum environments. Like all similar 
animals, they have a relatively constant internal environment (blood pressure, blood 
glucose leve ls, blood cell counts, and respiration rates). They are able to respond 
effecti ve ly to changes in the ir exte rnal environment. They are able to obta in food , 
generall y able to avoid danger, and able to produce young at the best time of year fo r 
surv ival. And they are able to cope with changes in weather from winter to summer. 
A primary reason for the success of these animals in rapidly changing environments 
is the ir superbl y organized and effi c ientl y functioning inte rnal communications 
systems. Nervous systems and chemical (hormonal) communication systems join 
each ce ll , ti ssue, and organ into a unitary , highl y integrated who le. This internal 
envi ronment is linked to the ex ternal envi ronment through spec iali zed sensory 
receptors, such as the eyes, ears, and nose. This highl y integrated system or set of 
systems can react quickl y and effecti ve ly to changes in the ex ternal environment. For 
example, when the animal is faced with a dangerous situation that develops suddenl y 
in its exte rnal environment, virtuall y every organ, ti ssue, and cell quickly become 
involved in a measured response to the situation. 

Communication is important in the deve lopment of aquac ulture, e ither where 
it is be ing established fo r the fi rst time or where it is be ing expanded. This is not to 
suggest that the different e lements of aquaculture (production, harvesting, process­
ing, marketing, and utili zation) could ever be linked in a highly integrated system 
such as that found in higher vertebrates. However, those highl y effecti ve systems 
serve as a model for communication needs in aquac ulture. This model suggests that 
the deve lopment of aquaculture would proceed most effecti vely if all of its e lements 
were linked so that changes in the environment or ecosystem in which it operates 
could quickl y be transmitted throughout the industry fo r measured response. 



THE DEVELOPMENT OF AQUACULTURE : AN ECOSYSTEMS PERSPECTIVE 249 

Obviously, there already is some communication among the e lements of 
aquaculture. Customers, for example, signal their di spleasure with a cultured product 
by not purchas ing it. The consequences of a lack of sales are transmitted from the 
retail outlet to the wholesaler, then to the processor, and finally to the farmer 
(Senauer, 1989). Similarly, the demand for a new product re lat ive to supply is 
communicated throughout the industry. Farmers build more ponds. New process ing 
pl ants are constructed. Additional feed processing capac ity is added . Equipment 
manufacturers look for ways to build better equipment to capture a larger share of the 
expanding volume of business. This communication system is large ly market driven. 
Prices paid and rece ived in the market are observed by the components of the 
industry, and responses are undertaken based on their pe rception of the meaning of 
those signals. 

Koehler et al. ( 1976) and Rogers and Rogers ( 1976) suggested that only where 
there is effective, interacti ve communicat ion in an organization can a coordination 
of activities be achieved. Interactive communicat ion is the mortar that holds orga­
ni zed structure together and that g ives it unity and cohes ion. The same authors also 
suggested that communication involves the continuing exchange of information , 
op inion, and att itudes which are required to maintain coordination within the 
organi zation and to a llow it to interface effectively with its environment. It is 
interesting that the Koehler et al. (l 976) description of the role of communications 
in organizational development and function parallels the description of communica­
tions among ce ll s, ti ssues, organs, and systems in animals described prev iously. 

A specific aquacultural industry is not a typical organization. There is no 
central , controlling authority usua ll y found in organizations, but the industry does 
have one characteristic common to all organizations. That is the fact that a number 
of people are working toward achieving spec ific objectives, namely producing, 
harvesting, processing, marketing, and utilizing aquatic animals. Even without a 
central, controlling authority , the commonality of objectives suggests that the 
various segments of an industry could function as an organization. 

Good communications wou ld appear to be espec ially important in rapidly 
grow ing organizat ions such as aq uac ulture. Koehler et al. ( 1976) a lso suggest that in 
new organizations espec ially, the necess ity for continuous, multi -level, multi ­
directional communications becomes increasingly urgent. Rapidly growing organi­
zations, especially those involved in production of a commodity , require a continuously 
increas ing amount of material s, technologies, processes, and ideas. Providing these 
necessary inputs in adequate quantity and quality and in the proper sequence cannot 
be achieved without some coordination, and good communications are a primary 
requirement for coordination. 

Achieving effective communications among the di sparate e lements (farmers , 
seed producers, feed mill s, credit institutions, regulatory agencies, public research 
agencies , processors, equipment manufacturers , who lesale markets, retail markets, 
and consumers) comprising an aquacultural industry is a difficult problem. Balit 
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( 1988) has commented on the difficulty of achieving good communications in 
development efforts. While Bal it ' s remarks are spec ifically concerned with develop­
ment projects in emerg ing nati ons, the same limitat ions a lso apply to establishing 
effective communications in all organizations, including the aquaculture ecosys tem. 
According to this author, difficulties with achiev ing effective communication 
include: 

I. Lack of'appreciationfor the importance of communications in the 
development process. 

2. !ncompatible communication approaches. 
3. Differing use of' language by th e elements of' the organization. 
4. Divergent interests of the parties in volved. 
5. Differing perceptions of the ol! jecti ves of the organization. 

Suggestions for overcoming each of these difficulties will be di scussed in the 
fo llow ing secti ons. 

Developing an Appreciation of Communications 

Because of the results obtained from the two-way exchange of information , 
ideas, and op inions between change agents (ex tension) and farmers, there is wide­
spread acceptance of thi s use of communication in some components of agric ulture. 
Unfort unately , there is limited apprec iation fo r the wider use of communication 
among all components of the entire food and fiber production ecosystems. Almost 
without except ion, the emphas is in agri cultu ral and aq uacultu ra l extension programs 
is on fa rmer education. Establishing and maintaining communications networks 
among farmers, bankers, retail ers, processors, and other partic ipants in the system 
rece ives re lative ly littl e attention. There are some communicat ions among all of 
these components, but they tend to be generally pass ive rather than active except fo r 
contacts between the change agent and farmers. Farmers communicate with bankers 
when they need credit , but often these lending inst itutions have received re lative ly 
littl e info rmation about the various components of the prod uction, harvest ing , 
process ing, marketing , and utili zat ion ecosystem. Bankers have limited unde rstand­
ing or apprec iati on of the facto rs invo lved that will determine whether the loan can 
be repaid. Farmers often have an even poorer understanding of all of the components 
of the ecosystem and how they interact. One can only spec ul ate whether the cri s is in 
agriculture in the United States in the mid- l 980s could have been averted or reduced 
in severity if the re had been better communications among all of the partic ipants in 
the ecosystem. 

Establishing and maintaining an effective communicati ons network is diffi­
cult, time consuming, and expensive . At the same time, it is questionable whether 
agriculture or aquac ulture can continue to deve lop and function effectively in an 
increas ing ly interdependent and competitive world without more apprec iati on for 
and more emphas is on communications within the entire ecosystem. 



THE DEVELOPMENT OF AQUACULTURE: AN ECOSYSTEMS PERSPECTIVE 251 

Developing Compatible Communications 

Approaches for use in agricultural ex tension have rece ived considerable 
attention over a long period. A wide range of group and individua l methods, 
including group di scuss ions, result demonstrations , method demonstrations , con­
ducted tours, personal visits to fa rms, and training and vi si t methods have been 
developed to communicate with fa rmers (Sav i le, 1965 ; Maunder, 1973 ; Benor and 
Baxter, 1984; Engle and Stone, 1989) . There is considerable agreement and di sagree­
ment on the effectiveness of each of these methods. While thi s change agent-farmer 
communications re lation ship has rece ived so much attention , there has been limited 
concern with deve lop ing effective strateg ies or approaches fo r change agents to 
communicate with bankers or equipment manufacturers or for farmers to communi­
cate with consumers o r leg islators . Some of the so-ca ll ed extension methods li sted 
above might be effective in communications networks involving the various compo­
nents of the aquac ultu ra l ecosystem, but it is like ly that most would not. We will need 
new approaches spec ifica lly des igned for communications linkages between the 
vari ous components. The incompatibility of ex isting approaches for the broad range 
of network linkages is a major problem . 

Learning a Common Language 

A difficult problem in establishing effect ive communications in aquac ulture is 
language. The situat ion is reminiscent of the problem encountered by those attempt­
ing to construct the Tower of Babe l described in the Old Testament. Only a few 
individuals in the aq uac ul ture ecosystem know the languages of bio logy, chemi stry , 
engineering, finance, marketing, sociology, and economics, so our ability to commu­
nicate is limited. If we are to establi sh effective communications networks, we must 
take time to learn at least some of the spectrum of languages involved . 

Merging the Interests of Ecosystem Components 

Still another problem e ncountered in establishing communicati ons networks is 
the di vergent interes ts of the parti es invo lved. For example, a fi sh farmer might 
obtain cred it from a lending institution o r from a gro up of investors. While both 
groups provide the same cred it, they te nd to have divergent interests in the production 
of a g iven crop of fi sh. The lending institution generally might be concerned with 
recovering the princ ipal of the loan plus interest from that spec ific crop, while an 
investment group might be less concerned with short-term performance. Communi­
cations with these two groups like ly wou ld be quite different. 

Similarly, sc ienti sts and farmers have divergent interests in aquaculture. 
Earning one's living grow ing fi sh is a diffe rent matter from researching the produc­
tion offish for a living. The interests of the two are highly divergent . A sc ienti st might 
let a pond of fi sh die to learn something new about aquac ulture . Farmers cannot 
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afford to do th is. If we are to develop effecti ve communications networks, all parties 
included in the ecosystem must make an effort to reconcile the di vergence of 
interests. 

Sharing Perceptions of Objectives 

It is likely that most components of an aquacultural industry are not function­
all y aware that they are part of an organization or ecosystem. This lack of apprec ia­
tion fo r the concept of the organ ization makes communication diffic ul t. All of the 
components are independently owned and operated. They seldom, if ever, ho ld 
organization meetings. Yet a ll of them, even consumers, share some part of the same 
objective- to partic ipate in a strong, vi ta l industry that is expanding at a regular rate 
and prov ides an adequate return on investment. The long-term success of all 
components of the industry, including the consumer, depends on reaching thi s 
objective. It appears, however, that the various part ic ipants often have di ffe ring 
perceptions of the objecti ves of the organization. 

Unfortunately, the highl y competitive, market-ori ented business world in 
which the individual enterpri ses (farmers, bankers, feed manufact urers , equipment 
dealers, etc.) operate does not encourage the partic ipants to pursue polic ies or 
management strategies that promote the common good of the industry. The nature of 
current American economic environment di scourages the development of the sym­
biotic relationships that would result in mutual benefit to all partic ipants. Gomory 
and Shapi ro ( 1988) suggested that the lack of competitiveness in Ameri can industry 
may result fro m our inability to work together or to coordinate the efforts of industry 
components. They further suggested that Japanese successes in economic competi ­
tion worldwide are likely the result of their ability to do so. Short-term changes in 
interest ra tes, inflation rates, export opportunities, tax polic ies, and other government 
rules and regulations force partic ipating businesses to pursue relati ve ly narrow, 
short-term objectives that often are in confl ict with long-term development objec­
ti ves of the industry. 

All of these problems that inhibit the establishment of effecti ve communica­
tions networks in an aquacultural industry can be overcome. However, in order to do 
so, there must be an increased apprec iation of the importance of communications 
among all components of the ecosystem and a major investment in developing the 
new approaches to ensure that fa rmers, bankers, processors, retail ers, and consumers 
are hearing, speaking, and responding to the same language. 

I suspect that it will be di fficult fo r private change agencies to come together 
to form the necessary communications linkages that are necessary because of their 
narrow interests in the development process. Probably the public sec tor change 
agencies should encourage and catalyze thi s effort. Idea ll y, the proven communica­
tions network that links farmers, change agents, and sc ienti sts in public agri cultural 

'1 

' 
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institutions could be expanded to include all other components of the industry. 
However, I am not sure that these institutions have the necessary flexibility to expand 
their programs to the degree necessary. Publicly supported change agencies in 
agriculture have specialized so narrowly, probably because of the legislation estab­
li shing them, that they may not be capable of dealing effectively with this larger 
environment. Certainly every effort should be made to encourage them to accept this 
expanded role of technology transfer. 
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