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Published in 2011, the eighth edition of the Guide for the 
Care and Use of Laboratory Animals is expanded in scope and 
now includes a separate section on aquatic animals, which is 
found in Chapter 3, Environment, Housing, and Management. 
Recognizing the “variety of needs for fish and aquatic or semi-
aquatic reptiles and amphibians is as diverse as the number 
of species considered,”13 the Guide refers its readers to texts 
and journal articles for further information and to advice from 
experienced caregivers. Although numerous texts and articles 
exist,3,7,11,12,14,17,27,30,31,34,37 we here hope to provide additional 
information that will prove useful. The considerations we 
present are derived, in many cases, from experiences in the 
care and use of zebrafish (Danio rerio) acquired after more than 
25 y of fish husbandry at the University of Oregon, although 
the principles can generally be applied to other aquatic species 
as well. Although the present article does not touch on every 
section or passage in the Guide, we follow the general outline 
of the Aquatics section, provide some points to consider, and 
recommend various actions intended to improve the care and 
wellbeing of aquatic animals used in research.

Aquatic Environment, Housing, and  
Management

Aquatic environment. Water quality. By definition, aquatic 
life must have water to inhabit, and semiaquatic life must have 
water to frequent.23 In the care of aquatic animal models, the 
importance of water quality cannot be overstated and, as seen 
in the Guide, water composition is essential to the wellbeing of 
aquatic life.13 The Guide also notes that “different classes, species, 

and ages in a species may have different water-quality needs 
and sensitivities to changes in water-quality parameters.”13 
Rapid changes in water quality can lead to stress and even 
death in some aquatic life.”27 Water quality is one of the first 
things to check when aquatic animals show signs of abnormal 
behavior or distress.27 Water-quality tests to perform can in-
clude temperature, pH, nitrogen waste products (ammonia, 
nitrite, and nitrate), phosphorus, chlorine, oxidation-reduction 
potential, conductivity or salinity, hardness, alkalinity, dis-
solved oxygen, total gas pressure, ion and metal content, and 
others8,11,12,13,18,22 The water-quality requirements for a given 
aquatic or semiaquatic species and the water system design 
dictate the appropriate tests. For example, concern for dissolved 
oxygen is much greater when keeping fish intolerant of low 
levels (for example, rainbow trout [Oncorhynchus mykiss]) than 
when keeping fish adapted to low levels (for example, goldfish 
[Carassius auratus]).4,27 Whether for periodic checks or for emer-
gency problem-solving, water-quality tests should be conducted 
with instruments that are calibrated and test kits that are within 
expiration dates.18,22 Importantly, when troubleshooting an 
issue, parameters measured by automated systems should be 
verified with separately calibrated systems or fresh test kits. 
Records of regular maintenance and calibrations on process 
instruments should be kept with other husbandry records.12 
Before its use, any compound used to condition the water (for 
example, aragonite to raise water pH) should be evaluated with 
respect to its safety for the aquatic or semiaquatic species and 
its potential for compromising biosecurity.18

Filters and filter media used to treat water and maintain water 
quality should be monitored regularly, and media should be 
changed prior to the end of its useful life.15 The same attention 
to monitoring and maintenance required for filters applies to 
disinfection units, and the bulb(s) and bulb sleeve(s) of a UV 
disinfection unit should be changed well in advance of UV dose 
degradation.11,12,15 Regularly assessing the effectiveness of the 
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equipment, probes should be calibrated regularly and replaced 
as necessary.18,22

Electrical power recommendations appear in the Physical 
Plant chapter in the new Guide and are not mentioned in the 
chapter on Environment, Housing, and Management.13 However, 
in aquatic life-support systems, electrical power sources and 
backup or redundant power sources deserve careful considera-
tion. Electrical power can be used to control water temperature, 
to circulate water through filters and tanks, and, for some spe-
cies, to provide aeration. Water temperature is a critical factor 
for aquatic species,11,27 and heaters or chillers must be operating 
to maintain species-specific water temperature requirements. In 
aquatic life-support systems that use pumps to move water, the 
power source itself and the consequences of even brief power 
outages should be considered. For example, some filtration 
types such as fluidized bed biofilters can experience collapse if 
water flow ceases.36 As with other critical systems, a plan should 
be developed to detail actions to protect aquatic or semiaquatic 
animals when electrical power fails.13

All manufactured parts of life-support systems should be 
made of materials that are nontoxic and not harmful to aquatic 
and semiaquatic animals.13,18 In addition, the life-support 
system should be made in a way that allows for disassembly 
and sanitizing.18 During disinfection or sanitation procedures, 
animals may need to moved to another system.39 Whenever 
possible, equipment that causes large vibrations or generates 
loud noises should be moved to a different room or away from 
the animals in the system,11,12,18 although some species may be 
more tolerant than others with respect to noise.2,7,33 Equipment 
that may wear or need to be replaced should be installed in a 
way that minimizes disruptions to the system when repairs or 
replacements are made. For example, system design can provide 
bypasses or alternate routes for water so sections of the water 
system can be shut down temporarily for repairs without af-
fecting the health and wellbeing of animals.

Temperature, humidity, and ventilation. Along with water 
quality, water temperature should be monitored and maintained 
in an effort to avoid sudden changes in temperature that may 
adversely affect certain aquatic or semiaquatic species.11,27 To 
induce breeding in some aquatic species, temperature changes 
that mimic seasonal changes may be necessary.29 In all cases, 
some method to allow for adjustment, monitoring, and daily 
logging of temperature should be used to avoid undo stress 
or even death in cases when the temperature falls below or 
exceeds critical thresholds. As with water-quality equipment, 
temperature probes, heaters, and chillers should be maintained 
properly and checked periodically to verify accuracy and ef-
fectiveness, and all maintenance records should be saved for 
review.18,22

As noted in the Guide, the aerosolization of water can lead to 
spread or transfer of pathogens.13,20,32,38,39 However, for some 
aquatic environments, in-tank aeration is important for animal 
health and wellbeing, and the concern for pathogen control must 
be weighed against the benefit provided by in-tank aeration. 
For example, fish housed in hospital tanks that are isolated 
from a main filtration system can benefit from in-tank aeration. 
Regular checks on all aeration devices will help to ensure that 
setpoints are not higher than normal and leading to unwanted 
aerosolization. If possible, aquatic facility equipment necessary 
for water quality that may increase water spray (for example, 
degassing columns and trickle towers) should be placed away 
from animal housing or at least designed with water spray 
containment in mind.

UV disinfection equipment through the use of microbiologic 
monitoring can help to confirm normal operating conditions 
and can be a part of the overall water-quality assurance strategy. 
In addition, histopathology results from sentinel programs can 
sometimes be an indirect measure of UV effectiveness, especially 
for pathogens that are difficult to culture. Records on filter and 
disinfection unit monitoring and maintenance should be kept 
with other husbandry records.11,12,22

Life-support system. In the Guide, ‘life support system’ refers to 
the “physical structure used to contain the water and the animals 
as well as the ancillary equipment used to move and/or treat 
the water.”13 The Guide further defines the life-support system 
by grouping systems into 3 categories, comprising recirculat-
ing systems, flow-through systems, and static systems.13 The 
system(s) used in a research program will be decided by com-
bining the research requirements with the requirements of the 
animal model. Large programs potentially could use all 3 types 
of aquatic species life support. For example, a large zebrafish 
(D. rerio) program may use a recirculating life-support system 
for its main colony and a flow-through life-support system for 
its quarantine racks. In addition, a program may use some form 
of static housing that accommodates close observation and 
isolation of individual subjects for animals after or between 
procedures; for breeding small groups of fish; for holding em-
bryos, larvae, and fry; and for treating fish with medication. 
Each type of system is designed around the basic concept of 
consistent, oxygen-rich, and pathogen- and contaminant-free 
water for the aquatic or semiaquatic species used.

In recirculating water systems, stable water quality benefits 
both the nitrifying bacteria in the biobed and the aquatic animals 
used in research.18 Medications, especially antibiotics, should 
not be allowed to infiltrate the water in a recirculating system, 
because these compounds can be extremely harmful to nitrify-
ing bacteria.5,20,21 Treatments for sick aquatic or semiaquatic 
animals should happen in treatment or ‘hospital’ tanks that 
are separate from the main recirculating system, or the system 
should be designed so that tanks can be removed and isolated 
while undergoing treatment.21 An alternative is to treat the entire 
system and risk harming the beneficial nitrifying bacteria.

A well-designed life-support system will have an arrange-
ment of traps or catches, so that animals that may have escaped 
primary enclosures are kept out of the filtration loop and do 
not pose a threat to the overall health profile and pathogen-free 
status of the system.26 In systems that use sumps or collection 
vessels to facilitate the water treatment and circulation, regular 
checks for escapees should be a standard part of the overall 
sump maintenance, and a procedure for removing and ap-
propriately euthanizing escaped animals should be followed. 
Although data on age and genetic background are unknown, 
escapees can be fixed for histopathology examination and 
benefit the facility either by revealing disease conditions or by 
confirming a disease-free state. Systems that interface with sur-
rounding environments or that discharge water into outdoor 
environments should use a combination of physical (lethal water 
temperature), mechanical (screens), and biologic (engineered 
sterility, triploids) barriers to prevent escaped aquatic animals 
from surviving outside the research facility.24,26

To provide for the periodic cleaning and maintenance of life-
support system pipes and waterways, some design for cleanouts 
and a plan for draining effluent due to periodic maintenance 
away from animals and the main biofilter should be consid-
ered. Systems that use pumps to move water should monitor 
dissolved gases or incorporate degassing steps to eliminate the 
risk of gas supersaturation18,27,40 As with all process monitoring 
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als that may enter the animal’s environment. From husbandry 
implements like scrubbers and siphons to often-overlooked 
items like hand lotions, hand soap residues, and laboratory 
gloves, the list of potentially harmful items found in the aquatic 
research facility is lengthy.11,13 Each item that is planned for 
use in water with aquatic or semiaquatic animals should be 
considered with respect to its potentially harmful effects, and 
those items found to be potentially harmful should be replaced 
with safe substitutes. In cases where replacement is not possible 
(for example, soap residue from hand washing), the risk from 
potentially harmful substances should be mitigated through 
training and education.

Husbandry. Food. Regarding the principles for feeding terres-
trial animals as presented in the Guide, namely to feed animals 
“palatable, uncontaminated diets that meet their nutritional 
and behavioral needs at least daily, or according to their par-
ticular requirements, unless the protocol in which they are 
being used requires otherwise,”13 note that considerations for 
feeding aquatic and semiaquatic animals go beyond those for 
terrestrial animals.12,25 These considerations include any loss of 
nutrients if food consumption is delayed,12,25 effects of uneaten 
feeds on water quality,12,25 and the possibility that nutrients are 
available through naturally occurring cultures (for example, 
planktonic organisms).25 Unless a specific nutritional profile 
for the kept species is known, fish researchers and managers 
are encouraged to use data on related species when designing 
diets.12,22 Although processed feeds can be purchased, persons 
developing diets are encouraged strongly to check ingredients 
lists and guaranteed analysis data to ensure that essential dietary 
requirements including proteins, lipids, and carbohydrates at 
least closely approach the target profile.11 Formulated feeds offer 
benefits including increased control over nutritional content and 
reduced risk of pathogens, but replicating the complete nutri-
tional content of live food is difficult to achieve.12 When using a 
formulated feed, caretakers should be trained and encouraged 
to observe signs of nutritional deficiencies (for example, skeletal 
deformities associated with inadequate intake of vitamin C).6,19 
In contrast, live foods can provide more complete nutrition 
than do processed feeds,12 but concerns over pathogens and 
contamination from live feeds must first be resolved.11,12,39 In 
all cases, appropriate storage and documentation for processed 
feeds, culture and documentation for live feeds, and distribution 
to animals should be in accord with the counsel found in the 
Guide and elsewhere.12,13

Substrate. When system design and species needs have been 
evaluated13 and the determination to use a substrate is made, 
concerns for pathogen control should be resolved prior to the 
introduction of the substrate18,39. For example, some cichlid spe-
cies fish are kept in tanks with substrate, including types of sand 
or gravel.1,9,10 The substrate should be disinfected (for example, 
autoclaved) before use to eliminate risk from pathogens.

Emergency, weekend, and holiday care. Although many 
aquatic and semiaquatic species do not require food daily and 
although many life-support parameters can be automated, 
researchers and caretakers should remember the mandate for 
daily observation of research animals for signs of illness, injury, 
or abnormal behavior and provide trained personnel on week-
ends and holidays.13,22 Notification procedures and emergency 
contact information for veterinarians and supervisors should be 
readily accessible, that is, “prominently posted.”13

Conclusions
The new section on aquatics is a welcome addition to the 

Guide. Aquatic and semiaquatic animals are becoming more 

Any equipment kept in the aquatic or semiaquatic environ-
ment should be checked regularly for signs of abnormal wear 
that might be caused by temperature, humidity, or compounds 
used to sanitize the equipment. In addition, aquatic or semi-
aquatic environments that require brackish or salt water should 
use equipment designed to withstand marine environments, 
and the equipment should be monitored for signs of degrada-
tion associated with high-salt environments.

Illumination. The Guide outlines several specifics for illumina-
tion. In addition, some aquatic and semiaquatic species require 
artificial changes in seasonal photoperiod to induce breeding 
behaviors. To facilitate these changes, photoperiod controls 
should be easy to adjust, monitor, and allow for daily logging 
of dawn and dusk times.

Aquatic housing. Microenvironment (primary enclosure). 
The Guide provides an excellent list of characteristics that help 
to define the appropriate primary enclosure for the aquatic 
or semiaquatic animal. Some of the points merit additional 
description, however. For example, the Guide indicates “in 
research settings acceptable primary enclosures are free of 
sharp edges and/or projections that could cause injury.”13 It 
should be noted in addition that the interior of the enclosure 
can be completely safe for the animal, but the exterior of the 
cage or tank may have features that, although they allow for 
easy stacking and storage, protrude and might cause injury 
to workers. Similarly, the subject of toxic materials that could 
leach into an aquatic system and affect research is a complicated 
one. Certainly there are toxicants that can leach from a primary 
enclosure that should never enter an aquatic system because of 
the animal mortalities that would result (for example, silicone 
sealant containing antimicrobial compounds or fungicides).18 
Toxicity testing should be performed before wide-scale adoption 
of new or potentially harmful substances or equipment. In some 
cases, the life-support system can be fitted with filters that can 
mitigate the deleterious effects of some toxicants (for example, 
activated carbon filters).18

Space. The species and its requirements for postural adjust-
ments13 and its responses to increased and decreased housing 
densities (for example, stress and aggression)16 should dictate 
the space requirements for its housing and containment. As 
for terrestrial animals, when evaluating a tank or cage for any 
aquatic or semiaquatic species, it should be remembered that 
some animals are nocturnal,28 and although movements (for 
example, postural adjustments or feeding behaviors) can better 
be observed when the environment is illuminated, they may 
be are slow or subdued; the animal’s activity level can increase 
greatly and movements may require more space when the light 
level is diminished. For example, the spotted gar (Lepisosteus 
oculatus) is much more active at night,35 and facilities using spot-
ted gar should recognize that fact when observing animals to 
better design housing and when performing behavioral checks. 
Because technologies are advancing and methods for producing 
oxygen-rich, pathogen-free, and contaminant-free water are 
improving, concerns over water quality that previously affected 
space issues have been lessened. Importantly, when considering 
space issues, behaviors like aggression and hiding may affect the 
ratio between the space available compared with that actually 
used.34 As stated in the Guide, “Institutions, investigators, and 
IACUC members should evaluate the appropriate needs of each 
species during program evaluations and facility inspections and 
continue to review ongoing research in these areas.”13

Aquatic management. Behavior and social management. The 
reference to latex glove toxicity in the Guide13 underscores the 
risk posed to aquatic or semiaquatic species by foreign materi-
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commonplace in animal care programs, and principles regard-
ing their care and use are now readily available for reference by 
personnel, including IACUC members, researchers, and caretak-
ers. Other chapters of the Guide also include recommendations 
applicable to aquatic and semiaquatic species, and the references 
at the end of each chapter of the Guide provide more detailed 
and recommended reading.13 Although we have focused on 
the aquatics-specific additions found in Chapter 3, “the Guide 
is meant to be read by the user in its entirety.”13 Our hope is the 
considerations and recommendations presented herein will help 
program personnel further refine and improve the care and use 
of aquatic and semiaquatic animals used in research.

References
	 1.	Alonso F, Cánepa M, Moreira RG, Pandolfi M. 2011. Social and 

reproductive physiology and behavior of the Neotropical cichlid 
fish Cichlasoma dimerus under laboratory conditions. Neotrop 
Ichthyol 9: 559–570. 

	 2.	Amoser S, Ladich F. 2003. Diversity in noise-induced temporary 
hearing loss in otophysine fishes. J Acoust Soc Am 113:2170–2179. 

	 3.	Best J, Adatto I, Cockington J, James A, Lawrence C. 2010. A novel 
method for rearing first-feeding larval zebrafish: polyculture with 
type L saltwater rotifers (Brachionus plicatilis). Zebrafish 7:289–295. 

	 4.	Casebolt DB, Speare DJ, Horney BS. 1998. Care and use of fish 
as laboratory animals: current state of knowledge. Lab Anim Sci 
48:124–136.

	 5.	Collins MT, Gratzek JB, Dawe DL, Nemetz TG. 1976. Effects of 
antibacterial agents on nitrification in an aquatic recirculating sys-
tem. Journal of the Fisheries Research Board of Canada 33:215–218. 

	 6.	Darias MJ, Mazurais D, Koumoundouros G, Cahu CL, Zambon-
ino-Infante JL. 2011. Overview of vitamin D and C requirements 
in fish and their influence on the skeletal system. Aquaculture 
315:49–60. 

	 7.	Davidson J, Bebak J, Mazik P. 2009. The effects of aquaculture 
production noise on the growth, condition factor, feed conversion, 
and survival of rainbow trout, Oncorhynchus mykiss. Aquaculture 
288:337–343. 

	 8.	DeTolla LJ, Srinivas S, Whitaker BR, Andrews C, Hecker B, Kane 
AS, Reimschuessel R. 1995. Guidelines for the care and use of fish 
in research. ILAR J 37:159–173.

	 9.	Galhardo L, Almeida O, Oliveira RF. 2009. Preference for the pres-
ence of substrate in male cichlid fish: Effects of social dominance 
and context. Appl Anim Behav Sci 120:224–230. 

	 10.	Galhardo L, Almeida O, Oliveira RF. 2011. Measuring motivation 
in a cichlid fish: an adaptation of the push-door paradigm. Appl 
Anim Behav Sci 130:60–70. 

	 11.	Green SL. 2010. The laboratory Xenopus sp. Boca Raton (FL): CRC 
Press.

	 12.	Harper C, Lawrence C. 2011. The laboratory zebrafish. Boca Raton 
(FL): CRC Press.

	 13.	 Institute for Laboratory Animal Research. 2011. Guide for the 
care and use of laboratory animals. Washington (DC): National 
Academies Press.

	 14.	 ILAR Journal. 2007. Use of amphibians in the research, laboratory, 
or classroom setting. Washington (DC): National Academies Press, 
48(3):179–301.

	 15.	Kent ML, Feist SW, Harper C, Hoogstraten-Miller S, Law JM, 
Sánchez-Morgado JM, Tanguay RL, Sanders GE, Spitsbergen 
JM, Whipps CM. 2009. Recommendations for control of pathogens 
and infectious diseases in fish research facilities. Comp Biochem 
Physiol C Toxicol Pharmacol 149:240–248. 

	 16.	Lawrence C. 2007. The husbandry of zebrafish (Danio rerio): a 
review. Aquaculture 269:1–20.

	 17.	Lawrence C, Ennis DG, Harper C, Kent ML, Murray K, Sand-
ers GE. 2011. The challenges of implementing pathogen-control 
strategies for fishes used in biomedical research. Comp Biochem 
Physiol C Toxicol Pharmacol 155:160–166.

	 18.	Lawrence C, Mason TJ. 2012. Zebrafish housing systems: a review 
of basic operating principles and considerations for design and 
functionality. ILAR J. In Press.

	 19.	Lewis-McCrea LM, Lall SP. 2010. Effects of phosphorus and vi-
tamin C deficiency, vitamin A toxicity, and lipid per oxidation on 
skeletal abnormalities in Atlantic halibut (Hippoglossus hippoglos-
sus). J Appl Ichthyology 26:334–343. 

	 20.	Losordo TM, Masser MP, Rakocy JE. [Internet] 1999. Recirculat-
ing aquaculture tank production systems: a review of component 
options. SRAC publication no. 453. [Cited 09 July 2011]. Available 
at: https://srac.tamu.edu/index.cfm/event/getFactSheet/which-
factsheet/104.

	 21.	Masser MP, Rakocy JE, Losordo TM. . [Internet] 1999. Recir-
culating aquaculture tank production systems: management of 
recirculating systems. SRAC publication no. 452. [Cited 09 July 
2011]. Available at https://srac.tamu.edu/index.cfm/event/
getFactSheet/whichfactsheet/103.

	 22.	Matthews M, Trevarrow B, Matthews J. 2002. A virtual tour of 
the Guide for zebrafish users. Lab Anim (NY) 31:34–40.

	 23.	Merriam–Webster. 2007. Merriam–Webster’s dictionary and 
thesaurus. Aquatic. Springfield (MA): Merriam–Webster.

	 24.	Miller LM, Kapuscinski AR, Senanan W. 2004. A biosafety ap-
proach to addressing risks posed by aquaculture escapees. In: 
Gupta MV, Bartley DM, Acosta BO. Use of genetically improved 
and alien species for aquaculture and conservation of aquatic 
biodiversity in Africa. Penang (Malaysia): WorldFish Center.

	 25.	National Research Council; Committee on the Nutrient Require-
ments of Fish and Shrimp. 2011. Nutrient requirements of fish and 
shrimp. Washington (DC): National Academies Press.

	 26.	Nickum JG, Bart HL Jr, Bowser PR, Greer IE, Hubbs C, Jenkins 
JA, MacMillan JR, Rachlin JW, Rose JD, Sorensen PW, Tomasso 
JR. 2004. Guidelines for the use of fishes in research. Bethesda 
(MD): American Fisheries Society.

	 27.	Noga EJ. 2000. Fish disease: diagnosis and treatment. Ame (IA): 
Iowa State University Press.

	 28.	Pough P. 1991. Recommendations for the care of amphibians 
and reptiles in academic institutions. Washington (DC): National 
Academies Press.

	 29.	Quintana L, Silva A, Berois N, Macadar O. 2004. Temperature 
induces gonadal maturation and affects electrophysiological 
sexual maturity indicators in Brachyhypopomus pinnicaudatus from 
a temperate climate. J Exp Biol 207:1843–1853. 

	 30.	Ramsay JM, Watral V, Schreck CB, Kent ML. 2009. Husbandry 
stress exacerbates mycobacterial infections in adult zebrafish, Danio 
rerio (Hamilton). J Fish Dis 32:931–941.

	 31.	Roberts HE. 2010. Fundamentals of ornamental fish health. Ames 
(IA): Wiley–Blackwell.

	 32.	Roberts-Thomson A, Barnes A, Fielder DS, Lester RJG, Adlard 
RD. 2006. Aerosol dispersal of the fish pathogen, Amyloodinium 
ocellatum. Aquaculture 257:118–123. 

	 33.	Scholik AR, Yan HY. 2002. The effects of noise on the auditory 
sensitivity of the bluegill sunfish, Lepomis macrochirus. Comp 
Biochem Physiol A Mol Integr Physiol 133:43–52. 

	 34.	Smith SA, Noll LE. 2009. Testing the waters: IACUC issues as-
sociated with fish. ILAR J 50:397–401.

	 35.	Snedden GA, Kelso WE, Rutherford DA. 1999. Diel and seasonal 
patterns of spotted gar movement and habitat use in the lower 
Atchafalaya River basin, Louisiana. Trans Am Fish Soc 128:144–154. 

	 36.	Summerfelt ST. 2006. Design and management of conventional 
fluidized-sand biofilters. Aquacult Eng 34:275–302. 

	 37.	Volpato GL. 2009. Challenges in assessing fish welfare. ILAR J 
50:329–337.

	 38.	Wooster G, Bowser P. 1996. The aerobiological pathway of a fish 
pathogen: survival and dissemination of Aeromonas salmonicida in 
aerosols and its implications in fish health management. J World 
Aquac Soc 27:7–14. 

	 39.	Yanong RPE. 2009. Fish health management considerations in 
recirculating aquaculture systems. Part 2: pathogens. Gainesville 
(FL): University of Florida.

	 40.	Yanong RPE. 2009. Fish health management considerations in re-
circulating aquaculture systems. Part 3: general recommendations 
and problem-solving approaches. Gainesville (FL): University of 
Florida.

jaalas11000157.indd   332 5/9/2012   10:11:09 AM


