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A White Paper on the status and needs of salmonoid aquaculture in the
North Central Region

Abstract

Salmonids are grown in many states in the North Central Region (NCR) with a major emphasis on rainbow
trout production. The North Central Regional Aquaculture Center (NCRAC) Industry Advisory Council
(IAC) designated salmonids as a high priority area and research on salmonids has been supported by NCRAC
since 1990. Recently concern was raised over the long-term focus of NCRAC funded research and extension
activities and at the June 1999 NCRAC Board of Directors (Board) meeting, it was decided that additional
white papers should be developed to help strengthen various focus areas. As a result, the Board determined
that one of these white papers should be on salmonids. This white paper reviews the current status of the
salmonid industry, addresses critical limiting factors and research/outreach needs, and gives
recommendations for future research/extension priorities. It should be viewed as a “living document” and
updated periodically as new developments occur.
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INTRODUCTION AND JUSTIFICATION OF THE DOCUMENT

Sdmonids are grown in many gates in the North Centra Region (NCR) with amgor emphasison
rainbow trout production. The North Central Regiona Aquaculture Center (NCRAC) Industry
Advisory Council (IAC) desgnated sdmonids as a high priority area and research on sdmonids has
been supported by NCRAC since 1990. Recently concern was raised over the long-term focus of
NCRAC funded research and extension activities and at the June 1999 NCRAC Board of Directors
(Board) meeting, it was decided that additional white papers should be devel oped to help strengthen
variousfocus areas. Asaresult, the Board determined that one of these white papers should be on
sdmonids. Thiswhite paper reviews the current status of the sdlmonid industry, addresses critica
limiting factors and research/outreach needs, and gives recommendations for future research/extenson
priorities. It should be viewed as a“living document” and updated periodicaly as new developments
occur.

CURRENT STATUSOF THE INDUSTRY
PRODUCTION FACILITIESAND CULTURE METHODSUSED FOR RAISNG TROUT

The sdmonids have been one of the mogt studied fish in the U.S. and there is a vast amount of
information available on their culture. In fact, many of the trout pecies have been domesticated over
time and now fish farmers have various strains available (Kincaid 1981). Also, much is known about
the optimum water quaity conditions needed for their culture. SAlmonid temperature requirements range
from 33-70°F with the optimum range for rainbow trout being 50-60°F (Piper et d. 1982). Water
temperature used for raising trout in the NCR is 45.0-57.9°F with an average of 51.1°F. The colder
water temperature averages are 48.4°F in Wisconsin, 50.0°F in Michigan, and 50.7°F in Minnesota,
while the warmer water temperature averages are 57.9°F in Missouri, 57.6°F in Ohio, and 54.0°F in
Nebraska (Brown 1994). Some trout producers in the region have reported growing trout outside the
water temperature ranges reported here, especialy when temperature extremes can occur during the
summer and winter months.

Sdmonids require large amounts of high quality water with aminimum dissolved oxygen
concentration of 5 mg/L. Thus, asource of high volumes of good qudity water usudly dictates where
larger sAmonid aquaculture facilities are located. 1f high volumes of weter are not available, trout
producers must pump additional water to make up for the shortfall and add oxygen via aerators and/or
oxygen gasinjection. A wide range of water sources are used for growing trout which include springs,
sreams, and wells. The average flow rate for sources used by small trout producersin the NCR is 383
gpm, medium trout producers 1,958 gpm, and large trout producers 3,833 gpm (Brown 1994). It
should be noted here that not al trout producers with these water sources fdl within this criteria Some
trout producers who have low flow rates actudly have learned to fully optimize the water resources
they do have to increase production and could be economicdly classfied as large trout producers. To
supplement water supplies, 38% of al trout producersin the NCR pumped at least part of their water
and 19% pumped d| of the water used. All of the large producersin the NCR reported that they did
not pump any significant amount of water (Brown 1994).
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Trout production facilities usudly consst of indoor rearing facilities and outdoor raceways and
ponds. The indoor rearing facilities are usualy used for producing trout from the fertilized egg Sage to
fingerlings. Trout farmers who have brood stock can produce their own fertilized eggs or purchase
them from commercid trout egg producers. After trout eggs are fertilized, they are placed in some type
of flow through incubator and not disturbed until the eye spot gppearsin the eggs. After hatching, the
sac fry are raised indoorsin shallow troughs and they contain alarge yolk sac, which provides nutrition
for three to Six weeks depending on the water temperature. When most of the yolk sac is absorbed,
they begin the swim-up fry stage about 20-30 days posthatch and swim to the water surface to begin
feeding. Itisat thistime that the fry are fed some type of artificid Sarter diet up to seven times daily,
usually by way of an autometic feeder. They are moved outdoors to production raceways and ponds
when they reach the fingerling stlage which isabout 3 in. Inthe NCR, facilities used to grow trout vary
more than those for other species with 44% of the trout growers using ponds, 29% raceways, 23%
tanks, 3% cages, and 1% other means of confinement (Hushak 1993). Ponds are also constructed as
settling basins for effluent trestment from production facilities. A good overview of trout culture has
been given by Cain and Garling (1993).

Astrout grow, various Size feeds are used containing specific protein percentages. Producersin
Michigan, Minnesota, and Missouri report average growth rates of 0.5 infmonth and grow out tekes a
minimum of 14-18 months to produce a 1.25 b fish (Brown 1994). The overdl food converson
efficiency ranged between 1.2-2.

TROUT INDUSTRY ECONOMICS

The data on the trout industry economics which follows, unless otherwise cited, was compiled from
annua reportsissued by the U.S. Department of Agriculture s Nationd Agriculture Statistics Service
(NASS) for 15 representative states in 1994 to 1996 and 18 representative states in 1997 and 1998
(NASS 1995-1998). During this time period Michigan, Missouri, and Wisconsin represented the
NCR. Infuture reporting, three more states will be added to the 18 states currently in the U.S.
program with Minnesota being an addition from the NCR.

Total Trout Sdes

Thetota vaue of dl U.S. trout sales increased from $65 million in 1994 to $77 million in 1999. In
terms of overdl sdesin 1999, food size fish accounted for 84%, stockers 7%, fingerlings 2%, and eggs
6%. 1daho accounted for 39% of the dollar value at anationd level in 1998, followed by North
Cardlinaand Cdifornia Inthe NCR, only Wisconsin followed this upward trend in trout sdes.
Wisconsin trout sales climbed from $1.3 million in 1994 to $2.6 millionin 1998. The other two large
trout producing states in the NCR, Michigan and Missouri, have not followed this upward trend in trout
sdes. Michigan dropped from $2.3 million in 1994 to $1.4 million in trout sdesin 1998 and during this
time frame, the number of operations decreased from 57 to 42. Missouri trout sales stayed level from
1995 to 1998 and ranged from $1.95 million to $2 million. Missouri produced its trout at
approximately a dozen operations from 1994 to 1998 compared to Wisconsin which had 80 registered
operations during thistime period. Wisconsin, Missouri, and Michigan ranked fifth, eeventh, and
thirteenth, respectively, in 1998 value of totd trout sdlesin the United States.
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The first North Centra Regiond Aquaculture Industry Situation and Outlook Report indicated that
the most common species cultured in the NCR in 1990 was samonids, which accounted for 44% of
gross sales by speciesin the NCR at $6.2 million (Hushak 1993). At that time Missouri led theway in
gross sales of salmonidsin the NCR, followed by Wisconsin. This report indicated that the largest
percentage of trout producers were from Wisconsin, Michigan, and Minnesota while lllinois and North
Dakota were the only states within the NCR that did not have any trout producers. Currently, 1llinois
hasasmal but growing number of rainbow trout producers and haulers (L. Swann, Purdue Universty,
West Lafayette, Indiana, persond communication), while Kansas does not have any trout production
(C. Lee, Kansas State University, Manhattan, persona communiceation).

In 1991, gross sales from small trout producersin the NCR averaged $20,000, medium producers
$108,000, and large producers $331,000. Tota annua output for smal trout producersin the NCR
averaged 6.9 thousand pounds, medium producers 61 thousand pounds, and large producers 161
thousand pounds (Brown 1994).

Food-sze Trout Sales

Food-size trout are grown commercialy for food and usudly range from 0.75-1 Ib and over 12in
total length. U.S. food-gze trout sales had alow of $52.7 million in 1994 and a high of $65 millionin
1999. Over thissame period alow of 52.1 million Ib of food-size trout was produced in 1994 and a
high of 60.3 million1bin 1999. At anationd leve alow of $1.01/Ib was paid for food-size trout in
1994 and a high of $1.09 in 1995. The mgjor outlet for food-size trout sdesin the U.S. wasto
processors which ranged from 59 to 68% of totd live weight sales. The next largest outlet for food-size
trout was feg/recreationd fishing operations which ranged from 17 to 23% of totd live weight sales.
The overdl trend between 1991 to 1998 was a decrease in the amount by food-si ze trout processed
and an increase of food size sold to feefrecreationa markets.

Idaho continues to be the leader in food-size trout production in the U.S. and in 1999 it accounted
for 76% of production by weight and 57% of dollar value at anationa level. 1n 1999, North Carolina
and Cdiforniaranked second and third, repectively, in nationa production by weight and dollar value
of food-size trout. Wisconsin, Missouri, and Michigan ranked eighth, ninth, and eleventh, respectively,
in 1998 production of food-gze trout by weight in the United States. Wisconsin, Missouri, and
Michigan ranked saventh, tenth, and eeventh, respectively, in 1998 value of food-size trout salesin the
United States.

In the NCR Michigan food-size trout sales dropped from $1.42 million in 1994 to $0.86 million in
1999 while Wisconsin food-size trout sdes increased from $0.82 million in 1994 to $1.25 millionin
1999. During this same time period, Missouri food-size trout sales had alow of $0.96 millionin 1998
and ahigh of $1.71 million in 1996. From 1994 to 1999, Michigan food-size trout production dropped
from 610,000 Ib to 352,000 Ib while Wisconsin production increased from 283,000 Ib to 368,000 Ib.
Missouri food-size trout production had alow of 570,000 Ib in 1994 and a high of 728,000 Ib in 1996.
The NCR trout producing states recelved a much higher price for food-sze trout than the nationa
average. From 1994 to 1999 Michigan food-size trout prices ranged from $2.22-$2.44/Ib, Missouri
ranged from $2.11-$2.34/1b, and Wisconsin ranged from $2.78-$3.39/lb. Depending on the year,
35-50% of the value sold of food-sze trout in Michigan was going to feefrecreationd fishing
operations, 11-20% to live haulers, 12-18% to restaurant and retail facilities, and 5-23% to other
producers. In Missouri 49-59% of the value sold of food-size trout went to feefrecreationa fishing
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operations and 13-19% to other producers. Wisconsn moved 33-55% of the value sold of food-size
trout to restaurant and retail facilities and 12—22% to fee/recreationd fishing operations.

Hushak et d. (1993) found that trout was one of the four freshwater species that were most
frequently sold in the NCR as trout was handled by 67% of wholesaers, specidty retallers, and
grocery retalersin the region. Product forms sold include fresh, frozen, and live. All grocery retailers,
aong with most of the other respondents, mainly sell afresh product. Only 14% of supermarket
managers responding to a NCR seafood marketing survey listed trout as one of their best sdlling
species (Riepe 1999D).

Stocker Trout Sales

Stocker trout are usualy 6-12 in total length and weigh <0.75 Ib. In the years 1994 to 1999, U.S.
stocker trout saes had alow of $5.63 million in 1999 and a high of $12.5 million in 1997. During this
same period, alow of 2.23 million Ib of stocker trout was produced in 1999 and a high of 3.48 million
Ib was produced in 1996. At anationa level alow of $2.13/Ib was paid for stocker trout in 1996 and
ahigh of $2.54in 1997. The mgor outlet for stocker trout sdlesin the U.S. was to feg/recreationa
fishing operations which ranged from 41 to 49% of totd live weight sdes, followed by 11 to 34% of
sdesto the government, and 16 to 25% to other producers. Recent increases in the sales and vaue of
stocker trout contributed considerably to the overdl vaue of the trout industry relative to the early
1990s.

In 1999, Pennsylvania ranked number one in stocker trout production in the U.S. and accounted
for 17% of production by weight and 22% of dollar vaue & a nationd level while Washington was
second in stocker trout production and dollar value. Wisconsin and Michigan ranked fifth and ninth,
respectively, in production of stocker trout by weight in the United States. Wisconsin and Michigan
ranked fifth and eghth, respectively, in value of stocker trout salesin the United States.

In the NCR, Michigan stocker trout sales ranged from alow of $160,000 in 1997 to a high of
$670,000 in 1994. Missouri stocker trout sales had alow of $316,000 in 1996 and a high of
$521,000in 1997. In Wisconsin, stocker trout sales had alow of $189,000 in 1998 and a high of
$399,000 in 1999. Stocker trout production in the years 1994 to 1999 ranged from 65,000-300,000
Ib in Michigan, 183,000-320,000 Ib in Missouri, and 67,000-164,000 Ib in Wisconsin. During this
time period stocker trout prices varied from $2.13-$2.77/Ib in Michigan, $1.61-$1.84/lb in Missouri,
and $2.34-$2.82/Ib in Wisconsin.  Stocker trout prices in Missouri were well below those of Michigan
and Wisconsin and the nationd average. Live haulers, feg/recreationa fishing operations, and other
producers were al important outlets for stocker trout in Michigan, Missouri, and Wisconsin. 1n 1998,
46% by vaue of Missouri stocker trout went to government outlets, mainly at the locd leve.

Trout Fingerling Purchases, Production, and Sales
Fingerling trout usualy are 1-6 in totdl length. Tota U.S. trout fingerling sales from 1994 to 1999

had ahigh of $1.67 million in 1996 and alow of $890,000 in 1998 and during thistime period a
production low of 162,000 |b occurred in 1998 and a high of 288,000 Ib in 1996. During thistime
frame fingerling prices ranged from $5.06-$6.67/Ib.

In 1999, North Carolina ranked number one in fingerling trout production in the U.S. and
accounted for 28% of production by weight and 18% of dollar vaue at the nationd level. Wisconsin
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and Michigan ranked third and fourth, respectivey, in production of fingerling trout by weight. Michigan
and Wisconsin ranked fourth and eighth, respectively, in vaue of fingerling trout sdesin the United
Statesin 1999.

Inthe NCR, trout fingerling sles in Michigan dropped from $225,000 in 1994 to $80,000 in 1999.
Wiscongn trout fingerling sales fluctuated during this period with a high of $100,000 in 1995 and alow
of $15,000in 1997. During this reporting period, data for Missouri was only available in 1997 and
trout fingerling sales were $62,000. Production of trout fingerlings in Michigan dropped from 32,000 |b
in 1994 to 10,000 Ib in 1999. During thistime period Wisconan trout fingerling production varied from
3,000-13,000 Ib. Datafor Missouri was only available in 1997 when trout fingerling production was
19,000 Ib. From 1994 to 1999, the vaue of trout fingerlings was erratic and ranged from
$3.85-$11.11/Ib in Michigan and $2.14-$11.11/Ib in Wisconsin. In Missouri trout fingerlings were
$3.26/lb in 1997 as this was the only year reported.

Thirty-five percent of saimonid producersin the NCR indicated they purchased sdmonid fingerlings
in 1990 (Kinnunen 1991). Rainbow trout fingerling purchases accounted for 77% of al salmonid
fingerlings purchased with 93% of these purchases made within the NCR. Half of the rainbow trout
fingerlings purchased by producersin the NCR were registered strains, mainly Kamloop. Brook trout,
brown trout, and coho salmon fingerlings accounted for the remaining 23% of fingerlings purchased in
the NCR with dl acquired in the region.

Sixty-five percent of those producing sdmonidsin the NCR in 1990 produced their own fingerlings
(Kinnunen 1991). Of these, 25% indicated they produced them for their own use, 17% produced
fingerlings for the sole purpose of selling them, and 58% produced them for both their own use and to
sl them. Rainbow trout fingerling production accounted for 54% of al sdmonid fingerling production,
followed by coho and chinook salmon (26%), brook trout (10%), and brown trout (10%). Sixty-five
percent of the rainbow trout fingerlings produced in the NCR were registered strains, mainly Kamloop
and Donadson.

Rainbow trout accounted for 79% of al sdmonid fingerling sdesin the NCR in 1990, and of these
98% were sold within the region. Rainbow trout fingerlings sold by producers from the region were
mostly registered strains (73%) with the mgjority being Kamloop and Donadson. Brook trout, brown
trout, and coho and chinook salmon fingerlings accounted for 21% of the salesin 1990 with most being
sold within the NCR (Kinnunen 1991).

Rainbow trout accounted for 77% of dl fingerling purchases, 54% of fingerling production, and
79% of fingerling sdesin the NCR in 1990, clearly demondtrating the importance of this speciesin the
NCR (Kinnunen 1991).

Trout Eqg Purchases, Production, and Sales

Tota U.S. trout egg sdes ranged from $4.72 million to $5.94 million from 1994 to 1999. The
average vaue per one thousand eggs increased from $12.76 in 1994 to $15.83 in 1999. NASS did not
report goecific information on trout egg salesin the NCR.

A survey of saimonid producersin the NCR found that 41% of them purchased sdimonid eggsin
1990 (Kinnunen 1991). Rainbow trout accounted for 67% of al salmonid eggs purchased followed by
coho and chinook salmon at 29%. Other sddmonids purchased included brook and brown trout. This

SALMONID WHITE PAPER (MARCH 29, 2000) PAGE 6



survey reveded that the mgority of rainbow trout eggs purchased were registered strains, with dightly
over haf of al the eggs purchased being of the Kamloop strain purchased from Washington. In 1990,
92% of the rainbow trout eggs were coming from outside the NCR, and the mgjority of these were
from the western United States. Only 34% of coho and chinook salmon eggs came from outside the
NCR.

Forty percent of those producing salmonids in the NCR in 1990 produced their own eggs
(Kinnunen 1991). Of those producing their own salmonid eggs, 66% produced them for their own use
while 34% used some of the eggs themsdaves and sold the rest. Rainbow trout egg production
accounted for 68% of al samonid egg production by producersin the NCR. Brook and brown trout
accounted for 32% of egg production. Sixty-eight percent of the rainbow trout eggs produced in the
NCR in 1990 were regigtered strains, mainly Kamloop and Donadson.

Rainbow trout accounted for 63% of al salmonid egg saes by producer in the NCR in 1990 and
more than haf of these sales were made to areas outside the NCR. Brook trout accounted for 29% of
sdmonid egg sdes by producersin the NCR in 1990 and only 21% of these were sold outside the
region (Kinnunen 1991).

Rainbow trout accounted for 67% of al the egg purchases, 68% of egg production, and 63% of
egg sdesin the NCR in 1990, clearly demondrating the importance of this speciesin the NCR
(Kinnunen 1991).

Losses of Trout

Totd losses of dl trout in the U.S. from 1995 to 1998 ranged from 27.4-39.1 million fish or
4.24—7.84 million Ib. Of the total number lost, 71-84% was due to disease and 12—34% was due to
predators. During thistime period, the losses of trout in Michigan ranged from 178,000-423,000
(44,000-115,000 Ib), in Missouri 195,000-231,000 (51,000-67,000 Ib) , and in Wisconsin
176,000-273,000 (69,000-104,000 Ib). The major cause of trout losses in the NCR was due to
predators, which accounted for 18-65% of the lossesin Michigan, 30-39% of the losses in Missouri,
and 58-75% of the lossesin Wisconsin. The next leading cause of trout losses was disease, with alow
of 13% in Michigan and Wisconsn and a high of 38% in Missouri.

Costs for Trout Production

Fish feed is one of the most expensive feeds for commercia animd production. Variable costs
represented 81% of tota costs for trout production in the NCR in 1991 (Brown 1994). The main
variable cost was feed, which was followed closely by |abor, with feed costs accounting for 29% of
total costs and 35% of al variable costs. Brown (1994) indicated that the higher cost of feed for NCR
trout producers may be due to transport costs from out-of-state feed mills. Many of the mills used by
trout producersin the NCR are located in Pennsylvania, Utah, and Canada. On average, hired labor
accounted for 26% of total costs and 32% of variable costs of trout production in the NCR. In Idaho.
feed costs are generaly around 50% of variable costs, and this may be due to less pumping costsin
Idaho compared to the NCR (G. Fornshell, University of Idaho Extension, Twin Fals, persona
communication).

Investment cogts for atrout production facility include the buildings, dectrification, troughs and
tanks, flow through egg incubators, autometic feeders, aerators, and plumbing. For 1991 the average
investment made by NCR trout farmers was $82,000 for a small facility, $333,000 for amedium
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facility, and $500,000 for alarge facility. Totd costs, aswell as varigble and fixed costs, exhibit
economies of scale for the three trout production scales. Taking into account total variable and fixed
cogis the average cost to raise a pound of trout was $3.07 for asmdl facility, $1.57 for amedium
facility, and $1.39 for alarge facility with an overdl average cost of $1.53/1b (Brown 1994). Thus, the
input cost per unit of output decreases with increases in output.

SALMON INDUSTRY ECONOMICS

The Nationd Marine Fisheries Service Fisheries Statistics and Economics Divison (1999) reports
that U.S. aguaculture production of saimon increased from 23.9 million Ibin 1992 to 39.7 million Ibin
1997. During thistime period the vaue of this sdmon production varied from $61-$76 million. While
salmon production increased, the value decreased from $3.14/Ib in 1992 to $1.64/Ib in 1997.
According to the U.S. Department of Agriculture, U.S. farm-raised saimon productionin 1998 is
expected to increase only dightly from 1997. Maine and Washington are the largest producers of
sdmon in the United States.

A survey of samonid producers in the NCR found that 41% purchased sdmonid eggs in 1990
(Kinnunen 1991). Salmon accounted for 29% of al saimonid eggs purchased and of these 66% were
chinook samon eggs which were purchased from within the NCR (Michigan and Minnesota), while the
others were coho and chinook salmon eggs purchased from outside the NCR.

Thirty-five percent of saimonid producersin the NCR indicated they purchased sdmonid fingerlings
in 1990 (Kinnunen 1991). Salmon fingerlings accounted for 4% of fingerlings purchased in the NCR
with al acquired in the region. Sixty-five percent of those producing sdmonidsin the NCR in 1990
produced their own fingerlings and of this salmon accounted for 26% of the production, which
conssted mosily of chinook salmon followed by coho sdmon (Kinnunen 1991). Saimon accounted for
6.5% of al salmonid fingerling sdesin the NCR in 1990, and of these al were coho and chinook
sdmon which were sold within the NCR in the states of Nebraska and Minnesota (Kinnunen 1991).

Samon production in the NCR is small compared to trout production. Early attemptsto develop
sdmon aquaculture in abandoned mine pitsin northern Minnesota were stifled by the regulatory
environment (Axler et d. 1996). Currently, Minnesota does not have any significant salmon production
(R. J., Minnesota Department of Agriculture, St. Paul, personal communication). Nebraska isthe only
gate within the NCR that has severa producers who specidizein raisng sdmon. These producers
raise coho salmon in tanks and raceways that are fed with pumped groundweter. No specific
production numbers are available from these Nebraska salmon producers (R. Arends, Nebraska
Department of Agriculture, Lincoln, personal communication). Future expansion of saimon production
in the NCR does not look bright as foreign imports of sdmon into the U.S. are very large with stiff
competition from Canada and Chile, with additiona growth in imports from European growers, mainly
Norway and the United Kingdom. U.S. imports of Atlantic sdlmon in 1999 totaled 242 million Ib and
$629 million as reported by the Economic Research Service (2000) of the U.S. Department of
Agriculture.

Hushak et d. (1993) found that salmon was one of the four freshwater pecies that were most
frequently sold in the NCR as it was handled by 66% of wholesders, specidty retailers, and grocery
retalersin theregion. Product forms sold include fresh, frozen, and live. All grocery retailers, dong
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with most of the other respondents, sell mainly fresh products. At the time of this survey 15% of those
not selling cultured salmon indicated that they would like to sdll the product if it were available to them.
Forty-five percent of supermarket managers, responding to a NCR seafood marketing survey, listed
sdmon as one of their best selling species (Rigpe 1999b). Twenty-eight percent of the restaurantsin
the NCR listed sdlmon as one of their best sdlling species (Riepe 1999a).

SALMONID DISEASESAND AQUACULTURE DRUG APPROVAL

Six of the states within the NCR boarder the Great Lakes and they include lllinais, Indiana,
Michigan, Minnesota, Ohio, and Wisconsin. Fish disease control in the Grest Lakes basin has been the
respongbility of fisheries management agencies. The Fish Hedth Committee of the Greet Lakes
Fishery Commission, which does not seek fish disease control authority, has devel oped a model
program to unify and coordinate fish disease control effortsin the Great Lakes basin (Hnath 1985). In
recent years some states have moved aguaculture licensing into their departments of agriculture and
licensed veterinarians employed by the state agriculture departments as state anima hedlth officers have
assumed more of the fish hedlth responghility.

A list of disease agents covered by the Great Lakes fish disease control policy and mode program
include emergency and redtricted diseases. The emergency diseases are those which have not been
detected within the waters of the Greet Lakes basn and include vird hemorrhagic septicemiavirus
(VHS), infectious hematopoietic necrosis virus (IHN), ceratomyxos's, and proliferative kidney disease
agent (PKD). The restricted diseases are those diseases currently present within the Great Lakes
basin, but whaose geographic rangeis limited and include whirling disease, infectious pancreatic necross
virus (IPN), bacteria kidney disease (BKD), furunculosis, and enteric redmouth disease (ERM). The
policy of the Great Lakes Fishery Commission isto encourage each agency to prevent the importation,
into the Great Lakes basin, of fish infected with emergency diseases and to prevent the transfer, within
the Great Lakes bagin, of fish infected with restricted diseases (Hnath 1985).

Whirling disease has been present in the environment for many yearsin afew isolated areasin
Michigan. Ohio has had whirling disease in the past, but no recent cases have been documented.
Michigan’s Department of Agriculture and Department of Natura Resources, and Michigan's
aquaculture industry have been working together on a cooperative program to monitor commercid fish
production facilities for the organism that causes whirling disease. It is hoped that these efforts will help
reduce the incidence and spread of the parasite.

The second leading cause of trout losses in the NCR has been attributed to disease. Salmonid
producersin the NCR have thus far avoided any introductions of virulent disease agents, such as IHN,
which has caused problemsin the Idaho trout industry. Trout producersin the NCR must remain
vigilant on only importing certified disease free sdlmonid eggs and fish into the region to avoid any future
catastrophic losses.

To help combat disease problems when they do occur it will be important that sdlmonid producers
have access to effective thergpeutants. Currently there are three mgjor thergpeutants of significant
importance to sdmonid producers which are awaiting aguaculture drug approva in the U.S. and they
include chloramine-t, florfenicol, and hydrogen peroxide (R. Schnick, National Aquaculture New
Anima Drug Application (NADA) Coordinator, Michigan State University, East Lansing, persond
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communication). Chloramine-t, which is an externd microbicide, is used to prevent and control
becteria gill diseasein sdmonids. Florfenicol isan ord antibacteria agent used to treet furunculosisin
sdmonids. Hydrogen peroxideis an external microbicide used to treet fungd infections on sdmonids
and their eggs. Additiond studies are needed with this compound to test it effectiveness in controlling
externd bacteria, bacterid gill disease, and parasites.

CRITICAL LIMITING FACTORSAND RESEARCH/OUTREACH NEEDS

A mgor limiting factor which will hinder future growth of sdmonid aguaculture in the NCR, based
on current technology in use, is an adequate water supply at the proper temperature and quantity.
Environmenta regulations will prevent the use of additiona surface waters and thus fish farmers will
have to better utilize the current weater resources which are available to them. In addition,
environmenta regulations will become more stringent when it comes to addressing the water qudity of
discharges from flow-through aguaculture sysems. With limited water resourcesin many parts of the
NCR, it will be necessary to capitdize on production scenarios which can help support the vigbility of a
regiond salmonid industry. Salmonid producers will be required to run very efficient operations to
make a profit. Production costs will aways be higher in the NCR and value-added products aimed at
targeted markets are needed to make salmonid production more profitable. Thus, the following
scenarios for increasing production efficiency and sales of sdlmonids in the NCR have been developed
to best ded with the critica limiting factors facing the indudtry.

SCENARIOS FOR INCREASING PRODUCTION EFFICIENCY AND SALES OF SALMONIDS
IN THE NCR

Increasing Rearing Densities and Use of Recirculation Technology

The lack of an adequate supply of high qudlity flowing water in many parts of the NCR will
preclude future expansion of the traditionad methods of sdmonid culture. Environmenta regulaions will
aso prevent the further use of additiond surface water suppliesin the region. Thus dternative methods
must be explored to utilize the water sources which are available. Research has shown that rainbow
trout can be produced a much higher rearing densities than traditionaly recommended. Presently no
wide scae use of pure oxygen supplementation is being used by salmonid producers within the NCR.
By using pure oxygen supplementation, rainbow trout can be produced in cylindricad tanks & as high a
rearing dengity asin raceways, but a a sgnificantly lower water turnover rate than is normdly used in
the latter (NCRAC 1997). This should help trout farmers who are constrained by water limitations and
rearing space. Kebus et a. (1992) found that rainbow trout held at 49.6-53.4°F without oxygen
supplementation can be raised at a high dengity without impairing their growth or causing chronic stress
if high water quality ismaintained. In contrast, Procarione et a. (1999) found that & rlatively high
loading rates without oxygen supplementation, rainbow trout reared at high dengties at 59°F exhibited
decreased growth and feed conversion efficiency. High rearing dendity may have negative impacts on
the growth of rainbow trout only under certain conditions such as the loading rate or water temperature
being above a criticd level. Additiondly, this study found that high rearing dendity itsalf was probably
not a chronic stressor in rainbow trout because fish reared at high dengties did not experience changes
in physiologica measures that would normally be expected under stressful conditions.
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In the NCR it would be interesting to include an andlysis of pounds of trout produced per unit of
water. Thiswould provide some additional measure of the efficiency of production and the extent to
which production might be increased. In Idaho trout are produced from 10,000 Ib/cfs/yr up to nearly
30,000 Ib/cfslyr with the higher stocking dengties requiring grester management intengity (R.
MacMillan, Clear Springs Foods, Inc., Buhl, Idaho, personal communication).

Aswater recirculation technology develops further, it will be wise for salmonid producersto
explore this option to fully optimize water resources. Although recirculation technology has not been
adapted to any great extent by sdlmonid producers in the NCR, some progressin this areais occurring
in Ohio. There are currently about a dozen trout producers in Ohio who use pole barns for trout
production using recirculation systems (D. Smith, Freshwater Farms of Ohio, Inc., Urbana, persond
communication). These systems consist of indoor raceways or conica tanks which make it easer to
maintain water temperature control throughout the year. The dendties of trout produced in these
sysems range from 0.5 Ib/gd in the racewaysto 1 Ib/gd in the conica tanks. Complete water turnover
occursin 34 hintheraceways and 1 hin the conical tanks. Average water replacement for these
systemsis about 1 ga/min and can run as high as 2-3 gd/min in the summer months. These systems
require aeration, but no pure oxygen supplementation is being used in Ohio. One great benefit of
utilizing recirculation technology is that the waste stream is better controlled, thus avoiding conflict with
environmenta regulations.

Development of Strains Best Suited for Environmental Conditionsin the NCR

There may be alack of information on strains which are best suited for production in the NCR.
Kinnunen (1991) found that the Kamloop strain of rainbow trout was used by over haf of the
producersin the NCR using registered strains followed by the Donddson strain. Theided water
temperature for optimum growth of the Kamloop strain of rainbow trout is 59°F. Y et most locationsin
the NCR have water temperatures that are either warmer or colder than 59°F. For those producing
trout in the NCR, the average water temperature is 51.1°F (Brown 1994). Thus, most trout producers
in the NCR have water that is below the optimum temperature for ided growth of the Kamloop strain
of rainbow trout.

On-going NCRAC studies will provide detailed information on the growth and stress responses of
Kamloops and Donaldson strains of rainbow trout and Arctic charr reared under therma conditions
typicaly found in the NCR. Regiona salmonid producers will be able to use thisinformation to
determine which of the three species/strains can be best utilized at their operation under their specific
thermd conditions to maximize productivity and profitability (NCRAC 1999). Future research should
aso focus on developing new strains which are best suited for culture in the NCR.

The lack of large quantities of high qudity water for sdmonid aquaculture expanson in the NCR
will require fish farmers to better utilize the existing water sources. This might include producing
sdmonids at higher dengties and the use of recirculation systems, which could be an added stress on
thefish. Thusit might be possible to genetically sdect faster growing fish based on how they respond
to stress. Procarione et d. (1996) found that rainbow trout which have afast return of cortisol
concentration to a basdline following a stressor is amore important determinant of fish performance
than the magnitude of the cortisol response. Rainbow trout with alow 3 h cortisol concentration
following a stressor grew significantly faster than those with ahigh 3 h cortisol concentration. Further
study is needed to determine whether low 3 h post-stress cortisol is a heritable trait and corrdlated with
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resstanceto disease. With regards to disease resstance, rainbow trout selected for high peak post-
stress cortisol concentrations had higher mortality rates than rainbow trout selected for low pesk
cortisol leve following exposure to Aeromonas, but lower mortality rates following exposure to Vibrio
(Fevolden et d. 1992). Still other research has shown that acute stress may actualy stimulate primary
defense mechanisms rather than suppress them in rainbow trout (Ruis and Bayne 1997). Thus, more
research is needed to determine the affects of stress on disease resistance.

Control of Sexual Maturation and Gender

The control of sexud maturation and gender in rainbow trout for the purpose of increasing growth
efficiency has been a common practice in other geographic areas for many years. Production by
aquaculture producers in Europe of hybrids, sterile fish, or monosex populations through chromosome
set manipulation has been shown to be highly profitable (Bye and Lincoln 1986). In Idaho, whichis
one of the leading trout producing satesin the U.S,, nearly dl of the facilities use dl-femde diploid
ranbow trout (R. MacMillan, Clear Springs Foods, Inc., Buhl, Idaho; G. Fornshell, Universty of I1daho
Extenson, Twin Fals, persona communication).

Sdamonid producers who control sexud maturation and gender in their fish are quite limited in the
NCR based on current interviews with producers and a previous survey by Kinnunen (1991). This
survey showed that 64% of saimonid producersin the NCR who purchased eggs in 1990 were familiar
with eggs that had undergone chromosome set manipulation but they never attempted to purchase any.
Another 9% indicated that they were not familiar with this type of egg. Eighteen percent indicated that
they attempted to purchase dl-femae rainbow trout eggs and, of these, 83% found them available. Six
percent of those purchasing samonid eggs tried to purchase al-female triploid rainbow trout eggs and
none were successful finding them. Twelve percent attempted to purchase mixed-sex triploid rainbow
trout with haf of which found them available. Fifty percent of the sdmonid producers in the NCR who
produced eggs in 1990 indicated that they were familiar with chromosome set manipulation of eggs, but
never attempted to produce them (Kinnunen 1991). Another 19% said they were not familiar with
these types of eggs. Twelve percent of those producing salmonid eggsin the NCR in 1990 indicated
having produced either al-femae or mixed-sex triploid rainbow trout eggs. One producer in the region
declared that he had produced tetraploid eggs but did not indicate which species of salmonid.

During their early life stages, dl-femae diploid rainbow trout grew and survived the same as mixed-
sex diploid, but declinesin flesh quaity and gppearance due to sexua maturation occurred earlier in
mixed-sex diploid than dl-femde diploid trout (NCRAC 1997). This research dso showed that dl-
femae diploid trout grew faster than mixed-sex diploids through grow out, but survival was smilar.
One concern regarding these research findings was that dl-femae diploid trout show reduced non-
essentia activity at culture temperatures above 54.5°F, when arange of 45.0-57.9°F isthe water
temperature used for raising trout in the NCR with an average of 51.1°F (Brown 1994). Thus the non-
essentid activity exhibited by the dl-femde diploid trout would not be much of an advantage in the
NCR, except for states such as Missouri and Ohio. Fish with excessve non-essentia activity will
require more energy which may be a detriment to efficient feed conversion and growth.

A better dternative would be dl-femae triploid rainbow trout production which appearsto be an
especidly strong option for farmersinterested in producing alarger trout. Research has shown thet dl-
femae triploid rainbow trout are superior to mixed-sex diploids and al- femae diploids during grow out
through market size (NCRAC 1997). All-femae triploid rainbow trout should not show declinesin
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flesh quaity and appearance which accompany sexua maturation in mixed-sex diploid and dl-femde
diploid rainbow trout. Although al-female triploid rainbow trout show somewhat reduced survival
through yolk-sac absorption, the production of dl-femae triploids via crosses of tetraploids with
diploids may reduce or diminate this problem. In Europe trout farms which are growing triploids to
produce large table-fish have found their growth rate, feed conversion efficiency, and flesh quaity
acceptable. Controlled, blind tagte trids have indicated a significant preference for erile triploid trout
when tested againgt diploids of Smilar size (Bye and Lincoln 1986).

Cog-effective dl-femde triploid and al-femde diploid production in the NCR will require that
sdmonid producers develop brood stock for producing al-female diploid and al-femae triploid fry.
Thiswill require production of sex-reversed gynogens for al-female production and tetraploid
production for crosses with diploids to produce triploids (NCRAC 1997). Presently dl-femae diploid
and triploid eggs are available for purchase in the western U.S. and this may be amore feasble
dterndive than producing themin the NCR.

Utilizing Diets Conssting of Regiona Ingredients and Reducing Phosphorus Concentrations in Effluents

Fish feed is one of the most expensve feeds for commercia production. 1n 1991 feed costs
accounted for 29% of total costs and 35% of al variable cogts at trout production facilitiesin the NCR
(Brown 1994). The mgor cogt of fish feed isthe highly priced fish med ingredient which is subject to
dramatic price fluctuations due to naturd variaions in the ocean fish source that supplies this protein.
Thus replacement of fish med protein with plant or other anima proteins of Smilar biologica vdueisthe
most desired god in culture of carnivorous fishes. To redize cost savings for sdmonid producers, it
becomes prudent to develop diets for rainbow trout that are free of fish med and rely on feed
ingredients common in the NCR. Thiswill result in diets that are lower in cogt, which will reduce
overal production costs, and can be taken to loca feed mills, thus reducing transportation costs.

Current research has shown that weight gain, feed intake, feed conversion efficiency, and specific
growth rate of rainbow trout fed two formulations free of fish medl by utilization of plant proteins were
not sgnificantly different from fish fed a control diet (NCRAC 1999). However, both diets contained
fish oil asthelipid source. Addlizi et d. (1998) observed favorable growth in rainbow trout fed diets
that completely lacked fish meal but indicated that additiona research was needed to improve the
qudity of diets high in agricultura byproducts before they are to be cost effective. A present concern
regarding vegetable proteins as subgtitutes for fish med isthat they are expengve and not readily
available unless you make them yoursdf (R. MacMillan, Clear Springs Foods, Inc., Buhl, 1daho,
personad communication). Also research results suggest thet afish medl analog utilizing various animal
mesdls could be used up to 20% as fish med protein subgtitution in diets for juvenile rainbow trout
without adverse effects on growth rate (NCRAC 2000). Other research has shown that fish meal can
be entirely replaced by a mixture of plant proteins (25% extracted cottonseed meal and 25% soybean
medl) and 50% anima by-product proteins without affecting growth rate and feed utilization of juvenile
rainbow trout (Lee et d. Submitted). Additiond research has demonstrated that traditional fish meal
diet can be dtered up to 100% with a mixture of animal by-products without affecting growth,
reproduction efficiency, and fillet qudity in rainbow trout (Dabrowski et . 1998; Lesiow et d.
Submitted).
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Environmenta regulators are becoming increasingly concerned with the waste discharge via effluent
from aguaculture facilities. New changes in sdmonid diet formulations which are being sudied in the
NCR should help decrease pollution due to leaching minerals/nutrients such as phosphorus and
ammonia. Research has shown that pretrestment of plant feedstuffs with the enzyme phytase can help
improve utilization of phogphorus and nitrogen in limited fish med and al plant diets for rainbow trout
(NCRAC 1999). Preiminary results indicate that the phytase-treated diet out performs the fish meal
and the soybean medl untrested diet. Thisisthe same trend observed by Cain and Garling (1995) who
indicated thet if cogt effective phytase treatments of plant feedstuffs could be devel oped, phosphorus
levelsin trout feeds and phosphorus effluent concentrations from trout hatcheries could be sgnificantly
reduced. Rainbow trout fed the phytase-treated diets without phosphorus supplementation had
excdlent weight gain and feed conversion, and exhibited an 88% reduction in phosphorus discharge
over fish fed acommercia diet. Brown (1993) found that phytase improved phosphorus absorption
from soybean medl but it dso resulted in greater leaching of phosphorus from feca samples of rainbow
trout. Other research has shown that a substantial reduction of phosphorus discharge from trout farms
could be achieved without any additiona cost by replacing ordinary grains with low-phytate mutant
gransin low-ash fish feeds (WRAC 1998).

Riche and Brown (1996) determined that periodic feeding of phosphorus-deplete diets may
function as a useful strategy in reducing overal phosphoruslevelsin effluents. This gpproach coupled
with precisdy formulated diets to meet, but not exceed, the dietary phosphorus requirement, appear to
be positive approaches to reducing phosphorus in aguaculture effluents. Smilar research has
demondtrated that dietary phosphorus levels can be reduced for finishing rainbow trout without affecting
weight gain or product quaity and result in a significant reduction in phosphorus discharge (WRAC
1996). Also this research has shown that feeding a diet with reduced tota phosphorus during the first
year of brood stock production hel ps reduce the amount of phosphorus discharged compared to
feeding a standard brood diet.

Feed companies can take two gpproaches when manufacturing diets to help reduce pollution due to
leaching of phosphorus from fish waste. One gpproach isto use high qudity fish med with the bone
removed. Thistype of diet is nutrient dense and results in afeed conversion efficiency which is under
one to one and thus less feed has to be used which helps reduce the waste problem (C. Nelson, Silver
Cup Feeds, Murray, Utah, persond communication). The other approach isto supplement diets with
plant proteins that contain a minimum of 15-20% fish medl. It istrue that lower-ash fish meadswould
produce aless-polluting effluent, unfortunatdly a premium priceis paid for the lower-ash fish meds and
it isnot routingly available (R. MacMillan, Clear Springs Foods, Inc., Buhl, 1daho, persond
communication).

Marketing Trout to Regional Restaurants and the Food Service Industry
Production costs will aways be higher in the NCR because of added eectrical costs for pumping

water and aeration, and value-added products and marketing are needed to make salmonid production
more profitable, especidly asit relates to rainbow trout. Trout producers will be required to acquire
marketing skills to help tap into new and emerging markets. Marketing trout to restaurants in the NCR
appears to be an avenue to explore to help expand saes.

Prior marketing research has shown that both trout and salmon are widely accepted among
wholesders, specidty retailers, and grocery retailersin the NCR. Hushak et d. (1993) found that trout
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and salmon were among the four freshwater species that were most frequently sold in the NCR asthey
were handled by 66-67% of wholesders, specidty retailers, and grocery retailersin the region.
Product forms sold included fresh, frozen, and live. All grocery retailers, dong with most of the other
respondents, mainly sold afresh product. Only 14% of supermarket managers responding to aNCR
seafood marketing survey listed trout as one of their best selling species while 45% of them indicated
salmon was their best salling species (Rigpe 1999b). Low sdes of trout a supermarkets may be
related to inferior product quality. To increase salesto supermarketsit will be necessary to educate
sdles managers on the qualities of purchasing localy produced trout. Localy produced trout will be of
higher quaity as compared to Idaho trout which is shipped haf way across the country. Many states
have promotiona programs that promote products produced within their own state and trout producers
should capitalize on this avenue of marketing their products. Thus supermarkets in the NCR should be
promoting localy grown trout for its freshness.

Recent marketing research has shown that 28% of the restaurants in the NCR listed sdlmon as one
of their best salling species, while trout was not even listed (Rigpe 1999a). This marketing research
showed that sdlmon had wide popularity in both urban and rurd restaurants as well with those having
high and low seafood sdes. Trout did not make the list of best selling speciesin any of these
restaurants, which indicates that marketing efforts directed at this food establishment sector should be
undertaken to help increase sales volumes. These marketing efforts directed at increasing trout salesto
restaurants could be accomplished in two ways. Firgt, the trout producers themselves could make
contact with loca restaurantsin their area and encourage them to try their product. Or secondly, the
trout producers could encourage wholesaers that purchase their finished product to explore restaurants
as an outlet for trout products.

SUMMARY OF RESEARCH AND EXTENSION PRIORITIES
(Not in rank order)

ENVIRONMENTAL STRATEGIES

» Characterize the water qudity of aguaculture discharges based on diet composition and feed
utilization especidly asit relates to recirculating systems and other new system designs.

» Devedop methods for improving water qudity discharges through improved system design.
Such design might include remova of solids by technologies like Sde streaming waste out of
double drain systems.

» Deveop diets and feeding strategies that result in less nutrients being introduced into the
environment without jeopardizing fish performance.

» Evauate current environmenta regulations for their appropriateness. Determine if aguaculture
istreated Smilarly to other water users.

» Deveop/improve predator control techniques.

GENETICS

* ldentify or develop sdmonid strains that are better suited for the different temperatures and
production systemsin the NCR.
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» Devdop new drains with advanced growth characteristics smilar to what has happened in
other agriculture meat producing segments.

ECONOMICSAND MARKETING

» Devdop and extend the best marketing strategies.

* Improve trout marketsto family style and white table cloth restaurants.

» Deveop and improve vaue added products such as smoked fish.

* Improve strategies to dedl with market price suppression by Idaho trout.

» Improve technica expertise for rasng samonids.

»  Feeds made with regiond ingredients and produced locdly to hold the costs down.
» Better accessto lower cost feeds.

» Better accessto lower cost fingerlings.
» Better accessto investment capital.

* Increaseregiond processing/marketing capabilities.
» Develop aguaculture programs within land grant univerdities which focus on developing skilled
personnel who are employable in the private sector.

PRODUCTION FACILITIES

*  Enhanced facility design and water management.

» Utilize GIS to document potentia regiond availability of water resources.

*  Deveop manuds on high density production under low flow conditions,

e Land grant universities should contribute more research on various types of aquaculture

production facilities.
TRANSPORTATION METHODS

* Improve ddivery methods for live sdlmonids which maintain water qudity, reduce stress, and
are economical to operate.

RISK ASSESSMENT

*  Sound risk assessment and management of diseases and aguatic nuisance species introductions.

FISH DISEASES

* Deveopment of approved therapeutants.
» Accessto officid fish hedth ingpections.
* Deveop sound cost effective industry driven disease management strategies.

» Better accessto qualified aguaculture veterinary services.
» Deveop uniform import regulations for sdmonids among states.
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