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(Abstract)
In aquaculture, biosecurity consists of policies, procedures and measures used to prevent
or control the spread of fish disease. The focus of this research was the practice of biosecurity in
the recirculation sector of finfish aquaculture in the United States and Canada. Specifically, this
research: 1) identified and characterized finfish recirculation facilities in the United States and
Canada; 2) assessed biosecurity utilization in these facilities; 3) examined the relationship
between biosecurity utilization and fish culture variables; 4) examined the relationship between
biosecurity utilization and socio-demographics of personnel operating these facilities; 5)
described the attitudes, perceptions and beliefs about fish disease and biosecurity utilization of
personnel, and 6) described the lived-experience of biosecurity practice of workers at these
facilities.
This research was comprised of two separate components using different methodologies.
The first component was a self-administered, mail-back questionnaire sent to the managers of
152 finfish recirculation facilities in the United States and Canada in fall of 2001. The second
component was a series of in-depth interviews conducted with 31 workers at 12 salmonid
recirculation facilities in spring of 2002. Grounded theory methodology was used for the
interview process and subsequent data analysis for the second component.
An 86% response rate was achieved in the mail survey. Aquaculture activities using
recirculation technologies were quite varied in purpose of operation, size of production, and life
stages held. Four groups of fishes dominated the recirculation sector and constituted the primary
production of over 45% of this sector of aquaculture. This sector was heavily reliant on ground
water resources. Forty-one percent of finfish recirculation facilities did not have a secondary
source of water supply.

Biosecurity utilization is not homogenous within the recirculation sector. Frequency of
biosecurity utilization was related to primary water source, type of fish grown, purpose of the
operation and country of operation. Biosecurity was an important concern of facility operators,
although among facility operators there were differences in perception of disease risk and
benefits of biosecurity utilization.
Analysis of results of this study resulted in formulation of the Practice of Biosecurity
Theory (PBT). The theory describes a three-phase process in the practice of biosecurity: (1)
orientation, when workers begin their initiation into the practice of biosecurity; (2) routine, when
practice of biosecurity becomes a habitual behavior; and (3) thoughtful approach, where
knowledge of fish health needs and biosecurity practices are integrated into a repertoire of
biosecurity strategies that are situation- and site-specific. The practice of biosecurity was
affected by three environmental conditions; personal biography, management’s role, and peer
pressure.
This research gives educators, extension agents, researchers and government policymakers a quantitative description of finfish recirculation aquaculture in the United States and
Canada. It also provides baseline information on biosecurity utilization in recirculation
aquaculture. This research provides insight into the human dimensions aspect of the practice of
biosecurity and, therefore, may have application to other areas of agri-business.
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Chapter 1 -- Introduction
1.1 Emergence of Recirculation Technology in Finfish Aquaculture
Over the past twenty years, aquaculture has been the fastest-growing sector of
U.S. agriculture, experiencing a 265% increase in production from 1980 to 1990 (USDA
1992). The farm gate value of all U.S. aquaculture products in 1974 was $45 million
and was reported close to $1 billion for 1998 (USDA 2000). It is expected that
aquaculture in the United States and Canada, as elsewhere in the world, will continue to
grow (USDA 2000). However, the face of aquaculture is expected to change
dramatically in the next ten years because of two compelling water usage issues
(Rosenthal 1994).
Water resources that are suitable for aquaculture purposes are becoming scarce
(Muir 1994; Rosenthal 1997; Stewart 1997). Hence, aquaculture production, if it is to
continue to increase, must turn to the greater use of technologies that reduce water
consumption. In many instances, this means employing “recirculating” technologies systems that employ an intensive, closed-system approach to fish culture.
In addition to water consumption concerns, environmental concerns about the
wastewater discharges from aquaculture sites are increasing. The U.S. Environmental
Protection Agency is currently in the process of developing national regulations to
control the level of nutrient loading in discharges from aquatic animal production
facilities. This is a court-ordered exercise that falls under the Federal Clean Water Act
(Boyd 2001). Many farms, in anticipation of stricter future regulations on the quality of
their discharge water, are now considering recirculation technologies as a means of
minimizing the release of water pollutants (Lasordo and Westerman 1994; Lasordo
1998).
1.2 Need for Biosecurity
The occurrence of disease in farmed fish negatively affects production. The
United States farmed trout industry reported that in the year 2000, 29.6 million fish were
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lost from production, of which 85% of this loss was attributed to disease (NASS 2001).
It is clear from these numbers that disease prevention and control are significant business
concerns in aquaculture enterprise, as well as being biological concerns.
In recirculating systems, preventing and controlling disease is of paramount
importance because the repercussions of disease agents being introduced into these
systems are even greater than in flow-through systems. In recirculation systems, the
disease organisms may recycle with the water and, because there is no dilution of the
pathogens as in flow-through systems, the resulting rates of infection are greater (Muir
1994; Johnson 2000). In addition, it is extremely difficult to eradicate a disease once a
pathogen has become established in a recirculation rearing system. The fish-rearing
system becomes an incubator for the pathogen, and total eradication of the fish stock and
full disinfection of the system may be the only way to break the disease cycle.
In general, biosecurity is a series of actions to stimulate and maintain fish health.
A biosecurity program (Bebak 1998) is comprised of a variety of practices, policies and
procedures used on a farm in order to:
•

reduce the risk that pathogens will be introduced to a fish culture facility;

•

reduce the risk that pathogens will spread throughout the facility if they are
introduced; and

•

reduce conditions that are stressful to the fish, which can enhance susceptibility to
sub-clinical and clinical disease once pathogen introduction does occur.

A biosecurity program should be tailored to the needs of the specific site, while taking
into consideration the business needs of the operation, the fish species and life stages
grown, and the disease profile of the surrounding region. Overall, a biosecurity program
would include, but not be limited to, practices and procedures involving: 1) surveillance
for the presence of disease organisms; 2) vaccination; 3) quarantine and restricted
access; 3) appropriate practices of fish husbandry; 4) disinfection; and 5) disease
treatment (including eradication) (Plumb 1994; Stickney 1994; Avault 1996).
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1.3 Biosecurity Measures
Surveillance
Within the United States aquaculture industry, there are certain types and levels
of surveillance of aquaculture facilities mandated by government regulations (Thoesen
1994). These regulations focus on the movement of fish and fish products between
states and those imported into the country. Within the United States, the level of
surveillance required varies from state to state. Each state indicates pathogens of
concern in terms of fish transfers, types of testing required to meet state standards for
transport, and how often and by whom the testing must be done. Interpretation of the
test results is sometimes indicated within state regulations. The level of surveillance
required may be dependent upon the species under culture. At the Federal level,
surveillance requirements are set by the United States Fish and Wildlife Service on fish
coming into the United States under the terms of 50 CFR Section 16. For salmonids,
these requirements are known as Title 50 certification. It is important to note that the
importation of ornamental fishes, as well as most non-salmonid species, is not federally
regulated. This poses a concern to many fish farmers and fish health officials, given that
fish (and water) are now moved around the world on a frequent basis.
The amount of on-site disease surveillance that occurs at a facility is quite
variable. The level of surveillance is the prerogative of the facility’s management; it is
voluntary, except for that required by law for fish movements across state or national
boundaries. In many states, fish health diagnostic services are not available. In some
states, the farmer must pay for fish diagnostics that are done outside the mandate of fish
transfer requirements. Because of this, the identification of on-site fish pathogens is
often done only when there is a crisis situation - when a disease has manifested itself and
is causing problems to production.
In addition to identifying the level of fish pathogens that may be present in a fish
population within a facility, surveillance measures can also be broader in scope.
Surveillance may include monitoring for fish pathogens in the water source for the
facility, in adjacent wild fish populations, or in intermediate or secondary hosts

3

(invertebrates, birds, etc.) in the natural environment (Austin and Austin 1987; Post
1987; Roberts 1989).
Vaccination
Even though the risk of entry of fish pathogens can be reduced at a facility by
vigilant monitoring of fish and fish products, disinfection of the incoming water, and
controlled access of personnel, these measures cannot fully guarantee a pathogen-free
environment (Plumb 1994). On fish farms today, the outbreak of many different fish
diseases is prevented by the judicious application of vaccines (Ellis 1988, Plumb 1994,
Mitchell 1995). Use of vaccines does not prevent the introduction of pathogens.
Vaccination of fish against a certain pathogen reduces the infectious load of the
pathogen within a population and therefore reduces infection pressure on a population.
Once an infection becomes evident in a fish population, application of a vaccine is not
an effective treatment. Thus, vaccine programs are seen as prophylactic measures
against disease (Hastings 1988). In aquaculture, vaccines are administered in a number
of ways, with the intention that the fish’s immune system will be activated to fight the
pathogen when and if it invades the fish’s system.
Quarantine
On-site quarantine procedures are an effective means of reducing the risk of
introducing a disease organism into a facility (Stickney 1994). This measure is
complementary to the requirement of state and federal laws for certain levels of testing
for disease pathogens prior to importing fish. It is recognized that no test for the
presence of a fish pathogen is infallible, particularly when one considers the case of
“carrier” fish status, a situation that exists for certain fish pathogens (Horne 1928; Smith
1991, Hammel 1995). It is, therefore, suggested that new fish or eggs be kept separate
under close scrutiny for a certain period of time before being mixed with the established
on-site fish holdings. This separation can include equipment, personnel, water supply
and feeds, as well as physical separation of the fish. Quarantine is a particularly difficult
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biosecurity procedure to use in recirculation facilities because it requires separate water
treatment systems and/or the availability of a separate water supply. Quarantine is an
accepted common practice in other agri-businesses.
Fish Husbandry
This biosecurity measure primarily deals with the daily attention given to the
fish’s holding environment (Piper et al., 1982). It is based on the understanding that
disease manifestation in an operation is a combination of a susceptible host, adverse
environment and virulent pathogen. Tank cleaning, timely removal of dead fish, and the
separation of equipment between tanks/rearing units are just a few of the husbandry
procedures that reduce the risk of disease, whether in flow-through or recirculation
systems. In recirculation systems, because of the contained nature of the systems,
accumulation of waste materials may occur at a faster rate; therefore, greater attention
must be given to monitoring water quality parameters in a recirculation system in order
to maintain healthy fish over the long term. Many fish pathogens are opportunistic and,
although present in the environment, will not cause disease unless in synergy with other
stressors (Plumb 1994).
Disinfection
Fish pathogens can be transferred from holding unit to holding unit via the fish
and rearing waters, and also on shared equipment and by personnel (Post 1987).
Therefore, disinfection of materials, hands and footwear to prevent transfer of disease
pathogens is a commonly used biosecurity measure in farming enterprises (Torgersen
and Hastein 1995). It is important to know which disinfectant to use, its potency over
time and the length of time needed to immerse materials, in order to achieve effective
reduction in the microbiological load (Ford 1995, Floyd 1996, Deshmukh and Kramer
1998, Amass et al. 2000). It is also important to consider the convenience for personnel
to use a disinfectant procedure to insure their continued adherence to a procedure, and
the human safety issues pertinent to disinfectant use.
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Treatment
A variety of chemical treatments are available to fish farmers once a disease
problem becomes apparent on the farm (Federal Joint Subcommittee on Aquaculture
1994). In general, recirculation facilities are somewhat more limited in the application
of these treatments than flow-through systems because of the “common waters” shared
within the system. In recirculation facilities, all fish may be exposed to the same level of
chemical as opposed to just those showing signs of the disease. Also, chemical
treatments that are effective against fish pathogens may have an adverse effect on the
desirable bacteria that are required to keep a balanced microbiological ecosystem
flourishing in the biological filter of the water treatment system. The use of medicated
feeds is also problematic in recirculation systems because fish wastes and uneaten feed
contain levels of the medication and /or metabolites of the medication which may impair
the function of necessary and beneficial bacterial populations. Some fish pathogens are
not readily treated with chemical or pharmaceutical applications (Johnson and Rainnie
1989). In some cases, physical changes or complete dismantling of the system’s
components are necessary to rid a recirculation facility of a pathogen.

Eradication
Eradication is a costly biosecurity measure that has been used recently to control
foot-and-mouth disease outbreaks in the European cattle industry, avian influenza (AI)
virus in the United States poultry industry, and Infectious Salmon Anemia (ISA) in the
Atlantic salmon cage-culture industry of Maine and Maritime Canada. When applied to
aquaculture recirculation systems, the eradication of all animals in the holding units is
commonly followed by complete disinfection of the system’s components. Recirculation
units usually have a lower volume of waste discharge, and, therefore, when eradication
is required, remediation of disinfection water is not as expensive as in flow-through
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eradication situations. In both situations, however, proper disposal of fish mortalities is
essential if the disease transmission link is to be broken (Austin and Austin 1987).
1.4 The Practice of Biosecurity
When discussing biosecurity programs, it often is assumed that the basis of an
effective biosecurity program is a comprehensive and detailed description of the various
measures that are used on-site for disease prevention and control. However, although
the formal description of biosecurity measures is an important element in an effective
program, the keystone of an effective program is the consistent practice of the prescribed
measures. Once fish are brought into the “controlled” environment of a recirculation
facility, it is the actions of the people who work with these fish and manage the rearing
systems that determine the health status of the fish. The ability to avoid disease
introduction and control disease transmission in the rearing environment is highly
dependent upon human managers (Muir 1994). Accordingly, one of the intentions of
this research was to explore the human dimensions aspect of biosecurity utilization, with
the appreciation that it is essential that there be an understanding of the human
experience of biosecurity practice if biosecurity programs are to be sustained. It is
believed that understanding the human dimensions aspects of biosecurity utilization will
help identify different perspectives of meaning, action and problems among persons
working directly with the fish and practicing biosecurity. Also, by having a greater
appreciation of workers’ perceptions, attitudes and beliefs about biosecurity,
assumptions that are held by various interested parties - educators, extension agents, and
policy makers - on biosecurity utilization can be located and shown to be correct or
incorrect with respect to field situations. Third, through examination of the livedexperience of workers practicing biosecurity, strategic points of intervention into the
experience can be identified and, thereby, improvement can most effectively be made to
occur.
Thus, the focus of my research was to examine and characterize the practice of
biosecurity in the finfish recirculation sector of aquaculture in the United States and
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Canada. Specifically, I examined the current practice of biosecurity in a step-wise
fashion, as outlined in the following objectives:
1) To identify and characterize facilities in the United States and Canada currently
using recirculation technologies to grow finfish,
2) To assess the level and frequency of practice of various biosecurity measures in
finfish recirculation facilities in the United States and Canada,
3) To examine the relationship between biosecurity utilization and fish culture variables
(species reared, life-stages grown, production volume, end-purpose of output) in
finfish recirculation facilities in the United States and Canada,
4) To examine the relationship between biosecurity utilization in finfish recirculation
facilities in the United States and Canada and socio-demographic characteristics of
personnel operating these facilities,
5) To describe the attitudes, perceptions and beliefs about biosecurity of personnel in
finfish recirculation facilities in the United States and Canada, and
6) To capture the lived-experience of persons practicing biosecurity in salmonid
recirculation facilities in the United States and Canada.
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Chapter 2 -- Research Methodologies
2.1 Overview
This research was comprised of two separate components using different
methodologies. The first component was a self-administered, mail-back questionnaire
which was sent to the managers of finfish recirculation facilities in the United States and
Canada. This survey instrument (Appendix 1) consisted of 116 response items grouped
into 43 numbered questions. The questions were classified into three broad categories:
description of the operation and respondent, use of biosecurity measures, and
respondent’s attitudes, perceptions and beliefs about disease and the practice of
biosecurity. Detailed description of the survey process is given in the Methods section
of Chapter 3.
The second component of this research was a series of in-depth interviews
conducted with floor workers (personnel working directly with the fish and culture
systems) at facilities currently growing salmonids in recirculation facilities. The purpose
of these interviews was to describe the lived-experience of the practice of biosecurity of
these floor personnel. Grounded theory methodology was used for the interview process
and subsequent data analysis of this component.
2.2 Rationale for Using Grounded Theory Methodology
Grounded theory methodology falls under the method of inductive inquiry
known as “interpretative interactionism” (Denzin 1990). Grounded theory was chosen
for this study because it allowed me to gain understanding of the human dimensions of a
phenomenon from the perspective of the persons involved when little is known about the
particular phenomenon. No prior study has attempted to explain the context of the
human experience of the practice of biosecurity in aquaculture. This methodology is
quite different from the usual “positivism” method of inquiry which is seen in most
applied science studies. In positivism-based methods, theories are developed, hypotheses
are posed and then tested, and the results are examined with respect to their statistical
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validity (Babbie 1991). In interpretive methodology, the development of hypotheses and
theories are carried out simultaneously, and most importantly, the hypotheses emerge
from the data. In this type of inquiry, what the researcher must do is “uncover local
theories of interpretation” (Denzin 1990). With respect to human behavior, when this
disclosure has occurred, it is possible to recognize the factors affecting the behavior. In
the interpretive approach, the source of the data is the viewpoint of the people involved
in the phenomenon under study, which in this study was the practice of biosecurity. The
purpose of this methodology is not to explain the people’s behavior in the context of the
researcher’s perceptions, but rather, to explain the behavior in the context of the
participants’ perceptions. When there are complex questions involving human behavior,
the formulation of hypotheses prior to data collection can be a limited method of inquiry.
With the methodology of hypothesis testing, observations are based on the researcher’s
value and belief systems, and because the thinking is linear, this method may not be able
to quickly get to the root of the behavior or easily dissect multi-dimensional aspects of a
problem. With grounded theory, the researcher is challenged to “look through the eyes
of another” (Denzin 1990). This approach is essential to obtain an authentic
representation of the ‘lived-world’ of the participants.
2.3 Detailed Description of Grounded Theory
To do a study based on grounded theory, the researcher must work through a
number of different activities. Many of these activities are overlapping and can occur
concurrently. Using the grounded theory process, the researcher collects data, takes
notes, codes, and sorts information to arrive eventually at a final theory explaining the
phenomenon (Glaser and Strauss 1967).
2.3.1 Steps in Grounded Theory Methodology
To begin, the researcher collects data about the phenomenon through
conversation and interview. In this study, data collection involved visiting the facilities
that were identified through the mail survey as salmonid recirculation facilities, and

10

interviewing the floor workers involved in the practice of biosecurity. After each
session of data collection, note-taking occurred. This involved recording key issues that
arose from the data collection event as well as background information concerning the
persons interviewed. After note-taking, the first step of data analysis, coding occurs.
Coding in qualitative research is the process of identifying and labeling recurring words,
themes or concepts within the data (Polit and Hungler 1997). In grounded theory, coding
is used to help compare data set to data set, which in this case was a comparison of
interview to interview. Constant comparison is one of the keystones of grounded theory
analysis, and it occurs throughout data analysis. There are three levels of coding in data
analysis using grounded theory. In the first level of coding, thoughts, beliefs, feelings,
and described events and relationships are flagged. After a few interviews, patterns of
behavior and similarities in experience are evident. These are at first considered
potential themes or categories and are subjected to further investigation in subsequent
interviews. Data coding at levels two and three is intended to elevate the data to higher
levels of abstraction. Level-two coding typically represents expansion of the categories
developed in the first comparison coding to include properties and interlinked categories.
Eventually, as the interviewing and coding progress, (major) categories with distinct
properties, connected secondary themes and linked minor categories will become
apparent. Level-three coding represents theoretical constructs and concepts related to
the data as indicated by the first- and second-level coding. The term content analysis
may be applied to the coding process in grounded theory in that it is a systematic and
objective process for analyzing written communications, however, the goal with this
coding is not to quantitatively measure variables (Polit and Hungler 1997).
It is important to realize that with grounded theory, the researcher must keep an
open but aware mind. Unlike quantitative research methods, grounded theory
methodology does not test empirical pre-ordained hypotheses based on known structured
theory. The aim, as Glaser (1992) stated, is to discover the theory implicit in the data.
This distinction between “emergence and forcing…is fundamental to understanding the
uniqueness of the methodology” (Glaser 1992). In this research, three different sessions
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of interviews were held with workers at recirculation facilities in the United States and
Canada. Constant comparison of interview data occurred throughout the interview
process.
2.3.2 The Theoretical Sampling Technique
Glaser and Strauss (1967) suggested two main criteria for judging the adequacy
of the emerging theory: that it fits the situation; and that it works - that it helps the
people in the situation make sense of their experience and to better manage the situation.
Because the theory emerges from the data, in grounded theory there are no
predetermined guidelines for selecting sample type or size prior to the commencement of
the study. This “theoretical sampling” supports two main principles of scientific
investigation - adequacy and appropriateness. “Participants are chosen as needed until
data collection provides a thick, rich description of the study phenomenon and no new
themes or patterns emerge” (Glaser 1992). “Thick” description, as defined by Denzin
(1990:83), “does more than record what a person is doing. It goes beyond mere fact and
surface appearances. It presents context, emotion and the webs of social relationships
that join persons to one another. Thick description evokes emotionality and self-feelings.
It inserts history into experience…..In thick description , the voices, feelings, actions,
and meanings of interacting individuals are heard.” In grounded theory methodology,
once the researcher finds that no new categories, properties or relationships are being
found, and continuation of the interviews would not serve any purpose in terms of
enrichment of the theory, the sampling is discontinued because a saturation point has
been reached. During this study, saturation occurred during the third session of
interviews. Appropriateness requires that the researcher select participants who are
knowledgeable about the phenomenon being investigated. In this study, the participants
were floor workers practicing biosecurity in salmonid recirculation facilities. The initial
criteria for the selection of participants for this study was based on the willingness of the
managers of different operations to allow floor personnel to discuss, reflect and disclose
their experiences with the practice of biosecurity. The comfort level of each person
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interviewed with regard to confidentiality, the dissemination of study results, and the
interview process also influenced selection criteria.
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Chapter 3 -Characteristics of the recirculation sector of finfish aquaculture
in the United States and Canada
3.1 Abstract
In the autumn of 2001, I conducted a survey to examine basic farm production
and human resources characteristics of recirculation facilities in the United States and
Canada currently growing finfish. An 86% response rate was achieved. I found that this
sector of aquaculture was quite heterogeneous. The number and pounds of fish
produced by each facility was quite variable, with small-, medium- and large-sized farms
in this sector. Recirculation technologies were employed to culture a wide variety of
both warm-water and cold-water fishes in both saltwater and freshwater situations. The
four fishes most commonly grown in recirculation units in the United States and Canada
were Atlantic salmon smolts, tilapia, hybrid striped bass and ornamental fishes. A high
proportion of recirculation facilities used pumped groundwater as a primary water
source. Over 40% of facilities represented in the survey relied on a single water source
to sustain their operation and have no secondary water source as backup. Management
personnel of recirculation facilities were highly educated; more than 74% of respondents
reported holding at least an undergraduate degree. The majority of personnel managing
recirculation facilities were middle-aged individuals who have over 10 years of related
work experience. My findings represent the first empirical description of the
recirculation sector of finfish aquaculture in the United States and Canada.
3.2 Introduction
Over the past 25 years, aquaculture has been the fastest-growing sector of U.S.
agriculture. In 1974, the farm gate value of all of U.S. aquaculture products was $45
million; by 1998, it had increased to almost $1 billion (USDA 2000). The 1998 Federal
Census on Aquaculture (USDA 2000) indicated that there are over 4,000 aquaculture
operations in the United States. These operations represent all sectors of aquaculture
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production (mollusks, finfish, crustaceans and plants). Many of these operations are
quite small. Almost 50% of the aquaculture operations in the United States have an
annual income of $25,000 or less (USDA 2000). These data showed that only a small
percentage of the total U.S. aquaculture industry currently uses recirculation technology.
Of the 4,000 operations in existence, only 328 U.S. fish farms identify themselves as
“recirculation” facilities. However, because of unclear use of terminology in the census,
this number may be inflated and therefore misleading. In the census, the definition
identifying recirculation operations was “reuse of water in an aquaculture facility (closed
system) rather than releasing into nature and continually being replaced by new water
(open system)”. The use of this definition allowed a variety of activities that are pseudoaquaculture in nature to be included under the recirculation category. For example,
among the 328 recirculation facilities identified were operations run by fishermen to
hold captured wild crustaceans during market lulls and when the animals are pre- and
post-molt (and therefore less saleable).
The Canadian aquaculture industry also has grown substantially (Boghen 1995).
In 2001, finfish production in Canada increased 25% over 2000 tonnage (Price,
Waterhouse and Cooper 2002). The Canadian Aquaculture Industry Alliance (CAIA)
predicted that finfish producers will double 2001 production by the year 2006 (OCAD
2001). However, similar to the U.S. industry, the finfish recirculation sector of the
Canadian aquaculture industry lacks quantitative and qualitative description.
3.3 Methods
I developed and administered a survey to gather baseline information about
facilities using recirculation technology in the United States and Canada. For this study,
the defining element for a recirculation facility was that the operation “had to use a
biofilter in its fish culture system”. Information on currently operating recirculation
facilities was obtained from three different, independent sources: (1) government
aquaculture representatives for each state and province, (2) executive members of
national associations representing particular sectors of aquaculture, and (3) feed
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company representatives and research groups who have professional interaction with the
recirculation sector of aquaculture. Information from the three sources was collated to
develop a final mailing list representing the current status of this sector. The survey
questionnaire and mailing protocol were developed using a modified version of
Dillman’s Total Design Method (TDM) (Dillman 1978) in spring 2001. The
questionnaire was pre-tested with six different managers of finfish rearing units in the
United States and Canada. These managers represented different components of the
finfish sector (business, research and demonstration facilities) and were asked to
complete the questionnaire, give detailed comments on areas for improvement, and
identify areas of ambiguity. Following the pre-test, the questionnaire was revised,
printed, and mailed to facilities in the United States and Canada. The questionnaire was
composed of 43 questions. Three consecutive mailings were made during the fall of
2001. Each mailing included a cover letter, the complete questionnaire, and a stamped,
return envelope. An incentive was offered to those respondents who returned the
questionnaire promptly. Each respondent was identified through a randomly assigned
number.
Data Analysis
Response data were analyzed using the Statistical Package for Social Sciences
(SPSS, version 11.0, SPSS Inc., Chicago, Illinois) software. Most of the data collected
through the survey were nominal in nature; I constructed frequency distributions for
responses to all questions within nominal response categories. There were four
continuous variables in the results; frequency distributions and other summary statistics
were produced for these variables.
3.4 Results
Overall, there was an 86% response rate for the survey. I believe that correctly
identifying the target people (names and addresses) before the first mailing of the
questionnaire was key to achieving the high response rate. In addition, I feel the use of
an incentive for early responses and the easy-reading, non-technical language of the
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questionairre also encouraged response to the survey. These three elements have been
recognised in other survey research to be supportive of higher response rates (Andreasen
1970; Kanuk and Berenson 1975; Peterson 1975).
One hundred and forty-one completed questionnaires were returned, but 10 of the
respondents did not use a biofilter in their operation, and therefore did not fit the study’s
defining frame of a “recirculation” facility. The following results, therefore, incorporate
data obtained from 131 facilities in the United States and Canada. Seventy-one percent
of the respondents were from the United States (n=93) and 29 % were from the Canada
(n=38). The data represent information obtained from facilities in 32 states and 8
provinces.
3.4.1 Production Characteristics of Recirculation Facilities
The recirculation sector of aquaculture is composed of small-, medium- and
large-sized farms (Figure 3.1). A breakdown of the sector by size of production (annual
volume of fish) shows that the majority of recirculation operations (58%) produce
50,000 pounds or less of fish per year. Medium-sized farms (producing >50,000 to
250,000 lbs. of fish per year) comprise 25% of the sector. The remaining 17% of the
farms are large farms that individually produce over 250,000 lbs. of fish per year. Five
very large farms (annual production greater than 1 million pounds) responded to the
survey. Two of these farms produce tilapia (Oreochromis spp.), and one each grows
Atlantic salmon (Salmo salar), chinook salmon (Oncoryhynchus tchawytscha), and
hybrid striped bass (Morone sp.).
Patterns of varying farm size seen in annual farm production, expressed as
number of fish produced, were similar to those patterns seen in annual farm production
by weight (Table 3.1). Small-sized farms, producing fewer than 50,000 fish annually,
comprised 41% of the respondents, medium-sized farms, those producing 50,000 to
500,000 fish per year comprised 26% of the respondents, and large-sized farms, those
growing more than 500,000 fish per year represented 28%.
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Figure 3.1. Annual production (pounds) for finfish recirculation facilities in the
United States and Canada.
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Table 3.1. Size of production of finfish recirculation facilities in the United States and
Canada measured as number of fish produced.
Number of Fish Produced

Number

Percent

Cumulative Percent

0 - 10,000 fish
10,001 - 20,000 fish
20,001 - 50,000 fish
50,001 - 100,000 fish
100,001 - 250,000 fish
250,001 - 500,000 fish
500,001 - million fish
1 million - 1.5 million fish
More than 1.5 million fish

31
7
14
7
12
14
12
12
12

24.4
5.5
11.0
5.5
9.4
11.0
9.4
9.4
9.4

24.4
29.9
40.9
46.5
60.6
71.7
81.1
90.6
100.0

Total

127

100.0
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Eighty-five percent of recirculation facilities were freshwater operations (Figure
3.2). The primary water source for 48% of the respondents was well water. Chlorinated
municipal water was the second most common primary water supply (24%) for
recirculation facilities. The respondents were also queried regarding secondary water
sources (Table 3.2). Well water was used by 28% of the respondents as a secondary
water source. However, over 40% of the facilities used only a single water source and
did not have a secondary water source for use in times of emergency.
Sixty-two percent of respondents (62%) used recirculation technology for
business purposes, i.e., for profit-oriented production (Table 3.3). At present,
recirculation technology is not frequently used for education (8% of respondents) or for
demonstration (2%) purposes. However, the survey population included only college
and university aquaculture programs, and did not include secondary schools. I recognize
that many secondary schools use small-scale recirculation systems in their natural
science and agriculture curricula (there are over 20 of these units in secondary schools in
the State of West Virginia alone; Don Michaels, WV Dept. of Education – pers. comm.).
However, these secondary school units have little or no production output, and many are
not functional year-round; thus, they were excluded from the survey population.
For respondents who indicated that business was the main purpose for using
recirculation technology (Table 3.4), the most common business activities were: 1)
growing fish for the food market (59%), 2) growing fish for sale to other farmers for
grow-out (46%), and 3) supplying fish eggs to others (21%). Under the heading “other
business activities”, public aquaria, education outreach, and supplying fry to others to
grow-out to smolt stage were each identified more than once.
Recirculation technology is being applied to both saltwater and freshwater
operations. The four fish types most frequently grown in recirculation facilities in the
United States and Canada are tilapia (15%), Atlantic salmon (13%), ornamental fishes
(9%) and hybrid striped bass (8%) (Table 3.5). Collectively, these four fish types
constitute 45% of the sector. Fishes belonging to the family Salmonidae represent almost
28% of the fish taxa grown as the primary crop in recirculation facilities. Seventeen
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Figure 3.2. Main source of water for finfish recirculation facilities in the
United States and Canada.
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Table 3.2 Secondary source of water supply for finfish recirculation facilities in
the United States and Canada.
Source of water
Surface water
Spring water
Well water
Chlorinated water
Pumped saltwater
Artificial saltwater
Saltwater well water
Reverse osmosis
Only one water source
Total
1

Count

Percent
Responses

Percent 1
Cases

17
5
34
22
5
6
3
4
50

11.6
3.4
23.3
15.1
3.4
4.1
2.1
2.7
34.2

13.8
4.1
27.6
17.9
4.1
4.9
2.4
3.3
40.7

146

100.0

118.7

Respondents were allowed to report more than one answer. Indicated percentages
represent the proportion of respondents reporting each particular answer.

22

Table 3.3. Main purpose of finfish recirculation operations in United
States and Canada.
Purpose

Number

Percent

Business
Research
Education
Demonstration

81
37
10
3

61.8
28.6
7.6
2.3

Total

131

100.0
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Table 3.4. Different types of aquaculture businesses using recirculation
technology in the United States and Canada.
Business activity
Grow food fish to market size
Supply fish for others to grow-out
Supply fish eggs to others
Grow fish for the ornamental market
Grow fish for stocking in natural waters
Grow fish for the bait market
Other
1

Number

Percent 1

51
40
18
14
11
2
10

58.6
45.5
20.7
16.1
12.6
2.3
11.5

Respondents were allowed to mention more than one answer. Indicated percentages represent
the proportion of respondents mentioning each particular answer
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Table 3.5. Types or species of fish currently being grown in recirculation
facilities in the United States and Canada.
Name
Tilapia spp.
Atlantic salmon
Ornamental fishes
Hybrid striped bass
Arctic charr
Flatfish
Rainbow trout
Yellow perch
Brook trout
Chinook salmon
Sturgeon
Brown trout
Catfish
Baitfishes
Bass – largemouth
and smallmouth
Sunfishes
Others
Total

Number

Percent
Responses

26
23
15
14
9
9
8
8
5
3
3
1
1
1

14.8
13.1
8.5
8.0
5.1
5.1
4.5
4.5
2.8
1.7
1.7
0.6
0.6
0.6

1
1
48

0.6
0.6
27.3

176

100.0
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different categories of fish were identified in the questionnaire, plus a write-in area for
other fish types not mentioned in the questionnaire. In the write-in “other” category
(n=48), a wide variety of different species were reported (Table 3.6). When operators
were asked to identify which taxa of fishes they had grown in the past, more facilities
had grown rainbow trout (Oncorhynchus mykiss) than any other fish type (46% of cases)
(Table 3.7). Tilapia was the second most common fish type grown in the past (39% of
cases).
The three life stages most commonly reared in recirculation facilities (Table 3.8)
were fingerlings (96%), fry (77%) and eggs (73%). Smolts constituted the smallest
percentage of life stages grown (27%), but this is not surprising since this life stage is
specific only to the group of facilities that grow salmonids.
Many facilities did not know the survival rates of the earliest life stages, but they
did have this information for later life stages (Table 3.9). Overall, the highest rates of
survival were found in the later life stages. Over 50% of the respondents reported
survival rates of 90% or greater from fry to market-sized fish. Survival rates of the
different life stages were a point of sensitivity both from a business performance
standpoint and in terms of the fish culture ability of personnel. Therefore, it was not
surprising that 38% of the respondents chose not to answer this particular question.
Use of recirculating technologies to grow fish is not limited to “new” facilities.
The mean number of years of operation for the different farms responding to the survey
was 11. The most frequently reported age of a facility was 6 years. However, it is
important to note that the question on the survey did not ask the length of time that the
operation had been using recirculation technology, but rather asked the number of years
the facility had been operating. This wording was purposeful; many facilities embrace
recirculation technologies in a step-wise fashion over a fairly long time. Therefore, the
data on years of operation is indicative of the longevity of operation of the facility rather
than the history of its use of recirculation technology. It is interesting to note that both
old and new operations are using the technology and that age of the facility was not
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Table 3.6. Written-in responses to query of “Other” fishes grown as primary
production crop in finfish recirculation facilities in the United States and Canada
United States and Canada.
Freshwater species
Lake whitefish
Hybrid carp
Walleye
Tiger trout
Paddlefish
Razorback sucker

White bass
Grasscarp
Coho salmon
White seabass
Bonytail
Mummichog

Carp
Japanese medaka
Striped bass
Pacu
Rio Grande silvery minnow

Marine species
Cod
Sea bream
Haddock
Asian catfish

Cobia
Black sea bass
Monkfish
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Table 3.7. Fishes that have been grown in the past in current recirculation facilities in the
United States and Canada.
Name

Number

Percent
Responses

Percent 1
Cases

Rainbow trout
Tilapia spp.
Ornamental fishes
Hybrid striped bass
Catfish
Atlantic salmon
Sturgeon
Sunfish
Brook trout
Yellow perch
Baitfish
Bass – largemouth
and smallmouth
Arctic charr
Chinook salmon
Flatfishes
Brown trout
Chum salmon
Others

36
30
26
21
19
17
16
16
15
15
14

12.0
10.0
8.7
7.0
6.3
5.7
5.3
5.3
5.0
5.0
4.7

46.2
38.5
33.3
26.9
24.4
21.8
20.5
20.5
19.2
19.2
17.9

14
14
8
8
5
2
24

4.7
4.7
2.7
2.7
1.7
0.7
8.0

17.9
17.9
10.3
10.3
6.4
2.6
30.8

Total

300

100.0

384.6

1

Respondents were allowed to report more than one answer. Percent indicated represents
the proportion of respondents reporting each particular answer.
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Table 3.8. Life stages grown in finfish recirculation facilities in the United
States and Canada.
Life stage

Number

Percent of
Responses

Percent 1
Cases

Egg
Ery
Fingerling
Smolt
Yearling
Adult fish
Food market-sized fish
Broodfish

94
99
124
34
68
83
69
70

14.7
15.4
19.3
5.3
10.6
12.9
10.8
10.9

72.9
76.7
96.1
26.4
52.7
64.3
53.5
54.3

Total

641

100.0

496.9

1

Respondents were allowed to report more than one answer. Indicated
percentages represent the proportion of respondents reporting each particular
answer.
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Table 3.9. Average rates of survival reported for life stages held in finfish recirculation facilities in the United
States and Canada.
Average Rate of Survival
Less than Not known
10 %
%

Life stage

More than
90%
90%

80%

70%

60%

50%

40%

30%

From fertilized eggs
to eye-up

12.3

17.3

18.5

13.6

6.2

4.9

1.2

1.2

From eyed-egg
to hatch

23.0

23.0

14.9

11.5

3.4

2.3

1.1

From hatch
to first feeding

23.1

22.0

11.0

9.9

5.5

3.3

5.5

2.2

From first feeding
to fry

24.1

20.7

17.2

8.0

5.7

4.6

1.1

1.1

2.3

1.1

13.8

From fry
to fingerling

35.8

15.8

11.6

8.4

4.2

5.3

2.1

2.1

1.1

2.1

11.6

From fingerling
to yearling (smolt)

40.4

23.1

15.4

6.7

1.0

1.9

1.0

2.9

From yearling
To market

43.8

24.7

9.0

5.6

From market
To broodfish

39.1

18.8

10.1

2.9

20%

10%

24.7
20.7
17.6

3.4
1.4

30

2.9

1.0

6.7

1.1

9.0

2.9

21.7

Figure 3.3. Age of facilities in the United States and Canada that are now growing
finfish in recirculation technology.
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necessarily a criterion or obstacle to employment of the technology. However, newer
facilities more frequently are using recirculation technology.
3.4.2 Characteristics of personnel of recirculation units
One purpose of the survey was to describe key characteristics of personnel
managing recirculation facilities in the United States and Canada. A number of survey
questions were directed towards characterizing staffing and personnel attributes.
Seventy percent of recirculation operations have 1-8 full-time employees. The most
common situation in recirculation facilities is to have one full-time employee, but there is
a broad range of staff size for full-time employees among the different facilities (Table
3.10). Most operations have a low number of part-time staff (the modal number of parttime staff employed at recirculation facilities in the United States and Canada is 2).
Sixty-six percent of operations have 1 to 5 part-time staff (Table 3.10).
Overall, the majority of managers operating recirculation facilities in the United
States and Canada are middle-aged, highly educated and well experienced in aquaculture.
Managers’ ages ranged from 22 to 72 years (Figure 3.4). The average age for a manager
was 43 years (mode was 45 years). Greater than 74% of the respondents had an
undergraduate degree or higher level of education (Table 3.11). Personnel managing
recirculation units have a considerable amount of practical experience in aquaculture as
well as a high level of formal education. The managers who responded to this survey had
on average 15 years of experience working in aquaculture, with the majority of managers
having between 15 to 25 years of work experience (Figure 3.5).

32

Table 3.10. Staff size of finfish recirculation facilities in the United States and
Canada.
Number of
staff

Full-time

Part-time

(n)

Percent

(n)

Percent

0

8

6

18

15

1–5

74

59

80

66

6 -10

25

20

15

12

11 -15

10

8

4

3

16 - 20

5

4

3

2

> 21

4

3

2

2

Totals

126

100

122

100
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Figure 3.4. Age of personnel operating finfish recirculation facilities in the
United States and Canada.
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Table 3.11. Level of education of personnel operating finifsh recirculation facilities in
the United States and Canada.

Number

Percent

Cumulative
Percent

Less than high school
High school diploma
Some college
Community College graduate
Bachelor's Degree
Graduate Degree

2
8
9
15
34
62

1.5
6.2
6.9
11.5
26.2
47.7

1.5
7.7
14.6
26.2
52.3
100.0

Total

130

100.0

Level of Education
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Figure 3.5. Years of work experience in aquaculture of personnel managing
finfish recirculation facilities in the United States and Canada.
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3.5 Discussion
Recirculating aquaculture systems have been under development in the United
States and Canada for the past 30 years. As recently as 10 years ago, however, Masser
et al. (1992) commented that “recirculating systems still have not proven to be an
economical method of food fish culture”. Data from this survey however, indicate that
significant shifts have occurred in this sector of aquaculture during the past decade.
Business enterprises, specifically facilities growing fish for the food fish market, are
today the predominant users of recirculating technologies in the United States and
Canada. Although business failure is common in aquaculture (Libey and Timmons
1996) the survey results show that the sector has expanded and diversified in size and
purpose, and that many commercial operations have withstood the test of time.
My survey provides quantitative and qualitative information on many aspects of
recirculation aquaculture including size of production, water sources used, and
qualifications of personnel working in recirculation facilities. This background
information is important for understanding the current status of this still-developing
sector. Efforts continue in many areas around the United States and Canada to develop
recirculating technologies as a means to grow fish efficiently. These technologies are
expected to increase in importance in future aquaculture production, driven largely by
the increasing shortage of large quantities of suitable water needed for more traditional
methods of finfish culture. Therefore, it seems appropriate that the current status of
recirculating technology in United States and Canada be assessed to provide a context
for how best to develop this sector through the future.
A thorough understanding of the constituents in a sector is a key requirement for
successful oversight. Previous to this study, however, no information was available on
the characteristics of the recirculation sector of aquaculture in the United States and
Canada. For government agencies and policymakers to promote growth and to respond
effectively to issues related to the recirculation sector of aquaculture, they must have an
accurate account of the status of the sector. Likewise, up to this point, researchers have
had little empirical information on the biological, physical and managerial characteristics
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of the recirculation sector of aquaculture, and were to that degree limited in supporting
research efforts that are applicable to the current situation. Armed with information
collected in this study, educators and extension specialists should be more able to assist
personnel within the recirculation sector with learning instruments and informational
resources that are relevant to the sector’s needs.
My data show that the recirculating sector is diverse, both in terms of sizes of
farm using recirculating technology and the types and life stages of fish grown. The
current mix of small, medium and large farm enterprises suggests that this sector is quite
early in its development. In most agri-businesses, because of the commercial realities of
economy of scale, an industry eventually evolves to having few participants growing
very large volumes of product. In the present group of respondents, there were five very
large farms - possible indication that this sector is already evolving toward large volume
production units.
One key finding of this study is that the recirculation sector of aquaculture is
heavily reliant on ground water sources for its operation. Thus, recirculation operations
are vulnerable to changes in groundwater availability due to either change in
hydrological conditions or changes in policy or regulation regarding ground water access
and consumption. Any restriction that is applied to ground water use for aquaculture
may impact this sector more severely than other finfish growing sectors. In addition, the
findings suggest that research in support of recirculation technologies would fruitfully be
directed towards solving key problems associated with the use of groundwater for fish
culture. These problems include hazards associated with lethal gas levels, certain fish
diseases which are more pronounced with the use of ground water i.e., nephrocalcinosis
(Roberts and Shepherd 1986) and operational difficulties associated with some types of
groundwater (Muir 1994). Our results also show that fully 40% of operations have no
secondary water supply. Extension agents should discuss the importance of backup
water supplies and explore technical alternatives with recirculation facilities in their
region.
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The results of this study may have uncovered a key reason why some
recirculation operations that are viable on paper do not succeed in reality. Theoretically,
one of the major advantages of recirculation over flow-through culture of finfish is the
reduced amount of water required to grow an equal volume of fish. The “cost” of
accessing water in recirculation systems is supposedly lower. However, the “cost” of
using a water source is a variable factor in the economics of these operations, and our
survey indicates that within the recirculation sector, a broad range of water sources are
used to grow fish. Pre-treatment water “costs” prior to applying the water to fish or eggs
can include costs associated with dechlorination, purchase and installation of equipment
to reduce incoming pathogen load, and construction of mixing chambers to adjust water
chemistry. Likewise, the necessary post-treatment of a facility’s effluent often is
influenced by the source of its incoming water. Some economic models of recirculation
technologies fail to account for the variety of incoming water sources used and the
differences in costs associated with adequate treatment of the water source.
The recirculation sector has changed over time with respect to fish species
grown. Only a few fish species are currently grown in large quantities using
recirculation technology. The diversity of species that farmers have attempted to raise
indicates that aquaculture enterprises are seeking and continue to experiment with
alternative applications of the technology. At the same time, use of recirculation
technology is an initially expensive fish culture endeavor, and therefore it must be
acknowledged that market forces, not biological success, may drive the application of
recirculating technology to new species.
Management personnel in the recirculating sector of aquaculture are highly
educated. Because management capability is usually a combination of formal education
and experience, it is quite promising for the development of this sector that the personnel
managing these units have on average 15 years of related work experience. Although
this sector is considered new to aquaculture production, it has a well-qualified human
resource base with respect to skilled management personnel. Government regulators,
policy makers and extension agents should be aware of this level of education in order to
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interact effectively with this group. Vehicles of communication (e.g., workshops,
extension bulletins) should provide information at a sufficiently sophisticated level in
order to be viewed as relevant and useful by this group of aquaculturists.
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Chapter 4 -Utilization of biosecurity in finfish recirculation facilities
in the United States and Canada
4.1 Abstract
This study provides the first empirical data on frequency of use of biosecurity
practices in finfish aquaculture. Data were collected in fall 2001 from finfish rearing
recirculation facilities in the United States and Canada on the frequency of use of 16
different biosecurity measures. These measures involve the biosecurity concepts of
surveillance, quarantine, fish husbandry, prophylactic disease treatment, environmental
monitoring, pest control and chemical control of existing disease. Relationships between
socio-demographic variables, site characteristics and biosecurity utilization were
examined.
My data show that biosecurity utilization is not homogenous within the
recirculation sector. Patterns of use for different biosecurity measures are related to the
fish type grown, primary water source, country and main purpose of the operation.
Routine collection of dead fish and record-keeping were the most commonly used
biosecurity measures practiced in the finfish recirculation sector. Vaccine use was
declining, with current use of vaccines reportedly lower than past use of vaccines.
Eighty-one percent of facilities used chemical treatments to control fish disease, while
66% of facilities used chemical treatment as a preventative measure. The study lays the
foundation for further research on biosecurity utilization in aquaculture.
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4.2 Introduction
Biosecurity measures are any practices, policies or procedures used on a farm in
order to: reduce the risk that pathogens will be introduced to a fish culture facility;
reduce the risk that pathogens will spread throughout the facility if they are introduced;
and reduce conditions stressful to the fish which can enhance susceptibility to subclinical and clinical disease once pathogen introduction does occur (Bebak 1998).
Biosecurity utilization is an important concern to aquaculture enterprises because the
occurrence of disease in farmed fish negatively affects production. In the United States
farmed trout industry in the year 2000 alone, 29.6 million fish were lost from production
with 85% percent of this loss attributed to disease (National Agriculture Statistics
Survey (NASS) 2001). In recirculating aquaculture systems, the use of biosecurity
measures to prevent or reduce disease incidence are critical to successful operation
because in recirculating systems the repercussions of pathogen introduction into the
rearing system can prove far greater than in flow-through systems. Disease organisms in
recirculation systems recycle with the rearing water, and because no dilution of the
pathogens occurs, as in the case of flow-through systems, the rates of infection can be
greater (Muir 1994, Johnson 2000). It is often extremely difficult to eradicate a disease
once a pathogen has become established in a recirculation system; the fish rearing
system becomes an incubator for the disease. In addition, many chemical control
treatments commonly used to treat disease problems in flow-through systems are not
practical in application with recirculation systems because they affect bacteria that are
beneficial and necessary to the system as well as the targeted pathogens (Lasordo and
Westerman 1994). In extreme disease situations, only total eradication of the fish stock
and full disinfection of the system will break the disease cycle in recirculation systems.
There are many different biosecurity measures available to fish culturists to use to
prevent and control diseases. In this study, I examined the frequency of use of 16
biosecurity measures. These measures encompass the biosecurity concepts of
surveillance, quarantine, fish husbandry, prophylactic disease treatment, environmental
monitoring, pest control and chemical control of existing disease. In addition, I
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collected data on various rearing site characteristics such as source of incoming water,
fish type grown and size of farm and socio-demographic characteristics of site operators
and examined these for relationship to the frequency of use of each of the 16 biosecurity
measures.
4.3 Methods
I mailed a self-administered questionnaire to all identified recirculation facilities
in the United States and Canada in the fall of 2001. In my survey, a recirculation facility
was identified as “an operation that used a biofilter in its fish culture system.” Three
steps were taken to identify recirculation units currently rearing finfish in the United
States or Canada. First, government aquaculture representatives for each state and
province provided mailing information on operating recirculation units within their
respective areas. Second, executives from national associations representing different
sectors of aquaculture supplemented and corrected mailing list information. Finally,
feed company representatives and research groups who have professional interaction
with the recirculation sector of aquaculture further edited and modified the mailing list.
The questionnaire and mailing protocol followed a modified version of Dillman’s
Total Design Method (TDM) (Dillman 1978). Six different managers of finfish-rearing
facilities representing different components of the sector (industry, research,
demonstration) pre-tested the questionnaire. Managers provided detailed comments on
areas for improvement and identified areas of ambiguity. Following the pretest, the
questionnaire was revised, printed, and mailed to facilities in the United States and
Canada. Three consecutive mailings, made during the fall of 2001, included a cover
letter, the complete questionnaire, and a stamped return envelope. Respondents who
returned the questionnaire promptly earned an incentive. Each respondent was identified
by a randomly-assigned, confidential, individual number.
In the survey, we specifically asked questions about 16 biosecurity measures.
These measures included: use of isolated water supply for new arrivals; use of an
isolation area for new arrivals; record keeping; vaccination; collection and disposal
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methods for dead fish; monitoring of water quality parameters (temperature, dissolved
oxygen levels (DO), CO2 levels, pH, ammonia levels and gas saturation); use of
chemical treatments for prevention of disease; use of chemical treatment for disease
control; use of fish health specialists; use of pest control measures; and cleaning of
rearing units.
In the questionnaire, I also collected information on the following 6 rearing site
characteristics: 1) purpose of the unit; 2) focus of the business activity; 3) water source
(primary and secondary); 4) fish type grown; 5) size of production (annual output by
volume and annual number of fish produced); 6) years of operation of the facility.
Finally, to investigate whether the use of biosecurity was related to sociodemographic characteristics of the people managing the individual facility, I asked: 1)
age of respondent; 2) highest level of education achieved by respondent; 3) number of
years of experience in aquaculture; 4) country; and 5) staff size (number of full-time
staff and number of part-time staff).
Data analysis
Collectively, data on the use of biosecurity measures are in the form of
frequencies and percentages. To examine correlations between biosecurity use and site
characteristics, I cross-tabulated the frequency of use of each of the 16 biosecurity
measures with eight fish culture characteristics of the facilities: primary species, primary
water supply, years of operation of the facility, main purpose of the operation, full-time
staff, part-time staff, annual production as pounds of fish, and annual production as
number of fish. I also cross-tabulated the frequency of use of each of the 16 biosecurity
measures with four socio-demographic characteristics of the facilities: country, age of
the site operator, years of experience in aquaculture of site operator, and level of
education of the site operator. I used the Chi-square test for homogeneity to identify
relationships between each of the 16 biosecurity measures and the fish culture and sociodemographic characteristics of the facilities. Some groups were collapsed to maintain
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adequate sample size in each cell. Here I report the probability levels attached to each
test when they were below 0.10. I reported the probability levels in order to give the
reader an indication of the strength of various relationships, without losing information
that may prove useful in the future.

4.4 Results and Discussion
I had an 86% response rate to the mail survey. The following results are based
upon data obtained from 131 facilities in the United States and Canada. Seventy-one
percent of the respondents were from the United States (n=93) and 29% were from the
Canada (n=38).
Collection and disposal of dead fish
Routine collection of dead fish was the most commonly used of the 16
biosecurity measures examined (94% of respondents) (Table 4.1). The concept that a
dead fish is a reservoir of disease pathogens is readily accepted throughout the
aquaculture industry, and collection of dead fish does not usually require specialized
skill or equipment. This was the only biosecurity measure of the 16 examined that did
not show any association with either fish culture variables or personnel characteristics.
Recirculation facilities disposed of dead fish in a variety of ways, including placing the
fish in the garbage (24%), burning them (19%) and composting them (15%) (Figure 4.1).
Customarily, it is the management personnel of a facility who determine which disposal
method a farm employs. However, in some regions, voluntary codes of conduct
recommend specific disposal methods over others. I inquired about “routine”
procedures; hence, a disposal method used at a site may change during a disease
outbreak at the facility or in the region.
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Table 4.1. Frequency of use of biosecurity measures at finfish recirculation facilities in
the United States and Canada.
Use
Biosecurity measure
Routinely collect dead fish
Record-keeping
Presently vaccinate fish
Isolation area for new arrivals
Isolated water supply for new arrivals
Use of fish health specialist
Manually clean rearing units

Yes

No

Percent

Count

Percent

Count

94
93
17
83
66
75
81

120
120
22
105
85
97
100

6
7
83
17
34
25
19

8
9
108
22
44
33
24
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Figure 4.1. Frequency of use of different disposal methods for fish mortalities in
finfish recirculation units in the United States and Canada.

Method of Mort Disposal
Placed on compost
heap
15%
Placed in lime pit
11%

Other
19%

Given to rendering
company
5%
Fed to cats/dogs
3%
Put down drain
2%
Put into silage
2%

Burned
19%

Placed in garbage
24%
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Record-keeping
Record-keeping was the second most-commonly used biosecurity measure,
practiced by 93% of respondents (Table 4.1). Not surprisingly, 100% of respondents
who identified their main purpose in aquaculture as research used record-keeping. I
acknowledge that record-keeping, beyond its benefits for disease management, is often
required by insurance companies and investors for business reasons. Because of this, the
high frequency of use of this practice cannot be viewed strictly with intentions of
biosecurity. Eighty-nine percent of respondents who classified their operations as
businesses used record-keeping. The frequency of use of record keeping varied with the
species grown. All operations growing Atlantic salmon reported keeping records, while
only 57% of respondents growing ornamental fish kept records. Canadian farms
reported 100% use of record keeping, compared to 90% of U.S. respondents. This
difference between the two countries’ use of this biosecurity measure (P = 0.044) is
easily explained by the different species composition of the two countries’ recirculation
sectors. There was only one ornamental fish culturist among the Canadian respondents,
and 50% of the Canadian respondents were Atlantic salmon smolts growers (the highest
proportion of respondents using this biosecurity measure). The U.S. recirculation sector
is a more heterogenous group rearing a greater variety of warm and cool water fish
species.

Water quality monitoring
Prior to this study, it was assumed that the practice of water quality monitoring
was common among recirculation facilities, necessitated by the closed nature of the
systems (Holder 2000). However, I found that some water quality parameters are
measured more frequently than others (Table 4.2). The majority of farms measured
water temperature, dissolved oxygen levels, and pH on a daily basis. The

48

Table 4.2. Frequency of monitoring of different water quality parameters in finfish
recirculation units in the United States and Canada.

Water Quality
Parameter

Daily

Frequency of Monitoring
Once a
week
Occasionally Never

Temperature

84%

8%

8%

1%

DO (Dissolved oxygen)

69%

15%

15%

2%

Total ammonia

41%

37%

21%

1%

Gas saturation

12%

16%

47%

25%

Carbon dioxide

16%

20%

34%

30%

PH

52%

32%

13%

3%
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majority of respondents measured gas saturation and carbon dioxide levels only
occasionally or not at all.
Several site-rearing characteristics were linked to frequency of monitoring of
water quality characteristics. For example, 91% of facilities growing Atlantic salmon
(Salmo salar) checked dissolved oxygen (DO) daily, while only 72% of respondents
growing hybrid striped bass (Morone sp.), 62% of those growing tilapia (Oreochromis
spp.), and 29% of ornamental fish growers checked DO daily. We believe this finding
reflects the culturists’ awareness of the different species’ sensitivities to variation in DO
levels.
The primary source of water used by a facility was related to the frequency of
CO2 and gas saturation monitoring (P = 0.006 and P =0.052, respectively). Different
water sources have different degrees of risk associated with these two water quality
parameters. Facilities with freshwater pumped from wells as their primary water source
are most susceptible to risks associated with dissolved gases; my results showed that
these facilities monitored CO2 and gas saturation most frequently.
Research facilities reported a higher frequency of monitoring for pH, CO2, gas
saturation, and ammonia than operations run for business purposes. This finding was
expected since gathering data is a crucial component of aquaculture research. Older
facilities monitored water temperature less frequently than newer facilities. Of those
facilities that had been in operation less than 6 years, only 7% did not monitor water
temperature on a daily basis compared to 23% of facilities more than 10 years old. I
infer that the primary water source is not monitored as frequently at older facilities
because these facilities have an historic record of this information.
Small farms (50,000 lbs. production or less) monitored DO, gas saturation and
CO2 less frequently than the medium (>50,000 to 250,000 lbs. of annual production) or
large farms (>250,000 lbs. annual production). Only 59% of small farms, compared to
83% of medium farms, and 85% of large farms monitored DO on a daily basis. Thirtysix percent of small farms, 17% of medium farms and 15% of large farms monitored DO
once a week or less frequently. Although small farms may not have the manpower to
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perform water quality tests on a daily basis, staff size (part-time or full-time) and
frequency of monitoring were not significantly associated (P = 0.408 and P = 0.461,
respectively). I suggest that water source probably played a more important role in
water quality monitoring than size of operation. Only 45% of small farms rely on
ground water as their primary water source, whereas 72% of medium farms and 80% of
large farms used ground water as their primary water source. Canadian respondents
more frequently monitored DO, gas saturation and CO2 than U.S. respondents. Again,
water source may be important, as 50% of the Canadian farms responding to the survey
used groundwater as their primary source of water, versus 34% of U.S. respondents.
Also, only 44% of the Canadian respondents were in the small-farm class (the group that
showed the lowest frequency of monitoring of these two water quality parameters),
while 64% of the US respondents were small-sized farms (by annual pounds produced).
The difference in frequency of monitoring for DO between facilities in the two countries
may also be explained by 93% of Canadian facilities using their recirculation facilities to
grow salmonids (extremely water-quality-sensitive fishes), while only 14% of U.S.
facilities grew salmonids. The U.S .recirculation sector is more diverse than the
Canadian recirculation sector, growing many different types of fish some of which, (e.g.,
tilapia), are very tolerant of low DO levels.
Vaccination
Fewer than 17% of recirculation units currently administer vaccines to their fish
(Table 4.1). However, 30% of respondents indicated that they used this biosecurity
measure in the past. Sixty-one percent of respondents growing Atlantic salmon currently
use vaccines, while only 4% of tilapia growers, 7% of ornamental fish growers and 8%
of hybrid striped bass growers use vaccines on their fish. All of the above-mentioned
finfish grower groups reported using vaccines more frequently in the past. Possible
explanations for this change of behavior include: perceived effectiveness of vaccination,
cost considerations, change in management, and a change in perception of pathogen risk.
However, it is evident that the current frequency of use of vaccines is not due to lack of
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exposure to the practice. It is not surprising that respondents growing Atlantic salmon
reported the highest frequency of use of vaccines, given that this sub-sector of the
recirculation industry has the greatest access to commercially available vaccines for
protecting their fish against pathogens. Supporting the use of vaccines in this sub-sector
is the development of specialized equipment, provision of training on the use of vaccines
by vaccine manufacturers and government agencies, cost-competitiveness in price for
vaccine products, and global research efforts to refine and improve vaccine products for
salmonids. In some regions (e.g., New Brunswick and Maine), vaccine use on Atlantic
salmon is mandated in the licensing permit for the fish rearing facility.
I noted a relationship between vaccine use and primary water source (P = 0.002).
Forty percent of respondents at facilities that use surface water and 43% of respondents
at facilities that use spring water reported current use of vaccines, compared to 15% of
respondents at facilities using a well water source and only 3% of respondents at
facilities that used chlorinated water supplies. I infer that vaccine use reflects the fact
that different water sources have different levels of risk with respect to the introduction
of certain fish pathogens (e.g., Aeromonas salmonicida). Response information on past
use of vaccines showed a similar pattern of high use by facilities using surface or spring
water sources, and a lower use of vaccines by facilities using chlorinated and freshwater
well sources. Research facilities used vaccines less frequently (8%) than business
facilities (24%). Facilities with 11-15 years in operation used vaccines most frequently
(35%), while only 17% of facilities with 16 years or more years in operation and 12% of
facilities with 1-10 years in operation used vaccines. Larger operations with more
personnel (4 or more full-time staff) used vaccines more frequently (41%), than smallersized farms with few personnel (18%).
Two socio-demographic variables were associated with the use of vaccines.
Canadian respondents reported a 9-fold greater frequency of use of vaccines than U.S.
respondents, 45% versus 5%, respectively. As noted above, the Canadian recirculation
sector is dominated by the business rearing of salmonids, so this finding is not
unexpected. Additionally, Canadian government agencies approved the application of
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vaccines to food fish salmonids earlier than U.S. government agencies. There is,
therefore, a longer history of vaccine use in Canada (Ellis 1988).
There was a relationship between the years of work experience reported by the
facility operator and use of vaccines (P = 0.011). Forty-two percent of managers with
11-15 years of work experience used vaccines while 25% of managers with 10 years or
less of work experience in aquaculture and 12% of those managers with 16 or more
years of experience used vaccines. This pattern of vaccine use mirrors the pattern seen
between age of facility and vaccine use. I speculate that the emergence of the
commercial Atlantic salmon smolt industry in the mid-1980s in the U.S. and Canada is
the common factor explaining these similar findings.
Quarantine
Recirculation facilities commonly quarantine new arrivals of fish and/or eggs
(Table 4.1). Use of an isolation area was employed more frequently (83% of
respondents) than use of an isolated water supply (66%). Forty-five percent of
respondents used both measures. There was a relationship (P = 0.055) between use of
isolated water supply for quarantine of new arrivals and primary water source. Only 4%
of facilities with spring water as the primary water source used separate water supplies
for new arrivals, while 51% of facilities with well water as their primary water source
used this quarantine measure. Small farms reported the highest frequency (71% of small
farms) of quarantine by separate water supply, while 59% of medium-sized farms and
51% of large farms reported using this measure. I infer that the difference found among
farms of different sizes is related to the ease and cost of implementing this biosecurity
measure. Medium and large farms would presumably be bringing in much larger
quantities of new fish or eggs and consequently, would have to have much larger
quarantine holding facilities. For recirculation units, large quarantine facilities with
separate water supplies may be a very expensive undertaking.
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Use of services of fish health specialists
Seventy-five percent of respondents reported using the services of a fish health
specialist (Table 4.1). Most respondents reported a site visit by a fish health specialist
within the previous 8 months (Figure 4.2). Services of fish health specialists were used
most frequently by operations growing salmonids, those with a large staff, and by
managers with 11-20 years of aquaculture work experience. Canadian respondents
reported using fish health specialist services more frequently than their U.S.
counterparts. However, Canada has proportionally more salmonid growers in its
recirculation sector (93% of Canadian sector versus 14% of U.S. recirculation sector),
fewer small farms (44% of Canadian farms are small versus 64% of U.S. farms), more
farms with a staff of 4 or more fulltime personnel (65% of Canadian facilities versus
42% of U.S. facilities) and more operators with 11-20 years of work experience in
aquaculture (62% of Canadian managers versus 31% of U.S. managers).
Use of chemical treatments
The application of chemicals (including salt) to fish can be used as a
preventative measure against disease or as a disease treatment measure. Eighty-one
percent of respondents reported using chemical treatments to control fish disease
problems, while 66% of respondents used chemical treatments as a preventative measure
(Table 4.3). However, the frequency of use varied with fish type and life stage of fish
grown (Table 4.4). Sixty-nine percent of tilapia growers reported never using chemicals
to prevent disease, while 50% of salmonid growers and 50% of hybrid striped bass
growers reported routinely using chemicals on fish to prevent disease. For all life stages,
the respondents growing tilapia had the lowest frequency of use of chemicals. Overall,
facilities growing Atlantic salmon showed the most frequent use of chemicals at
different life stages. For those Atlantic salmon facilities holding various life stages as
part of their operation, 88% used chemicals on eggs, 65% used chemicals on sac fry,
95% used chemicals on fry, 95% used chemicals on fingerlings and 100% used
chemicals on smolts. It is assumed that some of the high frequency of use of chemicals
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Figure 4.2. Time of last visit of fish health specialist to finfish recirculation facilities in
the United States and Canada.
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Table 4.3. Rationale for use of chemical treatments on finfish reared in recirculation
facilities in the United States and Canada.
Frequency of Use
Reason for
Chemical
Treatment

Routinely

Occasionally

Total

Never

%

(n)

%

(n)

%

(n)

%

(n)

To prevent disease
problems

29

37

37

48

35

45

100

130

To control disease
problems

29

37

52

68

19

25

100

130
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Table 4.4. Frequency of use of chemical treatment on different life stages of finfish reared in recirculation facilities in the
United States and Canada.
Life stage
eggs

Frequency of Use
%
Never
Daily
Once a week
Once a month
Once every 3 months
Once every 6 months
Does not apply
Total

(n)

28
31
8
9
25
27
4
4
3
3
1
1
32
35
100 110

sac-fry
%

fry

fingerlings

smolts

(n)

%

(n)

%

(n)

%

41 45
8
9
9 10
4
4
2
2
2
2
34 37
100 109

25
12
13
17
7
5
22
100

27
13
14
18
7
5
23
107

18
12
14
29
10
9
9
100

21
14
17
34
12
10
10
118

14 14
9
9
8 18
15 15
14 14
3
3
38 39
100 102
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(n)

market fish

broodfish

%

(n)

%

(n)

16
7
11
14
12
17
23
100

15
7
11
14
12
16
22
97

18 17
7
7
5
5
14 14
9
9
14 14
32 31
100 97

in salmonid culture may be a manifestation of traditional culture practices (Piper et
al.1982). Chemical treatment to prevent fungal problems during egg development is an
aquaculture standard for many incubation systems. Similarly, in some fish culture
textbooks, the use of chemicals at the fry and fingerling states is recommended to
prevent losses from gill problems associated with pathogens (Austin and Austin1987,
Stickney 1994; Avault 1996). In addition, it must be recognized that in warm water fish
culture, disease incidence is not a significant concern during the early life stages (egg
and larval stages) because development is very rapid and therefore the holding time of
early life stages in a facility is very brief. There was no relationship between chemical
use and the main purpose of the recirculation facility (business, research, demonstration
or education). However, facilities with 1-5 years of operation used chemicals less
frequently on a routine basis to prevent disease (21%) than facilities having 16 years or
more of operation (46%). In the past 15 years, fish culture philosophy has moved away
from use of chemicals as a prophylactic treatment to reduce incidence of fish disease and
towards improving fish husbandry, particularly those methods that improve
environmental sanitation. However, my survey suggests that old practices remain
embedded in some of the older facilities’ operational management.
Cleaning of rearing units
Eighty-one percent of operations reported that they manually clean their rearing
units (Table 4.1). “Daily” cleaning occurred more often for early life stages (egg, sac
fry, fry and fingerling) (Table 4.5). Not surprisingly, the number of part-time time staff
was related to the frequency of cleaning rearing units (P = 0.030).
Pest control
Only 45% of respondents reported that they had a pest problem at their facility
(Table 4.6). I defined pests as nuisance birds, insects, rodents or small aquatic
organisms. Facilities with a pest problem used specialized storage, traps and a
combination of specialized storage space and traps most frequently as methods of
control (Table 4.7).
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Table 4.5. Frequency of manual cleaning of rearing units holding different lifestages in recirculation facilities in the United
States and Canada.

Lifestage
Frequency of cleaning
When empty
Daily
At least once a week
At least once a month
Only when necessary
Total

n
%
n
%
n
%
n
%
n
%
n
%

Egg

Sac-fry

Fry

Fingerling

Smolt

Market fish

Broodfish

29
36
40
50
4
5
1
1
6
8
80
100

18
24
44
59
9
12
1
1
3
4
75
100

11
13
61
69
12
14
2
2
2
2
88
100

12
12
54
52
27
26
5
5
6
6
104
100

11
19
22
38
15
26
7
12
3
5
58
100

14
18
23
30
22
27
6
8
12
16
77
100

12
17
21
30
20
28
5
7
13
18
71
100
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Table 4.6. Frequency of problems with nuisance animals
at finfish recirculation units in the United States and Canada.
Pest Problems
Yes
No
Total

Percent
45
55
100

60

Number
59
72
131

Table 4.7. Frequency of use of different pest control methods in finfish
recirculation units in the United States and Canada.
Methods of Pest Control

Frequency of use
%
(n)
22
13
85
49
76
44
67
39
21
12
19
11
17
10

Poison
Special storage for feed
Traps
Storage and traps
Poisons and traps
Poisons and storage
All methods
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Aquaculture facilities commonly use dogs and/or cats to reduce or alleviate pest
problems; twenty-eight percent of all survey respondents reported that they had a dog on
site. Using an animal for pest control is a trade-off in terms of biosecurity. While pest
control animals may reduce one biosecurity problem, the animals are, in themselves, a
possible breech of biosecurity in another area, since the animals may be vectors of
disease as they move around a farm site. Business facilities had animals more often on
site (40%) than research facilities (11%), and large farms had a higher proportion of
dogs. This is not surprising, since large farms are more likely to have unwanted human
visitors and use a dog to patrol and protect the property against intruders.
4.5 Conclusions
This assessment provides a basic description of biosecurity utilization in the
finfish recirculation sector of aquaculture in the United States and Canada. My data
show that the use of biosecurity is not homogenous within the recirculation sector. My
findings suggest that patterns of use for different biosecurity measures are related to the
fish type grown, country, water source and main purpose of the operation.
Within the recirculation sector, it would be worthwhile to further investigate the
frequency of use of other biosecurity measures such as disinfection procedures for
equipment, pre-entry disease testing of new fish and eggs and broodstock disease
screening. In addition, the relationship to biosecurity utilization of other site rearing
characteristics, such as type of rearing units employed, and water treatment components
employed, may be of merit in better understanding the factors that affect the practice of
biosecurity.
Finally, since people plan, develop and implement biosecurity measures,
information is needed on the human-behavior aspects of biosecurity utilization in
aquaculture.
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Chapter 5 -Fish disease and biosecurity:
Attitudes, beliefs and perceptions of personnel operating finfish
recirculation facilities in the United States and Canada.
5.1 Abstract
A mailed questionnaire was sent in the fall of 2001 to 152 finfish rearing
recirculation facilities in the United States and Canada to gather information from
personnel on their attitudes, beliefs and perceptions regarding fish disease and
biosecurity. There was an 86% response rate. Respondents reported that the most
important reason for use of biosecurity was that disease incidence affects the image of
their business. Past history of disease on site or present occurrence of disease in the area
were not perceived as highly important reasons to use biosecurity measures. Beliefs
about disease transmission, and levels of concern about different disease pathogens vary
among personnel operating finfish recirculation facilities Perceptions of costliness,
effectiveness and practicality of different biosecurity measures also vary. The findings
of this study challenge the heretofore traditionally-accepted explanation that lack of
knowledge is the reason for inconsistent or inadequate biosecurity practice in fish
farming enterprises. The results provide evidence that, for political as well as biological
reasons, more research is needed in describing the human dimensions of biosecurity
utilization in aquaculture.
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5.2 Introduction
Although the occurrence of contagious fish disease is a serious concern of
recirculation finfish facilities, biosecurity utilization is neither consistent nor uniform in
this sector of aquaculture. Clearly, inadequate practice of biosecurity in a facility poses
substantial risk to a farm’s production success. However, more importantly, disease
outbreaks caused by poor biosecurity practice may affect not only an individual farm’s
production but may also injure the success of neighboring farms and, at worst,
negatively impact whole industries. Thus, failure to use biosecurity is a significant
economic, biological and political concern in aquaculture.
Biosecurity consists of the practices, protocols and procedures that are used to
eliminate or minimize the risk of disease transmission into a population or within a
population (Smith 1997). Utilization of biosecurity is beneficial to any agriculture
enterprise. Accordingly, failure to use biosecurity is a concern not only in aquaculture,
but also in other, more mature agricultural industries (Moore 1992; Rauff et al.1996;
Thomson 1997; Godkin 1999; Sanderson et al. 2000). Information from the National
Animal Health Monitoring System (NAHMS 1996) indicates that many biosecurity
practices have not been adopted by U.S. dairy operations. Similarly, a recent survey of
beef-cow producers showed inconsistent use of biosecurity practices (Sanderson et al.
2000). Research studies on poultry and swine diseases reported that current biosecurity
practices were less than adequate (Gifford et al. 1987, Amass and Clark 1999).
The traditionally suggested strategy (McMartin 1990, Lotz 1997, Bullis 1999,
Sanderson et al. 2000, Jory 2001) of improving biosecurity utilization by making farm
personnel more knowledgeable about biosecurity practices, has not worked. Although
the ultimate aim of education is to shape human behavior, social science research has
shown that behavioral change is linked to more fundamental attributes than simple
breadth of knowledge about a subject (Manfredo 1992). Hence, I believe that many of
the problems associated with inconsistent and inadequate practice of biosecurity in
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aquaculture may be of a social and institutional nature, rather than biological or
technical. I suggest that biosecurity utilization in agriculture is a human resource
problem. In most cases, the choice of biosecurity measures practiced and the
consistency of the application of these measures lie with the manager of the farm.
Acknowledging this point, it has been suggested in the beef industry (James 1991) that
acceptance of sound beef health programs could be improved by developing a greater
awareness of the farmer’s motivation for using certain management practices.
Similarily, if fish health specialists, extension agents and educators had a better
understanding of the underlying factors that influence the practice of biosecurity in
aquaculture, they might be able to target education and intervention strategies for
biosecurity utilization more appropriately.
To investigate ways to influence the biosecurity practice in aquaculture, it
seemed appropriate, therefore, to investigate modern concepts of human behavior and
motivation. I focused particularly on the concepts found in the Theory of Reasoned
Behavior (Fishbein and Ajzen, 1975), which is one of the most prominent modern
theories on human behavior. The Theory of Reasoned Behavior proposes that it is the
primary beliefs of a person that direct much of their behavior (Figure 5.1). This theory
states that in order to change a person’s behavior, one has to change the person’s
intentions for doing this behavior. Furthermore, in order to change a person’s intentions,
one has to change a person’s attitude toward the behavior. Attitudes are a function of an
individual’s salient beliefs. Thus, to effect change in an individual’s behavior,
communications must be constructed such that they modify or transform some of the
existing beliefs of the person, or introduce new beliefs into the person’s belief system
that are more favorable to the behavior desired (Slovic et al. 1977).
My previous work indicated that biosecurity utilization varies widely across the
finfish recirculating aquaculture industry. This research showed that there are certain
fish culture variables such as water source and fish species grown that affect the use of
biosecurity. As well, certain characteristics of management personnel, such as length of
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The person’s beliefs that the
behavior leads to certain
outcomes and his evaluations
of these outcomes

Attitude toward
the behavior

Relative importance of
attitudinal and normative
considerations

The person’s beliefs that
specific individuals or groups
think he should or should not
perform the behavior and his
motivations to comply with the
specific referents

Intention

Behavior

Subjective norm

Figure 5.1 Theory of Reasoned Behavior: factors determining a person’s behavior. From Ajzen, I. and Fishbein, M. 1980.
Arrows indicate the direction of influence within hypothesized relationships.
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time working in aquaculture, were associated with the type and level of biosecurity
utilization in effect at a farm. In follow-up to this work, this study reports the attitudes,
beliefs and perceptions of operators of finfish recirculation facilities in the United States
and Canada as they relate to fish disease and the use of biosecurity measures.
Heretofore, investigations into biosecurity utilization in agriculture have focused
on the applied science aspects of the problem. The study of the human dimension of
health management practices is a new approach. However, I believe, in concurrence
with Freudenbuerg (1988:48) that “Although often overlooked, human and social factors
play vital roles in technological systems; real-world risks, far from being free of such
inconvenient ‘people factors’, are indeed often dominated by them”. I believe, therefore,
that in order to develop effective educational or outreach tools to improve biosecurity
utilization, it is first necessary to understand the perceptions, attitudes and beliefs of
personnel within the aquaculture industry concerning fish disease and biosecurity.
5.3 Methods
I mailed a self-administered questionnaire to all identified recirculation facilities
in the United States and Canada in the fall of 2001. I defined a recirculation facility as
an operation that used a biofilter in its fish culture system. Three steps were taken in
identifying recirculation units currently rearing finfish in the United States or Canada.
First, government aquaculture representatives for each state and province provided
mailing information on currently operating recirculation units within their respective
areas. Second, executives from national associations representing different sectors of
aquaculture supplemented and corrected mailing list information. Finally, feed company
representatives and research groups who have professional interaction with the
recirculation sector of aquaculture further edited and modified the mailing list.
The questionnaire and mailing protocol followed a modified version of Dillman’s
Total Design Method (TDM) (Dillman 1978). Six different managers of finfish rearing
facilities representing different components of the sector (industry, research,
demonstration) pre-tested the questionnaire. Managers provided detailed comments on
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areas for improvement and identified areas of ambiguity. Following the pretest, the
questionnaire was revised, printed, and mailed to facilities in the United States and
Canada. Three consecutive mailings made during the fall of 2001 included a cover
letter, the complete questionnaire, and a stamped, return envelope. Respondents who
returned the questionnaire promptly earned an incentive. A randomly assigned,
confidential, individual number identified each respondent.
Data analysis
Most of the data collected through the survey were nominal and therefore are
reported in the form of frequencies and percentages. The questionnaire included 61
items on beliefs, attitudes and perceptions of disease and biosecurity practice, which
were grouped into ten questions.

5.4 Results
Attitudes about fish disease
Operators of recirculation facilities were very concerned about avoiding disease
on their farms (Figure 5.2), with 89% of operators reporting disease avoidance to be a
“high” or “very high” concern for their operations. However, there were differences as
to which type of disease problems were of concern, with bacterial and parasitic diseases
being of greatest concern (Table 5.1). Bacterial gill disease (BGD) and aeromonads (not
including furunculosis) were viewed most frequently as specific disease concerns (Table
5.2). These are diseases that affect a wide range of species (Austin and Austin 1987).
Not surprisingly, fish diseases that are more species-specific in their host range, such as
Infectious Pancreatic Necrosis Virus and Streptococcus spp., were not reported to have
as high a level of concern among respondents. Diseases for which there are
commercially available vaccines, for instance furunculosis and vibriosis, generally were
not considered a serious disease concern. Respondents were given an opportunity to
write in other major disease concerns for their facilities. The majority of these diseases
were caused by external parasites, for example, Trichodina and Gytodactylus.
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Figure 5.2. Response to mail survey question: How concerned are you about avoiding
disease on your farm?
80
70

75

60

Percent

50
40
30
20
14

10

7

0
very high

high

moderate

low

very low

Level of concern about disease

69

none

Table 5.1. Response to mail survey question: On your site, please indicate the kinds of diseases you
are most concerned about.
Level of
concern

Diseases caused by
bacteria
%

Diseases caused
by viruses
%

Diseases caused by
fungus
%

Diseases caused by
parasites
%

Very high
High
Moderate
Low
Very low
None

56
25
11
3
2
3

32
13
19
16
11
10

22
18
30
13
9
8

27
24
22
13
9
5
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Table 5.2. Response to mail survey question: What are the major disease concerns for
your facility?
Level of Concern
Specific Disease Problems
Serious
Bacterial Gill Disease (BGD)
Streptococci spp.
Aeromonads
(not including Furunculosis)
Ichthyophthirius sp. (Ich)
Furunculosis
Bacterial Kidney Disease (BKD)
Saprolegnia spp.
Vibrio spp.
Pseudomonas spp.
Infectious Pancreatic Necrosis
(IPNV)

%
21
14
13

Somewhat
serous
%
29
16
30

Not
serious
%
32
44
38

Not
applicable
%
18
26
18

13
11
9
8
8
5
3

21
7
13
22
15
22
4

42
49
37
41
45
43
41

25
32
42
29
33
30
52
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Perceptions of risk
The majority of respondents (62%) thought that the most serious disease
transmission-related concern at their facility was disease coming in on new fish (Table
5.3). Many respondents felt that their water supply was adequately protected from
pathogen introduction, with 45% having reported that disease coming in with the water
supply was of no concern.

Reasons for practicing biosecurity
Biosecurity utilization was viewed by a majority of respondents to be good
business practice. Seventy-three percent of respondents perceived the use of
preventative measures on their farm as important because disease affects the image of
their business (Table 5.4). Comparatively, use of biosecurity measures because they
were part of government regulations or because the site had previous disease problems
were not viewed as an important reason for use of biosecurity.
In one question, respondents were given a list of reasons why culturists use
chemical treatments (including salt) on their fish and then asked to indicate the level of
importance that each chemical use had at their facility. The data (Table 5.5) showed that
the majority of respondents used chemical treatments, but no one reason for application
of chemical treatments dominated in importance.

Perceptions of effectiveness, practicality and cost of different biosecurity measures
Of the eight biosecurity measures evaluated, only three - record-keeping,
disinfection of equipment and controlled access - were perceived by over 50% of
respondents to be inclusively practical, effective and inexpensive in application (Table
5.6).
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Table 5.3. Response to mail survey question: For your particular facility, what do you
think are the most serious issues or concerns regarding disease transmission?

Method of disease transmission
onto site

Very
serious

Coming in on new fish
Coming in on people
Coming in on equipment
Coming in with the water supply

%
62
26
25
19

73

Level of Concern
Somewhat Not very
serious
serious
%
25
37
35
14

%
10
21
25
23

No
concern
%
4
16
15
45

Table 5.4. Response to mail survey question: There are many reasons why a farm may
use preventative procedures against disease. How important are these reasons for your
farm?
Reason for using
biosecurity measures
Disease affects the image of
your business
Disease affects fish
movement

There are disease
problems in the area
Site has had problems with
disease in the past
Government regulations
impose certain practices

Very
important
%

Level of Importance
Somewhat
Little
important Importance
%
%

Not at all
%

56

17

13

14

43

14

15

21

31

34

17

18

27

21

22

30

22

32

24

22
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Table 5.5. Response to mail survey question: Below is a list of reasons why people use
chemical treatments (including salt) on fish. Please indicate how important each
reason is to your facility.
Level of Importance
Reason for chemical treatment
To reduce stress before handling
To reduce gill problems
At egg laydown
When holding fish at high densities
To reduce the stress of poor water quality
On broodfish at spawning season

Very
important
%
43
39
37
35
29
22
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Somewhat
important
%
32
32
15
37
37
23

Little
importance
%
24
29
48
28
34
56

Table 5.6. Perceptions of effectiveness, practicality and cost of different biosecurity measures by operators of finfish
recirculation facilities in the United States and Canada.
Biosecurity Measure

Effectiveness (%)

Practicality (%)

Costs (%)

Very

Somewhat

Not

Very

Somewhat

Not

Very

Somewhat

Not

Isolation of incoming fish

73

24

3

69

21

10

12

43

45

Disinfect equipment

72

25

3

80

15

5

3

34

64

Closed loop of supply

61

22

17

43

24

33

39

37

24

Record-keeping

61

30

10

85

10

5

3

14

83

Restricted access

55

32

13

51

35

13

6

23

70

Disinfect incoming water

43

33

24

43

20

38

45

35

20

Chemical treatments

42

55

3

47

44

9

10

46

45

Use of fish health specialist

32

43

26

38

37

25

20

47

33

76

Overall, measures to isolate incoming fish were seen by the majority of
respondents (73%) as the most effective way to reduce disease transmission onto a site.
Eighty-five percent of respondents perceived record keeping to be the most practical
measure. Record keeping was also seen as the least expensive measure to apply.
Disinfection of the incoming water supply was perceived as the most costly biosecurity
measure.
Time prioritization of biosecurity practices
Respondents were asked to indicate which fish husbandry activities they
considered to be of priority importance while performing their daily fish-culture routine
(Table 5.7). Collection of dead fish from rearing units was viewed by 90% of
respondents to be very important and checking water flows was seen by 78% of
respondents as very important. Two measures that are interrelated, the checking of
dissolved oxygen levels and the reduction of waste materials in rearing units, were both
seen by 66% of respondents as very important.
5.6 Discussion
Levels of concern about disease
The study shows that disease avoidance is a serious concern to finfish growers,
primarily because disease incidence affects their business image. To date, the
significance to consumer marketing of successful biosecurity practice has largely been
overlooked or understated in discussions of biosecurity practice in aquaculture. This
failure to appreciate the business perspective of biosecurity practice has not been limited
to aquaculture. Other agri-businesses are just now beginning to present results of
research emphasizing the business benefits of biosecurity (Wells 2000, Van Schaik et al.
2001). Writing about implementing biosecurity in beef and dairy herds, Thomson
(1997:8) noted, “When estimating the impact of disease, one needs to integrate the
estimated risk and economic consequences. The loss of marketing options can severely
impact economic opportunities”. Accordingly, those persons trying to implement or
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Table 5.7. Response to mail survey question: On your site, if you only have a limited
amount of time during a very busy day, what do you see as the most important things
to get done?
Level of importance
Very
Somewhat
Not very
important
important
important
%
%
%
90
9
1
78
18
14
66
19
16
66
29
5
51
33
16
43
40
17

Activity

Remove dead fish from rearing units
Check water flows
Check DO levels
Clear wastes from rearing units
Disinfect equipment
Check ammonia levels
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encourage the practice of biosecurity in aquaculture should realize that if biosecurity
practices are presented and effectively demonstrated as good for business, then it is far
more likely that these practices will be perceived as important and of value, and
therefore philosophically embraced. This is in agreement with the tenets of the Theory
of Reasoned Behavior, which indicates that an individual must believe that following a
certain behavior will have benefits and valued outcomes, in order for the individual to
pursue that particular behavior (Ajzen and Fishbein 1980). My study showed that
biosecurity practices that are enforced by government regulations were not considered as
important, and, therefore, it may be assumed that presentation of biosecurity practices
for regulatory purposes alone will not produce faithful implementation at the farm level.
Although fish farmers have a generalized concern about disease avoidance, they
do not consider avoidance of all types of disease pathogens nor all fish diseases of equal
importance. Fish farmers may perceive some diseases as more important than others for
a number of reasons, some of which include: higher frequency of incidence of that
disease on-site or in the region; less ability to control the disease once introduction has
occurred; less knowledge about the etiology of the disease; and more information and
media coverage on a particular disease.
It may be useful to consider the findings of this study in the context of what is
known in human medicine regarding people’s perceptions of disease and associated
preventative health behaviors. Avis et al. (1989) found that if people do not perceive
themselves as vulnerable to a disease or condition, they are less likely to adopt
recommended behaviors. Weinstein (1982) found that some of the differences in
people’s willingness to adopt precautions to reduce risk to particular diseases were due
to perceived controllability or lack of previous experience with that disease, as well as
beliefs about risk likelihood and beliefs about risk severity. I was surprised to see that
the widespread, multi-species diseases, vibriosis and furunculosis, which historically
have caused major disease problems in aquaculture, were not considered by respondents
to be of serious concern. However, both of these diseases have proven prophylactic
treatments available, and once these diseases are detected on a farm, there are proven
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effective treatments to control them. Alternatively, bacterial gill disease was perceived
as one of the most important disease concerns to operators. Bacterial gill disease is a
non-specific disease that affects many different fish species. Treatment of this disease is
known, but severe loss, particularly of small fish, still occurs. The disease is often
associated with poor water quality conditions. Maintaining adequate water quality is one
of the challenges of closed rearing systems. Therefore, given the ambiguity of cause and
controllability associated with bacterial gill disease, it is not surprising that finfish
growers perceived this disease as an important concern.
Perceptions about biosecurity measures
Across agriculture, more research is needed to replace conjecture and perception
with fact about biosecurity practices. Although concern about disease is at the forefront
of all agro-industries, consistent biosecurity use at effective levels is not consistent
because what constitutes effective, cost-worthy and practical biosecurity measures is a
matter of opinion, and has not been validated by sound research. Amass and Clark
(1999) commented that many decisions regarding biosecurity protocols on pork
production units are currently based on producer and veterinarian experience and
opinion, not on scientific research. Sanderson et al. (2000) observed that the beef cowcalf industry lacks data showing which, if any, biosecurity practices are worthwhile. In
poultry agriculture, only recently has research directly focused on demonstrating the
effectiveness of biosecurity measures for disease control (Gibbens et al. 2001). In
porcine culture, Amass and Clark (1999:225) stated that “not knowing the extent to
which biosecurity measures need to be employed to prevent the transmission of porcine
pathogens is an important problem, because until that information is known, pork
producers will run one of two risks: expenditure of funds on unnecessary biosecurity
measures, or, insufficient biosecurity measures that place the United States pig
population at risk for economically devastating disease outbreaks.”
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Similar statements can be made regarding biosecurity practices in aquaculture.
My study showed considerable variation in farmers’ perceptions of biosecurity measures
in terms of practicality, effectiveness and costliness. Although some biosecurity
measures were recognized for their effectiveness in reducing disease transmission, they
were viewed as costly and/or impractical. For example, “closing the loop of supply”
(becoming self-sufficient in terms of source of fish and/or eggs) - was seen as very
effective but impractical and costly for most farmers. Similarily, Van Schaik et al.
(2001:175) investigated biosecurity measures in the dairy industry and noted that “a
more closed farming system can be a good starting point for eradication of infectious
diseases. However, the economic implications of biosecurity measures are not always
obvious to farmers.” Similar research is needed in aquaculture to assess the economic
tradeoffs of different biosecurity practices. With the current paucity of information on
this topic, the aquaculture industry has been left to develop a multitude of perceptions,
possibly of faulty nature, on disease introduction and the effectiveness and need of
biosecurity measures. Without scientific evidence to counter these perceptions, it has
been difficult for fish health specialists, educators and government specialists to
effectively promote and create changes in the practice of biosecurity in aquaculture.
Research needed to support “implementation” strategies
Results of this study provide some explanations why biosecurity measures are
not being utilized effectively in aquaculture. However, additional objective survey
work, further describing the perceptions of farmers at the farm level about biosecurity
practice, is needed. Commenting on the lack of biosecurity on dairy operations, Wells
(2000:2385) stated, “while reasons for the lack of adoption of these (and other)
biosecurity practices have not been evaluated, these biosecurity failures provide dairy
managers, veterinarians, and other animal health professionals with clear opportunities
to develop programs to improve animal health and productivity.” I believe that
investigating the reasons for lack of adoption should be among the first priorities of
biosecurity research, so that the programs suggested by Wells (2000) and others can be
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constructed to elicit commitment to implementation of practices, not just to supply
additional knowledge about the practices. Biosecurity programs themselves do not
provide biosecurity. It is people performing biosecurity measures and adhering to levels
of quality in practice that provide the desired outputs of biosecurity programs. Holden
(2001:12) acknowledged that “the discovery of new knowledge and the development of
new ideas are very worthwhile pursuits, (but) it is the application of that knowledge and
those ideas that truly generates change”.
A political need
The need for understanding the practice of biosecurity at a farm level and from
the farmer’s perspective is not only important from an improved biological and
economic standpoint, but also from a political standpoint. Experts studying risk
perception argue that how people feel about an important risk is itself the most important
risk to assess. “If the perception of an event alters how stakeholders act, then that
perception is reality for decision makers” (Sellers 2001:20). In present day aquaculture,
it is becoming increasingly important for government representatives to have the ability
to scientifically distinguish and quantify the difference between real risk and perceived
risk of fish disease incidence and disease control.
In all of agri-business, it is extremely important for government to know the
perceptions, beliefs and attitudes of their constituents if they hope to provide effective
legislation. Fischoff (1991:844) noted, “what might be called anthropology’s great truth
is that we underestimate how and by how much others see the world differently than we
do.” Knowing their constituents’ belief systems allows government representatives to
frame actions and policies such that the desired choice is also the attractive choice
because it fits with the person’s beliefs (Kahneman and Tversky 1984). Therefore, for
political as well as biological reasons, more research is needed describing the human
dimensions aspect of biosecurity utilization in aquaculture.
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Chapter 6 -The Practice of Biosecurity: A grounded theory study on the practice of
biosecurity by workers in salmonid recirculation facilities
in the United States and Canada
6.1 Abstract
The purpose of this study was to describe the experience of biosecurity practice
by persons who work hands-on in the rearing of salmonids in recirculation aquaculture
facilities. Tape-recorded interviews of approximately one-hour duration were conducted
in spring, 2002 with 31 individuals currently employed at 12 salmonid recirculation
facilities in West Virginia and Maine, USA and in New Brunswick, Canada. Methods
for data collection, organization and analysis were based on grounded theory. The
emergent theory is termed the Practice of Biosecurity Theory and represents the lived
experience of workers practicing biosecurity in their work setting. The theory describes
a three-phase process in the practice of biosecurity: (1) orientation, when workers begin
their initiation into the practice of biosecurity; (2) routine, when practice of biosecurity
becomes a habitual behavior; and (3) thoughtful approach, where knowledge of fish
health needs and biosecurity practices are integrated into a repertoire of biosecurity
strategies that are situation- and site-specific. The practice of biosecurity was affected
by three environmental conditions; personal biography, management’s role, and peer
pressure. This study represents the first human dimensions-based investigation of
biosecurity utilization in aquaculture. The findings of this study provide insight and
richer understanding of the social context of biosecurity utilization in aquaculture. The
Practice of Biosecurity Theory may have application in promoting biosecurity
implementation in aquaculture and other agri-businesses, and help in the creation of
appropriate intervention strategies to improve existing biosecurity programs.

83

6.2 Introduction
As recirculation technologies become better established within the United States
aquaculture industry, implementation and continuance of control measures to prevent
introduction and to control spread of fish disease are critical to production success. In
aquaculture, “biosecurity” consists of the practices, procedures and policies aimed at
preventing disease introduction and transmission, and the reduction of impact of
infection when disease occurs. Because recirculation facilities are self-contained
environmental units, biosecurity is more within the control of human management in
recirculation systems than in open extensive or flow-through aquaculture systems
(Johnson 2000).
The concept of biosecurity is not new to aquaculture. In its simplest definition,
biosecurity has been called “informed common sense” (Maryland Dept. of Agriculture
undated). The concepts incorporated within “biosecurity” have historically come under
subject headings such as fish husbandry, disease management and prophylactic
treatments against disease. The types of biosecurity measures used by a facility are
usually tailored to the site’s needs, the species grown, and the regional fish disease
context. However, for biosecurity measures to be effective, they must be implemented
and sustained by personnel. My earlier work indicated that levels of concern about
disease occurrence are high among operators of finfish recirculation facilities, and that
aquaculture personnel are aware of the concepts involved in the practice of biosecurity.
Yet, inconsistency in the practice of biosecurity remains a serious problem in
aquaculture (Lotz 1997, Jory 2001). While the literature on biosecurity in aquaculture
repeatedly emphasizes the need for higher levels of biosecurity (Browdy and Bratvold
1998, Chamberlain 1998, Ogle and Lutz 1998), little research has yet focused on the
human dimensions aspect of biosecurity utilization. The practice of biosecurity by
workers in aquaculture facilities remains undocumented.
It has been acknowledged that educators and managers can be more successful in
establishing supportive environments that positively influence desired behaviors if they
have an understanding of the behavior and the factors that influence whether or not a
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person will engage in a desired behavior (Gandelman and Freedman 2002). Therefore,
an understanding of the experiences of workers practicing biosecurity in aquaculture
should provide insight to facility managers, educators, extension agents and animal
health specialists on how to better implement, improve and sustain biosecurity in
aquaculture operations. In addition, knowledge gained from this study on biosecurity
utilization in aquaculture may contribute to a better understanding of biosecurity practice
in other agri-businesses.
The purpose of this qualitative study was to describe the real-world experience of
the practice of biosecurity by persons in salmonid recirculation facilities who directly
work with fish. These facilities were located in West Virginia and Maine, USA and in
New Brunswick, Canada. Specifically, the study addressed the following two questions:
1. How do personnel experience the practice biosecurity?
2. What influences personnel’s practice of biosecurity?
I used a grounded theory approach to answer these two questions.
6.2.1 The Theoretical Framework of Grounded Theory
The purpose of grounded theory is to explain human behavior, conceptualize
social processes at an abstract level, and to generate substantive theory (Chenitz and
Swanson 1986). Theory development is generated by concurrent data collection and
analysis. In addition to describing the relationships between conceptual categories, the
emerging theory identifies the basic social process experienced by participants involved
in the phenomenon being studied. Grounded theory can be used when little is known
about a particular phenomenon. It also can be used “when the investigator suspects that
the present knowledge or theories…describing a particular phenomena or event…may
be biased” (Morse and Field 1995).
The theoretical underpinnings of grounded theory are based in symbolic
interactionism (Chenitz and Swanson 1986). Symbolic interactionism maintains that
human behavior is developed through relationships with others. Therefore, individuals
and their actions cannot be understood outside of the social context. Each individual’s
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reality emerges over time, and changes within the social context of events transpiring in
life.
While qualitative research methods encompass multiple interpretive approaches,
common to all these methods is an underlying commitment to understanding the
experience of the participants through inductive, systematic inquiry in the natural setting.
In grounded theory, this commitment acknowledges individuals’ inherent abilities to
comprehend their own lives and seeks to authentically represent these everyday human
experiences.
As a source of theory illustrated with detailed description of individuals’
experiences (Miles and Huberman 1994), grounded theory is largely characterized by
three features. First, it characterizes an “emic perspective”, eliciting the informant’s
meaning, experience or perception. An emic perspective, therefore, requires
identification of the underlying beliefs and values of the informant related to the study
phenomenon, and the researcher selects participants who have special knowledge of the
phenomenon.
Adherence to an emic perspective also requires that the researcher’s own beliefs
and theoretical perspectives not be imposed upon the data. As Glaser (1978) advocated,
“the researcher enters the research setting with as few predetermined ideas as possible…
His mandate is to remain open to what is actually happening.” A grounded theory
researcher must, therefore, be aware of personal values, perspectives and biases – a
difficult task, as values are often implicit and not easily recognized until contrasted or
challenged with a different norm or set of values” (Morse and Field 1995).
The second feature of grounded theory is recognition of context as an integral
component part of the studied phenomenon. It is a systematic approach investigating the
situation in terms of the connectedness and relationships between parts set in a particular
context, as opposed to looking at parts in isolation (Ison and Blackmore 1997).
Grounded theory emphasizes that the personal, socio-cultural, and political context are
determinants of human experiences. To gain true understanding of the investigative
phenomenon, researchers must, therefore, strive to uncover these contexts
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(environmental framework). Consequently, grounded theory is conducted in a
naturalistic setting, and the context in which the phenomenon occurs is considered a part
of the phenomenon itself (Morse and Field 1995).
The third defining characteristic of grounded theory is that it is an inductive and
interactive process. Unlike the deductive approach, which has a predetermined
conceptual framework and may include the testing of hypotheses, the concurrent
collection and analysis of data is driven by the researcher’s increasing comprehension
and insight about the phenomenon of interest (Polit and Hungle 1997). Sampling
supports concurrent data collection and analysis (Glaser and Strauss 1967) and involves
the two main principles of appropriateness and adequacy. In the constant comparative
method of grounded theory, as categories are refined through analysis, themes become
apparent and theory emerges. Sampling is discontinued once saturation has been
established. Saturation is acknowledged when no new themes or patterns emerge and
continued sampling would be redundant (Glaser 1992).
6.3 Methods
6.3.1 Data Collection
Because in grounded theory, data collection occurs in the natural setting of the
phenomenon being studied, all interviews took place at the person’s place of work, a
recirculation facility growing salmonids. These facilities were identified from data
collected from a recent survey of recirculation facilities in the United States and Canada.
6.3.2 Choice of Participants
All participants in this study were actively working full-time in a salmonid
recirculation facility in West Virginia, Maine or New Brunswick. Participants were
“floor” personnel who worked directly with the fish and, therefore, had hands-on, daily
experience practicing biosecurity. Hereafter, study participants are referred to as
“workers”.
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6.3.3 Sampling
Because grounded theory has no predetermined guidelines for selecting sample
type or size prior to the commencement of a study, the initial criterion for the selection
of facility workers for this study was a willingness to volunteer, reflect, and disclose
their experiences about the phenomenon being examined. As well, selection criteria
were influenced by the comfort level of each worker with regard to confidentiality,
method of data collection, and the use of semi-structured tape-recorded interviews.
While initial selection of workers was based on general inclusion criteria, further
sampling was directed by the themes that emerged from the concomitant collection and
analysis of data (Glaser 1978).
To address the principle of appropriateness, we selected participants who were
knowledgeable about the area being explored (Glaser 1978). Thus, only people who
worked directly with the fish were interviewed.
To address the principle of adequacy in grounded theory, sample sizes cannot be
predicted and participants are chosen as needed. On-going sampling for this study
continued until data provided a thick, rich description of the study phenomenon and no
new themes or patterns emerged (Glaser and Strauss 1967). In grounded theory, “thick
description” is defined as a deep, dense detailed account of an experience. This account
often states the intentions and meaning behind an action (Denzin 1990). The first five
participants interviewed had varied levels of formal education in aquaculture. Analysis
of these initial interviews, in combination with field notes completed following each
interview, revealed some shared concepts. To further understand and develop a thicker
description of these categories, I conducted a second round of interviews with new
participants of varied experience and formal education in aquaculture. New questions
and hypotheses arose after analysis of each interview, so I conducted a third set of
interviews to further clarify emerging themes. As I continued to simultaneously develop
and compare categories, many hypotheses were rejected or revised. Sampling ceased
after categories were thickly described and a core concept identified. In all, thirty-one
workers were interviewed at 12 separate facilities.
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6.3.4 Interview Process
In grounded theory, interviewing involves a semi-structured format and
conversational style that allows the interviewer to probe for underlying emotions,
thoughts and meanings (Powers and Knapp 1995). This technique of open-ended
conversation was facilitated throughout each interview. Each interview lasted
approximately one hour. Each interview was tape-recorded with the consent of the
worker. After each interview, the content of the tape-recording was reviewed to
compose future interview questions and to reflect on emerging themes.
6.3.5 Ethical Issues
The design of this study and the procedure outlined were specifically developed
to alleviate participants’ fear of discussing a sensitive topic in the aquaculture arena, i.e.,
disease incidence, prevention and control on the home-site. Prior to the interview
process, approval for the study and its methodology was obtained from the Virginia
Polytechnic Institute and State University Committee overseeing Approval for the Use
of Human Subjects in Research. Prior to each interview, participants were given an
explanation of the purpose of the study and assurances that information gathered would
be kept confidential.
Entrée to the facilities where the participants were recruited was initiated by a
telephone call to the manager of the facility. It was explained that all interview data
would be kept confidential and not shared with the institution, but that a report of the
final results would be available to the facility’s administration and all participants upon
completion of the study. In addition, both participants and administrative personnel
were informed that the identity of individual participants would remain anonymous in
the reporting of the study results.
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6.4. Results
6.4.1 Overview: The Practice of Biosecurity Theory (PBT)
Analysis of results of this study resulted in formulation of the Practice of
Biosecurity Theory (PBT). The Practice of Biosecurity Theory describes a three-phase
process capturing the essence of workers’ experiences in addition to identifying the
salient environmental factors influencing the process (Figure 6.2). Occurring at different
times in the individual’s employment in aquaculture, the three phases of the process are
labeled: (1) orientation (2) routine and (3) thoughtful approach. Although this threephase process of practicing biosecurity occurs over time, it cannot be conceptualized as
linear - workers shift back and forth among the three phases as they practice biosecurity.
Specific to the environmental context of the phenomenon under study, the following
three conditions influence the practice of biosecurity: (1) personal biography, (2)
management’s role, and (3) peer pressure.
6.4.2 Detailed Explanation of Practice of Biosecurity Theory - Three-phase Process
Among workers in finfish recirculation facilities, the practice of biosecurity is an
interactive process that occurs over time. Workers described a three-phase process that
includes categories of orientation, routine and thoughtful approach. The process is
recurrent, and shifts back and forth as workers personnel are confronted with new fish
culture situations. The process is described in detail in this section.
Phase one: Orientation
The first phase of the process of practicing biosecurity is orientation, which
begins on the initial day of employment and incorporates the period of time during
which the new worker “learns the ropes” about caring for the fish and about
housekeeping responsibilities related to their job.
On their first day of employment, workers usually are assigned to work with
experienced personnel who act as role models using verbal instruction and hands-on
demonstration to familiarize workers with their new job responsibilities. The length of
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Management’s Role

The Practice of Biosecurity
Orientation
Personal Biography

Routine

Thoughtful Approach

Peer Pressure

Figure 6.1. A depiction of the Practice of Biosecurity Theory within its environmental framework.
Multi-directional arrow indicates a dynamic of changing behavioral experience.
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this phase varies depending upon staffing resources and the size of the facility.
Orientation included learning three categories of tasks: (1) standard husbandry activities
for providing physical care for the fish; (2) housekeeping duties; and (3) seasonal
activities. Physical care tasks included tank cleaning, dead fish collection and feeding
the fish. Housekeeping duties included activities such as water quality monitoring,
record-keeping, disposal of mortalities, changing disinfectant in footbaths, and cleaning
floors and equipment. Seasonal activities included grading of fish by size, egg laydown,
vaccinating fish and moving fish around the site as well as off the site. During this
phase, workers became aware of the required sequence of practicing biosecurity tasks as
well as the actual tasks. For example, one worker, describing his initial orientation to
daily activities, reflected “when I first started, I didn’t realize that they wanted me to
feed the fish before collecting morts. They want you to feed first before handling morts
just in case the fish have a disease. You go through and feed all your tanks and then you
come through and pick morts.”
Phase two: Routine
Routine, the second phase of practicing biosecurity, reflects the period of time
when workers started working alone. During this second phase, workers talked about
applying newly acquired knowledge about biosecurity to physical tasks and daily
activities. During the routine phase, workers continued to observe and mimic
biosecurity measures practiced by more experienced staff. However, in this phase,
workers also talked about modifying their own individual practice of biosecurity
measures through a trial and error method. For instance, workers who fed first-feeding
fry talked about the biosecurity aspects of this activity and how they adapted their own
actions in feeding fish in response to the fishes’ behavior and the impact feeding had on
water quality in the tank.
Workers commonly talked about forming a habit of using biosecurity in this
phase. One worker said: “You have to get in the habit of doing it, or it’s just not going to
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happen. That was pretty difficult for a lot of us to get into the habit of using the hand
wash. But you have to make yourself do it.”
Most workers explained that during their orientation, their role model would
identify specific biosecurity measures and provide some explanation as to why they were
used. However, a common comment among workers performing these measures during
phase two of the process was that as the practice of a biosecurity measure became more
of a habit, workers no longer consciously thought of the significance of the action. One
worker explained the situation as, “it (the biosecurity measure) becomes second nature,”
while another worker said, “You do it, without even thinking about it.”
Whereas the beginning of the routine phase, is marked by working alone for the
first time, there is no clearly defined end to this phase.
Phase Three: Thoughtful Approach
The third phase of the practice of biosecurity is called “thoughtful approach”.
During this phase, workers continued to practice biosecurity based on the knowledge
acquired during orientation and the trial-and-error exercises of phase two. However, in
contrast to the practice of biosecurity in the previous phases, workers’ practice of
biosecurity in phase three was now guided by familiarity with the fish’s health needs and
a more holistic understanding of biosecurity utilization.
In this phase of the process, workers emphasized overall fish care and system
management as more important to biosecurity than individual biosecurity measures. For
example, one worker said, “I‘d rather put more importance on the system that is really,
really good for growing fish and grows really healthy fish. That would probably take
precedence over separating of (year) classes or anything like that. I honestly think that
the host has to be weak in order to get sick…It’s the whole picture, the environment and
the host…Its not just disease getting on your site, but the fact that if disease comes on
your site, does it really have the ability to infect.”
In addition, workers in the thoughtful approach phase felt that biosecurity
practices needed to be discretionary, appropriate to the perceived fish disease risk and,
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therefore, site- and situation- specific. Workers perceived various activities on the farm
differently with respect to their level of disease risk. For example, several workers
spoke of the difference in risk of disease introduction associated with different types of
visitors to the farm (office staff versus feed truck personnel versus personnel from
another facility versus the general public).
Workers in this phase of the process described an outward-seeking perspective
for new information on fish disease and control and maintained a network of external
information sources. This situation contrasted with those workers that performed
biosecurity as a routine and duty practice only. One worker explained “I have been at it
(aquaculture) long enough, but still things pop up that you don’t expect, haven’t seen
before. But at least you have a sort of repertoire of people that you have association
with or know or have some sort of relationship with, and you know what their specialties
are and what their interests are. So although you may not have the answers- matter of
fact, if you had all the answers, you’d be pretty unique - but you know where to go to get
an answer.”
In summary, in salmonid recirculation facilities, the worker’s experience of
practicing biosecurity began with their orientation to the biosecurity measures
incorporated in physical tasks of fish care and housekeeping responsibilities. This
usually was done in the company of senior floor personnel. When workers advanced to
working alone, routine use of biosecurity measures became established. Continued
observation of senior staff and trial-and-error processes contributed to workers approach
to biosecurity utilization in this phase. The third phase, thoughtful approach, describes a
phase where workers combined their knowledge and experience about biosecurity and
developed integrated, situation- and site-specific approach to the practice of biosecurity.
In this phase, actions were initiated and refined in response to changing biosecurity
concerns.
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6.4.3 Detailed Explanation of PBT – Environmental Framework
Through the interview data, intrinsic and extrinsic conditions in the environment
were identified as influencing workers’ experiences in practicing biosecurity. Many of
these conditions were interconnected, with workers often times weaving one into the
other during the interview process, as they explained their life-world. However, to
construct an environmental framework for the Practice of Biosecurity Theory, these
conditions were grouped into three categories: personal biography, management’s role,
and peer pressure.
Personal Biography
Personal biography encompasses those shared attributes of workers identified as
having major influence upon the practice of biosecurity. Four attributes of personal
biography were identified: 1) personality characteristics; 2) experience with fish disease;
3) education, and 4) personal beliefs about fish health, disease incidence, disease
prevention and control.
Personality Characteristics
During the interview process, the workers commented on how they felt their own
personality affected biosecurity use. Frequently they would describe themselves as
“clean”; a “clean” person, someone who liked cleanliness. They saw the practice of
biosecurity as a natural extension of a person’s personality. Workers also felt that job
conscientiousness contributed to the practice of biosecurity. For example, one worker
said, “Everyday that I work here, it’s my responsibility that the fish are alive, you
know…that they are being kept fed, given the requirements they need, oxygen levels,
temperature, their cleanliness. It’s my responsibility, and if I don’t live up to that, you
know, satisfactorily, like when I go home, I feel guilty.”
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Experience with Fish Disease
The second personal biography attribute identified as influencing the life-world of
workers practicing biosecurity was their experience with fish disease. All workers
interviewed had either had direct experience with fish disease problems during their
employment in aquaculture or had personal contact with people (family members,
neighbors or other farms’ personnel) who had had problems with fish disease in their
stock. One worker reflected that he was practicing biosecurity now because, “We
learned the hard way through disease transfer on the farm”. Another worker, who had
previously worked on a salmon cage culture site, said “I learned what could
happen…..we had a whole crop of fish wiped out from ISA, so you know that it can
happen”. 1
Within the work environment, an oral tradition of workers describing to other
workers their own experience with disease incidence was present. Workers felt that it
was important for co-workers to be told about fish disease situations in which they
themselves had been involved. So, during informal discussions (at lunch hour, during
coffee breaks), experienced workers verbally informed new workers on staff of their
own personal past experience with fish disease. One worker explained, “I do tell the
story (to co-workers) about how I spread disease from one part of the farm to the other
by not being biosecure”. These testimonials were seen by the workers as important an
element to their own practice of biosecurity and that of others. One worker explained,
“I’ve worked in industry for a long, long time. So I’ve had the experience with it
(disease) and know what’s involved and know what can happen. These guys don’t. So it
is important for us in our particular situation to fill them in on stuff (disease
consequences) like that. They wouldn’t know otherwise.”
Education
The third personal biography attribute identified by workers as influencing their
practice of biosecurity was education. Workers talked about drawing on the knowledge
gained from their formal education to practice biosecurity in their current job. Besides
1

Participants from facilities supplying Atlantic salmon smolts to the Bay of Fundy or who had worked in marine cage culture
industry in the Northeast United States and Maritime Canada had the greatest awareness of disease problems since the
interviews occurred soon after the Infectious Salmonid Anemia (ISA) epidemic had struck that region’s marine fish farms.
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formal education, workers also talked about reading scientific and popular aquaculture
publications, talking to experts, and taking short courses in fish disease in order to
increase their knowledge about fish health and disease prevention and control. Some
workers felt that their own personal knowledge of fish disease was limited, and
expressed concern about how this affected their own practice of biosecurity. One
worker explained, “I’m doing everything I know how to do and have been told to do for
biosecurity here at this hatchery, but if I could see other places or have some kind of
education on biosecurity, I might learn better ways for me to practice biosecurity here.
I’m doing all I know and there’s probably a lot I don’t know. It (education) might
improve the way I do things.”
Personal belief system
The fourth personal biography attribute that influenced the practice of
biosecurity was personal beliefs held by workers about fish disease and biosecurity.
Common to all the floor workers was the belief that disease prevention and control were
important. However, there were a number of reasons why workers felt that this was
important. Some workers believed preventing disease was directly tied to job security.
As one worker explained, “Because if we don’t do it (biosecurity), we lose all our fish,
then you lose our job.” Other workers felt that practices to prevent disease occurrence
(biosecurity) were important because they were part of company policy. Other workers
believed the practice of biosecurity was a way to reduce disease occurrence, but did not
directly link disease incidence at their site to job security.
There was a strong belief among workers that, within the aquaculture industry,
there were more fish diseases now present than in the past, and therefore more disease
risk, and this influenced their practice of biosecurity. For example, one worker said, “I
think that there is a general thought (in the work environment) that there is just more
diseases that can knock you out.” Similarly, many workers believed there were higher
disease risks in current aquaculture because there were more fish movements occurring
now than in the past. This higher level of fish movement in the industry influenced their
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perception of the need for practicing biosecurity.2 As one worker stated, “Originally,
way back when, we were self-sustaining. We had everything here. We weren’t too
concerned about bringing something into the facility. Now I am concerned because we
are bringing things in like eggs and other fish.”
All workers expressed a feeling of vulnerability to disease problems related to
the technology being used to grow the fish. Workers felt that working with recirculation
technology heightened their level of concern about disease incidence and, therefore, their
practice of biosecurity because they believed that disease, once it occurred in
recirculation facilities, had very severe impacts. One worker explained his anxiousness
by saying, “With us being a recirc facility, if we get a disease, there is no way we’re
going to be able to isolate it. We can’t. So if we get something (a disease pathogen),
bang, our whole crop is going to get it.”
6.4.3 Management’s Role
Workers identified management’s role as influential to their experience in
practicing biosecurity. Workers perceived biosecurity to be an integral part of running a
business successfully. For example, one worker said, “Biosecurity is a business decision
as far as I’m concerned. I mean, it has absolutely nothing to do with government
(regulations) or food safety. It has everything to do with healthier stock”. Another
worker observed, “It (the use of biosecurity) is market-driven …as business gets more
competitive. This group doesn’t have disease and this group does. Which group of fish
are you going to buy? You know as the supply increases…there is going to be more
concern about disease.” This viewpoint of biosecurity as an element of successful
business operation concurs with the results of my mail survey. The majority of
respondents in this survey indicated that biosecurity utilization was a good business
practice.
Workers said that their perception of management’s commitment to the practice
of biosecurity was a significant influence on how they practiced biosecurity. One
worker described his feelings as follows, “Management’s got to commit to doing this
2

In the present-day Northeastern Atlantic salmon industry, fish are moved from facility to facility, from freshwater
operations to saltwater operations and vice versa, as well as between Canada and the USA.
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(biosecurity) if they’re going to do it. You can’t do it any other way. I mean you have to
have it supported right across the board by everybody.” When asked how they felt
management transmitted the message that practice of biosecurity was important, workers
mentioned a variety of ways. These can be grouped into four categories: positive and
negative feedback on the worker’s practice of biosecurity, supplying information on fish
performance in relationship to biosecurity practices, and ensuring adequate resources for
the practice of biosecurity. One worker, explaining how positive feedback influenced
his practice of biosecurity, said, “If you don’t invest anything in your employees and you
don’t build them up, build their confidence up, let them know when they’re doing a good
job and things like that, then they’re not going to try, and that’s where you get those
breakdowns in biosecurity. It is that someone wandering around who hasn’t been told
they’re doing a good job and (they) don’t really care.” Another worker commented on
the influence of positive feedback as follows, “It (encouragement) makes people
conscientious when it comes to things like biosecurity, because they feel it’s very
important to them, and they feel like they’re very worthy, and they’re very important in
the whole scheme of things. You know, you make them feel important and they feel that
things like biosecurity are important.” However, workers also mentioned that negative
feedback on the practice of biosecurity from management also influenced the level of
biosecurity that they practiced. This negative feedback was described as threats, firings,
meanness, fines, creating paranoia (about consequences of disease incidence), and
“beating it into our heads.” In both types of feedback situations, it was evident that floor
staff were aware of management personnel scrutiny and that the feedback (either
negative or positive) was an influence on the floor workers experience with biosecurity
practice.
Workers said that their experience with biosecurity practice also was influenced
by the amount of information that they received from management personnel on how the
fish were performing, what impact certain rearing conditions had on fish performance,
and what the workers’ contributions were to the facility’s overall success. During the
interview process, it was evident that facilities were approaching biosecurity in many
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different ways. Communicating why these biosecurity approaches were being used at a
facility and what their perceived benefits were was important to the workers and
influenced their practice of biosecurity. As one worker reflected, “Well, when I first
started working here, there were biosecurity measures in place, but I don’t think there
was a good understanding of where it was important to have it and a very good
understanding as to why - why you would have it and where it is applicable.”
For most workers, the availability of required resources to actually perform
biosecurity was seen as a strong supportive influence in their experience of practicing
biosecurity. Resources that supported the practice of biosecurity included proper facility
design, pieces of equipment and supplies to augment or perform biosecurity practices
(i.e., disinfectants, handwash stations) and sufficient time allocated to perform
biosecurity practices. One worker expressed his frustration with the situation of not
being able to practice biosecurity because of resource constraints by saying, “There is a
lot you can and cannot do at a facility (with respect to biosecurity practices). If you
have a shitty water supply and crummy equipment, you can only do so much. And until
the powers that be decide to spend more money there for change, there is only so much
you can do.” Facility design to accommodate ease of biosecurity utilization was
mentioned by many workers as an important factor in their experience of practicing
biosecurity. The facilities that were visited were of different ages and had different
levels and types of biosecurity practices included in the design. One participant
observed, “It’s really easy to be complacent about a lot of things you know. But
structurally is where it really hits you. I mean you have to structurally be able to set
yourself into a biosecurity scenario to make sure that you know that you’re doing your
biosecurity right.” The “convenience of biosecurity” or making biosecurity convenient
to practice was a common theme among workers. For example, one worker reflected,
"It’s easier if everything is right there because it doesn’t take time. It’s just being more
efficient. It’s having everything readily accessible where you are.”
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6.4.3 Peer Pressure
An interpersonal condition identified by workers as significantly influencing
their practice of biosecurity was peer pressure. This was a separate influencing element
from pressure by management to practice biosecurity. As one worker described it, “If
you see somebody else, say, two or three of you are going into a building to do a job,
and the first person steps in the footbath, well, you’re going to do it. You know, followthe-leader type thing. You would be more apt not to (use the footbath) if the person in
front of you didn’t…it’s easier to do it if everyone else is doing it.” Another worker
reflected that, “Its accountability. You know, sometimes we’ll go in there together.
Like, this morning, I just put down boot scrubs to scrub from your ankles down.
Normally we just step in the footbath and I saw after I stepped through the footbath, one
of the other fish culturists scrub his boots, so I turned around and went back and
scrubbed my boots.” This social influence on biosecurity practice was common in
facilities, regardless of staff size.
Workers acknowledged that their sense of accountability to the group affected
their practice of biosecurity. One worker said, “If ISA (a viral fish disease) does show
up, there’s going to be some finger-pointing. And I’m going to feel comfortable that if
anybody says, did you do this? I sprayed my hands everyday, and every time I was
supposed to do it, I did, and so I’m covering my own butt basically by doing it. And it
makes my conscience feel like, hey, it wasn’t my fault.” Some facilities had methods of
visible accountability to the group with respect to biosecurity utilization, such as posting
job responsibilities including biosecurity duties for all staff to view. In other facilities,
although responsibility of assignments was less formal, it was commonly known among
the staff as to who was responsible and, therefore, accountable for performance of
certain biosecurity practices (i.e., changing disinfectant in foot baths).
Some workers acknowledged that to them failure to practice biosecurity was seen
as failure to the group because biosecurity was linked to job security. For example, one
worker said, “I feel like it is my job to do that (remind other people if they fail to use
biosecurity measures)…because it is putting other people’s jobs on the line.” Because
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of this link, workers felt that having other people check their use of biosecurity was
important to the group. One worker reflected on how the group, on an informal basis,
checked its members’ actions as follows: “I think everybody sort of made it (biosecurity)
their responsibility and they are a bit of a watchdog for each other. If somebody’s
making a mistake, they point it out. If somebody’s circumventing the rules, it is very
quickly pointed out.”
At some facilities, workers spoke of formal review of their practice of biosecurity
by peers and comparison with other groups within the company. Workers in one facility
evaluated their fellow employees' performance on an annual basis, and the worker’s
practice of biosecurity was a component of the evaluation. “We have job evaluations we
do on each employee, and a big part of it is biosecurity. So, if you’re not practicing
proper procedures, it will be on your job review from your fellow employees.” Workers,
at another company that owns several facilities, had a fish health specialist that “goes
around facility to facility and basically gives us a grade and tells us how good we’re
doing here or how poor we’re doing (in practicing biosecurity)…We want to be in line
with everybody else in the rest of the company. It (biosecurity) has improved.”
Workers spoke of breaches of biosecurity by people outside of the group,
(outsiders and seasonal staff), and how it concerned them. “When we have different
seasons, we’re busier so we hire some part-timers and it’s hard to get them sometimes to
do some of the things (biosecurity practices). They’re only here for a few weeks.” In
this respect, workers perceived that a responsibility to the group to practice biosecurity
had not developed among casual employees because of the limited amount of time that
these persons were involved with the group.

6.5 Discussion
6.5.1 Strengths of the Study
A major strength of the Practice of Biosecurity Theory is its grounding in the
data and representation of how workers themselves experience biosecurity in
recirculation facilities. This study gives a detailed representation of workers’
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experiences over time, ranging from that experienced by the new employee to the skilled
culturist. The PBT suggests that the practice of biosecurity is the result of many complex
factors operating at multiple levels. In the Theory of Reasoned Behavior, it is
hypothesized that it is the interaction of an individual beliefs, and the subjective norms
of the groups to which the individual belongs, that determine his/her behavior. In the
environmental framework of the Practice of Biosecurity Theory, subjective norms (peer
pressure) and individual beliefs (personal biography) were found to be important
determinants in the practice of biosecurity.
In addition to contributing to a theoretical understanding of the practice of
biosecurity, a benefit arising from this study, associated with the use of grounded theory,
was that it provided workers with opportunity to share personal experiences with a
concerned investigator and gave the workers the possibility of finding deeper knowledge
through the sharing of their experiences. Several workers remarked that the open, indepth discussion on biosecurity that occurred during the interview process had given
them better appreciation of their own perspectives on biosecurity and a chance to reflect
on what this meant to the way they worked in aquaculture.
Little research has focused on the experience of personnel using biosecurity.
This is the first qualitative documentation of the practice of biosecurity in finfish
aquaculture. The PBT is timely in promoting both understanding and appreciation for
concerns central to the practice of biosecurity in aquaculture. The more educators and
operations managers know about the factors that influence the practice of biosecurity,
the more successful they can be at creating strategies that influence the practice.
Moreover, the PBT allows educators and extension agents to think critically about the
human dimensions aspect of biosecurity practice. This in turn, will help them to work
more effectively in targeting important factors and enable them to focus interventions.
6.5.2 Limitations of the Study
I recognize that the species-specific nature of the work environment for this
study may limit the application of PBT. The experiences of the workers, as represented
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in PBT, may not be representative of workers rearing other species of different disease
susceptibilities and with different applicable biosecurity measures.
Also, as suggested in the text, the recirculating technology used to rear fish may
be a factor contributing to the approach that workers take to biosecurity practice.
Therefore, in other types of aquaculture using different rearing technologies, workers’
experience with the practice of biosecurity may be different. While recognizing this
limitation, the merit of grounded theory rests in its modifiability with additional data.
Therefore, with additional studies, the PBT can be re-examined for usefulness and
application to other areas of aquaculture or agri-businesses.
6.5.3 Implications for Fish Culturists
The findings of this study have three important implications for fish culture
practice: the need to (1) recognize the influence of management’s role in the practice of
biosecurity; (2) understand the influence of peer pressure on practice of biosecurity, and,
(3) acknowledge the significance of the mentor role in the practice of biosecurity.
First, the findings of this study emphasize that the worker’s experience with
practicing biosecurity was influenced by management’s role in the practice of
biosecurity at a facility. Although it is the floor workers who provide the fish care
maintenance and practice biosecurity, management’s commitment to biosecurity had a
significant effect on the workers’ practice of biosecurity. For instance, workers’ practice
of biosecurity was directly affected by the type and availability of resources available to
them and by positive and negative feedback by management on the worker’s
biosecurity-related actions.
Secondly, the findings on the influence of peer pressure on biosecurity practice
reinforce the importance of recognizing the human dimension aspect of the practice.
Work environments that stress a team or group approach to activities may encourage the
practice of biosecurity. Alternatively, it may be inferred that sites with high personnel
turnover will have weaker group dynamics, and this, in turn, may affect the practice of
biosecurity.
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The third implication for practice of biosecurity arising from this study is
acknowledgement of the significance of the mentor role in the practice of biosecurity. It
is during the orientation phase that workers first become aware of and learn how to
perform biosecurity practices. The success of this unstructured educational process is
dependent on the teaching abilities and time flexibility of the mentor assigned to the new
employee. Future practice of biosecurity by workers may be reflective of the assignment
of the appropriate person to this mentoring role and the appropriation of sufficient time
to perform the mentoring.
6.5.4 Implications for Aquaculture Research
This study is a beginning step in better understanding the experiences of
personnel practicing biosecurity in finfish recirculation facilities. While the PBT
describes the experiences of those workers in finfish recirculation facilities, researchers
are left with several questions for further research, including: Is the experience of
practicing biosecurity different for workers employed in flow-through systems or with
other species of fish? Is the experience of practicing biosecurity different at the time of
start-up of an operation than at older, established aquaculture enterprises? Do workers
in small-sized farms, with fewer co-workers, have a different experience in practicing
biosecurity than workers participating in large-sized, more heavily staffed facilities? My
earlier survey work showed that 58% of finfish recirculation facilities in the United
States and Canada are small–sized farms. Group dynamics may be different or of less
importance in the practice of biosecurity at small farms.
In addition to these avenues for future investigation, I note that problems of
infrequency and inconsistency of biosecurity practice exist in most animal production
industries (Moore 1992, Rauff et al. 1996, Thomson 1997, Godkin 1999, Sanderson et
al. 2000). Therefore, the findings of this study support the need to investigate how
workers in other agri-industries experience the practice of biosecurity and the
environmental conditions influencing this experience.
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Chapter 7 -- Summary
7.1 Findings
Characterization of Finfish Recirculation Facilities
This research provided baseline information on the character of the recirculation
sector of finfish aquaculture in the United States and Canada which was heretofore
unknown. Most importantly, I have found:
•

The number of aquaculture finfish operations using recirculating technology in
the United States and Canada is quite small. In the U.S. Dept. of Agriculture
(USDA) Census of Aquaculture in 1998, there were reportedly 328 recirculation
facilities in the United States alone. However, the definition of recirculation for
the census was “reuse of water in an aquaculture facility (closed system) rather
than releasing into nature and continually being replaced by new water (open
system)”, and the census did not separate finfish facilities from other aquatic
animal recirculation facilities. In my research, I defined a recirculation facility as
“a facility that uses a biofilter as part of its fish rearing system,” and found that
there were fewer than 200 finfish recirculating facilities currently operating in the
United States and Canada.

•

The recirculation sector of finfish aquaculture has changed significantly in the
past ten years. In 1992, the most common use of recirculation technologies was
in research facilities, whereas I found that 62% of finfish recirculation facilities
today are growing fish for business purposes.

•

There are four groups of fish that dominate the recirculation sector and constitute
the primary production of over forty-five percent of the recirculation sector of
finfish aquaculture in the United States and Canada. These fish groups (in rank
order) are Tilapia spp., Atlantic salmon, ornamental fishes, and hybrid striped
bass.
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•

Presently, recirculation technology is being used in aquaculture to grow a large
variety of fish species, including rare and endangered fishes, high-priced
ornamental fishes, candidate marine fish species and sport fishes. However the
predominant business purposes for growing fish in recirculation technology are
for the food market and to supply fish to other farmers for grow-out.

•

The majority of farms in the recirculation sector of finfish aquaculture in the
United States and Canada are small in size. Fifty-eight percent of finfish
recirculation systems produce 50,000 pounds or less of fish per year. This
finding is similar to the USDA census data, which reported that the majority of
recirculation farms in the United States are small (gross revenue less than
$25,000 annually).

•

Although recirculation technology is being used to rear and hold all life stages of
fish, the most common life stages grown in this technology are eggs, fry and
fingerlings.

•

Eighty-five percent of finfish recirculation facilities use a freshwater source for
their primary water supply, with well-water being the dominant primary water
supply.

•

A large number of finfish recirculation facilities are highly vulnerable to culture
problems associated with primary water supply (i.e., contamination of supply,
quantity of supply), given that 41% of facilities do not have a secondary source
of water.
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•

In the finfish sector of aquaculture in the United States and Canada, the use of
recirculation technologies is not limited to new facilities. However, 60% of
facilities using recirculation have been operating 10 or fewer years.

Characterization of Personnel operating Finfish Recirculation Facilities
•

The majority of personnel operating these facilities are middle-aged males
holding university degrees and who have, on average, 15 years of work
experience in aquaculture.

•

Recirculation facilities in the United States and Canada are not big employers.
Sixty-five percent of these facilities have five or fewer full-time staff and 62%
have three or fewer part-time staff.

Biosecurity Utilization in Finfish Recirculation Facilities
This research provides the first empirical data on the practice of biosecurity in
the finfish recirculation sector of aquaculture in the United States and Canada. Major
findings of this research are:
•

Biosecurity utilization varied across the finfish recirculation sector of the United
States and Canada.

•

Characteristics of recirculation systems statistically associated with the practice
of biosecurity were primary water source, type of fish grown, purpose of the
operation and country of operation.

•

With respect to the specific 16 biosecurity measures examined in this research,
the highest frequency of biosecurity practice occurred within the Atlantic salmon
smolt industry.
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•

Biosecurity practices that were inexpensive and that did not require specialized
equipment were most commonly used across the sector. Dead fish collection and
record keeping (94% and 93% respectively) were the most frequently practiced
biosecurity measures.

•

The use of vaccines has declined in the finfish recirculation sector. Seventeen
percent of respondents reported the current use of vaccines while 30% reported
past use of vaccines.

•

In the finfish recirculation sector, prophylactic use of chemicals to prevent fish
disease is less common than use of chemicals to control disease. Sixty-six
percent of facilities used chemical treatments as a disease prevention while 81%
of finfish recirculation facilities used chemical treatments to control fish disease
(chemical treatments included the use of salt).

•

Quarantine of incoming fish and/or eggs was quite commonly applied in
recirculation facilities. Use of an isolation area was employed more frequently
(83%) than use of an isolated water supply (66%).

•

Seventy-five percent of recirculation facilities have used the services of a fish
health specialist, with the majority of facilities using a specialist in the previous 8
months.

Human Dimension Aspect of Biosecurity Utilization
This research was the first study of the human dimension aspects of biosecurity
practice in aquaculture. Basic information was provided on the attitudes, beliefs and
perceptions of personnel operating finfish recirculation facilities in the United States and
Canada. Key findings include:
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•

Disease avoidance is a serious concern to finfish growers, primarily because
disease incidence affects their business image.

•

Of eight biosecurity measures evaluated, only three biosecurity measures –
record-keeping, disinfection of equipment and controlled access - were perceived
by a majority of facility operators to be inclusively practical, effective and
inexpensive in application.

•

Facility operators had different perceptions of sources of risk of disease
transmission. Disease coming in on new fish was perceived to be the most
serious risk.

•

Different biosecurity measures were given different time prioritization by facility
operators, indicating different levels of perceived importance. Collection of dead
fish and checking of water flows were seen as the most important routine
biosecurity measures to perform on a daily basis.

The Practice of Biosecurity Theory
Using a grounded theory approach, this research proposes the Practice of
Biosecurity Theory, indicating that:
•

Floor workers at finfish recirculation facilities experience a three-phase
process in their practice of biosecurity. These phases are termed Orientation,
Routine, and Thoughtful Approach.

•

Environmental influences that affect the practice of biosecurity by floor
workers in finfish recirculation facilities are personal biography, peer
pressure and management’s role.
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7.2 Conclusions and Recommendations
Biosecurity utilization is not homogenous within the finfish recirculation sector
of aquaculture. This research has shown that patterns of biosecurity utilization are
related to a variety of factors, some of which are social in nature. Understanding the
human-dimensions aspect of biosecurity practice is essential if biosecurity programs
are to be initiated and effectively sustained in recirculation aquaculture facilities.
•

Those persons trying to implement or encourage the practice of biosecurity in
aquaculture must realize that if biosecurity practices are presented and
effectively demonstrated as good for business, then it is far more likely that
these practices will be perceived as important and of value, and therefore
philosophically embraced. Presentation of biosecurity practices for
regulatory purposes may not produce faithful implementation at the farm
level.

•

Operators of recirculation facilities have a multiplicity of perceptions about
fish disease, levels of disease risk associated with different culture practices,
and the importance of different biosecurity practice to prevent or control
disease. Strategies designed to improve biosecurity utilization might be more
effective if they acknowledge the existence of these perceptions and
appropriately applied this knowledge in conjuction with knowledge from
human behavioral sciences.

•

The practicality, effectiveness and cost-worthiness of different biosecurity
measures need to be scientifically evaluated at the farm level. Presently,
there is considerable amount of variation among farmers in perception of
different biosecurity measures. Without scientific evidence to counter these
perceptions, it is difficult for fish health specialists, educators and
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government specialists to effectively promote and effect change in the
practice of biosecurity at the farm level.
•

Further research describing the beliefs, attitudes and perceptions of
biosecurity at the farm level is needed. Contrary to previously-held opinion
that lack of knowledge is the key obstacle to the sustained practice of
biosecurity, this study has shown that differences in beliefs, attitudes and
perceptions concerning the importance of different diseases, disease risks and
biosecurity practices strongly influence biosecurity practice.

•

Further research into the human-dimension aspects of biosecurity practice is
needed for political reasons. With a greater understanding of the social
factors that affect biosecurity utilization, government representatives may be
better able to design and frame policies on biosecurity that are more likely to
be accepted and implemented.

•

The experiences of floor personnel with the practice of biosecurity indicate
that there is a need to recognize the influence of management’s role in the
practice of biosecurity, to understand the influence of peer pressure on the
practice of biosecurity, and to acknowledge the significance of the mentor
role in the practice of biosecurity.
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Appendix B. Initial Interview Questions
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1) What do you believe is important for you to do in order to keep your fish healthy?
2) Tell me what you believe about fish disease. What do you believe has to be done to
stop it from coming on site.
3) Do you know what biosecurity is?
4) During your work day, how do you practice biosecurity?
5) Do you remember the first days of working in aquaculture and how you learned to
take care of fish and practice biosecurity. Can you tell me about that?
6) How did you become aware of biosecurity practices?
7) What affects your practice of biosecurity? How?
8) Has your practice of biosecurity changed from when you first started working in
aquaculture? In what way?
9) How important do you think biosecurity is to this farm site? What makes it important?
10) Who do you think is responsible for the practice of biosecurity at this site?
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Appendix C: Permission to Use Human Subjects (IRB)
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.VIRGINIA POL YTECHNIC INSTITUTE AND STATE
UNIVERSITY
Dr. David M. Moore
IRB (Human Subjects) Chair
Assistant Vice Provost for Research Compliance
CVM Phase II -Duckpond Dr., Blacksburg, V A 24061-0442 Office:
540/231-4991; FAX: 540/231-7736
e-mai1: moored@vt.edu

MEMORANDUM
TO:

FROM:
DA TE:
SUBJECT:

Julie Delabbio Fisheries and Wildlife Sciences 0321 Brian R.
Murphy Fisheries and Wildlife Sciences 0321
David M. Moore ~
7 September 2001

Expedited Approval -" An Assessment of the Utilization of Biosecurity
Measures in Aquaculture Recirculation Facilities in the United States and
Canada and the Attitudes, Values and Beliefs of Facility Personnel about
Utilization " -IRB # 01-380

This memo is regarding the above-mentioned protocol. The proposed research is eligible
for expedited review according to the specifications authorized by 45 CFR 46.110 and 21 CFR
56.110. As Chair of the Virginia Tech Institutional Review Board, I have granted approval to the
study for a period of ( 12) months, effective today.
Approval of your research by the IRB provides the appropriate review as required by
federal and state laws regarding human subject research. It is your responsibility to report to the
IRB any adverse reactions that can be attributed to this study.
To continue the project past the 12-month approval period, a continuing review
application must be submitted (30) days prior to the anniversary of the original approval date
and a summary of the project to date must be provided. My office will send you a
reminder of this (60) days prior to the anniversary date.

cc:File
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