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Title
: Develop a practical method through diet modification to improve the quality of hatchery-reared steelhead trout and coho salmon.

Section 3. Project description

a. Abstract  



Despite improvements in the hatchery production of salmonids over the years, problems with torn, ragged, eroded fins and “sunburn” still remain, thus lowering the quality of hatchery-reared steelhead and coho.  Studies have traditionally focused on environmental factors affecting fin erosion, but practical solutions could not be developed.  Recent research, however, has demonstrated that the underlying cause of fin erosion is a nutritional deficiency, with current commercial feeds being inadequate to support normal fin development and maintenance. This nutritional deficiency results in fish with open sores, possibly diminished immune response and wound healing ability, and impaired swimming ability associated with fin tissue loss. Trace mineral nutrition has been identified as the primary cause of these conditions, but has not been evaluated in practical feeds. The nutrient approach is innovative for two reasons.  First, nutrition has not been systematically evaluated in connection with this problem.  Second, a change in feed composition to prevent fin erosion/”sunburn” can be effectively and quickly implemented into a hatchery program, unlike many proposed environmental solutions.  Experimental feed formulations are available that stem the nutritional pathologies, but they are costly and depend on non-commodity feed ingredients.  These types of ingredients vary in nutritional quality thus reducing the effectiveness of the feed.  The underlying nutrition that is responsible for the prevention of fin erosion and “sunburn” must be understood to develop feed formulations that are cost-effective and of consistent quality. This project will consist of four objectives:  1) analyze traditional, enhanced, and novel ingredients, determine digestibilities for both macro and micro minerals; 2) identify responsible mineral/minerals using single and grouped removal methodologies; 3) evaluate the effect of feeding enhanced feeds on wound healing and disease resistance; 4) validate performance of steelhead trout and coho fed enhanced, practical feeds, first in the laboratory then in a production hatchery. 

b. Technical and/or scientific background

Fish have been produced in hatcheries for stock enhancement programs for many years.  Although rearing methods have evolved over time to be more efficient, a major problem affecting the quality of the fish still remains.  Many salmonids produced in hatcheries suffer from torn and eroded fins, resulting in a battered, ragged-looking fish.  The eroded fins are not only aesthetically displeasing, but constitute open wounds that may be portals of entry for pathogens, and change the hydrodynamic shape of the fish decreasing its ability to maneuver and making it less able to forage and avoid predators.

Fin Erosion:  For many years, fin erosion has been attributed to environmental factors.  These factors related to changes in the interaction, or aggressiveness, of the fish leading to fin nipping or other interactions (Larmoyeux and Piper, 1971; Abbot and Dill, 1985, Tunbull et al., 1998).  Feeding rate was first reported to affect fin condition over 60 years ago (Wolf, 1938). Thirty years ago, Larmoyeux and Piper (1971) also reported a relationship between feeding rate and fin erosion in steelhead trout.  The incidence of fin erosion was reported to increase when feed was restricted, reportedly the result of competition for feed. The interaction among fish as a factor responsible for initiating fin erosion was demonstrated by Kindschi et al.(1991).  Steelhead trout were reared in individual cages floating in production raceways, and compared to fish reared in the raceway under standard condition.  No erosion was observed for fish reared individually compared to extensive erosion for the group-reared fish.  A relationship between dorsal fin erosion and water temperature, feeding rate, and feeding method (hand feeding versus automatic feeders) has also been reported (Winfree et al., 1998).  Rearing steelhead trout at lower water temperatures resulted in less fin erosion, perhaps due to less vigorous feeding behavior.  While each of these factors is important, they usually cannot be modified in a production situation and do not seem to be the true underlying cause for the problem.

Dietary deficiencies of fatty acids (Castell et al., 1972) and riboflavin (Woodward, 1984) are reported to produce fin erosion, along with many other symptoms.  These effects were only observed when purified diets were fed. No reports of a nutritional deficiency in practical diets causing fin erosion were reported until 1997.  In a study with steelhead trout it was demonstrated that fin erosion was directly related to diet (Lellis and Barrows, 1997).  Fish fed a krill meal based diets had less dorsal fin erosion than those fed fishmeal based diets.  All standard, commercial, grower-type feeds are currently based on fishmeal. However, in contrast to environmental factors, nutritional composition of hatchery diets can be easily altered.

Further studies identified that the beneficial component of krill was present in the non-lipid portion (Barrows and Lellis 1999), thus indicating the nutritional factor is either a proteinaceous compound or a mineral.  In a subsequent study (Barrows and Lellis, unpublished), krill meal was ashed, leaving only minerals, and the ash fraction was added to fish-meal based diets.  The fish receiving the krill ash diets exhibited no fin erosion, unlike the fish that received the fish based diet without krill ash. This study demonstrated that trace mineral, or minerals, are responsible for the prevention of fin erosion.  Further studies identified several specific sources of phosphorus as antagonists to trace mineral absorption, thus resulting in fish with eroded fins (Barrows and Hardy, unpublished).  These studies not only further emphasize the effect of mineral nutrition on fin erosion, but also the need to identify the specific nutrient or nutrients involved in prevention of fin erosion.

Copper is a trace mineral that is present in krill meal at levels 4 to 6 times greater than that found in fishmeal.  The natural food of young trout is invertebrates, which contain very high levels of copper.  This is due to the fact that invertebrate blood is copper based instead of iron based, as is the case in mammals and teleosts. Copper is essential in many biochemical reactions in animals.  One of its functions is as part of the enzyme lysl-oxidase that cross links collagen.  If collagen is not cross linked properly the strength of the tissue is greatly reduced. Copper deficiency results in ruptured aorta in poultry (Davis and Mertz, 1987).  It may be possible that the fish fed the fish-meal based diets have a marginal copper deficiency resulting in the formation of fins that are not as strong and durable as fish fed the krill based, or supplemented diets.  This deficiency is probably not the result of inadequate levels of copper in the diet, but rather the result of undefined antagonistic interactions that reduce the bioavailability of dietary copper. The experiment evaluating the effect of different phosphorus sources on fin erosion (mentioned above) is evidence of these antagonisms.

Preliminary studies also indicated increased ceruloplasmin levels in fish fed the krill based diets.  This protein is the primary transport protein for copper in fish.  Ceruloplasmin is also intimately involved in the immune response, and is the primary circulating free radical scavenger (Davis and Mertz, 1987).  Increased copper levels in fish will increase ceruloplasmin levels and may increase the immune response and reduce oxidative stress.  Eroded fins may just be the visible signs of a metabolic imbalance caused by a dietary deficiency, suggesting increased physiological health by maintaining adequate circulating copper levels.

Copper is added to the trace mineral premix of all trout feeds in the form of copper sulfate, but appears to be not completely available to the fish.  Copper status is of great concern in the nutrition of many land animals such as cattle and poultry, and as a result there is a great deal of literature concerning copper nutrition of those species (Mertz, 1987).  Copper is typically absorbed by active transport from the intestinal lumen.  This transport mechanism can be antagonized, or interfered with, by a variety of substances that include but are not limited to zinc, cadmium, molybdenum, vitamin C, magnesium and sulfur.  An ongoing study at the Bozeman Fish Technology Center has documented the effect of high ash content on fin erosion.  Mineral absorption was increased by feeding a low ash fishmeal.  This is a similar effect as reported by Halver (1972) with whitefish meal and zinc absorption.  With all the antagonists possible, copper sulfate may not be an effective source of copper in practical diets for fish. Copper requirement studies have all been conducted by supplementing casein/gelatin diets with copper sulfate.  These purified diets may not have the antagonistic problems of copper absorption of practical diets. Fin quality, however, was not reported in any of the requirement studies.

Steatitis:  When coho salmon at hatcheries within the Columbia River basin are exposed to direct sunlight at an early age symptoms of “sunburn” have been observed.  Similar to fin erosion the cause was previously thought to be due to the unnatural rearing conditions (no cover, concrete raceways) in the hatchery.  Histological examination of trout and salmon exhibiting a wide class of symptoms called sunburn, frequently revealed an inflammation of the fatty tissue called steatitis (Kindschi et al., 1988).  It was hypothesized that free radical production caused by the high levels of fish oil in the diets turning rancid were resulting in the steatitis and that ultra-violet excitation from the sun was causing eruption of the sores on the backs of the fish (Roberts and Bullock, 1989).  When external lesions are observed, steatitis is also found in many other tissues inside the fish.  A study was conducted to compare the effect of fish oil source on the incidence of steatitis in rainbow trout.  Kindschi et al. (1988) observed steatitis in fish fed either menhaden or herring oil.  The incidence and severity of the lesions was much greater, however, in the fish fed the diet with the menhaden oil.  This was thought to be due to the higher oxidative potential of the menhaden oil.  If the hypothesis is correct with regards to the steatitis being stimulated by free radical damage, then an increase in plasma ceruloplasmin should help fight this condition since ceruloplasmin is the primary circulating free radical scavenger.  Ceruloplasmin levels have been observed to increase when trout were fed the enhanced diets. A second copper metalloenzyme, superoxide dismutase (SOD), is also an important scavenger of free radicals.  Increasing body stores of copper may also increase SOD levels further increasing protection from free radical damage.  In addition, a production study conducted at the Willard National Fish Hatchery with coho salmon suggested that this dietary approach may reduce the incidence of steatitis (Paul Hayduk, personal communication).  Proprietary formulations were used, however, so full evaluation of the dietary effect was not possible.

We believe that the problem of fin erosion in steelhead trout and steatitis (sunburn) in coho salmon is caused by a dietary deficiency of the same nutrient or nutrients.  Since trace minerals are involved in so many biochemical reactions in the body, deficiencies result in many different types of symptoms whose prevalence also differs among species (Mertz, 1987).  For example, the first observed symptom of a Vitamin C deficiency is different among trout, scoliosis (Halver, 2000), catfish, broken spine (Lim and Lovell, 1978) and walleye, ruptured isthmus (MacConnell and Barrows, 1993).

c. Rationale and significance to Regional Programs

Relationship to objectives in 1994 report
Propagation of fish for supplementation has been a component of the Columbia Basin fisheries for many years.   Early in the 1990’s almost 100 hatcheries produced from 170 to 200 million smolts per year.  In the 1994 Columbia River Basin Fish and Wildlife Program report the quality of juvenile fish released from hatcheries was discussed as important with regards to improved propagation at existing facilities (Section 7.2D). It was apparent at that time that the quality of the hatchery-reared fish needed improvement.  Many biological and environmental factors were identified in the report as affecting fish quality, including nutrition, rearing density, water temperature, physiological state of smoltification, dissolved oxygen and nitrogen, ambient sound levels and type of rearing pond or raceway.  While all of these factors obviously affect fish quality, nutrition has not been closely examined. Changes in feed composition can be implemented more easily and effectively than manipulating other factors.  This project addresses problems outlined in Section 7.2D.1 (improve husbandry practices for better fish survival to adulthood), 7.2D.3 (develop and test hatchery rearing operations to increase the survival of artificially propagated fish to adulthood), and 7.2D.4 (improve fish health protection).

Why is this project needed
Improving fish quality, increasing survival and reducing the incidence of disease are two goals that are frequently mentioned in propagation programs.  This is because each area has been a problem in salmonid culture for many years, especially when concrete raceways and formulated feeds are used.  Fish quality can be defined in terms of behavioral, morphological and physiological characteristics of the fish.  The goal is to produce fish in the hatchery that have greater survival after release and similar characteristics to their wild counterparts.  The trace mineral deficiencies that this project proposes to examine affect all three components of fish quality.  Behavioral differences have been observed on many occasions between groups of fish fed a nutritionally complete feed and those fed traditional type feeds (Lellis and Barrows, 1997). Steelhead fed the complete feed did not exhibit the typical feeding frenzy and forming a tight school when feed was introduced to the water. On the contrary, these fish fed and acted less aggressively than the fish fed the traditional feeds. 

Mineral deficiencies typically result in pica or a depraved appetite (Mertz, 1987).  The observed behavioral changes in trout are consistent with the behavior of other animals with mineral deficiencies, i. e. pigs chew the galvanizing off fences or cows eat the paint off a barn. Morphologically, feeding a complete feed results in fish with intact, non-eroded, fins similar to wild reared counterparts.  A physiological/nutritional disorder is responsible for fin erosion, and terrestrial animal nutrition literature suggests other disorders maybe occurring as well (Mertz, 1987).  Differences in plasma ceruloplasmin levels of fish fed traditional and enhanced feeds suggest possible differences in immune response (Cousins, 1985).

We have made significant progress on this topic over the last 5 years.  The project has been unfunded, however, so progress has been slow and several important goals remain to be achieved.  The exact nutrient or nutrients responsible for the beneficial effect have not been clearly identified.  Also, guidelines and specifications that all feed manufacturers can utilize in developing feed products must be developed.  When this information is available to all feed manufacturers, hatchery programs will benefit not only by producing fish with increased survival and more natural behavior and more competitive feed costs.  In addition, other possible benefits of improved nutrition including enhanced wound healing and improved immune response need to be evaluated.  Understanding the nutrition behind the effect of feeding specific ingredients will allow for the production cost-effective, competitive, feeds by all feed manufacturers.

d. Relationships to other projects 

We are unaware of any other currently funded project in the basin covering the same or similar topic.  There is another proposal being submitted for an Innovative Research Grant concerning the effect of diet (not nutrients) on fin erosion in steelhead.  That project will focus on proprietary, ingredient-based formulations, will not involve coho salmon, and also has significantly different goals than the project proposed herein.  The proprietary nature of that study will restrict distribution of the information, thus feed prices could remain higher than with competitive bidding.

e. Proposal objectives, tasks and methods

Objectives
 

The ultimate goal of the project is to improve the morphological, physiological and behavioral characteristics, and thus quality, of hatchery-reared steelhead and coho salmon by diet modification. Behavioral changes will not be quantified, but fin erosion, steatitis and disease resistance portions will be quantifiable and statistically analyzed for difference from the fish fed the standard type commercial feeds.  Dorsal fin index’s above 10 will be indicative of no active fin erosion. Specific objectives are listed below.

Objective I 


Determine mineral composition and digestibilities of 4 traditional, 4 enhanced and 3 novel protein sources by October 2001.

Objective II


Identify the specific mineral or minerals involved in preventing fin erosion in steelhead by June 2002.

Objective III


Determine if feeding enhanced diets reduces or eliminates the occurrence of internal or external lesions of steatitis in coho salmon by October 2002.

Objective IV


Evaluate disease resistance and wound healing in fish fed standard feeds with eroded fins and fish fed the enhanced feeds with intact fins by September 2002.

Objective V


Validate performance of steelhead fed practical, enhanced feeds of known composition in laboratory and production trials by September 30, 2003

Tasks and Methods
 

Objective I

The purpose of the two tasks under this objective are to determine which feed ingredients have the most promise as reliable digestible mineral sources.  These tasks will also provide information about antagonistic mineral interactions. 


Task a.   Samples of feed ingredients will be collected from commercial sources and sent to the Bozeman Fish Technology Center.  All samples will be analyzed for Ca, P, Mg, Cu, Zn, Mn and Fe, using a Perkin-Elmer ICP emission spectrophotometer.  All samples will be run in triplicate.  Crude protein will be determined using a Leco FP 428 nitrogen analyzer.  Moisture will be determined by oven-drying to a constant weight  (AOAC, 1995).  Sub-samples of each ingredient will be sent to the Hagerman Fish Culture Experiment Station for analyses of lipid content using a Leco TFE 2000, super-critical CO2 analyzer.


Task b.   The digestibility of protein, Ca, P, Mg, Cu, Zn, Mn, and Fe will be estimated for each ingredient.  The ingredients will be sent to the Hagerman Fish Culture Experiment Station for determination of digestibility using hand-stripping to collect feces to minimize loss of water-soluble components of feeds (Sugiura et al., 1998.)

Objective II


Task a.  Feeding trials will be conducted using single and multiple element elimination methodologies to determine the nutrients and interactions involved with the beneficial response of feeding the enhanced feeds.  Feeding studies will be conducted at the Bozeman Fish Technology Center (2 trials), Hagerman Fish Culture Experiment Station (1 trial), and Abernathy Fish Technology Center (1 trial) with steelhead trout.  All experimental feeds will be composed of commercially available ingredients evaluated in objective I.  Feeds will be fed to triplicate lots of fish for a minimum of 16 weeks. All studies will include at least three common feeds, a positive control (krill based feed), a negative control (fish meal based feed), and a second positive control (low-ash fish meal based feed). In some instances the length of the trial may be increased if fin erosion in the negative control groups is not apparent.  The presence or absence of fin erosion will be quantified by determination of dorsal fin index (Kindschi, 1987). Standard laboratory procedures for stocking density, feeding rate and culture conditions will be employed. Feeds will be fed to first feeding fry. At the end of the trials, all fish from each tank, as well as the feeds, will be analyzed for mineral composition using ICP at the Bozeman Fish Technology Center.  Three tanks of 200 fish per tank will be offered each feed.  A tank of fish will be considered the experimental unit in all statistical analysis. Fifty fish from each will be randomly sampled for fin measurements (Barrows and Lellis, 1999). All feeds for all objectives will be produced using cold extrusion marumerization (Barrows and Hardy, 2000) for starter sizes and twin-screw cooking extrusion for the larger sizes. Data will be analyzed using the GLM procedure of Statistical Analysis System (Raliegh, NC). 

Objective III


Task a.  Conduct an experimental-scale trial at a production hatchery to evaluate the potential for eliminating steatitis through diet modification.  The trial will take place at the Willard National Fish Hatchery but coordinated and staffed by  Abernathy Fish Technology Center personnel.  If positive results are observed in the experimental-scale trials a pilot scale trial will be conducted to verify these results in a production situation.  If no effect of diet on steatitis is observed in the first trial a second experimental scale trial will be conducted instead of the pilot scale trial.  All feed will be offered to triplicate tanks of fish, and standard experimental procedures will be followed. Data will be analyzed using the GLM procedure of Statistical Analysis System (Raleigh, NC).

Objective IV


Task a.  Three tanks of first-feeding steelhead trout will be fed a krill-based feed (enhanced), and three tanks of fish will be fed a standard fish meal-based feed at the HFCES.  After approximately 10 weeks the fish will be transferred to the Clear Springs Foods Research Laboratory for direct disease challenge to both bacterial (coldwater disease) and viral (IHNV) pathogens.  Standard laboratory techniques as described by LaPatra et al (1999) will be followed. 


Task b.  Fish reared in the same tanks used in task a will be used in task b.  When fin erosion has become apparent at approximately 10 weeks, samples of five fish per tanks will be taken for histological examination.  Twenty fish from each tank will be removed and an experimental skin trauma inflicted (Halver, 2000).  These fish will be sampled serially to evaluate the rate and process of healing of the laceration.  Standard laboratory procedures for stocking density, feeding rate and culture conditions will be employed.  Data will be analyzed using the GLM procedure of Statistical Analysis System (Raleigh, NC).

Objective V


Task a.    Conduct laboratory trials to verify improved fish quality when feeding practical type feeds with steelhead (Hagerman Fish Culture Experiment Station, 1 trial Bozeman Fish Technology Center, 1 trial).  Similar procedures will be used in other laboratory trials described in objectives above.


Task b.   Conduct an experiment with steelhead trout at a production hatchery (Hagerman National Fish Hatchery) using commercially produced feeds, standard stocking densities, feeding rates and other hatchery methods to verify efficacy of the improved formulations (coordinated by  Bozeman Fish Technology Center).  The improved formulation and the control feed will each be fed to triplicate lots of 20,000 fish from first feeding until release.  Standard performance data will be collected (weight gain, feed conversion etc.) in addition to fin measurements on a sub-sample of 100 fish per raceway taken prior to release.  Data will be analyzed using the ANOVA procedure of Statistical Analysis System (Raleigh, NC).

f. Facilities and equipment

BOZEMAN FISH TECHNOLOGY CENTER

The Bozeman Fish Technology Center has three water supplies in addition to multiple recirculating systems.  These include a 22oC warm spring, a 7.2oC cold spring and the fluctuating temperature Bridger creek water.  The Bozeman Fish Technology Center has two wet laboratories.  The hatchery building is approximately 232.2 m2 and contains egg incubators, and has 90 experimental tanks. The containment facility (1114.8 m2) is equipped with 13.2 m3/min recirculating systems used for controlled research and all effluent is treated to prevent escape of fish from the facility.  It contains 128, 75.7 liter rectangular tanks, 40, 341 liter cylindrical tanks, 30, 276 liter tanks and 54 tanks of various sizes.  The Feed and Nutrition Laboratory (511 m2) is equipped with a variety of preparatory and processing equipment needed to make standard and experimental type feeds.  Primary processing equipment includes; three types of cold extrusion (LCI. Inc. model EXDC(S)-60, Advanced Hydrolyzing Systems, Inc. model 101, and LCI. Inc. model EXDC(F)) and a Marumerizer (LCI Inc, Model QJ-400), standard steam pelleting (California Pellet Mill, model 12), a twin-screw cooking extruder (Buhler, Inc., DNDL-44).Other processing equipment includes a flaker (Buflovak, ALC-4) and two types of spray driers (NIRO engineering, 26463; Applied Chemical Technology, model SD-21).  Preparatory and finishing equipment is also available.

Hagerman Fish Culture Experiment Station

The Hagerman Fish Culture Experiment Station is a University of Idaho facility.  Its most valuable feature is a 511 m2 wet lab supplied with 2000 gpm, 15oC, gravity-fed, first use spring water. The water temperature and quality are constant year round. The wet lab consists of 160 38-gallon (150-liter) and 42 152-gallon (550-liter) tanks for conducting comprehensive experimental procedures, and 10 additional specialized tanks for feed digestibility studies. This facility is equipped to heat or chill incoming water and to ozonate outgoing effluent water. The Station also has a warm-water laboratory for raising freshwater ornamental fish, and outdoor raceways for holding large numbers of trout and sturgeon.  The capability for the preparation and analysis of fish feeds is available onsite. 

The Hagerman Station also maintains a well-equipped molecular biology laboratory consisting of two PCR machines (PE 2400 GeneAmp and a Stratagene 9600 gradient Robocycler), an ABI Prism 310 genetic analyzer for sequencing and microsatellite analysis, an ABI Prism 7700 sequence detection system, and 2 Nuaire -800C ultralow freezers. This lab contains or has access to all the standard molecular biology equipment such as centrifuges, water baths, incubators, gel apparatuses, reagents, and other equipment necessary for DNA and RNA molecular biology applications and analysis.  The station also has a fully-equipped analytical biochemical lab to perform proximate analysis, calorimetry, and other analyses of feeds and fish samples. The nutrition lab is well equipped with a Leco supercritical total fat extraction analyzer, Leco nitrogen analyzer, Shimadzu UV-1601 spectrophotometer, SIL-6A HPLC, and a Shimadzu GC-17A gas chromatograph.

ABERNATHY FISH TECHNOLOGY CENTER

The Abernathy Fish Technology Center has 12 raceways, 8' X 80', 104 fiberglass circular tanks, 700 liters (1.2 m diameter, 0.6 m deep), 50 (16 tray) incubator stacks.  Water sources include:   creek water, 6000 gal/min winter, 3000-4000 gal/min summer, temperatures 4oC-16oC, winter-summer; well water, 400 gal/min, variable speed pump, temperature 12oC1o.  In addition, Abernathy is equipped with a feed preparation laboratory and an analytical laboratory for proximate analyses of feeds and fish.  The feed preparation laboratory has a California pellet mill capable of making a compacted pellet at a rate of up to 50 lbs/hour.  The laboratory also has a Wenger X85 single screw cooker-extruder that can produce floating, sinking or semi-moist feeds at a rate of 150-600 lbs/hour as well as all the ancillary equipment needed to make fish feed.
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Section 4. Key personnel

Dr. Frederic (Rick) Barrows will serve as overall project manager, and principle investigator (PI), communicating with other PI’s on all tasks and manufacturing the experimental feeds for each task.  Production of the experimental feeds at one location will provide continuity to the various tasks and reduce possible variation among sites.  Dr. Barrows will participate in Objectives I, II, III, IV, and V.

Dr. Ron Hardy (PI) will conduct digestibility trials and feeding studies with steelhead trout at the Hagerman Fish Culture Experiment Station.  Dr. Hardy will participate in Objectives I, II, IV, and V

Dr. Ann Gannam (PI) will conduct and coordinate the studies with coho salmon at Willard NFH and feeding studies with steelhead trout at Abernathy Fish Technology Center.  Dr. Gannam will participate in Objective II and be responsible for Objective III.
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