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Preface

Marine aquaculture and enhancement have generated grovting interest among state and federal
governtnents. In 1993, the Washington State Legislature passed laws requiring the Washington
Department of' Fisheries  WDF! to engage in artificial propagation of marine fish to enhance severely
depressed recreational fishery stocks, specifically halibut, linked, Pacific cod and rockfishes. WDF
also was instructed to use expertise at the University of Washington School of Fisheries. At the Iederal
level, several activities are under way, fueled by the dedine in commercial marine fish stocks. A
National Marine Fisherics Service  NMFS! task force is drafting a inarine fish enhancement initiative
to incorporate into its strategic fisheries recovery plan. Individual Sea Grant programs are evaluating
marine cukure proposals for possible funding. Thc private sector, too, has cxprcsscd strong interest in
marine fish farming and enhancement projects. Ultimately, the technologies developed by university
and government scientists will be transferred to commercial hatcheries and farms.

Serious efforts to enhance marine fish stocks with hatchery technologies arc under way in several
regions oF the United States, Work is being done with striped bass on the East Coast, snook in
Florida, white sea bass and halibut in California, redfish in Texas and South Carolina, and mullet and

Pacific threadfin in Hawaii, In the Pacific Northwest, however, marine fish enham»ment effort and

research activities have been limited, Thc University of'Washington initiated halibut rcscarch, and
Canada's Department of Fisherics and Oceans Pacific Biololpcal Statioii began extensive work on
lingcod, halibut and sablefish. These projects were shelved, however, because of changing priorities.
Regional marine aquariums have conducted limited culture work. For example, the Point Defiance
Zoo and Aquarium in Tacoma, Wash., and the Vancouver Public Aquarium in Vancouver, B,C,, have
reared many species of marine fish over the years, Also notabk aie culture programs at several NMFS
marine field stations, where fish arc raised for experimental purposes other than farming, or enhance-
ment.

In general, the greatest experience and expertise arc found overseas. Japan, Norway, the United
Kingdom and Mediterranean countries are leaders in sea farming and enhancing marine fish stocks,
Therefore, WSGP, NMFS and Washington Fish Growers Association agreed in 1993 that efforts to
culnirc Pacific Northwest species would benefit iF international and North American expertise could
be assembled in a workshop Format, Clearly, policy makers, researchers and citizens need to see the
big picrure in order to maire intelligent decisions about appropriate technologies and management for
thc Pacific Northwest, This conviction led to the workshop "Marine Fish Culture and Enhance-
ment," Oct. 4-6, 1993, in Seattle. Workshop speakers werc chosen for their cxpertisc with species
similar to those idcntificd lor priority by the Washington State Legislature.



Note

Several months following the MFCtkE Conference but bclotc these proceedings werc pub-
lished, the Washington Department of Fishcrics  WDF! merged with the Washington Department oF
Wik}hk to lorm a neer agency, the Washington Dcparttncnt of Fish and Wildlife. Because these
procccthngs are a historical tecord, we have retained the designation Washington Department of
Fisheries except in the appendices, where the ocw name is used.
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Marine Culture and Enhancement:
An Overview

Puget Sound's marine fisheries arc declining. Once abundant, fishes such as lingcod, herring
and halibut are now difficult zo find and catch. Is there anything we can do to bring these species
back? Possibly,

For decades, salmon biologists have collected eggs in the wild and then nurtured and fed the
resulting juveniles until they were ready for release to their native streams, By helping more young to
survive, salmon hatcheries ultimately increase the number of adults availablc for sport and commercial
flsheries. In a similar way, marine hatcheries could "stock" the sea, boosting populations of marine
fish.

The Washington State Legislature has recognized thc potential for enhancing marine or
saltwater species of fish and in 1993 passed legislation that will Fund enhancemcm ~ through an
increased Fee For tnarine sport fishing licenses.

Local aquaculturists also have a trcmcndous interest in marine fish cuhivation. Because of
resrrictive permitting requirements and a ladt of suitable sites, the opportunities for growth in ncar-
shore salmon culture is extremely limited. To expand, the industry may have to go offshore, tearing
marine fish in floating cages, or onshore, puinping seawater to tanks.

To meet the needs of fishers, aquacufturisrs and fisheries managers, Washington Sea Grant
Program coordinated thc Marine Fish Culture and Enhancement worltshop. It was convened in
October 1993 to consider thc following questions:

~ Can marine fish populations be cnhancedl
~ Can certain species be cultured for the marketi
~ Do any examples of marine hatcheries exist that may help us in our ttunkingz
Thc workshop, sponsored by Washington Sca Grant Program, University of Washington;

Northwest Fisheries Science Center, National Marine Fisheries Service; and Washington Fish Growers
Aaockrion, featured reports on successful marine enhancement projects in Japan, Europe and North
America.

After two days of discussion, thc morc than 100 biologists, manalprs and aquaculturists
attending came to a cautiously oprimisric conclusion: By building on ~ research, it is possible so
establish a system of marinc hatcheries in Puget Sound, given adequate funding and 6cifiries.

The task wiH not be easy because marine fish are mote difficult to rear than salmon. For
example, newly hatched marine larvae arc tninuscule compared to salmon of the same age and are
simply too tiny to ingest the commercial feeds used for sahnon and trout. Therefore a marine
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hatchery manager also must be a plankton farmer. However, once biologists can rear one type of
marine fish, they can raise many, since the necessary techniques are similar for a wide range of species.

Additional observations:

~ Technology transfer from successful marine enhancement programs in Japan and Europe
could jump-start Puget Sound efiorts. For example, there are many similarities between the Adanfic
halibut being raised in Norway and thc Pacific halibut that lives in Puget Sound,

~ Possible candidates for Pugct Sound enhancement include lingcod, rockfiish  copper, quillback
and black!, Pacific cod, Pacific halibut, pollock, greenling and cabczon.

~ Fisheries managers can benefit From enhancement studies by increasing, their knowledge of the
carly lilt histories of many salnvater fish. Thc larvae of many marine species are extremely dificult to
identify and collect in the wiM. Often, biologists have been able to study marine larvae only by
hatching eggs in a lab. Aquaculturists will require and generate detailed information about thc life
histories of the fish they rear, knowledge that surely will benefit fisherics ~ment.

~ Cartdul evaluation is noxssary ro dctcrminc if hatchery releases will actually enhance marine
stocks. For instance, iF tong-term climatic and oceanic cycles are thc true drivers of population size,
then adding more juveniles to thc mix may have little or no effec. However, if a shortage of young
fish limits a particular fishery, dicn releasing juveniles may increase the numbers of ~le fish.

~ Support from citizeris and. user groups is critical to any enhancement program, The people
who ultlinately wifi benefit from and pay for hatchery programs must be part of enhanccrnent
planning from the vety beginning,

~ The recreational fishing sector may be the most important source of enhancement support in
Washington. Sport fishers haw been the priniary drivers behind three of the inost extensive and
productive marine enhancement programs in rhe United States, donating time, money and expertise
to efforts to replenish stocks of white sea bass in Gdifornia, red drum in Texas and striped mullet in
Hawaii.

~ Washington state's tribal nations should bc included in any marine enhancement effort,
~ Marine enhancement requires long-term funding support. Estimates for the nrnc necessary m

establish a viable and productive marine culture program ranged from five to 50 years, 54ost of thc
conference participants placed thc time frame at about five to 10 years, Researchers also need a good
place to work. Washington currently lacks an adequate marine lab for research. An ongoing project
on Pacific halibut has been housed in makeshift and borrowed space, including, at one point, a
converted one-car garage.

~ The potenrial effect of hatchery releases on native stock and habitat should be carefully
considered and studied,

~ Releasing small quantities of hatchery-reared fish is the most efficient way to leam about
marine culture and thc possible effects, if any, of hatchery fish on native wild stocks, Experimental
releases «lso can be a powerful ~ment tool. They are an excellent way to gather information
about the feeding, habits and habitat needs of young fish. This information, now sorely lacking for
most spccics, could greatly improve thc management of existing commercial and recreational fisheries,

The following proceedinga offer more detail in aB these areas, The first portion of this report
consists of abstracrs of the technical papers presented during thc meeting. The second portion is a
summary of work group discussions and considers a variety of management and technical issues,
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Panel:
Perspectives Into the Next Decade
L4n Suveker

Wssslsissgapss Fish Grossrrs Assoriasioc, Rochrtrrr, Wash.

Members of the Washington Fish Growers Association are involved primarly in the production
of atlmon and trout, Trout have been farmed in the western United Staces since the twn of the
century. With Washington's plentiful water resources, it was an early participant in this industry.
The state later established enhancement programs for wild salmon runs and now supports thc largest
state-run hatchery system in the world. Today our state produces about 2 percent of thc world' s
farmed sa!mon, primarily Atlantic salmon grown in marine nct pens.

However, commercial salmon cuiture in Washington has noc reached its potential. It has been
lisnited by citizen concerns over the siting of net pens. This has lcd co difficulties in obtaining leases.
When several companies began farming salmon in net pens during th» 1970s, local residents opposed
new permits, citing concerns over potential environmental problems. Our industry responded
aggressively and proved thac the environmental concerns were unwarranted. Noncthcless, opposition
over use conIIicts and aesthetics remains strong, Essentially, thc owners of waterfront residences don' t
want their scenic views aIIectcd by aquaculture facihties, and they don't want to drive around ncc pens
in thetr boats. This opposition has helped gencratc a regulatory process for obtaining leases thar is too
expensive and unpredictable for most potential fish farmers.  In Washington aII marine sites must bc
leased from chc state.!

As a result, in the early 1980s aquaculture investment moved north to British Colutnbia, where
new farms were built with government assistance and little opposition. In 1983 there were three
salmon Farms in British Columbia and about 20 in Washingmn. Today, there are more than 1,000
sites in British Colusnbia and only nine producing salmon farms in this state.

The Washington Fish Growers Association is working co case some of the regulatory constraints
on marine fish culture in Washington. During the last session of'rhc Washington State Legishtture
wc succcssfidly lobbied Ior passage of a law that requires rhc Washington State Dc partmenc of Ecology
to csrablish standards for siting marine nec pens. Wc believe rhesc standards wig help strearnhnc thc
permit process, The law also was revised to obtain longer-term leases of state~ subtidsl bedlands
for aqusadturc. Finally, che scare legislature approved a budgcc item escablishlng a new Aquaculture
Ccrcification and Diagnostic Center to serve che needs of our indusrry. We hope these changes signal
a ncw era in finfish aquaculture in Washington.

Now let us curn our attention to thc culture of marine fish. I believe drat the privare sector
should bc involved in every step of the process, from initial research to actual commercial production
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of any marine fish species found suitable. I also bclicve that thc private sector can produce fish for
enhancement on a more cost-effective basis than the public sector,

In my opinion, the best way for the private sector to participate in the research and develop-
ment of marine fish culture and enhancement is through «greernents with public institutions to
accomplish common goals. Onc major objective should be thc development of rdiable sources of
secdstock.

I believe theta are many reasons that justify further research on marine fish culture, Onc
overriding consideration is species preservation, We hear much these days in th» United States about
depleted, threatened and endangered stocks of salmon, trout and stcelhead Are other marine species
far behind? Members of the commercial aquaculture community in Washington Me an opportunity
to preserve the genetic diversity of wild stocks through captive brood stock programs. For a brood
stock program to succccd, wc need to research any harmful dfects of captive rearing, on gencuc
diversity and t}evelop methods to minimize those effects.

If we ar» successful at preserving our natural resources, it never may bc cost effective for
aquaculture to tear most marine species for the consumer's plate. This docs not mean we should
abandon cfforts to commercialize marine fish. Other forms of agriculture arc diversifying inm genetic
engineering, creating more efficient ways m produce pharmaceuticais and medieations that are
prohibitively expensive under current production techniques. Opportunities for biotechnology may
be uncovered by increasing our knowledge of marine fish species.

Lotrie &hsk, Di rerrrrr

%'nrhinynn Srsr Grrrnr Prrrgnrni, Unitnnsity pf Vwhi sgtan, Serrrtk

It is a pleasure to host this gathering, which has brought in distinguished experts from around
the world to help us address some pressing issues in the Pacific Northwest. W» face a complex
situation as we consider the culture and enhancement of marine fish in the Pacific Northwest and the
world. First, fish stocks are dedining, fisheries habitat is in trouble, and many stocks are essentially
tapped out. Second, human population is expanding, As the population increases, so does thc
demand for fish protein and for access ro recreational fishcrics, Natural variability is going to dictate
substantial swings in productivity, even without environmental pressure, When you put variability on
a downswing together with increased demand, you have a serious problem. To make matters worse,
our knowledge of marine fish is very limited,

Given these basic conditions, what are some of thc actions we inust consider? Wc inust look at
both fisherics management and seafood production in some very diIIcrent ways than we have in the
past. We have no choice. We' re going to have to build cooperative parmershipa of a very different
sort than we have had, involving government, industry and universities, I believe the Northwest is a
particularly good place to build thee parmerships. But, as we see here today, the expertise in many
cases is located elscwhcre. Once alrun, we are imporring technology,

We must learn a grcar deal mote about marine fish and about the environment in which they
live. We also have to look at the potential for enhancement. It is far mo carly for a sure judgment on
die real possibilities, but we must look at it hard. I suggest that whether we take a careful, concerted
look or not, there arc going to be enhancement activities. I would rather we go about ir rationally.

We also must consider gene banking and species preservation techniques. I realize this concept



raises a host of other issues and concerns. But we have lost Far too many salmonid spec'cs an
species already, and I belteve that wc face nmtlar problems with certain species of marine fish
must Irccp «mphssixing technology transfer in this area.

There are some caveats to consider as we study possible marine enhancement
we have s lot m learn, And, as wc have begun to learn from very hard experience in rhis part of' thc
worki, not all enhancement enhana», Sometimes it docs not work. Sometimes it may do harm.
And, like restoration and mitigation of habitat, enhancement can be an easy way out, an excuse simply
m keep doing the wrong things, the activities that damaged our fish stocks in thc first place and
btought us to the place wc are now.

If we do get into enhancement, we must view it as an exercise in adaptive management. We re
not only going to have to experiment, but we'rc also gotng to have ro quantify ouf results. This kind
of research will cost more in the short run but much less in the long run by helping tss avoid missteps
and miscalculations.

PinaUy, many of the necessary "partners" are severely wounded. Agencies are underfunded;
industry is in disarray; science funding For resource issues has been on the decline. Therefore, there's a
real question whether the necessary leveI of commitment genuinely exists For a long-term, concerted,
very careful enhancement effort.

I believe the best hope for thc future of marine fisheries is in groups like this, committed people
from around the world who are sharing their knowkxlge, hard won in every case, and ttying to work
together cooperatively as we search For a better way to manage, enhance and protect our marine fish
stocks.
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Status and Characteristics of Marine Fish Stocks
Along the Pacific Coast. of North America
With Regard. to Enhancement
Ricfasrxf A. Nard

Soursbroar Fiiherier Science Csrrrer, H~'oriel &ferine Fisheriss Srrrpicr, La jolk, Calrf.

Following is an overview of the status of major marine fish stocks from Alaska to Meicico with
an emphasis on characmristics that may be of interest from an aquaculture or stock-enhancement
viewpoint. Ctusrscteristica considered indude current catch, potential yield, population trends,
vulnerability to loss of genetic diversity, reproductive characteristics, mortality rates, vulnerability to
environmental changes and unit value. For each characteristic, species are classified in broad catego-
ries  usually high, medium, or low! for general comparisons. No eflort is made to evaluate individual
species with regard to their potential for enhancement or for species use in aquaculture; however, on
the basis of data presented, some groups emerge as obviously better candidates than others. The
characteristics are considered from the standpoints of both recreational and commercial uses of
species.

For convenience, groups of similar species are considered, including salmonids, rocldishes, small
pelagics, large pelagics, flatfishes, other demersai species and miscellaneous minor species. Summaries
nf thc most important observations by species group follow:

A. Salmossida

Notable characteristics of the salmonids, which represent our most successful marine enhance-
ment eflort, are their low fecundity, the high impact of environmental variadon, low reproductive
success  man-caused!, high unit value and anadromous behavior. Risk of loss of genetic diversity is
high because individual runs are vulnerable to extinction.

B. Rodcfiahea  ~ spp.!
The most interesting characteristics ol'this group include infrequent reproductive success in

terms of recruitment, long life span and survival rates of early life history stages influenced by the
ocean environment. High value in the recreational fishery arid a lack of regular naniral recruitment
make some species candidates for further exploration of rhe bciieflts ol enhancement.

C. Small Pelagics
Although some species have low or dedining populations, reproductive success is linked m

natural environmental fluctuations, and unit value is extremely low, This group probably does not
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merit consideration Ior enhancement.

D. ~P~m
lvlarlin and tuna have relatively high unit value and rapid growth rates. Some populations are

dedining, lirde is known about mortality rates, and migratoty patterns are only partly understood,
Further examination of this group is encouraged,

E, Hatflahes

This very large and diverse group has stable populations with variabk but successful recruit-
ment. Stocking of limited areas in Europe has met with inixed success. Only the California halibut is
being stocked today along the Pacific Coast. Opportunities lor beneficial cnhanceinent are not
obvious with this group.

P. Ocher Demersal Species
Pollock sablefish, Pacific cod, lingcod and Pacific whiting as a group are heavily used and very

valuable commercially, They are abundant and grow rapidly. Recruitment is subject m environmen-
taI flectuations. Generally, populations are maintained in spite of heavy fishing pressure, While
many are not viable candidates for enhancement, a few species oF interest to recreational fishers  e,g.,
lingcod! warrant further consideration.

G. Miscellaneous Minor Species
A few additional heavily depleted species are considered, including white sea bass, giant sea bass,

totoaba and striped bass. To the extent these species are not reproducing successfully, enhancement
seems ro ofFer potential; however, if slow growth snd late reproduction are Factors  as they ate for
white sea bass! overfishing may be an ongoing threat. The introduced anadromous striped bass is a
special case of successful enhancement.

In conclusion, additional inForrnation on biology and behavior of most species is needed to
evaluate their potential For enhancement. Attention is focused on possibilities For genetic manipula-
tion and the potential impact of enhancement with "improved" inarine species.
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Marine Fish Stocks in Washington:
Status and Enhancement
Considerations

Afar  Lors M'5

hfars'ssr Fish a'ssd Shcltgh Prssgrasss,
%'uhissgtoss Dcpur rssresss ssf Fisheries, Olympia, %'ash.

Fishing and other pressures on marine fishes have increased over thc past decade and will
continue m rise as the population and the popularity of fishing grow. Resources in Pugct Sound have
seriously dedined, and we are evaluating thc role of enhancement in rebuilding populations and
meeting Future needs.

The marine fish stocks oE the Washington coast suppon productive commercial and recre-
ational ~, and many species are intcmively managed by the Pacific Fishery Management
Council With th» citception of Pacific Ocean perch, coastal stocks are in stable condition. Because
o F the healthy condition oF inarinc resources on the coast, the discussion of the status and enhance-
ment considerations for marine fish in Washington will focus on Puget Sound stocks only,

In Puget Sound, the Washington Department of Fisheries  WDF! is responsible for the
protection and management of more than 100 species, although fewer than 30 are activdy managed.
Groundfish harvests are at their lowest level in more than 50 years  Figure 1!. Declining abundances
of many species, resultant restrictive regulations and changing fisheries all contribute to the decrcascd
harvest lcvcls.

Although herring, English sole and dogfish stocks arc relatively healthy in Puget Sound, inany
of the stocks important to recreational and commercial fishcrics have declined substantially in recent
years  Table 1!. Over the past decade, WDF implemented more restrictive regulations ro reduce
harvests and promote stock rebuilding  Table 2!.

Our knowledge oF historical trends in abundance of most species is limited, and historical catch
patterns  Figures 2-10! are considered gcncrally indicative of abundance trends. The lingcod resource
in northern Puget Sound has deteriorated significantly. Restrictive regulations were introduced in
1992 to reduce fishery harvests by morc than 75 percent, Although the condition of the rockfish
rcsourcc is not well known, catch rates and average sizes of key rockfish species in the recreational
fishery indicate that the abundance of rockfish is declining,

The Pacific cod resource remains ar a low level, despite very restrictive regulations imposed
upon commercial and recreational fisheries in central and southern Puget Sound, The pollock
resource is at a low level as well, especially in southern Puger Sound, where recreational harvests have
decreased substantially since thc late 1980s. Like cod and pollock, the whiting resource remains ar a
very low level, even though there has been little or no harvest for several years, Similarly, the surfperch
resource remains in poor condition despite fishery restrictions since the late 1980s.

Causes of the dedines in many Pugct Sound marine fish smcks are nor well understood, and a
variety'of factors probably have contributed to the declines. Water temperatures during the winter
have been warmer than average for morc than a decade, which may adversely affect survival of young
cod and other gadids. Also, fishery overharvests probably contributed substantially to the decline in
cod and whiting stocks. Increased predarion by marine mammals may be a significant factor in the
decline of whiting, lingcod and other marine fishes. Shoreline development may liinit access to
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fishing grounds for surfperch and may reduce survival of other juvenile marine fishes through
degradation of critical nearshore habitat.

Other factors, which have not been evaluated in Puget Sound, also may contribute to thc
declines in marine fish abundance. For emmple, chemical contaminants appear to reduce reproduc-
tive success, and micro-layer contaminants reduce larval survivaL Several studies have shown that
larvae ol' many marine fish species die from consuming phytoplankton that produce paralytic shellfish
poisoning  PSP!. Therefore, thc spread of PSP in rime and space in Puget Sound may bc a factor in
marine fish declines, although this hss not been studied in Puget Sound. In addition, comps.tition for
space or food, such as with thc large releases of cultured salmon, is an unknown but possibly signifi-
cant factor.

Table 1. Current stock condition and recent trends for major marine fishes in Puget Sound

SPECIES CON DIT1ON

StableHealthy

Healthy

Healehy
Poor

Herring

English Sole

Dogfish
Lingcod

Rockfish

Pacific Cod

Pollock

Whiting
Surfperch

Stable

Unknown

Declining

Declining
Dedining

Declining
Stable

Poor

Poor

Poor

StablePoor

WDF is approaching marine fish enhancement cautiously, ro avoid mistakes made in orher
enhancement programs and to take the wisest actions For maintaining healthy marine fish resources
and fisheries. Onc of the important lessons learned from 100 years of salmon enhancement is not to
oversell technology. And it is clear that the public inrercst is better served through ecosystem manage-
ment, so we must manage thc whole system rarher than targeting on» resource sr the ecologicd
expense of others. Fiscal restraint is another reason for caution. We must carefully evaluate the
probability of enhancement success, costs, benefits, and incremental, adaptive ~ment steps. A
primary concern is that wc nor jeopardize natural production by enhancement dForts, either rbrough
shifting recovery effort from natural stocks ro enhancement or through any unintended negative
clfects of enhancement projecrs.

We are at the beginning stages in evaluaring enhinccment for marine fishes, and this confercncc
will help us in this process, To date, we have concentrated on alternatives to enbanccmcnt, such as
reducing harvest and maintaining habitat quality, For rebuilding natural populations, Rebuilding
natural populations to former levels may take many years because many marine fishes do not reach
maturity and rcproducc until age 5 or older, To be successful over thc long term, we still have much
to learn about the life history, habitat rcquircments, and other factors affecting abundance oF marine
fish in Puge.t Sound.

Our course ahead must be based on the accumulation oF information about thc causes of

dedincs coupled with the wisest possible use of technology.
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Table 2. Fishery regulation changes to conserve Puget Sound groundfish

1978-85

1984

1985

Late 1980s

1987

1988

1989

1990

1991

Lingcod morarorium
Rockfish bag limit reduced froin 15 to five in central and south Puget
Sound
San Juan Islands closed to bottomfish tmll and handline jig gears  lingcrxL
rockfish conservation!
22-inch minimum size limit on lingcod imposed
Depth and area restricuons added to the bottom trawl fishery
Successive shortenings of ihe conunercial drag seine seasons
 suifperch conservation!
Puger Sound closed to commercial ser net fishery for Pacific cod
Surfperch bag limit reduced from 15 to 10
Legislature closed Hood Canal and central and south Puget Sound
to bottom trawl fishery
Pollock bag limit reduced from 15 to fiv» in central and south Puget Sound
Pacific cod bag limit reduced from 15 to two in central and south Pugei Sound
Agate Pass dosed to winter fishing  Pacific cod conservation!
Winter closure of bottom trawl fishery in Port Townsend and Protection Island
areas  Pacific cod conservation!
Ban on roller gear for bottom trawl fishery  lingcod and rockfish conservation!
Lingcod conservation changu:
Minimum size limit raised from 22 m 26 inches For all fisheries except spear
Maximum size limit of 40 inches added for all fisheries except spear
Season reduced to six weeks fai aU fisheries
Handline jig and bottomfish troll fisheries banned east of Sekiu
Sablefish trip limit of 250 pounds established for all commercial fisheries
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Figure 3. Puget Sound Rng}ij8h Sole Catch
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Figure 4. Puget Sound Dog&sh Catch
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Figure 5. Bqpt Sound Lingcod Catch
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Figure 6. Puget Sound 14dldish Catch
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Figure 7. Puget Sound Paar Cod Catch
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Figure 8. Puget Sound PoHock Catch
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Figure 9. Puget SOund Whiting CatCb.
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The Need for a Responsible Approach
To Marine Stock Enhancement

Kenneth M Leher,
Stock Enhancement Pragant, The Oceanic Institttre, Waintanak, Hauaii

H Lee Stunkenship
Washington Departntent of Fishert'cs, Olympia, Wush.

Three principal tools are available to fishery managers for replenishing depleted species and
managing fishery yields: I! regulating fishing eR'ort, 2! restoring degraded nursery and spawning
habitats, and 3! increasing recruitment through propagation and release  stock enhancement!. The
potential of the latter method has not been convincingly documented with marine fishes. Two
general probleins have restricted development of marine stock enhancement technology dais cenuuy.
One major obstacie has been our inability to evaluate the success of hatchery releases. Before the
development of modern marking methods, fish tagging systems could not be used with the small life
stages released by hatcheries, The other impediment to the ctevelopment of marine enhancement has
been our inability to culture marine fishes beyond early larval stages to the juvenile stage  lingerfiings
and larger sizes!.

Faced with declining stocks and an expanding world populauon, custodians of our natural
resources around the globe are looking at marine enhanceinent with renewed interest. To develop and
evaluate its fuLL potential, a process is needed for designing and refining stock enhancement tactics
based on the combined efFects of' managing the resource  i.e., the interactive effects of hatchery
practices, release strategies, harvest regulations and habitat restoration!. Fortunately, recent advances
in tag technology and marine fish culture pmvide basic tools for a new approach to tnarine enhancx:-
ment. Together, these toob allow an empirical evaluation of cultured fish survival; feedback on
hatchery-release impacts can bc used to refine enhancement strategies. Release impacts on wild stocks,
and the fisheries based on them, can be quantified and evaluated.

These new tools provide the basis For significandy increasing wild stock abundances, To ensure
the successful use of these tools and to avoid repeating past tnistakes, we must talre a responsible
approach to developing, testing and managing marine stock enhancement prognma Each compo-
nent below is viewed as an essential aspect of a responsible approach m contro%ng and optimizing
enhancement,

L. Have a process for prioritizing and selecting uuget species
2. Develop a species manageinent plan that identifies harvest opponunity, stock rebuilding

goats and genetic objectives
3. Use genetic resource maiiagement m prevent inbretxling and ou*reeding depression
4. Use disease and health management
5, C nsider ~1olp& and llf h xmas p mmmm~ f rminged ~cut obl~m~

and tactics

6. Identify reieased hatchery fish and assess smcking impact
7. Use an emprical process for defming optimuin release strategies
8, Define quantitadve measures of success
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9. Identify econoinic and policy guidclincs10. Have a process for changing production and management objectives and strategies based on
stocking impact

Combining new marine 6sh culture and tagging technologies with these 10 principles is ~ning
support as a responsible approach to marine stock enhancement.Em irical data are lacking to assess accurately the impact of hatchery releases on wild popula-

Eripirltions. Parrly because of this uncertainty, there is increasing division of conservationists into twocasnps � one adamandy favoring 6shing regulations and the protection and restoration of habitat over
hatchery releases, thc other supporting propagation and release as an additional tool to manage
6sherics and restoredeclining stocks. This split tnustbe reconciled. Is stock enhancement of marine
6shes a powerful, yet undeveloped, technology for rebuilding depleted wild stocks and increasing
fishe 'elds? Or are emerging marine enhancement programs merely futile attempts at recovering

ry yrrccious resources thus diverting money and attention away from habitat restoration and the regula-
tiotN needed to control over6shing? If enhancement does indeed have potential to help conserve andreplenish rapidly dcdining inarinc stocks, then cari wc afford not to develop its full potential as rapidly
as possible?There is only one way to answer these questions, We must act now to assess empirically thc
actual potential of marine stock enhancement through carefully planned research programs. Using
strong inference  Platt, 1964! and addressing each of rhe components listed above, research progratns
will either document the value of marine stock enhancement or disprove the idea that enhancement is
a useful concept. Without determined and Gueful attention to the 10 points listed above, marine
hatchery teleascs in thc 1990s may serve only to fuel divisiveness between the two conservationist
camps, vrith little or no positive effect on natural resources.The hypothesis *at marine hatchery releases can increase fish abundance has at least two
corollaries that need to bc rested: 1! cultured marine 6sh survive and grow in the wild, and 2!
cultured ffsh do not displace wild individuals. Both are being tested in Hawaii. Research to da.te has
shown that abundanccs of striped mullet  hfsgil uphuhir! can be substantially increased using
information from smaII-scale pilot releases to establish release conditions for full-scale stock enhance-
ment. Pilot releases were conducted fiom 1989 to 1991 m examine the impact of release protocols on
survival through the nursery phase of the life cycle, The release variables � 6sh st-at-release  SAR!,
release microhabitat and release season � all had substantial impacts on survival of cultured striped
mullet tagged and relcascd on the islands of Oahu and Hawaii, The effect of SAR on survival was
signi6candy altcrcd by release habitat and by release season. These results were used to plan experi-
ments to test both of the above corollaries.In 1992 during thc spring and summer, 80,507 cultured striped mullet were coded-wire tagged
and ~ into Kahsiuu Stream, the principal mullet nursery in Kaneohe Bay, Hawaii, Morithly
sarnphng ro track release impact revealed rhat yield per stocked juvenile was at least fourfold greater
than yields from initial rdeascs in Kaneohc Bay. This 400 percent increase in survival was achieved by
basing fish size-at-rdease, release site and release season upon rbc results of the pilot releases conducted
before dus release. In summer 1993, around 5,760 wild mullet were captured, tagged and released
bade inm two nursery habitats in Kancohe Bay. After three weeks, 29,354 cultured mullet were
tagged and also relcascd, but at only one of those nursery sites. ?v onthly monitoring will determine
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whether there is greater dispersal of wild fish at thc site where cultured fish were released. As of six
months after the hatchery release, there is no significant difFcrcncc in thc dispersal rates oF wild fish at
the treatment and control sites.

References

Platt, John R. 1964, Strong Inference: Certain sys ernauc tnethods of scientific thinking may produce
much more rapid progress than others. Scirrtcr 146 �642!; 347-353.

Selection of Speciea for Stock Enhancetnent

Table 3. Results of ranking process For species selection criteria  first workshop!

Overall
Weight

108

No. of
Responses

11

12

11

Priority
Ratdt

1

2

3

14

5

6

90

83

64

61Ease of juvenile rearing
Ease of monitoring impact/expcrirnenml design
Extent of recruitment limitation

12

58

51

51

29

24

11

9 8 5

4 4 5 5 5
2 2 3 3 2

Ltkelihood of rapitl success

impact on resident biota
Low ratio of mortaliry to growth
Documented historical ded inc 23

19

19

14

13

12

Availability oF habitat

Movemem patterns  residential vs. migratory!
Socioeconomic artractiveness  profile!
inshore seasonal availabiliry  stick around!

Fishing mortality  fishing pressure!
Facilities 11

8

4 2 2 1 1 1 1 1
Ease of protection until market sire
~ reproduction: degraded or limited habitat
Availability oF Food

Ease of transport and distribution
Sir» at capture

Non-consumpuve uses

Seasonality/environmental fitctors
Mitigation issues  pollution!
Cost oF monitoring efforr

Fram Prioritization of Marine Fishes for Stock Enhancement, pssb~ by rbr Orerjs/e Inrrtrsur

Criterion

Comm«rciaV recreational detnand  necessary criterion!

Availability of viable spawn
Juvcnilc release will increase adult population
Ease of larval rearing
Cost cffcctiveness

Weight as
% of Total

12.63

12.16

10.53

9,7

7.49

7.13

6.7

5.96

5.96

3.39

2.81

2.69

2,22

2.22

1.64

1.52

1.40

1,29

0.94

0.47

0,23

0.23

0.12

0.12

0.12

0.12

0.12

87

8.5

8.5

10

11

12

13.5

13.5

15

16

17

18

19

20

21.5

21.5

25

25

25

25

25
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Sntnsssary of results by broad categories
Socioeconomic considerations  necessary!
Biologieaf cu!ture considerations
Enhancement considerations

Fishery knowledge
Ecologitnl considerafions
R»kase consid»rations

Infrastructure considerations

23.391

29.012

25.843

9,364

8.545

2.576

1.297

Tskk 4. Summary of' the 27 final species selection criteria.

1. Cosnsncrcial/racrisational desnancL There must be a recognized deinand by commercial
ancUor sports fishing groups  br the specific fish, Only those lish that satisfy this criterion will be
further considered.

2, Rase of nnstisrlstg and spawning. Thc fish should have the potential to mature and spawn
successfully in captivity.3. Rekaaing javea8m should increaa Sah population. Releasing juveniles should provide
an othcrwis» unavailable supply of new recruits to the local Fish population.  This is often thc case
when the nuinber oF reproducing adults has been sharply reduced by overftshing.!

4. Rase of larval rearing. Larvae of the fish can b» hatched from eggs produced by brood stock
and then raised to juvenile size using existing culture techniques,

5. Cost cffectivcecm of stodr. enhancesncnt process. The value to society derived from
increasing populafions of this fish is likely to be great enough to justify the costs involved in raising
juveniles for rdcase and distributing them at release sites.

6, Rase of jttvenik rearing. Large numbers of Fiy can be reared and maintained in captivity
ulil release.

7, Ease of expcrisncntal design and nsonitoring of impact. The Fish should lend itself to
release-recapture experiments and to monitoring progrum set up to determine efFectiveness of
attempts to enhance the fish population.

8,5a. Extent of tccrtdtsnent limitation. Recruitment of' juveniles should be a primary
limitation on growth of the existing Gsh population.

8,5b. Lilsdihood of rapid ~ The fish species should have the potential for a marly
increase in fish population size and landings in the near Future.

10. lsnpact on ieaidaat biota. Releasing juveniles should not interfere significantly with other
sea life currendy living in or near release sites.

11. Low snortallsy-~wth ratio. Mortality rate should coinpare favorably with growth
rite in wild populations  death rate before reaching maturity should be relatively small!.

12. Docnsnensed decVine in fish stadt or Hah huidhigs. There should be fewer of these fish
in the ocean now than in past years.

13.5a. hvaikblity of habitat. Sufficient areas of the fish's preFerred habitat should be
available in Hawaiian coastal waters to support increased fish populations.

13.5b, Movesncnt pattarm  reaid»ntial vs. ~ty!. The released fish should remain in
Hawaiian waters as adults rather than migparing elsewhere.
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1 5, Socioeconomic attractiveness, The fish should have s strong appeal to the general public.
16. Inshore seasonal availahiTity. The fish should be present in Hawaiian waters year-round

rather than only at certain times of thc year.

17. Fishing mortality  current Hahlng pressure!. lf there is currendy a great deal of fishing
pressure, minimal protective and enforcement measures should be required to insure successful stock
enhancement.

18. Facilitics. Hatchery and nursery facilities should be currently available for this fish.
19, Ease of tccruitmcnt until madrct aixe. It should be possible to protect thc released fish

from capture until they are large enough for conuncrcial or recreational fishing.
20. Hearty enough to reproduce in degraded or litnited habitat The fish should bc able to

survive in areas of damaged or desrroyed habitat,
21.5a. Av«14Nity of food. Adequate fixxl resources should csist in thc wild to support rhc

released fish,

21,5b, Ease of transport and distribution. Juveniles should be relatively easy to transport
froin the hatchery to release sites.

25a, Coat of monitoring «Hect. Cosrs of tagging and recovery should not bc cscessive,
25b, Seasonality and environmental fitctors. The fish population should not bc strongly

affected by changes in the weather or enviroiimenrd disturbances.
25c, Mitigation bsucs. Enhancement should not require a reduction in current levels of

pollution in order to be successful.

25d. Non-consumptive uses. Does this species attract divers and other observers?
25e, Six« at capture. How large do these fish have to be in order to be considered large

enough to keep?

From Prioritization of Marine Fishes for Stock Enhancement, pttblishrd by the Orrarrir Irtttitrttr
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remain unso!ved. Of th«37 species of niarinc flnflsh used in atperimental releases, for caamplc, only
four were successful enough to have been adopted For commercial use. Success6d species of finfish
were red sea bream  Pa~ rrssj or!, Japanese flounder  Parrrlicthys sIitvrcrtrs!, black sea bream
 Acarrthupagras srhhgeh! and b/ack rockfish  Semester rchky 6!. Rdeases of most other spocies are stl
considered cxpcrimental, and many marked seedlings are being released to evaluate heir contribution
to coastal Asherics.



Production of'Juveniles
With Emphasis on Atlantic Halibut
Iosss ~a Holm, Irssri risc ofIrlssri rsr &srssrch,
Asssrcooll AsINssrNIrlrr Research Srssrioss, Srorobo, ¹irouy

The development, or propagation, of Atlantic halibut  Hs'ppoglosssss hippoglosssss L.!, is undergo-
ing change in Norway today. Substantial cavort is now being invested by the Norwegian Research
Council to promote a sound commercial business. Other candidate species judged to be fairly
plonusliig ai'emisi are the scaHop  Porrrrs maximsss! and Atlantic cod  Gokss morhua!. The common wolffish
 Asscrrhichsts Irspsss!, the sported woLLFish  A, mirror! snd the turbot  Srophrhalmsss  Psrrta J muss'msss! also
are subjects for Norwegian scientific projects,

Production of Atlantic Halibut Juveniles

The production cycle can bc divided into at least six periods;
l. brood fish manslmnent and production of Fertilized eggs
2, egg incubation
3. hatching and yolk sac period in silos
4. first feeding on live feed
5. weaning to a formulated feed
6. on-growth

The Latter should be divided in several phases according to the fish's environmental demands as
weH as econonuc considerations. Survival rates, especiaHy For periods �! and �!, are variable and too
low. The overaH survival from stripped egg to a wcH-weaned juvenile will therefore vary between 0
percent and morc chan 40 percent.

Bmod fish caught in thc wild need several years in captivity before they produce a reliable
amount of high-tluality eggs. The timing of stripping appears to be crucial for the viability of thc
eggs. Repeated careful handling of the female halibut scans not to afFect the ovulatory rhythms, Eggs
should be incubated at temperatures around 6 C and should be disinfected and transferred to larvae
incubators before hatching  at 12-13 days!.

The halibut eggs and yolk sac larvae atc particularly sensitive to light snd will respond with
negative buoyancy ss wcH ss ddayed hatching. The buoyancy varies also throughout development.
Both eggs and larvae are susceptible to stress, and thus special consideration must be taken regarding
the design and tending procedures of egg and Larvae incubatois. Thc yolk ssc period is long in
halibut, morc than 30 days in a favorable temperature regime. Belore first feeding, larvae should be
transferred to suitable tanks. This period currently is carried out in outdoor tanks, based on a reyme
consisting of brine shrimp nauplii  Arrrmsrs sp.! and natural zooplankton from a manipulated saltwater
basin.
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Rccotnsnended literature lor further ~
Bergh, 8., G. Hevik-Hansen, I. Huse and A. Jelmert, 1991. Studies on diseases oF cultured juvenile

Adantic halibut, NOAA Tech. Rep. NMFS 111.

Haug, T. 1990, Biology of the Atlantic halibut, Hippogkssrsshippogosssss  L 1758!. Aslssrssrss iss
hfarissr Biology 26: 2-33.

Helvik, J.V., D.O.O, Bcrntsen anti B.T. Walther, 1991, The hatching mechanism in Atlantic halibut
 Hippogksssss hippoglossrss!, Ins J, Doss. Biol 35: 9-16,

Kjssrsvik, E., A, Mangor-Jensen and I. Halmeljord, 1990, Egg quality in marine fishes, AsstrsossAs isr
8fssrissr Biology26: 71-113.

Mangor-Jensen, A., T. Harboe, S. Tuene, K. Boxaspcn and L S~, 1990. Intensive production
of halibut fry. Irs R.L. Saunders  ed.! P~gs oF Canal-Norway finfish aquaculture
workshop, September 11-14, 1989. Csre. Tech, %p. Fish. AsFssst. Sri, 1761:153-159.

Naas, K.E,, T. Nms and T. Harboe. Enhanced first fcehng of halibut larvae  Hippoflsssssss
hrppogkssrss L.! in green water. Aslussstslslre 105: 143-156.

Norberg, B., V. Valkner, J. Huse, L Karlscn and G. Lensy Grung, 1991, Ovulatory rhythms and egg
viability in the Adantic halibut  Hsppoglosssss hip~!. Aquacssltssrr 97:365-371.

Opstad, I, and 8. Bergh, 1993. Culture parameters, growth and mortality of halibut  Hippogksssss
hippoglosssss L,! yolk sac larvae in upweliing incubators, A~rv 109:1-11.

Pitunan, K., 8. Bergh, I. Opstad, A.B. Skiftesvik I., Skjolddal and H Strand, 1990. Development of
egp and yolk sac larvae of halibut  Hsppogkssssshsppoglosssss L.!. J AppL IchsiryoL 6:142-160,

Pittman, K., A.B. Skiftesvik and L Berg, 1990. Morphobgicsl and behavioral development of
halibut, Hippogosssss hippoglorsls L,! larvae. J Fish, BioL 37:455-472,

Tilseth, S, 1990, New marine species For cold-water rearing. Aqssssrrsissssv 85:235-245.
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The Institute of Marine Research, Austevoll Aquaculture Research Station, employs about 50
people, induding 17 scientists. We work an marine cokl-water aquaculture and are a large research
lacility recognized nationally and throughout Europe, The station provides goad facilities for
diFferent kinds of esrperiments on a small, medium and large scale. The station aims to produce
scientific knowledge in order to promote biologically as well as economically sound ~ of marine
species in Norway. The station is onc hour from Bergen, where the main body of the Institute of
Marine Research is located The Instirute advises the Norwegian Ministry of Fishcrics in its ~
ment of fisving marine resources,
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Marine Fish Enhanceme~t:
Concepts and Concerns far Artificial Propagation
Tknmsss A. Fkgp Wosrthtssrsr Fiskgrm Srs'enrr Cesisrr,
Vsssosusl jsfurisir Fishrrirs Srnrirr, Srsssrk

Pacific salmon hatchcrics are thc tnost prominent example of fish culture for tnarinc fish
cnhanccment. For the most part, salmon hatcheries have been successful in producing fish for
recreatiopai and commercial fisheries and for rcstocking areas where runs have been wiped out.
Unfortunately, reliance on hatcheries historically has been viewed as appropriate compensation for
habitat loss. This philosophy often has worked to the detriment of wild stocks by tacitly condoning
environmental degradation and worsening decline through overexploitation in mixed-stock fisheries.

The impact of salmon hatcheries on petitioned and listed sprxics is a concern under the
Endangered Spccics Act  ESA!. Thc traditional production-oriented hatchery is not compatible with
the goals of the Endangered Species Act to restore thrcatencd and endangered species to their habitat.
A new generation oF conservation harchcries must bc dcvcloped to supplement and recover depleted
populations. Conservation hatcheries should apply combinations of captive brood stocks, behavioral
conditioning and optimal release strategies for restoration eEorts, In addition, rearing-container
structures and feeding strategies should mimic natural conditions. Artificially propagated juveniles
should be similar in growth, development and behavior m their wild cohorts. These same consider-
ations should bc applied to the operation of orher marine species enhancement programs.
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Evaluating the Use of Hatchery-reared Juveniles
To Enhance Depleted Marine Fisheries
In Southern California

Donee' B. Kent

Hgblss-Sess Word Rescrsrrh Inststrstt, Ssin Diego

Since 1984 the CaliFornia Deparrmenr oF Fish and Game has administered the Ocean 14sources
Erihancement and Hatchery Program, which has been dedicated ro evaluating rhe economic feasibility
oF culturing and rekasing juvenile marine fish into wild habirats along the Southern California
coasdine. The initial OREHP research goals were to:

1. Capture and maintain brood stock
2. Develop techniques for the artificial control of spawning rcquiremenrs of juvenile fish
3. Develop protocols for hatching and rearing larvae and smaH juveniles
4. Evaluate the economic feasibility oF enhancing marine Fish pop ularions
5. Assess the pattern of mortality during the first year of hfe m determine the optimum age and

size for release

6. Define release sites to realize maximum survival

7. Develop techniques to differentiate genetically differing stocks and assess the impact of
released fish on wild stocks

8, Determine and evaluate pertinent population characteristics and habirat

These goals applied to both oF the program's target species, white sea bass  Atrattosrs'on nobilis!
and California halibu r  I ssrvdichthys rsslifornicsss!,

Substantial work on evaluating thc life histories of boih species has concentrated on identiFying
juvenile habitats where releases would occur. Estimates of population size for early life stages have
been inade using density estimates obtained from field sampling and applying these m digitized
computer maps of known habitat areas in Southern California.

Post-release mortality is evaluated through mark-and-recapture experiments using both coded
wire tafp and fluorescent marking with oxyretracycline, Feasibility is tested via a bioeconomic
computer model that compares costs of culturing Fish ro a given release size, weighted by post-release
survival m rccruirmcnt, ro the value of rhc fish recruited into the commercial fishery. The resulting
benefi-m-cost ratio also is used in sensitivity analyses m evaluate the priorities for funue research
work.

A frequent criticism of cnhanccmcnr programs is rhat insufflcicnt efforr is dedicated m under-
smnding post-rekase survival and subsequent recruitment. OREHP devdoped a doubk marking
technique that employs coded wire rags and ozytctracyclinc. Since 1985, eff'orts to recapture hatch-
ery-reared sea bass have employed beach seines, beam and oner trawls, giHners, and hook and line.
Thc catch of each gear rype was generaHy size-spccific and paruaHy dctcnnined by where thc gear
could be used effectively. Giffncts were efficient in capturing sea bass 150-850 mm TL  age 1-1V! A
hook-and-line sampling program was initiated in 1992 using the sampling effort of fishers aboard
commercial passcngcr vessels ro target whirc sea bass grcatcr than age V.

An expanded mark-and-recapture pmgrsm is proposed that wiH increase the number of Fish
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released over a larger geographic range, This program will use gillnet sampling to evaluate the effect of
various controllable release parameters. The program also will use spccirnens from both the cornmer-
cial and recreational catch to evaluate the contribution to the fishery.

The use of hatcheries to enhance depleted fisheries has, for some anadromous fish species, been
an accepted managcmem tool since the 1800s. Intense interest has developed worldwide to expand
the use of hatchery enhancement to include other fish species, mollusks and crustaceans. Concern has
been raised that such dlorts might significantly affect wild stocks by flooding the reproductive
population with individuals whose genetic variability, and therefore their overall fitness, has been
diminished. by hatchery selection protocols.

Some fear that the use of hatchery fish to supplement marine stocks might adversely afFect the
wild populations by saturating the available habitat with fish having more uniform genetic character,
thereby out~mpeting wild gcnotypes and supplanting them with a more uniform  i.e., ! ess variable!
and less adaptive genotype, However, it is diIRcult to study this problem definitively since wild strains
continue to he inAuenced by selective pressures, such as diminishing habitat and changes in water
quality, outside the control of the experimenter.

The issue of reduced genetic variability is !ess of a concern for the panmictic species that are
currendy being investigated for enhancement potential. In these populations, discrete subpopulations
may occur both spatially and temporally but do not remain discrete over time. Hatchery fish pro-
duced to enhance such populations should attempt to encompass as much of the genetic variability as
is observed in thc wild population. This demands a conscientious effort m review the genetic charac-
ter of the wikl population, as well as a stringent protocol for brood stock manageinent. Techniques
that can b» used toward this end include tnaintaining a large number of brood fish, rotating brood fish
between spawning pools to ensure random mating and introducing new brood fish to the hatchery
population at regular intervals. If hatcheries are to become more widely used to supplement wild
populauons, then special care vrill need to be taken to ensure that already depleted wild stocks are not
adversely inRuenced by the loss of genetic variability.

The ORKHP research evaluates the potential use of cultured fish for the enhancement of wild
populations as a real and quantifiable rcsourc» management tool. This research may allay the concerns
of rnanalprment biologists responsible for establishing the methods by which environmental problems
can be mitilptted.
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Texas Red Drum EnhanCemerIt%0rkS

Luwrrncr W. kfcEuchros, CE kIcCarty once Robert R Yegg
Trotot Parks ond Wight'liP &portroent, Trees  Rorkport, Hartin, Corprtt Chrt'rli!

Red drum  Sciaortops ocoltatIt L,! is an estuarine-dependent sciaenid that inhabits estuaries, bays
and coasts} regions from New York to Mexico. It has historically supported vital recreational and
commercial 6sheties throughout its range. In Twas, the red drum population bqpn a dramatic
dedine in the 1910s, prompting the Texas Parks and Wildlile Department  TPWD! to implement a
three- pronged recovery plan, The management approaches used were:

1, Initiation of an independent monitoring program to assess relative abundance
2. Implementation of restrictive regulations to reduce 6shing pressure induding license

restrictions; size, bag and possession limits; a cotnmercial quota; restrictions on netting, and a ban on
conunercial sale of red drum

3, Development and implementation of a marine enhancement program based on the release of
hatchery-reared fingerlings and assessment of subsequent survival

Recently, the red drum bay populauon in Texas rebounded to near-record highs thanks to a
number of factors. 1 PWD's long-tertn ~tnent plan using hatcheries to supplement narural
spawning played a crucial role in mitigating the decline of the red drum population. Ir:has taken
TPWD 21 years to reach the current stage of its stocking and recovery progratn; to date, more than
115 million fingerlings have been stocked in marine waters. The use of hatcheries, coupled with
traditional 6sheries management practices, has proven to be a powerful combination in managing
Texas' natural resources wisely. All scientific evidence to date strongly suggests that hatchery fish did
indeed enhance the Texas red dnun bay population. The overall suategy used by the TWPD can
serve as a blueprint For other marine enhancement programs,
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Historically, Finfish consumpcion in Northern Europe and the Mediterranean has been domi-
nated by a prcfercncc for marine fish. This preference continues today, and with the problems of
ovcrfishing and the subsequent imposition of catch quotas and other controls on crsditional fishing
methods, attention has increasingly bccn directed toward the possibilities of farming the seas. Dcspitc
this interest, current exploitation of coastal waters has been dominated by che culture of Atlantic
salmon rather than more typical marine species such as the turbot, cod, halibut, bass and bream that
the market probably would prefer. Undoubtedly, onc of the rosin reasons for the growth in salmon
production is the similarity in culture methods for salmon to those of thc rainbow trout, which has
been cultivated in Europe for some 120 years,

Developments in the culture of non-satmonid marine species also have been constrained by a
lack of information about management of the brood stock, difficulties in the artificial spawning and
stripping of Ash and thc much poorer survival  quality! of the resultant cgp and larvae. There abo are
many questions relating to the optimum conditions and facilities required for egg incubation, larval
rearing and an-growing oF 6sh to table size. Water temperature is an important dctcrminant, too,
with bass, bream, mullet, turbot and Dover sole requiring much higher ambient temperatures For
optimum growth chan do halibut, cod snd wolffish,

h is the supply ol'eggs and !arvae, however, that recnains chc single most important constraint
on the dcvclopment of marine aquaculture. The «ggs of mosc marine species are several hundredfold
smaller in volume than salmonid eggs. Consequently, these eggs have much shorter periods of
incubation before hatching and produce larvae up to 10 times smaller than the corresponding
salmonid stages, As a result, quite differen approach' have had to be adopted by mosc marine
hatcheries compared co those used for salmonids. Whereas salmonid fry can take artificial food
immediately on First feeding, thc mouth gape of most other marine larvae requires their feeding with
much, smaller food particles. As yet it has not proved possible to fabricace an artificial diet chat is small
enough to be eaten, distant to leaching, and digestible and chat contains a property balanced
formulation. Consequently, most hatcheries have had co rely on live foods  c.g., Arresnia uauplii,
rotifcrs, algae and copepods!. These vary in their nutrient composition and in their abilities to
produce healthy, good-quahty larvae. In general, plasiktoll harvested from thc wild give better results,
buc there are problems relating to the continuity and seasonality of their supply. Considerable efforts
have gone into thc culture oF Arrcsnia and rotifers and in thc enrichment media and types of algae on
which chcsc invertebrates are grown. This has dramatically improved the survival rates oF many
marine larvae in culture. Wc now have double-figure survivals m weaning for bass, bream, turbot and
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cod larvae and much improved survivals for halibut. Further work on thc specific nutrient require-
ments of each individual species of marine larvae no doubt wi!I continue to improve this position.
However, the culture of live foods is a complex and technically demanding procedure requiring inucb
staR'time and capital expenditure.

In the United Kingdom, the first attempts at rearing inarine fish began in the 1960s arith work
on the plaice and on lemon aud Dover soles. The larvae of these spcr.ics were successfully rcarcd on
 ive foods  i.e., Artemis nauplii and rotifers in the government laboratories of Ministry of Agriculture,
Food and Fisheries!, but further attempts at culture wer» not made because of the low market value oF

the plaice and !emon sole and the difficuhies of on-growing all thrcc species on artificial diets.
Attention then turned to the Atlantic turbot and halibut, which along with the Dover sole are aroong
the highest-value species found in European waters, By feeding with live feeds and using enrichment
procalurcs involving high  HUFA! lipid-high protein emuhions, large numbers of turbot larvae arc
now being produced, Subsequent experiments on the on-gmwing of this species, however, indicated a
temperature optimum of 18 C. Hence commercial exploitation of turbot moved froin the United
Kingdom to the warmer waters of northern Spain and, to a !easer extent, the Adantic coast of southern
Fiance where altogether some 1,500 tons now are being produced. Although growth has been good
at these sites, high mortality rates have been reported during thc suinmer months. espcciany when
temperatures excel 17 C. Recenrly, further cominercial trials in Scodand have shown that reasonable
growrh can be achieve at lower temperatures without increased rates of mortality, providing the day-
length is artificially extended.

Sea bass and bream have been considered, but their temperature optima for on-growing are 20-
24 C. Hence their production always will be limited to the Mediterranean or to places where ready
supplies of waste heat are available. Ar present only the culture of bream is of any significance
because, although the production of the signilicantly larger bass larvae is easier than bream, bass cakes
one year longer to reach table size,

Cod remains a possibility for the Unital Kingdom because oF the high consumer regard for this
species, Its relatively low market price, however, makes economic intensive culture exuemcly unlikely,
Rearing trials a so have been complicated by rhe txrreme cannibalistic behavior of the. 'young Fish,

The Dover sole is an attractive proposition because of its very high price at hrst sale, but the
dependence of the young fish on smell and taste for feeding and the consequent difficulties of
providing an acceptable fabricated alternative to live feeds have prevented Further developments in its
culture. Possibly, the potential For culture oF the Dover sole lies more in sca ranching or an enhance-
ment of wild populations by stocking with juvenile fish. Thcrc also are questions relating m the
temperature optima for growth of sole, which are similar to those of the tutbot.

Other species of potential interest include the stasrgcou and thc wnlllah However, link work
has been done on either of these fish in the United Kingdom.

The development of methods for thc culture of Atlantic halibsat has bccn cspcc~ problem-
atic because of ihe high salinities, low tanperanues and much longer periotb oF time mpind for cgg
incubation and larval rearing. It still is not possible to prcdia rehably the optiinum time to strip the
brood stock and partly as a consequence of this, egg quality is invariably poor. There abo are
considerable problems with the feeding of the larvae, parncularly as they approach metamorphosis
with the best results being achieved by feeding wirh copcpods in addition to other live foods, Despite
these difficulties, however, adequate numbers of larvae now are being produced m both Norway arid
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Scotland. Providing no significant problems arise with on-growing  and none have appeared in our
trials so far!, it is likely that dus species will be the first non-salrnonid marine fish to be farmed in any
great numbers in U.K. waters,
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PICIfIC NORTIIIEST SPECIES If PARTICIlliR INTEREST

Marine Fish Cultivation Research
At the Pacific Biological Station
Crai'g Clarke; Dcpcrrrmcses of Fisheries asssl Orcaess
Parijic Biological Srasiose, Nassairseo, B. C, Casrasta

Because of thc high value of sablefish  Anoplopo rrsafinrbria!, it has been considered a candidate
for commercial farming. The sablefish was first stuked by Kennedy in the late 1960s  Kennedy,
1972!. He showed thar second-year juvenile sablefish captured from the wild coukl be reared to a
commercial size in tanks or cages. It has been concIudcd since then, howcvcr, that production of
juveniles in hatcheries was necessary for successful commercial Farming oFsablefish. One reason for
this is that wild stocks of sablefish are Fully used now. Another is that thcrc arc practical difficulties
involved in live transport of juvcnilcs captured at sea,

Research was surreal in the rnid-1980s to develop new techniques to spawn captive adults,
incubate egg and rear the larvae. Thc first experiments on cgg production and larval rearing began
with garnctcs collected from spawning fish at sca, Eggs were incubated first in static containers and
later in flow-through upwelling incubators  Alderdice et al., 1988a, b; McFarlane et al., 1991!.

Temperature control is very impornmt during thc egg and larval stages. The optimal tcmpcra-
turc during carly rearing is 6 C �2,8 F!. After about 12 to 15 days, the eggs batch. Another 15 to 20
days elapse before thc larvae begin to feed.

We did not succeed in rearing larvae beyond the 12nun size in several years oF feeding trials
with rotikts  Brachionrssplicarilis! and Arrcrsriu. We believe that the reason for dus is that the ked
organisms are deficient in essential Fatty acids. Experiments conducted with mtifets fcd on separate
microaigd diets have shown significant difference in growth and survival oF the larvae  %byte cr «I.,
1994!. Nevertheless, levels of eicosapentacnoic �0:5n3! and dteosahexaenoic �24n3! fatty acids in
the rotifers are much lower than in sablefish eggs or in zoophnkton thar tbe larvae consume in thc
wild.

In parallel with the egg and larval studies, work started on spawning of captive adult sablcfish.
Although male sablefish Frequemly mature and spermiase without hortnonaI treatment, only one out
of morc than 150 female sablcfish held at tbe pacific Bi~ Station ripened spontaneously without
hormonal inducuon in three years of cxperimenrs  Solar et al., 1992!. It was possibk to induoe
mature kmale sablefish captured during the previous autumn m spawn by injection of the hormone
LHRH, but they failed to rernature during the subsequent spawning sesson-

W» thought this could b» because of the effect of elevated temperature. Spa~ normally



takes place at depths of 300-700 meters, whereas the water supply for our labaratory tanks is drawn
horn a depth of 20 meters. This was tested in 1991 by installing insulated 12-foot tanks supplied
with asnbicnt and chilled seawater, which were mixed to regulate temperature. During the l992
spawning season, five out of eight females matured on chilled water compared with one out of eight
females at ambient temperature.

During the past year, research effort was redirected from sablefish to the lingcod  Ophs'odoss
elss¹gsssss!, This research was initiated with funding from the Salmonid Enhancement Program  SEP!.
In its long-tersn planning process, SEP wished to learn the feasibility of producing juvetule lingcod for
scstocking in the Strait of Georgia.

Thc results of exploratory studies thts year have shown it is possible to produce post-metamor-
phic juvenile lingcod by feeding brine shrimp  Asses¹sis sp.! to the larvae. Lingcod eggs collected in
thc wild wctc incubated in 200-liter tanks. After hatch, groups of'larvae werc placed in 5-liter pails for
closer monitoring and feeding trials. The larvae werc fed Arsessssss enriched with Super Selco  Artemia
Systems N.V. Baasrode Belgium!. Active feeding began about a week after hatch. Larvae tolerated a
wide range of salinities, from 30 percent down to 20 percent, When held in covered, darke~ed pails,
larvae had higher survival than at higher light intensity, However, mortality was very high after the
yolk was depleted, %c attribute this to an inability of young larvae to fully digest the Artesssssc
Partially digested Assrssssss were seen emerging in the feces of young larvae.
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Shizugawa Bay,
For a commercial 6shery, the recapture rate should be higher than 20 percent  contaitting catch

of natural 6sh!. Some new release methods now are being tried to present mortality just after release.
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Overview oF Sea Ranching of'Atlantic Cod
And Review oE the Norwegian Sea Ranching Program
Snorter Tihcth

Izittitrtte of Marine Rcserzrh, Beam, Ps iztssy

In 1864 thc famous Norwegian scientist G.O. Sars raised thc question of whether the produc-
tion of cod coultl bc increased by artificial fertilization of cod eggs antt large-scale releases of yolk sac
larvae. It was supposed that rhe production of fish was directly proportional to the number of eggs
produced by the spawning stock. The releases started in 1884 and continued more or less unaltered
until 1971, when data from 1920 to 1969 were analyzed. Thc analysis showed that the efFect of the
rdeases could not he scparatcd from random variations. h was conduded that the releases of yolk sac
larvae had no beneficia dfect on the production of cod.

In 1914 Johan Hjort suggested the critical stage hypothesis: that thc size oF year class strength
oF fishes was established at the carly lile stages, when the larvae changed from yolk-sac to exogenous
Food. Empirical studies supported rhe view that rhe year dass strength was established during the
early life stages, and systematic investigation on the agc structure of fish population showed that the
variation in abundance was related to fluctuation in year class strength. This variation was shown not
to be related to the size of the spawning stock. Hjort put Forward at thc idea of rearing fish larvae
through the critical stage for release at a later stage.

Thc technique for mass production of Atlantic cod fty was developed in 1983, nearly 70 years
after Hjort published his critical stage hypothesis. The Fty are produced in large seawater ponds, Thc
production is based on natural plankton. The consistency of fty production is achieved by removing
predators from the pond and by ackling fertilizer to promote phytoplankton and zooplankton
production. After metamorphosis �5mm TL!, the fry are fcd dry pellets untfi harvest at 30nun
length,

An enhancement experiment with coastal cod was started in 1983 by the Institute of Marine
Research at Austevoll Archipelago on the west coast of Norway. The cod were zagged and released as
0-group. The results suggested that reared cod did not dilFer from wild cod in growth and survival.
The released cod remained in the release location both as juveniles and after maruration. Natural
rccruitmcnt in the release area was investigated, and it was shown thar the released cod comributed
significantly in rhe corresponding year classes. The reared cod recruited ro the local fisher as 2-group
cod at a size of about 30cm, Fewer than 35 percent of the released cod survived to thc 2~oup stage.
The mortality was attributed to predation aod cannibalism, and it decreased wirh increasing size at
rele~. After recruitment to the local fishery as 2~up, thc natural mortaliry of cod decreased to
about 20 percent per year, while the fishing mortality increase to nearly 50 percent per year. The
local fishing pattcm had, however, a negative effect on thc yield in th» commercial fishery because
most of thc recaptures were undersized fish caught by sport fishing.

Based on these results the Norwegian Fisheries Research Council established a national cod
enhancement research program in 1985, Thc scope of rhis program was first to detemune whether
the prottuction of cod could be increased in fjords in southern, western and northern Norway by
release of reared juveniles and second to examine which ecological factors determine this production.
Morc than 175,000 juvenile cod were released from 1988 to 1990 m Masfjordcn in western Norway.
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As 1-group the three manipulated year classes in the fjord consisted oFmore than 50 percent teated
individuals, The results from this enhancement experiment suggest the factors that determine year
dass strength reduced year classes from strong to poor at 1-group stage. Density-dependent mortality
is suggested as the main reason for the observed decrease in abundance. The release did not result in
any measurablc increase in the cod stock in Masfjorden. Considerable insighr has been obtained on
ford ecology and results from modehng suggesting that thc advected food source is a limiting Factor
on cod production. These results suggest that releases should be carried out on a more open coastline.
This rccornmendation has been adopted by the Norwegian Sea Ranching Program established hy rhc
Royal 1Vo~ Ministry of Fisheries in 1990. This program also includes species such as European
lobster, Adantic salmon and Arctic char and wiH continue until 1997.
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A Review of the ReSearCh Efforts On PaCific Halibut,
Hippoglossus stenolepis, With Emphasis
On Research and Development Needs
Robert R. Srirkney

School of Fisheries University of Witshingron, Seattle

Research conducted on Pacific. halibut in Washington to date has been a collaborative efFort of
the University of Washington School of Fisheries  SOF!, the International Pacific Halibut Commis-
sion  IPHC!, the U.S, Fish and Wildlife Service  USFWS!, the Nationa! Marine Fisheries Service

 NMFS! and Stair Sea Farms. We also have collaborated with scientisrs and conducted reseat' at the

Nanaimo Laboratory of the Department of Fisheries and Oceans  DFO! in Canada, Interest in the
research coininunity was inspired by a desire on the part of IPHC to study captively reared Pacific
halibut larvae as a means of learning more about early life history and, in particular, growth rates and
morphological changes at various ages. There also was interest in evaluating the potential of produc-
ing Pacific ha! ibut postlarvae or juveniles for enhancement and for commercial culture. SOF investi-
gators became involved with Pacific halibut culture in 1986.

Brood fish have been captured on several occasions by IPHC stafF and transported to facilities
operated by USFWS, NMFS and Stolt Sea Farms. Adults adapt well to both circular fiberglass tanks
and unrnodifiiect salmon nct pens, Eggs and milt can bc obtained from adults during rhe normal
spawning season  winter months! wirhout hormone injections by exposing the fish to arnbienr water
temperatures. We have maintained low light levels by covering rhe spawning tank, but there does not
seem to be a strong inliuence of photoperiod on development. Spontaneous spawning has not
occurred, so it has been n~ to strip the adults at appropriate times. Males develop early in the
spawning season and remain running ripe for scvcrat weeks. Females develop later and are multiple
spawners. Several thousand eggs pcr batch can be obtained every fcw days from ovulating females.

Though there is not complete overlap in the timing of egg and nuit availability, procedures for
cryoprcserving sperm have been developed. Studies that have been conducted to date have sddreexl
thc following:

~ Use of circulating hormone levels to sex adults and predict the nrne of spawning
~ Developing egg incubation chambers
v Developing larval rearing containers
~ Rearing larvae to first feeding
~ F.valuating the eIFects of salinity on egg and larval development

~ Examining the effect of hght quality and quantity on larval development

Results from the studies mentioned, along with chc experience gainad aod thc results of various
other observations, indicate that succcssfu! larval rearing is within reach. Research is needed to
evaluate the nutritional requiremenrs of brood stoep; to find the best types of food for first-feeding
larvae; to develop prepared feeds for posdarvae; and to dctenninc thc environmental requirements of
larvae, postlarvae and juveniles. Among the environmennd requirements that should be studied are
temperature, salinity and dissolved oxygen. In addinoil, the tolerance ofhalibut to nitrite and
ammonia should be determined.
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Once the technology and protocols for producing posdarval Pacific halibut have been devel-
oped, emphasis should be placed on expanding the approaches to the point that sufficient numbers of
postlarvae can be produced for enhanceinent stocking or captive growout. Faci! i ties for scaling up to
meet the potential demands for fish used either for enhancement or captive culture do not exist in
%'ashington at this time. Additional research on wild halibut stocks will be required to determine the
best locations for stocking cultured halibut and the best sizes to stock,

lt seeins likely that Pacific halibut can be reared throughout much of their life cycle in salmon
net pens. The amount of time required to produce marketable fish remains to be*terminecL As the
technology for halibut rearing develops, it is likely that gmwout periods can be reduced through
proper nutrition, stress reduction, se~ve breeding and other management approaches. Realistically,
the research required before Pacific halibut can be used in either enhancement or commercial culture
will require at least a decade, and perhaps iwo or more decades. The time required will depend, in
patt, on funding,
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Marine Fish Culture and Enhancement

WiNros F, Royu, Ph.D�&rofrsror Frrrcrirur
School of Fishcrin, Vnivcrriry of Worhirigron, Scarrlc

Kith the world's population of fish from thc oceans topping out at 100 million merric tons
annually and beginning to decline, our only options for increasing or even maintaining supplies arc to
improve management radicaHy stock by stock, and to accelerate production from aquaculture. It
seems essential to do both, but thc political management of the ocean fish stocks is so disastrous, and
so out of control of national governments, that marine fish culture is probably rhe most effectiv
approach,

Lct us look first at examples of ineffectiv national rnanageinent. A few years ago, I visited the
Lowestoft oratory in East Anglia, where some of our early and most res pected fishery soentists
worked. A large chart on the wall showed the condition of the stocks in rhe North Sea and around
the British Isles � almost all overfishcd and producing less than they would have under efFective

mari age ment,
N«xt, consider our U.S. federal fisheries management. The level of U,S. landings during the

1980s was about 3 truHion metric tons annually, but the average income of commercial fisher  after
ad}ustment by th» Consumer Price Index! tended to decline. The annual nuinber of U.S. vessels
found in violation of fishery regulations has tripled from about 400 to 1,200. OIF New England rhc
traditional stocks of cod, haddock and flounders have been over6shcd so severely that they are now
producing only about 25 percent of the maximum yidd sustainablc under efFective management.

Consider an outstanding example of replacing such mismanagement with an effective system, A
few decades ago, when Alaska was stiH a territory under federal management, its salmon stocks were
sevcrcly depleted. Production, which had started early in thc 20th century, had risen to a peak
sustained for about two dccadm and then dropped to about half that level, Af'ter Alaska became a
state, the ncw state management was much concerned about thc decline in salmon fisheries. I
suggested to thc Alaska Chamber of Coinmerce in a speech in October ! 963 that they were simply
forcing thc state's large number of 6shcrmcn to be inefficient in order to achieve conservation,
SubsequentIy thc state intmduced a limiM entry system, under which every legal fisher owned a right
to fish a specified kind and amount of ~ in a specified area Since then the state has maintained
good research on the condition of thc stocks and obtained good catch staustics. The catches have
shown a sustained increase to approximately double rhe levd the state had inherited from the federal
system, as weH as a substantial increase in earning per 6sher and thc value of their investmcnts in
permits, The increases, however, have been slightly augmented by hatchery production, principaHy of



pink salmon.
Successful management also occurred during the 48-year regime of the International Pacific

Salmon Fisheries Cotnmission chac dealt with the Fraser River salmon  mostly sockeyes and pinks!
chac spawn in Canada but migrate through thc ocean fishing areas of boch Canada and thc United
States  Roos, 1992!, This fishery is complex politically, environmentally and financially. Major issues
arose after rock slides and rock dumping during railroad construction prevented millions of salmon
from reaching their spawning grounds after 1914. The problems werc studied For years, and an
international fisheries convention was finally rarified in 1937. The total runs, which had averaged
about 11 migion fish in the early part of the 20th cencury declined to about 3 miLLion Frotn 1920 to
1940 and then were rcstorcd to averages of 10 million during the 1980s. Aimost all this restoration
was accomplished by protecting natural runs. Substancial efforts were made to develop hatcheries For
both sockeye and pink salmon buc were only marginally successful.

Hatcheries become essential, however, in the absence of natural or assisted access to enough

spawning and rearing areas where adults and young are protected. The practice of saltnonid culture
has been thomughly proved during this century. One of the leaders was Professor George Embody ac
Corndl University, under whom I worked in che 1930s. Hc not only improved th» salmonid culture
systems, but hc also shaped thc entire freshwater management system in rhe state of New York. He
did so by instigating a statewide biological and environmental inventory that provided a thoroughly
informed basis for stocking, regulatory and aquatic cnvironmencal management activities.

Salmonid stocking is now commonplace in southern Canada and the northern United Scares.
Most of it involves trout, induding the domestic brook and lake trout and thc European brown trout.
Buc Pacific salmon have been introduced successfully inm the Great Lakes and support a significant
fishery.

As the marine production from wild stocks tops out, there is no alternative to increasing
supplies through aquaculture. We are doing ic around the world with about 100 species suitable for
cominercial and sport fishing, pius about 1,000 ornamental species for aquariums. Why not further
increase the supply by taking advantage of natural environtncnts where it is possible m stock and grow
the species desired? We do this with many farm and forest cmps.

The state of Washington is stocking abouc 1.4 million pounds annually of young anadromous
fish in addition to more than 2 million pounds of non-anadromous species. Coastal aquaculture is
increasing rapidly in many parts of che world, especiaLLy for the more valuable species such as lobsters
and shrimps. One prefecture in Japan � Miyagi is producing about 120,000 metric tons of cuL~
products annually, about 35 percent of which arc marine plants. Some people inay object to almost
any such eforcs, but there is probably no alternative other than decreasing the economic and political
demands of the human population.

I would like to stress that society has an urgcnc need co identify environmental professionals
who can be trusted as we crusr physicians, engineers, attorneys and ochcts who advise us ou complex
issues. We must shape our fishcries pmfession in terms of understanding people and working with
chem.
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ollowing a series of technical presentations, MFCgrE participants broke into six groups to
discuss the possible application of cnhanccment technology for Puget Sound fisheries, Each group
considered the same five questions  sec appendix!. All groups reconvened for a wrap-up session ar thc
end of the conference, when each group leader presented a summary of the discussion. Each group
included a rapporteur, who summarized the group's conclusions on a flip-chart, and a recorder, who
took more extensive notes.

This approach was used to determine areas of agreernenr and to elicit more input that otherwisc
might bc lost, The resulting discussions were lively and varied. The following sununary highlights
corrunon themes discussed by the work groups and incorporates other information where appropriate.

Why consider enhanoamen8
Washington Department of Fisheries catch statistics indicaie rhat niost recreational and

commercial populations of marine fish in Puget Sound are severely depressed. Schools of cod can no
ngcr support commercial fishing. Recreational fishers have to search long and hard to find halibut

and lingcod, which once werc abundant, The causes for decline are not understood but may include
overfishing, repeated warm surface water occurrences, marine mammal predation, lack of food, toxic
or noxious phytoplankton or sornc combination oF these,

Ie theta adequate information to initiate a marine hatchery program in Washingtont
The cautious consensus of thc work groups was Yrs in the case of some species, such as cod and

halibut, where substantial work has bccn done in other countries, Other species also were considered,
but not enough is known about their juvenile life histories or the causes of stock declines to make a
derermination,

Although tcxhnology from Japan, Norway and the United Kingdom can be iinported to
provide a head start for Puget Sound enhancement, researchers here need to develop their own sit@-
and species-specific technology. Researchers need to establish a hase of information on larval lish
rearing, culture conditions, fish nutrition, fish pathology, physiology of growth and development,
reproduction and behavior.

What progress has been suade so fitr?
The Pacific Northwest lags far behind other fishing countries in enhancement research,

Established culture technology for Pacific Northwest species is generally lacking or in the very carly
stages.

Some work has been done by marine aquariums and research facilities of the National Marine
Fisheries Service at Manchester and Mukilteo, Wash.; the School of Fisheries, University of Washing;
ton; Peninsula College, Port Angeles, Wash.; and Pacific Biological Station, Department of Fishcxies
and Oceans, Nanaimo, B.C., Canada. These eHorts have been aimed at laboratory rearing for
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purposes other than commercial applicarion or cnhanccmem. The exception is thc research projects
on halibut being conducted by University of Washington School of Fisheries ar the U.S, Fish and
Wildlife facility at Marrowstone Island and by the Pacific Bioiogicaf Station ar Nanairno, B.C. The
latter agency also has conducted research prolects with lingcod and sablcfish  a.k.a. black cod!,

What is the estimated time to establish viable and productive ctsltrsre in Paget Somxh
Estimates ranged From five to 50 years, However, most groups placed the tim» frame at five ro

10 years.

Establishing and refining a viable enhancement program is a long process. Washington
Department of Fishcrics salmon biologists have been at it for decades; the successful red druin
program in Texas started more than 20 years ago,

What is thc potential for technology ~ from other countries and tegiotuu
The Pacific Northwest codd reap considerable benefirs from the experience of enhancement

and aquaculture programs in Europe and Japan and in other regions of North America. Many species
of rnarinc fish are being cultured in captivity in Japan, Europe and Asia, and stveral are being used to
enhance stocks around the world. Marine rearing technology appears to be weII developed for some
species, such as Atiantic cod, Atlantic halibut, plaice, turbot, sca bream, black rockfish, white sca bass,
mullet and red drum as described in the technical papers presented ar the MFCBcE workshop.

There also are success stories in thc United States. For example, a Texas hatchery program has
helped restore stocks of rcd drum in Gulf of Mexico bays ro near-record levels and has begun releases
of spotted sea trout, programs in California and Hawaii have shown good pilot results and are gearing
up for full-scale enhancement programs.

Importing this enology could result in dollar and time savings on the enhancement learning

curve if the technology is applied in a biologically and environmentally responsible manner.

Technology transfer from onc spociea to assother
Since th» basic steps required to produce juveniles are similar for most rnarinc fish, the techno-

logical developments reported at the workshop will apply to species of interest in the Pacific North-

According to the technical papers presenred, the first stages oF marine cuirure are the roughesc
The main bottlenecks appear to bc weaning and first feeding, the period when the larvae have
exhausted their yolk sacs and must begin hunring and digesting food for rhemselves. Providing
appropriate food is difficult because marine larvae are too small to digest thc conuncrcial fishmeal
pellets and grain feeds developed for salmon, trout and catfish. Some species of marine huvac can
survive only on a diet oF live plankton,

However, Puger Sound biologists won't be able to adopt this technology whofeaale. They will
have to adapt the techmques developed in rhc Adamic and eastern Pacific to their own smcks. For
instance, research will be nccded on a variety of spccics diflcring in rheir basic reproductive strategies.
>ngcod lay egg-masses with the male guarding the nest, while die mckfishes are live-bearers. Some
species have small pelagic eggs, while others have relatively large eggs.

Researchers also will have to engineer juvenile releases so they have thc most berugn and
beneficial impact possible on local habitats. To gather the necessary information, biologists will need
to rnakrt smail-scale, experimental releases of fish, their track their growth and survivaL
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Criteria for sdecting species for enhancement to augment natural production
Although political considerations may affect funding, species selection must proceed on a solid

scientific basis, or enhancement will faih For instance, the work groups agreed that enhancement
efForts shouldn't automatically target rhe most depleted or most popular fish in their area,

When discussing this mixtiirc of sociocconornic and biological factors in species selection, many
work groups referred to selection criteria developed by Ken Leber, Ph.D., and rnembcrs of thc fisher
and aquaculture community in Hawaii. The list, crafted during two workshops, was used during the
first phase of the Oceanic institute's stock enhanceinent research to select test species for pilot releasea.
A copy of this list is included in the technical portion of this proccal ings, Following are the major
criteria selected hy the work. groups.

1. Commercial and recreational demand

2. Availability of viable spawn
3. Juvenile release will increase adult population
4. Ease of larval rearing
5. Cost effectivenes  difficult to determine until culture is established!

6. Ease oF juvenile rearing
7, Ease of inonimring iinpact  returns, yields!
8. Likeffhood of success

9. Impact on resident biota

10. Availability of habitat

11. Stays where it is stocked  i.e., docsn't swim to Canada!

12, Life history known

13. Availability of technology

Marim Sah with the ~ enhimcement potential
For the Pacifie Northwest

1. Lingcod
2. Rockfish  copper, quillback and black !
3, Pacific cod

4. Halibut

5. Pollock

6. Greenling
7. Cabezon

Why thcae species'
1. The first four species were originally identifie as priority species for cnhanccincnt in Puget

Sound by the Washington State Legislature. All work groups also identified rhem as priority species
for enhancement.

2. Scvcral of thcsc species arc popular with recreational fishers, a group that may be a source of
political and Funding support for enhancement activities, The new $10 surcharge on Washington
state recreational fishing Vioense holders, which has been earmarked for enhancement of salmon and

possibly of other species, is an example of a way that research might be funded. The value per pound
of fish taught probably would not be an issue, so long as anglers hsd a reasonable expectation of
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catching a few fish. Ii was generally recognized, however, that thc pubfiic will be incensed by such fees
if there aren't fish to catch.

Criteria Sr selecting speciea fisr captive rearing and direct rnarlteting
Once the culture technology for enhancement is developed, it was generally thought that spin-

o% would accrue for cominercial culture. In turn, aquaculture technology could bc used as the basis
for feasibiliry studies to determine if enhancement releases would hc successfuL

Although there would be tremendous technical synergybetween commercial rearing and
enhanceineni, thc following species selection considerations for caprive rearing are somewhat diRerent
from those for enhancement of coinmercial and recreational fisheries:

1. Supply and demand
2. Dollar value of species
3, Cost of production
4. Availability of juveniles through. hatchery cuIture antVor wild capture
5. Growth rate

6. Undersnmding of early life history
7. Technical feasibihty
8. Overafi profit potential

Candidate species lor captive rearing
I, Halibut

2. Sablcfish

3. Petrale sole

4. Perch � surf, white, and blue

5, Rockfish

Why these species?
W/bile anglers often seek an exciting fishing experience, aquaculturists select for good yield and

price per pound, Lingcod is a popular sporr fish because it fights the hook and often cscapcs, The
sports cmhusiast who reels in one of thcsc big fish has generally had a satisfactory adventure fiM the
day.

But lingcod has too low a yield  the ratio of usable meit to oval body weight! to be attractive
for commercial culture. Aquaculturists are more likely to pidt a fish such as halibut, which has a high
yield  up to 57 percent for Adantic halibut farmed in Norway!.

Other captive culture considerations
Once aquaculturists have determined the species with the best biological potential for capdve

rearing, they have to consider the pragmaric consiclerations of siting for-profit hatcheries and grow~ut
faciTities. Following are important questions for commercial culture:

I. Are there hatchery construction constraints?
2., Is siting a problem for net pens or shore-based facilitics?
3. Is there a conRict between private and public fish culture?
4. Are commercial/government cooperarive relationships workable?
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Gcneratissg suplsort fssr enhancement
Support from user groups and individual citizens is critical to any cnhanceinent plan. Accord-

ing!o MFCRE speakers, that means that the people who ultimately wiii benefit from and pay for
hatchery programs must be part of enhancement planning from the very beginning � including species
selection.

Programs in Japan and northern Europe have concentrated on species harvested by commercial
fisherics and suitable for Farnung. Therefore, they have worked primarily with commercial fishing
fleets and aquaculturists, A Japanese enhancement p'rogram for black rockfish, for example, involves
extensive participation by commercial fishers, who assisted researchers in projects such as marking
hatchery fish.

In the United States, by comrasi, ihe most successful tnarine enhancement programs arc aimed
at replenishing sport fisheries. Don Kent, vice president of the HUBBS-Sea World Research Instimte,
San Diego, and head of a program aimed at enhancing popuLitions of California sea bass, credits sport
fishers with obtaining 10 additional years of research funding, "They flooded the legislature with
mail," says Kent "It's much more effective to have 500 letters hitting the legislature than to have one
guy, a lobbyist, knocking on doors." The California program is funded by sport Fishing fees: $1 of
each $20 annual license is dedicated for white sea bass enhancement,

In Texas, anglcrs helped fund a hatchery used to rear juvenile red drum. Our main hatchery is
a joint venmre between the Gulf Coast Conservation Association, a sport group; Central Power and
Light, a private power company; and the Texas Parks and Wildlife Department," says Larry
McEachton, TPWD science director. The TPWD hatchery program has increased the population of
red drum in Texas bays. "We still gct donations for specific projects or equipment needs, such as
computers," adds McEachmn, Most of ihc hatchery's operadng monies coine froin Funds appropri-
ated through the Dingell-Johnson/Wallop-Brcaux Federal Aid in Sport Fish Restoration Act,

Dingell-Johnson/Wallop-Breaux funds also pay many of' the bills For a striped mullet resroration
program in Hawau, which enjoys substantial political support From anglers dismayed by the decline of
wild stocks, according to Ken Lcber, Ph.D., of the Oceanic Institute, which conducted the prelirni-
nary RgcD work on muOer enhancement with Funds from the National 1VIarine Fisheries Service.
Now that much of the preliminary work on striped mullet has been completed and production is
being transferred to state Facilifies, the Oceanic Insdtute is transferring its attention to species that wiII
generate even more sports interest, "We need a high value fish," says Leber. We' ve begun work on
Pacific threadfin  Po~rar sertilis!, or moi, as it's known locally,"

In Washington state, DJWB funds arc used almost exclusively for salmonid programs.

The rehstiossahip betweest costatitssestt support astd species selection
While discussing rhe issue of'constituent support, MFCRE work groups tackled several major

questions, First, should biologists choose species for enhancement based on political or biological
considerations? Second, which user groups would he most likeLy to support enhancement projects?

Pickmg a popular species can help generate the political momentum needed to get funding for
enhancement research, which tends io be lengthy and expensive. Bui what happens if thc most
popular fish is the hardesr to rear? What if habitat For this species is so diininished that enhancement
can't succeed?

Kent reponed that, in his cxpcricncc, an mformcd advisory committee does take bioloy'cal and
technical Factors inro consideration,
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Work group members noted thc need to distinguish among the three possible bases of support
for enhancement projects: aquaculture, recreational fishing and commercial fishing. Members of one
group may not wish to advocate research that they feel will support a competing group. Washington's
commercial fishcrs have watched salmon prices drop in the 4st few years, due in part to a vasdy
increased supply of Foreign and domestic farmed salmon on the U.S. market. In addition, competi-
tion for quota is a perpetual source of tension bctwcen the sport and commercial fishing sector.

Ideally, a species selected for enhancement would have rhe support of several sectors. h4FDkE
work groups considered Puget Sound species that could be supportett by recreational fishers, commer-
cial fishcrs and/or aquaculture. In Washington state, support From tribal nations is also extremely
important. Stat» agencies and tribal nations already cooperate in salmon enhancement projects.

Building political consensus for the species selected can be especially important if enhancement
bcndits don't shake out exactly as planned. Norway's cod enhancement program was initiated to
boost commercial fishcrics. The hatchery cod survived well but attracted anglers, who caught thc fish
when they reached pan-size, beFore they were large enough to recruit to the comin»rcial fishcry lf
these fish are to go m commercial harvesters � and this was the original goal of thc program � they
must be protected From sport fishers, perhaps through area dosures.

Issues and concerns rehired to Bah»rica massagesnelt

Gooil habiost and effective fisheries management are essential to rhe success of any enhanccincnt
program. As onc conference participant said, if there isn't adequate I'eed or clean water to support fish
stocks, breeding fish for release is just "throwing good fish after bad.' Likewise, if a stock bas been
depleted by overfishing, enhancement won't increase its numbers unless over-exploitation also is
curbed.

Work groups stated that management and enhancement should be integrated, and that all
management options possible to increase stocks should be used in conjunction with enhancement
releases, Some participants argued that enhancement should bc the last resort, used only after all
available management techniques have failed to restore a fishery.

ln general, work groups stated that they hoped to avoid thc management problems generated by
salmon enhancement programs.

Following are some of thc questions biologists, citizens snd policy makers should ponder while
considering an enhancement plan.

L Why is the species in decline?
The work groups agreed that research must be able to answer this question iF wc are to

manage thc stock back to health. We must know the impediinents to natural production before we
can increase a stock's size du ough artificial production.

If lack of rccruitmcnt  a lack of juveniles! is the cause of declining populations, then
enhancement can be treiuendously helpful in restoring fishery stocks.

2. Is fishing pressure the main Iactor reducing population size?
If non-fished stocks also are dedining, other Factors may bc at work.

3. a. Has Ioai of habitat caused the population decline?
b, How will enhancement affect habitat,
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The atnount and quality of available nursery habitat must be considered when policy makers
sct goals for aii enhancement program, If the program goal is to build up a breeding biomass that will
increase stocks on its own with no additional releases, the program will fail if the young don't have
enough food or protection from predators, DifFerent marine species may require different types of
breeding habitat. Herring, for example, spawn in celgrass beds.

If the necessary habitat is in short supply, policy makers have thc option of establishing a
permanent hatchery system, as in the case of salmon enhancement programs located in areas where
breeding habi tat has bccn destroyed by dams and development.

In some cases, habitat restoration or creation projects, such as artificial reels, could substitute for
or supplement enhancement programs, On the other hand�marine enhancement programs codd be
used to mitigate habitat loss, as in some salmon enhancement programs.

4. V/hat other environmental processes may be aIFccting stocks?
Paralytic shellfish poisoning?
Noxious phytoplankton blooms?
Predation by marine mammals?
Contam inants?

Diseases?

Natural cydcs?

5. How docs this population interact with other stocks?
If onc marine stock is enhanced, will others sufFer because of increased competition For food

or increased fishing activity?

6. Are wc dealing with common stocks in Pugct Sound, or arc there separate stocks?

Hovr can cnhanccsncnt rcscarch bcncfft overall Sshcrica management?
Carefully planned releases can generate enormous amounts of hard data in a relatively short

period of tune, Through lab observations of marine eggs and larvae and capture studies of released
juveniles, biologists can gain inlormation on the life history, growth, survival and behavior of saltwater
species. This knowledge can bc used to strengthen fishery management approaches and models, The
potential efficiency of hatchery work in generating life history data has been proved in a wide range of
studies in both tempcratc and tropical climates, including releases of juvenile cod in Norwegian fjords
and of sniped tnullet in Hawaii.

What kind of prssgiasn is nccdcdl
There was debate among the work groups as to whether rcscarchers should concentrate their

cfforts on onc species or on multiple spccics sirnultancously, Proponents of a one-species start
proposed Incusing on a fish with good political support and a good chance of technical surxeos � "an
achievable goal" that, if reached, codd gener support Ior morc extensive future work on additional
species. These participants noted that much of thc European work on Adantic cod and Adantic
hahbut could transfer m Puget Sound fisherics.

Other conference participants suggested that early work should concentrate on larval research,
finding those species that survive best from hatching to first fonIing, According to proponents of a
multi-species approach, working on several species increases thc chances for success and may provide
some synergism.
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Iioth approaches would require a multi-pronged and adaptive program aimed at gaining
inforination on each species' life history, ecology, juvenile behavior, etc., combined with a ~
culture effort that would pro«luce juveniles for release. Other necessary characteristics include multi-
disciplinary expcrtisc, long-term commitment in funding and political support and economic

payback.

Who should be involve«h

Research programs should draw on the expcrtisc of university, government, uibal nafions and
private industry. Tribal involvement would be essential in planning and implementing any saltwater
hatchery program, The expeitisc of tribal and state biologists in manay'ng large-scale hatcheries, albeit
For anadramous fish, would bc invaluable,

Government agencies may need to shift policy in order to allow private industry involvement in
fisheries research. Cooperative public/private programs may be the most desirable from a cost and
management perspective. Contracr rearing is an example. The private sector codd raise juveniles for
release under an agreemcnt with regulators, Thc regulatory agencies would get tish without investing
in capital construction and would be able to shift many of the risks of culture to commercial growers,

Meinoranda of'agreemenr could provide a good foundation For joint research and could speed
the transFer of ncw technology. The timely exchange of research findings and technology through
workshops, seminars and publications would benefit industry, the research community and public
interest groups.

What kinds oF rcsourocs are iacede«L

All work groups stressed the need for a consistent source of funding to support the sustained
effort necessary to establish a successful enhancement program.

A major obstacle to enhancement research in thc Pacific Northwest is the lack of suitable marine
lab facilities. Prof. Robert Stickney of the Uiuvcrsity of Washington, who has conducted halibut
culture studies since 1986, has had to conduct his research on "a fin an«l a prayer" at makeshift,
borrowed labs including, at one time, a convcrtcd garage, Dr, Stickney's hard-scrabble research is in
sharp contrast to the NorwegLm halibut culture effort, which has received more than $30 million in
government funds, not including capital cxpcnditurcs for buildings, MFCBtE work groups noted thc
need for production-scale research facilitics,

Currendy, the region's only large inarine laboratory is the Hatficld Marine Station in Newport,
Ore. ln Puget Sound and adjacent waters, only small facilities are available for limited work�
National Marine Fisheries Service at Manchester and Mulkilteo, %'ash.; th«: University of Washington
at Friday Harbor, Wash.; the U,S. Fish R Wildlife Service at Marrowstone Island; and possibly
Battele Marine Lab at Sequim, Wash

Changes needed in rcypdations, policy and permitting fisr saccessfsd nsarisse Sah csshssrc
in the Pacific Northwest

Aquaculturists Face many regulatory obstadcs, For example:
' Water quahty regulations require that the water discharged by fitrms be deaner than it was

before they piped it in for use,
' Th» current state permitting process for fish culture is cumbersome and subject to veto at thc

local leveL The various legal and p;«per ork requirements can be extmnely expensive lor thc apph-
cant to satisfy, costs can auld $500,000 for a single site.
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Work group participants discussed ways that government could ease the regulatory burden on
finfish growers. Two oF their suggestions are:

~ To streamline or facilitate the process of clearing drugs and chemicals for use in fish culture.
~ To rccognizc two types of industries � enhancement and captive culmre � and develop

regulations accordingly. Federal and state authorities should recognize farmed fish as a domesric
animal and not subject them to rcgdations rhat pertain to wild-capture fisheries. Industry supports a
current move by the U,S. Department of Agriculture to classify farmed Fish as livcsrock.

What aaaistastcc docs private industry need to develop tnarinc fish culture
hs the Pacific Nmthwea8

Private indusny will need help in identifying suitable sites, in developing environmental impact
statements and in working with local governmenrs. They also will need help getting marine fish
brood stock and access to research. Technology transfer on topics including culture techniques, larval
rearing, diets and health certification will bc essential m the success of private ventures.

To hatch or not to hatch. What are the alternatives?

Regulators and policy-makers considering marine enhancement and culture have several
options:

1. Do nothing and hope For a reversal in declining marine fish stocks and/or focus restoration
eRorts on managemerit initiatives and habitat preservation and restoration.

2. Focus research efforts strictly on captive rearing of'fish for commercial sale.
3. Plan and initiate cnhanccmcnt research involving all interest groups, including commercial

and sport fisheries.

The consensus of workshop participants was for the third alternative. A rcccnt inventory of
U.S. marine fish stocks shows that many are fully or over-exploited. Global production of marine fish
also is in dedine. To continue feeding our planet's population, we niay need to Farm our seas further,
either by maturing fish for sal» or releasing juveniles to enhance wild stocks. There are political,
technical and perceptual impediments to marine cuhure and enhancero cot, but these are not insur-
mountable.

If thc pacific Northwest's marine fish stocks cominue to decline, citizens may demand that
these stocks be restored. When that time comes, researchers and managers wiII need more informa-
tion than is currently available to make sound decisions. Workshop participants therefore recotnrnend
initiating multi-disciplinary technical, ecological and economic studies now, At the very least,
enhancement studies wil  generate precise information on the biology and behavior of native stocks
that will be of great value ro fishery managers.
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A. Work Group Discussion Questions

I, Is the technology for marine fish culture developed adequately to allow reasonable expectations of
success for enhancement or for captive rearing in thc Pacific Northwest?

2. What species of marine fish would you identify as having the best potential in the Pacific North-
west for:  a! rearing For enhancement  i,e., release into the natural environment to augment
production!, and  b! captive rearing for direct marketing?

A. Why did you choose these species?

B. Is thcrc ~nate information to initiate a hatchery program for these species? If not, what
missing information is the most critical?

C, What would you estimate thc time frame will bc for thc culture of each species to be viable and
productive?

3. What permlttinglregulatory/policy changes need to be addressed for marine fish culture to be
successful in the Pacific Northwest?

4, What type of assistance is needed to enable the private fish culture industry to directly and
elegy contribute to the development of marine fish culture in the Pacific Northwest?
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