ICES Working Group on Genetics, May 198], Cépenhagen‘

d " Artificial and Competitive Natural Production of Oysters and Marine Finfish
in the U.S. as Determinants of the Need for or Impracticality of Breed Improvements
g Prepared by A. Longwell, May 1981

‘@  THUNEN | o
gﬂﬁﬁﬁfaiﬁfomd Becausg applied breeding programs can be fully considergd only in the context =
of the industry or fishery to which they relate, background was presented on the .
U.S. oyster and salmon aquacu]turé.industry - natural ahd.artificfalipfoductipn, o

This information came from the results of tWoivery recent surveys (1981) of the
privétg marine finfish aquaculture industry iﬁ the Northéast u.s. énd the other:i |
on’privdte marine commercial aquaculture in the Northeast done briVate]yAunder o
contract to the National Marine Fisheries Service;.alsO»frbm a 19794pub1icati6n

' in Marine Fisheries»Revicw, from published articles by Hatthiessen, }970 and 1979,

| . by Ryther, 1981, and by Loosanoff and Davis, 1963. Copies.of the cbor.xtract reports
and one article were made available to the Genetics Horkiﬁg Group members, and
can be obtained through the U.S. Mariculture Committee members. Information on
the salmon cuitﬁre_came largely from published articles by.Mahnken,.ﬁovotny, and
. Lindbergh. - |

Survey of Private Marine Finfish Aquaculture in the Northeast U.S.

Less than five small businesses are pursuing marine finfish aquacu1ture as
producers in the Northeast U.S. Indications are that two.or‘three times fhat
number were in operation three yecars ago. Most finfigh aquaculture activity in

‘ the Northegst is in the researcl‘l ar.ld~ development area, predoz_ninafe]& in the uni-
- versities. In 1979 finfish production was Tess than 90,000 pounds with revenués
1e§s than $23T,000. There is diwiﬂe diversification of methods for marketing
and‘production, with production of bioassay and research specimen§ mpst attractive
at this time. It was concluded that the state of Maine will most likely have the
highest number of private finfish aquacu]tufe endeavors iﬁ‘the next five years.
due to its general receptivity to aquaculture activity.

Marine Shellfish Culture in the Northeast

At present some 257 businesses pursue marine shellfish culture in the Horth-
east states. These range from a onc-man effort to virtually integrated aqua-

culture companies reporting multi-million dollar gross annual sales. . Shellfish
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production had a total value of more than 16 mi]iion dollars from aquacnlture...
effarts in '79. However, very ]ftt]e of this invo]ves_artificia1 eu1ture in
hatcheries. Yet, depletion of naturaT.seed stock has'sevenely hampered extension
or maintenance of aquacu]tune production levels. The number of aqnacnlture en; A

deavors in the Northeast'has'dropped, the reasons being attributed to po]]utien';

. and disease.

Artificial Production of Oysters in Hatcheries in the U.S.

Oyster production in thé U.S. has been diminishing for nearly 80 years and .
pkesent'U.S, production is not even equal to what once came from the Chesapeake-
Bay alone. Yet, the U.S. in 1972 still produced more oysters (41. 7%)-than other
maaor producing countries (Japan, 29 14; Korea, 9.3%; France, 8.9%; and H°x1co, -
5.6%). Interest in 1dent1fy1ng and solving problems of the oyster industry has
been substantial. A part1a1 22—year (1948-72) b1b11ography devoted almost en-
t1re]y to oysters c1tes 4117 references (Joyce, 1972). A limited but important"
part of the total research efforts concerns hatchery propagation of oyster seed‘
or juveni]es. Seed production is an undependable 1link in the natural reproductive
cyele of oysters Reliance on natural spawning has declined over the years due
to factors as physical destruction and pollution of nursery areas, and the practice
of grow1no transp]anted oysters in water too co]d to induce spawning. . Commercial
oyster hatcheries developed primarily in response to failures in natural repro-
duction, notably in New Engfand Since the early 60s, several private shellfish
hatcheries have been constructed to compensate for these failures.

" Operating costs and levels of success vary widely for individual hatcher1es
from year to year. In the case of hatcheries that sell seed oysters, current
prices ought to be adequate to showt profit during successful yearé and cover most
expenses during average years. Hithouf exception, however, hatcheriesAexperience

at some time heavy mortalities during the larval and early juvenile periods.

Severa1 hatcheries have closed as a result.



A second factor determining the success or faiture of a hatcherylis the
probability that post-larval stages hi]]‘survive to marketable size cutside the
hatchery. The failure of the hatchery—reared seed to survive under natural con-
ditions in any number has frequent]y been the more serious of the two prob]ems.
Juvenile oysters of the cultchless variety stand 11tt]e chance of survxval in
nature if planted on the bottom when sma]] A loss of up to about 70% cou]d be
| expected and tolerated between the ear]y Juvenlle stage and comp1et10n of the"

' f1na1 fourth growing season.

Present Status of thc U.S. Oyster Industrxdgy Reg1on with Regard to Prospects .
for Economic Artificial Culture in lHatcheries for either Pr1vate Commerc1a]

Culture or Public Restocking

New England States

The New England States have exper1enced the sharpest dec11ne in oyster pro-
duction of any region in North America. In 1910 the four states of Ha1ne Massa—'
chhsetts, Rhode Island, and Connecticut produced the same amount of oysters aQ;
does the entire U.S. today. These states now have a production 1ess than 2% ot
their 1210 production.' At one time thekNew England industry vias based upon pro—
duction of seed oysters along the Connecticut shore which were transplanted to
private beds elsewhere. The source of supcly has diminished as a result of set
failure. The steady detcridratioh of the shoreline envircnment is be]ieyed cer4.
tain1y to be a factor in‘failure of natural reproduction. The oyster fishery in
~ New England has traditiona11y been a private fishery and remains 50 today. As -
hoted above, commercial cyster"hatcherics developed'primarily in response to |
failares ih reproduction in HNew England. It is believed that currently very.1itt1c_
of the oyster production in New England comes from hatchery operations.

New Jersexﬁand De]aware

Oyster production in these two states is confined for the most part to the
Delaware River where in its lower reaches pollution has not been as intensive

as in the shallow coastal bays. After 1930 production declined to half the



_kearlier_yolume. In 1957 the Delaware River popuiation vias almost eiiminated by
disease. Only recently has production vo]ume increased The'fishery.is Targely
a private one. However, seed beds are state contvo]]ed

. ‘The major prob]em of the industry is inadequate seed supp]y. :Since 1960,
research has concentrated upon methods of producing seed resistant to the MSX
disease using hatchery techniques deve]oped in the Northeast The economic Jus- i
tification for hatchery production is questionable because of the hioh cost of |
hatchery operations and the Tow martet value of oysters in this region. Resis—
tance to MSX appears to be hereditary so stocking of spawning beds w1th reSistant '
oysters has some Justification. However, the wild oysters appear to be. deve]oping'
genetic resistance through the action of natural se]ectionf )

Chesapeake Bay

Chesapeake Bay traditionally has been the leading producer of oysters in
* North America. In 1966 the vaioe of the harvest was apprOXimateiy half the
.nationai total. Yet, current production is only a}quarter of what it was at'the l
turn of the century. There is 1ittle indication of an upsdrge in the-industry
. in the near future. Gradual deterioration of seed-producing areas through pollu-
‘tion‘and siltation must be a factor. However, adverse enyironmental factors and ;
disease‘are believed by many to be more incidental to socia],’economic, and legal
troubles in the industry. ‘

The Chesapeake oyster_industry is largely a public, thoujh state—subsidized
inddstry ‘The fishery‘is conducted in very primitive fashion. |
| A con51derab1e awount of effort has been directed tovards oyster research in
.this area by federal, state, and private groups. Investigations on the technical
| and economic feasibility of producing oysters by hatchery methods were initiated
' at the Chesapeake‘Bay Laboratory at Solomons, Maryland, and at the Virginia 4
Institute of Marine Science, Gloucester Point, Virginia.i Because Chesapeake Bay
still has a relatively large supply of wild oysters for harvesting and trans-

planting, hatcheries probably cannot be competitive here with wild set.
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South Atlantic States

The oyster industry of the South Atlantic Stafes - North Carolina, South

Caro]fna,‘Georgia, and the gast coast of Florida - has remained stable dufing
the last several decades, but with only half the reproduction of aboui the turn
of the century. Because of the Tow market vélue for foca] oysters, there is- -
relatively 1ittie incgntive to farm‘oystqrs.on a systématic basis.“_tfforts'tok
b_ do so on a private basis'would be resisted by 1oca1'fishérmen or thwarted in  .
ﬁany counties by local regulations. Onée—productive beds haVe beén»po]]uted -
,éilted over - and relatively 1i£t1e effort has been‘made.to réstofe beds as by";
p]anting cultch. The great majority of the oysters grdw intertida]ly,~tho$e.
.'be1ow the Tow tide mark rére]y surviving because of heavy infestation by para-
" sites and predation. | |

| Unlike the situation in the stateé further to tﬁe north, reproduction in .
thése states may be so intensive as to create a problem of quality, Droducing;l3- ,
oysters suitable only for canning. Spatfall is almost continhoﬁs from May to |
October and is;roﬁghTy three to four times-as infensive as in Cbhhetticut or
ﬁaryiand. | | |

Methods of culture thét would involve a distinct increage in Cbst productibn

as hatcheries would have little justification in these states wheré there is‘a
large amount of potentially suitable growing area and high reproduétive potential.

. In the past, oysters frdm the southern states have been p]anted in Long
Island Souhd.ahd in the waters of Cape Cod in the hope that they might sdrvive',
and assume the quorab]e abpearénce and flavor of the New England oyster. Un- |
fortunate]y, 5urviva1 through the New England win;ers has been.neg1igib10.

Gulf Coast States

Oyster production in the Gulf states -~ the west cqast of Florida, Alabama,

Mississippi, Louisiana, and Texas - is unusual in comparison with other regions



in that production volume has remained quite stable since the turnAof the
century. Today,'neér1y half of the u.s. oysters’are produced in-the Gulf of
Mexico. However, the value of the Gulf States oysters is the lowest of all
tﬁe east coast oysters. | . | |

The industry, a mix of public and private fisheries, is'primitfve.‘ It
faces various anironmental problems - periodic hurricanes, and intrdsipn of
saline watef over previousiy brackish water oyster‘béds permitﬁing‘an‘influx
of a serioué oyster pfedaﬁor. Poi]utidn with oii and domestic sewage has en;
dangered or eliminated once-productive beds. In most stter~produéing_area$

of -the Gulf, high mortalities occur each year as a result.of epidemic diseases,

~the most common bging attributed to the funjus Dermocystidium. ‘In Florida
mortalities attributed to discase may be as high as 100% under certain conditions -
in certain afeas. Afansas Béy, Texas, once the leading oyster—proﬁuciné area in
Texas, did not produce,any oysters at all for five years as a result of an
epidemic disease. |
Despite.these factors, the Gulf environment is generai]y favqrable for

byﬁter culture. In parts of Florida oysters have grown to a size bf.five inches
in a period of ten months although such growth is éxceptional. Hore fypical]y,
an oyster becomes three inches in length one year after setting. Favorable.
growth and the fact that reproduction is seldom a problem are two édvantages
not enqued by most other oyster-producing areas in the U.S. |

R In Texas where disease is perhaps the major qdncérn.in the industry, a
private group has initiated an oyster hatchery program, its purpose being to
develop a strain of Texas oyster resistant to local disease and to culture thesé-

oystérs in coastal ponds.



U.S. Mest Coast Oyster Industry

The inhibiting effect of cold water is especially prevalent on the U.S.

west coast where the Japanese oyster, Crassostrea gigas, is reared. The west

coast 1ndustry is dependent upon growers being able to purchase oyster seed to

restock growing beds:

Pr1or to '71 the west coast industry was heaV11y dependent on sh1pments of

oyster seed from Japan Since '71 substant1a] and more or 1ess cons1stent add1— ”‘f

tions to this supply of seed have been ava11ab1e from three natural spawn1ng

areas in west coast waters where C. gigas popu]at1ons have established themselves.'

Current emphasis on hatchery techn1ques to produce stter seed is mot1vated

by lack of a constant west coast source of seed, and a threefold 1ncrease in the

cost of Japanese seed between 1960 and 1975. The future of west coast oyster sced

hatcheries depends on the 1nteract1ons of severa] var1ab1es which, together, de—
termlne ‘the market for-oyster seed. At present the west coast.grower can choose
among three potential seed sources: 1) 1mported Japanese seed, 2) domestic and
Canadian wild seed and 3) hatchery seed U1de variation in the supply of wild
seed has provided a difficult market1ng environment for p]anning and‘developinj .
vest coast hatcher1es " . |

The Tirst oyster seed hatchery was built on the west coast in '67 with hopes

of competing with Japanese seed. Some seed vas so]d, but the hatchery eventually

o fa1]ed due to b1o1og1ca1 problems. .It has since then reopened.

" During the 1970s other hatcheries were opened, but the total seed sold or ’

produced by all hatcheries and used by grouers on the west coast has never been

very large. Early in the 1970s the consistent natural sets meant that hatchery

seed had to compete with the relatively inexpensive wild seed, as\well as the

more expensive Japanese seed. The hatcheries were’ bas1ca]1y unab]e to compete.
" Finally, in 1975 and 1976 when, for practical purposes, no w11d seed was

collected on the west coast, the growers, especially in Washington, turned to

g
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the hatcheries and requested they produce the tens of thousands of cases of
seed the growers needed. After-4 years of -being unable to sell seed due to the
large natural sets, the remaining hatcheries simply were not in a position to

produce so much in such a short time. Thus, orders were sent to Japan in 1976

for seed to‘be delivered in 1977.

Hatcheries have cont1nued to ex1st on the west coast despite these prob]ems
F1ve are in commercial operation, but only one sma]] hatchery of the fxve is
strictly 1ndependent of other 1ncome sources, and sel]s seed to west coast oyster
growers. Two hatcheries primarily produce cultch]ess seed, and depend in large
parf on sales of seed in Europe. The other two eqmmerc1a1 hatcheries are asso-

ciated with organizationS\Nhicha]so grow oysters.

Brief Summary of U.S. Salmon Culture

Ocean Ranching

In 1976 there uere 154 salmon hatcherles on the Pacific Coast which, togethef;_
re]eased 376 million salmon smolt to the ocean. More than half of that product1on
came from Columbia River Basin hatcher1es. The current returning migration of §
these species is very significantly 1nf1uenced by these hatchery re]eases, 46A of

the coho and 40% of the chinook. Returns now average 1-2% of re]eases. Th1s

average is increasing, and returns as h1gh as ZOA have been reported for some

hatcheries.

Ocean ranchlng was until recent]y restricted to publ1c fisheries. It has
now become also a private_enterprlsc in some p]aces. Through comp1ex 11Cens1ng
procedures individuals may bu11d and operate their own hatcher1es in return for
at least a portion of the adult migration that returns in the states, Oregon,
California, and Alaska. Release and return salmon farming is not legal in the'

étate of Washington where there 5s most interest in salmon farming.



In addition to the large number of Pacific.salmon being re]edsed, smaller
U.S. programs are underway 1nvo1v1ng the At]ant1c salmon. Hdwe?er, it is be—
lieved major expansions in this area will probably resu]t from new 1ntroduct1ons
of Pacific saimon (Rythér, 1981). .
| Pen Culture
llith the ocean salmon f1shery du1nd11ng, interest 1n "the farming of pan s1zed
sa]mon started developing in the U.S. in the 60s at the Seatt]e, Washlngton,]abo-

ratory of the Iat1ona1 Marlne F1sher1es SerV1ce Universities in the Pacific

Northwest, which had done cons1derab]e research on salmon in the past, have begun

expanding efforts.

"Although some of these cultured fish are reared in ponds, most ard réared in
float1ng cages of net- pens. Commercial farms produc1ng coho and chinook . sa]mon
have been cstablished at several sites within central and southern Puget Sound
in the state of Washington. (Net-pen culture is also pract1ced by the Hash1ng§on_
Departmcnt of Fisheries for the purpose of re]eas1ng fish to the common property
f1shery ) Coho salmon is the species of greatest interest because of its resis- 3
tance to d1sease and w1111ngness to accept pe]]eted dry food

Initial experlments at the Northwest Fisheries Center in '69 showed that

.4t was possible to rear coho salmon from 15 to 340 g in 6 to 8 months and to

maturity in an additional 10 to 12 months. When the water is heated to 11.2 to

12.8°C, subyear]inj coho will grow to 20 g smolt size in 8 months after hatch1ng,
compared to the 12- 14 months at hatcher1es vhere unheated water is used. By '

comp]et1ng growth in sa]twater pens, it is possible to grow marketable, pan-sized

‘coho in as little as 14 months from the time eggs are taken.

Saltwater product1on of pan-sized salmon in the U.S. dur1ng the '73-'74
gr0w1ng season vas about 350 metric tons. The bulk of this productxon came from
Puget Sound net-pens, pr1mar1ly from one grownr whose product1on exceeded the

'73 harvest of Atlantic salmon from Norweg1an faxms, estimated to be 270 metric

.tons.
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Although production is increasing, there are serijous limiting factors and

profitab1e operation has not yet been demonstrated. Most growers believe salt-

‘ water diseases are the most serious threat to successfu] comnercial salmon

farming. The need for research on disease and disease res1stance has been

emphasized.
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