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GENERAL LIFE CYCLE OF FINFISH AND SHELLFISH

Most mature finfish and shellfish congregate during their
par ticu}ar spawning season and extrude eggs and sperm into the water.
Fertilized eggs develop during what is called the incubation period.
Many species lay eggs that are buoyant awhile others have sinking eggs.
After incubation, the eggs hatch into small larval forms, which may look
little like the adult of the species. Many newly hatched finfish larvae
have a yolk sac that provides nourishment for the first few days but
later they subsist on minute plankton in the water, The larvae may
undergo metamorphosis several times before transforming i nto tiny
replicas of the adult. As young finfish, called fry, grow larger they
take on the behavior and feeding habits of adult fish.

Of importance in this simple descr1ption is the observation that
eggs and larvae are extremely vulnerable to environmental factors such
as currents, storms and sudden temperature changes. Addit1onally, fish
larvae become part of the zooplankton  animal plankton! that larger fish
feed on. To compensate for the high level of mor'tality, mature females
may spawn hundreds or thousands of eggs at one time.

The survival of all finfish and shellfish depends on the ocean' s
primary producers. Phytoplankton  plant plankton! do not consume food
but have the ability to transform carbon dioxide and nutrients 1n the
water into plant tissue, using the energy of sunlight. Planktonic
plants serve as food for zooplankton, which include fish larvae, These,
in turn, are eaten by filter-feeding finfish and shellfish, as well as
by mollusks. Plankton-eating fish are consumed by carnivorous fish,
which are eaten by even larger carnivorous fish. This feeding
relationship is called the food chain or web, and is made possible by
the presence of primary producers. Fish may occupy different levels of
the chain at different stages in their life.

The abundance of plankton in a given area depends on environmental
conditions. Since their abundance affects the rest of the food chain,
this partially explains the seasonal, and sometimes yearly, fluctuat1ons
in the availab1lity of finfish and shellfish in the marketplace.

[A single fish species may be known by different names in
different areas, therefore both the single scientific name and,
sometimes, the many coenon names are given for each species. A
scient1f1c name consists of two names. the first is generic and belongs
to a group of closely related organ1sms. and the second is specific,
belonging to a particular species. These names are called the genus and
spec1es, respect1vely, and are generally Latin terms. For instance, the
scientific name for humao beings is homo ~sa iens.1





F I NF I SH

The term "fish" is loosely applied to practically any animal living
in water, and its usage is commonly intended to include both finfish and
shellfish, though stricter usage limits the definition to exclusive]y
finfish. In general, finfish are cold-blooded vertebrate animals living
in water, and having gills for breathing, rudimentary limbs represented
by fins, and usually scales.

There are more than 20,000 known living species of finfish, which
constitute close to 50% of all the livtng vertebrate species on earth.
Fish are a very important food source 'and, historically, have been
sought by man for food and sport for at least 7,000 years.

Finfish species vary in size, shape, color, and numerous other
physical characteristics; however, certain features are generally shared
by all. The overall structure of a fish is comprised of a head,
mid-body   trunk!, and tail. Common features of the head include the
eyes, nostrils, mouth, gill openings and gill covers. Barbels are
present in some fish and function as sensory structures.

Fins are supported by the skeleton and are composed of two groups,
unpai red and paired. The unpaired fins are the dorsal, anal, and caudal
 tai 1!; the paired fins are the pectorals and ventrals  pelvics!. Fins
are stiffened by structures called rays, which may be soft and flexible
or rigid and spine-like. A variety of fin modifications have evolved in
some species including feelers  sea rabin!, sucking devices  lumpfish!.
'lures  monkfish!, and reproductive structure  male sharks!.

Most fish have a covering of scales, although in some species the
scales are reduced  eels!, modified  sturgeons!, or absent  freshwater
catfish!. A primi tive type of scale is the toothlike scale of sharks,
which has an overall structure similar to a tooth and consists of a
basal plate, that is buried in the skin, and a raised exposed portion.
It is these scales that make possible the use of dried shark skin as an
abrasive similar to sandpaper.

The typical bony scales of most finfish are thin and generally
circular in shape. They are characterized by concentric ridges that
represent growth increments, somewhat like the growth rings seen in a
cross section of tree. The ridges aid biologists in determining the age
and life history of fish.

Another structure common to most finfish is the lateral line, which
detects vibrations in the water just as our ears detect vibration~ in
the air. Fish are extremely sensitive to vibrations and pressure
changes which allows them to avoid obstacles, to maintain position in a
school -- and to detect predators or prey. The sense organs that detect
pressure stimuli are set in canals running beneath the skin, and the
canal running along the sides of fish is marked by the lateral line.



Scales Pelvic
Ih

ectaral
Ih

Dorsa
Fin

Late
Line

hal FIn

PARTS QF A FISH



The internal anatomy of finfish, as with most vertebrate animals,
includes vital organs such as the heart, liver, spleen, kidney, stomach.
intestines and gonads. Additionally, most fish have an air bladder
which functions in buoyancy control and sound reception and production.
Also called the gas bladder or swim bladder, this structure is simply a
gas-filled sac, typically housed in the upper part of the body cavity.
By adjusting the amount of air in the bladder, fish can remain suspended
in water.

Fish also must make an adjustment to live in saltwater while
retaining less salt in their blood and tissues than in the surrounding
environment. They do thi s by a process called osmoregulation, which is
the controlling of osmotic pressure within an organism. Water has the
tendency to pass through the skin of fish to the sea, where a highe~
salt concentration exists. To prevent excessive water loss, osmotic
concentration is regulated by the kidney, gills and, to some extent, by
the skin. For instance, to curtail water loss, marine fish excrete a
very concentrated urine. Freshwater fish have the opposite problem and
excrete a highly diluted urine.

Of importance to humans are the swimming muscles of fish, the part
commonly eaten. On either side of the backbone, the musculature
consists of a series of muscle segments or myomeres, separated by
connective tissue. The segments are arranged in a -shaped course
across the body  also described as the letter W tipped at a 90' angle!
and are divided into upper and lower halves by a groove  horizontal
septum! running along the mid body of the fish.

Just under the skin is a layer of dark muscles, which are reddish
or brown. These muscles are used in substained swimming activity, while
white muscles are used for sudden bursts of swift swimming, as in escape
or in the capture of prey. Fish species vary in their proportion of
dark to white muscle. Active fish which swim almost continuously, such
as tuna and mackerel, have a much greater proportion of dark meat than
sedentary fish such as flounder and cod.

The body form of a fish is also related to swimming activ~ty, as
well as overall way of life. Tuna and other fast-swimming fish have an
extremely streamlined body, also known as fusiform. Some fish, such as
scup and butterfish, are compressed laterally, while eels and ocean pout
have a tubular shape. There are numerous finfish shapes, but for
simplicity, fish are often classified as round fish, those that are
basically fusiform in shape, or as flat fish, which are typified by the
flounders.

Mouth size and type of teeth are associated with a fish's feeding
habits. For instance, sharks have large mouths and sharp teeth to
enable them to eat large prey, while fish which feed on mollusks have
strong, flattened teeth for crushing shells. A few fish feed relatively
low on the food chai~ by filtering plankton from the water with a
sieve-like structure . These fi sh include menhaden and shad, and they
swim with their mouths wide open to collect food.



Most finfish reproduce by spawning  depositing! vast quantities of
eggs and sperm into the water. The eggs are fertilized after they are
laid -- and are generally less than one-fifth of an inch in diameter.
Whether free floating or sinking, the eggs are at the mercy of predators
and adverse water conditions. The high numbers of eggs produced is
necessary because of high mortality rates. Conversely, sharks bear live
young and need considerably fewer eggs since the added protection lowers
the mortality rate.

Many fish have adopted the behavior of schooling because it
provides certain survival benefits. Swimming in schools provides
defense against predators and an efficient warning system. For
instance, even though only a few fish may see a predator, their
movements will be recognized by other fish in the school. Another
advantage of group swinming is that it seems to be more energy efficient
than solitary swimming. Although exceptions exist, fish genera'lly
school by species and size. This behavior is of obvious importance to
fishermen.

While some fish species travel little during their lifetime, other
carry aut extensive migrations, often covering hundreds of miles each
year. There are several reasons for migrating, such as ta avoid extreme
seasonal temperature changes or to travel to spawning grounds.
Meteorological factors may affect fish migration and behavior to the
extreme that in some years a particular fish may be abundant while in
others it may be scarce. Hurricanes and slight changes in the Gulf
Stream have been proposed as explanations for some abundance/scarcity
cycles.

Whether seasonal travelers or year-round inhabitants, mast fish
species live in a particular water environment, either salt, fresh, or
brackish. Overlap does occur and may even be a necessary part of the
life history of some species. For instance, salmon, shad, and striped
bass are anadromous fish; they are born in freshwater, mature in
saltwater, and return to freshwater to spawn. Conversely, eels are
catadromous fish and live in freshwater but return to saltwater to
spawn.

Like all living plants and animals, fish are classified according
ta biological characteristics. There are two major classes of finfish
that are of particular importance as food -- Elasmobranchii and
0 t ' hth

Class Elasmabranchii  formerly Chondrichth es! consists of sharks,
skates, and rays and are characterized y aving a skeleton made of
cartilage, not bane. Of importance to seafood users is that these fish
retain high levels of urea and smaller amounts of other nitrogenous
compounds in their blood for osmoregulatary purposes. The retention of
these substances raises the osmotic content of their blood to that of
the surrounding sea water so that a balance exists. Once the fish dies,



the urea breaks into ammonia. Therefore, it is necessary to bleed
sharks immediately after capture.

Fish in Class Osteichth es have bony skeletons and make up the
majority of finfish eaten y umans. There are approximately 20,000
known living species of bony fish and only about 600 species of
cartilagenous fish.

Other names: sea bass, often confused with blackfish and tautog,
which are both members of the wrasse family, and with striped bass and
whi te perch.

Three closely related species, the bank sea bass, the southern sea
bass and the rock sea bass are often marketed as black sea bass.

Like many fish which inhabit rocky bottoms the color of the black
sea bass varies. They are generally smoky gray, dusky brown, or bluish
black in color, and the exposed bases of their scales are paler than the
margins, giving the appearance of being longitudinally barred with light
dots. Black sea bass are small, stout-bodied fish averaging 1-112 to 3
pounds and rarely exceeding 5 pounds. All black sea bass begin life as
females and then change into males at the age of 2 to S years. They
should be handled with care because of their sharp, stiff dorsal spines.

Black sea bass range from Cape Code to northern Florida but are
most abundant off the Middle Atlantic states. Substantial quantities
are caught incidentally to several commercial fisheries,. particularly
the spring Nantucket Sound trap fishery for Loligo  long-fin! squid and
the winter trawl fisheries off Virginia and North Carolina. Unlike
striped bass, they live strictly in saltwater. Black sea bass
congregate each spring in bays, sounds and along the inland waterway
where they forage for mussels, crabs, shrimp and small fish. When the
water cools in the fall, they move back offshore to the deeper ~aters of
the continental shelf.

Sometimes a black sea bass' swim bladder is pushed into its mouth
when lifted from deep water. This does not affect shelf-life but may be
asthetically unappealing when fish are marketed whole.

BLUE FTSH I,'Pomatomus saltatrix!

Other names: blue, snapper, chopper blues

Named for their color, bluefish are bluish green with sil~ery
underside. They range from 3 to 15 pounds, though a few fish over 3o
pounds have been recorded. Bluefish mature in two years and reach 3
pounds in 3 years. Young fish about 6 to 8 inches long are called
snappers and are frequently pan fried.



Bluefish are distributed worldwide in temperate shelf waters,
excluding the eastern pacific. Off the U.S., they r ange from Naine to
Texas and are caught comnercially from Cape Cod to Florida. Bluefish
journey into the northern extent of their range only in the warmer
months. Offshore stocks move inshore beginning mid-winter in Florida
and proceed northward . In the mi d-Atlantic, schools of blues enter the
Chesapeake Bay in early spring. The major run is early April to June
with a secondary run in late fall.

These fish travel in schools throughout the water column and feed
predominately on schooling fish such as menhaden, herring and mackerel-
Bluefish have voracious appetites and are noted to be frenzied eaters,
as evidenced by the trail of blood and mangled fish left behind after a
feeding binge.

Renowned for their fighting ability, bluefish are a favorite game
fish. In fact, sport catches outweigh ceeeercial landings. Ntet of the
coelercial catch is taken incidentally. Bluefish are not usually
directly sought after by comaercial fishermen because of depressed
prices duri ng seasonal gluts. Since this fish has a high oil content.
fishermen should gut, bleed, and ice bluefish as soon as it is caught.
A word of caution for those not familiar with landing live bluefish--
they have very sharp teeth and can clamp down on unwary fingers.

In the marketplace, "Boston bluefish" is an occasionally used name
for pollock but is not to be confused wi th the true bluefish.

BUTTERFISH  ~Pa rii us triacahthus!

Other names: dollarfish, silver dollar, harvestfish

There are several genera in the butte~fish family but Pe rilus
triacanthus is the most con+on commercial species. This sh>ny s has

its normally high fat content; its meat is mostly dark with an excellent
flavor. Its body is very thin and deep with scales that are small and
easily rubbed off. Butterf'ish are small fish; adults range from 6 to IO
inches long and I/8 to I pound. The larger sizes conlaand higher prices.

Butterfish range from Nova Scotia to North Carolina. They travel
i»oose schools and are often found throughout the water column. They
are known to feed on small finfish, squid and crustaceans.

Other names: Atlantic croaker, drum, golden croaker, hardhead

The name croaker and drum are descr iptive of the noise the fish
makes by vibrating strong muscles against its swim bladder, which acts
» a resonation chamber much like a drum. The upper body of the croaker
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is covered with small dark spots, which extend up into the first dorsal
fin. The lower third of the body is white, the tail is slightly rounded
and the lateral line continues onto the tailfin, sometimes to the end.
A row of little barbels border each side of the lower jaw. The body of
the fish is silvery green or gray with a silvery white underside. Its
sides are often covered with brown wavy bands. During spawning season
they become a distinct bronze or yellow color, hence the name golden
croaker. At maturity, 3-4 years, croakers reach between 1 to l-l/2 feet
long and 4 to 5 pounds, but the average size is 1/2 to 2 pounds.

Croaker can be found along the Atlantic coast from Massachusetts to
Florida and into the Gulf of Mexico around to Texas. Large
concentrations of croaker can be found in the Chesapeake Bay and the
Mississippi River delta, It inhabits the Chesapeake Bay from March to
October over sandy or grassy shallows then moves out into deeper water,
up to 240 feet, in the winter, Spawning occurs from late August to
December.

EEL  Aucuuilla rostrata!

Qther names: American eel, silver eel, freshwater eel

Eels have a misleading snake-like appearance but actually are true
fish possessing gills and very small scales. They have a pointed snout
and a relatively large mouth. Their color varies including olive green,
dark brown, gray, and black; all have a yellowish belly. Their upper
body color can change to conform with the color of the sea bottom.
Fully grown female eels are 2 to 3-1/2 feet long, while males are
smaller.

The American eel is found in coastal streams, river, ponds, lakes
and estuaries from Greenland to the Gulf of Mexico. It is bottom
dwelling, nocturnal in habit and feeds on invertebrates and small
finfish. They are plentiful from the Cheasapeake Bay north to Long
Island, with the Delaware River estuary system serving as a prime
fishing area.

T» s species has a peculiar life history, spending most of its life
in fresh or brackish water but returning to the sea to spawn. This
living pattern is referred to as catadromous and is the opposite of the
anadromous life style of shad and salmon.

Mature adult female eels, usually 8 to 10 years old, will cease
feeding . Their eyes become larger to help with navigation; the upper
body color changes to silvery-black, and their belly turns silver at
which stage they become known as silver eels. They leave their inshore
habitats in late fall to meet swarms of males at brackish river mouths
and migrate to the Saragasso Sea, southeast of Bermuda. Hale eels spend
thei r lives in salt and brackish waters near the coast. [The European



eel  An u111a ~an ui11a! a'Iso spawn here and follow the currents back to
Europe. Spawning in midwinter, females are capable of, laying up to 20
million eggs before presumably dying. The hatched larvae, called
leptocephali, look very little like adult eels and are transparent and
ribbon like.

The larvae drift with the currents in a one-year journey which
brings them to the North American coastline in spring. Hy this time
they have metamorphosed into an adult form but are totally transparent.
They are known as 'glass eels at this stage and are about 3 inches long.
As these young eels migrate ta freshwater they acquire the pigmentation
of adults and are called elvers. Female elvers travel into freshwater
rivers, ponds, and takes; while males prefer to 1ive in brackish coastal
streams and estuaries.

Currently, a small number of part-time fishermen harvest eels,
primarily using baited wire pots. Most of our commercia1 catch is
exported to Europe or sold to local smokers, with sma1ler eels marketed
locally as bait.

Eel meat has a very firm texture, high fat content, and a full
flavor. It is grayish in the uncooked state but turns white when
cooked.

FLOUNDER

Flounder are easily distinguished from other fi sh because of their
flat shape. They are members of a group of fish known at f1atfish,
which also includes sole. So1e and fwounder are different biological
classif'ications of f1atfish according to body shape. Flounders are
rounded in shape, while sole are more elliptical and deeper bodied.

The only true sole living in Eastern waters is the hogchoker, which
is delicious, but so small that it has no commercial value. Then what
is gray sole and lemon so1e? They are flounder species that have been
given the name "sole" for marketing purposes; these alternate names
supposedly sound more glamorous. For i nstance, witch flounder is
gastronomically more appealing when ca11ed gray sole. The only true
sole sometimes seen in local markets and restaurants is the Dover sole,
which, imported from Europe, is relatively expensive.

F1ounder and sole begin their lives with a body shape that is
typical of most finfish. When about I/2 inch long, their body begins to
flatten as they grow. Their skull twists, and one eye moves over to
join the other. Within a short time, both eyes are situated close
together on the same side, and the fish swims horizontally with its
eyeless side facing the bottom.

F1ounder are well adapted for their bottom-dwel1ing lifestyle.
Their top coloration is genera11y mottled brown to camouflage the fish
from predators swimming above. They have the ability to change color
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and thei r pattern of mottling to blend in with different bottom types,
Their eyeless side is white, and to predators swimaing below the white
form blends in with the whitish cast of light from the water's surface.

To catch their food, they often bury themselves in the sand, except
for their eyes, and wait for prey to come by. When prey is spotted,
they dash off the bottom in rapid pursuit.

Flounder do not school and are found over a wide area. They range
from inshore bays and estuaries to the continental shelf and slope.
They are very important coamiercially and are landed primarily by
trawling along the bottom.

MINTER FLOUNDER  Pseudo le ronectes americanus!

Other names: called blackbacks when 3-1/2 pounds and under and
lemon sole when over 3-1/2 pounds.

Winter flounder are the most common shallow water flatfish in North
America. They support a large sport fishery as well as one of the most
important commercial flounder fisheries in the United States.

Winter flounder have a small mouth and straight lateral line. The
tail area on the eyeless side of some individuals, especially larger
ones, is yellow; hence the name "lemon sole". There are two populations
of winter flounder, varying in size of individual fish, The coastal
population averages 1 to 2 pounds while flounder inhabiting Georges Bank
average 4 to 6 pounds and can reach 8 pounds.

This species ranges from Labrador to Gear ges but is most conInon
from New England to New Jersey. The coastal population can be found
from the tideline to depths of 1OO feet, although some fish have been
known to run up into brackish water in river mouths to breed. Winter
flounder carry out a seasonal migration which is more distinct south of
New York. They inhabit shallow water in the winter then move to
slightly deeper waters in the summer to avoid high temperatures. They
spawn while inshore.

YELLONTAIL FLOUNDER  Limanda ~ferru ineaI

Like winter flounder, yellowtail flounder also support one of the
largest fisheries in the United States. Yellowtail flounder are named
for their tail which has a yellowish hue. The margins of their fins are
also tinged with yellow, and their top side is spotted with irregu»r
rusty red spots. Yellowtail flounder have small mouths and average I ta
I-l/2 pounds. Their pointed snouts and arched lateral lines distinguish
them from winter f Iounder.



This species ranges from Newfoundland to Chesapeake Bay however 44
is most abundant off New England. Yellowtail flounder predominately
inhabit waters from 90 to 240 feet deep, Harvests have been declining
as a result of overfishing, and biologists predict yellowtai 1 catches
will cont1nue to decline.

IW !0  ~l

Gray so/e, known to biologists as witch flounder, are thin bodie4
w1th a small mouth and a straight lateral line. The eye side is dark
gray or brownish. Gray sole can reach 5 pounds but most are I to 2
pounds. This species inhabits both sides of the Atlantic Ocean, rangi A'
off America from Newfoundland to North Carolina. It is more coimnon
north of Cape Cod, Gray sole, moderate-deep water fish, are seldom
caught shallower than 50 feet, and the best catches are in water 300 ~~
900 feet deep. Gray sole comnand a higher pr1ce than other nat1ve
flounder species, partly because of their thin body and hence lower
yield, and also because of their popularity.

Other names: American dab, American plaice, Canadian plaice

It 1s right-sided, large mouthed and has a nearly straight lateral
line. Oab usually range from I to 3 pounds but can reach 14 pounds.
American dab inhabit cold waters on both sides of the Atlantic. Off
North America, they range from Labrador to Rhode Island and are most
plentifu'I on the Grand Banks. They live in depths from very shallow pe
over 2,000 feet. The meat is very white but tends to be less moist thai
other local flounder species.

Other name: fl uke

Sunlner flounder are left-sided with a large mouth and an arched
lateral line. Their top side is marked with many regularly placed,
dar'k, eye-like spots which cari change shades. Sunnier flounder are one
of the larger flounders, reaching 30 pounds. Ordinarily they grow to ya
pounds, with the average landed size at 2 to 5 pounds.

This species ranges from Naine to Florida and is most abundant frcim
Cape Cod to North Carolina. During the summer, fluke are found inshor~
from estuarine waters to depths of no more than 100 feet. During the
cooler months, they move offshore to depths of 150 to 500 feet. This
~igration pattern necessitates an inshore summer fishery and offshore
winter fishery.
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Summer flounder are ah important coalnercial flounder to the west
and south of Rhode Island. In the Mid-Atl anti c regi on, sport 1 andings
of suneer flounders exceed comnercial landings.

Grouper lead an unusual and somewhat schizophrenic life. Like
shrimp, groupers are females at birth but experience a sex change later
in life. Before they die, most will have been both a mother and a
father. These fish are masters of disguise, able to successfully blend
into their surroundings. Groupers are heavy-bodies fish with large
mouths.

There are numerous grouper species inhabiting temperate and
tropical waters worldwide. U.S. fishermen harvest about IZ million
pounds a year, mainly off the Gulf and southern Atlantic states. These
include the black, red, Nassau, and yellowfin groupers and the jewfish,
Fresh grouper from outside the United States, many of which are not
grouper at a'll, are arriving in the market.

Nore than 70 species of grouper are found in the warmer waters of
the U. S., but most conmercial landings are comprised of two species: red

Red grouper are the most abundant of the groupers sold on the U.S.
market. Despite its name, the red grouper is brown with some mottling
but redder than a black grouper. Though they can reach 40 pounds, few
reds larger than 20 pounds make it to market, and most weigh under 10
pounds. Groupers are voraci ous; marine biologists have discovered new
species by analyzing thei r stomach contents. These are exceptionally
hardy fish that can survive out of water for long periods.
Aquaculturists think they have considerable potential because they an
live in a crowded environment.

Black grouper, which live in deeper water, are less prone to
parasites than red grouper and are about twice the size of reds,
Younger fish are found closer to shore, older ones farther out to sea.
These fish are usually between IO to 20 pounds when caught by hook and
line.

Other groupers also appear on the market such as the highly
regarded yellowfin grouper, N. venenosa, called "the Cadillac of

maneoth groupers, the largest landed reaching 700 poun s. Sometimes
called spotted or giant sea bass, most jewfish landed weigh about 50

sometimes sold as jewfish. Warsaws cause some confusion in grouper
terminology as they are sometimes mistakenly called black grouper
because they are very dark. Nassau grouper, E. striatus, are noted for
their fine taste and texture. In reality not even the most
sophisticated palates can always tell the difference between the
species.
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Red hake, squirrel hake  ~Uro h cis chess! cod  Gadldae! Family
Mhite hake  lJ. tenui s!

Other names: ling   red hake!, scrod, whitefish

Hake and whit1ng are two names often used interchangeably for the
many species of' this fish found throughout the world's oceans. Silver
hake S% called whiting. Hake are members of the cod family but their
bodies-are more slender, softer. smaller and have long feeler-like
veritral fins and only two dorsal fins. Nhite hake and red hake make up
the ma!ority of hake landings.

Mhite and red bake are hard to tell apart and are often not
distinguisbed when marketed. A good telltale sign is the upper Jaw
bone, which extends to the rear edge of the eye in white hake, but only
to the rear edge of the pupil in red hake. If the filamentous part of
the first dorsal fin is undamaged, 1t is much longer 1n red hake and
measures 3 to 5 times the length of the fins. 'Nhite hake are generally
larger and can attain 40 pounds; however most are under 8 pounds . Red
hake average I to 3 pounds. There is also a slight coloration
difference; red hake tend to be more reddish awhile wh1te hake have a
purpl1sh hue.

These two fish are fairly similar in distribut1on and habit. Both
occur frae- Nerfoundland to Virginia and are bottom dwellers and sluggish
swieaev's. Red hake are found from the tidemark to depths of 1,OOO feet,
wh1le white hake extend farther out to depths of 3,0GO feet. Larger:fish
leave the coastline for the sunnner to seek cool, deeper water. Hake
feed on small crustaceans, squ1d and smal'l finfish. They use ventral
f'eelers to locate food.

Hake is sold primar1ly for food, though some red hake is used for
industrial processing and has been found suitable as a base for
surimi-based products. Sometimes hake is filleted and sold under the
general term "scrod" or "whitefish".

Hake does not keep well so it must be carefully handled and
Processed soon after being caught. It should be noted hake is among the
least expensive of ~hite fish.

~<KEREL  Scomber scombrus!

Other names: Atlantic mackerel, Boston mackerel, ti nkers

mackerel are distinguished by their brilliant color pattern. The
upper half of their body is iridescent blue-green with ver tical black
»vy band, and the lower half and belly are si lvery white. The
iridescence fades soon after death but the color pattern remains as the



distinguishing characteristic. Mackerel have a fusiform shape and
deeply forked tail. Their scales are small and smooth, giving a velvety
feel to the skin. Atlantic mackerel average 14 to 18 inches long and 1
to 2-1/2 pounds in weight and reach their prime when they are fattest,
which is at the end of summer and during the fall. Smaller mackerel
called "tinker" mackerel are harvested in early spring. They generally
weigh not more than a pound and measure 6 to 10 inches. As these
mackerel are not spawners, they are in prime condition when caught.

These species inhabit both sides of the North Atlantic, and on the
American side range from the Gulf of Saint Lawrence to North Carolina.
There are two major spawning groups, a southern group that spawns off
the Mid-Atlantic Bight in April and May and a northern group which
spawns in the Gulf of St. Lawrence in June and July. Both groups winter
off Nova Scotia. Like their relatives the tunas, they are pelagic and
travel in swift-moving schools of similar size fish.

Mackerel eat small finfish, squid and pelagic crustaceans. They
feed little over the winter and eat most greedi ly after spawning . A
14-inch fish will weigh about 1 pound in the spring and 1-1/4 pounds in
the fall. Atlantic mackerel are oily fish, high in omega-3 fatty acids
that are believed to reduce serum cholesterol.

MOMKFISH  ~Lo h3us americanus!

Other names: goosefish, anglerfish, monktail, lotte

Monkfish are unlike finfish in appearance and are by far one of the
ugliest. They have an enormous head with tiny eyes and huge
tooth-filled mouth, The body narrows into a fleshy tail. Its body,
designed for hugging the sea bottom, is quite flat, and the skin,
lacking scales, is thin, pliable and slippery. They are dark mottled
brown above and muddy white below.

Monkfish are in the family of anglerfish, which are characterized
my having on the top of their head a small antenna  dorsal fin! which
terminates in an irregu'tar-shaped flap of skin. Members of this
family "fish" for their food by swinging this appendage to lure small
finfish within seizing distance. Mhen the prey is close, the monkfish
thrusts itself forward with its pectoral fins, which are modified
footlike structures, and swallows the smaller fish. Monkfish can reach
4 feet long and 50 pounds, but the average colnercial catch measures
about 2 feet and weights 7 to 15 pounds.

The American monkfish occurs from Newfoundland to North Caro»»
and inhabits bottom waters in a wide range of depths. Its appetite is
remarkably large and it eats finfish, invertebrates and an occasional
sea bird. Monkfish is mainly a coaeercial fish, landed as an incide«al
catch of the bottom trawl fishery, being caught while dredging «r
scallops or dragging for flounder. Fisherman cut off the huge head and
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belly section at sea and bring in only the meaty tail. Processors skin
the tails and cut two cylindrical shaped fillets off a single center
bone.

Nonkfish are highly esteemed in Europe. especially in France where
they are called "lotte" and commonly used in bouillabaisse. The meat is
white lean and very firm. Hhen cooked, its texture is somewhat s"lar
to cooked lobster tail meat. As it a'iso is reputed to taste somewhat
like lobster, it is often called "poor man's lobster".

PERCH

OCEAN PERCH  Sebastes marinus!

Other names: redfish, rockfish

Ocean Perch are bright red, pink or orange in color, causing their
large, black eyes to stand out in contrast. They look somewhat like red
snapper and have been mislabeled as such. Ocean perch average 8 to 16
inches long and 1/2 to 2 pounds, rarely exceeding 5 pounds.

Ocean perch are close relatives to Pacific ocean perch  Pacific
rockfish! but inhabit the North Atlantic Ocean. They range from
southern Labrador to southern New England and are typically found close
to the ocean floor in cold, deep offshore waters. Ocean perch are slaw
growers and are unusual in that they bear their young life.

YELLOW PERCH  Perca flavescens!

Other names: Lake Perch

In North America . yellow perch are found from Nova Scotia to South
Carolina, north to central Canada and westward almost to Great Slave
Lake and east to quebec. They are one of the most abundant fishes in
the Great Lakes and have been subject to a large commercial fishery,
particularly on Lake Erie. The average fish caught weighs about 1/2
pounds

SNAPPERS

Named for its color, red snappers are a brilliant rose-red that
fades toward the belly, orange-yellow trim along the edges of the fins
and red eyes. The red eyes distinguish it from the silk snapper, which
has yellow eyes but is otherwise identical. The real red snapper occurs
«om North Carolina to Brazil. Today more red snapper are taken by
Florida sports fishermen by hook and 'line than the commercial fleet,



although Florida is still the main United States producer. They may
weigh as much as 40 pounds but are corwnonly Inarketed from 2 to 6 pounds.
The majority of this fish is sold to restaurants-

B-LINE SNAPPERS

The true red snapper is not tp be confused with B-line snappers.
B-line is not an indicator of quality but a reflection of consumer
demand as B-line species fill the gap between the supply of the
expensive red snapper and the larger consumer demand. B-line snapper
are at times knowingly substituted for the red snapper. In fact almost
any fish with red skin has been, at one time or other, sold as red
snapper. True red snapper is always sold fresh with its distinctive red
skin on. while many other snapper or perch come skinless. Snappers are
available from just about any tropical country in the world but chances
are if it hasn't been caught in the Gulf of Mexico or off Florida, it
isn't red snapper.

Red snapper has several close relatives that are available. The
red snapper is only one member of the family ~Lut'anidae which includes
250 snappers, many of which are marketed as "red snapper". The more
important of these snappers are Caribbean, yellowtail, lane, mangrove or
gray, mutton  looks like red snapper and comes very close to tasting
like it for less money!, silk and vermil lion. Their meat is slightly
darker than that of red snapper, and does not cereend as high a price.
These lesser know snappers are popul ar near where they are landed, but
few get shipped north. Genuine red snapper command the highest price.

SALMON

Most native salmon in the United States come from the Pacific
Coast, where five species of -- coho or silver, king or chinook, sockeye
or red, pink and chum or keta -- are harvested for the fresh, frozen,
smoked and canned markets. A different species, the Atlantic or Eastern
salmon, inhabits the East Coast and is relatively scarce. The Pacific
coho and Chinook salmon have been successfully transplanted into a few
areas in the northeast.

Salmon are anadromous fish, living in saltwater and returning to
their natal freshwater stream or river to spawn. They stop feeding and
begin to deteriorate rapidly: their flesh turns from pink to yellow; the
skin darkens and males develop hooked noses . Far upstream the females
dig their nests called reds in the gravelly bottom and lay their eggs;
the male fertilizes them at once then the female fans gravel over them
to protect them from predators. The alevin emerge in a matter of weeks
nourished by their yolk sacs, then by the small organisms which exist,
in part, on the rotting adult salmon in the river. From fry they grow
into smolt about the size of a little finger and head out to sea to
start the cycle over again.
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How long they spend 1n fresh water before heading out to sea
de$NNds on the species, pinks and chum spend only a few months in fresh
water, while kings, soc4yes and cohos may linger as long as two years
before swiaeing downstream. Their sea time var1es, too. Pink salmon
will return in two years, while the king salmon may stay in the sea as
long as seven years.

How salaon find their way back from distances up to 3,000 miles to
thefr natal streams, pinpointing the exact river, tributary and pool
from which it left perhaps five or six years before as a fish the size
of a minnow remains a aiystery. Gne theory holds that the salmon's keen
sense of smell leads it back to its natal stream.

Salmon are considered prime eating when they are fattest, which is
just before they enter freshwater.

ATLANTlC SALNON  Sa'lmo salar!

Other names. 'Norwegian or icelandic or Nova Scotian salmon

Ken in the sea, Atlantic salmon are silvery with a darker back.
Their upper body, head and fins ere marked Hth-small black crosses and
spots ~ They have a small head, and a sma'0+- fleshy adipose fin between
their dorsal fin and tai'l.

Atlanttc salmon 1nhab!t coastal water on both sides of the North
Atlantic. At one time they occurred along our coast from Labrador to
New York. However, man~de obstruct1ons and pollution hindered their
spawning success, and overfishing further reduced their numbers.

ln the 19Ms and 1970s, restoration efforts in New England were
increased, Passage facilities were made. and hatchery grown fish
released into appo1nted rivers. To date, the success of these programs
has been slow but steadily improving.

The spawning migration of Atlantic salmon begins in spring or early
sunnner when mature fish enter the freshwater stream of their origin. As
they make their way upstream, they loose their silvery sheen and take
on a dull brownish or reddish hue. Hales are more colorful than females
and become mottled and spotted with red or orange. The jaws of the
males elongate, and their lower jaw becomes hooked so that only the tips
of the two jaws come together. Both sexes feed little while on their
spawning run, and their body condition slowly deteriorates. Atlantic
salmon differ in 11fe history from Pacific species in that they may
survive to spawn three or four tines.

Fresh Atlantic salmon in Eastern markets originates 1n part from
Canada and Maine but most of the Atlantic salmon marketed in the world
is farm-raised in Norway. Canada and Maine are now farming Atlantic
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These aquaculture operations can supply fresh fish duri ng
winter and spring when wild fish are not available. Farming now
produces the bulk of the Atlantic salmon in our markets year-round but
is marketed heavily when wild salmon is scarce. The Atlantic salmon may
also be marketed by the country of origin: Norwegian or Icelandic or
Nova Scotian salmon for example.

Atlantic salmon has pink to red flesh and a delicate taste.
Sexually inlnature Atlantic salmon returning early to spawn are called
"grilse",

PACIFIC SALNON

0   l 0  ~0

Other names: silver salmon, medium red salmon, silversides,
sexually immature cohos and kings returning early to spawn are called
"Jacks"

Coho salmon are not native to the East Coast but naturally inhabi t
the Pacific Coast. However, to build a new sport fishery, coho were
successfully introduced into the Great Lakes, the North River in
Nassachusetts, and the Lamprey River in New Hampshire. This species is
artificially propagated and hatchery reared; then guveni le fish are
released into designated areas. Since these fi sh are accessible to
sport fishermen while in freshwater, they are not of optimal eating
quality though they certainly are edible. There is no cerlaercial
fishery for the transplanted populations.

Commonly penraised to one to two pounds, cohos are mar keted as
"baby salmon or yearling salmon".

Coho follow an anadromous life history somewhat similar to Atlantic
salmon. Unlike most other salmon, the coho rnigrates within a re'latively
small area. They range from California to northern Alaska. While in
saltwater, cohos are bright silver. Cruring their spawning migration in
freshwater they change to bright red wi th black back and head, and the
Jaws of males elongate and become hooked, Unlike Atlantic sa'Imon, all
Pacific salmon die after spawni ng.

Other names: spring salmon . blackmouth or tyee salmon.

The chinook are the largest, least abundant and therefore the most
expensive of the Pacific salmon. Kings average IO to 30 pounds. The
"u"on spawning run, over 7,000 miles, is the longest stream migration by
any ~~lmon species. Troll caught king salmon from the ocean are

n»«red superior and corniiand the best prices. Caught from southeast
ska to California in summer and fall, the king salmon has firm red
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flesh, except for a white f Ieshed subspecies known as white king salmon,
which has a limited market in areas where it is caught and known. Kings
are often marketed by their river of origin or their flesh color: red
kings for red colored flesh and white kings for white colored flesh.

SOCKEYE OR RED SALMON �. nerka!

Other names. blueback salmon, guinault salmon

Sockeye or Red salmon are named for their deep red flesh. They
range from 4 to 7 pounds and are relatively oily, containing 10 to 20
percent fat depending on where and when it was caught.

About half the total sockeye production is canned and a large
percentage exported, primarily to the United Kingdom. It has a
deep-red. firm flesh that retains its color when cooked or processed.
Long considered the most valuable of canned salmon, it has in recent
years gained considerable popularity in the fresh and frozen state
approaching that of the king salmon. Like the king, it is similarly
named after its river origin.

PIllK �. ~orbuschaI

Other names. 'humpback salmon or humpie

The pink is the smallest of the Pacific salmon, averaging about 3
pounds . It is occasionally called "humpback salmon" or "humpies",
referring to the pronounced hump that develops shortly before spawning.

Although pinks range as far north as Norton Sound and as far south
as California, they account for more than half of Alaska's total salmon
landings. The pink runs of certain areas tend to be very heavy in
alternate years.

The flesh is lighter and has less oil content than that of other
salmon species. Most pink salmon is canned because the flesh is soft
and deteriorates relatively quickly, but it is gathering a consumer
following for fresh and frozen forms.

CHUM �. keta!

Other names: keta, silverbrites, dog salmon

The chum has firm, pink to red flesh and moderate oil content.
average weight is 9 to 10 pounds and is almost always net caught.

The big chum runs are largely in the more remote regions of Alaska
where harvests have been difficult. The chum often has been used by
natives to feed their sled dogs, hence the name "dog salmon".
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Not all chums are silver bright when they are caught and many have
begun to darken. The best grade of chum is called silverbright and
varies from "semibrites", "arks", "falls" or "calicos". Grading is
subjective and color categories vary between buyer and supplier and
according to demand. There is little if any meat quality difference
between a dark or silverbrite chum salmon.

SCOP  Stenotomus ~chr so s!

Other names: porgy

Scup are dull silvery and i ridescent with a whi te belly, and thei r
sides and back are f Iecked with blue and marked with 12 to 15 indistinct
longitudinal stripes. Scup have a deep body which is flattened
sidewise. Their scales are large and firmly attached. Adults average
14 to 16 inches and 1 to 2 pounds but may reach 18 inches and 4 pounds.
I.arger fish usually command a higher price.

They generally range from southern New England to North Carolina.
During the warmer months, scup stay fairly close to shore. typically
within 6 miles of the coastline. They live close to the bottom and
concentrate over areas of smooth to rocky bottom. This results in a
congregation in some areas and complete absence in other nearby areas.
Scup feed on small bottom-dwelling invertebrates and young finfish.
Traveling in schools, they migrate offshore and southward in the fall.

SEA TROUT  ~C noscion ~re alis!

Other names: weakfish, gray sea trout, squeteague, yellowfin

Sea trout are colorful, sl1m bod1ed fish. They are dark olive
green above and burnished with purple, blue, gold, green, or copper
tints. Above their arched lateral 11ne are many small black, dark
green, or bronze spots, which appear to form irregular lines. Their
belly is white or silvery, and their fins are tinged with yellow. Sea
trout are further distinguished by two large teeth projecting «om
their upper jaw.

Members of the drum family, the males make a drumming noise by
rapidly contracting abdominal muscles that resonate against the air
bladder. The drunN!ing ran be heard by boaters, and during the spa~ning
season, from Play to October, the noise grows even louder.

A sea trout can grow 7 inches in 5 months. Its length varies «om
12 to 14 inches for a 4-year-old, one-pound fish and up to 30 or mo«
inches for older fish weighing 1p pounds or more. The average is 1 to 7
pounds.
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Sea trout usually travel in small schools and can be found along
the east coast from Florida to Massachusetts, occasionally straying
northward to the Bay of Fundy. Sea trout are most important
coaoercially off the Mid-Atlantic states. During the summer they live
in shallow shore waters, usually over sandy bottoms and move south to
offshore waters in the autumn. Small fish are their chief food source.

Sea trout are called weakfish because they have weak mouth tissues
that are easily tom by hooks. The flesh is also very soft or tender,
which requires that. it be hand'led gently.

IND  I ~

Other names: American shad, white shad

Shad, the largest of our herring, may reach 12 pounds. Adult
females average 3-1/2 to 7 pounds, while males are slightly smaller.
Shad are dark bluish or greenish above with white or silvery lower sides
and bellye Behind their gill cover is a dark spot, usually with 1 or 2
longitudinal rows of dusky spots behind it. Shad have a deep body,
sharp saw-edged belly, and large, loosely attached scales . Unlike thei r
southern relative the hickory shad  Alosa mediocris!, the tip of their
1ower Jew is entire1y enclosed withi'nntne ttt~o t ie upper jew when
their mouth is closed.

Although American shad occur from Newfoundland to Florida, they are
most abundant from Connecticut to North Carolina. They also have been
transplanted successfully to the pacific Coast. Shad are often near the
surface in spring, suamer, and fa'll. They winter in the Mid-Atlantic
region offshore. Shad school at sea and migrate to thei r native
freshwater streams in late winter. spring and early sumner to spawn .
Adults return to saltwater while the newly hatched fry remain in
freshwater until fall. As adults. they feed primarily on plankton
though they do take small finfish on occasion.

Formerly abundant, shad have significantly decreased in number
because of dam construction, overfishing, and pollution. Currently, an
active sport fishery exists south of New Hampshire. Where allowed, shad
«e harvested coneercially, primarily with gillnet, poundnet and haul
seine, in ri vers or near mouths of' rivers.

Shad roe, considered a prime delicacy. comnands a high price.
is typical'ly sold in natural pairs. The meat of shad is delicious but
difficult to process into a boneless form because of the complicated
skeletal structure, with its three parallel rows of bones runni ng from
"ead to tail perpendicular to the backbone. The meat is light colored,
oily, and soft textured.
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SHARK

Sharks are more closely related to skates and rays than other
finfish, because they do not have true bones in their body but instead a
skeleton composed of cartilage� . Another difference from typical finfish
is that sharks lack an air-filled swim bladder, therefore must keep
swimming to keep from sinking. Additionally. they have 5 or more gill
openings, an uneven tail, and tooth-like scales.

More primitive than bony fish. sharks, are among the oldest animals
on earth and have changed very little since their origin more than 300
million years ago.

Sharks can be caught on baited 1 onglines and hook-and-line. Trawl,
gil lnet, and other gear take sharks, though it is usually as a by-catch.
As the demand for shark meat increases, more directed fishing may take
place. Sharks are caught year-round but are landed most often duri ng
warmer months.

Sharks destined for the dinner table must be handled properly by
bleeding the fish inwnediately after catching. The blood of sharks
contains a relatively high concentration of urea for osmoregulatory
purposes, and urea breaks down into ammonia after a sharks death. Oo
not use shark meat that smells strongly of amnonia. However, if only a
very faint ammonia smell is present the meat can still be used by
following this procedure: the meat may be soaked in a weak solution of
lemon juice or vinegar for at least 4 hours  refrigerated! before final
preparation. For each pound of shark, add 1/2 teaspoon lemon juice or 1
tablespoon vinegar to enough cold water to cover the fish. This acidic
solution neutralizes any ammonia that may be present.

The meat of some shark species, such as Mako, is simi'lar to
swordfish in taste and texture, while others have white, mild tasting
meat. In general larger individuals within a species will have coarser
textured meat.

HAKO SHARK  Isurus ~ux rinchus!

Other names: Atlantic mako, sharp-nosed mackerel shark

Most of the Mako, the most popular shark in Eastern markets, is
similar in color, taste. and texture to swordfish. Both are retailed in
steaked form; however, mako is generally priced lower. How does one
verify that swordfish purchases are really swordfish? One test is to
feel the skin. The skin of swordfish will feel smooth. while running
against the grain of shark skin will feel rough, like sandpaper.
Additionally, the light meat of swordfish steaks will have definite
eye-like whorls which are not present in shark steaks. and in shark, the
connective tissue between the meat and the skin is thicker.
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Freshly caught mako shark are deep blue-gray above, changing along
the sides to snowy white belly. Soon after death, these colors change
to dark slate gray above and pale dirty gray below. Nako can reach 12
feet and 1,000 poends, but most are 5 to 8 feet long.

Nako sharks inhabit oceanic tropical and warm temperature waters in
the Atlantic, Nediterranean and Caribbean. In the Pacific and Indian
OCeanS, the PaCifiC mako Or bOnitO Shark  ISurus laucus! is found. Off
the Kaat CoaSt, t11e AtlantiC makO iS mOSt aaauMn ant n warmer areas but
aevi northward to southern Naw Kngland in the suneer. One of the most
~ctive and softest swiesning of all sharks. the mako has the amazing
habit of leaping out of the water when hooked. Its fighting ability
makes this shark a superb game fish.

SPINY MCFIN  Sgualus acanthias!

The spiny dogfish is traditional'ly known as "rock salmon" in Great
Britain and is used there in fish and chips. Germany and France import
just the belly flaps of this shark. There it is smoked and considered a
delicacy. Nost of the dogfish caught in the United States is exported
to these countries. Mhat little is sold domestically is marketed as
'greyfish" or simply "shark". In the early 1980s, dogfish was promoted
in the Nid-Atlantic region.

This fish is named for its weapon of defense. Along the front of'
each dorsal fin is a loni spine which stands «ore or less. upright when
the shark cuHs its body into a bowj. Spiny dogfish are sma!I. slender
bodied fish; most are 2 to 3-1/2 feet long and 5 to 10 pounds. They are
slate gt'ay above, saeet$mes tinged with brown, with grayish- wMte sides
and a white belly. On each side here is a row of small, white spots
which fade Hth age.

Spiny dogfish inhabit temperate and subarctic waters including both
sides of the North Atlantic and Horth Pacific. They are abundant off
the East Coast in spring, summer and fall but spend their winters
offshore in deeper waters and/or south. Oogfish travel in large
schools, are bottom feeders and do not have the sharp teeth found in
most other sharks. Yet, many fishermen consider spiny dogfish a
nuisance that can cause considerable damage to nets.

SWOTH DOGFlSH  Nustelus canfs!

The smooth dogfish, which is about the same size as the spiny
dogfish. fs one of the most abundant sharks along the East Coast. In
the shallow waters of the Delaware 8ay. where it is found in great
numbers during the suxvner, more smooth dogfish are caught than all other
sharks together. Since their migrations are temperature dependent,
smooth dogfish wi ll leave the area for warmer waters in fall.



Instead of possessing the ferocious jaws that sharks are generally
famous for, smooth dogfish have many low, flat pavement-like teeth that
crush and grind more than they actually bite or tear. Their diets
consists chiefly of crustaceans. In terms of abundance the smooth
dogfish is second only to the spiny dogfish. The tasty smooth dogfish
is caught and sold pooled with the spiny dogfish.

Because smooth dogfish are usually caught close to beaches and
around sand bars, they are often erroneously called "sand sharks". But
true sand sharks  Odontas is taurus! have much sharper teeth and are 4
to 6 feet long and we g consTi~era ly more than dogfish. All sizes of
sand shark are edible. though generally this fish is not as delicious as
some other shark species.

SPOT  Leiostomus xanthurus!

The spot is a small, well-known member of the croaker family that
derives its name from the black spot directly behind the gills. Its body
is short and deep, and the body coloration is usually bluish-gray with
gold or bronze reflections above and a silvery cast below . It has 12 to
15 yellowish oblique bars on the side which become indistinct with age.
Like croakers, the male spot makes a drunming sound using the
swimbladder. Spot are usually smaller and rounder than croaker and
average only half a pound.

Able to tolerate a wide range of temperatures and salinities, spots
are found along the Atlantic coast from massachusetts to Texas. but are
most conlaon south of New Jersey. They can be found in the Chesapeake
Bay and its tributaries in early spring, The rivers serve as nurseries
until October when the spot leave the Bay. They sometimes occur in
large schools, from the shallows of coastal marshes to at least 670
feet, and occasionally they are extremely abundant in deepwater.

STR!PED BASS  Morone saxatilis!

Other names: striper, rockfish

Striped bass are dark olive to bluish above, paling on the sides
into a silvery white on the bel]y . They are stout-bodied fish and have
large scales and 7 to 8 dark longitudinal stripes on both sides.
Striped bass grow to become large fi sh wi th record landings of 1GO
pounds, but larger fish are disappearing. i@ere allowed, the normal
market size is 24 inches. Striped bass fillets should be purchased skin
on to avoid substitutes.

On the Atlantic Coast, striped bass inhabit inshore and estuarine
~aters from Canada to the Gulf of Mexico. They are anadromous. moving
into freshwater rivers to spawn. The main spawning areas are the
estuaries of the Hudson River and Chesapeake Bay. Stripers migrate



south with the coming of winter. They are pelagic schooling fish a«
feed on finfish and invertebrates. Connnercial fishing for striped bass
is not a11owed in all states. Much of the conmercially marketed fish I~
supplied by sport fishensen who may hold their catch before selling to +
dealer, thus the quality of fish reaching the consumer can vary a grea<
deal.

Striped bass have a high tolerance for polluted water and the fle»
seems to absorb some of the pollutants. For example, fish taken from
water with oil waste may taste slightly of oil.

The supply of striped bass has drastically declined in recent
years, probably because of a combination of declining water quality in
the spawning areas, overfishing and natural phenomenon. Concerned
states along the Atlantic Coast have joined efforts to formulate an
interstate management plan that will alleviate fishing pressure until
stocks are replenished.

SNRDFISN  ~Kf hias ~tadius!

Othe~ name: bill fish

Swordfish are named for their long upper jaw and snout which form m
flat, double edge, sword-like structure. This sword can be as much as
one-third the total length of the fish. Swordfish have long, sleek,
scaleless bodies which are thickest in the shoulder region and taper
towards the tail. Their eyes are relatively large and said to be deep
blue. Swordfish lack pectoral fins and adults are toothless. They are
dark purplish, bluish or black above with silvery white sides and belly
The average canpercial catch consists of fish from 50 to 400 pounds.

There is only one species of swordfish and it occurs worldwide in
tropical and temperature waters. Swordfish are pelagic and are fast,
powerful swimmers.

Both sport and cermercial fishermen seek this fish, which is
esPecially attractive because of a high exvessel price. Off the east
coast of the United States they are convnercially harvested with long
lines and to a lesser extent by the traditional method of harpooning
awhile it is basking near the surface of the water. The fish has a
distinctive flavor and firm flesh.

Other names: golden bass, golden snapper

Ti lefish are o'Iive green or dark tan above. changing to yellow or
rose on the lower sides, The back and upper sides are dotted with
brilliant yellow spots, and the belly is white. Tilefish are further
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characterized by a fleshy protuberance on their back just in from the
the dorsal fin, which looks like a miniature rudder balanced on its
head. Although they can reach 50 pounds, this fish is usually marketed
at 4 to 8 pounds. Their diet consists mostly of crabs and other
crustaceans. Tilefish have unusually firm, yet tender flesh, which is
best compared to lobster or scallop meat.

Tilefish occur from Nova Scotia to the Gulf of Mexico and are most
abundant from Nantucket to Delaware Bay. They are known to occupy a
narrow band of the ocean floor on the upper part of the continental
slope where a belt of warm water is found. A significant commercial
fishery exists, especially off the Mid-Atlantic Coast.

TUNA

Tuna belong to a large family of fish called Scombridae, which
includes mackerel and bonito. Nembers of this famey are similar inthat they have streamlined bodies, travel in schools and are among the
fastest swimmers of all fish.

Tuna inhabit tropical and temperate waters worldwide. Several
species arrive off our coast in spring and travel south during the fall.

Japan and the United States are the world's leading harvesters and
consumers of tuna, with Americans eating almost a thi rd of all the tuna
caught in the world. While Japanese prefer fresh tuna, Americans
consume more canned tuna that any other fish.   It is estimated that
almost 25/ of all seafood consumed in the United States is canned tuna.!

Canned tuna is classified according to the color and size of the
pieces of meat. Only albacore can be labeled as white meat. Other tuna
species are labeled as light meat and are priced less. The size of the
canned pieces of meat also affect the product's price. From largest to
smallest piece size, and from most to least expensive, the product forms
are fancy or solid pack, chunk, and flaked or grated'

Americans are just beginning to realize that tuna doesn't have to
be canned to be good. The physical appearance of fresh tuna is quite
unlike the canned product. The color of' fresh tuna is red with brownish
darke~ sections. When cooked, the meat turns brown and actually looks
similar to cooked steak. Fresh tuna is rich in oil and very firm
textures. It is relative expensive and is wholesaled in two basic
grades -- shashimi and fry. The former commands the highest price since
special handling is required for use in the raw tuna trade.

ULUEEIN TUNA  Thermos ~th nnusI

The bluefin tuna is the most common tuna occurring off the
mid-Atlantic. It is dark steel blue with silvery-gray sides and belly.
It is so large, reaching weights of more than 1000 pounds, that it is
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sometimes called horse mackerel. Correspondingly, this fish can attain
high speeds, with sudden bursts exceeding 50 mph. Because of its high
metabolic rate, bluefin tuna maintain a body temperature warmer than the
surrounding water.

The meat of bluefin has a stronger flavor that many other tuna, but
this doesn't bother the Japanese who consider bluefin a favorite. Most
of the U.S. harvest is exported to Japan, and the rest is primarily
marketed in New York, New England and Mid-Atlantic cities. Although
often a large fish, most of the commercial landings are smaller fish
from 15 to 80 pounds.

YELLOWFIN TUNA  Thunnus albacares!

Yellowfin tuna are characterized by their yellowish orals and anal
fins and yellow coloring on their sides. Otherwise they are blue-gray
above with a light belly. Yellowfin usually are from 30 to 100 pounds
though they may reach 300 pounds. Yellowfin tuna is a very important
commercial fish in the Pacific Ocean, however, only a small amount is
landed in Mid-Atlantic ports.

Yellowfin are taken by surface longline and pole-and-line, but most
are taken by multi-million dollar superseiners that roam the high seas
for months catching as much as 1,000 tons of tuna in a single good set.
Most is frozen in brine and later canned. Fresh yellowfin is taken
close to shore by small boats fishing short tri-,s of a few days.

ALBACORE  Thunhua a~1alun a!

Albacore, the only tuna that can be labeled "white meat" in the
can, also has expanded its popularity to the fresh market, largely
because of efforts of fishermen who lost their market when all but one
tuna cannery on the West Coast shut down in 1985. Albacore are found in
temperate to tropical waters around the world; in California they are
landed throughout the year by offshore trailers and longliners but are
more abundant during the summer. Slightly half of the worldwide catch
is taken in the Atlantic.

WHITING  Merluccius bilinearis!

Other names: Atlantic whiting, silver hake, winter trout
Hake and whiting are names often used interchangeable for the many

species of this fish. Whiting are distant relatives of the cod family
but are much smaller, averaging only 14 inches long and under 2 pounds.
One abundant whiting is also referred to as winter trout or more
properly silver hake because of their silvery iridescent color. They
are slender streamlined fish with soft-rayed fins, the upper of which
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are transparent. The long body has small scales, a relatively small
tail, and a lateral line running the length of the fish. The whiting
has a flat-topped head, large eyes and a large mouth with 2 or mores
rows of sharp teeth. They are gray, mottled with brown above, and
silvery iridescent on their lower sides and belly. Whiting differ from
other hake by lacking a chin barbel and having ventral fins which are
not altered into long feelers.

This species inhabits continental shelf waters from Newfoundland to
North Carolina but is most important comnercially from Maine to New
Jersey. They may live in water as deep as 3.000 feet during the winter
months and seem to prefer warmer water than other members of the cod
family. Whiting are bottom dwellers by day and move toward the surface
at night to feed. They do not school often but will swim together at
times. I ike sea trout, whiting are tender and must be packed and
handled carefully to avoid crushing.

Whiting are sometimes called "frostfish" because sudden cold snaps
may freeze large quantities of this fish and wash them ashore before
they migrate into deeper waters.



TUNAS
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FRE UENTLY ASKED UESTIONS ABOUT FINFISH

What are the red lines often found on the white side of a flounder?
Although it is hard to determine without actually seeing the lines
first hand, it could be bruising caused from mishandling.

What i s Nonkfi sh and what does it taste like?
Monkfish is a deep water fish often referred to as "Poor Man' s
Lobster", Bellyfish, Lotte, Allmoutn, Uglyfish and Lawyer Fish. It
is a mild-flavored, white meat fish that is firm in texture. It is
an excellent fish for stews and to grill outdoors in a kabob
recipe. Because the Monkfish feeds on lobster, many feel it tastes
like lobster. When prepared with lemon and butter, it can taste
similar to lobster.

What part of the Monkfish is edible?
When a Monkfish is caught, only the tail is kept because the fish
is mostly head and mouth. Harvesters discard the unneeded or
inedible parts of the fish at sea. Only the tail is eaten. When
preparing Nonkfish for cooking, make sure all pieces are of same
general thickness to prevent overcooking of the smaller pieces.

What kind of fish is called "scrod"?
The name comes from a Niddle Dutch word "Schrode" meaning a strip
or shred. In New England, scrod may be ineature cod or haddock
weighing lk to 2k pounds. Sometimes the term is applied to cusk of
about the same weight, or to pollock weighing 14 to 4 pounds. When
fishermen use the word, they are usually referring to gutted small
haddock.

Which is the better buy? Whole fish or filleted fish?
When filleting fish, the yield from the whole fish generally
averages out to 50%. Some fish like flounder will average a 60%
yield. When looking at prices, if whole fish sells for 994 a pound
and filleted fish for $1.69 a pound, fillets are the better buy--if
you intend to fillet the fish for cooking anyway. There is
something to be said about buying the whole fish and having it
filleted, through, because you can check the overall quality and
freshness of the fish.

How nutritious is a fish's skin? Do I lose many nutrients if I
skin a fillet?

Fish skin is mainly made up of a protein called collagen. It is
not cons~dered a high quality protein, but nevertheless a protein-
The loss of nutrients from skinning a fillet is specific. The high
lipid fat containing fish would lose some of the fish oils when the
skin was removed.
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Q. I got a good buy on flounder fillets. Is there a good way to
preserve them?

.:. k.:. "There are many good ways to freeze fish, but one of the quickest
=eel easiest is to place the number of fillets you need for a meal
- on e polyvinyl chloride wrap and using the "drug store" method.
fold down two edges, squeeze out all of the air and then fold over
the other two edges and seal. Overwrap this package with foil ~

- --freeze paper or any other paper, seal and label with the contents
..;- and date. Polyvinyl chloride is a clear plastic warp that is both
- = mo!sture-proof and vapor-proof. It should, however, be overwrapped

< because it is not strong at freezer temperature.

- q.: Hhen is the season for pufferfish?
A. Pufferfish is harvested in late sLnmner off the coast of Long

Island,

A.-
How long should I cook fish?
Bsh is done when the flesh becomes opaque and flakes easily with a
fork. A rule of thumb is that you should allow 10 minutes of

- cooking time per inch of thickness. For fish still frozen, allow
RO e$nutes per inch of thickness-.

Is it safe to prepare sushi and sashimi dishes at home?
As with shellfish the ingredients for sashimi must be taken from
pollution-free waters andjor purchased from a reputable source.
One should know how to choose fresh fish. Although saltwater fish
can be infected with harmless human parasites, freshwater species
should not be used for sashimi because of the possibility of
diseases related to uncooked fish. This has a parallel in eating
improperly cooked pork. Freezing fish for 24 hours is recoaInended
to reduce the risk of producing an unsafe sashimi product.

Q.
A.

@hat is the best way to thaw frozen, cooked seafood? Can it be
thawed the same way as fresh, raw seafood?
7haw frozen, cooked seafood under refrige~ation as you would raw
seafood. Do not thaw at room temperature. Raw seafood can be
thawed quickly under cold running water. Hake sure it is packaged
in a water proof package.

Q.

A.
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Q. How can 1 tell when the fish is fresh?
:. . ':= A .;.::Wee buying fish your sense of smell is mos< important. Me all

Nacry the smells of the ocean and bay. fresh fish should smell
.' r..-ki4te the water where they were caught. . Bshe smel!s indicate less

. than top quality. If buying whole fish, !ook for bright,
�.eon-sunken eyes and shiny, resilient slain that springs back after
you poke it. The gills should be clean and red and not sticky.



Q.

A.

I want to make a boui'llabaisse for a large dinner party. What do
you suggest I put in it besides a lot of expensive seafoods like
shrimp, lobster and crabmeat?
An excellent flavor extender is Monkfish, a firm-fleshed fish that
is mild in flavor. It will hold up very well in a bouillabaisse
and is relatively inexpensive. Mussels are also an inexpensive
extender to help keep down the cost of the seafood stew.

I once ate a tilefish from the Pacific that tasted very bitter.
Was it bad'?
What you ate was actually an "ocean whitefish" which is the Pacific
species of tilefish. The ocean whitefish occasionally has harmless
but very bitter flavor. The unpleasant flavor is believed to be
caused by a change 1n the diet of the ocean whitefish when they
come into shallow water.

A.

Should I parboil Monkfish before I use it 1n a baked or broiled
reci pe?
No. Although many recipes tell you to parboil Monkfish, it is not
necessary. Just make sure the Monkfish you are about to cook is of
relatively similar size and thickness so that it bakes, broils or
fries evenly. Parboiling it can actually overcook it.

A.

Is fresh fish safe to eat if it has a strong ammonia odor before or
after cooking'?
Reject and do not prepare or eat fresh fish that has a medium to
strong sour odor. Finfish should have a fresh clean sea breeze
smell.

A.

What is the storage time for fresh f1nfish  dressed or filleted!?
Finfish  cooked - 2 to 3 days in refrigerator and uncooked 1 to 2
days!.

Q.
A.
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Some of my customers have told me that they are on low sodium diets
and have asked if they can eat fish from salt water?
Yes. Marine species contain a mechanism known as an osmoregulator.
This mechanism limits the intrusion of salt into the species, with
the end result that fish from marine waters. on the average, have
no higher sal t content than those from fresh water.





FINFISH SPECIES CHART
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MKT FORMSAVATLABLE F L RANGEOTHER NAMESSPECIES

L Cape Cod to
N. Florida

Spring To
Fall

Drawn
Dressed
Fi 1 1 ets

Sea Bass
Blackfish
Tautog

Black Sea
Bass

Spring Thru F Worldwide
Late Fall

Fresh, Mhole,
Drawn, Fillets

Blue, Snapper
Chopper Blues

Bluefish

F Nova Scotia
to North
Carolina

Spring Thru
Early Minter

Dol 1 arfi sh
Sil ver Dollar
Harvestffsh

Butterfish

L Freshwater
Farmed

Year RoundBullhead
Blue Channel

Catfish

Frozen Ffllets
Breaded

L Eastern N.
Atlantic

Mol ffish-Ocean
Catf fsh

Year RoundCodfishCod

Fresh, Drawn
Lg. Fillets

Spring Thru
Fal 1

Croaker

F Greenland to Live, Limited:
Gulf of Mexfco Gutted Fillets

Mhole, Smoked
Frozen

Year RoundAmerican Eel

Silver Eel
Freshwater Eel

L Atlantic Ocean Fresh/Frozen
Gulf of Mexico Whole Fillets:

W or W/Out Skin
Dressed/Pan Or.
Breaded,
Stuffed
Precooked

Flounder Year RoundSole
Winter Flounder:
Blackback/Lemon
Sole, Yellowtail
Gray Sole/Witch Flounder
Dab
Suaeer Flounder/Fluke
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Atlantic Croaker
Drum
Golden Croaker
Hardhead

L North Atlantic

L Atlantic Coast
Gulf of Mexico

Fresh Whole,
Drawn
Dressed
Smoked

Fresh/Frozen
Dressed
Fillets
Breaded

Fresh/Frozen
prawn, Dressed
Steaks, Fillets
Breaded
Precooked
Salted



CROAKER

SWORDFISH
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HADDOCK

HITING  SILVER HAKE!
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South Atl ant>c Fresh/Fr ozen
Gulf of Mexico Whole Steaks

Fillets

Scrod  baby! L North Atlantic Fresh/Frozen
Whole, Drawn,
Fillets, Saltg
Smoked, Breads!
Precooked

Year Round

Year Round L Newfoundland
to Virginia

L North Atlantic Fresh/Frozen
North Paci f ic Steaks, Chunk<,

Fi1 1 ets,
Smoked,
Breaded

Year Round

Togue Year Round F Northern
Freshwater

Fresh/Frozen '
Whole, Drawn
Fi 1 1 ets, Steat

American M.
Blue M.

Whol e

Fresh/Frozen

F South Atlantic Fresh/Frozen
to Gulf/Mexico Whole, Drawn

Fillets

Cero
Kingfish f South Atlantic Fresh/Frozen

to Gulf/Mexico Drawn, Steaks
Fillets

Oolphin
Oolphinfish

Suamer in
Mid Atlantic

Fi 1 1 ets

Goosefish
Anglerfish
Monktail, Lotte

Year Round L Newfoundland Fr esh
to N. Carolina Skinless

Tails/Fillets
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Red, Black Yellowfin
Jewfish Warsaw
Nassau Speckled
Hind, Gag, Scamp

Whi te
Red Hake/Ling
Squirrel,
Whitefish, Scrod

Late Winter F Northeast
To Early Fall

L Worldwide
Tropical and
Subtropical
Waters
FL and Hawaii

Fresh/Frozen
Drawn, Dressed;
Fillets, Saltel
Corned



4~lantic Mackere 

inter Flounder



PAGE 3

,'.%gf ash =
Rqsefiah
Rockfiah

Fresh/Frozen
Fi 1 lets,
Breaded

Ocean
Perch .

L Freshwaters
LaRe Perch-Yellow

Frozen
Skinl ess
Fi1 lets

Orange Roughy

Pollock

Rainbow Trout
Frozen/Frozen
Dressed
Boned

Red Snapper L Gul f/Mexico Fresh
Southern Drawn

Atlantic
Coast

Dressed
Fillets W/Skin

Salmon
-Atlantic Norwegian Year Round F F arms-US

Denmark
Japan

Fresh/Frozen
Dressed
Boned

Red Snapper L Gu1 f/sexi co Fresh
Souther n Drawn

Atlantic Coast Dressed
Fillets W/Skin

Salmon
-Atlantic Norwegian Fresh/Frozen

Dressed

Year Round L Newfoundland
to Southern
Northeast

Year Round L New Zealand

Boston Bluefish Year Round L North Atlantic

Year Round L Farms-Us
Denmark
Japan

Year Round F Farms-US
Norway

Fresh/Frozen
Fillets,
Breaded
Fresh/Frozen
Whole
Pan-Dr essed
Fi 1 lets

Frozen/Fresh
Drawn, Dressed
Fillets, Steaks
Salted, Smoked
Breaded



PAGE 4

Spring to
Fall

Porgy Fresh
Whole
Pan-Dressed

Scup

At 1 ant i c/Paci f i c
Pacific

Sea
Herring

Sea Trout L Middle to
Southern
Atl anti c

L Middle, See Sea Trout
South Atlantic
Gulf of Mexico

-Spotted
Trout

Speckled Tr

L Gulf of Mexico Fresh/Frozen
Whole Fillets

-White Sand Trout

Shad Buck Shad
Roe Shad

Spring to
Fall

Shark
-Mako L Middle and Steaks, Chunks

South Atlantic Small Sharks-
 Warm Maters!

F North Atlantic Fillets
North Pacific
 Cold Maters!

-Spiny
Dog Fish
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-Coho
Chinook

-Chum
-Pink
-Sockeye

Silver
King
Keta
Humpback
Red

Weakfish Apr. to Dec.
Gray Sea T~out
Squeteaque
Yellowfin

Atlantic Mako Year Round
Sharp-Nosed-
Mackerel Shark

F N, California
Al aska

L Middle
Atlantic Cost

F North Atlantic

F Coastal Rivers
Maine to FL
5 Cal to Mash

Fi 1 1 ets
Steaks Canned
Smoked

Whole Chunks,
Fresh, Salted
Pickled, Smoked

Fresh/Frozen
Whole, Drawn,
Pan Dressed
Fillets

Fresh/Frozen
Drawn
Fillets, Boned
Shad Roe:
Fresh/Frozen
Canned



Atlantic Herrin0

American Shad

Striped Sea Haec
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PAGE 5

Fall Thru
Spring

Smelts F/L

Year RoundSole

Spot Apr. to Dec.Goody
Lafayette

'Niddl e
Atl anti c

Striped
Bass

Swordf i s 1 Billfish Late Spring
Thru Fall

Tilefish

Tuna Year Round

-Al ba core

-Bl uef in

-Little Atlantic and
Worldwide

False Albacore

-Skipjack

-Yellowfin

Striped Tuna

Mhitebait
Surfsme'lt
Grunton
Silverside
Jacksmelt
Bay Smelt
Eulachon or
Columbia River
Smel t

Rox
Petrale
Sand
Grey or Lemon
Over or Eng.

Rock, Rock Bass
Rock Fish

Golden Bass Year Round
Golden Snapper

North Atlantic Fresh/Frozen
Pacific Whole
Columbia River Dressed
Bays From Nex. Breaded
to Canada Great
Lakes

Pacific Coast Fresh/Frozen
North Atlantic Whole, Fillets

Breaded
Stuffed

Niddle and Fresh/Frozen
South Atlantic Whole

Pan-Dressed

Fresh/Frozen
Whole, Drawn
Steaks, Fillets

Worldwide Fresh/Frozen
Atlantic Coast Dressed Steaks

Atlantic Coast Fresh, Drawn
Gulf of Nexico Fillets

Tropical and
Temperate
Waters Worldwide

Pacific and Fresh Steaks
Atlantic Coast Canned

Pacific and Fresh Steaks
Atlantic Coast Canned

Southern Waters

Pacific and Canned
Atlantic Coast
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Whitefish

Whiting

Oceanic Bonito

Silver Hake Year Round
Frostfish

F Great Lakes Fresh/Frozen
Minnesota Whole, Drawn.
Canada Dressed Fillet

Smoked

New England Fresh/Frozen
Drawn, Skinners
Breaded
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CHAPTER TRIO

5 HELL F IS H





SHELLFISH

Shellfish are invertebrate animals, that is, unlike finfish, they
do not have backbones. To support their soft bodies, most have an
external skeleton in the form of a calcareous or chitinous shell. The
majority of the shellfish we eat are from two different phyla or
groupi ngs, namely mollusks and arthropods. Mollusks include clams,
oysters, mussels, scallops, whelks, squid, and octopus; whi le lobsters,
crabs, and shrimp are in the arthropod group.

Hollusks are soft-bodied animals that have a structure unlike any
other group of animals. This structure is the mantle, which is a s,hect
of tissue lining the i nside of the shell. The mantle forms the shell as
the animal grows. Growth spurts leave line-like marks on the shells of
many species, and these growth marks are often used by scientists to
determi ne the animal's age. The shell consists of several calcareous
layers and an outer coveri ng or periostracum. The latter is composed of
a horny organic material and protects the inner shell layers from
erosion. The shell is the main distinguishing feature of most molluscan
species, and varies in shape, size, sculpturing, and color.

The most popular class of mollusks is the bivalves, which includes
clams, mussels, oysters, and scallops. As the name implies, the
exoskeleton of bivalve rnollusks consists of two valves or shells, which
are hinged on one side. Generally, the two shells are convex and fairly
similar. They are attached dorsally by an elastic ligament. To prevent
lateral slipping, the shells, beneath the ligament, are interlocked by
teethli ke ridges and opposing sockets and grooves. The shells are held
together by one or two adductor muscles. Scars on the inner surface of
the valves i ndicate where these muscles were attached. 4lhen the
adductor muscles relax, the ligament causes the valves to open. In most
speci es the shells can shut fi rmly, completely enclosing the animals

The mantle encloses the soft body in a fleshy case when the shell
is shut. The edge of the mantle bears three folds, each with a special
function. There is a sensory fold, a muscular fold, and an outer
shell-secreting fold. Mhen a foreign particle, such as a grain of sand ~
lodges between the shell and the mantle, a pearl is formed,

The gills of bivalves are adapted for both food collecting and gas
exchange. They function as sieves and strain microscopic food from t"e
water. This type of food gathering is known as filter feeding.
is circulated through the body cavity my means of an incurrent and
excurrent siphon. The mantle joins to form these tubes. The si phons
are fused below their openings and are corrmionly called the "neck-"

Clams are burrowing bivalves and are equipped with a tongue-shaped
muscular foot adapted for this purpose. Non-burrowing bivalves have
reduced foot and have evolved different adaptations for other living
areas. brussels live attached to rocks, piers, or other hard surfaces »



of a bundle of tough threads which are commonly cal led the
Oysters also remain adhered to bottom surfaces but attach by

means of cementation. Cementation occurs by initially secreting an
adhesive fluid which is reinforced through normal shell secretion. The
result is dissimilar shells; the lower attached shell being larger.
heavier, and more convex. Scallops live on the surface but remain
unattached and free swimming. Scallops swim by ejecti ng water from the
mantle cavity by rapidly opening and closing their shells. Their single
adductor muscle is well developed for this purpose.

Mhelks, moon snails, and periwinkles are grouped within a different
class of mollusks called gastropods. These shellfish are characterized
by having a single spiral-shaped shell, with an opening by the largest
whorl. The opening is protected by a lid-li ke horny disc called the
operculum. Gastropods creep slowly along the bottom with a large,
muscular foot which protrudes out through the opening. They are not
filter feeders but feed by meatus of a rasping mouth structure called the
radul a.

The highest class of mollusks is the cephalopods or "head-footed"
animals, which includes squid, cuttlefish, and octopus. Surrounding the
head of these animals are tentacles and/or arms, which are a
modification of the muscular foot of their ancestors. In evolving, the
shell of cephalopods became reduced and is now found within the body in
the form of a small, slender plastic-like structure. The mantle, which
encases the body, is thick and muscular. Cephalopods are active
predators, and their mouths are armed with a bird-like beak. They are
free swimming and can move rapidly by expelling water from the mantle
cavity.

The arthropod phylum  jointed-legged animals! is the largest
grouping of animals as it contai ns the i nsect class. Me are more
concerned with the crustacean class which contains the i llustrious
lobster, crab, and shrimp-

Crustaceans have a jointed, armor-like chitinous exoskeleton and
segmented appendages. The body of these animals is composed of a head,
t"orax. and abdomen. In most, the head and thorax are covered by a
hood-shaped shell piece called the carapace. The abdomen ends in a
flattened telson  tail fan! in shrimp and lobsters but is reduced and
folded underneath in crabs.

Shrimp are adapted for swimming and have slender legs and a thin,
flexible exoskeleton. Crabs and lobsters have heavier legs and are
b«ter adapted for crawling. Interestingly, lobsters move backwards,
while crabs move sideways. In order to grow, arthropods must shed their
restrictive shell and form a new larger one by a process called molting.
All generally are predacious and have chewing jaws or mandibles.

The arthropod and mollusk phyla contain most of the shellfish we
commo»y eat, but some countries savor the roe of a shellfish in the
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echinoderm phylum. 'Echinoderms are a group of spiny-skinned anin 1
which appropriately includes sea urchins Urchlns have a calcareo
sphere-shaped exoskel eton wi th movable spiny outgrowths. They are
scavenging feeders and possess a toothed mouth which is directed aga~n
the substratum.

against

ABALONE

This large univalve mollusk resembles a human ear in shape,
its generic name Haliotis comes from two Greek words meaning "sea e>�
A onivaive's shell protects the anima1's body yet permits the muscutae
foot to maneuver along the bottom or cling with great suction. Otper
univalves such as conch, whelk and limpet are utilized as food but
has the culinary status of an abalone. Many species of abalone occur
various parts of the world; wherever they are found the resource has
been thoroughly exploited. The inner shell with its opalescent greens
and blues or iridescent pinks, and pearl has long been a source of'
jewelry.

There are about 100 species of abalone in the world's seas, of
which eight occur along our Pacific Coast. The most popular are black
abalone  H. cracherodii! and red abalone and the largest  H. rufescens j

half this size. the shell contains a very substantial amount of meat.
Abalone are scarce and likely to become even more so because of fishing
pressure and predators. In California wild abalone is carefully managed
and efforts to farm abalone are underway. Because of the high value of
abalone, it is a prime target for substitutions. Giant squid and
cuttlefish are among the unlikely items that have apparently been Used
to fool the consumer.

Abalone are strict vegetarians, feeding with tiny rasplike teet>
but only on seaweed. They are not filter feeders such as the bival «s ~
and as a result the abalone is immune to red tides and does not build "p
concentrations of bacteria in polluted water.

Shucked abalone is marketed whole or cut into steaks.
ivory colored, it has a chewy texture which can be tenderized by
pounding, Abalone requires very little cooking time and is excel le«
raw.

theCalifornians eat more abalone than any other group of people
U-S. In the East, for those willing to pay the price, abalone is
available fresh, frozen and canned. The abalone served in resta""aura nts

is primarily from Chili, Mexico, and Australia.
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CLAMS

Clams are burrowing bivalved mollusks found in shallow waters all
over the world. There are about 20,000 kinds of clams, all of which are
edible; but only about 50 varieties are sufficiently large . tasty and
abundant to be commercially harvested. They are found in both fresh and
salt waters, usually buried in the mud or sand. All clams are
vegetarians, straining algae from the water, They may live as long as
20 years and reach maturity in 1 to 3 years.

SURF CLAM  ~S isula solidissima!

Other names: skimmer, hen clam, sea clam, giant clam, bar clam

Surf clams are more oval or triangular than round and grow to 8
inches across. The outside of their whi ti sh shells has a protective
brown covering which retards erosion. Surf Clams prefer gravel or
coarser substrates from subtidal areas to 120 feet deep. They range
from the Gulf of St. Lawrence to South Carolina, but the center of the
fishery is in the Mid-Atlantic region. Overfishing of this species
peaked in the 1970s, but since then state and federal management has
stabilized landings.

OCEAN QUAHOG  Arctica islandica!

Other names: mahogany clam, mahogany quahog. black quahog, black
clam.

Ocean quahogs resemble common quahog or hard shell clams with few
exceptions. They have extremely brittle shells, which have a black or
dark brown skin-like outer coverings  periostracum!. !n addi tion they
lack a purplish mark on the inside of their shells. Adult ocean quahogs
measure from 3 to 6 inches across and weigh an average of 1/2 pound
each. The meat of ocean quahogs is darker, tougher, and stronger in
flavor and aroma than most clam species.

Ocean quahogs are found in European waters and along our coast from
Canada to North Carolina, usually in depths from 100 to 250 feet deep,

Compared to bay quahogs, surf clams, and soft shell clams, ocean
quahog are an underutilized resource. Declining surf clam populations
have caused a growth in the ocean quahog fishery, and today there is a
conmerical fi shery extending from Maine to New Jersey. A small fishery
exists in Maine for littleneck-size ocean quahogs that are sold live for
the raw clam market.
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HARD CLN  Nercenaria mercenaria!

Other names: hard shell clam, bay quahog, quahog in New England

Hard clams have heavy, rounded, white shells. which measure up to 5
inches across and can be completely closed. The inside of each shell is
distinguished by a purplish mark and two adductor muscle scars.
"quahog", the name used in New England, is of Indian derivation.

Hard clams live in the substrate of relatively shallow waters and
inhabit sheltered bays and coves from Canada to Texas, however, they are
found only sporadically north of Cape Cod.

This species supports a substantial recreational and commercial
fishery, Recreational fishermen gather hard clams with rakes and hoes,
or simply by feeling for clams by probing the bottom with their feet and
toes.

There is a minimum legal size that varies from state to state.
Long Island leads the country in conmercial landing of hard clams,
although reportedly, numbers are declining.

Hard clams are marketed according to size and usually sold in three
categories:

o Little Necks  named after Little Neck Bay on Long Island,
once the center of' the half-shell trade! or "necks" range from the
minimum legal size which can vary from state to state to 2-1/4
inches across and yield approximately 450 to 600 clams per bushel.
They are the tenderest and most expensive, and typically are served
raw on the half-shel'1 or steamed.

o Cherrystones or "cherries" are medium sized and medium
priced. They range from 2-1/4 to 3 inches across and yield about
300 to 400 shellfish per bushel. Cherrystones are eaten raw on the
half-shell and as baked clam appetizers.

o Chowders, sometimes simply referred to as quahogs, are over
3 inches across and yield an average of 125 to 180 clams per
bushel. They are the toughest and least expensive, which runs
contrary to the general rule of thumb that the largest shellfish is
the most expensive. As their names implies, chowders are minced
and canned f' or use in chowders and other dishes or cut into strips
for breading.

SOFT-SHELL CLAM  ~M a arenaria!

Other names: manninose, long clam, long neck clam, squirt clam,
sandgaper, old maid, steamer. ipswich clam, belly clam



Soft shell clatns are distinguished by their thin, elongated, white
shells and their long sfphons, The siphons cannot be fully retracted
within the shell and are coalionly called the "neck." Soft shell clams
grow to 5 inches across but are usually harvested before reaching this
size. A niinirnum legal harvest exists and may vary by state.

This clam inhabits fine sand or sandy mud substrates from the
intertidal zone to about 30 feet. On tidal flats, it is the clam that
squirts at you. The soft shell clam is found from Labrador to North
Carolina and in a number of scattered locations on the Pacific Coast.

GEooocK cLPII  pronounced "gooey duck" !  ~Pano e generosa!

The largest North Atnerican clam is found only in the Pacific
Northwest and Southeastern Alaska, It may weigh several pounds and have
a neck 7 inches long or longer . Even the mantle bulges out of the
shell, which is always far too small to contain the entire clam. These
clams are harvested in a variety of ways, depending on species . habitat,
and local law.

RAZOR CLAMS  Ensis di rectus!

Other names: jackknife clam

The razor clam does not have a typical clam shape but is long and
thin with squared ends. Its shape is similar to an old-fashioned
straight razor. This calm is approximately 6 times longer than it is
wide and can grow to 10 inches in length. The shells are covered with a
thin, yellowish-brown periostracume

Razor clams inhabit lower intertidal areas down to 120 feet and can
be found from Labrador to Georgia. They burrow deeply into a very fine
sand or sandy mud bottoms and often live in colonies. Razor clams are
difficult to har vest as they burrow quickly and hold on persistently
with thei r foot, which when extended is nearly as long as the shell.
Although not found in retail markets very often, their creamy colored
meat has a unique sweet taste and chewy texture.

CONCH  Strombidae! and WHELKS  Buccinidae!

Other Names: periwinkle, scungi lli

Although "whelk" and "conch" are often used interchangeable, they
acutally are gastropod shellfish from different biological fami lies and
geographic locations. Whelks typically inhabit temperate water , while
the edible pink or green conches  Strombus ~i as! occur in southern
latitudes and in this country are aauan ant only off the Florida Keys.
Conch shells have a bright pink interior. The whelk has darker meat and
a stronger flavor, which is preferred by the Italian market.
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No cormnerical harvest of conch exists today in the United States.
florida has what 5 ref t of the resource and i s cons i de ring putting conch
off limits even to scuba divers. primarily, queen conch is imported
from Bel ize, foll owed by Caribbean countries, Honduras. Haiti, and

Whelks on the other hand are avail able from the East Coast,
primarily the New England states, on a year round basis frozen and from
spring through fall, fresh. As the temperatures drop they are harvested
farther south.

Whelks have a thick-walled, spiral-shaped shell which grows to 9
inches in height. The outside of the shell is dull white, tan or
yellowish gray, and the inside usually is yellow. It is believed that,
like quahogs, the shell was used as a sort of money by American Indians.
Mhelks feed on bivalve mollusks such as clams, mussels, and oysters.
They are inactive during the winter and by late fall burrow i nto the
bottom where they remain until spring .

Whelks are commercially harvested usi ng bai ted traps similar to
those used for lobster but are mainly a by-catch of the flounder and
f'luke fisheries.

As with whelks, the edible part of a conch is the foot, which is
removed form the shell by breaking the shell where the muscle is
attached. Insert a knift into the hole to cut the muscle from the
shell. The horny clawli ke operculum must be removed and the large
muscle needs to be skinned. The entire meat is edible, although you may
wish to discard the spongy viscera which is noticable after slicing the
meat in half. Whelk and conch have a chewy texture and should be
tenderized by pounding, grinding, marinating or cooking under pressure.

CRABS

BLUE CiiAB  Callinectes ~sa idus!

Sa~o~y beautiful swimmer" is the translation of the scientific
name of this species. Blue crabs are capable of swimning, and their
last Pa«of legs are paddle shaped for this purpose. They are bluish
or brownish green above, creamy white below, and the topside of their

Sex is easily distinguished because the tips of the
claws of female crabs are bright red.

The female carries her eggs in a mass, called "sponge" on her
underside. In about Z weeks they hatch into free swinIning larva called

Afte~ several moltings they become adults. Blue crab are further
n««by t"eir carapace, which is drawn out on each side to a spike.
«1» grown crabs measure 5 to 7 inches across and ]/4 to I. pound a
pie« »le blue crab, sometimes called "jimmy" crab, have a higher
meat yield than female.
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Blue crabs are found from massachusetts to northern South America
but are most important comnlercially from Oelaware to Florida, especially
in the Chesapeake Bay area. A significant fishery for this species also
exists in the Mediterraean. Blue crabs can extend offshore to at least
120 feet deep, however, they are predominately shallow water crabs,
especially common in bays and estuaries, and sometimes range into
freshwater rivers. For the winter, female crabs migrate into deeper
water where they semi-hibernate buried in the mud. Blue crabs are
particularly aggressive and snap viciously when caught,

Soft shel 1 crabs are taken in molting season which occurs during
warm months. The crab houses which handle these crabs are known in the
trade as "shanties" or "shedding houses". Fishermen can distinguish
"peeler s"  crabs which are just about to molt! and place them in boxes,
called busters box, or floats until they shed. Peelers are
characterized by a thin whi te line on their paddle legs which turns to
pink and then red as motling nears. The molting process takes only a
couple of hours. The crab suddenly expands in size by one third as
though it were a rubber balloon, and after having "busted" out of the
shell, the crabs must be removed from water so that shell hardening is
suspended. The trick is to remove the crabs when the shells are hard
enough to provide a firm skin for safe shipment, yet are soft enough for
consumption. A molting crab is in danger of being eaten by nearby hard
crabs. Soft shell crabs that have become leathery are called "paper
shells" or "buckrams". The entire cleaned soft shel'l crab is eaten.

Hard shell crabs turn red during cooking. The cooked meat is white
and is sold fresh or pasteurized. Pasteurizing extends refrigerated
shelf life to 6 months.

Red Crab are bright r ed when pulled from the deep dark waters along
the edge of the continental shelf from Nova Scotia to Cuba at depths of
up to 7,000 feet. The ride to the surface from those depths takes its
toll. Until recently, most of the red crab landed in the Northeast have
been caught by offshore lobstermen laying traps in deep underwater
canyons.

Now specially designed crab pots and live tanks, combined with the
latest processing technology, allows fishermen and processors to
maintain a reliable supply. Red crab run on the small side -- males to
2-1/4 pounds and females to 1-1/4 pounds -- but the yield is very high

The meat is removed in a manner similar to blue crab.

In the Mid-Atlantic region it is sold live or fully cooked as red
crab, or "Big Red" crabs, but because the largest red crab processor in
the Northeast markets red crab under the "Cape Cod" brand, numerous
wholesalers have now started selling red crab as Cape Cod crab-
Actually the crabs are nei ther caught nor processed near Cape Cod.
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ROCK CRAB

TANNER CRAB



KING CRAB

RED CRAB
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An unrel ated speci es of snow crab caught by Japanese and Korean
fishermen in the North Pacific is frequently marketed as "red crab" or
"red snow crab". This imported crab is priced well under true red crab,
and it's culinary quality is notably inferior to true red crab.

DUNGENESS CRAB  Cancer m~a isterI

Dungeness crab is California's most popular crab. It ranges from
Alaska to southern California and is named for a small fishing village
where conlaercial fishing for it began.

Dungeness crabs have a body somewhat like rock and Jonah crabs but
grow larger, up to 10 inches across the car apace and weighing 3 I/2
pounds. Their shell is light reddish brown and tur ns bright red when
cooked.

Only male crabs measuring at least 6 I/4 inches across the carapace
are harvested. They are cooked ineediately after they are caught then
distributed ready to use. Inshore crabs, especially those from the San
Franciso area, are known as bay crabs and are smaller than the ocean
variety.

JONAH CRABS  Cancer borealis!

Jonah crabs are closely related to the rock crab, and the two are
often not differentiated i n the marketplace . Jonahs grow larger than
rock crabs and have more pronounced claws, thicker legs, and a rough
shell. In addition, the tooth-edged part of the shell i s jagged, not
smooth or granulated as in rock crabs. Jonah crabs are brick red to
purplish above and yellowish below. Fully grown crabs measure from 6 to
7 inches across and average about one pound.

Jonah crabs extend into deeper waters than rock crabs and range
from the coastline to the upper continental slope at depths of 100 to
1,300 feet, with larger crabs tending to inhabit deeper and colder
waters. This species occurs fr om Nova Scotia to Florida but is most
abundant off New England and the Mid-Atlantic states.

Most of the Jonah crab harvest is a by-catch of the offshore
lobster fishery. Since lobsters are of more value to fishermen. Jona"
crabs are bought in more when the lobster catch is down. However, t»s
trend is changing, and a growing directed fishery with special crab pots
now exists.

Jonah crabs are becoming more interesting to fishermen as the cla~s
are large enough to be sold like stone crab claws which are very popular
in Florida. Because of this, large Jonah crabs will conlnand a higher
exvessel price than rock crabs or small Jonah crabs.
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ROCK CRABS  Cancer irroratusj

Rock crabs have smooth, reddish-ivory colored shells which are
heavily speckled with purple or red dots. The edge of the toothed part
of the shell is smooth or granulated, not jagged like that of the
closely related Jonah crab. Fully grown rock crabs measure 4 to 5
inches across the carapace and weight 8 to IO ounces each.

This species is one of the most common shallow water crabs in New
England. Rock crabs can be found most easily by looking in crevices, in
jetties, under rocks and in tide pools, They range from Labrador to
South Carolina and are in greatest abundance from Maine to New York.
Rock crabs inhabit water from the intertidal zone to 200 feet deep.
They are intertidal north of Cape Cod and are found in progressively
deeper water southward. Generally, however, rock crabs inhabit
shallower waters than Jonah crabs.

A few small directed fisheries for rock crab exist, but this
species is obtained primari ly as a by-catch of other fisheries. Off New
England, it is a by-catch of the inshore lobster fishery. In the
Mid-Atlantic region, rock crabs are incidentally caught in sea bass
traps and pound nets. Male rock crabs migrate closer to shore duri ng
late fall and winter, and are subject to the Chesapeake Bay blue crab
dredge fishery.

STONE CRAB  ~Memi e mercenaria!

The stone crab is found along the Gulf Coast of Florida and north
to the Carolinas. It is commercially abundant primarily off Florida's
Gulf Coast where it is fished in baited pots. Only the claws are eaten.
The name is derived from the very hard shell, which requires haAIneri ng
to crack it before the meat can be removed.

Stone crabs are purplish or reddish brown and grow to 5 inches
across the carapace. They are recognized by their black pinchers which
contrast wi th the cream-colored, red-ti nged claw and knuckle.

Fishermen remove the claws and return the clawless crabs to the
sea. The lack of claws does not inhibit the crab's feeding as these
powerful pinchers are defensive weapons only, as many a careless hand can
testify. !n about 18 months, new claws are completely grown back but
never reach the original size. Florida law prohibits the possession of
whole stone crabs .

GOLDEN CRAB  ~Ger on fenneri!
Other names: Empress, Golden Gulf Crab, Gold Empress Crab
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The newly identified golden crab is found in deep water in the Gulf
of Mexico and western Atlantic. It differs from the coenercial red crab
in that it is larger and has a distinct cream, buff-colored shell which
remains buff colored when cooked. Like the red crab and other Ger on
sp. crabs it is a nonswimmer with distinct sexes. The males are muc
larger and further distinguished by their unique narrower shaped ventral
apron. Growth rates of the red crab are thought to be slow. A similar
growth rate is expected for all ~Ger on species.

The average male harvested in experimental crab pots was about 6
inches wide  carapace width! and weighed about 2.5 pounds. The female
was about S inches wide and weighted about I pound. These sizes are
substantially larger than the average commercial size red crabs
harvested in New England. The yield is nearly twice that of blue crabs.
Golden crab is a good source of protein with low fat.

A fledgling golden crab fishery exists on the Florida Gulf Coast.
The hand-picked crabs are avai lable in claws and graded >neat both fresh
and pasteurized- Golden crab is available in up-grade seafood stores
and chain restaurants.

In taste tests the golden crab compares favorable with most
traditional crab meats. It is delicate, white and has a distinct
appealing crab flavor. The golden crab does not have true lump meat
that is conlnon in swimming crabs but larger pieces and section can be
recovered from the body and legs. Consumers may need some advice on
picking. Although the basic process is similar for most crabs, the
merus leg is more pliable and could present difficulty. Proper trimming
to provide a wide opening on the end of the merus will faci litate
removal.

[Source: Initial Oevelo ement of a Dee -Sea Crab Fisher in the
Gulf of Mexico ea rant eport - - I y W. teve twe , Je rey

I

SNOW CRABS  genus Chionoecetes!

Other names: tanner crab, queen crab

Snow crab refers to several closely related species of spider crabs
but only two C.bai rdi and C. o ilia are of importance to the coneercial
fishery. The~stood an rug inistration has officially
designated these species and the C. tanneri and an ulatus as snow crab
for marketing and labeling purposees. e arger srdi is caught in the
North pacific. while the smaller o ilio is caught vitae pacific. gering
Sea and North Atlantic as far sout at Casco Bay, Maine. Atlantic
catches are primarily by Canadian fishermen whose o i lio is marketed as
queen crab. Tanner crab are roughly half the size o a ng crab. The
largest bai rdi may exceed 5 pounds and have a leg span of 3 feet.



crabs have long, slender legs and rounded body, and adult male crabs are
larger than females.

Snow crabs are caught in pots, and only adult males are kept.
Floating plants as well as shore-based processing plants receive the
crabs for either canning or freezing.

ALASKAN KING CRAB

FDA allows only certain species to be called king crab:

Paralithodes camtschatica are the giants of all crabs. The largest
h

pounds although most weigh about 10 pounds. Despite its size, only 25
percent of the king crab is edible.

They are distinguished by their rough, reddish shell and long,
spine-covered legs. At first glance, it appears as though they have
only 4 pairs of legs. The fifth pair is small. bent upward, and often
inserted under the carapace.

King crabs are found in very cold waters on both sides of the North
Pacific. They move into relatively shallow waters in winter and early
spring for molting and spawning; in the summer and fall they migrate to
deep, offshore feeding areas. They are caught off Alaska in baited
pots. To conserve, only the large male crabs are kept. King crabs are
held alive in circulating sea water until processed.

King crabs supported a lucrative fishery unti 1 the early 1980s when
it drastically decreased in numbers. The decline has lead to increased
prices and more imports, and has contributed to the marketing
success of imitation crab products in America.

PEA CRABS  Pinnotheres ostreum!

Other names: chowder crabs, oyster crabs

The maximum width of these tiny, pale-pink crabs i s only about a
half inch. At an early stage i n their lives both males and females
invade the shells of oysters, mussels or other bivalves, and feed on the
same foods as the bivalve. In their protected environment they remain
permanently soft shelled and lose the ability to make any but minor and
sluggish movements. The females remain in the shell or gills of the
bivalve but the males emerge in their first year and swim about to enter
another bivalve and mate. After mating, the male dies but the female
may live for as long as three years. When the female spawns, the eggs
give a pinkish cast to the flesh of their host. The pea crab or its
eggs are not harmful to the bivalve. It is safe to eat the crab, the
eggs and the host, in fact it is considered a delicacy.
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CRAWFISH or CRAYFISH

Louisiana commercial species:
Red Swamp crawfish  Procambarus clarkii!

California coaeercial species; Several s ecies of Pacifasticus
f' h

The Atchafalaya Basin of southern Louisiana is the greatest
crawfish producing area in the world. During peak season, February
through May, hundreds of fishermen run strings of baited crawfish traps
and harvest tons of wild red swamp and White River Crawfish.

A live red swamp crawfish is red to nearly black in color while a
White River crawfish is light to dark brown. The claws of the White
River crawfish are much longer and slinvner. Both species turn bright
red when boiled, and their meat tastes the same.

To eat crawfish, break the head and tail apart and suck the
flavorful juices from the head. Lift off the carapace and curl your
thumbnail down the remaining shell. It will cone up with a yellow mass
called the "fat". which is a liver-like organ. Peel and, if desired.
devein the tail for eating. Crack the claws and suck out the meat and
Juices, It takes about 7 pounds of live crawfish to yield one pound of
peeled tail meats.

Red swamp crawfi sh is the species most often selected for
cultivation in pond farms. This practice began in the early 1960s to
ensure a supply of crawfish when the natural conditions of the
Atchafalaya Basin failed. Farming also made crawfish avai lable November
through June. while Atchafalaya Basin production is primarily in April

Rice farmers of southwest Louisiana were among the first to
raise crawfish because their fields were already diked for annual
floo«ng In other words the farmers rotate crops of rice and crawfish.
Crawfish are also farmed in highly managed open ponds and in minimally
managed wooded or swampland ponds.

Female crawfish begin laying eggs in late summer with peak spawning
occurring in September. The female carries her eggs attached to her
abdomen for about 15 days, and because they resemble berries. she is
said to be "in berry". Once hatched. the young crawfish attach
themselves to the appendages on the underside of the mother and remain
therefor about four weeks or until they can fend for themselves. Three
or four mo~ths later, many of the young are of edible size . The natural
ii« span of most Louisiana crawfish is from one to three year.



Several species of the slower growing Pacifasticus crawfish are

these species are marketed on a much smaller scale, they are available
in corrlnerical quantities in the surmner.

LOBSTER

LOBSTER  Homarus americanus!

Other names: American lobster, northern lobster, Maine lobster.

The American lobster is prized worldwide and, despite declining
numbers, is one of New England's most valuable fishery products.
usually takes 5 to B years for a lobster to weigh one pound, and the
most, common market size is 1 to 5 pounds. The chitinous shell of the
American lobster is commonly dark-greenish black, greenish blue, or
reddish brown. It turns bright red only after cooking.

Its two large claws distinguish it from the spiny or rock lobster
Panulirus ~ar us, which is abundant off the Florida Coast. The crusher
~c aw ts th~eeeeavier of the two. while the lighter is the ripper claw.
They can easily wound a careless finger of a lobsterman, For these
reasons, the claws are usually immobilized by inserting a peg in the
joint of the claw or by placing a rubber band around each claw.

Behind the claws are 4 pairs of smaller and th1nner walking legs.
The legs and claws originate underneath a ma1n body section known as the
thorax, which is covered by a large shell or carapace. The next body
section is the abdomen, followed by the tai 1 fan. The thorax is
commonly called the body, and the abdomen and tail fan are generally
referred to as the tall.

Underneath the abdomen are five pairs of swimmerets which are
similar except for the pair closest to the thorax. The first pal «s
used in reproduction and provides an easy way to distinguish sex. The
first pair of swirmner ets on a male lobster ls hard and grooved while a
female's pair is soft and feathery.

To grow, a lobster must molt. It takes about 12 days after
shedding for a new shell to gain normal hardness. Lobsters are able «
regenerate some of their body parts when lost or damaged, and produce a
completely normal part in 3 molts . Unlike soft shell blue crab, s«t
shell lobster is not considered a delicacy.

Molting may occur during any season. Lobsters mate shortly aafter

the female has molted. Fertilized eggs are held underneath the f mfernale' s

tail where they remain for 10 to 12 months before hatching.
fertilized eggs look like small black berries, hence, females hold'ng
eggs are said to be "berried". Newly hatched lobsters spend the'rrheir early

lives as planktonic larvae. By the1r fourth mold they settl«o to the

bottom and carry out a lifestyle similar to adults.
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This species ranges from Labrador to North Carolina and is most
abundant off Maine, Nova Scotia, and Newfoundland. Lobsters are caught,
sunmmr through fall, both inshore and offshore with baited pots in
depths from a few feet to over 1.000 feet along the continental shelf.
Biologists believe that two distinct populations exist, an inshore and

offshore group. South of Long Island most lobsters tend to inhabit
deeper offshore waters.

lobsters are bottom dwellers and inhabi t many types of bottom,
though areas with ledges and boulders are preferred. They are more
active at night and can swim by swiftly snapping thei r tail down and
under. Lobsters feed on slow moving shellfish. some seaweeds and small
finfish. Despite popular belief, lobsters are not scavengers. They are
attracted to decaying fish used as bait in traps but generally will not
eat it.

In this country, a commercial fishery for lobster began about 1840,
when lobsters were plentiful, cheap and con+only used as bait for cod
and striped bass. In some areas they were even used as hog feed. Now
both conmercial and family fishing for lobsters are extremely popular
and strictly regulated by both state and federal governments.
Restrictions exist concerning pot construction, fishing times, minimum
legal sizes, and many other factors. These laws often vary from state
to state.

Grading:
under I pound = chicken
I to 2 pounds = selects
larger = jumbos
lobster with one claw = culls
lobster with no claws = bullets

Almost all American lobsters are sold alive. Despite rumor, size
is not an indication of toughness and larger lobsters are still tender
and sweet. In addition to the meat, the tomalley and coral can be
beaten. The tomalley, actually the lobster's liver, is the green-colored
mass found within the body section. The coral is the interal roe of
female lobsters. It is also found within the body section and is red or
orange when cooked. Soth can be eaten directly from a cooked lobster or
used in preparing other recipes.

A general rule for boiling lobster is to plunge the lobster into
bo~ling salted water and once the water returns to a boil allow to cook
12 ~~~utes for a one pound lobster, adding 2 or 3 minutes for each
additional pound.
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Other names: rock lobster, Florida lobster, crawfish, crayfish,
and lobster tails

Spiny or rock lobsters, actually sea crawfish, are easy to
differentiate from American lobst'ers since the former do not have claws.
They are classified into two broad groups: cold water and warm water
lobsters .

Gold water lobsters are considered to be tastier and firmer, and
are more expensive. The United States is supplied frozen, cooked and
uncooked cold water lobster tails from Australia, South Africa, and New
zealand.

All domestically produced spiny lobsters are warm water varieties.
Atlantic spiny lobsters Panulirus ar us! are found from the Carolinas
to the Gulf of Mexico an a so o awa i and Ca'lifornia  P.
i t ru tus!. The domestic supply is primarily from Flori8a waters, and

nted with imports mainly from the Bahamas and Brazil.

LANGOST INOS

Langostinos are small, lobster-like, clawless crustaceans that
inhabit Pacific waters off South America. A few species inhabit the
tropical Atlantic but in far less abundance than the Pacific species.
These shellfish are cooked, peeled, pasteurized, vacuum packed, and
frozen. They are available in the frozen seafood section of most
supermarkets and seafood stores. Langostino meat tastes similar to
lobster but is much less expensive.

LOBSTERETTE

Other names: Norway lobster, Dublin Bay prawn, Danish lobster,
langoustine and scampi

"Lobsterette" is a general term for lobster species in the family
Ne hro idge. They are smaller than the American lobster and have long
s en er c aws. Lobsterettes from Europe are exported. They are used
mainly in the restaurant trade.

MUSSELS ~M tilus edulis

Mussels have smooth, dark bluish shells which are elongated and
somewhat pear shaped. The inside of the shel'ls is pearly violet or
white, and actually quite beautiful. brussels average 2 to 4 inches in
length and live in colonies or beds in very shallow waters,
predominantly in the rocky intertidal zone. They are distributed



worldwide in most polar and temperate waters. Off North America, they
occur from Canada to North Carolina  cotmnercially just to New Jersey!
and have been transplanted to the Pacific Coast.

brussels are able to attach themselves to almost anything with a
tough bundle of brown fibers extending from the shell called byssal
threads or byssus, more commonly known as the beard. The beard aids i n
withstanding currents and storms. They do not bury into the substrate
like clams, so mussels tend to accumulate much less sand inside thei r
shells.

Don't be alarmed if a tiny crab is present within a mussel. The
tiny pea crab sometimes called chowder crab, is perfectly edible and may
be eaten along with the mussel in one bite or eaten separately to savor
its own flavor.

As demand increases, wild populations must be supplemented by
aquaculture so that depletion of national beds does not occur. Demand
surpassed supply in Europe a long time ago, and thei r mussel culture has
been going on for 300 years. Nussel popularity and the need for
aquaculture are much more recent in the United States; however
successful conlnercial farms already exist in Naine, Rhode Island and
Washington.

Nussels are cultured on ropes or long-lines secured between buoys
and by bottom methods. The rope method yields a superior product but
labor costs are its prime detraction. Bottom culture methods give an
excellent high quality product and is mechanized, making it a
financially more desirable method for farmers. Cultured mussels have
certain advantages over wild mussels; in particular, less sand and
pearl, uniform size, fuller meats and cleaner, shinier, thinner, more
uniform shells.

Of all shellfish, mussels are the most efficient and indiscriminate
feeders consuming virtually everything in the IO to 15 gallons of water
they fi lter each day. Hence, they are very susceptible to pollution and
paralytic shellfish poisoning. In all mussel farming countries, strict
monitoring is requi red to detect the periodic impact of natural and
man-made pollutants. In the more developed farming areas, mussels are
routinely run through licensed purification plants.

Green-lipped mussels  Perna canaliculus! from New Zealand are
avai lable in selected markets.

OCTOPUS

Octopus, like squid and cuttlefish, is actually a shellfish. With
more than 140 species, they are found in nearly all the seas of the
world with the exception of the polar icecaps. They live from tidal
sha11ows up to depths of 1,000 feet aud more. The species ~Octo us
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~vul gris inhahits the Atlantic Ocean and our Eastern Coast . In size,
octopus vary frem tiny I/2-inch species to giants which can reach 28
feet from the top of its head to the tip of its tentacles. Despite
horror movie images of monstrous animals, the common market size of
octopus is I to 3 pounds. It has a flexible, nearly globular body with
eight long arms covered with suction cups. Octopus get about by
"walking" on the sea bottom, free swimming or propellina themselves in
short bursts by means of jet action from their funnels. Like squid,
octopus shoot clouds of black ink into the water to confuse their
attackers and possibly to attract or merely locate other octopuses.

The octopus, which hunts for food by night and hides from his
natural enemies by day. consumes a luxurious diet that includes lobster,
crab, abalone, and scallops. It lives in caves and crevices. Octopus
feed by hiding and grasping passing prey with their t'entacles. Their
powerful parrotlike beaks can crush the shells of mollusks and
crustaceans. THe salivary gland of an octopus contains a powerful
poison which paralyzes its victims before they' re actually killed by
bites from its beak.

The female octopus lays her eggs inshore. attaching them to rocks,
pebbles or vegetation. The male fertilizes the eggs with sperm released
from a specialized are. The female broods over her eggs, frequently
holding them in the membranous expansions of her arms and syringing them
with jets of water from her funnel. After they hatch, octopus babies,
which 'look like miniatures of their parents, drift in the planktonic
state before descending to the bottom where they will spend the rest of
their lives. After spawning, the male and female die.

The meat of octopus is white, lean and mi ld flavored. Its texture
is extremely firm and may be softened by pounding with a mallet.
Because of its image problem octopus is often marketed in the U.S.
using foreign names: pulpo  Spanish! Poulpe   French!, and tako
 Japanese!.

An octopus fishery exists off our pacific Coast  Octo us dofleinil ~
The Atlantic species is harvested primarily off northwest ricCa on tie
Sahara Bank.

OYSTERS

Oysters are available in several forms: live in the shell. fresh
shucked, frozen, and canned. Oysters in the shell have been washed.chilled, and sometimes chlorinated by the processor. They are generally
sold by the dozen, and are served in restaurantas as oysters on the half
shell.

Many more oysters are "shucked" or reroved from the shell before
shipment. The meats are then washed. On the East and pacific coasts
they are placed in a bubbler or blower ~hich churns the meats in fresh
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water by means of air blown in from the bottom of the tank. This
agitation dislodges sand and silt from within the oysters. Host Gulf
coast plants simply rinse the oysters with a spray. Heats are then
graded for size, sealed in glass or metal containers, and shipped fresh
in curshed ice. They are available in 8, 12a and 16 ounce containers.

In recent years, shucked oysters have al so been quick frozen, a
process which makes them available all year. Fresh shucked oysters are
breaded, packed into cartons, and frozen. Individual meats may be
removed as desired. Oysters are also diced, mixed with other
ingredients, and frozen for oyster stew. Or, they may be found among
the pre-cooked foods in the market. Sreaded, deep fat-fried, packed,
and frozen, they need only reheating in the oven.

Canned whole oysters and oyster stew are prepared from steam-opened
oysters. These have been passed through a steam retort for about ten
minutes, which opens the shel 1 for easy removal. They are then canned
and sterilized in the retort, Ready-made oyster stew, needing only
reheat'ing for table use, is avai'lable. as are oysters smoked and packed
with vegetable oil in glass or metal containers.

CONSNER INSPECTION

Shell oysters must be alive when purchased. When alive, they have
a tightly closed shell. Gaping shells that do not close when tapped
indicate that the oysters are dead or nearly so and, thereofre, not fit
for consumption. The preferred method of storing shell oysters is to
keep them moist with wet cloth or sacks and place them at 40'F. Cold
temperature or' the use of crushed ice may actual'ly kill or weaken the
oyster. Fresh oysters may be held for several days if stored properly.

EASTERN ATLANTIC OYSTERS  Crassostrea ~vtr inica!
Other names: Eastern, Atlantic or American oyster

Americans eat more oysters than any other people in the world. The
eastern or Atlantic oyster ranges from the Gulf of Saint Lawrence to the
Gulf of Hexico and is found on hard rock or semi-hard mud bottoms . Itis more abundant south of Cape Cod with most of the production occurringin the Gulf coastal states. C. virifnica accounts for the majority of
oyster production in the U.S.

Unlike most other seafood, the taste of oysters varies greatlydepending on the type of algae fed upon and the salinity in the areathey are harvested. Oyster connoiseurs take pride in distinguishing the
different tastes that result from the various regions of harvest. Todistinguish the oysters, both the Atlantic and Pacific oyster,
frequently take on the name of their harvesting region. Names fami liar
on the east and Gulf coasts are Chesapeake, 81ue Point, Long Island,
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Chincoteague, Gulf and Louisiana. On restaurant menus, oysters are
often referred to by their origin.

Oysters are easily recognized by their rough, irregular-shaped
shells, which are dissimilar in size. The upper shell is flatish and
the lower is concave, thus providing space for the soft body of the
oyster. The opening and closing of the shell is regulated by one
adductor muscle, which is capable of closing the shells completely.
Oysters are found chiefly in shallow water of bays and estuaries
especially where the salinity is reduced by river outflows. When young,
they attach themselves to a hard surface by means of a slimy secretiori
and remain sedentary for the rest of their lives.

The American oyster has declined in numbers for several reasons
including pollution, storms, shoreline development, natural predators,
Dermo ard HSX  diseases fatal to oysters!. Oyster production peaked in
1908 with 152 million pounds whereas 35 million pounds wre harvested in
l986. To supplement natural populations, oysters are cultured in many
areas along the Atlantic Coast. The American oyster is the most
commercially important oyster in the United States and mariculture
programs produce most comamrcia1 oysters.  C. ~vir ioica spat from New
York are being grown in northern California.T

A bracki sh area is strewn with oyster shells or other artificial
attachment material, and the young oysters called "spat" are introduced
to the area and attach themselves to the shell. When the spat reach a
breadth of about an inch, they are taken up as "seed" oysters and
introduced into saltier commercial beds where, under optimum conditions,
the spat will grow to harvest size in about one year. The average life
span is about 5 to 7 years. Ikariculture operations attempt to keep
natural predators, such as the oyster drill, starfish and boring sponge,
away from the growing oysters. Adult oysters average 3 to 6 inches in
length.

The color of meat varies with the color of algae that the oyster
feeds upon. The typical color of fresh shucked oyster meats is cream,
tan, or gray; however, with diet change this can deviate to green, red,
or brown. The latter are perfectly safe to eat; in fact Europeans prefer
green oysters. The green color may be chlorophyll from green plants the
oysters had been eating or it may be from high concentrations of copper
in the water. Sometimes the oyster is red, or the liquor in which it is
packed is red. The red color comes from a dinoflagellate or algae which
has been in the oyster's food. The red pigment is water soluble, and
appears when the oyster is cut during shucking or frozen after shucking.

The red pigment will be destroyed when the oyster is heated to only
120 degrees for a few m'inutes. 8oth the Food and Drug Administration
and the U.S. Army Ouartermaster Corp certify that this red color is a
seasonal occurrence in late fall and early winter and is not a health
hazard. It has nothing to do with the "red tide" which occurs
occasionally in Florida and North Atlantic waters; red tide has never
been reported in the Niddle Atlantic.
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Brown spots are caused by a normal biochemical reaction that
sometimes develops in southern oysters. Oyster meats can also be
pfnkish from the eggs of pea crabs . This tiny crab li ves in the gills
of the oyster- and feed on the same food. Pea crabs do not harm the
oyster or its edibility. The crabs themselves are tasty and considered
a real delicacy by many oyster lovers .

-Oysters are harvested year round but catches are heaviest in
October, November, and December. Contrary to popular belief all oysters
are edible durfng their spawning season or the months without an "R",
although their flavor may not be as good in summer as it is in fall and
winter, Suamner is the spawning season when oysters tend to be less
meaty and relatively watery or "milky". The northern C. vir inica are
at their best in the fall and winter months, while Gulf C. v r naca are
firm and ripe fram December onward. Oysters are harvested us>ng redges
and tongs.

PACIFIC KING OYSTER  Crassostrea ~fas!
Other names: Japanese oyster.

The Pacific oyster, a transplant from Japan, is found along the
|fest Coast from Britfsh Columbia to North California. It is the second
most caeeon oyster fn the United States and production is increasing
while production af the Eastern oyster is decreasing. It has a very
large shell, Having a greater tolerance to very salty waters, it i s
often bedded far from the influence of rivers. Its natural habitat is
the intertidal regia».

C. ~f as does not breed easily in the cold water of the northwest
so most arae ared in hatcheries in Hashington state. In the past most ofthe seed oysters were imported from Japan, but shortages and price
fluctuation led to the development of oyster hatcheries in the U. S. The
oysters are farmed in northern California, Oregon and Qashfngton and
harvested after 2-3 years of growth. The current trend is to harvest
smaller oysters, especially when they are destined for eastern markets .

~f as is distributed nationally, usually by shipping by air, and itTs not unusual to find them in East Coast supermakrets, especiallydu~ing times of shortages of Eastern oysters.
C. ~f as can be dffferentiated from C. vir inica by their largersf>e. dark mantle  referred to as the flavor e ge y producers! and

white color. It is often recomaended that thorough cooking provides thebest tasting oyster. Pacific oysters can be precooked by dropping theminto boiling water and siaeerfng for five minutes. After pre-cookingthey are ready for use in typical reef pes.
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The oyster native to the Pacific Coast waters is the small one
known as the Olympia. It rarely reaches 2 inches in length and is
regarded as a real delicacy. It is not harvested in a volume to be
marketed on more than a 1 ocal level.

BELON OYSTER  Ostrea edulis!

The European or Belon oyster has been successfully transplanted to
the Casco Bay area of Maine and is also cultured in Maine and New
Hampshire and on the Pacific Coast. This oyster has flatter shells and
a more rounded shape, while the meat is darker and has a disti nct black
edge around it. This oyster is more expensive than our native species.

Standard of Identity for Size  Number in one gallon!

PacificEastern

Extra Large  counts!
Not more than 160 oysters

Very Small
More than 500 oysters

Extra Small
Nore than 144 oysters

WESTERN OR OLYMPIA OYSTER  Ostrea lurida!

Large  extra selects!
More than 160 but not
more than ?10 oysters

Medium  selects!
More than 210 but not more
than 300 oysters

Small {standard!
More than 300 but not more
than 500 oysters

Large
Not more
than 64 oysters

Medium
Nore than 64 but not more
than 96 oysters

Smal 1
Nore than 96 but not
more than 144 oysters



Comparison of characteristics of Eastern and Pacific Oysters

PacificEastern

milkyclear

creamy to tan

Color of liquor

white with black
mantle

Color

thoroughlylight

PERIWINKLE -  Littorina 1 ittoreaj

Other names: winkles, sea snail.

Periwinkles are small, marine, snai 1-like mollusks found in large
numbers along the shoreline of the northern Atlantic . This same
periwinkle was found originally in the European Atlantic but has spread
around the eastern coast of North America from Canada during the past
two centuries and now occurs as far south as Delaware Bay. There are
nearly 300 species known throughout the world but relatively few of
these reach edible sizes. They are relatives of the whelks but are
considerably smaller, only gro~ing to about 1 inch in diameter and
height. Their spiral-shaped shell is black, olive, gray, or brown.
They cling to rocks and piers, and feed on diatom and the thick film of
algae covering the tidal areas. Because they have modified gills for
breathing, they are able to live from the lowest tide level to the
highest. They live in colonies from Nova Scotia to Delaware Hay. A
different edible species, the Gulf periwinkle, Littorina irrorata, is
prevalent fron maryland to the Gulf of Nexfco, but occasloana Oy sa found
as far north as Massachusetts.

Periwinkles are a coamaon food in Europe but are not harvested
canmerci ally to any great extent in this country. They appear wi th most
regularity in some ethnic markets, with the bulk of the landings being
sold through New York's Fulton Fish Market.

SCALLOPS

Scallops are bivalve mollusks with scallop-edged, fan-shaped
shells. The shells are further characterized by radiating ribs or
grooves and concentric growth rings� . The latter are used in determining
a scallop's age. Near the hinge, where the two valves meet, the shell
is flared out on each side forming small "wings" or "ears" . Just inside
each valve along the edge of the mantle is a row of short sensory
tentacles and a row of small blue eyes. The shells are opened and
closed by a single, oversized adductor muscle which is sometimes called
the "eye".
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Unlike clams. oysters and mussles, scallops are not comnonly eaten
whole in the U.S,, and only the marshmallow-shaped muscle is retained in
the shucking process. In Europe the muscle with the orange-pink roe
attached is considered a delicacy, and this market form is now being
served in some gourmet restaurants in the U.S. The vertically striated
muscle meat is known for its firm texture and sweet taste. The color of
the muscle varies including white, cream, tan, light pink, orange or
bluish but most often they are creamy white.

Scallops usually rest on the ocean bottom but are capable of
swimming in a ierky zig-zag motion. Using their well developed adductor
muscle they rapidly open and close their shells expelling a jet of
water, which causes the animal to move.

Scallops are primarily harvested by dredging and are shucked soon
after capture. They cannot hold their shells firmly closed, therefore,
once out of the water, they cannot live long due to moisture loss from
the body. Prior to marketing, shucked scallops are sometimes plumped by
soaking in water or a phosphate solution. This soaking process
increases volume by about one-third and whi tens the meat color but is
also said to deplete flavor. A phosphate preservative is advantageous
when freezing scallops as it helps inhibit moisture loss and oxidative
changes during frozen storage.

When purchasing scallops at any point in the marketing chain,
labels should clearly indicate the species and its origin. Nost states
have 'labe'ling laws to protect purchasers.

Scallops have a patron saint, the apostle Saint James wore a
scallop shell as his personal emblem, hence the name coquille Saint
Jacques  St. James' shell!. This French term has become a common name
for a variety of creamy scallop dishes.

Sea scallops have flattish, saucer-shaped shells which are finely
ribbed and grow to 8 inches across. The upper shell is reddish brown or
tan, sometimes rayed with white, and the lower valve is pinkish white.
The inside of both shells is glossy white and marked by a prominent
muscle scar. The marketed muscle meats average j. to 3 inches across.

This scallop inhabits deeper waters from 17 to 900 feet on firm
sand or gravel bottoms from Labrador to hew Jersey. The most important
sea scallop beds are located on Georges Bank. On board fishing vessels,
the catch is shucked, bagged, and stored on ice until the vessel returns
to port. Sea scallops are the most comnercially important scallop in
the U.S. with the major port being New Bedford, Naassachusetts. Sea
scallops are also an important fishery in Canada.
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BAY SCALLOP  Ar o ecten irradians!

Bay scallops have deeply ribbed shells and grow to 4 inches across.
Their shells are mottled and vary in color including brown, white, tan,
orange, reddish, or even purplish. Marketed muscle meats average 1/2 to
3/4 inches across.

As the name implies, this scallop inhabits protected bays and
shallow flats and is commonly found among eel grass. It ranges from New
England to North Carolina and is most abundant from Cape Cod to Long
Island. Its shallow water habitat makes bay sca'llops easily accessible
to the recreational shellfish gatherer. Resides being caught by man,
bay scallops are preyed upon by starfish, crabs and snails.

The limited harvesting season for bay scallops is for conservation
purposes. Scallops reproduce only once in their 1 1/2 to 2-year
lifetime; thus it is beneficial to refrain from harvesting those
scallops which have not yet spawned. Their reproductive period is
during the sumpter months. At this time, a great deal of energy is
directed to the reproductive process, and normal growth stops. After
spawning, growth resumes and a line-like mark is left on the shell,
denoting growth cessation.

This interesting life history forms the basis for resource
management laws pertaining to this species. Harvesting bay scallops is
not permitted during the reproductive period, and only those scallops
wi th a well defined growth line  ring! may be legally harvested.

CALICO SCALLOP  Ar o ecten ibb s!

Other names: bay or cape scallop

The Calico scallop is a fast maturing species that can grow to
ccemercial size in about 6 months. It inhabits deep waters from North
Carolina to Brazil. It is named for the mottled or calico appearance of
its shells. The markings are usually red or maroon on a white or yellow
background. The calico scallop is slightly smaller than the bay scallop
and has an average shell height of 1-1/2 to 2-1/3 inches.

The calico's small size prevents economical shucking by hand,
instead they are usually mechanically steamed open and shucked. This
procedure produces a partially cooked, whitish, dry outer edge which
hand shucked scallops do not have. As a result. the muscle meat
requires a very short cooking time to prevent overcooking.

Abundant from the Carolinas to the Gulf of Mexico, these scallops
are often sold as bay or cape scallops.
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ICELANDIC SCALLOPS  Chal s i sl andi ca!

Icelandic scallops in the shell are easily recognizable by their
unequal wings. Their shell is pale orange, reddish brown, or pinkish
elhi is' prominently ribbed. They are smaller than sea scallops and reach
a she>I height of 4 inches.

Icelandic scallops inhabit cold waters from the Artie Ocean to
Casco Say, Maine. Recently, dense beds of this species have been foond
off Chatham, Massachusetts in about 200 feet of water. Small quantitias
of'Icelandics are now available in the Northeast market year round .

SEA URCHINS  Stron locentrus droedachiensis!

Other names: sea eggs

The sea urchin takes its name from an old English meaning of
urchin: Hedgehog. This spiny, spherica'I delicacy, eaten solely for its
gonads or sex organs, euphemistically and inaccurately is marketed as
sea urchin "roefa or as uni, its Japanese name. The gonads appear as a
mass of yellow orange colored grannules. Unripe roe is brown and
overripe is red. The roe of males has a finer texture, while that of
females is more egg-like; both are eaten. The roe is divided into five
segments and is located fust inside the shell on the side opposite the
moeth.

The sea urchin is a marine animal that looks like a large pin
cushion I-I/2 to M inches in diameter. It can cause a painful injury
if stepped on with a bare foot. Although the short-spined edible
varieties Can be picked up in tidal pools by hand if held gently, it isadvisable to wear gardening gloves to collect them. Gathering
roe-bearing urchins is highly seasonal and dependent on water
temperatures. Most are collected in the Pacific Ocean and Atlantic
Ocean from the Arctic to New Jersey. It is shipped during the wintermonths from Maine, t' he site of a small fishery.

Urchins cannot be frozen and tao much vibration during transport
can reduce thee from a valuable product to a useless mush. Due to their
perishability, urchins are largely a cold weather item and reach their
peak abundance at Neer York's Fultan Market around Christmas. Prices
depend on the percentage of roe to the total weight of the animal.High~~ tee content means higher prices.

The largest sea urchin fishery in the U.S. is Southern California 'sf' or red sea urchins  S. franciscanus!.

The demand for the cream to orange-colored urchin, male or female,gonads always exceeds the supply. The French call them oursins, inChile they' re called herizos, while the natives of the Weest neies eatthem under the name o7 sea ~es. ln fact they were sold so abundantly



in the streets of' Barbados that laws have been enacted to prevent their
extinction.

To eat an urchin is simple. Merely cut around the mouth side of
the shell with scissors or knife and shake out the viscera. Underneath
and attached to the top side of the shell you' ll find five branched roe
in both male and female. Scoop out the roe with a spoon and eat with a
squirt of lemon.

SHRIMP

The name "Shrimp" comes from an Old English word meaning puny
person. Larger shrimp are sometimes called prawn but that term also is
used in reference to freshwater shrimp. No precise standard exists for
the term. The term "scampi" is used by American restauranteurs to
describe shrimp cooked in butter and garlic, yet it also refers to a
number of small lobster-like shellfish inhabitating European waters.

There are approximately 300 hundred species of shrimp found
throughout the world but they can be divided into two categories:
tropical and northern. They range from less than an inch to nearly 12
inches in length. In the United States, 95 percent of the catch taken
off the Gulf and Southern Atlantic coasts is tropical shrimp. Tropical
shrimp are classifi ed by the color of their shells: brown, white, or
pink.

Tropical shrimp spawn offshore; the eggs develop into larva which
are quickly carried by cur rents to inshore estuaries, where most species
wi ll spend three to four months of rapid growth before migrating
offshore as mature shrimp. Few tropical shrimp survive nets and
predators longer than a year.

Advances in aquaculture in both South American and the Far East
have allowed shrimp suppliers to meet an overall increase in world
market demand. Shrimp supplies should continue to increase in the
forseeable future as shrimp farming technology improves in developing
countries around the world.

In some areas, protected estuaries or huge shallow coastal ponds
with good sources of water are simply diked off to farm shrimp. Post
larval or juvenile shrimp are used to seed the ponds. The larvae feed
on naturally occurring diatoms plus get supplemental feedings. In many
cases shrimp grow to market size in three to four months but little more
than a third of the shrimp planted usually survive. If all goes
according to plan, a farmer might harvest as much as 400 pounds from a
2-U2 acre pond.

This success gave rise to an explosion of shrimp farms. Today the
shrimp farming industry in some areas has a shortage of post-larval
shrimp to stock the proliferation of ponds. Prices for wild seed stock
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fncreased dramatically. But shrimp farms that have invested in
technology probably will survive the many problems. At these farms,
shrimp are raised under closely-monitored. simulated oceanic conditions
to provide an optimum breeding environment. The shrimp are fed diatoms
and other natural foods along with artificial food stocks developed in
the lab. Some shrimp farming operations have invested in expensive
computerized hatcheries in an attempt to breed high quality brood stocks
of the most desirable species.

Successful shrimp farms are also operated in the O.S., Southeast
Asia and South and Central America.

SROMH SHRINP  Penaeus aztecus!

Brown shrimp account for the largest portion of the domestic shrimp
catch. The main domestic fishery takes place in the Gulf of Nexfco from
Alabama to the Nexfcan border, although brown shrimp have been found as
far north as Nartha's Vineyard, Nassachusetts. Browns are a fast
growing shrimp, and the warmer the water, the faster their growth; they
are fully mature at one year.

The Japanese hold brown shrimp in high culinary esteem because of
its full flavor, which is a result of its higher iodfne content.
Depending on what they are feeding on at the time, the same species of
brern shrimp may have either a pronounced or mild flavor. The shells
of bro~n shrimp are usually a brownfsh grey although when cooked they
are indistinguishable from whites or pinks. Browns caught in deeper
water tend to be more reddish brown in color.

MHITE SHRINP  Penaeus setiferus!

Numerous species of shrimp belonging to the conlnercially important
wa~ater penaefd family are sold in the U.S. under the general
classification of "whites". Depending on their origin, some whites are
After than others. The shells of most whites are greyish-green wf th
patches of green, red and blue near thefr legs and tail. In the wild,
white shrimp are found south from North Carolina to the Texas-Mexico
>«der. but the primary conlercial fishery takes place in the sunIner and
early fall in the bays along the Louisiana coast. In most years, whites
account for about 20K of the total U.S. tropical shrimp harvest.

Mhfte shrimp comprise the major portion of the U.S. shell-on shrimp
 also known as green shrimp! market. It is generally assumed most
Americans prefer the somewhat bland flavor of white shrimp. Mild and
farmed  P. vannamei and P. st lfrostrfs whites are imported from a
number oi~ent~ra and Saut r can countries as well as Thailand and
Pakistan China farms and exports whites  P. indicus and p.
~mer uiensts!.
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PINK SHRIMP  Panaeus duorarum!

The domestic pink shrimp fishery, concentrated on the Tortugas
shelf off Florida's southwest coast, is about half the size of the Gulf
white shrimp fishery. Pinks are found in tropical waters throughout the
world but the primary production comes from the Gulf of Mexico  P.
duorarum! and the coast of Brazil  P. brazi liensis!.

The color of pink shrimp varies with age, diet and locality, but
offshore, most pinks range from a pale pink to a deep rose.

The primary domestic pink fishery occurs on winter nights when the
shrimp concentrate to spawn. Domestic pink production is down
substantially from its historical level, primarily because of habitat
destruction. Pink supplies may continue to decline as there are few
efforts to farm this species extensively.

FRESHWATER PRAWNS  Macrobrachium rosenber ii!

Other names: blue prawn, giant prawn, Malaysian prawn,
Macrobrachium prawn

Freshwater prawn, a large, fast-growing shrimp that is fished and
farmed in many Asian countries flourishes in fresh and brackish waters.
Their tails are thicker and shorter than the enaeid species but
their taste is quite comparable to other troprca s rimp.

Freshwater prawn are now farmed to a limited extent in Hawaii and
an Idaho company is using geothermal water to grow these shrimp for the
live market. Live, these prawns cowmand the highest price of any
shrimp. an indication of their high culinary standing.

ROYAL REU SHRIMP

Royal reds are a warmwater anaeid species caught well offshore in
the South Atlantic and Gulf. The>r co or is deep pink, much like the
color of cooked shrimp; it hardly rhanges color when it is cooked.
These deep water shrimp have more fat; are shorter and have a shorter
shelf life than other shrimp from this region. Their flavor is rather
like lobster. Royal reds are best when fresh as freezing encourages the
shell to stick firmly to the meat. peel frozen shrimp before cooking.

Argentine red shrimp, a coldwater species, is currently the most
widely imported red shrimp.



TIGER pRAggS  penaeusital monodon!
lgidely farmed in the Far East, tiger prawns were once targeted only

at the Japanese market. However, the mushrooming production of tiger
prawns in the ph1lippines, Taiwan and Indonesia is rapidly outstripping
the JapaneSe market. Two kinds of theSe prawns, white tigers and bl ack

are currently being exported to the U.S. Tigers get the1r name
frNn their Striped Shell, but when COOked they turn a deep red Color.

HORTHERH SHRINIP

Other Hames: Artie prawn

The most coaeon northern shrimp are the two pink species, Pandalus
borealis and P, ordani. Pandalus borealis are found in the coTd waters

e
Especially sensitive to water temperature fluctuat1ons, the abundance of
populations at the edges of their range can show huge variances.
Jardani 1S Slightly Smaller in SiZe and rangeS along the PaCifiC Coast
~rOm ETaSka tO California.

Northern Shrimp are a slow-grOWing SpeCieS that look S1milar to
tropical shrimp species except are much smaller in size. They can be
recognized by their large black eyes and relatively low pr1ce. Certain
times of the year an enzymat1c reaction occurs causing the head to
become dark, however, this does not effect the taste of the shr1mp.
SinCe they are hermaphrodites, a high percentage of the shrimp at any
given time are laden with e9gs.

Horway and Greenland are the biggest producers of northern shrimp,
but a fishery exists in Maine and northern Massachusetts. Northern
»«mpb fOund On muddy and Sandy bOttOmS in Water from 150 tO 900 feet
deep, are harvested by trawling.

The shrimp are cooked and peeled when processed and are marketed
Canned Or frozen.

ROCK sHRIMP  sic onia brevirostris!

The rock Shrimp, which ranges from Horfolk, Virginia to the Gulf of
MeXiCo, tendS to be br~ish on the dgrSal SurfaCe and pale On the
SideS; the underSide and appendageS are variOuSly colored With red Or
purple and are the approximate size of shrimp. This deep water cousin
of white and brown shrimp is caught only at night and far offshore The
meat iS Very firm and more lObSter-like and 1OWer priCed than other
shrimp.

has alwa s
A fa1rly recent introduction to the American market, this species

a ways been caught abundantly in Florida and Mexican waters during
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regular shrimping operations. Until 1970, however, it was invariably
discarded because of its tough shell, from which it gets its name.
Since a peeling machine was designed that could handle this operation.
the demand has increased.

Nost rock shrimp are marketed raw or frozen. They freeze
exceptiona1ly well, so don't hesitate to buy them frozen. You may
notice an odor, however, which is present even when the shrimp are quite
fresh. A reasonable amount of smell is to be expected, but avoid
purchasing rock shrimp that have an exceptionally strong, sour odor,
especially if the meat is mushy and discolored. Look for shrimp that
have good firm white flesh with little odor.

2 pounds of tails = 1 pound cooked meat;
1 pound of tails 1 1/2 to 2 cups cooked meat

BLACK SPOT

Shrimp are susceptible to a defect called black spot. This brown
or black spotting may be visual'ly ob�'ectionable but is not harmful to
the health of the consumer. It is not caused by excessive levels of
spoilage bacteria, rather it is the result of a biochemical reaction
called melanosis . This reaction is produced from naturally occurring
compounds in the shrimp shell and is similar to the reaction that takes
place when a person is suntanned. Black spot is also known as box ring.
ice burn, and ringer burn and is a sign of age or of poor handling
during the harvesting or processing.

Shrimpers and processors have devised several ways to eliminate or
retard black spot on shrimp. First, on the boat, the shrimp are not
kept on deck in the sunshine which would encourage development of black
spot. 1nstead. they are immediately washed thorough'ly to remove organic
material and the tyrosine  an amino acid! that is necessary for
development of black spot. After being washed, the shrimp are stored in
melting ice .to remove spot-forming materials and to maintain a low
oxygen leve1.

A number of chemicals may be used to control black spot, including
leaon juice, baking soda, ascorbic acid, sodium su'lfite, sodium
bisulfitre, sodium metabisulfite and EDTA. The most conmonly used of
these, sodium bisulfite, is called dip. 1t is a strong reducing agent
which ties up oxygen and is used in many other foods -- especially wine,
beer, and dehydrated fruits and vegetables -- for essentially the same
purpose.

As with any other food additive, there are certain precautions
which the shrimper or processor must take. Especially important are
careful washing, not re-using the dip, and careful washing and icing
after frozen shrimp are thawed.



Seafood Extension specialists say that shrimp with black spot, but
of otherwise good quality, are perfectly safe to eat, especially if they
are peeled and deveined before cooking. However, if the flesh seems
adversely affected, the shrimp should not be eaten. The black spot is
not, of itself, a quality defect and wi 11 not harm the consumer.

SQUID

Other names: ca l amari, calamare, inkfi sh

Squid is a close relative of the octopus and cuttlefish and a more
distant relative of the clam, mussel, scallop, and oyster. Instead of
having a protective external shell, the squid has a compact internal
shell called the pen or quill. This singular slender chitinous pen,
which runs within the dorsal side of the body cavity or mantle, is all
that remains of the shell. Also within the mantle is an ink sac which
is used in defense. The sac contains a blackish brown fluid or ink.
which can be ejected to the outside through a siphon to form an inky
cloud that aids the squid's escape.

The mantle is a hollow cone or cigar-shaped piece of flesh which is
open at one end. Popping out of the opening is a head with two large
black eyes. Ten appendages arranged in five pairs surround the head.
Four pairs are known as arms and are short and heavy, and the remaining
pair is lighter, twice as long and called tentacles. These appendages
are equipped with suction cups which are used to seize and hold prey.
For simplicity, in most cookbooks all ten appendages are referred to as
tentacles.

Two slightly lobed fins are located near the terminal end of the
mantle on the dorsal side. Squid can propel themselves by moving these
fins, but for quick movement they use jet-like propulsion, which is
accomplished by shooting water out through the siphon with great force,
resulting in quick motion in the opposite direction.

Live squid are typically a milky, translucent color. However, as a
defense mechanism they have the ability to change color or blend with
their background . Fresh squid have creamy colored skin with reddish
brown spots. Pinkening of the skin is an initial indication of aging.

Squid are schooling, pelagic, predatory animals that prey on small
finfish and crustaceans. There are approximately 350 species of squid
worldwide. This class of shellfish is considered to be one of the
world's most underutilized fish resources. Oriental and lkediterranean
peoples have been eating squid for centuries, but it is predominately
ethnic groups which consume most of the squid in the O.S. However, this
trend is changing as Americans are becoming aware of squid as a
delicious food.



ILLEX LOLIGO
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The firm, white meat of squid consists mostly of fine muscle fibers
with few connective tissues arid little fat. Therefore, it has firmer
texture than chicken or beef, After cleaning, the yield of edible meat
 mantle, fins, tentacles, and ares! is between 6G to SO percent.

If cooked improperly, squid wi 11 become tough and rubbery. It is
best to cook squid quickly  under one minute! or to cook it over 30
minutes using a slow moist cooking method. The meat is quite mild
flavored, almost to the point of being bland, and takes on the flavors
of the ingredients it ls cooked with. The ink of squid can be used in
many dishes to add flavor, aroma ar d color.

In United States waters, most of the squid harvest consists of
three species ranging in mantle lengths from 4 to 12 inches.

CALIFORNIA SQUID  Loli o o alescens!

Other names: Nonterey squid, Opal squid, San Pedro squid, calamari
grande

It is the smallest squid �0 to 12 inches across! marketed and
appears frozen on the East Coast. They are harvested in winter months
when they move inshore to spawn. Traditionally, this species accounts
for the bulk of the domestic catch of loligo squid, but stocks have been
rapidly disappearing.

Other names: winter squid, Boston squid, bone squid, trap squid

Atlantic long-finned squid ranges from Nova Scotia to Venezuela and
occurs commonly from Massachusetts to North Carolina. It has a broad
pen and long fins that equal half the mantle length. The long-finned
squid is generally smaller and has thinner mantle walls than the
short-finned squid, It is tender unless overcooked and is regarded in
the East as the superior squid.

NORTH ATLANTIC OR SHORT-FINNED SQUID  !llex illecebrosus!

Other names: summer squid, bait squid

The short-finned or suawner squid commonly occurs from the Maritime
Provinces to New Jersey. It has a slender pen, and its fins are
one-third the length of the mantle. The short-finned squid attains a
larger size, has a thicker mantle wall, and usually sells for less thar.
the long-finned squid. Illex can be quite tough and is easy to overcook
making it tougher. This squid was once harvested almost exclusively for
use as bait or animal food but is now marketed as a food item, which has
found consumer acceptance equal to the long-finned squid.
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FRE UENTLY ASKED UESTIOMS ABOUT SHELLFISH

Can I freeze fresh crabmeat?

We suggest the crabmeat be put in a semi-prepared form such as
crabcakes, casserole or soup before freezing. Freezing fresh
crabmeat toughens the meat, dries it out and quality is lost in the
product when frozen in the can. Store prepared dishes in the
freezer for 3-6 months, remember the longer it is stored the more
it will toughen and dry out. Plan to use it soon for optimum
quality.

Can I freeze live soft crabs?

A soft crab is a hard shell crab that has just shed its shell in
order to grow. The "soft" crab stage is only temporary and is
harvested before the shell hardens. It can be frozen successfully
by using the following procedures of "dressing" the soft crab:
I. Cut off the face, cutting behind the eyes with a pair of

scissors.
Cut off the opposite end the same way as the face.
Lift the top paper like shel 1 on both sides and snip out the
lungs.

4. Wash the soft crab and individually wrap it in an air-tight
freezer wrap. Store in the freezer three months . If you
don't freeze them, eat the soft crab within two days, Once
the soft crab has been dressed, the entire crab may be eaten.

Does fresh picked crabmeat contain salt?

According to the Maryland Department of Health and Hygiene,
Maryland licensed crab processors must, by law, use only water to
steam the crabs for fresh or pasteurized picked crabmeat. If there
are any additives, processors must indicate them on the can. In
the case of steamed crabs sold by the bushel, seasonings such as
salt and seafood seasoning, may have been added. There are no
"additive" regulations regarding the "crab by the bushel trade".
Therefore, if you are on a sodium restricted diet, steam your own
crabs or purchase fresh picked meat to be safe.

How long can I keep pasteurized crabmeat, steamed crabs and fresh
crabmea t?

Pasteurized crabmeat has been processed in a controlled atmosphere
that enables the consumer to store it in the refrigerator  not
freezer! for approximately six months. Once it has been opened. it
has the same shelf life as fresh crabmeat. Steamed crabs may be
kept in the refrigerator for 5-7 days. Make sure to keep them in
an air tight plastic bag. They should be refrigerated as soon as
possible after steami ng. The longer they remain at room
temperature, the more bacterial growth will occur. Fresh crabmeat
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will keep 3-5 days in the refrigerator. The best way to store it
is by surrounding the crabmeat with ice. Clean out your vegetable
or meat keeper and store the crabmeat in it with lots of ice.

Can ! cook dead crabs?

No, We suggest only cooking live crabs. Once the crab has died,
bacterial growth occurs. This rule is the same for lobsters and
other "live" shellfish.

Can I send steamed crabs or crabmeat to relatives who live out Of
state?

Several crab processors have the ability to ship steamed crabs and
pasteurized crabmeat to almost any destination in the United
States. Certain processors do have minimum order stipulations.
For more information, contact the maryland office of Seafood
Narketing at �0!! 269-3461.

Nere do soft crabs come from?

A hard crab must molt or shed its shell in order to grow. When it
molts, it is in the soft state that is commonly recognized as a
"soft shell crab". Conwnercial soft crabs must be removed from the
shedding tank within a very short time before they begin to harden
again.

How should I handle crab vegetable soup after it has been cooked?

Fill your sink with cold water, place the pot of soup in the sink
and stir for 10 minutes to speed up cooling. Fill small containers
 pints or quarts! with soup and refrigerate immediately. Do not
put whole pot of soup with lid intact in the refrigerator because
this could cause spoilage.

How can I tell when crabmeat becomes spoiled?

Crabmeat becomes sticky, has an ammonia odor and is yellowish in
color when it spoils. Crabmeat should remain fresh for three to
five days after it is purchased. Store in the coldest part of
your refrigerator.

How long can I store live crabs and what is the best method to do
so?

Live crabs will remain alive for approximately 6-8 hours if:

1. The crabs purchased were refrigerated and you continue to
refrigerate them at home. Perishability will be high if the crab
is not refrigerated one you get it home. 2. They were not
refrigerated when you purchased them, or if you caught them and

92



kept them in a shaded cool, airy container such as a crab bushel
basket outside. In either case, some will die and some will live a
lot longer than 8 hours. 8efore steaming the crabs, if you "ch111"
them in the refrigerator, the cold temperature renders them
~nactive and easier to put in the steamer and also helps keep the
legs and claws on during cooking. If you have ever tr1ed to put
them in a pot at room temperature, you know how active they can be.

How long can I keep steamed crabs?

Steamed rrabs may be kept 1n the refrigerator for three to five
days. They should be refrigerated as soon as possible after
steaming. Nake sure to store them in airtight plastic bags.

Can you pasteurize crab meat at home?

No. Pasteurization requires special monitoring of the internal
temperature of cans not possible w1th home canning equipment.
Can I make oyster stuffing ahead of time and put it in the turkey
the day before I plan on roasting the turkey?
Absolutely not. All turkeys and poultry should be stuffed
immediately before putting into the oven. The cold temperature
needed to limit bacterial growth cannot adequately penetrate the
interior cavity of a turkey. Therefore, make your dressing and
stuff the turkey at the last moment.

What's a good recipe I can make ahead and serve my guests without
much trouble?

Marinated Oysters - just serve with crackers2 pints s tandard oysters, wi th 1 i quor 3 T. pi ckling spi ce
1 cup white vinegar 1/4 cup sherry
1/4 cup sugar cr ackers
2 tsps. tarragonIn a large saucepan, simmer oysters in liquor unt11 curled. Set
as1de. Combine remaining ingredients in a small sauce pan and cook
over medium heat for 10 minutes. Drain oysters thoroughly and
transfer to a bowl. Strain sauce and pour liquid over oysters.
Cover and refrigerate for at least 3 hours. Serve with crackers.
What color should shucked oysters be when purchased?

The most conmonly found colors of fresh shucked oysters may be
described as creamy, gray, brownish, pale yellow, red, green, or a
combination of these colors. Oysters turn many colors for a
variety of reasons -- what the oyster has eaten and rapid change in
temperature to name a few.
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I'm confused by some tems. For oysters, do the terms "standard
and "select" refer to size or quality?

In oysters, "standards" and "selects" are measures of size.
Standard oysters should count 220 to 240 shucked oysters to the
gallon. A gallon of select oysters should contain 200 to 220.
This means that select oysters are larger in size than standard
oysters, but there is absolutely no difference in the quality of'
the oyster itself.

How long can I store shucked oysters in the refrigerator?

Fresh shucked oysters have about a 7-10 day refrigerated storage
life. Make sure to put them in the coldest part of the
refrigerator .

Nhat is the small crab-like animal found in some raw oysters?

It's actually a pea-crab which lives in the gills of the oyster and
feeds on the same foods that the oyster is filtering for itself.
It is a delicacy in it's own right and is put in many stews.

Is it safe to eat oysters durino the months without "R's"?

Yes. Fresh oysters properly refrigerated are wholesome and
nutr itious throughout the year. They spoil rapidly at high
temperatures, however. The belief that oysters are unsafe to eat
in May through August arose in earlier days when refrigeration was
'less prevalent.

Can I freeze fresh shucked oysters? How about oysters in the
shell?

Shucked oysters freeze very well. Put the oysters in a rigid
plastic container, make sure all the oysters are irrrnersed in liquor
to prevent freezer burn, leave 1/2 inch head space and freeze. Yorj
may have to add water to completely cover the oysters. Label the
contents of the package, date and freeze. Even though shucked
frozen oysters have a 3-6 months storage life, plan to use thee as
soon as you can. Shell oysters may also be frozen. Place the
oysters in a freezer bag, exhaust air and seal. Lable and date
contents, freeze. These oysters are best used in soups and stews or
cooked dishes. Storage life is about 3 months.

Mhat should I look for in purchasing fresh shucked oysters?

Fresh shucked oysters should be plump and a creamy white to gray iri
color. The liquor should be clear, not. excessively cloudy.
Oysters turn many different colors for different reasons: rapid



change in temperature. or what the oysters have eaten. The color
of fresh oysters may be described as creamy, gray, brownish, pale
yellow. red, green or a combination of these colors. They are safe
for consumption.

Are raw oysters an aphrodisiac?

Oysters do contain cholesterol, the basic building blocks of male
and female sex hormones. But the human body produces enough
cholesterol to satisfy our total needs. The additional cholesterol
frora oysters will not affect sexual behavior or act as a love
potion.

How long can I refrigerate oysters in the shell?

About 5-7 days. When you store fresh oysters in the shell in the
refrigerator, leave the grit and dirt on them. This helps insulate
and keep the oysters moi st. Nake sure they have air, do not put
them in a sealed plastic bag because they need to breathe. Put
them in a burlap bag or cover them with a damp towel. When ready
to shuck, run under cold water, and scrub with a stiff brush.

If an oyster's shell is not tightly closed, can I still eat it?

An oyster will open its shell in order to breathe. If you want to
make sure it is still alive and safe to eat. tap it with a knife or
run it under cold water. If the oyster fails to close its shell,
discard it as it is probably dead. Sometimes refrigerated storage
wi 1 1 cause gaping so don' t be alarmed if the oyster shells are not
tightly closed - give it the "tap" test.

Are oysters fattening?

Eastern oysters in the raw are very low in calories, only 19 per
ounce. If you bread them, fry them and then add tartar sauce, the
calories will increase many fold, so watch how you prepare them.
Oysters contain protein, calcium, phosphorus, iron, zinc,
potassium, Vitamin A and thiamin.

Are oysters, which develop a pink or red color when they are
frozen, safe to eat?

Yes. The red color is probably due to algae or other plant
material in the oyster's food. The color disappears when the
oyster is cooked.

What can I do to be sure that the clams I'm serving are safe to
eat?

Obtain shellfish from a reputable source and eat only shellfish
that have been thor oughly cooked.
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I have trouble opening clams. Is there an easy way?

Shucking clams with a knife is, indeed, a difficult task. There
are, however, a couple of things that will facilitate opening the
shells. If you have the time and the room in your freezer, bag the
clams and freeze overnight. Before using, remove clams from the
freezer and run them under cold water. The clams will open enough
for a knife to be inserted. Another method that will work if
you' re careful is to place the clams in a conventional or microwave
oven and steam them until they open. Be careful not to cook the
meats, however, if you want to have a raw product.

How many one-pound lobsters are needed for a pound of lobster meat?

Five, on the average.

I have seen rock shrimp advertised. What is it?

Rock shrimp are a relative of the conmonly retailed shrimp. Its
flavor has been characterized as a combination of lobster and
shrimp. It is a southern species that comes from the Gulf states
as well as Georgia and South Carolina. It is a highly perishable
product and therefore should be marketed frozen. Rock shrimp have
a very hard exterior shell which approximates 50% of the weight of
the headless shrimp. Care must be taken in cooking rock shrimp
because it cooks much more rapidly than regular shrimp,

How long can lobster live out of water?

Several days if kept. in a cool, moist environment. The lobsters i s
a gillbreather, and moisture is essential to survival.

It is true that all shellfish are high in cholesterol?

Recent, more accurate laboratory methods have shown that shellfish
are not as high in cholesterol as once thought. With the new data,
shellfish ranging from 40 to 100 milligrams per serving are
comparable to chicken, lean beef, and finfish in the amount of
cholesterol they contain. For example: The new value for cooked
shrimp �00 grams! will be about 90 mg. of cholesterol. The only
popular "fish food" that remains rich in cholestrol is fish roe or
eggs. But few can afford a steady diet of caviar.

When I stuff squid for baking, the stuffing comes out during
cooking. What am I doing wrong?

You are probably over-stuffing the squid. During cooking, the
squid will shrink. Understuff or stuff the squid loosely to
prevent the stuffing from squeezing out during cooking.
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How much seafood should I buy?

The amount of fish or shellfish to purchase varies according to
portion size, the type of recipe. and the market for the fish
product. On the average, allow approximately 3 ounces of cooked,
boneless fish per serving.

Whenever I cook squid, it becomes tough and rubbery. What am I
doing wrong?

If not cooked properly, squid can be very tough. It you are deep
frying, do so very quickly. Nake sure your oi 1 temperature is 350
and that you don't overload the fryer. If you are stewing squid,
do so for at least an hour. Taste for tenderness. Squid seems to
have a tough period where if you don't ei ther cook it very quickly
or stew it for a long period of time, it will become tough. If
baking squid, always baste frequently to keep it moist and tender.

Are the tentacles of a squid edible?

Yes, the "prime-parts" of a squid are the ink, tentacles, cleaned
body wings, and arms. Discard the pen or quill, head and interior
of the body.

Is it true that shark meat is being substituted for scallops in
some areas?

This rumor surfaces every few years. Shark meat and scallops are
not at all alike. The have completely different textures and
flavors. Because of the texture of the "eye" or adductor muscle,
shark meat cannot be substituted for scallops.

What is the proper method for freezing, thawing clams and oysters
in the shell?

Freezing clams and oysters -- Allow clams to stand in cool water or
a weak salt solution for about half an hour to remove grit. Hard
clams should be placed in a freezer bag and may then be frozen in
the shell at 0 F for 3 to 4 months. Soft shelled clams do not
freeze well. DO NOT refreeze shellfish. Thaw shellfish in
refrigerator.

What is the best way to keep lobster alive until you' re ready to
cook them?

Keep lobster mo~st and refrigerated by wrapping in newspaper and
protecting with a cardboard box. use within 2 days. What if it
died before it was cooked? It it was alive when you bought it on
Friday and it died on Saturday -- it is OK to cook Saturday evening
or Sunday at the latest, since it was refrigerated the entire time.
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How many people will a bushel of Maryland Steamed crabs f'eed?

Generally speaking, a bushel of number I or "Jimmy" crabs will hold
about 60-70 crabs depending on how big the crabs are at that tine
of year. If there are 60-70 crabs, they will feed about 10-12
people depending upon what else is served on the menu. If you have
all kinds of food, for example, salads, hot dogs, chicken, etc.,
you' ll probably need half as many crabs. If you just served
steamed crabs, clams, corn and beverages, buy the whole bushel.

Why can't I store cooked crabs in the same basket they came in when
I purchased them live?

Live crabs, like most other animals, contain bacteria which can
easily be transmitted. Cooked crabs that have been properly cooked
will be, for all practical purposes, bacteria free, the bacteria
having been killed by cooking. Therefore, the cooked crab is in a
state ready to eat directly fron the shell; should these cooked
crabs some in contact with uncooked crabs. cross contamination
could occur.

Can I freeze steamed crabs?

The Maryland Office of Seafood Marketing does not reconmend
freezing steamed crabs because of the potential for bacterial
growth. The digested food the crab has eaten and the wastes in the
interior take a long time to freeze in home freezers and therefore
increase the risk of bacterial growth, We suggest that crab be
cleaned; remove the shell, legs, intestines, claws and fat. Only
the meat containing parts or "body" and claws of the crab should be
frozen and is best used for soups or casseroles.

What can I do with leftover steamed crabs'?

Pick the meat out of them as soon as possible. The leftover meat
can be used in any traditional recipe calling for crabmeat. If yau
decide to freeze the meat, the crabmeat should be put in a
semi-prepared form such as crab cakes, casseroles or soup, then
frozen. Insulate the crab product with freezer wrap, label and
freeze. Store prepared dishes in the freezer for three to six
months. Remesker the longer it is stored the more it wil'l toughen
and dry out. Plan to use it quickly for optimal quality.
How can I be assured that oysters purchased in the market are safe
and wholesone to consume?

The waters covering all charted oyster beds are p i d ll
mp y state health agencies to determine the purity of ther erio ica y

water. No oysters are allowed to be harvested from waters that do
not meet the strict criteria. Oysters harvested fron approved
waters are again tested at the processor level. Oysters arefinally tested at the market level to assure wholesomeness .
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ASSOCtA TED PRODUC TS





ASSOCIATED PRODUCTS

ANCHOV I ES

There are 16 species of anchovy in American waters but there are
many more of these small and fatty species worldwide. These pelagic,
silvery fish with big eyes are more conmonly used as balt than as food
in the U.S. Few people take the time today to catch anchovies and enjoy
them fresh. Anchovies travel ln densely packed schools and frequently
mingle with si lversides and young herring. When cooked and servedtogether these fish are called "whitebait", a common name for very tiny
fish. Anchovies are marketed in salted form, canned, smoked, dried, in
butters, cream and paste. Their distinctive, rich flavor is widely used
as a garnish for other foods.

Anchovies are generally packed in one of two ways; either in bulk
barrels or directly into retail cans. The natural white, fresh anchovy
is packed in barrels with a salt-sugar-spice mixture and allowed to
ripen for about 0 months until the flesh is cured to a deep red. They
are later repacked and sealed in small containers as skinless, boneless
anchovies. "Direct made" anchovies are packed whole into small
rectangular cans. The final product is then covered with the samecuring mixture used in the barrels and sealed. They have a tendency to
be stonger ln flavor. The anchovy product familiar to most Americans is
the canned boneless fillet packed in oil.

CAVIAR

True caviar is the salted roe of sturgeon and is probably the mostexpensive food in the world. At one time, any fish roe that was salted
and dyed black was called caviar, but, in 1966, the FDA defined caviar
as exclusively salted sturgeon roe. Salted roe from other fish has to
be designated on the label; for example, "salmon caviar".

Caviar has had an interesting history in America. When it was mostplentiful, there was little demand by Americans. In the late 1800s i n
San Francisco, cavi ar was served free at bars as a ploy to get customers
to drink more. At this time, the United States had a thriving cavi ar
business exporting to Europe a.nd Russia.

The East Coast industry was established in 1873 along the Delaware
River, and shortly afterwards a fishery began in the West, principally
in the Columbia River. A slow growing fish, sturgeon were quickly
brought to near extinction. Today, despite pollution and otherinterferences by man, sturgeon species are making a slow recovery under
strict fishery management.

The collapse of the U.S. caviar industry at the turn of the century
set the stage for the costly rise to fame of Russian cavi~r.
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Caspian and Black Seas became the major world sources of caviar and&
having access to these water, the Russians and Iranians became the major
world suppliers.

The most important products are from three sturgeon species: the
beluga, osetr'a  osietr! and sevruga . The gi ant beluga sturgeon may
weigh 2,5GO pounds and yield as much as 350 pounds of roe. It produces
the largest and most valuable ber ries  industry term for individual
eggs! which currently retail for up to $4OG a pound. Beluga caviar
ranges in color from blackish gray to light gray . The osetra sturgeon
is also large and produces gray to golden-brown berries. The sevruga is
a much smaller sturgeon which yields small, grayish black eggs .

Soviet and Iranian sturgeon resources are slowly dwindling as a
result of pollution, dam construction  sturgeon are anadromous!, and
overfishing. This has given spark to the rebirth of the American caviar
business.

Of the several species of sturgeon in the United States, five are
currently harvested on a small commerical basis. These are: the white
and green sturgeon of the West Coast, the Atlantic sturgeon of the East
Coast, the lake sturgeon of the Great Lakes, and the shove'Inose sturgeon
 sometimes erroneously called Mississippi paddlefish! of the Mississippi
Yalley. Paddlefish are in the same biological order of fi sh as
sturgeons, are extreme]y similar, and occur in the Mississippi area.
Their eggs are marketed as a caviar substitute, or probably as true
sturgeon caviar because of their similarity to the eggs of AmericarL
sturgeon species. American caviar is generally much less expensive than
imported Russian caviar and is roughly one-third the cost of beluga
caviar.

Caviar comes from freshly killed sturgeon. The fish are cut open
and the two sacs  sometimes called skeins! of roe are carefully removed
and placed on a mesh screen. The mesh is just large enough for the eggsto fall through. The sacs are split open, and the eggs drop below
leaving the thin membrane and other debris behind. The eggs are salted
by soaking in a brine solution, and then packed into kegs or tins.
Retail containers are small, airtight jars or tins.

The amount of salt added to the eggs affects the price and
perishability of the resulting caviar. The most expensive caviar ispacked malossol style, meaning little salt. The 'less salt the moredesirable the product, but also the more perishable. Malassol caviar
contains 3% to 5% salt and is sold fresh. Pasteurized caviar contains
more salt, fs less expensive and does not require refrigeration untilopened. One other style of caviar is pausnaya, meaning pressed caviar:damaged or less firm eggs are used to produce what looks like caviar
marmalade.

When buying caviar, look for whole, uncrushed, firm berries thatare well coated with their own glistening fat. Conscientious dealers
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will periodically turn the containers so that the fat remains well
distributed to prevent drying. Turning also alleviates the pressure on
the bottom eggs.

Store fresh caviar in a cold refrigerator. A temperature of 26' to
30' F is optimal  the salt prevents freezing at these temperatures!.
Fresh caviar can be kept for up to six months but is freshest when just
purchased. Once the container is open, use within a few hours for the
best results. Pasteurized caviar does not require refrigeration until
opened and can be stored unopened for a few months. Never freeze
sturgeon caviar which can occur if stored below 26 F, as the eggs will
burst.

The flavor of sturgeon caviar is faintly salty and nut-like. It
should not be too salty and never taste fishy. To relish its flavor,
caviar is served very plainly on a piece of thin toast or unsalted
cracker, with or without butter. It may be lightly sprinkled with
finely chopped egg, onion, or chives, and/or topped with sour cream or a
dash of lemon juice. Although chefs have tried to incorporate caviar
into many dishes, its flavor is masked when mixed with other
ingredients, and its texture changes when cooked. Caviar is a good
source of protein but is also high in fat, cholesterol, and sodium.

Since the cost of sturgeon caviar excludes most individuals from
experiencing it, substitute caviars are produced from the roe of several
types of fish. The eggs are often dyed with a vegetable dye to attain
the gray to black color of true caviar. Otherwise they are sold undyed.
In fact, red and yellow  golden! caviar are marketed. Caviar
substitutes are much more affordable and are gai ni ng popularity in the
United States. Many do not resemble sturgeon caviar in taste but have a
distinct enjoyable flavor of their own. A brief review of the more
important ones follows.

Salmon caviar is also called red caviar because of the natural
color of the eggs . It is produced on the Pacific Coast from where a
large amount is expor ted to the Japanese, the biggest consumers of
salmon eggs. Unlike sturgeon caviar, salmon caviar can be frozen.

Hhitefish caviar is produced in Canada from the roe of lake
whitefish. It is priced similar to salmon caviar and also can be
frozen. Mhitefish caviar is often marketed as "golden caviar"-

Lumpfi sh is native to the Northeast and is used to make a very
inexpensive caviar. It is popular in Denmark where is is lightly
salted. American lumpfish caviar tends to be overpreserved and not as
good. The natural color of the eggs is dark green when they are tully
developed  yellow when they are not!; therefore lumpfish roe is
typically dyed.
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Although roe properly refers to the ovaries of female fish, the
term is also used to describe the testes of male fi sh  whi te or soft
roe!, the coral of lobsters and scallops, the male and female gonads of
sea urchins, and the berries of crabs. The gonads of all fish develop
during the spawning season of the particular species.

Finfish ovaries exist in pairs and consist of two egg-filled sacs,
which are lobe shaped and connected at one end by a thick blood vessel .
Each sac is covered by two membranes: a paper-thin, transparent inner
membrane, which is edible; and an inedible, thicker, loose-fitting outer
membrane.

The best eating roe is fully developed but not overripe. "Green"
or underripe roe has very compact eggs and tends to be firm or rubbery.
with 1 i ttl e fl avor. On the other hand, overri pe roe i s wa tery and also
somewhat tasteless. Over ripeness is indicated when the eggs are read~
to separate from the membrane.

Marketed roe will have the inedible outer membrane removed. The
eggs should be visible and of uniform color. The sacs should be clean
of blood and debris and should have no disagreeable odor. Roe should
not have a mushy texture or appear clouded, dried or shriveled, Fresh
roe can be refrigerated for a couple ot days but is best when freshest
It can be frozen but does not keep very well because of its high fat
content.

The roe of numerous fish can be taken, but not all fish have
ovaries that are large enough to make them worth keeping. In the
Hid-Atlantic region, good quality edible roe can be obtained from
herring, mullet, shad and rockfish. One of the favorites, shad roe, i s
considered a prime delicacy and commands a high price. It is typically
sold in natural pairs. Roe from pufferfish, however, is toxic .

To prepare roe for cooking, separate the two sacs where they are
joined but be careful of losing eggs out the cut end. Handle roe with
care to avoid rupturi ng the membrane. The most popular preparation
consists of lightly flouring and sauteing in butter . Roe can be used i n
a variety of recipes but be leary of recipes which call for prepoachin9 .
Although this serves to firm the roe, so that it can be cooked whole
using after-cooking methods without breaking apart, the precooking must
be very brief to avoid overcooking in the final stages . If overcooked,
roe is dry and chewy. As an alternated to cooking, roe may be smoked,
salted, or pickled.

Fish roe is a good source of protei n but is also high in fat and
cholesterol.
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CANNED PRODUCTS

Many types of seafood are commercially canned, however, tuna and
salmon are by far the biggest sellers in the U.S. In addition to
finfi sh and shellfish, specialty items such as spreads, smoked fi sh,
chowders and sauces are canned. Canned products account for
approximately 37 percent of the seafood consumed in this country .

Canned fish is packed in oil, brine, water, or various sauces.
Clams, oysters, and mussels are steamed for easy removal and to firm the
meats. Shrimp are peeled and blanched i n boiling brine prior to
packing. Crabs are boiled or steamed, and the meat picked and usually
di pped and/or packed in a citric brine to prevent discoloration. Ti ny
elvers  eels' are canned and considered a delicacy in many cultures.
Squid and octopus can be found on grocers, shelves in a variety of
sauces.

CANNED TUNA

About a quarter of all seafood that Americans eat is canned tuna,
and this represents almost a thi rd of the world's tuna catch. The price
and grade of canned tuna i s depends on the species, the parts of the
tuna used and the style of packing.

The most prized tuna are the albacore, which have a very light
color and firm texture . By law, canned albacore is the only species
that can be labeled as "white meat". Yellowfin, bluefin and skipjack
must be labeled as light meat. Nost yellowfin are taken by superseiners
that roam the seas for months, catching as much as 1,000 tons of tuna in
a single good set. Nost yel lowfin tuna caught by superseiners is frozen
in brine and later canned. The yellowfin has the same firm texture as
albacore but is slightly darke~ in color. As these supplies have
dwindled, canners have begun to use the skipjack tuna, which is smaller,
darker, and somewhat stronger flavored than the other two. Bluefin tuna
refers to several species of tuna which are grouped under this
collective name. Bluefin tuna are similar to skipjack in color and
flavor but can be much larger. Tuna caught in the Mid-Atlantic region
are usually from the bluefin family.

Tuna, sardines, herring, and anchovies are precooked before
packing. Precooki ng removes a portion of the natura 1 oil content,
loosens the meat from the bones, and is needed to obtain the proper
texture in the final canned products. The loins, which are four large,
light-colored muscles that extend along the side of the backbone, are
the only part of the tuna that is canned for human consumption. The
dark meat is used for the production of animal feeds-

Canned tuna is prepared in four forms:I! Solid or solid packs, the most expensive, consist of loins « w»ch
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no free pieces are added, although a piece may be added if
necessary to fill a can.

p! Chunk. chunks, chunk style, the most popular form, consist of a
mixture of pieces of tuna in which the original muscle structure is
retained.

3! Flake or flakes are a mixture of pieces i n which the muscular
structure of the flesh is retained.

4! Grated tuna consists, of a mixture of particles of tuna that have
been reduced to uniform size in which the particles are discrete
and do not comprise a paste. This is the least expensive form.

Canned tuna is available in several can sizes rangi ng from a
4-ounce snack can to a 4-pound food service can. The most popular size
is the 6-7 net ounces of tuna.

CANNEO SALMON

Salmon ranks second to tuna in popularity of canned seafoods.
Several species of Pacific salmon are sold c.armed. Salmon, mackerel,
and shad are typically packed raw.

The abundant pink salmon IOncorh chus Oorbuscha! is still used
primarily for canned product. s pinks ave a somewhat softer and finer
flesh and lower oil content than most salmon species, they requi re more
careful handling and thus are still mostly canned . The flesh color
ranges from light peach to deep pink. The flavor is distinctively
delicate. Pink salmon is usually priced 1 ower than all canned products
except chum.

Large quantities of chum or keta are marketed fresh in the fall
when they are the only Pacific salmon still landed in quantity, but the
bulk of the production is either frozen or canned. The flesh is usually
lacking in red color  it may at times appear gray}. The fat content,
relation to the other species, is low.

As much as half the total Alaska producti on of sockeye �. nerka !
or red salmon may be canned, but fresh and frozen demand i s maki~ng t i s
fish too expensive for the canned market. The firm deep orange-red
flesh has a small flake and a considerable amount of oil.

Only a very small amount of king salmon or chinook �.
tshaw tscha!, the 'largest and most expensive of the Pacific salmon, i s
canne in laska. Accepted as the best "eating" of the salmon, it is
rich in oi 1 and is commonly sold in several grades according to color
which vari es from deep red to white. The canned flesh read~ ly separ ates
into very large flakes. The fish canned are those that generally fail
to meet quality standards for f'resh or frozen markets,



FROGLEGS

The major market source of froglegs in the U.S. is frozen legs from
Asian countries and India, a fact that raises concerns for the consumer.
Frogs consume close to their own body weight each day in insects. The
voracious appetite of frogs help farmers in underdeveloped countries to
control predation. But heavy frog harvesting in these countries has
resulted in insects breeding out of control and forcing farmers to use
pesticides such as DOT  which is banned in the U.S,I to save their
crops. This use of pesticides can contaminate the frogs, making them
unsafe for human consumption.

 R. ti rina! were put on the "regulated species" list because of concern
over dec ining numbers. Bangladesh and India have enacted conservation
measures to stabilize the species.

Few fresh froglegs are produced in the U. S. Most of those
available are caught in Florida and Louisiana but the cost of domestic
froglegs is very high. It is possible that aquaculture techniques will
restore fresh frog supplies.

Three species of frog are caught for consumption in the United
States . The gree~ Frog  R. cl amitans ! . American bullfrog  R.
catesbeianaI, Northern leopa~rd frog R. ~liens I. The American bullfrog

T
Northern leopard frog is bright green with large irregular, black
white-margined blotches on its back; its legs are barred and its belly
very pale.

Only the hind legs are eaten and are always marketed skinned. When
cooked the meat is snowy white and very delicately flavored. THe
species selected is not too significant.

HENHAOFN  Brevoortia t rannus!

Other names. pogy, mossbunker, fatback, bunker, shad
menhaden differ from thei r herring relatives by the size of thei r

head, which is scaleless and very large, about one-third the totallength of the body. Another distinguishing feature is that their scale
margins are nearly vertical and edged with comb-like teeth. Their mouth
is relatively large and toothless� . Like herring, their body is
flattened sidewise and their belly saw-edged.

Adult menhaden aver age 12 to 15 inches Iong and 10 to 16 ou~c~s
They are dark blue, green, blue-gray, or blue-brown above. Their sides
and belly are si lvery wi th a strong yellow or brassy 1uster-
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conspicuous dusky spat is found on each side behind the gill cover and
is followed by smaller dark spots.

Menhaden inhabit inner shelf water from Haine to Florida. They are
seasonal migrators and are found in the northern portion of their rang<
only during warmer months. It is exclusively the older and larger fis~
that make this long journey, only to return south again when the water
cools. Nenhaden travel in a large, dense school which darken the
water's surface like the shadow of a cloud. They remain near the i
surface when the water is calm. 8ecause of their dense schooling
behavior and near surface occurrence, aircraft are used to spot me»a««
for the comnercial fisherman. Menhaden are filter feeders and use their;
gill rakers like a seive to strain microscopic plants and crustacean out '-:
of the water.

Atlantic menhaden and the closely related Gulf menhaden {8
~atronus! are almost the mast abundant fish along the Atlantic Coast asd
support one of the largest and most important fisheries in the United
States. Although they are rarely eaten directly as food in this Icountry, menhaden have many uses. One of the oldest industries in the
U.S. is the processing of menhaden into fertilizer. Today, menhaden are iprocessed into fish meal, oil, and protein solubles. These products are I
used in a variety of secondary products including paints, pharmaceuti-
cals, cosmetics, lubricants, and animal feed. Unprocessed menhaden are
used as bait and, in some less developed countries, as food. The value
of this fish may increase as the demand for protein increases in the
world.

SARDINES

Sardines is not the name of any particular fish but rather a
collective tern for a number of small, soft-boned species in the herring :
family, This may include young Pacific {Sardina s sagax! or Atlanticherring  Clu a haren us!, blueback herring, p c ayers, or sprat  belchare sold as r s ng sardine!. They have elongated bodies and ar+
greenish blue with a silvery cast on the sides and belly. The herringhas a deeply forked tail and a single dorsal fin directly over th«mall ',ventral fin. Scales of herring are large and loosely attached- He«ing ';reach about 4 inches in length by the end of the first year.

The name sardine probably comes from the fact that similar, tinyfish called French sardines  Sardina ilchardus! were first found andcaught in great abundance arouun ut e s an s o sardinia in the
Hediterranean. Host of the world sardine production is Sardinagflchardus, which are called sardines when young and pilcCCar s when
mature.

During the period 1930 to 1930 ~ U.S. Pacific sardine landingsreached a billion and a half pounds annually. For various reasans thiscatch declined rapidly and for all practical purposes is extinct.
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Today, American production 1s largely from the coast of Maine �00,000
cases in 1984! but imports now account for more than 60 percent of the
U.S. sardine market. Canada's major sardine fishery is in the Bay of
Fundy.

Sardines are marketed fresh or lightly salted in some countries,
notably Portugal, Spain and Italy, but the world trade is based on
canned products. These little fish are mechanically scaled aboard the
boats, then washed, brined, and briefly steam-cooked at the canneries.
After air-drying, the sardines are graded by size and packed into cans
manually. Before sealing, a sauce or oil is injected by machine, and
the can is steri lized in high pressure steam ovens. Some sardines are
fried or smoked before being packed and others are skinned and boned to
be sold as "fillets of sardine" . There are some differences in texture
and flavor between the various fishes and often extreme variations in
the quality of the pack.

Though surveys by the Maine Sardine Council show sardine eaters are
an aging market, si gns i ndicate this may be changing as a result of
renewed interest in healthful diet and lifestyle. One reason is that
sardines are a very healthful food. They are high in calcium, a
nutrient necessary in combating osteoporesis, a degenerative bone
disease that strikes 25 percent of American women over 60. It also has
Omega-3 fatty acids which have been linked to low blood cholesterol
levels and a Eow incidence of heart disease in humans.

Though not easy to find, some frozen sardines are available, which
when properly handled and prepared, have a quality nearing fresh. Fresh
sardines are tradi tionally cooked over charcoal.

SE.AMEED

Seaweeds are commonly harvested as sources of food, fertilizer, and
chemicals. Although chemical production is the chief use of seaweeds in
the U.S., in Oriental countries seaweeds are an important food source
and are cultivated to filE the demand.

Sea vegetables grow in a variety of habitats, but the number and
size of species 1s generally larger in northern waters. They grow
anchored in sand, mud, gravel, or attached to rocks, shells, wood,
pilings, or coral. The type of sea bottom helps determine the variety
of species found and the extent to which they flourish. Northern rocky
shores are best for foraging because they support the greatest variety
of species. As rocky coves disappear along the coasts in favor of
beaches and shallow bays, seaweeds found between the tide marks become
fewer. The large kelp disappear in favor of the sea lettuces and other
green algae. Father south, around North Carolina, the silt from river
deltas cause stunting of the intert1dal algae, Subtidal vegetation, is
however, lush and species are large. Here the brown and greens g1ve way
to the red algae.

109



~rine plants are divided into two groups, grasses and algae. The
latter group contains the commercially important plants. Algae range i  
size from microscopic phytoplankton  plant plankton! to large, tree-like
kelps which may reach 150 to 200 feet in length. Algae are classified
by color into blue-green, green, red, and brown varieties. "Seaweed" is
a term for marine algae exclusive of microscopic forms. The largest
seaweeds are certain species of brown algae commonly called kelp.

Narine algae are necessary to sustain animal life in the ocean-
Like land plants they contain the green pigment chlorophyll which
enables them to convert the sun's energy into starches and sugars
Therefore, algae are at the base of the ocean's food web. Algae also
produce oxygen and provide a habitat for many mari ne organisms.

Because seaweeds are dependent on sunlight they are found near the
surface or in relatively shallow water along the coastline. Here they
can be gathered by hand; however, coalnercial harvesters work out of
small boats and scrape seaweed off rocks using long handled rakes. Off
California, kelp beds are mechanically harvested. Commercially
harvested seaweed is typically dried and bundled in bales.

As a food, seaweed is not widely accepted in the Western countries,
but is used extensively in the Orient, especially Japan.

Sometimes called sea vegetables, seaweeds can be collected while at
the shore or purchased in health food stores, Oriental markets and some
groceries stores. They are typically sold in dried sheets or tangles.
The most popular forms are hi!ski  Hizikia!. kombu  Laminaria!, nori
 ~por h ra!, wakame  Undaria!, and irsrsr moss  Chondrus ~crss us!.

Hi!iki have fine small brown tapering leaves which grow on lateral
branches breaking from main branches. It is used as a fresh vegetable
and is often combined with other ingredients or rice. Fresh plants are
inCluded in SOupS and dried plantS are prepared aS tea.

Kombu plants are dark brown with a leathery texture. The blade can
be 2-1/2 to 10 yards long, 3 to 6 inches wide, with a wedge-shaped
midsection and margins slightly ruffled. It is typically boiled and
eaten as a vegetable or used to make soup stock.

glori is Japan's most treasured seaweed. The plant is light pink
when young, dark purple when older. The plants are about 10 inches

It has long, narro~ wavy-edged blades tapering at each end when
young and widening or becoming slightly heart-shaped as mature plants.
It has a gelatinous texture. Also called laver, this algae is pressed,
sun-dried, toasted, and sold in the form of paper-thin dark purple Gr
green sheets. Its most popular use is in the making of sushi rol ls.

Wakame has a natural gel ingredient called algin. The mediura to
dark brown plants are 2 to 4 feet long with many winglike protrusions 12
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to I6 inches wi de. I t i s used i n mi so soups, meat and bean curd di shes
as well as a vegetable sidedish.

Irish moss is a small, red-purple to greenish to white algae, 2 to
4 inches in height forming loose to dense clumps. It is harvested in
the Northeast as a commercial source of carrageen, a compound that acts
as a stabi lizer and emulsifier in many products. It can also be used
directly in salads, soups, breads, and other dishes.

Food value is just one of the many uses for seaweeds . They are
also used in the production of chemicals, as an animal feed, agricul-
tural fertilizer, and as packing material for live crabs and lobsters,

The most important seaweed-related industry in the United States is
the production of chemicals. During World War I, seaweed was used to
produce potassium chloride and iodine. Today seaweed is used to produce
phycocolloids  seaweed colloids!, which are used as thickeners,
coagulents, moisture retainers, antibiotic carriers, and bulking agents,

Three types of phycocolloids are commercially important in the
U.S.: algi n, agar, and carrageen. Algi n is produced from the giant kelp
found off California. Agar is manufactured from red algae and is used
primarily as a solid culture medium in bacteriology and as an ingredient
in bakery icings. Carrageen is produced from red algae, primarily from
Irish moss. Phycocolloids are used in many products we use daily, such
as cosmetics, ice cream, chocolate milk, aspirin, chewi ng gum,
toothpaste, pie fi llings, paints, dental molds, and several other
products.

Freshly picked seaweed should be soaked in fresh water to remove
some of its saltiness. The length of soaking depends on how much salt
you wish to remove. The water should be changed several times a day.
When preparing kelp, its outer skin should be removed wi th a vegetable
peeler. Seaweed can be used fresh or can be dried for later use. Dry
seaweed in an oven or hang it for air drying, them pack in jars. If not
to be used in the dried form, reconstitute by soaking in water prior to
use.

SNAILS OR LES ESCARGOTS

Snails can be terrestrial, freshwater or marine. The land variety'
which is the most commonly eaten, is a vegetarian. L'escargot is the
coawon name for a land gastropod mollusk. In France the vine ard snail
is the most popular to meet demands; the etit- ris of sout em rance
is also used. The edible snails of France ave a single shell, are tan
and white in color and I to 2 inches i n diameter. L'escargot is similar
to sea snails or periwinkles and may be cooked in the same manner.

Throughout the summer snails gorge themselves, then in a stuffed
and lazy condition they hi bernate during the winter. !n the fall, wild
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snails are gathered in their dormant stage and either eaten fresh  in
France! or canned for year round enjoyment. Snails are also faImed in
mesh enclosures that are densely foliated or are cultivated in covered
containers under controlled conditions.

The job of cleaning snails is an unfamiliar one in the U.S. because
we use the frozen or canned variety, just as most restaurants in France
do.

The snails in our retail markets rarefy measure more than 1 inch orl-l/2 inches in diameter; but tropical snails grow to 6 inches and maY
weigh more than a pound.

How to prepare:
Soak the snails until they come out of their shells. Those t»t do

not open are thrown away. Place them in salted water or court bouillon.
After you have brought this to a boil, remove them from their shells and
rinse with a little cold water or white wine. Wash the shells, and then
follow the recipe for canned snails.

TURTLES, TORTOISE and TERRAPIN

Turtles are any of a large number of fresh or saltwater repti les
having a shell and hornybeak. There are about 225 species in the world.found at sea, in lakes, rivers, ponds, woodlands, fields and pastures.
Turtles come in many different sizes and colors, and once the word
turtle covered all of them. Loosely defined, a tortoi se is a turtle
that prefers the land and a terrapin is a variety of turtle that
inhabits rivers and coastal swamps along the Eastern seaboard and the
Gulf. Some reserve the term "turtle" solely for the sea turtle.

SEA TURTLES

Due to excessive harvestin of nesti n females and their e s seaturtles are an en an ere s echoes an ma not e arveste .
There are seven species of sea turtles found in the tropical andsubtropical waters of the world. Only three species have been of

conlnercial value. They are coneonly called the green turtle, hawksbiflturtle, and loggerhead turtle. The remaining four species are not useddue to their scarcity or small size.

The Green turtle  Chelonia ~m das! is the most famous sea turtle.The meat, very highly para sexy gourmets, led to excessive demands andeventual over-harvesting. The cmmnercial fishery was centered aroundKey Nest. Today sea turtles are being conlnercially raised, especiallyin the Cayman Islands.
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Sea turtles rarely leave the water except to lay their eggs. When
first hatched the turtles are only a few inches long but are exact
miniatures of the adult. 'Hhen mature the 'logger head can weight 1,000
pounds and have a carapace 7 feet across .

DIAMONDBACK TERRAPIN  ~a~actemas centrata cnncentrica-ShawI

Terrapins can be found in the summer basking in the sun along the
salt and brackish marshes of both the Chesapeake and Chincoteague Bays.
Diamondback terrapi ns feed on small fish, shrimp, crabs and small clams.
In the winter they hibernate in the mud below the waters of marsh
streams and creeks.

Diamondback terrapi ns are easily recognized by the distinctive
concentric plate marki ngs on their carapace. The carapace can be pale
greenish gray to dark brown to almost black. The belly plate is
ye'llowish with dark mottled markings, though in some terrapin the plate
is very dark. The head of the terrapin is gray wi th irregular stripes
or spots. The legs are scaled and dark; the toes are broadly webbed.
The streamlined shell and webbed feet make the terrapin a good diver and
fast swimner. Maturity is reached at about 7 years of age, although a
better indicator of maturity is size. Males are generally smaller than
females and reach maturity when they are 3.2 to 3.5 inches in length;
females at 5.5 inches. The average size is 5 to 7 inches, though some
have reached lengths of up to 9 inches. The male and female are quite
similar. Besides size, there are two other recognizable differences.
The male has a narrower head; the female's is wider and more triangular
in shape. The male also has a noticeably more muscular tail.

Terrapins mate in the early spring, and egg laying takes place from
Nay to July. The female comes ashore to lay her eggs, selecting a spot
above the hi gh water mark. She digs a jug shaped hole and lays a clutch
of 3 to 7 eggs that have a pinkish cast. She carefully fills in the
hole then moves back and forth across the area so that no clue is left
as to where the eggs are laid. The young hatch in 90 days.

The diamond back terrapin has always had enthusiasts in the Eastern
part of the country. It was eaten by the early coastal settlers.
During this same period, turtle meat was being exported back to England,
~here it became an expensive item of exotica. By the middle of the
eighteenth century the demand for turtle both here and abroad led
quickly to the near extinction of several species, including the
diamondback terrapin, and before the middle of the nineteenth century
only the American rich could afford turtle meat. By 1920 the prices for
terrapin had grown so high that even the wealthy found prices too much.

Fortunately, through leg1slation and controlled harvesting the
species has been restored to a certain extent.
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Several fresh water turtles are marketed in the United States.
These are snapping turtle, pond slider, red-bellied turtle, spring
softshell, Florida softshell, and the Chinese softshe11.

Just as some sea turtles are listed as endangered species, same
freshwater turtles are listed as endangered species at times, or there
may be a closed season in some areas. These limitations should be
investigated prior to collecting turtles.
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CHAPTER FOUR

MINCE, SURIJViI AND MARINE COLLLID5



MINCED FISH

Minced fish, or mechanically deboned fish as it is sometimes
referred to, is a new form of fish being investigated for use in this
country.

Minced fish, a product akin to a fish hamburger, is obtained by
passing fi sh through a machine that by using extreme pressure, separates
soft flesh from the rest of the carcass. The most popular design fo the
deboning machine consists of a continuous rubber belt which presses
against a large metal cylinder  or drvm!. The belt and the drum are
rotated in the same direction but at different speeds by an electric
motor, The fish are fed into the machine on the rubber belt where they
come in contact with the cylinder. Because of the pressure of the belt
agai nst the cylinder and the shearing action created by the different
rates of rotation, the meat is pressed through holes in the cylinder,

The meat is then removed from the machi ne and the skin and bones
are carried out the other si de by the belt. The consistency of the
minced product can be changed from large flakes to a smooth paste by
adjusting the pressure of the belt against the perforated cylinder, and
by using cylinders with different size holes.

Minced fi sh is thought to have a number of advantages as a means of
processing seafoods. First, deboning machines have the potential to
obtain from 50 to 200 percent more usable meat from a given fish than
does conventional filleti ng. This would have significant economic
effects as well as facilitating a more efficient vse of our fishery
resources. Along with higher yields comes lower waste, which has
economic as well as environmental sign~ficance.

A second factor which makes the process attractive is that the
machine wi ll process species that, for reasons of size or anatomy, are
not now filleted or used. For instance, small fish don't usually
justify the labor involved in processing them, and some fish taste
excellent but contain far too many bones to be eaten easily. These
under-vti lized species could be processed easily into deboned or minced
fish. In addition to underuti lized species, industrial fish, i.e.,
those that are currently used for fish meal and fish oil, can be used to
make minced fish. But several difficulties must be overcome. including
handling due to large catches, small size, and high oil content.

Food-grade waste materials are another source for minced tish.
These materials include fish that are too big or too small to process
normally, mechanically damaged fish, and bone racks left from filleted
fish  Regenstein, 1985!. Another advantage is that raw minced fish is
extremely versatile and can be blended, stabilized, flavored, formed.
used as a stuffing or extruded with numerous other possibilities.
Currently there is an effort being made to have fish meat approved for
use in meat and poultry hot dogs at a 15 percent addition level
 Regenstein, 1985!.
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To date, minced fish is still experimental in this country and only
a few companies produce commercial products from it. One reason is the
expense of the equipment required, and the industry is hesitant to make
those expenditures until consumer acceptance of this new concept has
been demonstrated. Another reason is that food scientists have
identified some problems associated with mechanical deboning. For
instance, the texture of minced fish products will sometimes crumble.
Scientists are exploring the use of additives and binders to overcome
these defects.

Another difficulty is that mincing sometimes reduces the frozen
storage life from that achievable with who1e fish. Finally, it has not
been fully determined how consumers will react to such a product. Many
of the species that are being tried in mincing are darker in color and
stronger in flavor than the flaky, mild, white fish to which Americans
are accustomed. For this reason, there may be some resistance to the
minced products.

At Cornell University  Regenstein, 1985!, several minced fish
products and recipes have been developed and test marketed. A product
called Special Sea Sauce, a spaghetti sauce with 30% fish meat was test
marketed with limited success. Successful recipes using minced fish
include fish tacos, fish chili's and fish curries. Regenstein   1985!
says these minced fish products fit the consumer's need for nutritional
foods without having an obvious fish character. But that "the next big
hurdle is to make a good fish-based sausage, hamburger, meat pattie
and/or fish frankfurter and most importantly to successfully introduce
it into the market place."

For the immediate future, it appears minced fish will not find wide
usage. In the coming decades as fishing and consumption pressure
increases on the favored species, minced fish may be used to obtain more
meat from favored species and to utilize some of the other available.

ENGINEERED SEAFOOD PRODUCTS

An engineered seafood product is one that uses conventional seafood
in some form as the primary ingredient but is extensively changed in
final appearance and character. Such products are generally subjected
to fairly sophisticated processing, undergoing such steps as forming,
extruding, or blending with other ingredients.

A good example of an engineered seafood is the artificial or
substitute breaded shrimp products that have appeared on the market in
recent years. These breaded shrimp are made from blended shrimp paste
recovered from small or broken shrimp and generally extended with other
fish meat or even vegetable proteins. It would be possible to make them
completely from fish meat which has been flavored to taste like shrimp.
The raw material, however it is formulated, is forced into a mold that
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is shaped like a shrimp and is then heat-treated and set in that shape.
Finally. the product is breaded and frozen.

Host people eat engineered or fabricated foods everyday now, but
don't think of them in those terms. For instance, many snack foods are'
engineered using corn or other grain fl ours as the raw material .
Engineered seafoods have just as wide and varied a list of potential
products, but as yet. few have been conanercially produced or marketed-
Products such as fish sausages, fish jerky, fish hot dogs, and even
shark cookies have been produced experimentally.

Engineered and fabricated seafoods have become more common in th«
country as lower priced seafood substitutes. These products are better
known as surimi-based products and are described in greater detail
below.

SURIHI AND SURIHI-BASED PRODUCTS

Over the years, Americans have been exposed to a vast array of new
food products, from cool whip to kiwi fruit. In the seafood industry
new species of fish or shellfish are being introduced to consumers in
different markets or regions. For example, Orange Roughy has made its
way from New Zealand to U.S. markets. Recently a number of processed
seafood products have appeared in the supermarket. These new seafood
products resemble natural seafoods and go by a variety of market names:
Sea Stix, Sea legs, King Krab, Ocean Magic, and Delicasea, to name only
a few. Not only are these new products available in the supermarket,
many restaurants have added them to their menus.

Nhen you talk with someone about these new products the term sur imiusually finds fts way into the conversation. Naturally the next
question is . "hlhat is surimi?" Surimi is the term given to a Japanese
technology developed almost 900 years ago for preserving fresh fish.
Surimi is mechanically deboned fish flesh that has been washed wi th
~ater and mixed with sugar and/or sorbitol for a good frozen shelf life.

According to the FDA, "Surimi is an intermediate processed seafoodproduct used in the formulation/fabrication of a vari ety of finished
seafood products. It is normally traded in 10 kg. frozen blocks which
are individually wrapped in waxed cardboard boxes. Surimi is minced
fish meat  usually pollock! which has been washed to remove fat andundesirable matters  such as blood, pigments, and odorous substances!,and mixed with cryoprotectants  such as sugar and/or sorbitolj for a
good frozen shelf life. In formulating finished seafood products,
surimi is thawed and blended with other ingredients and additives such
as natural shellfish meat, and/or shellfish flavoring, salt, water, andstarch and/or egg white; and processed by heat for making fibrous,flake, chunk, and composite-molded consumer products. The fi nishedproducts are marketed frozen or unfr'ozen and may be breaded ."  Martin,1985!.
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Surimi products are generally wholesome and nutritious, although
the washing process and the dilution with starches and water result in a
product deficient in certain nutrients compared to the original fish
frOm which it was made and alSo to the seafoOd it i Bitates. Table 1
contains a comparison of the nutrient cemposition of surimi a~n
surimi-based products. plater soluable vitalfns and proteins are lost in
the production of the surimi. Sodium is added during processing and for
flavor purposes. The sodium content varies depending on the
manufacturer and averages approximately 780 mg/100 yn in the finished
surimi-based product. Since these products require little preparation
they should be compared to cooked seafoods rather than raw seafoods
 Dudek, 1984!,
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Neverthe'less, manufacturers maintain that surimi products are agood buy. Consumers get, more food and nutrients out of a dollar's worthof surimi products, they say, than from a dollar's worth of the realthing, because surimi foods are generally considerably cheaper  costingfrom $2.99 to $5.50 a pound! and more consistent in quality that naturalseafood. Other advantages are its exce'Ilent quality and portion controlas we' ll as its ease in packaging . Surimi -based products or imitationseafood must be kept frozen; unfrozen, they have a refrigeratedshe1f-life of about three weeks  Maritimes, 1983!.
The surimi produced for American markets is usually made fromAlaskan Pollock  Thera ra charco ramma!, a species of the cod familythat is more plenty u and cheaper t an cod. Other species of fishbeing investigated for their potential use in surimi and surimi-basedproducts inc'Iude: freshwater catfish, red hake, menhaden, silver hakeand croaker. For their domestic market, the Japanese use a variety ofspecies such as shark, sea eel and lizard fish.

lhe amount of natural crabmeat added when producing the surimiproduct varies with the manufacturer and can range from 0-35 percent.
Snow crab is the species typically used in addition to crab f1avors or
crab extracts.

Surimi-based products are not only an economical substitute for
real seafood, they also can be made without seasonal quality variations.Consumers can buy brand name products and know they are getting qualityand consistency  Ryan, 1984!. When talking to consumer's about
surimi-based products the following recipes are suggested; Crab and
Zucchini Casserole, Brandied Crab and Seafood Pasta Salad.

CRAB AND ZVCCHINI CASSEROLE

Cook zucchini, onion, and garlic in butter about 5 minutes until tender.Add seasonings, crab meat, Swiss cheese and bread crumbs. Chop tomatoes,removing seeds. Add tomatoes to first mixture and toss lightly. Placein a glass casserole dish and put in a 375' oven for 30 to 35 minutes oruntil heated through. Makes 6 servings
Preparation Time: 1 hour.
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1 lb. crab meat or sea legs
2 medium zucchini, sliced
1/2 cup chopped onion
2 cloves garlic, crushed
1/2 cup butter
1/8 tsp. pepper

1 tsp. basil
1 1/2 cups shredded Swiss

Cheese
1 cup soft bread crumbs
3 medium tomatoes



BRA%DIED CRAB

In a large ski llet or electric wok, melt margarine. Add parsley,
brandy, salt, white pepper, nutmeg, paprika and the juice of one lemon.
Heat until hot. Add crabneat and toss lightly to heat and coat. Be
careful not to break up lumps. Arrange two slices of bread side by side
on each serving plate. Mound crabmeat evenly on each slice of bread.
May also be served with crackers as an hors d' oeuvre. Yield: 4
servings.

SEAFOOD PASTA SALAD

Cook pasta until done, rinse in cold water. Prepare vegetables in
separate bowl. Add about 1 cup salad dressing to vegetables and toss.
Marinate vegetables overnight or for as long as you can before serving.
Toss vegetables with pasta and seafood. Arrange seafood pasta on a
serving platter.
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1 pound Maryland backfin
crabmeat, cartilage removed

2 tablespoons margarine
1/4 cup fresh parsley, finely

chopped
2 tablespoons brandy
1/8 teaspoon salt

1 bottle Italian Dressing
1 cup spiral noodles
1 cup spinach noodles
1 cup plain flat noodles
1 cup cauliflower f1owerettes
1 cup broccoli flowerettes
1 cup celery, chopped on diagonal
1 pound seafood-surimi crab meat or

flaked meat, cut in chunks if using
leg style

I/8 teaspoon white pepper
Pinch nutmeg
Pinch paprika
1 large fresh lemon
1 loaf french bread,

sliced thin

1/2 cup green anion sliced
1/2 cup carrots, cut in

rounds
I cup zucchini, sliced

thinly
1/2 cup fresh parsley,

chopped



REFERENCES

Dudek, J.A., 1984. "Nutrient Quality of Surimi Products" paper
presented at Eastern Research Highlights Conference Novemb �
reprinted in The Ins ection Connection, National Seafood
Program, NMFS, o . 15, Mare , pp. -34.

November, pp. 69-80.

Maritimes, 1983. University of Rhode Island, November, pp, 1 p

Martin, R.E., 1985. "Developing Appropriate NomenclatUre for Struck�,@
Seafood Products".

Regenstein, J.M., 1985. "The Potential for Minced Fish", IFT Annual
Meeting, Atlanta, GA.

Ryan, R.M., 1984. "Ryan/Hibun Machinery for Surimi and Surimi-base<I
Food: The Sest of East and West", Surimi-based Foods and Seafoam
Analo s, Proceedings of a Conference e at t e t nnua
onvention of the National Food Processors Association, February

14, Washington, DC, pp. 48.

124



MARINE COLLOIDS

A colloid is a chemical with the property of forming gels  e.g.,
gelatin, pectin, starch!. Colloids are used as thickeners, humectants,
coagulants, bulking agents, floculation agents, and antibiotic carriers.
As mentioned in the section concerning seaweeds, marine colloids are
usually obtained from seaweed and are called phycoccolloids. Following
are the four colloids manufactured most often.

AGARAgar is produced from red algae and is used as a culture medium in
bacteriology. Chemical properties affecting the consistency of agar,
the property of transparency, and the fact that few bacteria digest it,
make agar well suited for use as a culture medium in bacteriology.
Another area of major use is an ingredient of bakery icings and glazes.
Agar will form firm gels at I percent concentrations.

ALGINAlgin is produced from brown algae, such as iaacroc stis ~ri fera.
Kelp, because of its large size, can be harvested mec anica ly;
therefore, it is the brown alga used most often as the raw material for
algin. Algin is used in foods  desserts, ice cream and ices, and
beverage emulsions! and pharmaceuticals, and has many industrial
applications because of its ability to form films that are clean, tough,
and fl exibl e; to adhere wel 1; to resi st greases, oi 1 s, waxes, and
organic solvents; and to mix well with plasticizers. In foods, aginates
are low viscosity emulsifiers.

CA RINGE ENANCarrageenan   Irish Moss! is produced from red algae, such as
<hrodus eris us, which grow from just above the low water level to a
~Pt of 2 eet. Though harvesting is done by hand with rakes, one man
may collect as much as half a ton a day. For food, industrial and
Pharmaceutical use, carrageenan is usually found in gel form.Carrageenan is con+only used to suspend cocoa fibers in chocolate milk,
and to stabilize ice cream by controlling ice crystal formation and
improving melt-down characteristics. The carrageenan reacts with the
milk  protein! in these products.

FURCELl ARAN
F��»,�� O.nish agar! s«u«u""y "'-

d 1 F 11 fasti iata is the princ P

Qtl d xtracts include iridop y
n t at ta i ned conmerc i al p
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yet because there aren't large enough quantities, they can't compete
with other well established colloids, or there isn't enough known about
them or how to manufacture them,

FISH PROTEIN CONCENTRATE

The Protein Advisor Group to the United Nations defined fish
protein concentrate as follows  Finch, 1977!:

"Fish protein concentrate  FPC! is a stable product suitable for
human consumption, prepared from whole fish or other aquatic
animals or parts thereof. Protein concentration is increased by
the removal of water and in certain cases, of oil, bones and other
materials. Traditional ly, dried or tradi ti onal ly-preserved
products do not fall within this guideline."

There are three types of FPC; Type A, B, and C. Type A is a
solvent-extracted, fine, free-flowing grayish powder with high nutritive
valves. All types of FPC are not intended for direct consumption, but
rather as a protein supplement to various foods. Type A FPC can be used
in most foods at a 5-10 percent level without reducing the acceptability
of familiar foods  Finch, 1977!.

Types 8 and C contain more fat and are less defined and would
therefore add a flavor to food in which it is added. Research
investigating possible raw materials, production methods and uses of FPC
began in the 1960s and continued i nto the 1970s quite extensively but
ended because of marketing and economic problems and because of a lack
of congressional support. There has been no demand in the U.S. for
present forms of FPC which cannot be better met by alternative products
 Finch, 1977!.

Presently, whole raw fish, usually hake, herring or menhaden, are
ground and used in the production of FPC. Research has shown that the
removal of viscera, skin, bone  part or all!, and water solubles  part
or all! increases the percentage of protein content. The value of the
i ncreased percentage of protein must be weighed against the increased
cost of production. Also, the presence of bone has been found to
increase the fluoride and lead content. For economic purposes, the use
of fish wastes as the raw material was investigated.

Though other processes have been tried and are being studied, FPC
is usually produced by one of many solvent procedures. Basically,
during any solvent procedure whole raw fish are ground and mixed with a
solvent that extracts most of the water and lipids  fats !. thus
dehydrating the fish. Depending on the process, the resulting "wet
cake" may be dehydrated  extracted! with solvent from two to four times.
Some procedures have a pressing step between each extraction. Upon
completion of extraction, the wet cake is dried with the use of steam.
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radiation, or conventional dry heat to remove the remaining solvent.
The dried FPC is then ground to a fine powder and packaged.

A number of researchers have investigated the possibilIty of
enzymatically digesting solvent-extracted FPC to improve the functional
characteristics of the product  Pigott, 19823 ~ Research is continUing
on different enzyme processes and uses such as formulated foods and
animal feeds.

The future for FPC is not as exciting as was once thought. Fishing
problems, manufacturing problems, market and economical problems and
lack of funding have slowed interest and research in FPC,
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CHAPTER Fl VE

FISHING IN THE MID-A TLANTIC





FISHING IN 'MID-ATLANTIC WATERS

Fishermen of the Rid Atlantic waters are fiercely independent,
competitive businessmen, who have devoted their greatest asset,
themselves, to the industry. As fishing resources become stressed by
the dense population of the Mid Atlantic states, these men and women
must exhibit a versatility unsurpassed by fishermen in most other
regions.

The Mid Atlantic is a fisheries transition zone and commercial
fishermen of the area must be versatile enough to fish the seasons or to
supplement their income with an "on land" occupation. Winters of the
Hid Atlantic states turn this regi on into a Northern-like fishing area
with Northern fishing gear. Warm waters during the summer and fallpromote Florida and Gulf-type fishing methods and gear. As weather and
seasons are never entirely predictable, the feast or famine syndrome of
fisheries becomes more pronounced. A too cool spring can delay the blue
crab season, to crabbers' consternation. Overly dry or rainy seasons
can affect the saline balance of the estuary web, causing spawning areas
to be less productive. To counter balance thi s myriad of factors, the
Mid Atlantic fishermen utilize a wide variety of methods and gear to
maximize their harvest.

Finfish and shellfish can be harvested by the mechanics of one of
the following principles: trapping, spearing and hooking, netti ng,dredging or tonging, long lining, or hand harvestino. Within thesemethods, fishermen have designed their gear, by trial and error, to be
most productive within their locale.

Although a change in gear is often slow in this occupation of
tradition, competition causes even the most independent fishermen toobserve the more successful competitor and to then adapt these methods.

TRAPS AND POTS

Crabs, lobster, turtles, eels, shrimp and sometimes fish are caughtand held alive in basket-like gear called traps or pots. The backyard
of a fisherman during the off season often tells you his occupation.Blue crab pots winter in a stack resembling a modern apartment of'
chicken wire, hog rings, plastic can lids, inner tube strips, andbleach-bottle buoys. The blue crab trap is a two-foot cube of wiremesh, consisting of two chambers with the lower chamber, weighted orbraced, containing a cylinder for bait, usually menhaden. The crab
enters one of two funnel shaped entrances to reach the bait, becomesscared at the entrapment and swims upward into the main chamber where it
is held until the crab potter lifts the pot, by hand or hydrauliclifter, from the water and dumps its contents onto a culling table.Culling is the process where seafood is divided for sale into size and
sex divisions and held in baskets, barrels or boxes.



Corrosion is the enemy of submerged metal, so zinc anodes are often
added to delay electrolysis. Plastic coating over the meta't is another
method.

A crabber may fish 35 to 50 pots from a small boat, or a crew of up
to five members may fish several hundred crab pots from a larger
bay-built boat. Crab pots are set in various depths of water, attached
with a line to an identifiable buoy, depending on the current migratory
status of the wandering crab. Pots must be fi shed within a 12 to 48
hour cyc'le to avoid crabs injuring one another, due to their aggressive
nature.

Peeler pots are used to catch crabs in the early molting stage so
that' they can shed into the soft stage for sale as the soft crab
delicacy. The peeler pot is lighter in weight with smaller mesh to
catch a crab 2 to 3 inches in length .

Eels are caught in pots that are designed from a 30-inch long
cylinder of 1/4 to 1/2-inch square mesh, 8 to 10 inches in diameter.
Two entrance funnels of canvas are sewn into place at one end and a trap
bag is sewn into the opposite end. The eel pot is baited with horseshoe
crab and dropped to the river bottom.

Lobster pots are set New England style as far south as Maryland 's
ocean. Oblong boxes of wood-lath slats, which are spaced to allow
undersized lobsters to escape, have netting arranged in a funnel shapeto allow entry but prevent escape. The pots are baited with fish,
marked with a buoy and lowered to the bottom. Red crabs, rock crabs andJonathan crabs are caught along with lobsters i n the trap. Thi s is
called a by-catch .

The gil 'I net serves as a netting trap for fish. The standing gi 1 I
net is tied to stakes in shallow waters, rarely more than twelve feet
deep. The size of the net mesh is dictated by current conservation
restrictions on fishing but is generally 2 to 5 inches. It is checked
every 4 to 6 hours and fish removed from the entanglement. As fish get
caught, they cannot breathe and "drown", so they must be removed and
iced to preserve a quality product.

The pound net catches migrating fish in bay and inshore waters. Aseries of 20- to 30-foot poles are set in place and netting is attached'with rings. A chai n provides a bottom weight. The net is set in a
design that becomes a constructed trap. A "lead" section of 4-inch meshis 8 feet to 12 feet deep; a "heart" or "head" section of 3-inch mesh is
set next; then a tunnel or pound section of 2-inch mesh. The threedimensional pound or tunnel sectio~ is the bag or holding secti on wherefish remain penned until smal! skiffs enter the net and transfer the
catch to larger boat
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NETS

Early fishermen designed nets to trap or capture free swinmingfish. The most important or common1y used nets are encircling nets ~trawls, and drift nets.

Demersal fish, such as cod and flounder, are most often caught bytrawling. A travel is a conical-shaped net which has a wide mouth andnarrows to a sock-type end called the "cod end". Trawl operations aredescribed by the method used to spread the net:
A.! Beam trawl, used in shrimp fisheries, has a 1ong, taperingwooden beam to spread the mouth of the net. The net is secured to thebeam and to "D" or "0" shaped runners. The end is not tapered.
8.! Otter trawl is opened by doors or boards which can bedescribed as kite-like devices that open in a horizontal position. Thetrawl can be set and towed from one side of the boat  East Coast! or itcan be shot over the stern and retrieved from the starboard side aft.
C.! Trawls can be identified from the area where they are set andretrieved. - Stern traw'lers operate nets from the rear or stern of thevessel wllile side trawlers are designed for nets to be set from the sideof the boat.

D.! Mid-water trawling uses a square otter-like trawl to harvestfish that school in mid-depth water.

Two boat or pair trawling describes the fishing of nets by twoE.!
vessels� .

F.! One boat trawling operation involves only one vessel.

L INEF I SHING

Squid and swordfish are long-line hook fished in the off shorefisheries of the Mid-Atlantic coasts. For off shore fishing a large over 40 feet! boat, with one or two large diesel engines, commonly isused. While some fishing continues conIner cial ly using pole-and-line
134

The purse seine is the most important of the encircling orsurrounding nets . A wall of net, weighted at the bottom and with floatsat the top, is set in a circular shape. Rings along the weighted bottomare threaded with a pursing cable that enables the fisherman to draw orclose the bottom of the net entrapping the fish in a purse orpocket-like enclosure. The net is drawn to the boat and the fish arebrailed or pumped aboard. A two-boat  East Coast! or a one-boat IMestCoast! system of pursing is used to encircle the school of fi sh withnet. Drum seining differs slightly in havi ng a large drum onto whichthe net is spooled during hauling.



gear, the long line and troll line gear is more ccemon. Troll fishing
adds the enticement of motion to the bait or lure being used. Simple
trolling can consist of one line, but for efficiency, as many lines as
possible are used. Out rigger or spreader poles are used to space or
divide the lines. Fishing lines are attached by tag lines to the poles,
while the other end is weighted with an 18- to 50-pound "cannon ball"
weight. Lures or baited hooks are spaced approximately six feet apart,
and the lines are fished as the boat moves at a speed dependent on the
species of fish sought; the boat motion gives action to the lures.

Long lining uses a simple design of a main fishing line with a
number of droppers  gangens or off shoots! to which baited hooks are
attached. Mith this, fish may be caught on the bottom, at intermediate
depths or near the surface, depending on where the long line is fished.
Meights and floats position the line in the water. A few men can handle
a large number of hooks fished over a wide area with this advanced
design but simple gear.

TONGS and DREDGES

A set of hand tongs can extend the arms of the oyster fisherman, so
he can reach oysters in water depths of up to 25 feet. Oyster tongs are
3-foot metal rakes on a pair of flexible, white-pine shafts that are
joined like the blade of scissors. Human strength and perseverance are
necessary in this most taxing of harvest methods . In addition tooysters, the tonger will lift mud . stones, and sand to the surface.Mhere regulations permit their use, hydraulic systems are available for
lifting oysters aboard.

Patent tongs, a mechanical version of the hand tong, are a pai r offour-foot bars with 20 to 30 teeth that close mechanically to scrape the
bottom for oysters when lifted hydraulically. The clam patent tong rig
is similar to oyster tongs. Roats can be rigged to allow twopatent-tong systems to operate at once, Usually a separate gas engine
provides the power for the hydraulic patent tong system.

Oyster dredges or drags are an efficient method of oyster harvest.A metal scrape equipped with a tooth bar across the front dislodges theoysters and rolls them back into a chain mesh bag until they can be
lifted into the boat. During the dredging operation, the boat ispropelled by the wind through a sail or by a diesel or gas screw engine-State regulations determine the power source to limit the efficiencywith which the product is harvested. Similar operations are involved in
both the oyster and clam harvest.

Soft shell crabs are dragged from the bottom by a scrape. A scrap~is a triangular iron form two to five feet wide, with a cotton mesh »9about six feet long extending behind. From a small boat the crabberpulls the scrape across the bottom and lifts it into the boat to empty-Hard shell crabs may be caught with a scrape or a dredge. A dredge is a
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larger modified version of the scrape. Dredges are pul led by hand or
mechanically, depending on the local or state regulation.

Scallops can be harvested from deep water by dredging. Several
dredges are pulled behind a power boat in a modificatfon of fishing
trawler gear that uses dredges. These dredges can use a cutting bar
with no teeth  bar dredges! or be used with a combfnation of a cutting
bar and chain sweep called chain dredges. These dredges have a powerful
mouth frame of steel with rings forming the under part of the bag.
These dredges may be up to 16 feet wfde, and an 11-foot dredge may weigh
as much as 1,400 pounds when empty and 4,GOO pounds when full.

Dredges used in the soft shell clam industry employ hydraulic or
get gear, Kith this equfpment, clams are washed out of the bottom by
high pressure water from a series of nozzles attached to the front of
the tooth bars. The clams may be retained in a metal or netting cage,
or a conveyor belt may be used to continuously bring the clams on board

HARPOONING and SPEARFISH1NG

Like harpooning of whales in the Artie and Antartic, small scale
harpooning o'f swordfish has become a traditional catch method . A
four-inch long dart is attached by a rig lfne to a hand held pole, which
can be 10 to 14 feet long depending on the height of the water of a
boats stand. The harpoon is attached by a bib line to the boat and to a
buoyed high flyer to anchor and buoy the speared fish. Small ai rcraft
are used on the east coast ta site the swordfish, but this may be
illegal in other areas.
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NUTRITIONAL ASPECTS AND IMPACTS OF SEAFOOD

The Science of Nutrition is a young science. having developed since
the early 1900s. It is not a single science, but one that incorporates
organic chemistry, biochemistry, epidemiology and food science, to name
a few.

Since the 1960s, the relationship of nutrition to health has been
the focal point of U.S. Senate hearings, the development of concensus
statements and critical evaluations of epidemiological evidence.

To the surprise of many, seafood has surfaced as a food that is not
only nutritious, but apparently able to reduce some of the risks
associated with cardiovascular disease and cancer.

Nhat do we know about the nutrient profile of seafood~ Me have
some basic information, but we need to know much more.

I. THE BASICS

A. General Informati on

counterparts. e main components are:
. moisture 66 to 84 percent.
. protein 15 to 24 percent.
. lipids 0. 1 to 22 percent.
. minerals 0.8 to 2 percent.
The protein and fat content of fish is inversely related to
its moisture content.

B. Protein
enera1 Information

a. C em>ca y, a l proteins are made up of four
elements, carbon, oxygen, hydrogen and nitrogen.
Dietary protein is required as a source of essential
amino acids  those the body cannot manufacture! and
of the nitrogen needed by the body to manufacture
some of the non-essential amino acids and some other
nitrogen-containing substances.

b. The protein content of seafood is excellent in
quality. The protein efficiency ratio  PER! is
greater than that of eggs or casein, the standards.



Seafood contains all nine of the essential amino
acids:

histidine phenylalani ne
isoleucine threonine
leucine tryptophan
lys inc valine
methionine

c ~

d. The three classes of rotein found in fish are:

. Scaroplasmic protein  mogen!

makes up 20 to 30 percent of the total protein
content,

composed mostly of enzymes. Two enzymes unique to
fish are thiaminease and amarinase.
remaining part consists of colored hemocyani n
proteins and cytochrome c. These are found in low
concentrations in white fleshe4 fish. Some of
these oxygen-carrying pigments cause dis-
coloration, especially during processing.
Examples: greening of tuna and the blue or
blue/black discoloration in canned crab.

. Myofibrillar proteins

- makes up 65 to 75 percent of total protein
content.

- composed of the proteins actin, myosin,
tropomyosin, and troponin.

- these proteins control the fibrousness,
plasticity, and gel-forming ability of the flesh.

. Connective tissue proteins

- makes up 3 to 5 percent of total protein content.
� composed of collagen and elastin. These are found

in the skin and in thin connective tissue layers
separating compartments of fish fl esh.

- connective tissue denatures and dissolves at
86 F �0 C! which explains the flaking of fish
flesh when cooked.

e. Fish scales are scleroproteins of the keratin group

f. The protein content of fish flesh is inversely
related to the:
1. fat content
2. water content
Examples of this extreme inverse relationshi p of
water to protein are the "jellied" fish and halibut..



Jellied fish, such as plaice contains more water
than protein. Halibut contains more protein than
water.

g. The protein content of fish varies within the same
species or genus. Example: chum salmon has more
protein �1.5$! than pink salmon �9'A!.

h. The protein content of shellfish varies with the
season and stage of spa~ning. The fat and protein
content increases before spawning and decreases
after spawning.

i. Crustacean protein is often linked to carbohydrate,
thus existing as a glycoprotein, Like shellfish and
finfish, crustacean protein meets human need for
essential amino acids,

j . The amino acid content of fish protein is influenced

by: S l st e. During the development of gonads
gg sperm, protein is destroyed by

catheptic enzymes  a proteinase found in most
cells that take part in self-digestion of
tissues!.
During spawning, there is an increase in
collagen due to the need to increase the
strength of walls so they can hold accumulated
eggs or sperm,

2. Environmental tern eratures, The hydroxpra1 ine
an am>no ace orme as a result of the

decomposition of proteins, especially collagen!
content increases as the water temperatures
increases.
The temperature at which a protei n splits,
called denaturation, is higher in fish from
warmer waters.

C. Non rotein Nitro enous Com ounds

Nonprotein nitrogenous compounds  NPN! are not classified as
proteins, because they cannot be chemically precipitated as
tissue proteins can. Nitrogenous compounds make up from 0.5
to 1 percent of the total weight of muscles.

The NPN compounds of importance in seafood are:
1. Volatile bases, e.g., aNInonium, mono-, di-, and

trimethylamine.
2. Trimethylalmonium bases; e.g. trimethylamine oxide,

betaine.
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Guani dine derivatives; e.g. creatine, arginine.
lmid*zole derivatives; e.g. histidine.
Niscellaneous compounds; e.g. urea. free amino acids,
purines.

3.
4.
5.

NPN Content in Seafood

. Oark fleshed fish: about 21% of the total nitrogen is in
NPN. The amount is directly correlated to the degree of'
morbi'lity, the amount of red muscle, and the season. Red
muscle contains the most free arginine and histidine.

. Nhite fleshed fish: contains much less NPN than dark
fleshed fish. The NPN found in white fleshed fish includes
creatine, creatinine, trimethylamine oxide, anserine and
free amino acids. The free amino acids of cysteine .
arginine and histidine along with imidazole contribute to
the sweet taste of fresh fish.

. Elasmobranches: urea and trimethylamine oxide are present
in large amounts in elasmo-branches. Urea is the primary
NPN found in muscle and in the blood where i t acts as a
freezing point depressant. The overall function of urea i ~
osmotic regulation. Urea can be converted to amaonia durin9
storage. The presence of anInonia is a indication of
spoilage.

. Crustaceans: contain compounds similar to those found in
dark fleshed fish. Free amino acids present include
glycine, proline, arginine, glutamic acid and alanine.
- Hollusks do not contain trimethylanine oxide.
- Squid contains most'ly glycine, scallops mostly alanine

and octopus mostly hypoxanthine. All groups exhibit
rapid aamonia formation.

144

NPN compounds have the following functions in seafood:
. Flavor c onents: free amino acids, such as glutamic acid,

g yc ne, a an ne, valine, and methionine have a significant,
' impact on the flavor of seafood. They are especially potent
when combined with the energy releasing co-enzymes adenosirte
monophosphate  ANP!, adenosine triphosphate  ATP! and
inosine monophosphate  INP!.

. Osmo ulator functions in the living fish. Ammonia, urea,
creat ne an trlmet y amine oxide are involved in this
f unct i on.

Freshness indicator: in the living fish, trimethylamine

there is an increase in the amount of di- and trimethylamine
due to the breakdown of the oxide to a free base. The basa
is the principal compound responsible for the characteristic
rotten fish odor.



S oila e indicators
on>a o or s the result of conversion of urea to a~�f

- Conversion of histidfne to histamine by bacterial
decarboxylation and autolylic changes. Histamine has been
implicated as the causative agent in fish-related fcod
poisonings.

l. General Information

. ~Lf id is the chemical name for fats as well as being a
group name for organic substances that have fatty
qualities. The group includes fats, ofls, waxes, and
related compounds, such as cholesterol, sterols,
phospholipids, 1 i poproteins, etc.

. Lipids are relatively insoluble in water, but do
dissolve in solvents such as ether. choloform and
benzene.

. All fats have a relationship to a fatty acid.

. All fatty acids and fats contain the basic elements of
carbon, hydrogen and oxygen.

- The three essential fatty acids are arachidonfc,
linoleic and linolenic.

* Linolefc and linolenic are called essential fatty acids
because the body cannot manufactuce~t em and they must
be supplied by the foods we eat. Arachonidic can be
formed from 1 inol eic.

* The fatty acids linoleic, linolenic and arachonidic are
call ed nutritional 1 essential fatt acids becaus«hey
are essentia or t e comp ete nutr tion of humans-
lack of any of these fatty acids can result in the
inflammation of the skin  dermatitis! and/or a failure
to grown.



- Fatty acids are also classified according to their
degree of saturation.

* The basic structure of a fatty acid looks like this
with a methyl group on one end  CH3! and an acid or
carboxyl group  COOH! at the other.

H H 8 H H

l
H - C � C � C - C � C � CO OH

I I
H H 8 H H

Methyl 2 to 20 Carboxyl
group carbon chain group

* When each of the carbons is attached to Z hydrogen
atoms, the fatty acid is called saturated.

* Qhen two ad!acent carbons are each attached to fewer
than 2 hydrogen atoms, the fatty acids in called
unsaturated.

H H H H
I I 1 I

H-C � C~C-C

I I
H H

This is an example of a monounsaturated fat because only
one hydrogen is missing from each of two carbons
resulting in one double  =! bond.
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H H H

I
C=C-C

H

This is an examPle of a Polyunsaturated fat beca»
it contains two or more double  =j bonds.

- Fatty acids are part of the structure of all~tri 1 cerides. The backbone of a triglyceride is a
3-carbon a cuhol, glycerol. The fatty acids are
attached to the glycerol at the carbons posi zion.

D
 !cut - o � c - FATTY ACID I.  Usually a saturated

0
'l!ca � o - c � FATTY Aclo 7.  tlsually an unsaturated

aci d!

cH~ - 0 � c � FATTY ACID
I!

0

NOte: not all positionS need be taken by a fatty aci~
! iolecule. If only one is in place, it is called amono-glyceride, two a diglyceride. Nost natUral an»al
or vegetables fats are triglycerides.
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H H H
I

H � C � C = C

H

H C H

3.  Lan be either saturated
unsaturated «t!



The unsaturated fatty acids of current interest are:

Prosta land'ns: a 20-carbon unsaturated fatty acid
e n the body from mainly arachidonic acid.

Prostaglandins are hormone-like substances and are found
in every cell of the body as well as in breast' milk.

Eicosa enta noic acid  EPA! is a 20-carbon chain
po y a re at of the omega 3 series  meaning that
the first of 5 double bonds is found between carbons 3
and 4 starting with myethyl carbon.

Docosahexaneoic acid  DNA! is a 22-carbon chain poly-

� Lipids make up from 0.1 to 22% of the fish. Lipids are
found in liver and viscera as fat deposits and to a
smaller extent in the muscle tissue, skin and roe.

- Fish lipids differ from other naturally occurring fats
and oils in that they:
I. have a greater proportion of unsaturated fatty

acids.

2. have larger quantities of fatty acids with chain
lengths greater than 18 carbon atoms.

3 . have double bonds beginning at the omega  w�
rather than the omega  w� position.

4 . possess a greater variety of li pid compounds.



FINFISH

35-80.1-1.01-5

20-70.3-2.05-10

HIGH FAT

50-100,9-2.610-16

34015SALMON ROE

tr-1660-160.2-51-2.5

MOLLUSKS

50-20030-140.2-1.01-3.3

I 49

LOW FAT
eege ss,
cod, fl ounder,
hake, sole

MEDIUM FAT
.gggt ti c

salmon, lake
trout,
whi tefi sh

e.g. King
mackerel,
sabl efi sh

SHELLF I SH

CRUSTACEANS
e.g. crab,
lobster,
shrimp

oysters,
scallops,
squid

LIPID CONTENT OF FISH AND ANIMAL PRODUCTS

TOTAL FAT TOTAL W-3 CHOLESTEROL NON-CHOLESTEROL
gm/100 gm gm/100gm mg/100gm mg/100gm



FINFISH

ANINAL PROGUCTS

1-5 0-.1 0-80

HEDIUN FAT

beef, turkey,
veal 5-10

60-80tr-,l

HIGH FAT
g.gg f,

pork,
cheese 10-32 70-100.1-.7

EGGS
550

15.0

LOW FAT
e.g. egg
white, milk,
chicken
w/o skin,
low fat
cheese

TOTAL FAT TOTAL W-3 CHOLESTEROL NON-CHOLESTEROL
gm/100gm gn/100gm mg/100 gm mg/100gm

. The origin of oil in fish is marine plant life,
crustacean and plankton. The degree of unsaturation
varies with the diet of the fish.

. Several classes of lipids are found in fish.

- Hydrocarbons  compounds of only carbon and hydrogen
elements! may be present in quantities ranging from
0.1 to 90 percent of marine oils. These include a
variety of saturated and unsaturated straight  e.g.,
paraffins! and branched  e.gem squaline and prestane!
chained hydrocarbons. Shark oil may be 90K squalene.

- Triglycerides  e.gf m triolein, palmitodiolein! are the
principle source of fatty acids in fish lipids.
Triglycerides are found mostly in fat deposits of the
fish. Only 15 to 40 percent of these fatty acids are
saturated. blast of the triglycerides are straight
chained, even-number in cis figuration. The C
series is most coamen. Common unsaturated fatt! Bids
found in fish lipids are pa'lmitoleic, oleic and
linoleic.



Wax esters are also found in fi sh oils. They serve
as a source of energy. Nax esters are more saturated
than unsaturated. They are found in sea anemones,
crustaceans, dolphins an4 many species of fish.
Phospholipids are found in the body organs and cells.
The two phospholipids found mostly in fish are
lecithin and phosphatidye ethanolamine. Phospholipids
are usually more unsaturated than triqlycerides.

- Starets are another lipid group.

. Finfish - cholesterol is the only sterol commonly
found in finfish. Many finfish have between 30 to
6 mg chol es terol/100 g. Fi sh roe contai ns l arge
amounts of cholesterol.

. Crustaceans � contain either cholesterol or a similar
structured compound called non-cholesterol sterols or
non-cholestero'l marine sterol s. Chol esterol ranges
from 50 to 160 mg/100 g with non-cholesterol sterols
estimated at up to 10 percent of the total sterol
content,

. NOTE: Previously analysis measured total sterol
content rather than cholesterol only. Since only
cholesterol can now be measured separately, the
cholesterol content of many shellfish is rich lower
than originally thought. As a result, a majority of
shellfish are now of a low cholesterol diet.

The content and composi tion of fish lipids vary
depending on several factors.

- S eciesa mon, tuna and herring are classified as ~fatt
fish when they contain 12 to 26% oil.

+~wordfish, halibut and mackerel are classified
as «semifatt fish when they contain from 2 to 10S
oil.*Haddock, sole, cod and place are lean when they
contain 0.1 to 1'K oil.

- Fish section

than twice the 20 and 22 carbon fatty acids with
one double bond �0: 1 and 22: 1j than the dorsal
area has.. Dark muscle fish have a higher oil content than
white fish.. Liver oil of freshwater fish has a higher content
of saturated and unsaturated fatty acids with 18
carbons.
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- Sexual Maturation and Followin Re roduction
ats are ep ete ecause t ey are use or energy

and gonad growth. Hot all lipids are used so the
composition of remaining fats and oils is affected.
For example, unsaturated oils are usually used.
Phospholipids are not because they are part of the
cell wall. The concentration of free fatty acids in
the blood in increased.

pe , e lipids are more
unsaturated. This is necessary to keep the melting
point below that of the water so that the fish can
maintain flexibility and mobility.
A drop in the environmental temperature can trigger
a reduction in the length of the carbon chain of'
a lipid. This helps the fish adjust to its
environment.

- Marine vs. Freshwater Fish Oils
rine is o s ave more 8, C and C series

fatty acids and have a highel browne confront than
freshwater fish.
Freshwater fish fatty acids have more C and
palmitic unsaturated acids than marine Ash oils .

� Food Su 1

oo s consumed by fish affects the type of fat
found in their flesh. This is of importance in light
of l! the research findings of the role of omega-3
fatty acids in coronary heart disease and cancer and
3! development of aquaculture and greater control of
marine feeding.

4. Role of Ome a 3 and Ome a 6 Fatt Acids in Human
tr t on

. Back round Information
e y cannot synthesize either omega 3 or omega 6

fatty acids.
- Omega 6 fatty acids are found in liquid vegetable

oils ~
- Omega 3 fatty acids are found in:

a. seafood as a result of their consuming marine
plants {phytoplankton and algae!

b. green leafy vegetables which contain small
amounts of linolenic acid  an omega-3 fatty
acid!. In the liver, linolenic acid is converted
to eicosapentaenoic and docosahexaenoic fatty
acids.

152



c. soybean and walnut oils

aci ds to circul atory di sease was based on
observations. In 1950, a Seattle cardiologist
encouraged by reports of lowering blood
cholesterol by fish oils advised his patients to
consume fish as a main course three times a week.
After following patients for 16 years, he found
a four fold decrease in fatal heart attacks i n
contro'ls compared to the diet group.
Strom and Jensen observed in 1951 a decrease in
mortality for circulatory diseases in Norway
during the second world war. They concluded that
it was due to a reduction in dairy fat intake and
an increase in fish.
ln 1951 and 1954, medical records on Greenland
Eskimos showed that they had a low incidence of
cardiovascular disease. Several studies, using
this population have been followed.

b. In Zutphen, The Netherlands, the dietary intake
of 852 men free of coronary disease 1960 to 1980
was done. During the 20 year follow-up, 78 of
the men died of coronary heart disease. Study
revealed that death due to coronary heart disease
was more than 50 percent lower among those men
who consumed at least 30 g of fish per day.
Conclusion: consuming one to two fish dishes per
week may help to prevent coronary heart disease.
Reference: Kromhout, D,, E.B. Bosschieter, and
C. Cor de Lezenne. 1985. The Inverse Relation
Between Fish Consumption and 20 Year Mortality
from Coronary Heart Disease. The New England
Journal of Medicine 312: 1206.

c. Twenty patients with long standing high blood
levels of triglycerides were put on three diets
differing chiefly in the kind of fat they con-
tained. The di ets fed were � 1 ow- fat, � a
fish  salmon oil! oil diet, � a polyunsaturated
vegetable oil diet  mixed corn and safflower
oils! and a low-cholesterol diet as the control
diet. Results showed that the fi sh oil diet
reduced the triglyceride blood levels markedly in
these pati ents. Reduction was greater than that
found in normal subjects. The vegetable oi l diet
results in an increase in plasma triglyceride
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levels. Conclusion: fish oils and fish may be
useful in treating persons with high triglyceride
blood levels.
Reference: Phi llipson, B. E., D. W. Rothrock, W.
Conner. E. Harris, S. William. and D, R.
Illingworth. 1985. Reduction of Plasma Lipids,
Liproproteins and Apoproteins by Dietary Fish
Oils in Patients with Hypertriglyceridemia. The
England Journal of Medicine 312: 1210.

d. A comparison of 227 daily rations of food from
Eskimons and one area of Greenland were compared
with that of the Danes. The total fat consumption
was similar but the Eskimos had lower saturated and
higher unsaturated fat intakes dominated by omega-3
PUFA's. The influence of omega-3 and omega-6 on
blood li pids were calculated. Conclusion reached
was the omega-3 and omega-6 fatty acids affect the
lipoproteins and plasma li pids differently. This
finding counted the assumption that all polyun-
saturated fat had the same affect on plasma lipid.
This study also showed that these Eskimos had lower
LDL, VLDL cholesterol and triglyceride levels and
the men had higher HDL cholester ol levels� .
Reference: Dyerberg, J. 1986. Linolenate Derived
Polyunsaturated Fatty Acids and Prevention of
Atherosclerosis. Nutrition Reviews 44: 125.

e. Other Related Findin s:
ncrease ee ing times and decreased platelet

aggregation found in human subjects as a result of
increased intake of fish oils. The basis for these
changes appears to be a change in the balance
between two prostaglandin compounds  thromboxane A
and prostacylin! that influence platelet activity.
Thromboxane A causes platelet aggregation and
prostacyclin prevents aggregation . Severe bleeding
not found to be a problem.
- Lowering blood pressure. A two week diet that
included a daily intake of 8 ounces of canned
mackerel was found to reduce blood pressure in 15
normal subjects. The role of omega-3 fatty acids in
this reaction needs to be confirmed.
Breast Cancer

acids EPA  eicosapentaenoic acid! and DHA
 docosahexaenoic acid! inhibits arachidonic acid
metabolism by the cycloxygenase pathway therebyinhibiti ng tumor production . This has been found
to be true for chemically induced and transplanted
tumors. Research is continuing in th is area.
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Vitamins

General Information

Vitamins are divided into two groups:
Fat Soluble - A, D, E, and K
Water Soluble - C and 8-Complex.

In humans, vitamins regulate metabolism, help
convert fat and carbohydrates into energy and help
in the forming of bones and teeth. Vitamins are not
a source of energy.  See tables at end of this
section!.

The colors of fish change in response to their background, during
courtship, and in moments of excitement. Pigment-containing cells
called chromatophores control these changes. Chromatophores are
classified according to the pigment they contain:

a . melanophores - brown or black pigment.
b. erythrophores � red pigment.
c. xanthophores - yellow pigment.
d. leucophores - white pigment.
e. iridophores - iridescent or reflecting pigment.

Chromatophores may contain more than one pigment.

The brown and black pigments are produced by melantins, highly
polymerized compounds derive from tyrosine. In some species, the
i ntensi ty of the brown or black color is dependent on tyrosinase
activi ty. For example, in some goldfish species, the tyrosinase
activi ty will determine whether the fish is white, gray, or black.
However, no generalization can be made for all species concerning
tyrosinase level and color.

Carotenoids are the basis For the yellow and red pigments found in
xanthophores and erythrophores. As members of the terpene groups, they
are highly unsaturated hydrocarbons consisting of a chain of carbon
atoms with a ring structure at one or both ends. They are water
insoluble, but are soluble in organic solvents.

Pteridi nes are present in both colored and uncolored forms in
chromatophores. They have a variety of hues and may appear red,
yellowish, blue, or violet fluorescent. Pteridines are related to
purines and flavins; they have both a pyrimidine and associated pyrazine
rings. They are water soluble.
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Purines, especially guanine, are responsible for white or silvery
colors. They are accumulated in leucophores and iridophores where <h<V
are stacked in reflecting layers or platelets of crystal s.

Pigments from fish scales and skin have a number of industrial uses'
Guanine crystals are purified from the skin and scales of herring and
are manufactured into pearl essence. Products such as artificial pe«~
beads, buttons, jewelry, and ash trays are dipped into or sprayed with
pearl essence to obtain an iridescent sheen.

Ground-up crustacean shells, which contain the astaxanthin pigmeAt, a~<
included in the diet of cultivated salmoids. The ingested pigment helps
produce the desirable pink-colored flesh in these species when they are
r ai sed in captivity.
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CHAPTER SEVEN

FACTORS AFFECTtNG PRODUCT QUAL TY





FACTORS AFFECTING THE EQUALITY OF FISH

Several factors contribute to the quality of a product before it
reaches the consumer. These include species, where the fish was caught,
how it was handled and processed. The consumer has no control over
these factors. What follows is a review of factors the consumer does
have some control over.

The spoilage of fresh fish is a very complex process. No single
factor is solely responsible for quality deterioration, rather, it is
the result of a number of interrelated changes. As soon as a fish dies
chemical, oxidative and bacterial changes begin to take place.

CHEMICAL CHANGES

Chemical changes take place in the tissue of a dead fish because
some enzymes remain active after death. After death, a fish loses itsdefenses against its own enzymes, including the digestive enzymes found
in the gastrointestinal tract and the autolytic enzymes found in thetissues. As a result of the activity of these enzymes, it is possible to
have spoilage in a completely sterile fish.

It should be stressed that the effects enzymes have on fishproducts are primari ly flavor changes, and these changes occur during
the first few days of iced storage, before bacterial spoi lage begins.

OXIDATIVE CHANGES

The taste and aroma of rancid fat are due to oxidative rancidity,
which is due to the reaction of atmospheric oxygen with the unsaturated
sites  double bonds! on fatty acids.

There is a wide vari ation in the fat content of fish species. Even
within a single fish itself, there is a difference in the speed with
which different portions undergo rancidity. A seasonal variation in
susceptabi lity to rancidity also has been shown.

BACTERIAL CHANGES

Bacterial spoilage is probably the most familiar type of spoilage.
Bacteria are found on live fish in the surface slime, intestines, andgills. Once the fish dies, it loses its defense against those bacteria
that cause the tissue to decompose. As a result, there is a breakdownof the tissue by the enzymes released by the bacteria thereby producing
what is seen as spoilage.
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Why are fish so perishable? Marine fish  salt water fish! have
wi thi n their tissues low molecular weight nitrogenous compounds called
osmoregulators, which help the live animal to counter the osmotic
pressure created by the salt concentration in ocean water. If these
osmoregulators were not present, the salt from the ocean environment
would penetrate the animal's tissues, and if the animal coufd survive,
the result would be a meat that was very salty in taste.

In terms of perishability, the presence of these osmoregulators
provide a useable food source for bacteria which allows them to multiply
rapidly, thereby making fish very perishable. Animals that do not have
these low molecular weight osmoregulators are not as perishable because
the bacteria must first breakdown large protein molecules to smaller
units so that they can be used as a source of food.

Bacterial growth is slowed by refrigeration, but foods will
eventually spoil even in the refrigerator. By reducing the temperature
to below freezing, bacterial growth can, for all intents and purposes, be
stopped.

Prior to storage, whether a fish is going to be stored in the
refrigerator for preparation within 24 hours or in the freezer for a
longer period of time, all fish should be c1eaned, including cutting the
head off to remove the bacteria associated with the gills, gutting it to
remove intestinal bacteria and digestive enzymes and then washing the
cavity and the outside of the fish to remove as many additional bacteria
as possible.

As shown in the following figure and tab1e, the initial bacteria1
counts are critical with respect to expected shelf live of refrigerated
and iced products and also can effect the quality of thawed frozen
products.
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SHELF LIFE OF VARIOUS PROCESSED AND UNPROCESSED
FISH VS. TEMPERATURE OF STORAGE

Storage Temperature

Type of' Fish

1 day

5-7 days 2 yrs.1 day

1 day

1 day 10-16 days 2 yrs.+

Ungutted small fatty fish; e.g.
sprats and herring

Ungutted small white fish; e.g.
blue whiting, argentines

Gutted fatty fish; e .g. herring,
eackere1

Gutted white fish; e.g. cod,
haddock

Source: Keay and Hardy, 1978.

50'F-68 F 32'F-36'F -22'F

5-7 days 9 mos.-
2 yrs.

7-10 days 9 mos.-
2 yrs.



PREVENTING SPOILAGE IN THE HONE

FROZEN SEAFOOD

Wrap fresh seafood as described in "How to Freeze Fish".
ConInercially frozen seafood and fish products should be placed
in the freezer, in their moisture-vapor proof wrapper.
A storage temperature of 0 F is needed to maintain the quali ty
of frozen fish.Do not hold raw frozen seafood longer than 6 months. Use raw
frozen fat seafood within 4 months.
Label all packages placed in the freezer.

COOKED SEAFOOD

Cooked seafood should be stored in the refrigerator or
freezer.If stored in the refrigerator, they should be placed in a
covered container. Use within 3 days.If frozen, package in moisture-vapor proof wrapping materials.
Use within 3 months.

RANCIDITY

The high degree of unsaturation in fish oils causes rancidity.
There are two types of rancidity.

1. H drol tic rancidit which yields free fatty acids from therea own o trig ycerides. If an alkaline catalyst such as
sodium hydroxide  NaOH! is used, soaps will be formed.The free fatty acids a.! speed up oxidative deterioration, b. !inte~r ere with commercial processing by poisoning any catalyst
used and c.! the resulting hydrolyzed fat probably has poor
color, off-flavor, and low stability.
Oxidative rancidit results in a strong, disagreeable odor an 

avor ue to t. e union of unsaturated compounds of theglycerides with oxygen to produce reactive molecules and
rancid flavors. This type of rancidity gives highlyunsaturated hydro peroxides which are very unstable andbreakdown into flavorious compounds. Unstable oils must be
protected from catalysts like light, heat, and oxygen.
Oxidative rancidity results in the destruction of vitamins
A, D, E and K.

2.
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FRESH SEAFOODRefrigerate in their original wrapper inmnediately/
Best storage temperature range to maintain quality is 35 to
40'F.Do not hold fresh seafood in the refrigerator longer that two
days before cooking.
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WATER QUALITY





RATER 0UALITY

Molluscan shellfish -- oysters, clams, and mussels -- have been popular
food items for centuries, and their harvesting is an important part of the
seafood industry with a value of over $40 billion. The mollusks are harvested
from coastal bays and estuaries along the eastern coast of the United States.

Commercial bivalves, including oysters, clams, mussels and scallops,
maintain a steady flow of water through thei r gills for feeding, respiration,
and the removal of waste products. Bivalves feed by pumping large volumes of
water over the gills, which act like sieves. Partirles become embedded in a
mucous material, which is di rected to the mouth by ciliary action where it is
ingested, digested and waste is eliminated. The contents of the intestinal
tract reflects the surrounding water.

Hater quality, therefore, is an important factor in the survival and
propagation of the animals. In addition, water quality will determine if the
animals are safe to eat. The water must meet the mol lusks needs for salinity,
food, and temperature, and it must be relatively free of silting material.

Nan's activities greatly impact water quality. Pollution can cause
problems not only wi th safety but also can affect the survival of the
shellfish, especially during certain phases of their life cycles. The
sanitary quality of shellfish-growing waters is one of the main determinators
in whether shellfish can be safely consumed. Other natural factors, such as
the presence of paralytic shellfish poison, are of course important.

It is well documented that bivalves may be vehicles for food-poisoning
organisms and toxins. Until the late 1940's Sa'Imonella ~t hi, the causative
of typhoid fever, was the organism of most concern. In recent years enteric
viruses, particularly Hepatitis A and Norwalk virus, have been the agents of
most concern. The majority of food poisonings related to shellfish have been
caused by shellfish being harvested from polluted waters. Although, marine
vibrios, Aeromonas ~s , Pleisomonas and other marine bacteria have been

Public health concerns about contaminated shellfish was first expressed
in the late 19th and early 20th centuries. In 1924, typhoid fever outbreaks,
which were traced to contaminated shellfish alarmed the industry and public
health officials, and the Surgeon General was asked to develop control
measures to ensure safe shellfish. In accordance with this request, the
Surgeon General called a meeti ng of representatives from state, municipal and
federal agencies, as well as representatives from the industry. The
conference developed resolutions for sanitation control of the oyster
industry. These recomnendations covered beds, plants, and shipping. The
National Shellfish Sanitation Program  NSSP! was organized as a result of this
conference.

The control of water quality is an important part of the program. Part I
of the National Shellfish Sanitation Program's manual covers Sanitation of
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Shellfish Growing Water. The second draft became available in June 1985.
Sections covered in the manual inc'lude:

1 ~ General Admi nistrative Procedures
?. Laboratory Guidelines
3. Growing Area Surveys and Classifications

a. Sanitary Surveys
b. Classifications - approved, conditionally approved, restr'icte'de

and prohibited
C. Control of marine biotoxins

4. Controlled Relaying
5. Control of Harvesting

Depuration is covered in Part Il of the manual.
Shellfish growing area classification studies may be divided into two

parts: the sanitary survey and the bacterialogical survey.

The sanitary survey is often referred to as "Walking the 8each"- It
prOVideS an Overall vieW Of pOllution typeS, SOurCeS and vOlume. HydrOgraphi«
data on water flow and rainfall data are also important. Daniel Huntg
formerly of USFOA, compared the sanitary survey to the low power objective 0>
a microscope in that it provides an overall view. The sanitary survey is the
key to accurate c'lassification of growing areas. The main part of the survey
includes: evaluation of pollution sources, meteorological and hydrographic
factors that affect distribution of' pollutants. Sources of pollution inclu~:
malfunctioning septic tanks and package treatment units, municipal and
industrial waste, and non-point source pollution  agricultural operations .
storm water and urban run-off!. Examples of meteorological and hydrographical
data include: tidal amplitude and types, water depth, salinity. rainfall
patterns and prevailing ~inds' effect on tides.

The bacteriological survey was compared to the high power objective in
that it defines the level of viable sewage organisms in terms of indicator
equivalents. Indicator organisms are used to assess sewage contamination a~@
the possib'le presence of pathogens. They have been used since 1982, when
Schardinger tested water for the organisms, now called Escherchi a coli,
instead of Salmonella ~thi. It is physically and econom!aly smposs1ble to
test water oraoo Oor~epresence of all possible pathogens which might be
present due to sewage contamination. Pathogens occur sporadically in sewage.
and the absence of one pathogen does not guarantee the absence of others Ja
addition, with respect to shellfish viral agents, those such as Hepatitis A
and Norwalk, have been of primary concern. However, methodology to detect
these pathogens is only now being developed. Therefore, indicators are used
to detect the presence of sewage and by inference, the possible presence af
pathogens.

There are certain criteria which determine the value of an indicator.
lt should always be associated with feces and/or pathogens

8 [t should be easy to grow and differentiate from non-fecal
microorganisms

[ts survival in water or food should reflect that of fecal pathogems
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D. It should not be present as a natural contaminant
E. It should not multiply well in water

Mhi le single microorganisms or groups of microorganisms meet all the
requirements of an ideal indicator, historically coliforms have been the most
widely used indicators of sewage. Coliforms are defined as all aerobic or
facultative anaerobic, Gram-negative nonspore forming rods that ferment
lactose with the formation of acid and gas wi thin 48 hours at 35 C. The term
coliform was fi rst coined in 1901 by British microbiologi sts to describe E.
coli. It has no taxonomic validity. Organisms included in the coliform
group include: the genera Escherichia, Enterobacter, Erwinia, Citrobacter,
and Klebsieila. In addition certasn oxidase posvttve martne bactersa such as
Aeromonas ~secies and Bacillus ~secies may give positive coliform reactions.

Historically, the coliform standard was used to classify shellfish
waters. Part I of the Manual of Operations of the National Shellfish
Sanitation Program  NSSPI states that for approved waters "The coliform medium
Most Probable Number  MPN! count of the water does not exceed 70 per 100 ml
and not more than 10 percent of the samples ordinarily exceeds an MPN of 230per 100 ml for a 5-tube dilution test  or 330 per 100 ml, where the 3-tube
decimal dilution test is used! in those portions of the area most probably
exposed to fecal contamination during the most unfavorably hydrographic and
pollution conditions".

Put more simply - for an area to be approved for shellfish harvesting,
the median coliform content should not exceed 70 per 100 ml duri ng the worst
conditions. The NSSP estimates that each person contributes 160,000,000,000
coliforms per day to municipal sewage. Therefore fecal material from one
person has to be diluted in 8 million cubi c feet of coliform free water to
meet the standard. In more graphic terms this amount of water i s the volume
of water in a four and one-half foot deep cove one quarter of a square mile in
area. The standard may seem excessively restrictive, but a large safetymargin is built in because of the small sample size and relative small number
of samples taken during a year.

The use of the coliform group as a fecal indicator was widely criticized
because coliforms are ubiquitous in nature and are not limited to the fecal
habitat. It is extremely difficult to relate coliform levels to sewage
contamination when elevated numbers are caused by contamination from land and
plant bacteria. To overcome this criticism the use of fecal coliforms was~~ggested. They may be defi ned as any Gram-negative facultative anaerobicnonspor eforming rod-shaped bacteria that ferment lactose containing media wi th
the production of acid and gas at 44.5 or 45.5I:. Again, the term fecal
coliform has no taxonomic validity and, as defined, are not neces.sarily of
fecal origin, Escherichia coli is considered to be the principal fecal
coliform, often comprising 95-58 percent of the fecal coliform population.
Some strains of Klebsiella and Enterobacter may produce positive fecal
Mexico. The fecal coliform standard for shellfish harvesting waters is 14 per
100 ml of water and not more than 10 percent of the sample can exceed an MPN
of 43 for a 5-tube MPN. This was determined by Hunt and Springer who examined
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the correlation between coliforms and fecal coliforms in samples taken along
closure lines. Host states have adopted the fecal coliform standard.

GROWING AREA CLASS IF I CAT ION

Shellfish growing areas are classified as approved, conditionally
approved, restricted and prohibited. Approved, conditionally approves and
restricted are classified on the basis of sanitary or marine biotoxin survey
information. All waters not surveyed are designated as prohibited. A
permanently closed safety zone is established adjacent to any sewage treatment ~
plant out-fall, or other wastes. An area's status can be revised upward if
supported by appropriated data.

APPROVED AREAS.

Growing areas may be designated as approved when the sanitary survey an<
marine biotoxin surveillance data indicates that fecal material, pathogenic
microorganisms, poisonous. and deleterious substances are not present in the
area in dangerous concentrations. The areas must meet either the coliforms ar,
fecal coliforms standard and the classification i s based on a minimuni of I5
samples. In general, sampling for specific chemical contaminants in shellfish '
is conducted only when a sanitary survey indicates that a problem might exist.

CONDITIONALLY APPROVED AREAS.

Growing areas that are subject to intermittent microbiological pollution
may be classified as conditionally approved. This classification is used whea
the water is affected by a predictable pollution event such as performance
standard for a waste treatment facility. Other events include seasonal
population, non-point source pollution or sporadic use of a dock or harbor.
The factors determining the periods of pollution must be know, predictable a<
fairly simple to manage. A written management plan is required for each area
The management plan includes evaluation of potential sources of pollution,
performance standard for the sources of pollution, procedure for monitoring
pollution sources, controls to prevent illegal harvesting, and alert systems
for notifying the shellfish control authority for closing and reopening an
area. The conditionally approved area must be evaluated at least yearly. 4
closed area safety zone should be placed between the conditionally approved
area and pollution sources. The size of the zone is based on flow time
through the safety area. The time should be twice the time needed for the
notification process to become effective.

The use of conditionally approved areas allcws for the harvesting ef
shellfish from areas that would otherwise be closed. A quick response time i>
essential for the process to work. Intermittent pollution has been a
significant cause of shellfish bone disease around the world.
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RESTRI CTED AREAS.

An area may be classified as restricted when the sanitary survey
indicates a limited degree of pollution. These areas may be used for'harvesting shellfish for purifying or relaying. The levels of pollution mustbe such that the shellfish are safe after proper relaying or depuration.

Shellfish have the ability to cleanse themselves of certain contaminantswhen placed in clean water, The rate is dependent upon the species andenvironmental conditions. ConInercially, two methods -- relaying and
depuration -- are used for controlled purification.

Relaying is simply transferring the shellstock from restricted areas toapproved areas for natural purification. Shellfish must remain in theapproved area for at least 14 days. Water temperature and salinity arecritical factors and it is important to have conditions where the shellfishare pumping. The temperature should be above 45 to 50'F. Relaying will notremove heavy metals. However, in restricted areas the heavy metals from
sewage should not be a problem.

Depuration is the other way shellfish are allowed to cleanse themselvesconlnercially. The shellfish are harvested from restricted water and placed inplants designed for depuration, which occurs within 48 hours. The Food andDrug Administration has issued coliform and fecal coliform standards forrestricted areas used as a source of shellstock for controlled purification.The standards state; "The total coliform median or geometric mean MPN !mostprobable number! of the water does not exceed 700 per IOG ml and not more thanIG percent of the samples exceed an NPN of 2,300 per 100 ml for a 5-tubederimal dilution test  or 3,300 per l00 ml for a 3-tube decimal dilutiontest!; or "The fecal coliform median or geometric mean HPN of the ~ater doesno't exceed 88 per 100 ml and not more than I percent of the samples exceed anNPN of 260 per ml for a 5-tube decimal dilution test  or 300 per 100 ml for a3-tube decimal dilution test!". In comparison to some countries, thesestandards are rather strict. For example, in Australia all oysters aredepur ated. There is no restriction on the source of the shellfish. Thestandards are somewhat restrictive because of concern over depuration ofvi~uses. Also at this level of contamination, heavy ~etals and other sewage
related problems should not be a problem.

The Food and Drug Administration has also established microbiologicali~d~ces for depurated products. For soft clams  i4 a arenariaj the geometricmeans of the sample should be 50 fecal coliforms per gram with no morethad 10 percent having a geometric mean count of 130 fecal colifomas per 100gram. The fecal coliform counts for hard clams  iaerceneria merceneria! ando/stars  Crassostrea ~vir inica! should be 20 or less per 0 gram wit no sere
PROHIBITED AREAS.
A shellfish growing area is classified as prohibited if there iscurrent sanitary survey or the monitoring studies indicated that fec
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material, pathogenic organisms, poisonous or deleterious substances, marinebiotoxins, or radionuclides may potentially be present in excessiveconcentrations. With respect to paralytic shellfish poison  PSP! the area isclosed when the concentrations of PSP reaches 80 micrograms per 100 gram ofedible raw shellfish or when neurotoxic shellfish poison is found indetectable levels. No shellfish are permitted to be harvested from hi i
areas.

ves e rom pro ib ted

Control of Areas due to 'Harine Biotoxins. In the latest edition ofNSSP's anua o perations, t ere s a separate section for control of areaswhere shellfish harvesting is periodically influenced by the presence ofparalytic shellfish poison or neurotoxic shellfish poison  formerly calledciguatera-'like toxin!. State shellfish control agencies are responsible fortesting the shellfish whenever the growing areas are likely to be affected.The limits are 80 micrograms of PSP per 100 grams and/or detectable amounts ofneurotoxic shellfish poison. These limits provide a fairly large safetyfactor. Epidemiological studies indicate that 200 to 600 micrograms of PSPwill produce symptoms. Therefore, the limit of 80 micrograms per 100 gram
should prov i de a sa fe ty fac tor.Paralytic shellfish poisoning is caused by ingestion of mollusks whichhave ingested toxic. The toxin is not lethal to the mollusks but is toxic tohigher organisms that eat the shellfish. The toxins accumulate mostly in thedigestive tract, and symptoms usually develop within 30 minutes of ingestion.Paresthesia  described as tingling numbness or burning! is first felt aboutthe mouth. lips and tongue, but it later spreads over the face, sca'ip and tothe tip of fingers and toes, Coordination is affected and the victim mayseem drunk. Incoherent speech is also a common symptom. The fatality rate isI to 10 percent. In fatal cases, death usually occurs within 12 hours due to
respiratory failure and cardiovascular collapse.

Heurotoxic shellfish poisoning is associated with bloom of Ps chodibrevis and produces symptoms similar to cigutera. It is more assoc ateG~T7 coast areas. Neurotoxic shellfish poisoning is different than PSP.
Shellfish are defined as all edible species of oysters, clams, or musselseither shucked or in the shell. Some of thp bivalves the Food and Drug

Administration includes in their definition are:
Cockle, Clinocardium nuttalli, Cardium corbis  Pacific!
Geoduck, ano e enerosaFreshwater c am, ~an sa cuneate
Soft shell clam, 8~a arenarsa'Hard  quahog! clam, Hercenarsa mercenaria and Mercenaria cam echiensis
Surf clam, S isula sonO»ss maMahngenay nr cean quqa qog c am, Artica islan4icagaper nr Horse clam, lresus nuttaaas an . ~ca ax
RaZOr clam, Solen resaCeus, EnnS'SSS>reCtuS   antiC!

Topee virilis, T~ae us~eKeeus and
a gatula acs sc
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Sent-nose clam, Macoma nasuta
Piso Clam, Tivela stuTtorum
Butter clam~ax domusmus i anteus

~ ~~

and Protothaca staminea
Haul~a c am, ~a es semidecussata

Eastern oyster, Crassostrea vier arnica
Olympia or yaquina oyster, Ostrea ur ida
European oyster, Ostera eduT>s
Blue or bay musse~ti~us e ulis
California sea masse , ~ttt~us ca ifornianus
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CHAPTER NINE

AQUACULTURE



MIDATI ANTIC AQVACUI TURE POTENTIAL

Aquaculture, or "fish-farming" as it is also known, offers an alternativeto the traditional means of gathering seafood and that is through the harvestof fish and shellfish from a controlled environment. This approach tocollecting aquatic animals is not unique and actually has been practiced formore than 5,000 years. Many early cultures, particularly the Orientals,Romans and Egyptians, constructed ponds and reared fish in a manner similar to
the way we do today.

Properly defined, aquaculture is the farming and husbandry of aquaticorganisms. It can be equated with traditional farming techniques ofagriculture such as fertilization, manipulating proper stocking density  seedapplication rates!, and improved growth and harvest through genetic
manipulation.

A fish-farmer generally manages his crops by selecting the bestenvironment for his crop, which can be a variety of ponds, tanks and pens orcages and then applies the proper amount of fertilizer, treats for noxiousweeds, and attempts to control parasi tes and disease. At the same time, hemust stock  seed! the proper number of fish to avoid exceeding the water' scarrying capacity. Unlike land dwellers, most fish cannot breathe oxygen;their oxygen is dissolved in the water. There is only a certain amount ofoxygen that water can hold in a dissolved state under normal conditions, andthat level is directly related to temperature and the amount of organisms inthe habitat. Therefore, the biggest difference between aquaculture andaqriculture is that crops are grown in the water instead of on the land.
Many species of both fresh and salt water fish and shellfish are raisedconmerclally today throughout the world. However, despite the vast numbers offish reared in aquaculture environments, most fish food products eaten in the

United States are from wild harvests.
Farm raised products can be an answer to one of the more serious problemsassociated with world hunger today and that is dietary protein shortages, mostparticularly animal protein. In comparative efficiencies, fish are betterconverters of food to flesh than chicken  up to twice as efficient! and beefcattle {up to ten times as efticient!. This fact is even more important whenyou consider that fish can take advantage of foods that are not colnonly used

by land animals.
In addition, because of their physiological nature  cold blooded!, fishdo not have to expend energy in an etfort to maintain body heat as do mammalsand bi rds. Thus more of their relative energy inputs  food! can be used ingrowth instead of maintenance. T'hus fish requi re less food to live comparedto land animals. In comparison, when fish are given the right kinds ofenvironments  i.e., temperature, pond fertilization, oxygen levels andfeeding! yields can equa l 6,p50 pounds per acre where beef cattle yield

approximately 1,000 pounds per acre .
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The two basic forms of aquaculture are intensive and extensive cultuIntensive culture simply means that the culturists or farmer must Pay c
cl oserattention to their crop as most of the culture is undertaken in tanks o
or undervery crowded conditions. Intensive culture requires considerable tech

chnicaltraining and is usually labor intensive. More often than not, intensiveculture is performed indoors under environmentally controlled conditions-
ons. Onthe other hand, extensive culture is usually less "intensively" managed andusually requires less expertise to produce a crop. Extensive culture isusually undertaken in ponds or in pens or cages placed in rivers ol

The biggest advantage aquaculture has over wild harvest is qualitycontrol of the product. Aquaculture allows a continual supply of the Prod"c
roductand can cater to the preferred product size. Most often the quality of themeat is much better as the product is delivered straight from the pond to t

o themarket and does not spend several hours in the hold of a vessel. Just +simportant is that there is rarely an off flavor or strong fishy flavorassociated wi th farm raised fi sh or shel 1 f i sh.
Another major advantage of aquaculture is in the control of disease-Ghviously a fish farmer will want to keep his animals free of disease andparasites because of the potential economic losses, and this r'esultsappealing product for the market.

There are a variety of species farmed in the United States today. Theseinclude trout', salmon, catfish. tilapia, striped bass and hybr ids, crawfi sh~crabs, oysters, clams, prawns, shrimp, sturgeon, eels, lobsters, turtles» anda host of other fish and shellfish. Many of these species are very pr«itableand comprise a considerable portion of the total seafood eaten today i«"iscountry. Some of the species have been, until recently, accepted only on aregional basis  i.e. catfish and crawfish!. However, many nationalrestaurants and retail food markets have realized the potential of th«eproducts and have begun national promotion campaigns.
Aquaculture is widely practiced throughout the world, especially in theOrient, Asia and third world countries. In fact, the Untied States 1 ags farbehind other countries in aquaculture production. However, with the severedec1ines in natural stocks and the harvest restrictions being placed on <ildharvest, aquaculture may become more important in the future. This is evenmore evident as the general public becomes more aware of the advantages ofeating fish for health reasons. Just as important from an economic viewpointis consumers' increasing demand for fresh fish. This increased demand willonly further' promote local aquaculture and reduce the large imports of seafoodproducts into the United States today.
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CHAPTER TEN

FOOD PRESERVATION





CANNING SEAFOOD

As with all other low acids foods, seafood must be canned using
exclusively a pressure canner to prevent the danger of botulismpoisoning. Processing seafood at 10 pounds pressure for a designatedt1me period should destroy the Clostridium 8otulinum organism. Inaddition to using the correct equ pment an proce ures, sanitary food
handling methods are essential.

EqUIPNENT

JARS It is very important that the jars used for canning are meant for
Wide-mouth standard canning jars in e1ther pint or half-pint sizesshould be used. Adequate processing cannot be assured for jars larger

than one p1nt.

Before using, all jars should be washed in hot soapy water andrinsed in hot water. There is no need to sterilize the jars beforepacking. This will be accomplished during the proressing time,
All jars should be checked for cracks or nicks on the rim which

will prevent proper sealing.

LIDS

Only a two-piece  lid and band! lid should be used. !f the bandsare free of dents, nicks or signs of corrosion, they may be re-useafter being thoroughly washed. l.ids should not be used more than once.
New lids should be used yearly.

PRESSURE CANNER

A pressure canner consists of a heavy kettle with a lid which canbe clamped or locked down to make a steam-tight seal. The canner lid
has three important features:

- a safety valve
- a vent or petcock- a pressure gauge, which can be either 1n the form of a dial

gauge or a weighted gauge.
Each of these features has a major function in assuring the Prope~

working order of the pressure canner.
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Safet Valve is designed to pop should the pressure inside the
canner reac a point to where the canner could explode . TO HAKE SURE
THAT NEITHER THE SAFETY VALVE NOR THE PETCLCK BECOMES CLOGGED, A
PIPECLEANER SHOULD BE PULLED THROUGH BOTH BEFORE USING THE CANNER-

Vent or Petcock allows steam to escape under a controlled pressure.
p~

ten pounds pressure, the temperature will reach 240 F, which is high
enough to kill bacteria. The maintenance of this pressure requir es. the
release of pressure via the petcock.

Dial Gau e or Wei hted Gau e registers the amount of pr essure in
the canner. a gauge must e checked periodically for accuracy . A~
incorrect reading will result in either under- or over-processed food.
If a dial gauge reads 5 pounds too high or too low. it must be repE aced,
Dial gauges can usually be checked by your county extension home
economist.

Hei hted Gau es do not require checking, but it is important to
er t at t e petcock on which it is placed not be clogged and that

the gauge is placed for the needed amount of pressure-

To assure tight fit, the lid is equipped with a gasket. This
gasket must be properly cared for and checked for cracks and other
changes that can prevent it from providing a tight fit.

GUIOELINES FOR OPERATING A PRESSURE CANNER

It is very important that before a pressure canner is used that
the canner manual be read carefully. What fol'lows are guidelines that
generally apply to all pressure canners.

Place the rack in the bottom of the canner.
Pour 2 to 3 inches of water in the bottom of the canner.
Place properly filled jars on the rack, making sure the jars
do not touch.
Check the vent opening, the rim of the canner and rim of the
lid to make sure they are clean.
Place the lid on the canner, following the manufacturer's
directions.

h
Pressurize the canner. This is done by leaving the t,e vent, open,

h
eating the canner until a steady flow of steam corn th h

t e vent. The steam should be permitted to flow
am comes rough

for IO minutes. At the end of the IO minutes, the vent is
o ow cont,inuously

closed or the weighted gauge is put in position. Check your
manual to make sure you pressurize your canner pro 1er proper y.

l.
2.
3.

5.

6.
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l'he kettle of the pressure canner must be equipped with a rack thai
will permit the circulation of steam around all sides of the jars and
prevent the jars from hitting each other during the processing time.



7.

8.

9.

CANNING INSTRUCTIONS

A review of several reliable references shows the need for giving
the following precautions when canning fish at home.
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10.

11.

12.

13a

14.

Once ten pounds pressure has been reached, start counting theprocessing time. It should be mentioned that when using aweighted gauge, the time should be noted when the gauge begins
to jiggle.During the processing time the appropriate pressure must bemaintained. This is done by controlling the heat under the
canner. Ten pounds pressure must always be indicated on thedial gauge and the weighted gauge shou'ld jiggle two to four
times per minute.As soon as the processing time has been reached, turn off the
heat. If using an electric range, the canner needs to be
removed from the burner to avoid continued processing.Allow the canner to cool at room temperature. Cooling thecanner quickly can result in the liquid contents of the jarsbeing forced out of the jars, or the jars breaking due to the
"thermal shock".Canners with dial gauges must read 0 pounds of pressure beforeattempting to remove the lid. Canners with a weighted gauge
should be cooled at least one hour before attempting to removethe lid. If steam flows w~en t e gauge is gently moved, the
canner needs to be cooled a little longer.Remove the lid. To avoid burns, life the lid up and away fromyou so that any remaining steam will not. come in contact with
your skin.Remove the jars with a jar lifter and place them on a cooling
rack. Allow space between the jars to permit adequatecirculation. Do not place jar s directly on a counter top or
in a draft.@hen cool, check the jars to make sure they have sealed.First remove the bands. The lid can be pressed to make surethey are curved down and do not move. The center of the covercan also be tapped with a spoon. A clear sound, as opposed to
a clunk-type sound, should be heard.

Use only freshly caught, thoroughly bleed fish.Fish must be gutted when they are caught and refrigerated orpacked in ice until they are precooked or packed for canning.To remove air from the tissue of the fish and from the packedjar s all jars should be exhausted before they are processed.
Exhausting the jars is d~one as ollows:Jars are packed according to directions, and the lid andband are properly placed, BUT the band is screwed down

only until it cannot be pulled off.



b. Jars are placed on the rack in the bottom of the pressure
canner. Hot water is poured around them until it reaches
about halfway up the sides of the jars .
The lid is placed on the canner kettle 8UT NOT SCREWED IN
PLACE as for canning. The vent is left open.
The heat is turned on under the canner. When the water
is boiling and steam flows through the vent, start
counting the exhausting time. Between 10 to 20 minutes
will be needed for the center of the filled jars to reach
170'F. One j ar should be used as a test jar. Insert a
pencil thermometer or meat thermometer into the center of
the jar, but not all the way to the bottom, to determine
the internal temperature.

C.

d.

4. After exhausting, all jar lids are tightened, the the jars are
ready to be processed. During processing, 10 pounds pressure
must be mai ntai ned throu hout the roces s i n time. Should the
pressure rop, it must e roug t ac to t e 1 pound 1 evel
and the countin of the rocessin time must be in a ain.
This s necessary ue to t e p va ue o sea oo eing very
Close to neutral  pH 7! and the density of pack.

SERYING HOME CANNED FISH

1. To assure the safety of any home canned fish, it must be
boiled for 20 minutes to destroy any toxin. 8oiling a seafood
product can result in an undesirable change in texture. To
prevent this, oven heating is recoalnended.

Preheat oven to 350'F.
Open jar and examine for signs of spoilage. See item 2
below for instructions.
Insert a meat thermometer upright into the jar so that
the tip is as near the center of the jar as possible.
Cover the jar loosely with foil. put jar on oven rack
and heat until thermometer registers 180F. About 3G to
35 minutes will be needed. NOTE: The temperature. and
not the time, is important.
Let the jar cool at room temperature for 30 minutes to
allo~ the temperature within the jar to become uniform
throughout.
Serve hot or refrigerate for later use.

a.
b.

Ci

d.

e.
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WHAT TO lm IF JARS DO NOT SEAL
Do not reprocess---quality is unsatisfactory.
Refrigerate and use within the next few days .
Pour contents of jar into appropriate freezer container, f'reeze,
and use within 3 to 6 months.



2. Always examine home-canned seafood for spoilage before serving
it. Bulging jar lids  one that 1s curved upward!, spurting
liquid, an "off" odor or mold are a11 indications that the
food is not safe to eat. DO NOT TASTE. Destroy the spo1led
food so it cannot be eaten by humans or animals. Sterilize
the container and 11d by boiling, then throw away sterilized
lid.
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CANNING SPECIFIC SPECIES

NUMBER OF JARS AMOUNT
WILL TAKESEAFOOD AMOUNT

�2 to 15!

12 1/2 pints12 quarts

II. RECOMMENDED PROCESSING TINES AT 10 POUNDS PRESSURE

FISH ONE-HALF PINT
MINUTES

PINT JAR
MINUTES

OR

Tuna, King Mackerel, precooked
Tuna, raw
Tuna, brined
Salmon, Shad
Lake Trout, White fish, small

Mackerel and other fish
Crabs
Lobster
Shrimp
Clams, ~hole and minced

100
100
100

110
1DO

65
70
35
70
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Tuna, Large Mackerel
Salmon, Shad
Other fish
Crabs
Lobster
Shrimp
Clams. whole, raw

shredded
Clams, minced

AMOUNT OF FRESH SEAFOOD NEEDED

25 pounds
25 pounds
35 pounds
25 pounds
7-10

10 pounds
6 quarts

12 1/2 pints
12 pints
12 pints
12 1/2 pints
12 1/2 pints
12 1/2 pints
12 1/2 pints



TUNA AND KING MACKEREL

- Precooking is the preferred METHOD OF CANNING. Scrombroid poison
can occur in canned tuna bought in the store or canned at home.
The poison can be produced in scrombrold fishes when naturally
occurring spoilage bacteria in the meat convert the amino acid,
histidine, into biologically active amine poison, saurine. Saurine
is produced when fish are left in the sun or at room temperature
for several hours.
Scrombroid poisoning is rare and generally not fatal. Poisoning
resembles a severe allergy wi th such symptoms as headaches,
dizziness, nausea and vomitting.
The toxin is heat stable and not completely destroyed by the
canning process.Scrombroid poisoning can be prevented by processing the fish
immediately after capture and discarding any fish exposed to
sunlight for more than two hours.

CANNING PRECOOKED TUNA

Remove viscera and wash fish in cold water. Allow blood to
drain from stomach cavity.Place tuna  cut in half crosswise if necessary! belly-down on
a rack or metal tray placed in the bottom of a large baking
pan.Precook fish in one of the following ways.a. Sake at 350F for about 1 hour, or unti'l an internal

temperature of 165'F to 170'F is reached.
b. Steam for 2 to 4 hours or until done.
Refrigerate fish overnight to firm the meat.Peel off the skin with a knife, light'Iy scraping the surface
to remove blood vessels and any discolored flesh.NOTE: Sefore packing precooked fish into jar, look fortwo possible defects:   1! a grey or grey-green color to

the meat. It usually is accompanied by an unpleasant,
urine-like odor. "Greening" is not harmful, but isunappealing and should be discarded. �! "Honeycombing"
is characterized by a pitted, spongy-looking meat, and anoff-odor, generally localized near the head. The defect
is due to decomposition and should be discarded,Cut fish into quarters. Pull off and cut out all bones and

fin bases. Scrape and cut out all dark flesh.Cut quarters crosswise with a sharp knife into lengths
suitable for jars.Pack pieces into jars, pressing down gently to ma e a so i
pack. Leave 1 inch head space.

2.

3.

4.
5.

7.

8.

I95

NOTE: Tuna can be packed precooked, raw or brined. Mackerel
should be packed precooked. Precooking allows for a tighter pack and
removes most of the body oils, which tend to be strong-flavored.



Add I/2 to 1 teaspoon salt  optional! to pint jars, 1/4 to l/2
teaspoon to half pint jars.
Add 4 to 6 tablespoons of hot oil  cottonseed, soy or other
vegetable oil!, boiling water or equal amounts of oil and
water to each pint; 2 to 4 tablespoons to each 1/2 pint.
Adjust li ds and process ha'If pints and pints for 100 minutes
at 10 pounds pressure.
Allow jars to cool and store in a cool, dark place.

9.

10.

12.

CANNING RAN TUNA

Remove viscera and wash fish in cold water. Allow blood to
drain from stomach cavity.
Cut fish into quarters. Pull off and cut out all bone and fin
bases. Scrape and cut out all dark flesh.
Cut quarters crosswise with a sharp knife into lengths
suitable for jars.
Pack raw pieces into half-pint jars to within 1/4 inch of rim.
Add 1/2 teaspoon salt  optional! to each jar.
Exhaust as directed.
Adjust lids and process at 10 pounds pressure for 110 minutes.

2.

3.

5.
6.

CANNING BR!NED TUNA

2.

3.

4.

5.
6.

7.
8.

SALMON AND SHAD

Remove viscera, head, tail, fins, scales and thin belly flap
Mash carefully to remove all blood.
Split fish lengthwise and cut into lengths to fit 1 pint
jars.

1.
2.
3.
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Remove viscera and wash fish in cold water. Allow blood to
drain from stomach cavi ty.
Cut fish into quarters. Pull off and cut out all bone and fin
bases.
Cut quarters crosswise with a sharp knife into lengths
suitable for jars.
Soak cut pieces of tuna for I hour in a brine made of 3/4 cup
salt mixed with one gallon of water. Fish must be completely
submerged in brine. This amount of brine is enough for about
25 pounds of clean fish. USE BRINE SOLUTION ONl Y ONCE.
After soaking, drain fish for several minutes.
Pack pieces into half-pint jars to within I/4 inch of rim. Do
not add salt or water.
Exhaust as directed.
Process at 10 pound pressure far 100 minutes.



4.

5.
6.
7.
8.
9.

LAKE TROUT, WHITEFISH, SMALL MACKEREL AND OTHER FISH
Remove viscera, head, tail, fins, scales and thin belly flap.
Wash carefully to remove all blood.
Split fish lengthwise and cut lengths to fit 1 pint jars.
Prepare a cold brine of 3/4 cup pickling salt dissolved in 1
gallon of water.
Weight fish down in brine for 1 hour,
Drain pieces well  about 10 kinutes!. Do not rinse.
Fill jars solidly leaving little or no head space.
Exhaust as follows:a. Using a large kettle with a rack or bottom or a water

bath canner, put filled jars without lids on rack.
I IT

in 1 gallon of water around jars until it comes to 1
inch above the to of the ars . Boil briskly for 15
minutes.c. Remove jars and cover tops wi th a slotted spoon or
similar utensil. Invert on a cake cooling rack and drain
 about 3 minutes!.d. Wipe rims of jars with clean, damp cloth.

e. Put on lids and band.
Process at 10 pounds pressure for 100 minutes.

l.
2.
3.
4.

5.
6.
7.
8.

9.

GRAB

Use only crabs that are fresh-caught and active.Keep live crabs cool until ready to use. Plan to can crabs
soon after caught.Clean thoroughly. Remove back by forcing the edge of shellagainst a solid object and breaking crab in two by folding it
like a book ~ Shake out viscera and thoroughly clean under
cold, running, drinking water.In a large enameled or stainless-steel pot, bring a bri nesolution--of 1 cup pickling salt, 1/4 cup lemon juice to each
gallon of fresh water--to a boil.Add cleaned crabs. Bring mixture back to a boil and boil hard
for 15 minutes.

1.
2.

5.
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Prepare a cold brine of 3/4 cup pickling salt dissolved in 1gallon of water. This should be enough for about 25 pounds of
fish.
Weight fish down in brine for 1 hour.
Drain pieces well  about 10 minutes!. Do not rinse.
Fill jars solidly leaving little or no head space.
Exhaust as directed.Adjust lids and process at 10 pounds pressure for 110 minutes.



6.

7.

9.
10.

LOBSTER

Use only fresh-caught live lobsters.
In a large stainless-steel or enameled pot, bring to a boi 1 3
to 4 gallons of brine of 2 tablespoons pickling salt to each
gallon of fresh drinking water.
Plunge live lobsters, head first, into brine. Bring back to a
boil and cook until lobster shell turns red  about 20
minutes!.
Dip in cold brine, made as above, until cool enough to handle.
Split and clean each lobster under cool, running drinking
water .

Lightly spray pieces with drinking water to remove curds of
coagulation protein. Press our excess'
Rinse lobster in cool acid brine of 1 cup lemon juice, 1 cup
pickling salt in 1 gallon of water. Leave in rinse 1 to 2
minutes. Drain well and press out excess moisture with your
hands.

Fill 1/2 pint jars alternating claw and tail meat in a manner
to get a tight pack.
Cover meat with fresh boiling brine made up of 1 1/4 teaspoon
salt to each quart of water. Leave 1/2 i nch head space.
Exhaust as directed for 10 minutes.
Adjust lids and process at 120 pounds pressure for 70 minutes .

1.
2.

3.

4
5.

6.

8.

9.

10.
11.

SHRIMP

Remove heads as soon as shrimp are caught.
Chill or pack in crushed ice until ready to use.
Peel off shells. take out sand vein. Nash quickly in fresh
water and drain.

rn a large enameled or stainless steel pot prepare a brine of
2 cups pickling salt to each gallon of water.
Put shrimp in brine 2G to 30 minutes. Stir occasionally.
Remove shrimp and drain thoroughly.

1.
2.
3.
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Cool crabs in cold water just until cool enough to handle.
Remove meat. Lightly rinse under cold running water to remove
any coagulated protein.
Rinse crab in cool acid brine of 1 cup lemon juice and 1 cup
pickling sa'lt in 1 gallon of water. Rinse a colander-full at
a time. Leave in rinse 1 to 2 minutes. Drain well and
squeeze out excess moisture with your hands. NOTE: This
rinse prevents sulfur compounds found in shellfish from
darkening the meat during processing.
Fill 1/2 pint jars. Add boi ling water to cover meat, leaving
1/2 inch head space.
Exhaust as directed for 10 minutes.
Adjust lids and process at 10 pounds pressure for 65 minutes.



6.

7.
8.

9.
10.

CLAMS, WHOLE

Keep live clams cool until ready to can. To help remove sand,
they can be held for 12 to 24 hours in enough of a mi ld brine
�/4 cup pickling salt for every gallon of drinking water! to
cover the clams by 3 to 4 inches.
Pick over shells, using only those that are tightly closed.
Scrub shells with a stiff brush.
Steam to open. Remove meat, saving juice, which can be
strained through a cheesecloth and boiled down to 2/3 its
original volume and used as jar liquid. Boiling water can be
used instead of the juice.When removing meat, remove the siphon/neck and the membrane
holding it.Wash meat in fresh brine of 3 tablespoons pickling salt to 1
gallon of water. NOTE: Brine will need to be changed
frequently.Cook clams in boiling brine of 2. tablespoons lemon juice or
plain vinegar to 1 gallon of water for 2 minutes after brine
returns to boiling. Drain.  NOTE: For best results, cook a
half-full deep fry basket of clams at a time, using fresh
brine each time.!Pack 1/2 pint jars, leaving 3/4-inch head space. Cover with
hot clam juice, leaving 1/2-inch head space.
Exhaust as directed for 10 minutes.Adjust lids and process at 10 pounds pressure for 70 minutes.

3.

4.

5.

6.

7.

8.
9.

NTNCED CLANS

Follow same steps as 1 through 5 for whole clams above.
Grind in a meat grinder.Strain broth through a cheese rloth. Bring to a boil.
Pack minced clams in 1/2 pint jars leaving 3/4-inch head
space. Covet with hot clam juice, leaving 1/2-inch head
space.
Exhaust as directed for 10 minutes.Adjust lids and process at 10 pounds for 70 minutes.

6.
7.
8.

9.
10.
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Cook shrimp in boiling acid brine of 1 cup lemon juice, 1 cup
pickling salt in 1 gallon of water for 6 to 8 minutes after
brine returns to a boil.  NOTE: Ose a fresh brine mixture
for each basket full of shrimp due to brine becoming cloudy
because of di f fused blood! .
Drain and air dry.Solidly pack, but do not crush, shrimp into 1/2 pi nt jar. Add
enough boiling water to cover meat. Leave 1/2 inch head
space.
Exhaust .as directed for 10 minutes.
Adjust lids and process at 10 pounds pressure for 35 minutes.



PICKLING FISH

INTRODUCTION

- A pickled fish is one that has been salted and brined.

temperature. It must be refrigerated.
� Heat Processing  canning! is not recommended because the finished
product can become carmelized, soft-textured and bitter in flavor.

INGREDIENTS

Six ingredients are used in pickling fish.

FISH: Any good quality fresh or frozen fish can be pickled. The
fat content and flesh of herring makes it especially suited for
pickling. Other good choices include: smelt, small mackerel,
smal 1 trout and perch. The sel ecti on of f i sh i s mor e cri ti ca 1 i f
chunk style pickling is desired. In this case, only
thinned-skinned, small-boned varieties of fish should be used.

WATER: Only good quality drinking water should be used to make all
brine and spice mixtures. Water high in iron, calcium an magnesium
should be avoided, These can cause the fish to develop an off
flavor or to become discolored. If only hard water is available,
boi 1 brines and filter it through several layers of filter paper,
such as coffee filters, before using.

V!NEGAR: Only distilled white, with a guaranteed 50 grain �
percent! acidity should be used. Use the amount of vinegar
recommended to help prevent bacterial development in the finished
product. Other kinds of vinegars  wine or cider! will give some
pickled fish an off color and flavor.

SALT: Use only canning or pickling sa'It. These are pure and do
not contain iodine or anti-caking ingredients that can result in
the development of off-flavors and undesirable color changes. For
the same reasons, do not use sea salt.

SUGAR: For best results, use can or beet  table0 sugar. It is
consistent in sweetness, unlike corn syrup.

SPICES: For best results, use only fresh and whole spices.

PREPARING THE FISH the fish and remove the skin.
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2. Wash several times in clean, cold water. Orain.
NOTE. If fillets are one inch or more thick, they should be
sliced to pieces of about a 1/2 inch thick.

3. Brine  see below!.

Fill et Chunks
Wl2. Cut each fillet into chunks of 1 1/2 to 2 inches in length.

3. Brine  see below!.

Remove scales, head, fins and ta11.
Wash thoroughly in cold water to remove material that may be
clinging to the surface of the belly.
Cut clean fish 1nto chunks about 1 1/2 inches wide.
Brine  see below!.

1.
2.

3.
4.

Prepare a brining solution of 2 1/2 cups of pickling or
canning salt dissolved in 1 gallon of drinking water. This
should be enough for 5 pounds of fish,
Put brine in container made of glass, or food-quality plastic
 meaning those plastics meant to hold foods!.
Put 1n prepared fish and refrigerate 48 hours.
Rinse fish in cold water and return to emptied and cleaned
containers.Cover with undiluted v1negar and refrigerate another 24 hours.
Remove fish from vinegar and pack in half-pint or pint jars
wi th chopped onion at the bottom and on the top. Cover with
one of the pickling solutions found below.
Cover jar with scalded lid and place in refrigerator for at
least one week before using. Use within 6 to 8 weeks.

2.

3.
4.

5.
6.

7.
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PICKLING THE FISH

Kerring-Style Pickling Solution

Treats five pounds of fish

Combine the vinegar, sugar and spices in a large pan and bring to a
boil. Allow it to cool to room temperature. Remove the spice bag. A44
the white wine and pour over the packed fish.

Creamed Pickled Fish Variation

After fish have been in herring-style pickling solution described above
for at least a week, pour the pickling solution from the jar into a
container. For each pint of fish, place 2 ounces of cultured sour cream
in a mixing bowl and add pickling solution until you have enough to
refill the jar of' fish.

Pour the cream sauce back into the jar and let it stand for 15 to 20
minutes before serving. The creamed fish should be eaten within a few
days; if held longer, the cream sauce will separate and curdle.

Nustard Pickling Solution

Treats five pounds of fish

Mix listed ingredients in a pan and bring to a boil. Allow mixture to
cool to room temperature, then fill the jars of fish with the solution.
Cover the jars with scalded lids and refrigerate. Let stand for one
week before using. This product can be stored in the refrigerator for 6
to 8 weeks.
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1 quart distilled vinegar
�$ acetic acid!

5 1/2 cups sugar

1 cup vegetable oi1
3 cups distilled vinegar

�% acetic acid!
1/3 cup prepared mustard
1/2 cup sugar

4 tablespoons mixed pickling
spice  tied in spice bag!

1 cup dry white wine

1 teaspoon ground white pepper
1 teaspoon mixed pickling

spice
3 bay leaves



HOW TO SMOKE FISH

Curing by exposure to smoke is one means of temporarily preserving
fish, and producing an appetizing flavor.

High-oil content fish are usually the best for smoking. These fish
absorb smoke faster and have a better texture. Species that smoke well
include:

Technically any fish can be smoked without the fear of food
poisoning if these five basic steps are followed. CLEANING, SALTI'NG OR
BRINING, SMOKING, COOKING. AND STORAGE.

CLEANING

Depending on the species, fish may be gutted and beheaded, halved,
filleted, or skinned and cut into pieces. Regardless of the species
used, clean all fish thoroughly to remove slime, blood and harmful
bacteria. KEEP FISH AS COOL AS POSSIBLE AT ALL TIMES BVT DO NOT FREEZE.
If fish is bei ng cut prior to smoking, make sure the pieces are of equal
size to allow for uniform absorption.

As in all other food preservation methods, use only good quality
fish. Smoking will not improve fish quality. Do not let fish stand for
an extended period between cleaning and smoking.

SALTING OR BRINING

Salting preserves the smoked fish and firms it by removing
moisture. Sometimes the brine consists of only salt and water and other
times spices may be added to the solution.

Recipes vary in the concentration of the brine and the length of
time the food is left in the brine. The salt used should be granulated,
regular pickling or canni ng salt.

smoke fish. Both are enough forHere are two brine recipes for hot
20 pounds of fish.

I
1 gal water
1 lb salt
1/2 lb sugar
1/3 c lemon j ui ce
1/2 Tbsp onion powder
1/2 Tbsp seafood seasoning

II

6 gal water
4 lb salt
1 1/2 lb sugar
1 1/2 oz saltpeter
3 oz whole cloves  optional!
1 oz bay leaves  optional!
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carp
catfish
eel

herri ng
mackerel

sablefish
salmon
smelt

sturgeon
trout



1. Mix all ingredients well.
2. Submerge fish in brine and refrigerate for 12 hours.
3. Remove fish from brine and rinse under cold running water

for 10 minutes.
4. Pat fish with a clean cloth and place in the refrigerator

to drain for one to three hours. Drying increases the
keeping quality and gives the smoke a better chance of
being more evenly deposited on the surface of the fish.

9IOKING AND COOKING

Hot-smoking or barbecuing fish requires a smokehouse temperature
between 200 and 2SO F. The complete smoking process, requires six to
eight hours.

A meat thermometer should be used to monitor the internal
temperature of the fish. The internal temperature of the largest piece
must reach 180 F, and the temperature maintained for 30 minutes. If the
smokehouse temperature is not high enough to do this, you will need to
complete the cooking in a ki tchen oven.

After cooking, the fish should be ready-to-eat. Any smoked fi sh
not eaten at this time MUST BE REFR1GERATED.
NOTE: There is a cool-smoking method which requires the use of a
heavier brine and a smokehouse temperature that is not over 90 F. The
cooking period is from one to five days. This method is seldom used.

STORAGE

Refrigerate all smoked fish in the refrigerator at a temperature
below 40'F. This is very important since the salt content is not known
and one can never be absolutely sure that the time and the recommended
internal temperature of 180'F has been achieved.

Mold growth can be retarded if the fish is packed in a porous
material such as a paper towel before refrigerating . This ki nd of
wrapping pr'events sweating that can take place if stored in a plastic
bag.

For extended storage {more than one to two weeks! smoked fish
should be frozen, using the reconmended ~rapping materials and
procedures.

SMQKEHOUSES

Smokehouses can be made from a large cardboard box, a metal drum,
or a wooden barrel.
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CARDBOARD BOX

� Remove one end of the box to form the bottom of the smokehouse.
� To strengthen the box, tack 3/4 inch strips of wood on outside of

box. Do this vertically at corners and horizontally across
sides.- Cut a door 10 inches wide and 12 inches high in bottom center of
one side. Nake one vertical and one horizontal cut, so uncut
side serves as a hinge.- Suspend several wooden or iron rods or sticks across the top of
the box. Cut holes through box so rods rest on wooden strips on
the outside of the box. Coarse wire mesh   1/2" or 1/4" iron or
steel! can be used as a rack instead of the rods. This rack
should be supported by a couple of wooden or iron rods.

- Arrange fish on rods or shelf so they do not touch. Fish may be
hung on "S" shaped hooks, strung through gills by rods, split and
nai led to rods, or simply laid on rack. Ose regular nails, 8 to
10 gauge steel wires, metal coat hanger wires, S-shaped iron
hooks, and/or wooden sticks.

- Build fire on level ground using nonresinous  hickory, oak,
maple, apple! woodchips or sawdust to produce a light, constant
volume of smoke. Never use wood containing pitch, such as pine.

- Center smokehouse over smoldering fire and close flaps. Danger
of fire is minimized if ventilation is controlled to promote
smoke rather than flames.- Monitor fish temperatures with a meat thermometer as described
earlier.

BARREL SMOKEHOUSE

- Set it over a hole in the ground about 2 feet deep and a little
narrower in width than the diameter of the barrel.

- Nail wooden strips inside the barrel on two sides, a few inches
below the top. The smoke-sticks rest on these strips.

- Place a loosely fitting cover on top.- Dig a hole adjacent to the bottom of the barrel connected with
the pit, and fix it with a cover. The fire is fed through this
hole and also serves as a draft when the lid is rai sed .
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HOME FREEZING OF SEAFOOD

Home freezing of seafood is easy to do and economical too when year
round family favorites or seasonal varieties are used.

The most important factor to remember is that freezing does not
improve the quality of any food. Therefore, to get the best product,
freeze only fresh, not previously frozen, seafood. The local fish
dealer can provide this information.

How economical a variety and/or form is will depend on its
availability and bow many servings you will get from a pound of seafood.

From the time the seafood is purchased to the time it is put into
the freezer it must be ke t as cold as ossible. A few hours at room
temperature or in t e trun o a car on a warm day can result in
spoilage.

PREPARING SEAFOOD FOR THE FREEZER

To conserve freezer space, and lessen the preparation time later,
its best to freeze fish in the form it is going to be used. that is
steaks, fillets or whole.

The cleaning and dressing of a fish should be done as follows:
Mash fish. Relive scales by scraping the fish gently from the
tail to the head with the dull edge of a knife.
Remove entrails after cutting the entire length of the belly
from the vent to the head.
Remove the head by cutting above the collarbone. Break the
backbone over the edge of the cutting board or table.
Remove the dorsal or large back fin by cutting the flesh along
each side, and pulling the fin out. Never trim the fins off
with a shears or a knife because the bones of the fin will be
left in the fish.
Mash the fish thoroughly in cold running water. The fish is now
dressed and can be cut into steaks, filleted or left whole for
freezing.

WRAPPING MATERIALS

The wrapping materials used for freezing any food must be MOISTURE
PROOF and ODOR PROOF. In addition, the kind of wrapping material used
should allow for tight-fitting, air-tight package.

These characteristics are important because:

MOISTURE PROOF. Loss of water during storage in the freezer



CHARACTERISTICS OF FREEZER PACKAGING MATERIALS

~g tness
of fit

ermea i ity
Hater Air Strength Cost

Material

Medium Low LowVery Low Very GoodPolyvinlidene
Chloride
 Saran!

Low

MediumVery Low Very Good Low
Polyvinyl
Chloride
P.V. C.

Low

Very High LowGoodPolyester Bags
and Sleeves

Ice Glaze

Very Low Low

Very Low Low

High Low

Excellentl.ow Low

Medium HighPolyethylene
Hrap and Bags

Poor

Very Low High
Aluminum Foil

Cellophane

Low Low Fair

Very High Medium Fair LowLow

Adequate Low'Haxed Paper
and Cartons

Very High High Poor
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toughening of the meat and can promote oxidation. A product
with freezer burn develops an off-flavor, odor, and color, but
freezer burn does not mean the product is spoiled.
ODOR RESISTANT, The wrapping material should not allow the

Packaging materials vary in this quality.
TIGHTNESS OF FIT, A tight-fitting wrap is essential to
prevent moisture loss inside the package. If a ~rapping is
loose fitting, moisture will evaporate from the fish and
condense as ice crystals on the insi de of the package. If the
product is warmed slightly during defrosting or each time the
freezer door is opened the moisture may move back to the
surface of the fish. On freezing, the cycle begins again. If
this cycle is repeated, a large quantity of moisture can be
removed from the food, causi ng severe dehydration.



Preserving the quality of seafood during freezing is best
accomplished by making sure as much air is excluded from the surface of
the fish as possible. This can be accomplished by:

- Dipping the seafood in a precooked and cooled solution of 5
percent starch. Use about 6 tablespoons of cornstarch per ga
of water. Se sure to rinse away the starch after the seafood
thawed and before cooking.

only

USING THE FREEZER

To maintain quality and to avoid losses, seafood should be frozen
as quickly as possible. Overloading the freezer with packages to be
frozen must be avoided. Here are some factors to consider:

Nake sure your freezer is working properly. Set is at -O' F. Xf
the thermostat can not be set at this temperature, recall how
well other packages have held up in the freezer. If you have
not had any losses, your freezer is probably working well. It
packages have not stored well, the freezer needs to be repaired
or replaced.

Two or three hours before putting in packages to be frozen, set.
the thermostat at the coldest setti ng. This will help to
prevent the thawing of other frozen packages when new packages
are added.

Freeze no more than 2 to 3 pounds of seafood per cubic foot of
freezer space. This will permit the packages to freeze in a
period of IG to 12 hour s.

To maintain quality and allow for as quick freezing as possible,place packages in the freezer as soon as they are ready . Slow
freezing can result in the seafood remaining partia11y frozen
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PRESERVING FISH UAL ITY DURING FREEZING

- Excluding as much air as possible from the package. Air not
causes oxidation, it also acts as an insulator, slowing the
freezing process. The drug store wrap is recommended.

- Fish to be stored for periods longer than 3 months should be
either whole or in large pieces. This reduces the amount of
dehydration.

- Label each package with the following vital information:
the name or type of seafood, e.g., haddock fillets.
the date frozen.
the weight or number of servings .
how it should be prepared,

1 1 an
has

leTt



Place the meat near
center of the wrap.
edges of the wrap t

over the meat Fold the wrap over one, then
fold again so the second fold
is tight against the meat.

'I

P

Make top folds even. Smooth
the ends close to the meat and
fold into triangles.

Fold the ends under the package
away from the top fold. Seal with
freezer tape and label with date,
kind of meat, and number of servings
or weight.
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for a period of time. This can result in bacterial and
enzymati c spoi 1 age.

For fast freezing, place packages in direct contact with the
f'loor, walls or coils of the freezer until they are frozen. OO
NOT STACK ONE PACKAGE ON TOP OF ANOTHER. ALLOW THE COLD AIR TO
CIRCULATE AROUND THE PACKAGES. BE SURE THAT NEWLY ADDED
PACKAGES ARE NOT PLACED ON TOP OF OR CLOSE TO ALREADY FROZEN
PACKAGES.

STORAGE TIME

CAUSES OF SPOILAGE

Rancidit . Rancidity appears to be directly related to the fat and
oil content o seafood. Heat, light, oxygen and the presence of heavy
metals, such as copper and iron enhance the development of rancidity.

Fish oils are considerably different from those found in other
animals and plants, The oil in fish consists or lang-chain fatty acids
with many double bonds. As a result, fish oils are very susceptible to
oxidation. It is at the double bonds that atmospheric oxygen combines
with the oil molecule to produce a variety of compounds such as ketones,
aldehydes, acids and many others that have not been identified.

Fish can be classified into three categories according to their oi 1
content:

LOW: those containing less than 5 percent oil such as halibut
cod, flounder, and red snapper.

MODERATE: those containing between S and 10 percent oil such as,
mullet, croaker and salmon.

HIGH: those containing more than 10 percent oil such as
herring, mackerel and lake trout.

The higher the oil content, the most susceptible the fish is to
oxidation and, therefore, rancidity. Fish with a high oil content can
become rancid in three mcnths in a freezer unless precautions are taken
For example, the use of a glaze to which an antioxidant has been added
will help. Recommended for use in the home are the ant1oxidants,
ascorbic acid and citric acid. The fish should be soaked in a soluti pn

2 I 0

Most home-frozen seafood should not be stored over 6 months.
Salmon, crab and shrimp should not be stored over 3 months. TWO TO
THREE MONTHS OR LESS STORAGE TIME IS IDEAL FOR ALL SEAFOOD. A good rule
to remember for a cont1nuous supply of high qual1ty frozen food is
"FIRST IN, FIRST OUT."



of I teaspoon crystalline ascorbic acid to 1 cup of water for about 1 to2 minutes, then frozen and then dipped in the same solution to form aglaze. A second glazing is advisable. The fish may then be wrapped as
previously described.

Moderately oily fish can become rancid in from 9 to 12 months.
There is also a variation 1n the rate at which fish becomes rancid.For example, King salmon has a fat content of about 15 percent. Pinksalmon fat content' is about 6 percent, but it becomes rancid morequickly than the King salmon. Herring is a fat fish which 1s difficultto store frozen in the home due to its susceptibi 11ty to rancidity.
protein de radat1on, Protein degradation is due to autolytic andbacteria enzymes w ich are quite active at about 40 F. This spoilageis characterized by ammonia and amine-like odors often evident inspoiled meats and seafood. These enzymes are protein in nature, andactivity decreases as the temperature is reduced. Ho~ever, there aresome enzymes that remain active to some degree even at O' F. In f1sheryproducts, there is very little or no enzymatic degradation at O'F to-10'F and these products remain stable for many months, all other

factors being equal.
Brownin discoloration. This reaction is also known as thebrowning reaction or Nai ard reaction. It is particularly prevalentwhen white-fleshed fish is cut into steaks or fi llets. Research hasshown that this reaction is due to the combining of certain amino acidswith reducing sugars. For example, pentose � carbon sugars! reactreadi ly with sulfur containing amino acids, 1.e., methionine, cysteine,and cystine. The reaction is characterized by the presence of a browncolor much like that of brown wrapping paper. This reaction can be also

be inhibited by treatment with ascorbic acid.

USING H NE FROZEN SEAFOOD
Seafood should be thawed 1n the refrigerator and never by placingthe frozen package in warm or hot water or at room temperature, A1-pound package of frozen fish should thaw in the refrigerator in 18 to24 hours. If quicker thawing is necessary, place the frozen packagesunder cold. runnin water. Allow 2 hours for thawing a 1-pound package.Thawed is may e e safely for a day in the refrigerator before

cooking.

Never re-freeze seafoods.

Some frozen seafood can be cooked wi thout thawing. 8r eaded, frozenfis" should be cooked when frozen. Frozen fillets can be cooked withoutthawing if additional cooking time 1s allowed, If the fillets are to bebreaded or stuffed, they should be thawed before cooking. Do not stuff
a whole fish and freeze it.
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PARA'S!TES

All mari ne and freshwater fish and shellfish are susceptible to thetypes of di seases and parasitism that affect land animals including man.
Because of the vastness of the world's seas and oceans, wi th theconsequent freedom of fish from close contact with each other, epidemics
of di sease in marine fish are rarely seen. A further contributingfactor to controlling diseases in the sea is the probability that sickfish readily fall prey to predators. Yet, it is well known that fishsuffer from viral, bacterial, fungal, protozoan and tumerous diseases.

Disease is of more consequence in freshwater than in marine fish.Epidemics in river fish are not uncommon, but outbreaks of microbialdi sease in farmed fish are more important economically; profitabilitydemands high-density stocking of ponds, and in overcrowded conditionsdiseases spread rapidly with complete stocks of fish being condemned,
lost or made unsuitable for food.

Parasites do not necessarily cause disease, A parasite lives i n oron another animal from which it obtains its food and, if highly adapted,will cause little or no harm. In general, each type of parasi te limits
its attack to a particular kind of animal, called the host. Someparasi tes live in one host; while others require two or more hosts fordifferent stages of their lives, the young and larvel form living in/an
one animal and the adult in or on a different animal.

From our present limited knowledge, it appears that human healthhazards associated wi th par asites of marine fish and shellfish may beconveniently divided into two categories: that concerned with infectionby transmitted parasi tes; and that concerned with chemical alterations
in seafoods resulting from the presence of parasites.

FUNGI

The only fungi which troubles the fish industry to any extent isIchth o onus Hoferei which causes an infected fish to feel greasy. The9 O tcuaaar y affects catfish, mackerel, aod haddock. Sometimes
there are numerous colonies in the flesh giving the fillets anoff-white, peppered appearance and greasy feel. The fungus shows up
most noticeably in smoked fillets.

PROTOZOA

No one has yet examined in detail whether the known protozoanparasites of marine fish are pathogeni c to man, except that it wasreported recently that, rontrary to earlier reports, the ectoparasiticciliate Ichth o thirius multifi liis of freshwater and occasionallye'stuarine is es is nonpathogenic to man. This situation, however, doesnot imply that the protozoan parasites of fish can't be transmitted to
It merely indicates that no one has studied the situation

intensively.
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Similarly, there is no conclusive evidence that protozoan parasites
of shellfish are infective to man. However, some preliminary
information suggests that shellfish may serve as potential vehicles for
the transmission of certai n pathogenic amoebae to man. Specifically. i t
has been well established that certain free-living soil and freshwater
amoebae belonging to the genera Acanthamoeba, Hartmannela, and hlae leria

species of Hartmannella will invade mollusks, freshwater snails in this

I transmission of Hartmannella and perhaps other pathogenic soil amoebae
to man when they are eaten in the raw or inadequately cooked states,
Since H. tahitiensi s was discovered in oysters from commercial beds in

T~
known to occur periodically, the question may be raised as to whether
some of these cases could be due to this or some related amoebae . At
present the nematode An iostron lus cantonensis is being exclusively
incriminated as the etio ogic agent.

Host of the protogen that infest fish live in the abdominal cavity
but some invade the flesh. Species of fish most affected are hake,
salmon, catfish, and blue whiting. ln the past, one of the protozoa,
Kudoa  Cholrom xum! th rsites, has been very troublesome in hake caught
~n t e sout t antic. e parasite can be present in large numbers
and, after the death of the fish, secretes a powerful enzyme which
softens and liquifies the flesh during storage to such an extent that
the fish are known as milky hake. Digestion of the fish takes place
steadily even in ice and is accelerated with increase of temperature.
3t is particularly rapid during smoking when apparently normal fi sh
develop the milky condition. Because the protozoan is microscopic in
size. infestation in fish cannot be readily detected. Control can only
be affected by rapid processing, freezing, and cold storage.

Another protozoan, Henne u a, causes simi lar spoilage in smoked
salmon and is found in Cana an salmon.

CRUSTACEA

Crustacean parasites take a variety of shapes and sizes and are not
of great coaInercial importance. Three types are more convnonly
encountered than others. The Lernaeocera or anchor worms, which are

worm-shaped bodies about 25 mm � in! long and are reddish-brown in
color. Secondly, S h rion ~Lum i, which attaches itself to the outside
of the fish . particu ar y reddish, is about 50 mm � in! in length, has
a long slender neck and a flattened body composed largely of the
brown-disc shaped reproductive organs. Thirdly, Sarcotoaces articus,
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just below the skin. It is roughly pear-shaped, about 50 nm � in! in
length, 25 nln  I in! wide and blue-black in color. If accidentally cut
dur1ng fileting, the watery fluid of the animal stains the flesh an inky
color making 1t unsuitable for sale. Removal of the intact parasite
renders the fish unsuitable for sale.

TREMATODES  Flukes or Flatworms!

Marine fish are we' ll known as hosts for digenetic trematodes, both
metacercar iae and adults. Because of the accumvlated knowledge of
trematode life cycles and their modes of infection, one may assume there
is little danger that adult trematodes can be transm1tted from fish to
man. However, there is ample ev1dence that certain species of
trematodes that utilize fish as intermediate hosts can transmit these
parasites to humans, resulting in serious diseases. Some of these are
considered below.

One of the most popular marine fishes cvrrently under culture
throughout the world is the mullet, ~ui il ce halus. It is known to
serve as the second intermediate hos~t or t e num er of species of
heterophyid trematodes, i .e., the infective metacercariae of these
trematodes are encysted in the fish's musculature. Specifically, the
following heterophyids are known to be transmitted to mammals, including
man, as the result of i ngesting raw or inadequately cooked mullet:

~ ~Hetero h es hetero h es, Meta onimus ~oko awai, M. minutus, Ha iorchis
o awass, H. pums so, H. tasc us, entrocestus arm~atua, . cansus,

.r

There is no need to review individually the biology and
pathogenicity of each of these trematodes. The essential points are
that these tremotodes, with diverse geographic distributions  Table I!,
utilize either a freshwater or an estuarine gastropos  snail! as the
first intermediate host. The larvae, taken in by ingestion of eggs,



TABLE I

Species of Heterophyid Trematodes Known to be Infective To Man � And
Thei r Geographic Distribution

Species Known Distribution

Heterophyes heterophyes

Spelotrema   =Heterophyes!
brevicaeca Philippines

Netagonimus yokogawai

Hetagonimus minutus

Haplorchi yokogawai

Japan

Haplorchis pumilio

Haplorchis taichui

aAccording to some scientists all of the members of the
Heterophyidae are potential parasites of man.
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Haplorchis microchis

Centrocestus armatus

Centrocestus caninus

Centrocestud formosanus

Cryptocotyle lingua

Stellantchasmus falcatus

Stel lantchasmus pseudocirratus

Stallantchasmus amplicaecalis

Egypt, Japan, southern Korea, central and
southern China, Formosa, Philippines

China, Japan, Indonesia, Korea, Siberia,
Rumania, Ukraine, Spain

Japan, Formosa, Hong Kong, southern China,
Philippines, Hawaii

Japan, Formosa, southern China,
Philippines, Egypt, Tunisia, Israel

Japan, Formosa, southern China,
Philippines, Egypt, Israel, India, Hawaii

Japan, Philippines

Japan, Hong Kong

Formosa, Philippines, southern China

Formosa, Hawaii

Europe, North American, Japan, Siberia,
Baltic area

Formosa, Hawaii

Philippines, Indonesia, Israel, Hawaii

Formosa



will multiply to release cercariae, which will attach to the mullet or
some other species of compatible fish in the estuary, and, after
discarding their tails, penetrate and encyst as metacercariae in the
fish's musculature. When these metacercariae are eaten by man, he
becomes infected with the adult worms becoming established as intestinal
parasites. The worms develop and live in the bile ducts for years,
frequently causing cirrhosis. Chronically infested individuals are also
at high risk of developing cancer of the biliary tract.

Human heterophyidiasis is by no means limited to the intestinal
tract where the adult parasites actively destroy portions of the mucosal
wall. Eggs deposited by adult worms can be carried by the blood and
deposited in the myocardium, brian, spinal cord, and other tissues,
where inflammatory reactions occur. When the inflammation is severe,
deaths can result.

Although heterphyid tr ematodes are most abundant in the Far East
 Table I!, they are by no means limited to these locations. Within the
United States, several species are known to occur in Hawaii, and human
infections do occur, especially among individuals of Filipino
extraction. With the spread to the mainland, especi ally in Texas and
Florida, of Tarebia ranifera, one of the principal molluscan first
intermediate hosts, an with the ability of various mammals, including
cats and canines, to serve as reservoir hosts, the potential of human
heterophydidiasis cannot be slighted.

Eating raw, partially cooked, or partially pickled fish is the
primary mode of transmission. More than SO species of fish,particularly cypri nids, have been found to be infected with infective
metacercariae. Epicures i n southern China are frequently infected as a
result of their preference for raw ide  Cteno har n odonj, which is
commonly i nfected. It is estimated that more than 2 million people in
Asia are infected. In southern China, human clonorchiasis rates can
surpass 40 percent in some villages and in rural South Korea, recentsurveys show no fewer than 11 percent of school children infected and a
higher prevalence among adults.

Although domesticated dogs and cats and wi ld mammals are important
reservoirs, the predominant problem in transmissi on is the contamination
of snail-infested waters by egg-laden human feces, The persistent use
of human feces as ferti lizer makes control difficult, although efforts
are directed at ki lling the eggs by storage of feces for one week prior
to their use as ferti lizer. Without question, transmission can beprevented by adequate cooking of fish, but eliminating the consumption
of raw fish in these regions is impossible. The related species
0 isthorchis viverrini infects 25-46 percent of vil'lage populations in
nort east a~land.

Hetero h es hetero h es and Meta animus oko awai are two other
«emato es common y foun in the intestina tract o umans and
transmitted by i ngestion of metacercariae-infected fish. Although human
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infections are well tolerated, these parasites can lead to visceral
invasion and life-threatening disease, particularly in the Philippines.
Besides the trematodes mentioned, several others are known to be
transmissible from marine fish to man.

~S elotrema brevicaeca  Hetero h es brevicaeca! has been reported as
a human parasite in the Khilippines. his species also utilizes marine
fish as its second intermediate host. The so-called salmon-poisoning

which occurs in the Pacific Northwest of the Unite tates,~>s o
particular interest since it serves as the vector for the rickettsial
organism Neorickettsia helminthoeca, which causes "salmon poisoning" in

Turning to shellfish, investigations have been made into the
passible public-health implications of certain echinostome trematodes
which utilize a number of estuarine pelecypod species as second
interiaediate hosts. The discussion here will be limited to members of
the genus Himasthla.

Along the Atlantic Coast of North American, ranging from New
Brunswick, Canada, to South Carolina, perhaps even farther south, there
littorinae. The first species utilizes the coamIon mudf at snail,
waassar us obseletus, as the first intermediate host; H. ~cpm acta
uut uvzes H~ro>ia mtnuta; and H. littorinae utilizes tittering obtusa
The career ae o aTI 'tTtree species can penetrate and encyst in a nu~Gev-
of cammnercially important species of molluscan shellfish. In the case
of H. uissetensis, which has been studied most, the soft-shell clamm
~85 arenar a, s he favored second intermediate host. Normal lya the
definnntve iosts are marine birds, especially the herring gull, which
become infected through feeding on shellfish harboring metacercariae.

The public-health interests in Himasthla spp. stem from two
sources: the possible susceptibili tokyoman to these parasites; and
undesirable chemical changes in shellfish meats resulting from the
presence of the metacercariae. The first of these is discussed at thi s
point.

4 species of Himasthla, H. muehlensi, was described from a Germa.n
who had eaten raw qqua qaug clams rcoierry stones! in New York, and later,
upon arrival in Germany, complained of gastrointestinal disturbances.
The worms were passed after treatment with an anthelmintic. Since it..
known that the definitive hosts of Himasthla spp. acquire their
infections from ingesting shellfish Paar orang metacercariae, it is
generally assumed that the German had become infected as the resu]t ag
eating clams with metacercariae. The possibility exists that H.
muehlensi may be a synonym of H. uissetensis. The question tliat
remains without a definite answer is: re t e species of Himasthla
infective to man under certain conditions?
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As part of the discussion of the echinostome trematodes, it should
b~s inulosum, was found encrusted 1n the mantle of the American oysteroccurring near Port 1sabel, Texas. This echinostome can also be induced
to develop to maturity in experimentally infected chicks. Specifically,
the most adult worms �6K! were recovered from chicks fed on a normal
diet with starch as the sole carbohydrate. On the other hand, thefewest worms �'X! were recovered from chicks fed a normal diet but with
sucrose serving as the sole carbohydrate. Percentages of recovery were
similar   23.5-25. M! from chicks fed no vitamin A, no protein, and acoaeercial diet. 1t is also of interest to note that the metacercariae
administered to chicks on the no-carbohydrate diet did not mature, 1t
is noted that A. ~s inulosum will develop to some extent in laboratory
rats.

The reason for this discussion is to emphasize that the host's
nutritional state influences the establishment of parasitoses bytrematodes and, undoubtedly, other categories of parasites as well.This point should be kept in mind since it is well known that "proteins
from the sea" have been advocated for people of underdeveloped nations
with chronic problems of unbalanced diets and malnutrition. Also, inaffluent societies, where "completem diets are the rule, infection with
echinostomes of shellfish origin could become a problem.

No discussion of trematodes transmissible to man by shellfish wouldbe complete wi thout mention of the oriental lung flukes belonging to the
known, st ts not considered here satnce tse metacercariae-harboringsecond intermediate hosts, potamon rathbuni, Eriocheir ~a onicus, and
others, are freshwater crabs. However, at least two other species, P-ohirai and P iloktsuenensis are transmitted by estuarine crabs in the

n«,, r

in Japan. These definttive hosts become infected by ingest1ng raw orPoorly cooked crabs harboring metacercariae, The crab host is Sesarmaintermedium or S. dehaani, both of which are found at the mouth~s o
n ~ -- ~ -'

mouth of the Japan's Kuma River.

Para onimus iloktsuenensis occurs in China and Japan. Human hosts
the crab host is Sesarma dehaani.

Although human paragonimiasis due to P. ohirai and P.iloktsuenensis are st111 limited to the OrTentttte prospect of
E ~

1n the 1930s and 1940s, Dr. H. Hataway, a Yale UniversityPhysician, conducted a clinical and epidemiological study of the causes
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of a series of shor't-term �4-36 hours! but acute gastrointestinal
distorbances in students who shared one common experience, that of
having eaten raw clams, Mercenaria mercenaria, purchased from the New
Haven, Connecticut market and prese~ma y rom the Connecticut coast.
The symptoms, which include abdominal pain, diarrhea, vomiting. and
ringing of the ears, have been recognized periodically since then.
Bacteriological tests performed on samples of M. mercenaria and on
victims failed to reveal any bacteria which could fie responsible. On
the other hand, a large percentage of the M. mercenaria specimens from
the Connecticut coast harbored large numbers ~o encysted metacercariae
of the trematode, Himasthl uissentensis. Subsequent feeding of
isolated cysts to uman vo unteers ai e to establish infections as
determined by eggs in feces or the production of specific clinical
symptoms. Thus, the mystery remained unresolved,

Because of the public-health implications, this author, while with
the U.S. Public Health Service, continued to investigate this
phenomenon. It was found that there is an accumulation of fatty acids
in the clam tissues surrounding metacercariae. Preliminary studies
indicated that the short-chain fatty acids were represented primarily bY
butyric acid. It has been suggested that the short-term gastroenteriti s
may be from ingesting sufficiently large quantities of this toxic fat<Y
acid. Although studies are currently underway in our laboratory to test
this hypothesis, it is of i nterest that toxicity resulting from
rancidification associated with a variety of microorganisms is well
known. For examp'le, fats in foods have been shown to be hydrolyzed abaci
oxidated by Pseudomonas, Alcalin enes, Clostridium, Micrococcus,
I «»

~ l , nmw»~ ~
eoe~: anB by sane yeasts, espec a y t e m yeasts. ~n t ese
instances, the invading organisms are capable of secreting 1 ipases that
are responsible for the degradation of naturally occurring fats to
short-chain fatty acids.

The ability of Himasthla metacercariae to synthesize and secrete

has been shown that a similar degradation of neutral fats occurs in the
am

seafood problems of this nature have not been recognized and should be
investigated in depth.

TAPERORMS  Cestodes!

Tapeworms have life cycles similar to those of roundworms. The
adult worms live solely in the gut of the host, while the larvae forms
may be found in the flesh. Adult worms can vary greatly in size forni
millimeter to many meters in length; they are flat and ribbon-like,
consisting of many segments. The segments are smallest where they form
at the head or scale of the worm, broadening and lengthening as the worm
grows.
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The tapeworm of greatest conmercial importance is Grillotia
Erinaceus, a common parasite of halibut and many other species of fish.
~eai~ut WOrmS oCcur in Skates and rayS but are Of little ConSequenCe
since they are removed in the gutting process. The encysted larvae are
found in the belly cavity and flaps of halibut. In heavily infested
fish, they are scattered throughout the flesh as creamy white blobs of
about 1-10 mm in length. In the past, infestation in halibut has been
so heavy that port health inspectors now inspect a'll landings of halibut
for this parasite.,

Our knowledge of tapeworms transmissible to man via seafoods is
rudimentary. Only three species of cestodes of this category are

tl k D' 1 ono randis, Di h llobothrium latum  -

A species of pseudophyllidean tapeworm was recovered from a
Japanese and described as Krabbea grandis. It bas since been
larva was reported to occur in marine teleosts. This parasite has not
been reported again from man although it should be noted that the
original classification was probably correct since a closely related
species, Di lo ono prus brauni, is also known to infect man. Generally,
members o Di o ono orus are intestinal parasites of whales. The
species reporte rom man most probably represent rare instances of the
accidental parasitism.

common human parasite reaching up to 10 meters or more in length in the
intestinal tract. This parasite is found in Northern Europe, Japan, and
North America, where it has been reported, in particular, in the
northern Midwest and adjacent Canadian regions. The complex life cycle
 Fig. I! requires a first intermediate host, the microcrustacean
C clo s, in which larvae from eggs deposited with feces from humans
ar oring the adult worm will develop into a stage  procercoid!

infective for fish. The ingested crustacean carries the procercoid,
which leaves the small intestine and invades the flesh, developing into
a larger, infective plerocercoid. Upon ingestion of this second
intermediate host the larvae develop into mature tapeworms.

The adult worms are a primary cause of vitamin B-12 deficiency
leading to anemia, because of the parasite's preferential uptake of the
vitamin from the host's ingested nutrients. Thus, the parasites are
found in humans from countries where raw fish, fish products, and roe
are a dietary stale and delicacy. Ii is estimated that five million
cases occur in Europe, four million irL Asia, and 100,BOO in North
America. In the U.S., the most prominently affected area is in the
Great Lakes region, prompting some speculation that the tapeworm may
have originally entered this country, accompanying iamigrants from
Scandinavian countries.
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In 1980m there were 59 tapeworm cases reported in Pacific Coast
states, more than three times the number �7! reported in 1979. It was
evident that the primary source of the infective larvae was salmon which
was being prepared raw for the Japanese delicacy, sushi. A possible
reason for this upsurge may have been the large Alaskan salmon runs in
1980 that led to shipment of abundant, fresh, unprocessed salmon ta
markets. Anadromous salmon now constitute an additional health risk
when consumed raw.

A related species, D. acificum, is transmitted by marine fish, and
most cases have occurred in Japan, eru, and Chile coastal regions. The
Latin American raw fish preparation ceviche is no doubt a major modalit/
of exposure to infective larvae.

Although these tapeworms will mature in other mammals. it appear s
that D. latum endemicity in humans is dependent upon the human--
crustacean -- fish � human cycle. Thus, the seemingly simple expedi ent
of sanitary disposal of feces would eliminate the pub'lic health problem-
Although thi s has led to marked decline in some Finnish foci, from
20-25 percent prevalence in 1952 down to 1.8 percent in 1972m social
habits are hard to change and human infections will no doubt persist.
Control can be effected by freezing to -18'C  -4.'F! for 24-48 hr or by
consuming only cooked fish; heating to 56'C   133'F! for 5 minutes is
suf f i ci ent to ki l 1 the infective 1 arvae.

ROUNOMORNS { Nematodes!

Not many years ago a few parasitologists were categorically stating
that parasites of marine origin were of no public-health importance.
Today this statement must be considered invalid. This revision stems
largely from recent findings relative to nematodes of the genus
Ani sak is.

Yan Thiel and associates were the first to report a disease of inane
now designated as anisakiasis or eosinophilic phlegmonous enteri tis .
They reported that between 1955 and 1959 the patients in Rotterdam and
Schiedan and one in Hilverson, all in Holland, had to undergo major
surgery because of an acute gastrointestinal syndrome. Two patients
died. The symptoms included sudden and violent abdominal colic and
fever. Sy 1968 more than 200 cases had been reported there. In Japan .
more than 500 cases were reported by 1980.

Examination of the intestinal tracts of victims revealed larval
nematodes embedded in the mucosa, surrounded by phlegomonous
infiltration of all layers of gastric and/or intestinal mass wi th
eosinophi lie 1eukocytes. The causative worm was tentatively identified
as Eustoma rotundatum, although the designation Anisakis marina, first
pcoppose PiyV an fEiie. is non coomonly employed.
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Since the initial report, several other investigations in Europe
have described additional human cases of anisakiasis. A comparable
disease has been reported in Japan, although the nematode species
involved may be different. According to Yan Thiel, anisakiasis was
essentially unknown before 1955 apparently because before that thegutting and curing of herring occurred aboard ship at sea. In 1955,
however, thi s practice was superseded by gutting and curing the iced
fish after the ships reach port. This lapse in time allowed the larvae
of Anisaki s to penetrate from the viscera of the fish into the abdominal
wall, where they remained when the viscera were removed. The larvae was
later transmitted to .man on the ingestion of slightly cured or lightly
salted "green" herring . This alteration in fish processing, however,
does not appear to be the only explanation for increased incidences ofhuman anisakiasi s. It has been pointed out, although not yet completely
explained, that there was a tenfold increase of infection in herring
from the North Sea between 1959 and 1965 and another increase during
lg66, Van Thiel suggested that as the adult Anisakis in nature is aparasite of marine manmals, particularly the gray seal, the increase in
number of seals along the Scottish coast, which is also the feedingground of adult herring, may be responsible for the increased parasite
density in herri ng.

Since human infections are acquired from eating fish harboring
larval Anisaki s, other species of marine fish were surveyed to determine
their possible roles in transmission of the parasite, It was reported
that mackeral, capelin, and salmon can also serve as intermediate hosts.In fact, it was suggested that raw or poorly cooked mackerel may be the
major vehicle for human infections in the Orient.

It has been noted that the Japanese strain of anisakiasis is
believed to be caused by one or mor e different species of Anisakis.Adults of Anisakis sim lex were found in the bluewhite dolppin an8blackfish coaugct of t e coast of Japan, and it also was found what is
believed to be the larvae of A. sim lex in Alaska pollock, cod, salmon,herring, bonito, mackerel, horse mac erel, and squid. Adults of another
species, A. Ehisteris, have been found in sperm whales in Japanese
waters.

A great deal remains to be learned about Anisakis spp. and human
anisakiasis. For example, there is no agreement on what role fish playin the life cycle of Anisakis spp. Earlier workers believed that fish
serve as true intermediate hosts. Others have proposed that crustaceans
serve as the true intermediate hosts, while fish, and even squid, serveas paratenic hosts, having acquired the larval nematodes along the food
web.

The parasi te is normally in the small intestine of marine mammals
such as seals, dolphins, and porpoises  Fig, 2!. It is thought that
larvae hatched from discharged eggs are ingested by euphausiidcrustaceans in which they become infecti ve for fish. The fi sh and squid
ingest the crustaceans, and the larvae continue to develop into
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infective forms in the gut wall, viscera, and musculature. The cycle is
completed when marine mammals feed on the fish.

Hhen humans accidentally ingest the larvae in fish, the worms
burrow into the wall of the gastronintestinal tract, causing an acute
abdominal emergency, simulating numerous other diseases and frequently
leading to surgery. The resected tissue is commonly noted to have an
eosinophilic abscess in which a worm fragment may be identified,
although the diagnosis is not always established. Once Anisakis was
established as the etiologic agent in Japan, reevaluatio~no surgical
pathology specimens revealed many more cases. Thus, it would be
expected that many cases remain undiagnosed etiologically.

A primary reason for this disease's recent appearance comes from
changes in the processing of fish. 8efore refrigeration, fish caught at
sea were iaIaediately cleaned, eliminating most of the larval worms which
initially reside in the intestinal wall and other abdominal viscera.
Indeed, freshly caught fish examined for Anisakis larvae tend to have
few larvae in the flesh and most in the viscera. But with the current
practice of storing the catch on board ship and processing it back in
port, the larvae have time to migrate into the fish's flesh.

In the Netherlands, the most important mode of transmission was
from consumption of the delicacy, green herring; thus the name
"herringworm" disease. In Japan, the raw fish dish, sashimi, is the
usual mode of exposure. More than 160 species of marine teleosts have
been found to be infected, including tuna, salmon, and mackerel -- all
staples in the Japanese fi sh diet. In 1968, the Netherlands requi red
all raw herring to be frozen at -20'C for at least 24 hours before
distribution for consumption, thereby nearly eliminating the disease.
However, the Japanese custom of eating raw fish as fresh as possible--
because of its better flavor -- has prevented similar proscriptions.

In the U.S., several surveys have shown the widespread occurrence
and high prevalence of Anisakis larvae, Phocanema larvae, and other
nematodes in fish cameo~ay so in marketts. t recent sampling of
Pacific Northwest salmon sold in supermarkets in Ann Arbor, Michigan,
showed larval densities from 63-91 larvae/kg of salmon. These larvae
were all alive and infective for rats, suggesting if the salmon were
eaten raw, humans also could be infected. Fortunately, clinical cases
have been infrequent. Between 1977 and 1980, four cases were documented
in California. Three were due to Phocanema ~deci iens and the fourth to
Anisakis type larvae  simplex!. gaaw sa mon or raw red snapper was the
apparent source of exposure. A recent case of Anisakis infection was
reported in Pittsburgh. Twenty-three previous cases in North America
have been primarily due to Phocanema spp.

The widespread occurrence of anisakids in fish in
conjunction with the increasing appeal of ceviche, sushi, sashlmlm and
green herring, indicates a significant risk of exposure. Thus, attempts
at prevention must be directed at the consumer as it is virtually
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impossible to eliminate the infection in fish. However, freezing fish
to -20'C  -4 F! or lower for at least 24-48 hours should inactivate
Anisakis larvae. On the other hand, cooking so that the coretemperature of the fish reaches 60 C �40'F! for I. min will ensure death
of any larvae.

It is not clear, however, why human anisakiasis, although being
recognized with increasing frequency, has not reached epidemicproportions among such ethnic groups as the Japanese, who are habitual
eaters of raw fish. One answer may be faulty diagnosis by clinicians,
and another theory is that severe symptoms occur only after penetration
of an area of the stomach or i ntestine which had been sensitized byprevious invasion by Anisakfs larvae. These, however, are not complete
answers.

Several other species of larval nematodes belonging to the family
Anisakidae are known to occur in marine food flesh. Among these is
Phocanema deci lens, the so-called codworm formerly known as Porrocaecumdeci sees. T is ematode's larvae occur in the flesh of cod,~sme t,p aice, ocean pout, witch flounder, haddock, redfish, and other species
of inshore marine fishes. Larvae of this species also have beenreported in 18 species of Pacific fishes including the Pacific cod,gadus macroce halus. and Sebastodes alutus. Phocanema ~deci iens larvae
are extreme y common in some areas. For exam'e, more than
three-fourths of all larvae nematodes encountered in more than 15,000
fish from the Newfoundland fishing area were Phocanema. The occurrence
of these relatively large brown worms presents a significant marketingproblem as they render the fish unsightly. Furthermore, the occurrenceof Phocanema larvae in smaller fi sh, such as smelt, permits transfer of
the parasites to larger predatory species, such as cod. Hence, in more
or less confined habi tats, epizootics commonly occur.

In addition to Phocanema, larvae of species of Porrocaecum also
comnonly occur in ma~rine ish. Their adult stages are parasstic inmarine birds and can be distinguished from those of Phocanema spp. by
the absence of interlabia, the occurrence of a shorter sntestinalcaecum, and the presence of the excretory pore at the base of the lips.
Mhen accidentally ingested by man in raw or inadequately cooked fish,
Porrocaecum may also cause a gastrointestinal syndrome comparable to

Another species of porrocaecum. p. 8ectinis, occurs in scallops.
out aro irma, an Florida. n one cruise it was found that 2.38
percent of 400 bay scallop, specimens from the North Carolina coast
ha~bored this nematode. This parasite is commonly found in the
adductor muscle, causing it. to take on a brownish color,

Another genus of anisakid nematodes, Contracaecum, ls coneanly
encountered in the livers of cod and causes severe economic loss to cod
f~~hermen because parasi tized fish suffer losses of both total body
weight and liver mass. The fish may even die.
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Members of one genus of the Anisakidae, namely Anisakis, are known
to be pathogenic to man, so the question may be rais~eas to whether
Porrocaecum and Contracaecum may also be potent~ally pathogenic. Some

"These worms  Phocanema, Anisakis, Contracaecum!, if consumed alive in

syndrone in man." Furthermore, the potential danger isn't limited to
Northern Europe and Japan; it has been reported in fish purchased in
Connecticut, Maryland, and New York, wi th at least one lot originating
from Canada. Also, at least one case of Porrocaecum infection is known
from Tahiti, French Polynesia,

Since the early 1960s, parasi tologists have been intrigued with
unofficial reports of a new type of intestinal capi llariasi s in the Far
East, especially in Southeast Asia and the Philippines. The etiologic
agent was described as Ca illaria hili inesis. The description was
based on specimens recovere rom a man in t e Philippines who had died
of symptoms including emaciation, cachexia, and intractable diarrhea .
Although it was initially thought the i nfection had resulted from eating
kilawan and a aet, foods containing the vital organs of various small
~semna s, Dr. o n Cross of the Naval Medical Research Un1t in Taiwan has
found what is believed to be the infective larvae in marine fishes along
the west coast of the philippines, thus suggesting that human infections
may be acquired from eating raw or poorly cooked fish.

recognized with increasing frequency.

Since this infection was recognized in 1962 in Northern Luzon, the
Phi'lippines, more than 1.100 cases occurred over the next six years,
with a mortality rate of over 5 percent. This newly discovered parasi te
inhabits the intestinal tract, causing severe diarrhea and death
attributed to fluid and electrolyte loss. Transmission occurs by
ingestion of small freshwater fish . H seleotris, Eleotris, and
Ambassis, a local habit among same vi agers n uzon anti Mindanao and
more recently in scattered sites in Thailand. The larvae are in the
intestines of fish which have previously ingested embryonated eggs. The
adult worms are most likely normal gut parasites of pisciverous birds,
such as the black crown night heron, cattle egret, and yellow bittern.
liuman infection is thus accidental and not essential for the survival of
the parasi te. What ecological changes have led to this sudden human
exposure are not known, but the incidence of human infection has
declined significantly in recent years. Once diagnosed, these cases can
be readily cured with an effective antihelminthic drug.

Finally, another nematode-caused disease of man, discovered
relatively recently, may be associated with seafoods. The occurrence of
eosinophilic meningoencephalitis has been reported in epidemic
proportions in Ponape. Eastern Carolines, in the South Pacific and many
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additional cases have subsequently been reported from New Caledonia and
Tahiti. It is now recognized that this disease, for the most part, is
due to infection by the rat lungworm, An iostron lus cantonensis.Life-cycle studies showed that a mollus, usua y a terresrra species,
serves as the intermediate host, and rats become infected in anature as
the result of ingesting mollusks harboring third-stage larvae. A.
cantonesis, however, can be passed through a series of paratenic hosts.~ome o t ese, such as the freshwater prawn, Macrobrachium lar, and the
on molluscan intermediate osts and, in turn. can serve as sources of
infection to man if ingested raw or in inadequately pickled or cooked
states.

It is pertinent to point out that tipali a, Tila ia mossambica, and
the marine carangid fish, Trachuro s crumeno htha mus, can serve as
experimental paratenic hosts w en ed third-stage arvae of A.cantonensi s embedded in molluscan tissues. This finding may be of
larvae of this nematode can survive for 27 hours in sa'linities up to
20%. Thus, these species of saltwater fish could possibly serve as
sources of human infection.

Also of interest is the successful experimental infection of theAmerican oyster, Crassostrea vir inica, and of young, laboratory-reared,quahogs, Mercenaria mercenaria wit . cantonesis. Although infection
of C. vir ~vnvca as ocean ensed by some reports. However, it waspointe out t at, considering the experimental procedure, the negative
results are not surprising. It has been demonstrated that oystersbecome infected only if the first-stage larvae are ingested  as theresult of the pelecypod's natural pumping activity! and eventuallypenetrate the host's alimentary tract and come to rest in Leydid tissue,At any time, at least under laboratory conditions, certain species ofmarine fish and shellfish can respectively serve as paratenic and
intermediate hosts for A. cantonesis.

Other ~secies

Numerous other species of tapeworms, flukes, and roundworms  Table2! have been identified as causing infection and clinical disease inhumans. In most cases, changes in individual food-related activitieshave been responsible for transmission of such parasites, which arenormally found in wild animals. Of these organisms, U. S. residents,especially anglers, are probably familiar with the larvae of Clinostomumspp. and Eustron lides spp. The former is a fluke whose infectivemetacercar ae appear in the musculature af freshwater- fish such as bassand perch. The larvae are large and yellowish in color and are commonlycalled "yellow grubs." These parasites normally mature in theoropharynx of fish-eating birds such as herons, and humans have been
fo und to have developing worms in the oral cavity.
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In a striking and vivid example of how accidental parasites may be
acquired, the nematode Eustron lides spp. caused disease in three
fishermen- in I982. These in fvi ua s were fishing in maryland and
while waiHng decided to satisfy their hunger by swallowing their bait,
live mfnnets. Mithin 24 hours, each had crampy, abdominal pain. Two
underwent surgery, during which roundworms were found in the abdominal
cavity, having penetrated through the large intestine. These worms were
identified as larvae of Eustron lides spp. Normally the larvae  8-12
cm. long! in minnows are ingeste y pisciverous birds, in whom the
worms grow to adulthood in the intestine. The widespread nature of
these worms was evidenced by a sampling of 67 minnows in a bait store in

: ul

Crustacean-Borne Para s i tes

In various regions of Asia, Africa, and Latin American, several
species ef the trematode Para animus cause extensive and severe disease
in humans. Table 3!, In a cases, the mode of transmission is the
ingestion of crabs or crayfish that are infected with metacercariae.
The life history of these parasites requires two intermediate hosts
before humans and other canivores can become infected. The most
prevalent of these parasites, P. westermani, is endemic in the Far East
in hunmlla,and other carnivorous maaas. This parasite is normally
found ie the lungs, causing various pulmonary problems, although
cerebra!,'intestinal, and cutaneous involvements are comnon, which lead
to signif!cant morbidity. The other species cause similar disease,
although their prevalence of infection is typically low in those endemic
regions because of the absence of eating the intermediate host
crusteceee raw or partially pickled, as is common in the Orient. The
infective metacercar!ae in crabs can withstand exposure to brine, soy
sauce, and other coaeonly used condiments. The effective mode of
prevention is to ensure thorough cooking by boiling or fryi ng . Because
all of these parasites are widely prevalent in the wild animal
population, the most realistic approach to prevention is by proper
cooking of the crustaceans.

Chance exposure to P. kellicotti, which is usually found i n
muskrats, raccoons, and oth~er mamna s in the eastern and midwestern
U.S., occurred in a young man who ate a raw crayfish on a trip in
Hissourf. He developed severe pulmonary disease but was fortunately
diagnosed by identification of characteristic parasite eggs in sputum
and successfully treated. The potential for the occurrence of other
cases is evident but has yet to be fully evaluated.

Hol luscan-Borne Parasites

People in various parts of the world, either by preference or by
economic necessity frequently consume aquatic and terrestrial snails and
slugs that are raw or poorly cooked. These invertebrates also comnon ly
contain infective parasites  Table 4! and act as intermediate hosts for
worms normally found in rodents, particularly rats. The nematode
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A ' t n s cantonensis lives as adults in the pulmonary arteries of
infection results from ingestion of the mollusk with larvae; the wormsmigrate to meninges of the brain, causing life threatening eosinophi1 icmeningoencephalitis. The parasite, originally found in the Pacificregion, has now been found in Africa and most recently in the Caribbean,especially Cuba. The related species A. costaricencis is limited to
Texas. Human infections in Costa Rica resulted from ingesting infectedslugs. The parasites migrate to the lymphatics and arteries along the
intestinal tract, causing severe abdominal pain and inflammatoryresponses. The patients are usually children; thus., prevention byinstitution of health education programs would appear to be the most
beneficial strategy.

In Southeast Asia, Echinostoma i locanum is a trematode transmittedby metacercariae residing in aqnatic~snas s cnneonly eaten raw. Theadult worms live in the small intestine and cause tissue damage. Theprevalence of infection in Asia is readily correlated with village
inhabitants' dietary use of raw snai ls. In one site in northeastThai land, 4% of F53 vi llagers were found to be infected. Prevention
rests solely on the avoidance of eating raw snails.

Certain Foods Pose Significant Risk

It is readily apparent from this brief review that fish, squid,
crabs, crayfish, and even snails as food items can constitute asignificant risk of exposure to a multitude of helminthic parasites.The only requirement is that the aquatic food source be consumed raw or,at most, partially cooked. A definitive way to prevent infection is tocook food thoroughly; in most cases, temperatures of 60 C �40'F! for1-5 minutes will uniformly kill infective larvae of these parasites.Freezing is somewhat effective, although different parasites have
differing tolerances to low temperatures.

Many regions of the world include raw fi sh as a primary dietarydelicacy, making alterations in health-or iented behavior difficult to
achieve. Perhaps novel approaches need to be developed to findacceptable methods to render such food items safe with respect toinfectious agents. One approach could be the use of externalirradiation to inactivate or destroy potential pathogens. As most ofthe parasites discussed are usually found in a wide variety ofdomesticated and wild maneals, strategies to attempt eradication would
be unproductive.

Furthermore, the worldwide programs of aquacu'lture and mariculture
of fish and other important food i tems will necessitate improvement»nrealistic and cost-effective control measures that will be sociallyacceptable. Primary attention should be directed at control of the mosimportant human parasites listed in Table 1. 'Hany of the otherparasites i nfect humans as chance encounters. These outbreaks req~~~~
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vigilance on the part of public health workers so that immediate
recoenendations can be made to reduce further exposures in the
populations at greatest risk. Fortunately, these parasites do not
multiply as do microorganisms such as viruses and bacteria; thus, the
development of severe disease tends to be directly related to the
numbers of infective larvae to which any individual is exposed. On the
other hand, the unusua1 iarra1 infections caused by Anisakis and
~E" ' "i n

The most important fishborne parasites in the U.S. and Canada are
listed in Table S. The increasing use of various raw fish recipes in
these countries necessitates an acceptance of significant health risk,
although precise assessments are difficult to calculate. It is expected
that periodic outbreaks of human disease as a result of these types of
exposure will be increasingly reported.
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Table 2 � Fishborne Parasites That Cause Occasional Human Infections

Diphylloborthrium spp.  other than 9, latum and 9. pacificum!
Clinostomum spp.

Heterophyids  other than k. heterophyes and N. yokogawai
Eustronglides spp.

Opisthorchids  other than C. �.! sinensis and 0. viverrini!

Table 3 - Crustacean-borne Parasites Transmitted to Humans

Location
Species

Asia
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Paragonimus westermani

P. mexicanus

P. aficanus

P. uterobilateralis

Central America

Afri ca

Africa



Table 4 - Molluscan-Borne Parasites Transmitted to Humans

Species Location

Table 5 - Fishborne Parasites important as potential pathogens in
humans in North America
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Angiost:rongyl us cantonens is

A. costaricenci s

Echinos toma i 1 ocanum

Di phyl lobothrium l atum

Anisakis simplex

Phocanema spp.

Eustrongylides spp,

Pacific Asia, Africa, Cuba

Central America, South America

Southeast Asia



QUESTIONS AND ANSWERS
for Seafood Retailers

This fact sheet has been prepared in response to many questionsfrom seafood retai lers about parasites in fish products. Customers whofine parasi tes i n fi sh they purchase need to have good answers for some
obvious questions,

Vour customers need to understand two key points: First, parasites
are a natural occurrence. Second, although certain roundworms nematodes! and tapeworms found in fish can infect people, thorough
cooking of fish renders these parasites totally harmless.

public health problems only arise when people eat raw or lightlypreserved fish, such as sashiei or ceviche. Hhen fish is to be preparedaccording to these recipes, it should first be completely frozen for at
least 24 hours to kill any parasite that may be present.

Here are some of the most comnonly asked questions about parasites.
What are those worms that I sometimes see in fish I catch or
purchase:
Fish, like all living organisms, can be infected with variousparasites. Modern technology has allowed us to drastically
reduce -- but not eliminate the parasites that occur in
domesticated food animals and in people.
Fish, of course, are wild animals, and people have little orno control over their environment. This makes it difficult toavoid an occasional encounter with a naturally occurring
parasitic worm.

The most commonly observed parasites in marine food fishes are
roundworms called nematodes. Certain nematodes are co~onparasi tes of animals; other attack plants. Even more comnonare the microscopic, free-living nematodes that occur in soil
everywhere.

The nematodes seen most commonly in fish are often called~herrin worms or cod worms. Actually, a number of differentspeCieS are involve8, ananit iS diffiCult to diSti~guishbetween them. All are in the family Anisakidae and are
properly referred to as anisakid nematodes.
Other fish, especially freshwater and anadromous fish, may
whitish. and somewhat flabby worms are especially conlnon in
salmon from Alaska.
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How do f i s h get i nf ected?

In the case of both anisakid nematodes and Di h llobothriu
tapeworms, fish become infected when they e
crustaceans that have themselves previously eaten parasite
eggs or parasite larvae,

In the fish, the wor~s may locate in the muscle or internal
organs, where they develop into the stage that can infect
peop1e.

Will parasites hurt me if I accidentally eat one?

Because nematodes are relatively uncommon in fish fillets and
are easily destroyed by normal processing and cooking
procedures, they rarely cause health problems. However, under
some circumstances, swallowing a live nematode larvae can
cause -- and has caused -- severe gastric upset called
anisakiasis.

These nematodes do not find people to be suitable hosts and do
not live long in human digestive tracts. Nevertheless,
infections have been reported to cause severe abdominal pain
and intestinal upset for as long as 10 days.

Tapeworms that occur in fish can infect people and other
fish-eating mammals if they swallow living larvae. The
tapeworms may live in the intestinal tract for several years,
and eggs and tapeworm sections can be found in human feces.

The infection is not fatal. Symptoms in infected individuals
may vary from none to abdominal pain, weakness, loss of
weight, and anemia.

How long do you have to cook fish to eliminate the possibility
of parasite infection?

According to most authorities, cooking fish to an internal
temperature of 140'P �0'C! w�1 ki11 a11 nematodes and Assn
tapeworms. This temperature is reached during normal cooking
procedures.

How about pickling, salting, and smoking fish?

Hot-smoked fish should be brought to at least 180'F  82'C! to
prevent outgrowth of food-poisoning bacteria. If this is
done, parasites should be no problem. The 140 F �0'C!
temperature necessary to kill parasites would likely be
achieved in any hot-smoking process.
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Hard-salting  curing! fish before pickling is reported to kill
any nematode or tapeworm present. However, pickling without
salt curing first may not destroy some nematodes.

One researcher found 4% acetic acid and 6% brines would not
kill anisakid after 26 days in a herring brine sol~ut on Mw th
equal volumes of brine and fish, It's reasonable to expect
that pickled herring will be eaten as soon as 2 weeks after
preparation.

6. How about raw and lightly marinated recipes? Are they safe?

Considering recent research on the subject, advise your
customers against raw or lightly marinated recipes unless they
are sure that the fish is free of parasite larvae. IJhile it' s
true that only a small percentage of fish are infected with
larvae, they may be present but hard to detect.

In countries where raw fish dishes are traditional, it's a
common practice to freeze the fish before preparation.
Researchers indicate that complete freezing at normal freezer
temperatures � to 10'F, -18 to -12'G! for 24 hours is 100%
effective, but they caution that large fish take more time
than small fish to reach that temperature � perhaps 4 to 5
days in inefficient freezers.

7. Why don't fish processors remove parasites from fish fillets
before they sell them?

They do remove most of them during the filleting process.
 This process removes the parasites in the gut and belly walls
of the fish, where most parasites occur.! When they can see
larvae in the edible portion, they remove them or withhold the
fish from sale.

However, even examining fillets by transmitted light
 candling! is less than 70% effective under the best of
circumstances, Larvae more than 1/4-inch deep in the flesh or
in dark tissue may not be detected.

In a 1981 lawsuit against an Oregon grocery chain, the court
held that the store had no obligation to eliminate all
nematodes before sale. While no store knowingly sells a
parasite-infested fish, it is impossible to insure that the
product is free of them.

Parasite infestation is conmnon in fish just as insect
infestation is common in fruits and vegetables. If we want to
eat fish, we have to expect a certain incidence of parasites
to occur.
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8. Hhat should retailers tell people about parasites when they
ask?

First, tell people that parasites are unlikely to be a serious
health problem. Consumers can't have fish in their diet
without accepting the fact that nematodes or tapeworms may be
present.

The danger to people is far less than that presented by
"unseen" pathogenic bacteria likely to be present in all
foods.

However, don't try to hide the fact that certain parasites can
be harmful if swallowed alive. Suggest these steps:

- Cook all fish until it flakes and loses its translucent
{raw! texture  over 140 F, or 60'C, is recommended !.

- Use only frozen marine fish for raw fish dishes.
Freezing to O'F center temperatures  -18 C! for 24
hours is adequate . Remember . 4 or 5 days may be
requi red in i nef f i ci ent home f reezers.

9. %hat else is known about parasites in fish?

!lot nearly enough, according to most researchers. But enough
is known to be confident that there is no reason to become
overly concerned.

Some additional points that are useful to know:

- Older fish  usually the larger ones! tend to have a greater
infestation rate than younger fish. They' ve had longer
exposure to parasi te sources.

- The life cycles of parasites aren't understood well enough
that experts can predict when and where they will occur in
fish � or how long larvae might live in a human host.

- Good handling practices on board boats and in processing
plants help to minimize some types of nematode infestation.

Industry practices have been much improved over the past 30
years.

- awhile certain types of parasites seem to have been found
everywhere, they are significant seasonal, geographic, and
species variations.
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- Fish infected with nematodes and tapeworras are not "sick."
In most cases, infestations are a normal part of the fish's
life. The fish is acting as an intermediate host for these
parasites, which have a very cotlplicated life history.
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SEAFOOD-BORNE BACTERIAL PATHOGENS OF NARINE ORIGIN

Seafood - borne diseases are frequently divided into three categories
based on the major source of the responsible agent; 1. agents naturally
present in the environment; 2. agents derived from pollution of the aquatic
environment; and 3. agents from workers, and processing and food service
environments. This review will focus on seafood-borne pathogens of marine
ol igi n; speci fical ly member s of the family Vibrioacae and Clostri dum botul inurn
type E.

Vibrios associated with food-borne illness

Historically, Vibrio cholerae Ol has been the Vibrio of most concern with
respect to public heea tt, aaaot er species and serotypes were referred to as
non-agglutinable or non-cholera Vibrios {Blate 1980, Besmarchelier 1986!.
However, Vibrio is a large genus contazning 28 species plus numerous biotypes
an chemovars aaliver 1985!. At least 11 species of Vibrio are recognized as
pathogenic or potentially pathogenic to humans  Tabi~e I .

Yibrios may cause a variety of diseases inc'luding gastroenteritis, wound
infection, ear infection, and primary and secondary septicemia  Table I!
 Morris and Black 1985!. Of the eleven species pathogenic for humans only six
are associated with foodborne disease: V. cholerae, V. hollisae, Y. mimicus,
V. arahaemol ticus, V. vulnificus, and perhaps V. furnisiz. These faofforne
spec es ws e t e fete~so thzs section.

Vibrio cholerae

V. cholerae is usually divided into two groups, serotype 01 and non-OI V.
chal erne~hose groups can be further subdivided as toxigenic and
non-toxzgenic. Toxi genic strains are capable of producing cholera toxin or a
very similar toxirl.

V. cholerae 01 is the causative agent of endemic or asiatic cholera. The
01 Ser'otype contains two biotypes; classical and El Tor, both of which maycontain toxigenic and non-tgxigenic strains. The biotypes are differentiated
by sensitivity to poly yxln and Nurkee's group four phase and by the ability« agglutinate chicken red blood cells   Sakazaki 1979!. The classical biotype
Predominated world wide until the 1960's. The El tor biotype is currentlypredominant world wide and is the biotype with associated with recent cases inthe U.S.  Blake et.al., 1980, Levine 19&1, Norris and Black 1.985, CDC, 1986!.

Symptoms of V. cholerae 01 infection can range from asymptomatic or mild
diarrhea to severe caases c io]era gravis!. In severe cases, ll. cholerae 01
can cause profuse watery diarrhea, dehydration and death if not prompt ytreated. The incubation period varies from 6 hours to five days. Initially,

stool is brown with fecal material but it quickly assumes the classic"rice water" appearance. Enormous amounts of fluids are passed effortlessly
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and the victim may lose 1 liter per hour or more of fluid, resulting in
dehydration and circulatory collapse. The stool is rich in potassium and
bicarbonate. Renal function is suppressed and patient suffers from severe
thirst, leg cramps, hoarse speech, weakness and rapid pulse  Morris and Black
1985, Blake et.al., 1980, Sakazaki, 1979!.

Fortunately. cholera gravis is relatively unconnnon. Cholera gravis
results in only 1 to 25-1GG infections from the Ei tor biotype and in 1 i n
5-10 infections by the classical biotype. People with type 0 blood type are
more susceptible to the severe disease.  Sakazaki 1979!

The infective dose for Y. cholerae is estimated to be approximately one
billion ce'lls; however, consump~tion o antacids or medication to lower gastric
acidity markely lowers the infective dose  Blake 1987!. V. cholerae 01
induces il'Iness by elaborating cholera toxin which stimulatesst ie production
of cyclic PAP  Holmgien, 1981!. Therefore only toxigenic strains can caus~
cholera. Non-toxigenic strains of Y. cholerae can cause diarrhea but not
cholera and have also ben implicated i~a woun infections.

Cholera in the United States is relatively rare. The U.S. had been
spared any identified cholera outbreak from 1911 until 1973, then a single
unexplained case occurred in Texas. A second cholera outbreak occurred during
August, September, and October of 1978 when ll people were infected with V.
cholerae 01 El Tor fron recontaminated cooked crabs  Blake et.al., 1980! ~
HK ERere were two cases of cholera involving residents of the Texas Gul f
Coast and 17 additional cases on an oil rig in the Gulf  Morris and Blake,
1985!. Thirteen cases of domestically acquired cholera occurred in 1986;
in Louisiana and one in Florida  COC 1986!. Inadequate cooking or improper
handling of crustaceans seems to have been the vehicle in this outbreak. Ten
of the patients has severe diarrhea and 7 required hospitalization. The V.
cholerae 01 was of the El Tor biotype.

Cholera was once thought to be mostly a water borne disease but in recent
years the transmission of Y. cholerae by food has been well established
 Kolvin and Roberts 1982!. Ouut!reaks of cholera have occurred in several
countries where food was the vehicle of transmission. Foods involved include
raw or partially cooked mollusks, other raw seafood. recontaminated cooked
crabs and even raw vegetables. Y. cholerae 01 has a relatively short
generatiOn time and can grOw quiCCcl~y~oOdS are temperature abuSed.

V. cholerae Gl is widely distributed and is probably part of the
indigenouus iacterial f'lora in estuarine waters  APHA 1985, Clowell 1984!.
There is evidence of seasonal variation and most cases of domestically
acquired cholera have occurred during the late sunlner and fall; with August
being the month for infection  Madden et al. 1982!.

Current methodology for the isolation of Y. cholerae from the environnient
may not adequately recover all viable cells. Neseearc i at the University of
Maryland has demonstrated that V. cholerae may undergo a nonrecoverable stage
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that is probably associated with nutrient depletion, This grou
the methods of inanunofluorescent microscopy, acridine organ direct co«ti�9roup has combined

and direct viable counts. Usin9 these metho ds they were able to det~t �i blcells that could not be detected by normal isolation procedures Th" vll
can revert to recoverable cells when special procedures are used,
research may explain why outbreaks of cholera may occur in areas where V
cholerae could not be previously recovered from the environment  Coiwel~et

!Hi, Xu et al. 1982!.

Non 01 V. cholerae

At least 70 other groups of V . cholerae are known to exist They
referred collectively as non-01 V. coho cree or non-agglutinahie  hag! y
cholerae. The majority of the straiins sofated from seafood and patients are
~non- ox genic strains; less than gs of the non-01 strains from human sources
in the United States produce cholera toxin. The non-toxigenic strains are
principally associated with gastrointestinal illness; but in the U.S. about
1/3 of the human isolates are from extraintestinal sources, including wound
infection, ear infection and primary and secondary septicemia  Norris and
Black 1985!. Associated symptoms of gastroenteritis have included die~rhea
�00K of cases; 25% have bloody stools!, abdominal cramps  93%! and fever
�1%!. Nausea and vomiting occurs in 21% of the victims. The diarrhea may
occasionally be severe; with as many as 20-30 watery stools per day  Norris
and Black 1985!.

Almost all of the cases of non-01 V. cholerae infections in the U,S. have
been associated with eating raw oysters; but egg and asparagus salad and
potatoes have also been vehicles for the bacteria.

Considering the relative frequency of isolates from seafood, the
incidence of illness is very low. There is evidence that victims often have an
underlying liver disease, which might be a host factor for the disease. Also.
in most cases the disease may not be severe enough to warrant medical
attention and therefore the incidence may be unreported.

Non-01 V. cholerae strains are widely distributed in the envi«fm'««f
the United Stateegs esia and Europe. They occur most freeuently «h'y' '"d
estuaries with salinity in the area of 0.4-1.7'X  Colwell and KaP«1978!' b"t
have also been found in rivers and brackish inland lakes of salinity eve
low as 0.1g. Their presence in oysters and water samples does show a seasonal
variation with the highest numbers being isolated June-August  Madden et al.
1982!. Non-0]. y. cholerae are free living organisms and are Part of the
«tochatonous fTora.

Vibrio arahaemol ticus was first associated with foo d po'son'ngonin in 1950 in

»«japan Fujino et al. 1974!. Since its discovery' y, ara o ts orarahaemol ticus is
implicated in greater than 1000 outbreaks per year in japan an accoun

245



45-7{5 of that country's bacterial food poisonings. Food poisoning in Japan
is usually related to the consumption of raw seafood during the warm mo~ths.
Typical symptoms include diarrhea  sometimes bloody!, abdominal cramps.
nausea, voniting, headaches, fever and ~hills  $ujino et al. 1974!. The
infective dose for humans i s between 10 and 10 viable cells; however, a
decrease in stomach acidity may decrease infective dose. The time for onset
of symptoms is usally 9-25 hours and the duration of the illness is usually
2.S-3 days. No deaths have been reported in the United States, but a death
rate of 0.4'L is reported for Japan. In Japan, raw seaf'ood is the usual
vehicle for the organism, but in the U.S. most of the foods implicated in V.
parahaemolyticus outbreaks are cooked seafoods that have been recontaminat&e ;
although raw oysters and raw crabs have been implicated in some outbreaks
{Harker 1974, Blake 1980, Spite et al 1978!.

Y. arahaemol ticus is widely distributed in nature and has been isolated
free coasta waters wor d wide. Its presence has been documented in virtually
all the marine coastal environs of the United States from the coast of Maine.
south to the Gulf of Mexico, all along the west coast and from the coastal
waters of Hawaii  Fujino 1974, Blake 1980!. It is not considered to be a
microorganism of the open sea because of cool temperatures and high
hydrostatic pressure  Kaneko and Colwell 1978, Colwel 1 1984, Schwarz and
Colwell 1974!. Its presence in estuarine environments and in the seafood
harvested from these environments usually shows a seasonal variation, being
present in the highest numbers during the summer months  Kenako and Colwell
1978, Hackney et al. 1980!. Thompson and Vanderzant �976! did not observe a
positive correlation between numbers and season in the waters of the Gulf of
Mexico off the Texas coast. However, Paille et al   1987! observed seasonal

t
Loui si ana.

awhile V. rahaemol ticus is a convnon contaminant of seafood. often
present in Rg nu rs, a most none of the isolates from seafood are capable
of causing gastroenteritis in man  Fjuino et al. 1974, 8lake 1980, Hackney
1981!. The test most widely used to differentiate between virulent and a
virulent strains is the Kanagawa reaction, which t.ests a strain� ' s abi lity to
produce a heat stable hemolysin in an agar medium containing 7% NaCl, mannitol.
and fresh human or rabbit red blood cells. The heat stable hemolysin is the
main virulence determinant for Y. arahaemol ticus. Isolates from the marine
environment and seafood are predominant y anagawa negative. Thompson and
Yanderzant �976! reported only 0. 18% of the solates from water. shellfi sh and
sediments of the Gulf of Mexico were Kanagawa positive. In Japan 99K of the
sea and fish isolates are Kanagawa negative  Sakazaki 1979!.

Food poisoning victims usually only excrete Kanagawa positive isolates.
Studies have demonstrated that isolates do not change in the intestines and
that Kanagawa positive types are probabIy part of marine Y. arahaemol ticus
populations, but present in low numbers. Methodology is nee e to se ect vel y
isolate Kanagawa positive isolates. Studies in our laboratory have indicated
that enrichment in glucose salt tee pol broth, as is currently recomnended,
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actually favors the growth of Kanagawa negative strains. On the other hand
media which do not contain surface active agents such as teepol do not favor
Kanagawa negative strains. In laboratory studies, Dicharry �983! observed
that 150 ug Streptomycin /ml in trypticase soy broth containing 14 mannitol
favored the growth of Kanagawa positive isolates. She was able to selectively
isolate Kanagawa positive strains from laboratory cultures having a r'atio of
1000 Kanagawa negative cells to one Kanagawa positive cell. However no
Kanagawa positive strains were isolated in later fieId tests.

V. vulnificus

V. vulnificus has been called the new "terror of the deep" and is one of
the most tnvasive species ever described  Oliver 1985!. It has been
identified as a halophilic "lactose-positive" marine vibrio, foodborne
infection may result after consuming contaminated, raw or undercooked seafood,
particularly oysters and clams, with illness usually starting 16-48 hours
after ingestion. The organism penetrates the intestinal tract and produces a
primary septicemia. The illness usually begins with malaise, followed by
chills, fever, and prostration . Yomitinq and diarrhea are uncor mon, but
sometimes occur shortly after chills and fever. Hypotension  systolic blood
pressure 80 mmHgj is present in approximately 33K of the cases  Blake et al
1979!. The fulminating infection progresses rapidly and may cause death in
40-60% of the patients  Oliver, 1985!. Infection by Y. vulnificus is RARE in
normal healthy people and is usually associated with certtai~ ris t factors
including; liver disease, gastric disease, malignancy, hemochromatosis and
chronic renal insufficiency.  Oliver 1985, Blake et al, 1979'. The most
common vehicle for the organism is raw oysters.

4. vulnificus is wide spread in the environment a.nd has been isolated
from est~uar ne wears of most coastal states. Infection via the intestinal
tract is most often associated with the consumption of raw oysters, but is is
sometimes diffirult to isolate from the mollusks. Oliver �981' demonstrated
that antimicrobial factors in oysters could be lethal to Ya vulnificus when
the OySterS were hOmogeniZed for analysi S. Kelly and DinuzzoOBWJ
demonstrated that the presence of V. vulnificus in oysters was probably due to
filtration of the bacterium from sea wWater rat ier than active multiplication
in oysters.

The presence of V. vulnificus in water and shellfish is seasonal being
most prevalent when the water temperature is high   20'C!. Low salinity�.5-1.65! also favors the presence of V, vulnificus in seawater  Kelly I98>! ~
seam strains of V. vulnificus show bioluminescence and these strains may aiso
be pathogenic {OTiver PK6;I. Environmental isolates are phenotypically
i«istinguishable from clinical isolates and produce virulence factors
identical to clinical isolates  Tison and Kelly 1986!-

V. mimicus

V. !mimicus is biochemically similar to Y, cholerae, with the e«epxce tion
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that the strains are sucrose negative. In earlier publications, they were
listed as V. cholerae of the Hieberg group 5; however DNA homology studies
demonstrated tttat many of the sucrose negative strains were a separate species
and in1981 the name mimicus was proposed because of their similarity to V.
cholerae  Shandera ettat983, Colwell 1984!. Both toxigenic and
non-torigenic strains have been isolated, however, the food poisoning cases
have been aestly from the non-toxigenic strains. Symptoms of the illness have
included diarrhea in most cases, abut approximately 67% of the cases had
nausea. vomiting and abdominal cramps. Oiarrhea may be bloody and will last 1
to 6 days.

Ray oysters and boiled crawfish  crayfish! have been implicated as
vehicles for the organi sm. V. mimicus is widely distributed in nature and can
be found in fresh as well as bract~is waters. It does show seasonal
variation, being present in highest numbers in the warmer months  Bockemuhl et
al. 1986, Colwell 1984!

V. hollisae

V. hollisae  formerly EF 13! has been implicated in approximately 36
eases of~on poisoning. Symptoms have included diarrhea and in approximately
half the cases vomiting and fever. Seafood is implicated as the vehicle for
V. hollisae, including raw oysters, clams and shrimp  Norris et al. 1982!.

The ecology of V. hollisae is not well understood because it grows poorly
or fails to grow in TCB~te medium most used in isolation of members of the
genus Vibrio.

Y. furnissi

V. furnissi was previously classified as bi ovar I I of V . fluvial is� . V .
furnissi Tabs een implicated in food borne illness  Brenner et~a . 1983!. It
pr fauces gas from glucose, which is an unusual characteristic among Vibrio
species. Symptoms of illness include diarrhea, abdominal cramps, an3
sometimes nausea and vomiting.

Effect of Processing on Survival

Members of the genus Vibrio are sensitive to many of the methods used to
process food. All are rela~tvve y sensitive to heat, acid, radiation and
subfreezing temperatures. Shultz et al. �984! observed that V. cholerae was
heat sensitive, having a 0 value of 8.15 minutes at 49'C. 2.65 minutes at
60'C, and only G.30 minutes at 71'C in crabmeat homogenate. Boutin �986!
further showe! that preparation of oysters by conInon recipes effectively
eliminates 10 V. cholerae Ol/g of naturally contaminated oysters. However,
Blake et al. {lt 80~oserved that crabs that had been inoculated by placing
them in sea water containing 10 V. cholerae 01 cells per ml and cooked by
boiling for 8 minutes or by steamin~gg minutes at atmospheric pressure
contain viable V. cholerae cells. Of course the size of the crab affects hea<
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penetration. Himelbloom et al. �983! observed that the internal temperature
of a large crab �40 g! only reached 50'C after 8 minutes in boiling water.
The above date of Shultz et al. �984! suggests that V. cholerae would survive
at this temperature.

Y. arahaemol ticus is more heat sensitive than V. cholerae. Delmore and
Crisley 19 o serve 0 values for V. arahaemol ticus~in c am homogenate or
0.70 minutes at 49'C, 0.54 minutes at 51, . minutes at 53'C and 0.24
minutes at 55'C. This study shows that the organism is killed be relatively
mild heating process. Other work that supports these findings include the
work of Goldmintz et al. �974! who demonstrate that steaming crabs for 5 and
I5 minutes  internal temperature 88'C and 95 C! reduced V. arahaemol ticus
populations by 6 log cycles. Hackney et al �980! observed t at cNmnercia .
practice of heat shocking of oysters to facilitate opening, reduced counts of
all vibrios to non-detectable levels, suggesting that most members of the
genus vibrio should be killed by cooking. However, it should be noted that
steaming of shellfish usually does not provide enough heat to kill vibr ios or
other pathogens.

Kilgen et al.   1987! demonstrated that radiation levels of 100,000 rads
was lethal to Y. cholerae, V. arahaemol ticus, and V. vulnificus in live
oysters. V. cliolerae were slig t y more resistant tliat eieteer~ ~arahaemol ticus or V. vulnificus. The oysters were still viabTe up to a
eve o 50, 0 rads. ~tvs suspected that other Vibrio species are

similarly sensitive, which suggests that radurization wvTl render seafood safe
from vibrios.

Many of the vibrios are somewhat sensitive to subfreezing temperatures.
Vanderzant and Ni ckeson reported a 2 log reduction in counts of Y.
arahaemol ticus after 8 days of storage at -18'C. Thompson and Thacker

o serve that oysters held at -20 C for more than two weeks seldo~
contained viable Y. arahaemol ticus cells. Y. vulnificus is also sensitive
to cold, Oliver �98 o serve death at refrTgeration temperature �,5-4 C!.
Freezing can also be lethal and rapid die off is observed at -20'C � logs in
40 days!  Bouti n et al 1985!. However, freezing cannot be relied upon as a
method of eliminating vibrios. For example, Rei ly and Hackney { 1985!
demonstrated that v. cholerae will survive freezing in seafood homogenate for
greater than two months.

survive at refrigeration temperatures. In shellstock oysters, V.
araha 1 t' was observed to survive for at least 3 weeks with little or

numbers, and it has been shown to grow slowly at 10'C ln
homogenate oysters  Johnson, et al. 1973, Thomson and Thacker 1973!.
Temperatures below 8'C wi 11 usually stop growth, but it has been observed that
the organism can still survive  Matches et al. 1971!. Y. cholerae survives
refrigeration temperatures very well and it has even been suggested that cold
enrichment will enhance recovery by decreasing competing Vibrio species. V.
vulnificus is sensitive to cold. Oliver �984! and Boutein et al. �986!
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observed rapid decreases in counts at refrigeration temperatures.

t is sensitive to low pH. Vanderzant and Nickelson
at shrimp homogenate no survivors could be recovered at
less and a rapid drop in viable counts at pH 5 within 15
�976! also observed sensitivity to acid at pH values of 4.4

V.
�972T r po ted t
pH values of 4 or
minutes. Beuchat
or less.

human gastroenterstss for 40 yeaars Ms Ter an Xo erger 1985!. Symptoms of
the infection include diarrhea  94$!, abdominal pain �4K!, nausea �4K!,
chills �9$!, fever �7%!, headache �4K}, and vomiting �3%!  Hiller and
Kabruger 1985!. The onset of symptoms usually occurs 24-50 ours after
ingestion of the food. Foods implicated as vehicles for P. shi elloides
inc'Iude cuttle fish salad, salt mackerel, raw oysters and un ercoo e oysters.
In the U.S. raw oysters are probably the most implicated food.

P. shi elloides is widespread in nature, being mostly associated with
fresh sur ace water, but may also be found in seawater. It is more often
isolated during the warmer months  Hiller and Koburger 1985!. Host strains of
P. shi elloides have a minimum growth temperature of O'C, but at least one
stra n as een reported to grow at O'C. The organism is sensitive to pH of
4 and salt concentrate of 5%  Hiller and Koburger 1986!

Clostridium bqtulinum

Human botulism is relatively rare; however, the control and prevention of
botulism is one af the most important considerations i n food processi ng.
History has shown repeatedly that an outbreak of botulism can cause severe,
often ruinous economic problems for processors. Mhen problems arise, a whale
section of the food industry is often affected, in addition to the processor
involved  Eklund 1982, Eyles 1986!.

C. botulinum, the etiological agent of botulism, is divided into eight
types a~sec,S on serological differentiation of the neorotoxin, 8, 8, 8 , 8 ,
0, E, F and G {Sakaguchi 1979!. The types have been divided into 4 gro]ps 3y
Smith �977! according to proteolytic activity. Group I and II are the most
important with respect to human botulism. Group I includes type A and
proteolytic strains of type 8 and F. This group is strongly proteolytic and
produces putrid, unpleasant odors. This group produces highly heat resistant
spores and has a minimum growth temperature of about 10'C. Group II includes
all type E and non-proteolytic strains of 8 and F. Group II is neither
proteolytic nor gelatinolytic and cultures do not produce putrid odors in
food. This group can grow at temperatures as low as 3.3'C and the spores of
members of this group are heat liable.

C. botulinum is widely distribute in soils and all types may be isolated
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from the aquatic environment  Dolman 1964!. Type E is th most frequently
isolated from aquatic environments and is most often implicated in botulism
associated with seafood products. The spores of type E are most. often isolated
from fresh water and marine sediments in temperate zones  Dolman 1964!.

Most outbreaks of botulism associated with fishery products have
implicated semi-preserved products. i.e. smoked, salted or fermented products
that are eaten without further cooking  Eklund 1982, Lynt et al. 1982!. Type
E is inhibited by water activity of 0.975 �'4 NaCl! and pH value of less than
5.3.  Emodi and Lechowich, 1969!. The spores are sensitive to heat. Decimal
reduction times at 82.2 C �80 F! range from 0.49 minutes to 6.6 minutes,
depending upon the heating medium and the strain  Lynt et al 1982, Simunovic
et al. 1985!. The spores are most resistent in tuna packed in oil. For foods
not packed in oil a D value of 4.3 minutes at 82. 2 C is usually considered the
maximum. Z values range from 4.8 C to 9.6'C  Simonvic et al 1985!. For
comparison, other members of Group II produce slightly more heat resi stant
spores with D-values for nonproteolytic type 8 ranging from 1.49-32.3 minutes
at 82.2'C. The D-values for nonproteolytic F are similar to nonproteolytic B.

Most of the heat processes applied to seafood during processing will
destroy C. botulinum type E. Hot smoking at a teraperature of 82.2 C for a
minimum of ~m nutes is assumed sufficient to destroy 10,000,000 spores of
type E  conn and Tayler 1979!. Placing crabs in boiling water for 15 minutes
will provide a process equiva'Ient of 37.5 minutes for a large crab �40 g! and
319 minutes for very small crabs �20g!  F values calculated by the author
from heat penetration data of Hemelbloom et al 1983, using a 2 value of 16	6
Steam cooking of crabs under pressure in a retort is even more effective. F
calculated from heat curves values of Dickerson and Berry �976! show steam
cooking under pressure in a retort for 10 mi nutes provides a process
equivalent to 40,435 minutes at 180'C for a 240g crab and 27,785 minutes for a
300g crab. Pasteurization of crabmeat to a temperature of 185'C for one
minute at hot cold point in a one pound 40lx301 cn, provides a process
equivalent to at least 63.7 minutes at 82.2'C. If one used the D-value of 4.3
minutes at 82.2 C then it is easy to calculate the large safety factor
provided by these processes. �4 D � 8.7 D for boiling; 9401 0 - 6462 D for
steam retorting; and at least 14 0 for pasteurization!. A 12 D process is
considered adequate in canning.

Other forms of preservation processes may not provide safety.
Radurization wi 11 kill spoilage bacteria but not destroy spores or toxin of
type E  Eklund 1982; Skulberg 1965!. Modified atmosphere storage, coupled
with temperature abuse may create unsafe conditions  Garcia et al. 1987!.
post et al �985! used inoculated and uninoculated fillet and demonstrated the
formation of toxin population before or simultaneously wi th sensory rejection.
Therefore storage at a temperature of 3 .3 C is critical.

In conclusion, every comnodity has microorganisms associated wi th it that
might cause potential safety problems. This review, briefly covers bacterial
pathogens of marine origin. It is important that scientists, processors and



~o~sumers be aware of potential safety problems so that food poisoning can be
prevented. Overal'l, seafoods have a good safety record and even seafoods that
are consumed raw are usually safe for the general public. Yerba �983!
reviewed all the shellfish-borne diseases from 1900 to the present.
Seawage-born pathogens are by far the greatest hazard. Bacteria of mari «
origin accounted for only a small number of the cases. However, our present
knowledge of V. vulnificus makes it important that people in higher risk
categories avofd raw s e Tfisa.

[Source: Caneron R. Hackney, Yirginia polytechnic Institute and State
University, Seafood Agriculture Experiment Station, Hampton, Ya., and Angela
Dicharry, Gulf Coast Research Laboratory, J.L. Scott Narine Education Center.
Biloxi, Mississippi.]
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Content of Omega-3 Fatty Acids and Other Fat Components t100 Grams Eoibfe portion, Raw!
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18I3 lrnotentc acid
20is ercosapentaenoic acid lEPA!
22'6 docosahexaenorc acid lDHA!

Anchovy, European
Bass, freshwater ........
Bass, striped ........
Bluefish
Burbot
Cape!in
Carp
Catfish, brown bullhead .
Catfish, channel
Cisco
Cod, A t lant ic
Cod, Paci fic
C roa ker, At la nt ic
Dog fi sh, s piny .........,
Dolp bin f i sh
Druto, black..........., .
Drum, freshwater........
Eel, European,..........
F tounde r, un speci fied ...
Flountler, yellowtail .....
Grouper. I'ewfish ........
Grouper, red........,,.
Haddock........, ...,
Hake, Atlaittic
Hake, Paci fic............
Hake, red...........
Hake, s i Iver
Hake, unspeci fied .......
Halibut, Greenland......
Halibut, Pacific
Herr itig, A t1 ant ic
Herrirrg. Pacific
f ferring, round..........
f4lackor el, Atlantic
Mackerel, chub.....,....
Hlackeref, horse ....,..
Mackerel, 3apanese horse
Mackerel, king ..........
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Ocean perch, ..
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Pompano, Florida........
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.1

.1

.7
Tr
,I
.2
.1
.I
,I

Tr
Tr
.I

Tr

.I
,2
.I
.5
.I
.7

I.U

.9

.3

.5
1,0
,3
.5
,1
,2
.I
Tr
.I
.1
.I
,2

f!.9
.2

.8
,I
.5
.I
.2
.2
.3
.2
.I
.1

1,2
.1
.I
.3
.I
, '1

.3

.2

.I
Tr

,1
.3
.4

.3

.9

.7

1.6

1.3
1.2

,6

,1
.2
,1
.2
.I

59
80

60

67
75
50

43
37
61
52

li4
100
46

49

63

il6
32
60
77
t fr
60
5 r
4I
48
53
4'9
34
42
00
90
39
06
70
71
5U



Total
Total satu-

fat r ated

Total
monoun-
saturated

Choles-
terol

food item
18;3 20:5 22:6

Tr
Tr
Tr
TI
.1
,2
.1
.1
,2

Tr
.1
.1

34

74

19
47
27
41Tr

Tr
Tr

72
70
25

.1
,3

Tr
Tr 50

38
Tr
.1

Tr 67
39

Tr
.2
,4
.1
.2

60
48
57
54
38
47

.2
Tr
Tr

60
31

.8
1.3
1.0
1.1

.1

.2

.1

.1

.2

.2

.2

.5

.3

.2

.2

.2

.2

.1

.2

.1

.1

78
59

127

Finf~rt.

Ratfish
Rockfiah, brown
Rockfish, canary
Rockfish, unspecified .
Sable fi eh
Salmon, Atlantic
Salmon, chinook.......
Salmon, chum...,,...,.
Salmon, coho...,...,.,
Salmon, pink ...,...,.,
Salmon, sockeye
Saury .
Seed, Muroeji ....., ...
Seed, other ......,....
Sea bass, Japanese
Seatrovt, sand ...,..
Seatrout, spotted .....
Shark, unspecified,...
Sheepshead .........
Smelt, pond ...,.....,.
Smelt, rainbow,..., ...
Smelt, sweet ........,.
Snapper, red .........
Sole, European
Sprat .
Sturgeon, Atlantic, ...
Sturgeon, common ....,
Sunfish, pumpkinscvd .
Swordfish ...,....., ...
Trout, arctic char
Trout. brook
Trout, lake .... ~ ~... ~ ~
Trout, rainbow
Tuna, albacore
Tuna, bluefin......,.,
Tuna, skipjack
Tuna, unspec i f ied
Whitefish, lake
'Wttl ting, Europea n
Wolffish, Atlantic

Gruetac cotta

Crab, Alaska king
Crab, blve
Crab, Uungeness...
Crab, queen .......

1.2
3.3
1.8
1,4

15.3
5,4

10.4
6.6
6.0
3.4
8.6
9,2
8.7

.5
'1.5
2.3
1,7
1.9
2.4

.7
2.6
4.6
'1.2
1.2
5.8
6.0
3.3

.7
2.1
7.7
2.7
9,7
3.4
4.9
6.6
1.9
2.5
6.0

.5
2.4

G.3
.8

.2
3.2

.8
2.5
1.5
1.1

.6
1.5
1.6
2.8

.1

.7

.5

.2

.5
1.6

.2

.3
1.4
1.2
,8
.1
.6

1.6
.7

1.7

'I. 2
'1. 7
.7
.9
.9
.1

0.4
.8
.5
.3

8.1
1.8
4.5
2.9
2.1

.9

2 2

.3

.7

.1
,7

1.2
.2
.4

2.0
1.7
1.6

.1

.8
4.6

3.6
1.0
1.2
2,2

,4
.6

2.0
.1
,8

Fatty Acids
Total

po I yun-
satvrated

G.l
1.0

.6

.6
2.0
2.1
2.1
1.5
1.7

1.9
1.8
2.6

.1

.5

.3

.8

.5

.3
,9

1.0

.2
1.5
2.1

.5

.2

.2
,9
.9

3.4
1.2
1.8
2.0

.6

.5
2.2

.1

.8

Tr
.3
.2
.2
.7
.3
.8

.3

.4

,5
.5

Tr
.1
.1
.1

Tr
.1
.1
,3
.2

Tr
Tr
.5

1.0
.2

Tr
.1
.I
.2
,5
.1
.3

.1

.3
Tr
.3

0.1

.3

.7

.9

.6
,6
.5
.6
.7
.8

1.5
Tr

.2

.5

.1

.2

.1

.2

.I

.8

.5

.1
,1
.1
.5
.2

1.1

1.0
1,2
.3

1.0

.3



Fatty Acids
Total

polyun-
saturated 18: 3

Total
satu-
rated

Total
monoun-
saturated

Food item C ho les-
20: 5 22: 6 terol

Total
fat

1.4 0.3 0.4
.8 .1 .2
.9 .2 .2

1,5 .3 .3
1.5 .2 .2

0.3
.2
.2
.5
.6

TI
.1
.1
.1
.2

0,1
.1

.2

.2

158
129
95

142
182

2.5 .5 .5
1.5 .2 .3
1.3 .4 .3
1.1 .2 .1
1.4,2 .2
1.0,1 .2

1.0
,6
.3
,4
,6
.3

Tl
Tr
Tr
TI
Tr
Tr

.3

.3
,1
.2
.2

.2

.1

.1

.1

58
125
128
147
140

Mollusks

Tr
Tr
Tr

Tr
Ti
Tr
Tr
Tr

141

38

Tr
.1

Tr
.2

Ti
Tr
Tr
Tr
Tr
Tr

47
30

101
37

45

Fish Oils

079095570
0.6 7.1 4.3 766
1.1 127 79 521

100 17.6 5'1.2
100 19,2 60,3
100 33,6 32.5

25.8
16.1
29.5

100 25.4 28.3
'100 23.8 39.7

41.1
29.9

0 17,8 11.6 600
1.0 8.8 11.1 485

Crustaceans � Con.

Crayfish, unspecified........
Lobster, European...,.......
Lobster, northern...........
Shrimp, Atlantic brown,.....
Shrimp, Atiantic white...,...
Shrimp, Japanese

 kuruma! prawn...........
Shrimp, northern
Shrimp, other....,,.........
Shrimp, unspecified .........
Spiny lobster, Caribbean....
Spiny lobster, southern rock

Abalone, New Zealand ....
Abalone, South African...
Clam, hardshell,......,,,
Clam, hen
Clam, littleneck
Clam, Japanese hardshell .
Clam, softshell ....,......
Clam, surf...............
Conch, unspecified,......
Cuttlefish, unspecified
Mussel, blue ...,......,.,
Mussel, Mediterranean....
Octopus, common.........
Oyster, eastern ..........
Oyster, European ........
Oyster, Pacific...........
Periwinkle, common.......
Scallop, Atlantic deepsea .
Scallop, calico
Scallop, unspeci fied,.....
Squid, Atlantic......., .
Squid, short-finned ......
Squid, unspecified .......

Cod liver oil ...,...,...
Herring oil.............
Menhaden oil ...........
MaxEPA'" ~ concentrated

fish body oils,.......
Salmon oil

1.0
1.1

.6

.7

.8

.8
2,0

.8
2.7

.6
2,2
1.5
1.0
2.5
2.0
2,3
3.3

.8
,7
.8

1,2
2.0
1.1

.2

.3
Ti
,2
.1
.1
,3
,1
.6
.1
,4
.4
.3

,4
,5
.6
.1
.1

.3

.4

.3

.2

.3
Ti
,1
. '1

.2
,1
.5
.1
,5
.4
.1
.2
.2

.6

.1

.1

.1
4

.1

.2

.2

.1

.1
,1
.2
.6
,2

1.1
.1
,6
.3
.3
,7
.7
,9

1.1
.3
.2
.3
.5
.7
.4

Tr
Tr
Tr
Tr
Tr
,1
.2
.1
.6

Tr
,2
,1
.1
,2
.3
.4
,5
,1
.1
.1
,1
,2

Tr
TI'
Tr
Tr

.2

.1
,4

Tr
.3

,2
.2
.2

TI
.1
,1
.1
.3

,2



0.3 73
.2 65

10,0 10 .6
10,8 11.6

0.9
1,0

.2 66
1.0 99

,7
2.6

7 6
32.4

7,4
31. 0

3. 2 3.4

'I1.2 11.7

60

1.0

Cereal Graina

Barley. bran
Corn, germ
Oats. germ.
Rice, bran .
Wheat, bran
Wheat, germ
Wheat, hard red winter..

5.3
30.6
30.7
19.2

10,9
2,5

,3
.3

1.4
.2
.2
.7
.I

I.O
3.9
5.6
3.6

.7
1,9
.4

2.7
16.0
12.4
6.6
2.4
6,6
1.2

0 0 0 0 0 0 0.6
7,6

11.1
7,3

.7
I 6

ftw!r!f and Egf! Prediiota
Cheese, Cheddar
Cheese, Roquefort .......
Cream. heavy whipping
Milk. whole
Egg yolk, chicken, raw...

33.1
30.6
37.0
3.3

32.9

21.1 9,0
19.3 8.5
23,0 10.7
2.1 1.0
9.9 13.2

.9
1.3
1.4
.I

4.3

105
,7 90
.5 137
. I 'l4
. I 1.602

Butter .
Butter oil
Chicken fat
Duck fat
Lard
Linseed oil
Margarine, hard, soybean ..........
Margarine, hard, soybean

and soybean  hydrog.! ....,..........
Margarine, hard, soybean

 hydrog.! 6 pahn ....,,,............
Margarine, hard, soybean

 hydrog. ! 6 cottonseed
Margarine. hard, soybean

 hydrog.! 6 palm  hydrog.!
Merger ine, liquid, soybean  hydrog.!,

soybean, 6 cottonseed
Margarine, soft, soybean

 hydrog, ! 6 cottonseed
Margarine, soft, soybean

 hydrog.! 6 palm,............
Margarine, soft, soybean, soybean

 hydrog.! 6 cottonseed  hydrog.! ....

81.1
99.5
99.6
99.6

100
IOD
80. 5

5D.9
61. 9
29. 8
33,2
39,2
9.4

16. 7

3,0
3.7

20.9
12,9
11.2
66,0
20.9

1.2 219
1. 5 256
1.0 65
I . Ij 100
1.0 95

53.3 0
1.5 0

23.4
28.7
4%,7
49. 3
45.1
20.2
39,3

60.5 '13.1 1.937.6 26.2

80.5 31,217,5 26.2 2,3

80.5 15.6 36.1 25,3 2.6

80.5 15.1 31.0 3.029.6

80,6 13.2 28. 'I 35,6

8D.4 31.3 29. I 1.6

80.4 'I 7.1 25.2 34,6 I 9

80.4 30.7 30,1

Chuck, blade roast, all grades,
separable lean 6 fat, raw .......,... 23.6

Cround, regular, raw ..............,... 27,0
Round, full c.ut, choice grade.

separable lean 6 fat. raw ............ 17.5
Separable fat from retail cuts, raw .... 70.9
T-Bone steak, choice grad».

lean only. raw 8,0
T-Bone steak, choice grade,

separable lean 6 fat, raw ..........,. 26.1



Fats and Oils � Con.

100
100
I 0G

47. 3
6,8

19.7

Mutton tallow
Rapeseed oil  Canals! ........,...,
Rice bran oil
Salad dressing, comm., blue

cheese, reg. 52.3
Salad dressing, comm,, Italian, reg.... 48.3
Salad dressing, comm., mayonnaise,

imitation, soybean, w!o cholesterol ... 47.7
Salad dressing, comm., mayonnaise,

safflower 6 soybean,......,,,...,... 79,4
Salad dressing, comm., mayonnaise,

soybean 79. 4
Salad dressing, comm., mayonnaise-type 33.4
Salad dres ing. comm., Thousand

Island, reg.....,.... 35. 7
Salad dressing, home recipe, French.... 70,2
Salad dreSSEng, berne reCipe, vinegar

6 soybean oil 5D.1
Shortening, household, lard f, veg. oil 100
Shortening, household, soybean

 hydrog, ! f, cottonseed  hydrog. !.... 100
Shortening, special-pur pose, for

bread, soy  hydrog.! 6 cottonseed... 100
Shortening, special-purpose. far

cake mixeS, Soybean  IEydrog. !
6 cottonseed  hydrog,!....., .....,,, 10D

Shortening, special-purpose, heavy-
duty. frying, soybean  hydrog,!..... 100

Soybean lecithin ...,.... 100
Soybean oil ..., .....,, . '100
Soybean oil  hydrog.! 6 cottonseed oil., IOD
Soybean oil  partially-hydrog.! ....,... 100
Spread, margarine-like, about 608 fat.

soybean  hydrog.! 6 palm  hydrog. ! 60.8
Spread, margarine-like. about 60; fat,

soybean  hydrog,!, pairs [hydrog.!,
f palm..., ....,, 60.6

Tomatoseed oit, ..., 100
Walnut oil IGO
Wheal germ oil, ......,, ..., . 100

7 8 2 3 '102
33.3 11.1 0
35. D 1.6 0

40,6
55. 5
39,3

12.3
EE.2

9.9
7.D

2783717
28-0 3.3 0

07.5 10.5

55,013 08,6 3.D 59

22.7
9.0

11.8
4.1

41.3 4.2 59
18.0 2.0 26

198 25 0
337190

24,1 1.4 0
10.9 1. 1 56

26.1 1.li G

B. 3
20,7

6.D
12.6

14.89.1
40,3

44.525.0

40. 6 4,0 022.0 33.0

14.1 1.1 027.2

33.5 2.4 0
451 5 'I 0
57.9 6,8 0
37.6 2.8 0
37.6 2.6 0

43,7
10.9
23.3
43.0
43.0

18.4
15.3
14.4
14,9
14.9

1,6 026.0 18,1'14.1

204 16 0
531 23 ID
633 104 0
ill.7 6.9 0

24. I
22. 8
22. 8
15. 1

13. 5
19 7
9.1

'18.8

Fruits

Avocados, Cali fornia, raw,
Raspberries, raw .
Strawberries, raw .,

.I
,1
.I

2.0
.3
.2

2.6 11.2
Tr Tr
Tr Er

17.3

Lamb and Veal
71
7 'I

1.0
1.6

7,1
11.2

8,1
12. 8

713.73.8

Lamb, leg, raw  83 lean. 174. fat! ...,. 17.6
Lamb, loin, raw �2% lean, 208 fat! .... 27.4
Veal, leg raund With rulnp, raw

 87 lean, 13% fat!.....,.......... 9, 0



Beans, common. dr y,...
Chickpeas, dry
Cowpeas, dry
Lentils, dry.
Liras beans, dry
Peas, garden. dry .
Soybeans, dry

0,6
.1
.3

.2

.2
1.6

0 0 0 0 0 D
0

0.9
2,3

.8

,1
.4

12.3

1.5
5.0
1.9
1,2
1.4
2.4

21. 3

D. 1
1.1
.1
.2
,1
.1

0.2
.5
.6
.2
.3
.4

3.1

50. D
57.0
26.3
64.4

C toasted ..... 24.0
56.6
61.9

5.7 21.9 20. 1
1.3 16,4 42.7

10.5 7.3 7.3
7.0 32.6 21. 9
3.2 5,6 12.7
3.6 12. 7 37.5
5.6 '14.2 39.1

1,1
8,7
3.9
1.0
1.5
3.3
6.8

0 D 0 0
0 0 0

Pork.
Pork,
Pork.
Pork,
Pork.
Pork.
Pork.

bacon, raw ..........,,... 57.5
breaklast strips, raw ..... 37.1

salt pork, raw ..........,.. 80.5
ham, raw ........... ..... 20,8
jowl, raw ............,... 69.6
leaf fat, raw .....,....... 94,2
separable fat, raw ....... 76.7

cured,
cured,
cured
fresh,
fresh,
fresh,
Fresh,

26. 3
16. 9
38,0
9.7

32. 9
37.2
35. 7

21.3
12.9
29.4
7.5

25.3
45.2
27,9

.8

.9
,7
.2

.9

.7

67
69
86
74
90

110
93

6.8
5.6
9,4
2.2
8.1
7. 3
8.2

Chicken, broiler  ryers, Aesh
skin, giblets, neck, raws ......... 14.8

Chicken, dark meat. wfo skin, raw'.... 4.3
Chicken. light meet. w/o skin, raw',... l.'7
Chicken, skirs only, raw*............... 32. ~
Turkey, flesh, with skin, roasted' ..... 9.7

4.2
1,1

.4
9.1
2.8

3,2 .1 90
1.0 Tr 80

Tr 58
6.8,3 189
2,5 .1 82

6. 1
1,3

'13.5
3.2

4.5 .5
Tr

.5
Tr

2.5
. '1

2,1
.1 0 0

' Contains trace amounts ol 20:5, 22; 5, and 22.6.

lfttfa and Seeds
Beechnuts, dried
Butternuts. driecl .
Chia seeds, driecl
Hickory nuts, dried,....
Soybean kernels. roasted
Walnuts. black
tfalnuts, English I Persian

Ve98MNee

Beans, Navy, sprouted, cooked ...,....
Beans. pinto, sprouted. cooked ....,...
Broccott, raw
Cauliflower, raw
Kale, raw
Leaks, freeze-dried. ra» ....,,.....,...
Lettuce. butterhead. raw... �....,...,.
Radish seeds. sprouted. raw .......,...
Seaweed, SpiiruNna, dried ......,...,...
Soybeans, green. raw .............,,...
Soybeans, ma1ure seecls, sprouted,

cookecl .
Spinach, raw

. ~

.2

.7
2.1
,2

2.5
7.7
6.8

Tr

Tr
Tr
Tr

Tr
.7

2.6
.7

Tr
Tr
Tr
Tr
Tr
Tr
Tr
.4
.7
.8

.5

.5

.2
Tr
.3

1.2
.1

1,1
2.0
3.8

.3

.3

.1

.1

.2
,7
,1
.7
,8

3.2

0 0 0 0 0 0 0 0
0 0



GLOSSARY

ADDUCTOR MUSCLE: A muscle that dra~s a part of the body toward the
median axis. For example, the muscle that a clam uses to close its
vaIves.

ANTIOKIDANT: A substance that prevents another substance from combining
with oxygen by taking up the oxygen itself. Example: Vitamin E.

AUTOLYTIC ENZYMES: Chemical splitting of the tissue of an organ by the
action of an enzyme peculiar to it.

BHA and BHT: Antioxidants that prevent rancidi ty in bakery and snack
food.

BIOLOGICALLY AVAILABLE: Existing in a form that can be utilized by the
body.

BIVALVED: Having two valves, as the two "shells" of a clam.
BRACKISH.. Water which is a combination of fresh water and salt ~ater.
BUOY: A float moored in water as a warning of danger or as a marker.
CARAPACE: A hard outer covering such as the fused plates of a turtle.
CHLORINATION: The addition of chlorine to water to reduce contamination

by microbes.

CHOLESTEROL: A fat related substance. It is synthesized by the liver
and found in animal tissue.

CIS FIGURATION: Having certain atoms or radicals in a chemical
structure on the same side.

CLOSTRIDIUM BOTULINUM: The bacteria that causes botulism.
COENZYME: A substance that helps an enzyme start a reaction.
COLIFORM: Term used to describe a group of bacteria which have similar

physical, growth, and biochemical characteristics. Used as an
indicator of sanitary quality; however, due to a 'lack ofspecificity in characterizing and enumerating individual memberswithin the group, its value as an indicator has been questioned.

Co LLAGEN: The protein that forms the structural material of tissue.
CONTROLLED PURIFICATION; The process of removing contamination from

whole live shellfish acqui red while growing in polluted areas.



CRUSTACEAN: A category of animals having jointed feet and mandibles,
two pairs of antennae, and segmented bodies with a protective
covering. Examples are crabs and lobsters.

DENATURED: Means changed. A denatured protein is one where the
arrangement of amino acids have been altered. This change can be
the result of exposing to heat, acid, base, alcohol, heavy metals,
and other substances.

DEPURATEON: The process by which shellfish cleanse themselves of
microbiological contaminants in a controlled process water
environment.

EFFLUENT: The outflow of a sewer.

ELASMOBRANCHS: Having cartilagenous skeletons and lacking air bladders.
A class or subclass of sharks, rays.

ELASTlN: A protein found in animal connective tissue. Has a tendency
to be rubbery.

ENZYME: A substance  a protein! produced by cells to speed up a
metabolic reaction.

ESTER: A compound that is formed as the result of the interaction of an
acid and alcohol.

ESTUARY: An inlet or arm of the sea, especially the wide mouth of a
river, where the tide of the sea meets the current of the rivers'

EXGSKELETON: The external supportive covering of certain animals that
lack backbones and internal skeletons.

FATTY AClD: Long carbon chain molecules with an organic acid at one end
and hydrogen atoms attached to the remaini ng carbon atoms. Three
essential fatty acids  linoleic, linolenic, and arachidonic acid!
are not synthesized by humans and must be obtained from diet.

FECAL: Of sediment of feces.

FECAL COLEFORM: Coliform organism capable of growth at elevated
temperature �4.5'C!. More specific indicator of sani tary quality
than coliform, as it is a more precise indicator of fecal
contamination.

FREEZER BURN: Drying out of surface of food due to exposure to cold
temperature.

GlLLS; The respiratory organs of water-breathing animals.



6LYCOPROTEIN: A compound of protein and carbohydrate.

HEMOCYAMIN: Copper-containing chromaprotein found in the blood of some
invertebrates.

HEMOLYSIS: Liberation of hemoglobin from the red cells and its
appearance in the plasma.

kYDROXYPROLINE: An amino acid produced in the digestion of hydrolytic
decomposition of protein especially collagens.

LIPID. Organic compounds often containing elements other than carbon,
hydrogen, and oxygen -- particularly phosphorus and nitrogen.

These compounds are insoluble in water. They include fats and waxes,
LIPOPROTEIN: A combination of protein and a lipid that is, more readily

transported in blood than li pids alone.

LOW ACID FOODS: Those foods having a pk value of 7 to 14. Example
protein foods are all vegetables, except tomatoes.

MAILLARD REACTION: A non-enzymatic browning resulting from an
interaction of protei ns with reducing sugars or some other products
of lipid material. Can occur during cooking or during the improper
storage of dried fish.

MANTLE: An enveloping layer, such as the external body wall lining the
shell of many invertebrates.

MARICULTURE: Artificial cultivation of marine  saltwater! organisms.
METABOLISM: The physical and chemical processes by which foodstuffs are

synthesized into complex elements, complex substances are
transformed into simple ones, and energy is made available for use
by the organism.

M!LTS: The secretions of the testis of fishes.

MOLLUSCA: A category of animals that includes snails, slugs, octupuses,squids, clams, mussels and oysters. Mollusks are characterized by
a shell-secreting organ, a mantle, and a radula  a food-rasping
organ located in the forward area of the mouth!.

MOLTING: Shedding an outer coveri ng as part of a periodic process of
growth.

MOST PROBABLE NUMBER  MPN!: A statistical estimate of the number of
bacteria per unit of volume.



MUNSELL VALUE: A numerical representation of color based on a
standardized color scale.

MYOFIHRILLAR PROTEIN: proteins of a skeletal muscle.

OSTAOBLAST; bone forining cells.

ONIOATION: A chemical reaction that increases the oxygen content of a
compound.

PASTEURIZATION: A process of heat treatment of food to destroy all
organisms dangerous to health. Pasteurized food is normally heated
at between 10' and 100 C �60' - 212'F!.

PATHOGENIC: Capable of causing disease.

PHOSPHOLIPIDS: A lipid related compound composed of glycerol, a
phosphate molecule and other chemical groups.

PLANKTON: Passively floating or weakly moving aquatic plants and
animals, usually microscopic.

POLYUNSATURATES: Fats containing fatty acids havi ng more than one
unsaturated bond is a chemical structure into which additional
hydrogen can be incorporated. In general, polyunsaturated fats
tend to be liquids of vegetative origin.

PROTEIN EFFICIENCY RATIO  PER!: A measure of protein quality that is
assessed by determining how well it supports the weight gain of a
laboratory animal.

PUFA: Means polyunsaturated fatty acid.

RADIONUCLIDE: Any element which has a radioactive emissi on.

RANCIDITY: An oxidative deterioration in food fat ~hereby a typical
off-odor and/or flavor is produced.

REOUCING SUGAR: Any carbohydrate that can be oxidized without having to
he hydrolyzed itself.

REGENERATIGN: The replacement by an organism of tissues or organs which
have been lost or severely injured.

RELAYING: The moving of commercial size shellfish from waters not
classified as approved to waters classified as approved,
conditionally approved or restricted for the purpose of natural
purification; by relaying the shellfish they will purify themselves
through depuration.
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RETORT; Any closed vessel or other equipment used for the thermal
sterilization of foods.

SALINITY: A salty quality or state,

SPAWNING: Producing or depositing eggs or discharging sperm. Apptied
to aquatic animals.

TELEOST: A class of fi nfish, to which most of the world's fish belong,

THIAMINEASE: An enzyme that splits or destroys thiamin.

TITRATION: A method of analyzing the composition of a solution by
adding known amounts of a standardized solution until a given
reaction  color change, precipitation, or conductivity change! is
produced.

TRANSPLANTING: The moving of shellfish from one area to another area.

TURBIDITY; Muddy or cloudy state due to amount of free floating
sediment in the water.

VISCERA: The organs within the cavities of the body of an organism.

WEIR: A fence placed in a stream to catch or retain fish.
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SEA GRANT COLLEGE PROGRAMS

Alabama Sea Grant Advisory Service
3940 Government Blvd. Suite 5
Mobile, AL 36609
205-661-5004
Coordinator: William Hosking

University of Alaska Sea Grant Program
590 Uni vers i ty Ave. 8102
Fairbanks, AK 99701
907-474-7086
Director: Ron Dearborn

University of California Sea Grant Program, A-032
Scripps Institution of Oceanography
LaJolla, CA 92093
619-452-4440
Director: Dr. James J. Sullivan

University of Southern California
Sea Grant Program
University Park
Los Angeles, CA 90089
213-743-6068
Director: Dr: Robert Friedhiem

University of Connecticut at Avery Point
Sea Grant Program
Groton, CT 06340
203-446-1020
Director: Dr. James L. Baird

University of Delaware Sea Grant College Program
College of Marine Science
Newark, DE 19716
302-451-8062
Director: Dr. Carolyn Thoroughgood

University of Florida Sea Grant Program
Bldg. 803
Gainesville, FL 32611
904-392-5870
Director: Dr. James C. Cato

University of Georgia Sea Grant Program
Ecology Bldg.
Athens, GA 30602
404-542-7671
Director: Dr. Edward Chin
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Il linois/Indiana Sea Grant Program
University of Illinois
1206 S. 4th Street

Huff Gym, Room 205
Chainpai gn, IL 61820
217-333-1824
Director: Robert Espeseth

University of Hauaii Sea Grant Program
100 Pope Rd. Room 220
Honolulu, Hl 96822
808-948-7031
Director: Dr. Jack Davidson

Louisiana State University Sea Grant Program
Center for Metland Resources
Baton Rouge, LA 70803
504-388-1558

Director: Dr. Jack R. Van Lopik

UNH/UNO Sea Grant Program
Univeristy of Naine
14 Coburn Hall
Or ono, NE 04469
207-581-1436

Naryland Sea Grant College
H. J. Patterson Hall, Room 1222
University of Naryland
CoElege Park, ND 20742
301-454-5690
Director: Richard Jarman

Nassachusetts Institute of Technology Sea Grant Program
Bldg. E38, Room 330
Cambri dge, NA 02139
617-253-7131

Director: Or. Chryssostomos Chryssostomidid

Moods Hole Oceanographic Institution Sea Grant Program
Moods Hole, NA 02543
617-548-1400 Ext. 2578
Director: Dr. David A. Ross

University of Nichigan Sea Grant Program
1st Bldg. Room 4103
2200 Bonnisteel Blvd.
Ann Arbor, Ml 48109
313-764-1138
Director: Or. Alfred N. Heeton
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University of Minnesota Sea Grant Program
116 Classroom Bldg.
1994 Buford Ave.
St. Paul, MN 55108
612-373-1708
Director: Dr, Donald C. McNaught

Mississippi Sea Grant Advisory Service
4646 W. Beach Blvd. Suite 1-E
Biloxi, MS 39531
601-388-4710
Director: Dr. C. David Veal

UNH/UMO Sea Grant Program
University of New Hampshire
Maine Program Bldg.
Durham, NH 03824
603-862-2994
Director: Or. Robert M. Corell

New Jersey Marine Science Consortium Sea Grant Program
Bldg. No. 22
Ft. Hancock, NJ 07732
201-872-1300
Director: Dr. Robert B. Abel

New York Sea Grant Institute
37 Elk St.

Albany, NY 12203
518-436-0701

North Carolina State University Sea Grant Program
105 1911 Bldg.
Bos 8605
Raleigh, NC 27695
919-737-2454

Director: Or. B. G. Copeland

Sea Grant Program
Ohio State University
484 West Twelfth St.
Columbus, OH 43210
614-422-8949
Director: Dr. Charles E. Herdendorf

Sea Grant College Program
Administrative Services Bldg. A-320
Oregon State University
Corvallis, OR 97331
503-754-2714
Director: William g. Mick
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University of Rhode Island Sea Grant Program
Marine Resources Bldg.
Narragansett, RI 02881
401-792-6800
Director: Dr. Scott Nixon

Sea Grant Program
Department of Marine Science
University of Puerto Rico
Nayaguez, Puerto Rico 00708
809-832-4040
Director: Dr. Manuel Hernandez-Avila

South Carolina Sea Grant Consortium
221 Fort Johnso~ Rd.
Charleston, SC 29412
803-795-9650
Director: Margaret Davidson

Texas AN University Sea Grant Program
College Station, TÃ 77843
409-845-3854

Director: Feenan D. Jennings

Virginia Sea Grant College Program
Virginia Marine Graduate Consortium
2G3 Monroe Hill Hose
University of Virginia
Charlottesville, VA 22903
804-924-5965
Director: Vi lliam L. Rickards

Virginia Sea Grant Program At Virginia Tech
Dept. of Food Science and Technology
Bl acksburg, VA 24061
703-961-6965

Virginia Tech
Seafood Processing Research and Extension Unit
P.O. Box 369

Hampton, VA 23669
804-122-3791
Publications: Yvonne Holmes

Virginia Sea Grant Program at Virginia Institute of Marine Sciences
College of Milliam and Mary
Department of Marine Advisory
Gloucester Point, VA 23602
804-642-7164
Advisory: Or. Hilliam DuPaul
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University of Washington Sea Grant program
College of Ocean and Fisheries Science
3716 Brooklyn Ave. NE
Seattle, WA 98105
206-543-6600
Director: Louis S. Echols

University of Wisconsin Sea Grant Program
1800 University Ave,
Madison, WI 53705
608-262-0905
Director: Dr. Robert A. Ragotzkie

Mississippi/Alabama Sea Grant Consortium
Gulf Coast Research Laboratory
Caylor Bldg.
Ocean Springs, MS 39564
601-875-9341
Director: Dr. James 1. Jones

National Sea Grant College Program Office
6010 Executive Blvd.
Rockville, MD 20852
301-443-8925
Director; Ned Ostenso
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FISHERIES DEVELOPMENT FOUNDATIONS

Alaska Fisheries Development Foundation
805 blest 3rd Ave.
Anchorage, AK 99501
907-276-7315
Executive Director: Christopher Mitchell

Great Lakes Fisheries Development Foundation
P.O. Box 658
Grand Haven, Ml 49417
616-842-2440
Executive Director: Cl aude YerDuin

Gulf and South Atlantic Fisheries Development Foundatfon
Lincoln Center, Suite 571
5401 Hest Kennedy Blvd.
Tampa, FL 33609
813-870-3390
Executive Director: Thomas Murray

Mid-Atlantic Fisheries Development Foundation, Inc.
2200 Somerville Rd., Suite 600
Annapol i s, MD 21401
301-266-5530
Executive Director: Kerry Muse

New Eng'land Fisheries Development Foundation
280 fforthern Ave.
Boston, NA 02210
6D-542-8890
Executive Director: Kenelm Coons

Pacific Fisheries Development Foundation
P.O. Box 2359
Honolulu, HI 96804
808-548-3469
Director: Janet Swift

Mest Coast Fisheries Development Foundatin
812 S.W. Washington St. 4900
Portland, OR 97205
504-222-3518
Executive Director: Peter Granger
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STATE AGENCIES

Alabama Dept. of Conservation and Natural Resources
State Administration Bldg.
64 North Union St.
Hontgomery, AL 36104
205-832-6361

Alaska Dept, of Fish and Game
Subport Bldg.
Juneau, AK 99801
916-445-3535

California Dept. of Fish and Game
1416 Ninth St.
Sacramento, CA 95814
916-445-3535

Connecticut Dept. of Environmental Protection
Bureau of Fisheries
State Office Bldg., Room 255
165 Capital Ave.
Hartford, CT 06106
203-566-2287

Delaware Div . of Fish and Mi ldlifeDept. fo Natural Resources and Environmental Control
89 Kings Kighway
Richard and Robins Bldg.
P.O. Box 1401
Dover, DE 19901
302-736-4431

Florida Dept. of Natural Resources
3900 Commonwealth Blvd.
Suite 905
Tallahassee, FL 32303

Georgia Dept. of Natural Resources
Coastal Resources Division

00 Gylnn Ave.
Brunswick, GA 31520
912-264-7218

Idaho Dept. of Fish and Game
600 South Walnut
Boise, ID 93707
208-334-3771

xxiii



Food Marketing Institute
1750 K St., NM
Mashington, DC 20006
2G2-452-8444

Gloucester Fisherman's Wives Assoc.
27 Chapel St.
Gl oucester, MA 01930
617-281-2384

Halibut Assoc. of North America
309 Maritime B>dg.
911 Western Ave.
Seattle, MA 98104
206-623-0102

Maine Fisherman's Mives Assoc.
38 Birchdale Dr.
Portl and, ME 04102
207-989-2180

Maine Sardine Council
P.O. Box 337
Br ewer. ME 04412
207-989-2180

National Fisheries Institute
2000 M St., NM
Suite 580
Mashington, DC 20036
202-296-5090

National Marine Fisheries Service
U S. Dept. of Ceenerce
Natinal Gceanic and Atmospheric Administration
Mashington, DC 20235
202-634-7111

New Bedford Seafood Council
17 Hamilton St.
New Bedford, MA 02740
617-999-5258

North Atlantic Seafood Assoc.
1220 Huron Rd.
Cleveland, OH 44115
216-781-6400
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Louisiana Dept. of Wildlife and Fisheries
400 Royal St.
New Orleans, LA 70113
504-568-5665

Maine Dept. of Marine Resources
State House Station 21
Augusta, ME 04333
207-289-2291

Tidewater Fisheries Division
Tawes State Office Bldg.
580 Taylor Ave.
Annapolis, MD 21401
301-269-3558

Maryland State Seafood Marketing Authority
Dept, of Economics and Community Development
45 Calvert St.
Annapol i s, MD 2�01
301-269-3461

Dept. of Fisheries, Wi ldlife and Recreational Vehicles
Div. of Marine Fisheries
100 Cambridge St.
Boston, MA 02202
617-727-3193

Mississippi Bureau of Marine Resources
P.O. Drawer 99
Long Beach, MS 39560
601-864-4602

New Hampshire Fish and Game Dept.
Div. of 1nland and Marine Fisheries
34 Bridge St.
Concord, NH 03301
603-271-2501

State of New York Dept. of Environmental Conservation
SUNY B'ldg. 440
Stony Brook, NY 11794
516-751-7900

N.C. Dept. of Natural Resources and Cowmnunity Development
Div. of Marine Fisheries and Wildlife
P.O, Box 769
Morehead City, NC 28557
919-726-7021
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Oregon Dept. of Fish and Mildlife
P.O. Box 3503
500 N. E. Hultoreeah St.
Port'land, OR 97201
503-231-6828

Rhode Island Marine Resources Dept.
Div. of Fish and Mildlife
Mashington County, Goverreent Center
Tower Hill Rd.
Makefield, RI 02879
401-789-3094

S.C. Mildlife and Narine Resources Dept.
P.O. Box 12559
Charleston, SC 25412
803-795-6350

Texas Parks and Mildlife Dept.
4200 Saith School Rd.
Austin, TX 78744
512<79-4857

Virginia Marine Products Confaission
P.O. Box 1248
Newport News, VA 23601
804-599-7261

Virginia Narine Resource Caeeission
P.O. Box 156
Newport News, VA 23601
804-247-2200

Virginia Seafood Council
76 Raleigh Rd.
Newport News, VA 23601
804-595-6603

Mashington Dept. of Fisheries
115 General Adainistration Bldg.
Glypia, MA 98201
206-753-6623

Oregon Dungeness Crab Coeeission
635 Capital St., NE $210
Salea, OR 97310-0110
503-378-3787
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Rhode Island Seafood Council
3 Robinson St.
Wakefield, Rl 02879
401-783-4200

Tuna Research Foundation
1101 7th St., HM, Suite 910
washington, DC 20036
202- 296-4630

Virginia Nar inc Products Soard
P.O. Box 1248
Newport News, VA 23601
804-599-7261

Virginia Seafood Council
76 Raleigh St.
Newport News, VA 23601
804-595-6603
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