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ABSTRACT 

The purpose of this study was to determine the 

status of aquaculture in the State of Arizona, to determine 

the perceived educational needs of Arizona aquaculturists, 

to identify their educational and experience backgrounds, 

and to identify the sources of information that they 

utilize to meet their needs and to solve problems in 

aquaculture. An intermediate goal of the study was to 

compare the differences between private and government 

aguaculturlsts. 

This study was a descriptive survey and utilized a 

questionnaire as the instrument. Data was collected via 

telephone interviews. The target population was all active 

aquaculturists in the State of Arizona. 

Findings included: 1) The aquaculture industry was 

expanding, 2) Water quality management and production 

methods were the top educational needs, 3) Eighty percent 

of the aquaculturists have had some college, with sixty-

eight percent possessing at least a Bachelor degree and, 

4) Other aquaculturists and fisheries professionals were 

identified as the best sources of aquacultural information. 
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CHAPTER 1 

INTRODUCTION 

Humans utilize the production capacity of the 

aquatic ecosystem in two ways: through fishing or 

fisheries, and by the husbandry of aquatic organisms 

(aquaculture). In the last 15-20 years, the yield from 

fisheries has remained relatively stable, whereas world 

aquaculture production has increased at a rate of about 8 

percent per annum. At present, aquaculture contributes 

about 20 percent of the total amount of aquatic products 

for direct human consumption (Huisman 1983). 

In the United States, per capita fish consumption 

has steadily increased from 10.3 pounds in 1960 to 14.5 

pounds in 1985; an increase of 43.7 percent (U.S. 

Department of Commerce 1987). If the same rate of increase 

in per capita fish consumption experienced between 1980 and 

1985 (16.6%) continues, fish consumption per capita will 

rise to 19.3 pounds by the year 2000 and 21.7 pounds by 

2010 (West Group 1987). 

In the State of Arizona, aquaculture is also 

becoming increasingly important; both in the number of 

participants and size of operations. Production of fish 

and crustaceans has increased from 20 licensed farms in 
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1983, to over 30 farms in 1987. Production of fish was 

estimated at 300,000 kg for 1986 and 500,000 kg for 1987. 

Cash receipts for the aguaculture industry were calculated 

to be $357,000 in 1984 and $522,750 in 1985 (U.S.D.A. 

Arizona Livestock Reporting Service 1986). 

Kevin Fitzsimmons, an aguaculture researcher, 

University of Arizona, believes aquacultural production in 

Arizona, although small in comparison to other states, has 

the potential to make a valuable contribution to the farm 

economy of Arizona (Fitzsimmons 1986). In an article in the 

May 1987 issue of Arizona Farmer-Stockman magazine, 

Fitzsimmons stated, 

Right now, there are probably less than 100 jobs in 
aguaculture in Arizona and it (the aguaculture 
industry) brings in less than $1 million a year. 
In five years, I wouldn't be surprised if there are 
500 jobs in aguaculture here and $100 million in 
receipts (Shannon 1987). 

Jim Keeton, president of Global Fisheries, Inc., a Hyder 

Valley, Arizona fish farm, believes Arizona could become 

one of the largest fish-rearing centers in the country. 

Keeton bases this prediction on the unigue environmental 

conditions found in Arizona. 

Arizona has a perfect climate for year-round 
aguaculture production, especially in the Gila 
River Basin. There is an abundance of high-
guality, geo-thermal water and, even though most of 
this water is brackish, it is not a problem for 
aguaculture based on tilapia and shrimp (Jim 
Keeton, personal communication). 



14 

A recent survey of sixteen major fish producers In 

Arizona supports the optimism expressed above, over the 

growth potential In the Arizona aquaculture Industry. As 

of August 1987, these producers operated 180 ponds, 

raceways, irrigation ditches, and tanks with a total water 

surface area of 155 acres. By August 1988, they planned to 

build 231 more fish rearing structures, for a total of 411 

fish rearing structures and 256 acres of water surface. 

Production is expected to increase from 2 million 

marketable size fish in 1987 to 5.5 million in 1S88, with 

production reaching 21.3 million marketable size fish in 

1992, if producers' future forecasts are realized (West 

Group 1907). 

Need for the Study 

The transfer of knowledge is an important component 

in any aquacultural production venture. As aquaculturists 

become limited by their personal level of knowledge and 

experience, they need assistance in obtaining new skills 

and technologies to make their enterprises more productive 

and profitable. Also, new people entering the industry 

need information to ensure their enterprises start off with 

a chance for success. In many States, information, skills, 

and technologies are most often provided to aquaculturists 

through intensive extension efforts involving State 

cooperative extension services (U.S. Fish and wildlife 
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Service 1984). Arizona aquaculturists believe they would 

benefit from an extension program, as well. In the recent 

Arizona Aquaculture Survey, sixteen major fish producers 

were asked what is needed to improve fish farmers' chances 

for success and what the Arizona Game and Fish Department 

should do to promote the Arizona aquaculture industry. 

Among their answers: 

Hire a technical expert to help the producers 
with problems. For example, the State of 
Arkansas has a local expert to help farmers. 

Sponsor producer education and in the future 
conduct public awareness, public relations, and 
advertising campaigns to help promote the 
industry. 

A local consultant is needed to assist 
producers with production problems and disease 
control (West Group 1987). 

Currently, 18 States have some 30 Aquaculture 

and/or Fisheries Extension Specialists, most with the 

Cooperative Extension Service (CES) (Miller 1987). The CES 

has no such position in Arizona. Most of the services 

requested of the CES by aquaculturists are handled by the 

Wildlife Extension Specialist, who has no real experience, 

training, nor background in aquaculture (John Stair, CES, 

personal communication). 

Before assistance can be rendered to 

aquaculturists, their educational needs have to be 

identified. One way to identify these needs is through 

surveys. Traditionally in the United States, surveys of 
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aquaculturists have concentrated on what and how much they 

produce and how and where they market their aquacultural 

products. The educational needs of aquaculturists, 

however, have rarely been determined through direct, formal 

surveys of the aquaculturists themselves, but rather 

through informal surveys by extension personnel and/or 

advisory councils made up of fisheries professionals 

(Broussard; Freiling, personal communication). This study 

involved a direct, formal survey of the aquaculturists in 

Arizona. 

It is believed that the information received from 

this study will be of value to the Arizona Cooperative 

Extension Service, the Arizona Department of Game and Fish, 

and the Arizona Aquaculture Association in considering the 

creation of an Aquaculture Extension Specialist position in 

the State of Arizona. In addition, the information may 

verify, confirm, and/or refute some of the findings of the 

Arizona Aquaculture Survey conducted by West Group 

Marketing Research in August 1987. The information also 

may be useful to educational institutions for the 

development of future aquaculture curriculum. 

Problem Statement 

The purpose of this study was to determine the 

perceived educational needs in aquaculture of, and to 

identify the sources of information utilized by, 
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aguaculturlsts and potential aguaculturlsts In the State of 

Arizona. Specifically, the study determined the 

educational needs In the production and management 

components of aquaculture for aguaculturlsts and compared 

those needs with the Individual's education level and/or 

amount of experience, the size and type of operation where 

the Individual Is employed, and In what capacity the 

Individual works in the operation. The study also 

identified the sources of information that aguaculturlsts 

utilize to meet their current educational needs and to 

solve their problems in aguaculture. The study sought 

information and perceptions from the owners and managers of 

aguaculture operations via in-person interviews, conducted 

in early 1988. 

Research Questions 

The following research guestions were addressed in 

conducting this study: 

1. What is the status of aguaculture, in terms of 

number and size of operations, number of people 

employed, species cultured and amount of each 

produced, in the State of Arizona in early 1988? 

2. What are the perceived educational needs in 

aguaculture, in terms of production and management, 

of the individuals employed in the aguaculture 

industry? 
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3. What are the educational and experience backgrounds 

of the individuals employed in the aquaculture 

industry? 

4. what are the sources of information that 

aquaculturists utilize to meet their educational 

needs and to solve problems in aquaculture? 

Assumptions 

In conducting a descriptive survey of this nature, 

a researcher needs to assume some factors to be true that 

are not evaluated, but which are basic to the study. In 

this study, the underlying assumptions were as follows: 

1. Aquaculturists in this study were capable of 

identifying their educational needs and problems. 

2. The aquaculturists provided objective, sincere and 

true answers to the questions asked of them. 

3. Aquaculture is a viable industry in Arizona. 

4. The potential for future growth in the aquaculture 

industry is good due to the favorable environmental 

and biological conditions found in Arizona. 

Limitations/Delimitations 

Limitations and delimitations include those factors 

which affect the internal and external validity of a 

particular study. They effect how the study is interpreted 

and the degree to which the results can be generalized. 



The following factors should be considered before 

attempting to generalize the findings of this study: 

1. The aquaculturists included in the study were those 

residing in Arizona who were actively engaged in 

aquaculture at the time of the study. 

2. The environmental conditions unique to Arizona, 

i.e. climate, topography, water quality, may have 

accounted for some of the educational needs of the 

aquaculturists; therefore, the findings may only be 

applicable to aquaculturists working in similar 

environmental conditions. 

3. The study was conducted during early 1988 and the 

findings may only be valid for that time period. 

4. An in-person interview instrument was used in data 

collection and was subject to inherent weaknesses. 

Example: The presence of the researcher may have 

influenced the respondents to give answers to 

questions that the respondents thought that the 

researcher expected or wanted to hear. The 

researcher minimized this effect by standardizing 

the interviews, conducting them in a professional, 

unbiased manner, and by wording and asking 

questions in such a way so as not to indicate a 

particular response nor influence the respondent in 

any way. 



5. The study may be threatened by non-response and/or 

non-cooperation on the part of the respondents. 

The researcher attempted to minimize this threat by 

explaining the social utility of the survey to the 

study's participants. 

6. The study may be threatened by sampling error, in 

that the participants in the study may not be a 

true representation of the accessible population. 

The researcher attempted to minimize this threat by 

interviewing aquaculturists of both large and small 

operations. 

7. The study may be threatened by a framing error, in 

that the list of aquaculture license holders may be 

inaccurate and/or outdated. The researcher 

obtained the most accurate and up-to-date list of 

license holders from the Arizona Department of Game 

and Fish. 

Method of Investigation 

A study's objectives have direct influence on a 

researcher's methods of investigation. The procedures 

which will be used to follow the objectives of this study 

are described in this section as follows: 1) Population and 

sample, 2) Design, 3) Data and instrumentation, and 4) Data 

analysis. 
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Population and Sample 

The target population consisted of two groups: 1) 

aquaculture license holders on a list provided by the 

Arizona Department of Game and Fish and 2) potential 

aquaculturists who have contacted John Stair, Wildlife 

Specialist, CES and/or the Arizona Department of Game and 

Fish. The accessible population were those individuals who 

still resided in Arizona and who were willing to 

participate in the study. Attempts were made to interview 

all individuals within the accessible population. These 

persons may have very different educational needs than 

actively engaged aquaculturists. 

Design 

This study was a descriptive survey. The following 

steps were undertaken to collect the data. First, the most 

up-to-date list of aquaculture license holders was obtained 

from the Arizona Department of Game and Fish. Attempts 

were made to contact all license holders by phone and/or by 

mail. All license holders who could not be contacted 

and/or no longer resided in Arizona were dropped from the 

sample. The remaining license holders were classified 

(stratified) into two groups; active and potential 

aquaculturists. In-person interviews were then scheduled 

with all individuals who were willing to participate in the 

survey. The researcher attempted to maximize participation 
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by explaining the social utility of the study. 

The researcher traveled to, and conducted the 

interviews at, the businesses and/or residences of the 

participants in February 1988. Data analysis and writing 

of the report took place in Tucson, Arizona in April 1988, 

with final draft completed and submitted by the end of May 

1988. 

Data and Instrumentation 

A questionnaire was developed and field tested to 

determine the reliability and validity of the survey 

instrument. The questionnaire listed the main areas of 

aquacultural educational needs in production and 

management. The participants chose from "n" levels of 

knowledge (i.e. know of topic, but need to know more; know 

of topic but don't need to know more; don't know of topic, 

but would like to know more) concerning how he or she felt 

relative to each need. Five to ten non-specific questions 

were asked about the aquacultural education and experience 

background of the participants. Other questions pertained 

to the planned, current, or failed aquacultural operation 

itself; i.e. size of operation, number of employees, 

species cultured, level of production, reasons and plans 

for start up, expansion, or close down of operation. This 

information was obtained from participants through a series 

of in-person interviews conducted in February 1988. 
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The researcher was aware that reactive effects may 

have resulted from this method of data collection which 

could threaten the internal validity of the study. The 

researcher minimized this threat by standardizing the 

interviews, conducting them in a professional, unbiased 

manner, and by wording and asking the questions in such a 

way so as not to influence the respondent in any way. 

Data Analysis 

Data analysis is an important part of the study and 

is vital when drawing conclusions and making 

recommendations. Data for this study was compiled 

manually. The data provided the following information: 

1. A summary of current aquacultural operations; 

number and sizes of operation, number of employees, 

species cultured, present and projected (future) 

levels of production, and the reasons and/or plans 

for start up, expansion, or close down of 

aquacultural operations. 

2. An identification of the educational and experience 

backgrounds of participants in the study. 

3. An identification of the educational needs of 

participants in the study. 

4. An identification of the sources of information 

utilized by participants of the study. 
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5. A correlation of participants' educational needs 

and their education/experience backgrounds. 

6. A correlation of participants' educational needs 

and the type and size of aquacultural operation in 

which they are employed. 

Definition of Terms 

The following terms used in this study are defined 

for the reader's understanding: 

Aquaculture: The husbandry of marine or freshwater 

organisms for human consumption and/or use. 

Aquaculturlst: A person who is actively engaged in 

aquaculture. 

Educational Need: A topic and/or problem area in 

which a person lacks knowledge and/or skills. 

Obtaining the knowledge and/or skills is essential 

to the success of the activity in which the person 

is engaged. 

Perceived Educational Need: An educational need 

that is recognized and understood as a need by the 

person who has it. 
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CHAPTER 2 

REVIEW OP LITERATURE 

There has been an ever-increasing, world-wide 

interest in the large-scale development of aquaculture as a 

manageable food production system during the past decade. 

Neal and Smith (1983) attribute this escalation in 

development efforts to four major factors; 1) the need to 

produce additional fish protein to meet the demand of 

rapidly increasing populations, 2) the fact that control of 

the production process makes aquaculture less susceptible 

than capture fisheries to unpredictable natural influences, 

3) the leveling off of world catch from conventional 

capture fisheries, and 4) the expected reduction in catch 

by certain major fish-consuming countries brought about by 

the extension of economic zones of other countries in 

marine waters. 

In the United States, many people and institutions 

have long recognized the need for a rational aquaculture 

development plan for the country. In September 1980, 

President Jimmy Carter signed into law the National 

Aquaculture Act (P.L. 96-362). The Act states that 

National policy is: 

To encourage the development of aquaculture in the 
United States... that the principal responsibility 
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for the development of aquaculture In the United 
States must rest with the private sector... while 
the general role of government Is to provide 
encouragement and support through programs and 
services that cannot reasonably be expected through 
private sources. 

In response to P.L. 96-362, the Joint Subcommittee 

on Aquaculture (JSA), under the auspices of the Interagency 

Committee on Marine Sciences and Engineering, produced the 

National Aquaculture Development Plan (NADP), a two-volume 

document. Volume I describes the technologies, problems, 

and opportunities associated with aquaculture in the U.S. 

and its territories, recommends actions to solve problems, 

and analyzes the social, environmental, and economic 

impacts of growth in aquaculture. Volume II contains in-

depth discussions on important, selected aquacultural 

species, an extensive bibliography, and a list of 

contributors (JSA 1983). 

Constraints and Problems In Aquacultural Development 

The JSA found that the aquaculture industry has 

received considerable direct and/or indirect support for 

many years from various Federal and State agencies and 

academic institutions, even prior to the passage of the 

National Aquaculture Act. The support has come from 

Federal and university laboratories in the form of research 

and education programs, through extension education and 

technical assistance from Federal and State workers in 
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areas of aquaculture expansion, and from a growing 

awareness and encouragement of industry activity by State 

and Federal administrators and decision-makers. Despite 

this support, the JSA (1983) noted that many impediments 

still persist in aquaculture, Including: 1) the continued 

use of wild animals that have not been genetically improved 

for culture, 2) poor understanding of nutrition and diets 

of culturable species, 3) continuing problems in the 

prevention and control of parasites and diseases, and 4) 

poor knowledge of water quality criteria in culture 

systems. The JSA concluded these constraints continue to: 

...present obstacles to the rapid and orderly 
expansion of aquaculture... coupled with a need for 
education, information, and technology assistance 
efforts and a need to understand markets and 
marketing barriers for aquaculture (JSA 1983). 

The National Research Council (NRC), Committee on 

Aquaculture (1978) concluded that, although scientific and 

technological obstacles remain, the primary constraints to 

rapid expansion of aquaculture production are political, 

administrative, and economic in nature. The NRC identifies 

these constraints as; competition for land and water areas 

and markets, regulations on Federal, State, territorial, 

and local levels, inadequate transfer of information and 

technical assistance, and uncertainty about profitability. 

Lindbergh and Pryor, aquaculture planners and 

developers, have been involved in several aquaculture 
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projects since the early 1960's. From their work, they have 

Identified six primary areas where new aguaculture programs 

tend to get Into trouble, namely: 

1) Pinning hopes on as-yet-undeveloped technology. 

Lindbergh and Pryor believe that aquaculturists should 

commercially raise only those species which have already 

been successfully bred and reared In captivity and for 

which there are proven management techniques. Research on 

untested species is costly and the time it takes to obtain 

conclusive results may be open-ended. 

2) Failure to realize that aguaculture Is, first and 

foremost, a farming business. Aquaculturists need to run 

their operations just as farmers do; by employing proper 

management techniques, appropriate personnel, budgets and 

cost projections. 

3) Undercapitalization. New aquaculture operations run 

into trouble due to the longer time it takes to get the 

first cash crop (usually a year or longer) and the tendency 

to use high-priced personnel and unneeded, high-tech 

equipment, at first. 

4) Targeting the wrong market. Commercially successful 

aquaculture projects tend to be those which raise high 

value, high-quality, even gourmet table products (i.e. 

trout, salmon, and shrimp) and not those that attempt to 

produce large volumes of low-priced products. 



29 

5) Failure to realize that the product is a live animal. 

The behavioral and environmental needs of the cultured 

species are often not taken into account. The results: 

poorer growth rates, lower conversion rates, lowered 

disease resistance, higher mortality rates, and other 

undetected, yet important, damage; all of which affects 

end-of-year profits. 

6) Lack of business management experience. While 

employing technical experts to raise the fish, the 

commercial aquaculture operation must also have someone who 

is competent to meet the normal, everyday problems of 

managing a business (Lindbergh and Pryor 1984). 

McLarney believes that, in the united States, 

research and technical information exchange has been geared 

towards large-scale aquaculture at the expense of small-

scale operations. This lack of scale is reflected in the 

lack of how-to-do-it material for the small private grower. 

Aquaculture in North America evolved during a time 
when agribusiness was in its ascendancy. In 
agriculture and terrestrial livestock husbandry, 
there is at least a tradition of gardening, 
homesteading, and small farming, with its own 
literature and folklore, which serves to counter 
the agribusiness propaganda. This is not so in 
aquaculture. The position of the beginner in 
small-scale aquaculture is like that of someone 
who, on deciding to garden for the first time, goes 
to the library and finds books on truck farming 
(McLarney 1984). 

Neal and Smith state that one of the major 

obstacles to the development of aquaculture has been the 



shortage of trained aguaculture production specialists. 

Training Is needed for large numbers of technicians 
to sustain commercial production and for a second 
group of production specialists to disseminate 
essential information to small fish farmers. 
Presently, a number of institutions and governments 
are addressing this issue, but on a small scale or 
in an ad hoc fashion only (Neal and Smith 1983). 

The Profitability of Aguaculture 

There is debate over whether aguaculture is a 

profitable enterprise, at least in the way it has been 

generally practiced in the United States. Some estimates 

show that no more than 25% of the aguaculture business 

ventures in the U.S. operate at a profit (Huke in McLarney 

1984). Some of the failures can be attributed to ill-

advised, speculative ventures, while others have simply 

been used by large corporations as tax write-offs. 

Despite this seemingly low success rate, Erickson 

(1981) points out that aguaculture has been profitable 

enough; example: commercial trout farming has been 

practiced in the U.S. for over 100 years. 

Arguments have been made that only relatively 

large-scale aguaculture operations can be profitable and, 

indeed, the trend in the U.S. is towards "aguabusinesses" 

as opposed to small-scale enterprises (McLarney 1984). 

Small growers can also be profitable, as long as they 

diversify intelligently (i.e. raise bait fish as well as 

food fish, grow crops as well as fish), employ good 
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management techniques, and be willing to identify and 

secure local or ethnic markets rather than competing with 

large producers for mass markets (McLarney 1984). 

Hopkins (1985) concluded, from a feasibility study for 

growing tilapia in Kuwait, that a "big, high-tech tilapia 

farm should be economically sound in arid lands". Tilapia 

have already proven to be an ideal species to raise in low 

technology farms, especially in integrated animal-fish 

farms. 

The National Aquaculture Act designated the U.S. 

Department of Agriculture (USDA) as the lead agency for 

aquaculture development in the United States. In addition, 

the Food Security Act of 1985 mandated the USDA to 

construct and develop regional aquaculture centers. 

Aquaculture is included in the USDA Extension Service (ES) 

effort to meet some of their eight National Priority 

Initiatives. In alphabetical order, the initiatives are: 

- Alternative Agricultural Opportunities 

- Building Human Capital 

- Competitiveness and Profitability of American 

Agriculture 

- Conservation and Management of Natural Resources 

- Family and Economic Weil-Being 

- Improving Nutrition, Diet, and Health 

- Revitalizing Rural America 

- Water Quality (USDA 1988) 
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The CES's 1986 Synthesis Report on Aguaculture 

specifically shows how aguaculture can address some of 

these Initiatives. The objectives of CES Aguaculture 

Educational Programs are to: 1) improve the decisionmaking 

capabilities of potential producers in examining 

aguaculture as an alternative agricultural opportunity,, 2) 

improve the management practices of new and existing 

producers in order to increase production efficiency and 

reduce losses, thus increasing profitability, 3) assist 

producers in developing sound marketing strategies to 

increase competitiveness, 4) assist producers and 

processors in product development and utilization of new 

and improved seafood processing technologies, again to 

increase competitiveness, 5) assist 4-H youth and leaders 

in understanding the potential and management of 

aguaculture resources—building human capital, and 6) 

increase awareness and utilization of aguaculture products 

in the home to Improve nutrition, diet, and health (USDA 

1988). 

Aguaculture and Educational Needs Surveys 

There have been a number of aguaculture surveys 

conducted in the United States in recent years. A majority 

of these surveys, conducted by State Fisheries Extension 

Specialists, have concentrated mainly on obtaining 

production information from aguaculturists; i.e. species 
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raised, pounds of each produced annually, number and size 

of rearing facilities, etc. (Von Steen 1985, University of 

Idaho 1973 & 1974, Wellborn 1986, Rice 1987, Gebhart 1987). 

Some of these surveys have also been used to obtain 

information on the nature and extent of the problems and 

constraints that aquaculturists have encountered (Brown 

1984). Meryl Broussard, National Program Leader for 

Aquaculture-USDA/CES, also attempted to conduct a nation

wide survey of State Fisheries Extensionists to determine 

the status of aquaculture in 1985; again looking mainly at 

the production side (Broussard personal communication). 

Although his attempt was unsuccessful due to lack of 

response, Broussard did influence Kapuscinski and Gross 

(1986) to conduct a similar survey in the North Central 

Region of the united States. 

Dung and Wakui (1980), conducted an aquaculture 

study to identify and examine the skills and knowledge 

required to work in the aquaculture industry in Hawaii and 

to recommend, if appropriate, courses for an aquaculture 

program at the community college level. They listed and 

looked at 9 tasks, or work areas, that aquaculturists 

perform when starting and managing an aquaculture 

enterprise: 1) locate a feasible aquaculture site, 2) 

select an appropriate aquatic species to site's climatic 

and aquatic environment, 3) fulfill private and government 
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requirements, 4) design general draft of an economically 

feasible aquafarm and operating strategies, 5) construction 

of grow-out systems, 6) stock target species into grow-out 

system, 7) cultivation of species, 8) harvest, process, and 

transport to marketplace, and 9) methods and techniques to 

increase production of cultured species. 

The aquaculturists were asked how frequently they 

performed each task, the degree of importance they gave to 

each task, and the level of difficulty that they felt there 

was to learning each task. The data was collected through 

field observations, personal interviews, and a search of 

the literature. The main approach was to gather 

information and data through person-to-person contacts. 

Among their conclusions; 

Since aquaculture involves high risk factors and 
intensive capital investment, it is recommended 
that interested people, contemplating starting 
their own (aquaculture) farm operation, be 
educationally prepared, and for those who seek 
employment with the industry, educational 
preparation opens more doors for job opportunity in 
this expanding field (Dung and Wakui 1980). 

Some relevant educational needs studies in 

agriculture have been conducted in Venezuela by Pizani 

(1981) and in Arizona by Connors (1981) and Kuta (1968). 

Although these studies do not deal with aquaculture, they 

contributed to the methods and procedures employed to 

conduct this study and identified some general educational 

needs categories. These categories were then modified to 



include educational needs more specific and/or unique to 

aguaculture. 

In summary, few educational needs studies dealing 

specifically with aguaculture have been conducted, even 

though one of the Recommended Programs and Actions (Chapter 

5) of the National Aguaculture Development Plan (1983) is 

the assessment of current status of aguaculture. 

Statistical surveys describing the status of 
aguaculture in the united States, including such 
factors as production, value, employment, and 
acreage, should be conducted freguently enough to 
be of value to aguaculturists. 

Broussard (personal communication) related that, 

even though some States have conducted such studies, the 

results have not been published. "No such documents have 

been done. It would be nice to have such reports to help 

formulate and include in a national (aguaculture extension 

education) plan". He is of the opinion that more studies 

such as this one are needed in aguaculture. 
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CHAPTER 3 

PROCEDURES 

This chapter identifies and describes the 

procedures which were employed to obtain the information 

needed to answer the research questions and to meet the 

objectives of this study. The chapter is organized into 

four main sections: 1) Population and sample, 2) Design, 

3) Data and instrumentation, and 4) Data analysis. 

Population and Sample 

The target population consisted of all owners 

and/or managers of aquacultural operations who were 

actively engaged in aquaculture in the State of Arizona at 

the time of the study. The accessible population was 

limited to the managers of State and Federal fish 

hatcheries, the owners and/or managers of private and/or 

commercial aquacultural operations licensed by the Arizona 

Department of Game and Pish as of June 1987, and the 

managers of aquacultural operations on Indian Reservations 

(who are not required to have a license from the Arizona 

Department of Game and Fish). Attempts were made to 

interview all individuals within the accessible population. 

The sample consisted of twenty-six individuals, 

including two federal hatchery managers, four State of 
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Arizona hatchery managers, nineteen owners/managers of 

licensed private and/or commercial aguacultural operations, 

and one manager of an aguacultural operation located on an 

Indian Reservation. 

The accessible population was originally to include 

two groups; 1) active, licensed aquaculturists and 2) 

"potential aquaculturists"; individuals who had contacted 

the Arizona Game and Fish Department and/or the Cooperative 

Extension Service and expressed interest in aquaculture. 

It was not possible to obtain the names of all of these 

"potential aquaculturists", as no accurate record of them 

was kept by either of the two organizations. 

The managers of federal and State fish hatcheries 

were then added to the study. This addition provided a 

larger sample for the study and a more complete picture of 

the aquacultural production activity in the State. 

Design 

This study might best be described as a descriptive 

survey. The following steps were undertaken to collect the 

data. First, lists containing the names, addresses, and 

phone numbers of State and Federal fish hatchery managers 

in Arizona, were obtained from the Arizona Game and Fish 

headquarters in Phoenix, Arizona and the U.S. Fish and 

Wildlife Service regional office in Albuquerque, New 

Mexico, respectively. Another list, dated June 1987, was 
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obtained from Arizona Game and Fish, which contained the 

names, addresses, and phone numbers of private and/or 

commercial aquaculture license holders. This was the most 

current list available at the time of the study. 

A personalized letter introducing the researcher 

and requesting participation in the study was developed 

(See Appendix A) and sent to thirty-seven (37) individuals 

on the lists described above. Included with each letter 

was a stamped post card with the researcher's name and 

address on the front and three (3) questions on the back 

(See Appendix B). The aquaculturists were asked to answer 

the questions on the post card and mail it back to the 

researcher. Two (2) weeks were allowed for response. 

After the two-week period, both respondents and non-

respondents were called and phone interviews scheduled. 

Repeated attempts were made to contact all non-respondents 

by phone. Aquaculturists who could not be contacted or who 

failed to respond by 1 May 1988 were dropped from the 

sample population. 

The researcher interviewed participants by 

telephone during the period from 18 April to 5 May 1988. 

Each interview was conducted in the same manner and lasted 

an average of approximately 25 minutes. 

The original intent of the researcher was to 

conduct in-person interviews of the participants by 
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traveling to their homes or places of business. This 

approach was not used due to a lack of travel funds. 

Interviews were thus conducted by telephone. 

Data and Instrumentation 

In November 1987, the researcher sent a letter (See 

Appendix C) to twenty-six (26) Fisheries and/or Aquaculture 

Extension Specialists in the United States requesting 

information and/or pertinent literature on any aquaculture 

surveys of which they were aware or that they may have 

conducted themselves in their respective states. Also 

requested was a copy or description of the survey 

instruments that were employed to collect the data. 

Sixteen (16) Extension Specialists responded, ten of which 

sent copies of questionnaires and/or results from 

aquaculture surveys which had been conducted in their 

States. 

A survey instrument for this study, in the form of 

a questionnaire, was then developed by the researcher (See 

Appendix D). The researcher used some of the questions 

and/or categories, or modified versions of them, from the 

various questionnaires received from the Extension 

Specialists. Most of the questions and/or categories, 

however, were created specifically for this study, in order 

to obtain the information needed to answer the research 

questions. 
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The questionnaire consisted of ten (10) topic 

areas: 1) the name and title of participant and the name, 

location, and start-up date of operation, 2) the type of 

operation, 3) the amount of aquacultural experience 

(months, years, etc.) of participant, 4) a description of 

the work force at the operation, 5) the educational 

backgrounds of the work force, 6) the number and types of 

production facilities and future plans for their expansion 

or contraction, 7) a description of aquacultural 

production; species cultured and pounds of each produced, 

8) the points of first outlet, i.e. distribution, stocking, 

and sales, 9) the educational needs/problem areas of the 

aquaculturists, and 10) the sources of aquacultural 

information utilized to resolve problems and needs. 

Data Analysis 

Data from the twenty-six questionnaires were 

entered onto a computer-generated spreadsheet using 

SuperCalc 4 software on an IBM personal computer. The data 

were then analyzed in terms of frequency distributions, 

sums, means, and other descriptive statistics. 

The educational needs were ranked and listed by the 

total number of "Top Priority" and "Very Important" 

responses for each need. The sources of aquacultural 

information were ranked and listed by the total number of 

"Excellent" and "Good" responses for each source. 
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The data provided the following information: 

1. A summary of active aquacultural operations; number 

and types of operations, number and types of 

employees, species cultured, and present and 

projected (future) levels of production. 

2. An identification of the educational and experience 

backgrounds of participants in the study. 

3. An identification and ranking of the educational 

needs of participants in the study. 

4. An identification and ranking of the sources of 

information utilized by participants of the study. 

5. A comparison between private/commercial and 

government aquaculturists, in terms of years of 

experience, educational needs, and sources of 

aquacultural information utilized. 

These five categories listed above differ in some 

respects from the six listed in Chapter 1. The first four 

categories are basically the same. However, a ranking of 

the educational needs and sources of information was added 

to categories #3 and #4, respectively. Categories #5 and 

#6 from Chapter 1 were deleted, as the proposed correlation 

statistics were not appropriate to this descriptive survey. 

In their place, category #5 above was employed to compare 

the differences, if any, between government and 

private/commercial aquaculturists. 
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CHAPTER 4 

PRESENTATION AND INTERPRETATION OP DATA 

The purpose of this chapter is to present and 

interpret the data which were collected during this study. 

The data include responses from the aguaculturlsts surveyed 

in this study and descriptive statistics which were used to 

organize the data in a logical and coherent manner to 

facilitate their interpretations. 

This chapter is divided into four sections, based 

on the research questions stated in Chapter 1, namely: 

1) What is the status of aquaculture in the State of 

Arizona in early 1988. 

2) What are the perceived educational needs in 

aquaculture of the owners/managers of aquacultural 

operations? 

3) What are the educational and experience backgrounds 

of the individuals employed in the aquaculture 

industry? 

4) what are the sources of information that 

aquaculturists utilize to meet their educational 

needs and to solve problems in aquaculture? 

The researcher interviewed twenty-six individuals 

representing twenty-nine aquacultural operations including. 
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two federal hatchery managers, four State of Arizona 

hatchery managers, and eighteen owners/managers of private 

and/or commercial (henceforth referred to only as private) 

aquacultural operations. One federal and two State 

hatchery managers each represented two hatcheries under his 

administrative control. Two private owners interviewed 

were not on the Arizona Game and Fish June 1987 aguaculture 

license list - one because his operation had just started 

in early 1988 and the other because he was raising fish on 

an Indian Reservation (which did not require a State 

license). The researcher became aware of their operations 

during interviews with other aquaculturists. Two of the 

license holders were not included in the data analysis, as 

their operations were inactive at the time of the study. 

The Status of Aguaculture in Arizona - Spring 1988 

There were thirty-three aquaculture operations 

active in Arizona of which the researcher was aware at the 

time of the study. Figure 1 is a map of Arizona counties 

and shows the number of private and government operations 

in each county. Thirteen Arizona counties had aquacultural 

operation within their borders. Maricopa County, the most 

populous county in the State, also had the most 

aquacultural operations, with seven. Most of these seven 

operations were located in the Gila River valley near 

Hyder, Arizona, an area of geothermally-heated groundwater. 
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FIGURE 1. The number of private and government 
aquacultural operations, by county. 
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The twenty-nine operations sampled in this study 

were quite diverse in nature; from small-scale, backyard 

hobbyists growing a few fish per year to large-scale, 

commercial fish farmers producing over 100,000 pounds of 

fish per year. In addition, federal and State fish 

hatcheries were raising fish mainly for recreational 

purposes, such as sport fishing and put-and-take programs. 

Number and Types of Aquacultural Operations 

The study's participants were asked to choose from 

six (6) categories the one which best described their 

operation. Table 1 lists these six categories and the 

number of aquacultural operations in each. 

Nine (9) commercial operations were raising fish 

exclusively, while eight (8) other commercial operations 

integrated aquaculture with agriculture in some way. The 

crops grown in these integrated operations included cattle, 

alfalfa, jojoba, cotton, wheat, peas, and fruit, pecan, and 

citrus trees. 

State and federal fish hatcheries accounted for 

nine operations, fish-out/fee fishing one, with backyard 

hobbyists the two operations in the "other" category. 

The aquaculturists also classified their operations 

according to type of aquatic species grown; warmwater or 

coldwater. Table 2 shows that 17 operations raised 

warmwater and 12 operations raised coldwater species. 
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TABLE l. Number of Arizona aguacultural operations by type 
of operation. 

Type of Operation Number 

Commercial - Aguaculture only 9 

Commercial - Integrated Aguaculture and Agriculture 8 

Arizona State Fish Hatchery 6 

National (Federal) Fish Hatchery 3 

Fish-out/Fee Fishing l 

Other 2 

TOTAL 29 

TABLE 2. Number of Arizona aguacultural operations by 
water type/species raised. 

Type of Operation Number 

Warmwater 17 

Coldwater 12 

TOTAL 29 
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The Size of the Current and Future Aguacultural Work Force 

The participants in the study were asked how many 

aguacultural employees worked at their operations during 

the period of April 1987 to April 1988. They were also 

asked how many additional aguacultural employees they 

planned to hire during the next year (through April 1989). 

Table 3 lists the responses of the owners/managers of 

private operations. 

TABLE 3. Number of current and future aguacultural 
employees at private operations 

Number of Employees Percent 
Category of Employee Current Future Change 

Permanent, Full-time 65 +22 +34% 

Temporary and/or Part-time 39 +12 +30% 

TOTAL 104 +34 +33% 

The twenty-nine operations employed ninety-four 

(94) permanent, full-time and thirty-nine (39) temporary 

and/or part-time employees during the period from April 

1987 to April 1988. Of the permanent, full-time employees, 

sixty-five (65) were working at private operations and 

twenty-nine (29) at the State and federal fish hatcheries. 

All of the temporary and/or part-time employees worked at 

the private operations. 
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During the next year (April 1988 to April 1989), 

the private operations planned to hire an additional 

twenty-two (22) permanent, full-time and twelve (12) 

temporary and/or part-time employees. The six State and 

Federal fish hatcheries planned no additional hires over 

the same time period. 

The thirty-four additional hires by the private 

operations over the next year represents a thirty-three 

percent (33%) increase in the number of jobs in commercial 

aquaculture. This figure does not include the employees of 

aquacultural operations which start up in the next year. 

The additional permanent employees will be needed 

mainly to handle the expected 25% increase in production 

(See next section), while the temporary and/or part-time 

hires most likely will be employed for the seasonal work, 

such as harvesting and processing. (The researcher was 

told by three private managers of plans to construct and/or 

expand their own on-site, processing facility in 1988.) 

Aquatic Species Cultured and the Expected Production of 
Each Specie in 1988 

Arizona aquacultural operations were raising 

twenty-one (21) species in 1988, including fifteen (15) 

warmwater and six (6) coldwater species. Table 4 lists the 

species grown in Arizona, the expected production of each 

in 1988, and the number of operations growing each species. 
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TABLE 4. The aquatic species grown in Arizona, the number 
of operations growing each species and the 
expected production of each species in 1988. 

Number of Pounds of 
Species Operations Production 

WARMWATER (15) 

Channel Catfish 15 >850,000* 

Largemouth Bass 8 >15,000 

Tilapia (all species) 6 >1,037,500+ 

Bluegill 4 >200 

Fathead Minnow 4 >200 

Squawfish 2 600 

Black Crappie 2 >20 

Goldfish 2 >6,020 

Blue Catfish 1 Unknown 

Smallmouth Bass 1 50 

Razorback Sucker 1 4,000 

Redear Sunfish 1 50 

Yellow Perch 1 100 

Crawfish 1 300 

Frogs 1 75 

TOTAL - Warmwater Production >1,913,615 



50 

Table 4, continued. 

Number of Pounds of 
Species Operations Production 

COLDWATER (6) 

Rainbow Trout 8 >629,000 

Cutthroat Trout 2 21,000 

Brook Trout 2 8,500 

Brown Trout 1 5,000 

Apache Trout 1 10,000 

Arctic Grayling 1 1,500 

TOTAL - Coldwater Production >675,000 

GRAND TOTAL >2,588,615 

* Value listed represents 9 operations. The other 
operations gave no specific production figures. 

+ Value listed represents 5 operations. The other 
operation gave no specific production figure. 

The three most important species of fish grown in 

Arizona at the time of the study, based on the total 

production of each were: Channel Catfish, Tilapia, and 

Rainbow trout. These three are important commercially-

grown fish in other parts of the United States, as well. 

Of the fifteen operations raising Catfish, at least 

four planned to produce between 100,000 to 250,000 pounds 

in 1988. Of the six operations raising Tilapia, two 

planned to produce over 400,000 pounds, while the other 

four planned to produce between 20,000 to 55,000 pounds. 



Of the eight operations raising Rainbow trout, three 

planned to produce between 120,000 and 200,000 pounds, and 

five planned to produce between 4,000 to 50,000 pounds. 

The amount of production attainable at an 

aquacultural operation is directly related to the number 

and size of the production facilities of that operation. 

The study participants were asked how many production 

facilities (ponds, raceways, and tanks) they had in use 

during 1987 and how many they would have in use by the end 

of 1988. Table 5 lists their responses. 

TABLE 5. Number of production facilities in use in 1987 
and planned to be in use by the end of 1988. 

Production 
Facility 

Number in use 
at end of 1987 

Number in use 
by end of 1988 

Percent 
Change 

Ponds 212 266 +25.5% 

Raceways 186 198 +6.5% 

Tanks 134 202 +50.7% 

Other 2 2 none 

TOTAL 534 668 +25.1% 

The number of production facilities was scheduled 

to increase by twenty-five percent (25%) in 1988 over the 

number in use in 1987. The total surface area would also 

increase by approximately the same amount (25%). All of 

these additional facilities will be at private operations. 
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The study's participants were asked about their 

long-range plans; whether they planned to increase, 

decrease, or have the same number of production facilities 

by the end of 1993. Table 6 is a summary of their 

responses. 

TABLE 6. Number of operations planning changes in 
production facilities by 1993 

Type of Change in Number of 
Number of Facilities Operations 

Decrease 0 

Same 9 

Increase 

20 Percent 1 

25 Percent 1 

Double 6 

Triple 2 

4-Fold 1 

5-Fold 3 

10-Fold 1 

Do not know by how much 2 

TOTAL 26 

Nine operations planned to have about the same 

number of facilities, while seventeen of the twenty-six 



53 

operations planned to have more production facilities by 

the end of 1993. Increases ranged from twenty percent 

(20%) up to a 10-fold increase in the number of production 

facilities. Taken as a group, the seventeen operations 

planned to double by 1993 the number of production 

facilities that they had in use in 1988. 

This 100% increase in the number of production 

facilities would indicate an increase of approximately 100% 

in aquacultural production and in the number of people 

employed in the aquaculture industry by 1993. Thus, within 

five years, the aquaculture industry in Arizona may be 

producing well over five (5) million pounds of fish per 

year and employ over three hundred (300) people. 

Educational Needs of Arizona Aquaculturlsts 

A list of thirty (30) educational needs was created 

by the researcher. The aquaculturlsts were asked to rate 

the importance of each need in their operation using the 

following response scale: 1 = Top Priority; 2 = very 

Important; 3 = Somewhat Important; 4 = Not Important; and 

5 = No Opinion/Do Not Know. 

Table 7 lists the educational needs and how they 

were ranked by the study's participants. The researcher is 

aware that the thirty educational needs are not all 

mutually exclusive; that there may be some overlap among 

some of the needs. 



TABLE 7. Ranked order of the educational needs of Arizona aquaculturists based upon 
frequency and percentage rated as very important or higher (#1 + #2). 

Educational Need 
Frequencies of Responses* 

% Very 
Important 

or 
1 2 3 4 5 High* 

Water Quality Management 11 15 0 0 0 100 

Production Methods 14 10 2 0 0 92 

Stocking Rates/Densities 14 9 2 2 0 88 

Pond/Raceway Construction 11 12 3 0 0 88 

Capital/Funding 14 8 4 0 0 85 

Harvesting Techniques 10 12 3 1 0 85 

Purchase of Seed Stock 10 12 2 2 0 85 

Handling Methods 9 13 3 1 0 85 

Species Selection 13 8 4 1 0 81 

Feeds/Feeding 10 11 4 1 0 81 

Budgeting 13 7 5 0 1 77 

Record Keeping 12 8 5 0 1 77 

Pond/Raceway Site Selection 10 10 5 1 0 77 

Transport/Distribution 10 10 3 2 1 77 

Parasites/Diseases 12 7 2 4 1 73 

Personnel Management 11 8 4 2 1 73 

Marketing 13 5 1 6 1 69 

Use of Chemicals 9 9 3 4 1 69 m 



Table 7, continued. 

Frequencies of Responses* 
% Very 

Important 
Educational Need 

1 2 3 4 5 
or 

Hiqher 

Pest/Predator Control 5 10 10 1 0 58 

Brood Stock/Breeding 9 5 5 4 3 54 

Legal issues 5 8 9 4 0 50 

Use of Personal Computers 5 8 7 4 2 50 

Insurance 5 6 6 4 5 42 

Permit Procedure 3 8 12 3 0 42 

Algae Blooms 5 5 8 7 1 38 

Weed Control 4 4 12 5 1 31 

Taxes 4 4 8 5 5 31 

Processing 2 6 5 10 3 31 

Advertising/Promotion 3 4 7 9 3 27 

Immigration Issues 1 3 4 13 5 15 

*Response Scale: 1 = Top Priority; 2 = Very Important; 3 = Somewhat Important 

4 = Not Important; 5 = No Opinion/Do Not Know 

in 
ui 
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The educational needs were ranked based upon the 

frequency and percentage of "Top Priority/Very Important" 

responses; i.e. the educational need with the greatest 

number of "Top Priority/Very Important" responses was 

ranked first, followed by the other educational needs in 

descending order. 

All of the study's twenty-six participants rated 

"Water Quality Management" as a "Top Priority" or "Very 

Important" educational need. This was the only need to 

receive a 100% rating for these two responses. This was 

not a surprising result; as a good and reliable source of 

water, and the proper management of that water, are 

essential in any "aqua"culture venture. 

Nine other educational needs received ratings of 

eighty-one percent (81%) or higher, namely: Production 

Methods, Stocking Rate/Densities, Pond/Raceway 

Construction, Capital/Funding, Harvesting Techniques, 

Purchase of Seed Stock, Handling Methods, Species 

Selection, and Feeds/Feeding. In all, twenty-two needs 

received ratings of fifty percent (50%) or higher. In 

other words, the study's participants had many educational 

needs at the time of the study. 

There were six (6) educational needs that received 

at least thirteen (13) "Top Priority" responses, namely: 

Production Methods, Stocking Rates/Densities, 
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Capital/Funding, Species Selection, Budgeting, and 

Marketing. Thus, at least half of the study's twenty-six 

(26) participants (though not necessarily the same people 

for each need) identified these six as the most urgent 

needs for their operations at the time of the study. 

"Marketing", although ranked 17th overall, received 

eighteen "Top Priority/Very Important" responses; all from 

private aquaculturists. The six "Not Important" responses 

were from the State and Federal hatchery managers, who do 

not market their fish. Other differences between the two 

groups is discussed further in the next section. 

Comparison of Educational Needs Between Private and 
Government Aquaculturists 

Because the nature and goals of their operations 

can be, and often times are, quite different, private 

aquaculturists may rank the thirty educational needs 

identified in this study differently than their government 

counterparts. To determine if this was the case, the rank 

orders for each group were compiled and a comparison made 

of the rank orders. Table 8 shows the results of this 

comparison. 

It was found that the two groups ranked the list of 

educational needs differently. The groups had in common 

only two of their respective seven top-ranked needs; 

"Production Methods" and "Stocking Rates/Densities". 
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TABLE 6. Comparison of educational needs rankings between 
private and government aquaculturists 

Rank Order ~ 
Educational Need Private/Commercial Government 

Water Quality Management 1 11 T 

Capital/Funding 2 T (tie) 11 T 

Marketing 2 T 25 T 

Production Methods 2 T 6 T 

Pond/Raceway Construction 5 T 8 T 

Stocking Rates/Densities 5 T 3 T 

Budgeting 7 15 T 

Handling Methods 8 T 15 T 

Record Keeping 8 T 11 T 

Harvesting Techniques 10 T 8 T 

Species Selection 10 T 6 T 

Purchase of Seed Stock 12 8 T 

Pond/Raceway Site Selection 13 11 T 

Feeds/Feeding 14 T 1 T 

Personnel Management 14 T 15 T 

Legal Issues 16 22 

Brood Stock/Breeding 17 24 

Parasites/Diseases 18 T 3 T 

Pest/Predator Control 18 T 19 

Transport/Distribution 18 T 1 T 

Use of Chemicals 21 3 T 

Insurance 22 T 25 T 

Permit Procedure 22 T 20 

Algae Blooms 24 23 

Use of Personal Computers 25 15 T 

Taxes 26 T 29 T 

Weed Control 26 T 21 

Advertising/Promotion 28 25 T 

Processing 29 25 T 

Immigration Issues 30 29 T 
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Some of the most notable differences between the 

two groups included: 1) "Water Quality Management", the 

overall top-ranked need, was also the top-ranked need of 

private aquaculturists. It ranked 11th with government 

aquaculturists. 2) Private aquaculturists ranked 

"Marketing" very high (tied for 2nd), while government 

aquaculturists ranked it very low (tied for 25th). This 

large difference in rankings was not unexpected, because 

private aquaculturists sell and market their fish, while 

government aquaculturists do neither. 3) Government 

aquaculturists1 top-ranked needs were "Feeds/Feeding" and 

"Transportation/Distribution" (tied for 1st). The same two 

needs ranked 14th and 18th, respectively, with private 

aquaculturists. Both of these needs involve getting the 

proper amount of fish of certain size to the right place at 

a designated time. Government aquaculturists have to 

ensure that their fish reach certain sizes at certain times 

to meet often-rigid stocking schedules. Feeds and feeding 

schedules are important in the growth of fish, allowing 

them to reach desired stocking sizes at the proper times. 

Three highly ranked needs of private aquaculturists 

were "Capital/Funding" (2nd), "Marketing" (3rd), and 

"Budgeting" (7th). These are concerns of many business 

ventures. State and federal fish hatcheries are not-for-

profit operations, so do not rank these needs as high. 
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One relatively surprising result was how low 

"Processing" was ranked (29th, or second to last) by the 

private aquaculturists, especially in light of recent talk 

in the State of building a fish processing plant. Private 

aquaculturists did not view "Processing" as a pressing need 

at the time of the study. 

Educational and Experience Backgrounds 

The education level and experience of a person may 

play a role in the educational needs of that person. An 

objective of this study was to identify the educational and 

experience backgrounds of Arizona aquaculturists. 

Educational Backgrounds 

The owners/managers of aquacultural operations were 

asked to indicate the highest level of education they had 

acquired in school. Data presented in Table 9 shows the 

levels of formal education of participants in the study. 

Twenty-one of the twenty-six owners/managers have 

been exposed to a college-level educational system, as 

indicated in Table 9 by "some college" or by a completed 

college degree. Seventy percent of the private and eighty-

three percent of the government aquaculturists possessed a 

college degree. The degrees were in: fishery or related 

sciences (10), agriculture (2), business (2), law (2), 

accounting (1), and social science (1). 



TABLE 9. The number and percentage of private and 
government aquaculturlsts with various 
educational backgrounds. 
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Type of Aquaculturist 
Highest Level of Private Government COMBINED 
Education Completed 

N % N % N % 

No Formal Education 1 5 0 0 1 4 

Some Grade School 2 10 0 0 2 8 

High School Graduate 2 10 0 0 2 8 

Some College 2 10 1 17 3 12 

Bachelors Degree 6 30 4 66 10 38 

Masters Degree 3 15 1 17 4 15 

PhD/Law Degree _4 20 _0 0 __4 15 

TOTAL 20 100 6 100 26 100 

Experience Backgrounds 

The participants were asked how much aquacultural 

experience they possessed. Table 10 shows the total and 

average number of years of aquacultural experience 

possessed by private and government aquaculturlsts. 

Government aquaculturlsts averaged almost twice as 

many years of experience (15.5) as private aquaculturlsts 

(8.4). The amount of experience for government 

aquaculturlsts ranged from five (5) to twenty-seven (27) 

years, while private aquaculturlsts ranged from three (3) 

months to twenty-seven (27) years. 
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TABLE 10. The total and average years of aquaculture 
experience possessed by the owners and/or 
managers of Arizona aquacultural operations. 

Category of Total Years Average Years 
Owner/Manager of Experience of Experience 

Private/Commercial (n=20) 168 8.4 

Government (n= 6) 93 15.5 

TOTAL (n=26) 261 10.0 

Sources of Aquacultural information Utilized By Arizona 
Aquaculturists 

A list of nineteen sources of aquacultural 

information was generated by the researcher. The 

aquaculturists rated each source using the following 

response scale: 1 = Excellent, 2 = Good, 3 = Fair, 

4 = Poor, 5 = Have Not Used. Table 11 lists the 

information sources as ranked by the study's participants. 

The two top-ranked information sources were "Other 

Aquaculturists" and "Other Professionals in the Field", 

with eighty-eight percent (88%) ratings. Five other 

sources, "Own Demonstrations/Experiments", (technical 

trade) "Magazines/Publications, and (materials from) "Other 

States", received ratings of fifty percent (50%) or better. 



TABLE 11. Ranked order of aguacultural Information sources based upon frequency and 
percentage rated as good or better (#1 + #2). 

Frequencies of Responses* % Good 
Educational Need 1 2 3 4 5 or Better 

Other Aquaculturists 13 10 2 1 0 88 

Other Professionals 12 11 3 0 0 88 

Own Demos/Experiments 11 11 4 0 0 85 

Other States (all materials) 9 10 5 1 1 73 

Textbooks 7 11 5 1 2 69 

Magazines/Publications 10 7 7 1 1 65 

Friends 5 9 5 1 6 54 

Prior Experience Elsewhere 8 4 3 0 11 46 

Circulares/Bulletins 5 7 7 4 3 46 

Advertising Literature 1 11 5 7 2 46 

AZ Universities 2 8 5 5 6 38 

AZ Game & Fish Department 5 4 12 5 0 35 

U.S. Fish & Wildlife Service 4 5 4 2 11 35 

Shortcourses 5 3 2 0 16 31 

Workshops 3 5 6 2 10 31 

AZ Coop. Extension Service 1 6 6 3 10 26 

Newspapers 0 1 5 9 11 4 

Television 0 1 4 6 15 4 

Radio 0 1 1 6 18 4 

*Response Scale: l = Excellent; 2 = Good; 3 = Fair; 4 = Poor; 5 = Have not used 
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Only four of the information sources have been used 

by all of the study's participants. Three of these, "Other 

Aquaculturists", "Other Professionals", and "Own 

Demonstrations/Experiments" were the top-ranked sources of 

information, as pointed out in the preceding paragraph. 

The fourth source, ranked 12th overall, was the "Arizona 

Game and Fish Department". Although widely used as an 

information source, it received only a thirty-five percent 

(35%) rating by the study's participants. Some private 

aquaculturists admitted giving the Department a low rating 

due to the sometimes adverse and confrontational dealings 

that they have had with the Department. 

Some of the more traditional sources of information 

used by farmers and agricultural professionals have not 

been widely used by aquaculturists. Chief among these are 

the mass media (newspapers, radio, and television), semi-

formal educational presentations (workshops and 

shortcourses), and government institutions (Cooperative 

Extension and the U.S. Fish and Wildlife Service). 

The main reasons for the lack of use of these 

"traditional" information sources may be that: 

1) aquaculture has been a relatively small and little-

publicized industry in Arizona, thus the mass media outlets 

have not provided informational services to, nor geared 

their coverage towards, people in the aquaculture industry, 
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2) few, if any, aquaculture shortcourses and workshops have 

been offered in Arizona and aquaculturists in the State 

generally have not had the time and/or the funds to attend 

them in other States, and 3) certain government 

institutions (i.e. the Arizona Cooperative Extension 

Service and the U.S. Fish and Wildlife Service) have not 

recognized the potential of the industry and/or have not 

felt it necessary to provide an adequate amount of services 

to Arizona aquaculturists. 

Comparison of the Sources of Information Utilized by 
Private and Government Aquaculturists 

Private aquaculturists may rank the nineteen 

sources of information differently than their government 

counterparts. To see if this was the case, the rank orders 

for each group were compiled and the two rank orders 

compared. Table 12 shows this comparison. 

It is obvious from the data presented in Table 12 

that the two groups ranked the information sources 

differently. The most notable difference between the two 

groups was in their ranking of "Shortcourses and 

"Workshops". Government aquaculturists ranked 

"Shortcourses" (tied for first) and "Workshops" (tied for 

6th) very high, while private aquaculturists ranked them 

low (17th and 14th, respectively). The government 

aquaculturists have in-service training programs available 



66 

TABLE 12. Comparison of sources of Information rankings 
between private and government aguaculturlsts. 

Rank Order 
Information Source Private/Commercial Government 

n = 20 n = 6 

Own Demos/Experiments 1 T* 6 T 

Other Professionals in Field l T 4 

Other Aguaculturlsts 3 1 T 

Other States (all materials) 4 11 T 

Magazines/Publications 5 9 

Textbooks 6 6 T 

Circulares/Bulletins 7 T 10 

Friends 7 T 13 T 

AZ Game & Fish Department 9 5 

Advertising Literature . 10 13 T 

AZ Universities (ASU, NAU, UoA) 11 16 

Prior Experience Elsewhere 12 11 T 

AZ Cocp. Extension Service 13 15 

Workshops 14 6 T 

U.S. Fish & Wildlife Service 15 3 

Newspapers 16 17 

Shortcourses 17 T 1 T 

Television 17 T 18 

Radio 19 19 

*Tle 
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to them through the Arizona Game and Fish Department and 

the U.S. Fish and Wildlife Service, respectively. 

Shortcourses and workshops are a part of those programs. 

Government aquaculturists and some of their employees 

periodically travel to and attend these shortcourses and 

workshops, with funds provided by taxpayers. Private 

aquaculturists can attend most of these as well, but have 

to pay their own expenses. Thus, they rank this 

information source lower. Some private aquaculturists 

stated they would be more likely to attend shortcourses and 

workshops if they were held in Arizona or nearby States. 

The government aquaculturists ranked their own 

institutions, the Arizona Game and Fish Department and the 

U.S. Fish and Wildlife Service, much higher than private 

aquaculturists ranked them. This was not an unexpected 

result. Neither institution is geared towards providing 

technical assistance and information to private 

aquaculturists directly. 

There were some similarities. Both groups ranked 

"Other Aquaculturists", "Other Professionals in the Field", 

and "Own Demonstrations and Experiments" high. Two 

information sources, "Textbooks" (6th) and "Radio" (19th) 

were ranked the same by both groups. "Newspapers", 

"Television", and "Radio" were the three lowest-ranked 

sources of information by both groups. 
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CHAPTER 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The purpose of this chapter is to summarize the 

research findings with respect to the problem statement and 

the research questions, to draw conclusions from the 

findings presented in Chapter 4, and to make 

recommendations based upon those findings and conclusions. 

Problem Statement 

The purpose of this study was to determine the 

status of aquaculture in the State of Arizona, to identify 

the educational and experience backgrounds of Arizona 

aquaculturists, to identify their perceived educational 

needs, and to identify the sources of information utilized 

by these aquaculturists. 

Research Questions 

To accomplish the stated problem, the following 

research questions were addressed: 

1. What is the status of aquaculture, in terms of 

number and types of operations, number of people 

employed, species cultured and amount of each 

produced, in the State of Arizona in early 1988? 

2. What are the perceived educational needs in 
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aquaculture, in terms of production and management, 

of the individuals employed in the aquaculture 

industry? 

3. What are the educational and experience backgrounds 

of the individuals employed in the aquaculture 

industry? 

4. What are the sources of information that Arizona 

aquaculturists utilize to meet their educational 

needs and to solve their problems in aquaculture? 

Summary of Findings 

The summary of the findings from this study are 

presented under the same headings as the presentation and 

interpretation of the data (Chapter 4): a) The Status of 

Aquaculture in Arizona - Spring 1988; b) The Educational 

Needs of Arizona Aquaculturists; c) Educational and 

Experience Backgrounds; d) Sources of Aquacultural 

Information Utilized By Arizona Aquaculturists. 

The Status of Aquaculture in Arizona - Spring 1988 

1. At the time of the study, there were thirty-three 

(33) aquacultural operations known to the 

researcher; nineteen (19) private/commercial 

operations, seven (7) State of Arizona fish 

hatcheries, three (3) federal fish hatcheries, two 

(2) fish-out/fee fishing businesses, and two (2) 



backyard hobbyists. Twenty (20) were warmwater and 

thirteen (13) were coldwater operations. 

2. The twenty-nine operations sampled in this study 

employed 133 aquacultural workers in 1987, with 

plans to have an additional 34 employees by April 

1989. All of these additional hires would be by 

private operations. 

3. The aquacultural operations were raising fifteen 

(15) warmwater aquatic species and six (6) 

coldwater aquatic species at the time of the study. 

4. Aquacultural production of all species for 1988 was 

estimated at over 2.5 million pounds, with Tilapia, 

Catfish, and Rainbow trout comprising 97% of the 

total. 

5. Arizona aquaculturists planned to increase both the 

number and surface area of production facilities by 

twenty-five percent (25%) in 1988 over 1987. 

Seventeen (17) operations planned to increase their 

number of production facilities by the end of 1993; 

with an increase range of twenty percent (20%) to 

one thousand percent (1,000%). 

The Educational Needs of Arizona Aquaculturists 

1. Arizona aquaculturists considered "Water Quality 

Management" their top educational need at the time 

of the study. 



2. The aguaculturlsts had many educational needs, as 

twenty-two needs received ratings of 50% or higher. 

3. Private aguaculturlsts had different educational 

needs than government aguaculturlsts at the time of 

the study. 

Educational and Experience Backgrounds 

1. Eighty percent (80%) of Arizona aguaculturlsts have 

had at least some college, with sixty-eight percent 

(68%) possessing a Bachelors degree or higher. 

Eighty-three percent (83%) of the government 

aguaculturlsts and seventy percent (70%) of the 

private aguaculturlsts possessed a Bachelors degree 

or higher. 

2. The aguaculturlsts averaged ten (10) years of 

aguacultural experience as a group. Government 

aguaculturlsts averaged fifteen and one-half (15.5) 

years and private aguaculturlsts averaged almost 

eight and one-half (8.4) years of aguacultural 

experience. 

Sources of Aguacultural Information Utilized By Arizona 
Aguaculturlsts 

1. Arizona aguaculturlsts considered "Other 

Aguaculturlsts" and "Other Professionals in the 

Field" as the best sources of aguacultural 

information at the time of the study. 
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2. A majority of the aquaculturists (13 or more) 

either have not used or considered poor the 

following sources: "Radio", "Television", 

"Newspapers", the "Arizona Cooperative Extension 

Service", and "Shortcourses". 

3. Private aquaculturists and government 

aquaculturists used different sources of 

aquacultural information to meet their needs and to 

solve their problems at the time of the study. 

Conclusions 

Based upon the findings as presented and 

interpreted in this chapter, the following conclusions were 

drawn: 

1. Aquaculture is a growing industry in the State of 

Arizona as evidenced by the present-day expansion 

and long-term expansion plans of the aquacultural 

operations in this study. 

2. The educational needs of Arizona aquaculturists can 

be identified and classified for utilization in 

program planning. 

3. Private and government aquaculturists should be 

considered as two different clientele groups in 

program planning, as each group has different 

educational needs. 

4. Most of the owners and managers of aquacultural 



operations are well educated In their field through 

actual work experience and/or formal education. 

Their level of education should be taken into 

consideration during program planning. 

5. The sources of information most readily available 

to Arizona aquaculturists are other aquaculturists 

and other fisheries professionals in aquaculture or 

closely related fields. 

6. Arizona aquaculturists have not fully utilized some 

of the more traditional sources of information, 

i.e. the Arizona Cooperative Extension, the three 

State universities (University of Arizona, Arizona 

State university, and Northern Arizona University) 

and attendance at shortcourses and workshops. 

7. The present aquacultural information delivery 

system in Arizona is inadequate and will become 

increasingly so if the aquaculture industry grows 

at the rate indicated in this study. 

Recommendations 

Based upon the findings and conclusions of this 

study, it is recommended that: 

1. A concentrated effort be made to meet the 

educational needs of Arizona aquaculturists through 

agencies such as the Arizona Cooperative Extension. 

Since the majority of aquaculturists already have 



classroom learning experiences, many of them would 

be able to effectively utilize shortcourses, 

workshops, demonstrations, talks, and other 

extension education methods. 

2. The first educational needs addressed through 

educational programs should be in the areas of 

water quality management and production methods. 

These were the aquaculturists greatest concerns. 

3. Arizona Cooperative Extension seriously consider 

and move forward with the creation of an 

Aquaculture Extension Specialist position for the 

State of Arizona. At the present formative stage 

of this growth industry, an Aquaculture Extension 

Specialist would significantly aid in the 

industry's orderly growth and development. 

4. Further research studies focus on such topics as 

the financial analysis of, and site selection 

criteria and potential areas for, aquacultural 

operations in Arizona. This approach will give 

potential aquaculturists the kinds of information 

necessary to make sound decisions on whether to 

become involved in aquaculture in Arizona. Similar 

studies in the State have been conducted by 

Cooperative Extension for the apple and wine grape 

industries (Brady et al, 1988; Wade et al, 1986). 
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APPENDIX A 

LETTER OP INTRODUCTION 
AND REQUEST FOR PARTICIPATION IN STUDY 

Th« University of Arizona 
College of Agriculture 
Department of Agricultural Education 
Tucson, Arizona 65721 

30 March 1988 

F1 
F2 

Dear F3, 

I am working in the Department of Agricultural Education at the University of 
Arizona, and have over 6 yean of experience working in fish culture. 
Presently, I am conducting a study on fish farmer* ana aquaculturists in 
Arizona and would like to uie your assistance in conducting the itudy. 

I believe that aquaculture ii a very important industry and is going to became 
even more important in Arizona in the near future. You can help assure the 
future of this industry by providing answers to questions dealing with your 
needs and problems. All answers that you give will be strictly cochdmtial and 
will be used only for statistical purposes and calculations. The interview 
should take no more than 30 minutes. 

According to my records, your telephone number F4. If that is not your 
correct phone number, will you please call me at either of the numbers listed 
below or include your correct phone number on the enclosed post card. Upon 
receiving your post card, I will call you to schedule a time for the interview. 

For now, please take a few seconds, fill out the enclosed post card, and place 
it right back in your mailbox. Let me thank you in advance for your time and 
participation. 1 look forward to talking with you soon. 

Sincerely, 

Don Rivard 
621-1955 (days) 
881-2627 (evenings) 



APPENDIX B 

REPLY POST CARD 

America the Beautiful USA 

Son Rivard 
1615 E. Linden 
Tucson, AZ 85719 

Hill you participate In study? 

Circle one: YES NO 

Oo I have correct phone No.? 

Circle one: Ye< No 

Correct No. __________ 

Best t'lae to contact you? 

Oay of Reek: ______ 

TIM of day: ______ 
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APPENDIX C 

REQUEST FOR INFORMATION LETTER 
TO STATE FISHERIES EXTENSION SPECIALISTS 

The University of Arizona 
Collage ol Agriculture 
Department of Agricultural Education 
Tucson. Arizona B5721 

10 November 1987 

Steven W. Brown, Area Agent 
Aquaculture, Alabama CES 
Alabama Fishfarm Center 
P.O. Box 487 
Greensboro, AL 36744 

Dear Mr. Brown: 

I am a graduate student in the Department of Agricultural 
Education, University of Arizona, with a B.S. and over six years 
of work experience in fisheries. For my thesis, I plan to survey 
the fish farmers and aguaculturalists of Arizona to determine: 1) 
the status of the fish farmlng/aquaculture industry in this State 
and, 2) the perceived educational needs of the individuals in 
this industry. 

I would like to know if you, or someone in your office, have 
completed a similiar survey in Alabama. If so, would you please 
send me a copy of the results/report. I am especially interested 
in a list of competencies that fish farmers should have, a list 
of their perceived educational needs, and a copy or description 
of the survey instrument(s) that were employed to collect the 
data. In addition, if you are aware of any pertinent literature, 
please share it with me. 

Let me thank you in advance for your help and cooperation in this 
matter. I would appreciate it if you could respond to this letter 
by November 20th. 

Sincerely, 

Donald T. Rivard 
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APPENDIX D 

DATA COLLECTION INSTRUMENT 

AQUACULTURE QUESTIONNAIRE 

This survey la being conducted to obtain data on the aquaculture industry in 
the Stata of Arisona. Tha information that you provide is confidential and 
vill be uaed only for statistical purposes. 

Date of Interview: Shone No: 

Start Time: 

Name of Interviewee: Titla: 

Name of Operation: Owner: 

Start of Operation: Location (County): 

I. TYPE OF OPERATION 

Which of the following categories best describes your operation? 

Warranter Coldwatar 

Federal Fiah Hatchery AZ State Fish Hatchery 

Fiah-out/Fee Fiahini Commercial - Aquaculture Only 

Commercial - Integrated Aquaculture/Agriculture 

Primary agricultural crocs 

Tropical Fish Store/Outlet No longer raising fish 

Other 

II. AO0ACULTORAL EXPERIENCE 

How much experience do you have in aquaculture? Tears Months 

What are your reasons for workine in aauaculture? 

1 



APPENDIX D (continued) 

III. WORK FORCE DESCRIPTION 

A) Including youraalf, ntmbara of your family, hourly workers, and those 
on salary, what ia the average number of the following employeea that 
you have had working in aquacultura in the paat year (April 1987 to 
April 1988)? 

Permanent Temporary 

B) On the average, how many weeka did the temporary employees work? 

C) Do you plan to hire additional aquaeultural workera in the next year? 

Tea No 

D) If Yes, How Many: Permanent Temporary ___ 

IV. EDUCATION BACKGROUND 

A) What is the highest level of education that have you completed? 

B) What is your area of apecialization at your highest education level? 

C) What ia the highest level of education that your aquacultura 
employees/workers have completed? 

D) What are their areaa of apecialization at their higheat education 
level? 

A | C B | D 

Highest Level Completed Area(s) of Specialization 
Interviewee I Workera (#) Interviewee I Workers 

No Formal Education I 

___ High School Graduate _____ I 

Some College I 

Bachelors Degree _____ I 

Maatars Degree I 

Other I 

2 
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APPENDIX D (continued) 

V. PRODUCTION FACILITIES 

A) How many of the following production facilities did 
operation during 1987? 

you have in 

B) How many do/will you have in operation during 1988? 

C) What are the total surface areas for each year? 

During 1987 During 1988 
# 1 Area # 1 Area 

Ponds 1 1 

Raceways 1 1 

Tanks 1 1 

Other 1 1 

D) Within the next 5 years (1993), do you plan to increase, decrease, or 
have about the same number/surface area of production facilities? 

Increase Decrease Same 

If increasina. bv what oercentase? 

3 



APPENDIX D (continued) 

VI. AOUACULTPRAL PRODUCTION 

A) During 1987, what apaciaa of aquatic animala did you raiaa? 

B) How many pounda of aach apecie did you produce? 

C) How many pounds of aach apacia did you aall? 

D) What waa tha average prica par pound or inch that you racaivad for aach 
apacia? 

E) In ganaral, what price par pound or par inch do you need to receive in 
order to have your aquaculture operation be profitable enough to nake 
it worthwhile? 

F) What ia your expected production (in pounds) for each apecie in 1988? 

A B C D E F 

SPECIES 
POUNDS 
PRODUCED 

POUNDS 
SOLD 

PRICE 
/LB 

PRICE 
/INCH 

PROFIT 
PRICE 

EXPECTED 1988 
PRODUCTION-LBS 

4 
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APPENDIX D (continued) 

VII. DISTRIBUTION. STOCKING AND SALBS 

A) What was tha point of first outlat for tha fish that you distributed, 
stocked, and/or aold during 1987? 

B) What percent of the total pounda of fish went to each outlet during 
19877 

C) Which outlets do/will you use in 1988? 

A. C. B. 
1987 POINT OF FIRST OUTLET 1988 PERCENT OF POUNDS 

Direct to Consumers 

Live Haulera - in State 

Live Haulers - out of State 

Processors - in State 

Processors - out of State — 

Retailers 

Government Agencies 

Other Producers 

Broker 

Stocked in Arizona State waters ___ 

Stocked in Federal Waters 

Other 

5 



APPENDIX D (continued) 

•III EDUCATIONAL NEEDS 

A Xi*t of needa/problam areaa la provided balow. For your oparatlon, plaaaa 
Indlcata the dagraa of importance you aaaign to aach araa ualng tha 
following: 

1 • Top Priority 

2 - Vary Important 

3 - Somewhat Important 

4 - Not Important 

5 - So Not Know/No Opinion 

Pond/Raceway Site Selection 

Pond/Raceway Construction 

Speciea Selection 

Purchaae of Seed Stock 

Stocking Ratea 

Brood Stock/Breeding 

Production Hethoda 

Feeda/Feeding 

Handling Hethoda 

Harvesting Techniques 

Procesaing 

Transport/Distribution 

Marketing 

Advertising/Promotion 

Capital 

Other 

Parasites/Diseases 

Weed Control 

Algal Blooma 

Hater Quality Management 

Pest/Pradator Control 

Use of Chemicals 

Personnel Management 

Record Keeping 

Budgeting 

Taxea 

Legal Iaauea 

Immigration Issues 

Permit Procedure 

Use of Peraonal Computera 

Inaurance 

Other 

6 
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APPENDIX D (continued) 

IX. SOURCES or AQUACULTURAL INFORMATION TTTTT.T7im 

Rata aach aourca of aquacultural information that you have utilized in your 
operation ualng tha following: 

information that you have utilized in your 

1 - Excellent 

2 - Good 

3 - Fair 

4 - Poor 

5 - Have not uaed 

Magazines/Publications Other Aauaculturiata 

Textbooks Profeaaionala in the Field 

Circulares/Bulletins Frienda 

Advertiaina Literature _____ Own Demonatrations/Experimenta 

Newspapers AZ Game and Fish Seoartment 

Radio AZ Coooerativa Extension Service 

Televiaion AZ Universities (UofA. ASU. NAU) 

Vorkahoos U.S. Fish & Wildlife Service 

Shortcouraaa (1-3 weeks) Other States 

Other Sourcea 

Prior experience in other States and/or rnuntriet? Where? 

End Time of Interview 

Follow-up Needed? Tea No Follow-up Data 

7 
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