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1

Introduction
There is little argument that many, if not most, of the oceans’ commercial fish stocks

are in serious trouble. According to the Food and Agriculture Organization of the United

Nations, about 47% of these stocks are fully exploited, 25% are underexploited, 18% are

overexploited, and 10% are now depleted1. Although the annual catch—between 80 and

90 Mt (million metric tons)—during the past decade has remained fairly steady, there is

serious doubt that this level can be sustained2.

During the past 50 years, world landings have increased by roughly a factor of six1. The

significant increase in fishing vessels combined with the growing improvement and sophis-

tication in fishing gear has applied enormous pressure on the fish stocks, particularly as

world demand for seafood has greatly increased. It is estimated that, in heavily fished areas,

as much as a third of the total biomass is harvested each year3. Landings from many parts

of the ocean have declined, partially due to natural cycles in abundance. The result has been

the collapse of certain important fisheries such as those for the Atlantic cod, haddock and

redfish, which have been exploited to virtual extinction in the Northwest Atlantic; the

Cape horse mackerel, Southern African anchovy and Southern African pilchard in the

Southeast Atlantic;Argentine hake in the Southwest Atlantic; South American pilchard and

Chilean jack mackerel in the Southeast Pacific; and the bluefin tuna throughout the oceans.

There is evidence that, in the absence of larger, more desirable species, the industry has

come to depend more and more upon the capture of smaller fish4,5.

Certain of these species, often referred to as forage fish, are an extremely important

component of the ocean’s food web, providing the essential food for large carnivores,

including several species of whales and seabirds as well as finfish. As the major fish stocks

become depleted, the forage fish and their role in the marine ecosystem become of increas-

ing significance.
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A simplified marine food chain begins at the

bottom with the tiny microscopic plants known as

phytoplankton. These provide the food for zoo-

plankton, which consists largely of small inverte-

brates, such as copepods and small shrimp, as well

as fish eggs and larvae. At the third link in the chain

are relatively small finfish, many of which—with

some important exceptions—are too small to be

directly utilized by man. Finally, at the top of the

food chain are the large carnivorous finfish—many

of which are valued for direct human consumption

—as well as marine mammals and seabirds.

Forage fish for the most part represent the

third link in the chain, providing the bulk of the

diet of the larger and economically more important

marine carnivores. Most of these are relatively

small, occur in large schools, and are generally

pelagic in habitat, spending most of their lives at or

near the ocean surface. (Although squid are mol-

lusks, certain species are often included in the for-

age fish group, since they are an important source

of food for larger predators). These small pelagics

are highly mobile, very sensitive to variations in cli-

mate, generally short-lived, and therefore tend to

be quite variable in abundance6. As part of the

ocean’s ecosystem, they provide important func-

tions in transferring energy from primary or sec-

ondary producers to higher trophic levels7.

Up to one third, by weight, of annual global

capture fisheries landings consist of small fish des-

tined for eventual reduction to fish meal and fish

oil8. Among the most important species historically

contributing to these landings are the Atlantic and

Gulf menhaden (Brevoortia tyrannus & B. patronus),

Pacific sardine (Sardinops sagax caerulea), northern

anchovy (Engraulis mordax), and the Peruvian

anchovy or anchoveta (Engraulis ringens). Presently

the major contributor to this industry is Engraulis

ringens, which alone may amount to one-third of

the total world landings by the industrial fleet in

certain years7.

Forage fish are found in all of the oceans, but

the areas of major productivity are those where

very significant upwelling occurs, i.e. the California

2
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Current off the coast of Southern California; the

Peruvian Current off the west coast of South

America; and the Canary and Benguela Currents

off the west coast of Africa1. At these locations,

often referred to as Eastern Boundary Currents,

may be found immense concentrations of small fish

such as anchovies and sardines as well as the larger

predatory species including herring, mackerel,

bonito, and tuna.

Historically the most productive of these

Eastern Boundary currents is the Peru-Chile

Current System. During the 1960s, annual catches

of anchoveta in this area exceeded 10 Mt. This

period was followed by a sharp decline in anchovy

abundance, resulting from the intrusion of the

warm water mass known as El Nino, and the fish-

ery shifted to sardines (primarily Sardinops sagax).

The history of E. ringens is one of great scarcity

followed by incredible abundance; production has

increased from a low of 94,000 t in 1984 to over 10

Mt during the 1990s10.

Upwelling systems are caused by strong, pre-

vailing winds, such as the Trade Winds, that blow in

a westerly direction away from coastlines in low

latitudes. As the surface water is pushed in a west-

erly direction away from the coast, it is displaced

by deeper and colder water that is rich in inorganic

nutrients and which rises to the surface. In the

presence of sunlight and nutrient-rich water, tiny

members of the phytoplankton can undergo photo-

synthesis and sustain a high rate of productivity

that forms the base of the food chain. The result is

3
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an ideal environment for forage fish. As much as

35% of the total capture fishery landings is harvested

from areas of upwelling9.

Normally, these westerly winds prevent the

warm surface water that has piled up in the west-

ern Pacific from moving eastward. Every few years,

however, these winds subside, allowing the warm

surface water to move eastward. Because it is

warmer and therefore less dense than the deep

nutrient-rich water below, the latter is prevented

from rising to the surface where primary produc-

tion would ordinarily take place. This phenomenon

is referred to as the El Nino Southern Oscillation

event, more commonly known as El Nino, a

Spanish reference to the Christ Child since it has

often occurred around Christmas time.

The effect of El Nino events upon the ecosys-

tem can be devastating on a global scale11. Severe

climatic disruptions during an El Nino event may

occur, resulting in serious droughts, floods, land-

slides, crop failures, and subsequent famine. In

areas where upwelling normally occurs, as along

the eastern boundary currents, entire fish popula-

tions may disappear because of food scarcity and

changes in water temperature, resulting in the col-

lapse of the local fisheries. Seabird populations,

dependent upon fish for sustenance, may abandon

their usual nesting areas during these events and

millions of their young may starve. Although El

Nino is initiated in the western Pacific Ocean,

anomalous oceanographic conditions may occur in

the Atlantic and Indian Oceans as a result. In addi-

tion to the four major eastern boundary upwelling

systems, there are other significant upwelling areas,

mostly in the tropics, that support important fish-

eries. Many of these systems, as in the Indian

Ocean, are driven by seasonal winds and monsoons.

4
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Of all the forage species captured by the

United States marine fisheries, the menhaden is cer-

tainly the most important. Because of its abundance

and economic value, the menhaden at one time was

considered “king” of the United States fishing indus-

try12 and, more recently, it has been referred to as

“the most important fish in the sea,” because of its

role in the marine food chain13. Today, menhaden

annual landings, valued at $30-40 million/year, are

second only to those of the Alaska (or walleye) 

pollock (Theragra chalcogramma), a Pacific Ocean

species, in tonnage. (Currently, menhaden and

Alaska pollock together account for about fifty

percent of total fish landings in the U.S.)

The menhaden is a member of the herring

family—the Clupeidae and therefore closely rela-

ted to the Atlantic herring and the river herrings

(alewife and blueback) as well as the American

shad (Alosa sapidissima). Along the Atlantic coast,

it is known by various regional names: “pogy”

(Massachusetts and Maine), “bony fish”

(Connecticut), “bunker” (New York and New

Jersey), and “fatback” (North Carolina). The name

“menhaden” derived from the Native American

Indian name “munnawhatteaug” meaning “that

which manures,” reflecting its value as a fertilizer14.

There are two slightly different species of men-

haden of commercial importance: the Atlantic

menhaden (B. tyrannus) found only along the

Atlantic coast from Florida to Maine and occasion-

5

2. Menhaden (Brevoortia tyrannus and B. patronus)

Menhaden steamer fleet, late 1800s
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ally Nova Scotia, and the Gulf menhaden (B.

patronus) found along the coast of the Gulf of

Mexico between Florida and the Yucatan

Peninsula. The annual landings of the two species

combined have averaged about 800,000 t in recent

years, with the Gulf menhaden accounting for

nearly 70% of the total catch.

The Atlantic menhaden fishery has existed for

about 200 years and is reportedly the first estab-

lished industry in North America15. Following the

advice of the Native American Indians, the early

New England colonists first used menhaden as fer-

tilizer, planting the whole fish with their crops. (As

menhaden have oily flesh and are exceedingly

bony, they were not eaten in great quantity).

However, when it was realized that the menhaden

oil permeated the soil and eventually ruined its

suitability for crops, the fish were then used prima-

rily for livestock food as well as bait for more desir-

able species such as cod, haddock and mackerel16.

Some menhaden were salted and shipped to the

West Indies as food for plantation workers14.

The commercial value of oil extracted from

menhaden was not recognized until very early in

the nineteenth century. The first industrial project

for extracting the oil was started in Portsmouth,

Rhode Island in 1811 where the fish were boiled in

large pots of water and then pressed under wooden

boards weighted with rocks17. The oil was then

skimmed from the surface and shipped to New

York and other large cities to be used for currying

leather and providing oil for lamps. The flesh and

scraps were dried and sold as fertilizer. This marked

the beginning of the menhaden fishery as an estab-

lished industry. As the whaling industry declined

during the mid to late 1800s, menhaden oil gradu-

ally became a satisfactory alternative to whale oil.

The menhaden fishery first began in the

Northeast (New England coastal states, New York

and New Jersey), and many of the early menhaden

fishermen were farmers as well. During the early

1800s, most of the fish were caught in weirs, gill

nets and seines hauled from

shore or deployed from row-

boats and small sloops. In 1826,

the first purse seine was intro-

duced, and the industry began 

to expand rapidly18. By the 

mid-19th century, coal-burning

steamers, 90 to 150 feet in

length and carrying a crew of 20

or more, were beginning to take

the place of the sloops and

schooners, and the volume of

menhaden oil produced annually

soon exceeded the amount

extracted from whales.

6

Menhaden floating factory
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By 1878, there

were 56 menhaden

oil factories operat-

ing in New England,

and the industry had

begun to spread

south along the

Atlantic coast14. In

that same year, the

industry employed

3,337 men, operated

64 steamers and 279

sailing vessels, and

produced 1,392,644

gallons of oil19. By the

early 1900s, men-

haden were being

processed not only

for oil but were also ground into fishmeal, which

was proving to be an excellent supplementary food

for livestock. During the 1930s, the menhaden fleet

in Florida began to exploit the menhaden resources

in the Gulf of Mexico and by the 1960s the fishery

for the Gulf menhaden, B. patronus, was the largest

in the country18.

Along the Atlantic coast, menhaden landings

peaked between 1953 and 1962. By this time, the

industry had consolidated from independent fish-

ermen into large private corporations which owned

the vessels and reduction plants. A fleet of over 100

vessels landed daily catches between New York and

Florida at 20 menhaden reduction facilities. By

1990, the fleet had been reduced to 33 vessels with

only five plants still in operation20.

By the mid 1900s, when the menhaden fish-

ery had reached its peak, the menhaden fleet had

converted to diesel engines and was deploying

purse seines—up to a quarter of a mile in circum-

ference and about 100 feet deep—that could con-

tain a half-million fish or more in one set. The set

was made by a pair of high-powered “purse” boats

approximately 30 feet in length and with the

capacity for a dozen people. Each boat set out from

the mother ship in opposite semi-circles, paying

out the seine as they circled the menhaden school.

When the two boats converged, a large weight or

“tom” was dropped from one of the purse boats to

close the bottom of the net’s purse to prevent the

fish from escaping. The net was then pulled back

into the purse boats by hand, gradually moving the

captured fish between the purse boats and the

mother ship. The fish were transferred to a hold in

the mother ship with a bailing net12.

With larger and well-equipped vessels, the

7

Load of menhaden heading to the processing plant, North Carolina
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efficiency of the menhaden fishery continued to

improve. Perhaps the most significant changes have

been: 1)the use of spotter planes to locate schools

of fish; 2)the use of synthetic fibers as net material

replacing cotton twine; 3) improved refrigeration

on board the mother ship to minimize spoilage;

4)the use of hydraulic power blocks thereby reduc-

ing the manpower required to hoist the nets; and

5)large-volume pumps to transfer the fish from the

net to the mother ship18. In addition, hydraulic

davits and stern ramps have been installed on some

vessels to expedite the launching and retrieving of

purse boats, which are now diesel-powered and

constructed of aluminum21.

The process of reducing menhaden to fish-

meal and oil on shore is now more efficient. In a

reduction plant, the fish are transferred to a storage

box at the dock and then to a live steam cooker.

8

Menhaden seine boats setting out from the mother ship
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Once the fish are cooked, they are transferred to

screw presses where the liquid is removed. The liq-

uid, known as “press liquor,” is centrifuged to recover

the oil. The solid material from the press, known as

“press cake,” is made into fish meal in a dryer.

Menhaden oil is an ingredient in enriched foods

and present in certain industrial substances includ-

ing plasticizers, marine lubricants, resins and paints.

The fishmeal is a valued ingredient in agricultural

(chickens and other livestock) and aquacultural

(primarily salmon, trout and shrimp) feeds22.

The Atlantic menhaden’s range extends from

the east coast of Florida to the Gulf of Maine23.

Menhaden prefer warm water (above 50˚F) and

move north along the coast in the spring in large

schools and migrate south in the fall. The migration

often brings the menhaden close to shore, and they

frequently enter the larger bays and

estuaries along the coast, particular-

ly the Chesapeake Bay. The fishery

usually starts in April when the fish

first appear off the North Carolina

coast. By May or June, they arrive

off the coast of southern New

England20. Some may continue

Down East into the Gulf of Maine.

In response to cooling temperatures

in early fall, the schools return to

Virginia and North Carolina by

early November. The fall fishery

may extend into February before

the fish disperse into deeper water.

Atlantic menhaden are consid-

ered to be offshore spawners23,

although they may enter estuarine

areas to spawn as well. Off the coast

of southern New England, spawning usually occurs

from early to late summer. The eggs are buoyant

and hatch within a few days of fertilization. The

larvae are carried by currents into estuaries where

they find plentiful food including planktonic

microorganisms. (Menhaden are filter feeders that

swim with open mouths and entrap food particles—

primarily phytoplankton and organic detritus—on

gill-rakers as the water flows over the gills). By fall,

the juvenile fish, now several inches in length, have

formed schools and begin to move out of the estu-

aries. Once in the sea they begin their migration

south, although their specific destination and win-

tering area has not been established. In the spring,

this cycle is repeated. When three years old, the

menhaden is approximately nine to ten inches long, a

half-pound in weight, and has reached sexual matu-

9
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rity. On occasion, some fish may reach 18 inches in

length and an age of eight to nine years18.

The Gulf menhaden is slightly smaller than B.

tyrannus and rarely lives beyond three years. It

becomes sexually mature after completion of its

first year. This species spawns offshore during the

winter months, particularly from December

through February, and the most concentrated

spawning usually occurs off the mouth of the

Mississippi River21. The eggs are pelagic and usually

hatch within 48 hours. The larvae begin to enter

the estuaries when three to five weeks old.

Once within the estuary, the larvae generally

move upstream into water of low salinity. Here

they remain until reaching the juvenile stage in

mid-summer, when they return downstream to

higher salinities. Now about four inches in size, the

juvenile fish begin to move offshore during late

summer and fall. The cycle is completed when they

return to the coast in mid-winter and spawn at age

one24. The Gulf menhaden enters the fishery at one

year of age and about five inches in length18. More

than 95% of the catch, by weight, consists of 

one and two-year old fish.

Since the early 1950s, the Atlantic menhaden

industry has shrunk substantially. Annual landings

during the period 1997-2001 have averaged only

249,000 t, less than half the five-year average of

584,000 t in the period 1952-1956 when the

industry was at its peak. In 2004 only two reduc-

tion plants were operating along the Atlantic

Coast, compared with 23 in 195525.
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Purse seine boats encircling a school of menhaden, Mississippi

87588_QLF Text 1.qxp  10/22/07  11:16 AM  Page 10



Since the early 1970s, the menhaden stocks in

the Gulf of Mexico have declined as well26.

Landings reached a peak in 1984—nearly one mil-

lion tons—and have since declined to about half

that amount27. This decline has been attributed to a

decrease in fishing effort, smaller number of vessels

in operation, and a decrease in the number of

reduction plants21. Presently there are only three

reduction plants in operation in the Gulf of

Mexico, one in Mississippi and two in Louisiana.

Fluctuations in abundance appear to be inversely

related to the amount of seasonal discharge from

the Mississippi River. One supposition is that the

strong river flow may impede the shoreward trans-

port of the larvae, thereby extending the period of

maximum predation in the waters of the Gulf 28.

The decline of the Atlantic menhaden fishery

is likely due to a number of reasons. Larval survival

and recruitment during

the past decade has

been poor. This has been

attributed, in part, to an

increase of pollutants in

the Chesapeake Bay—

the most important

menhaden nursery along

the Atlantic coast—

which have contributed

to periodic anoxic con-

ditions in parts of the

Bay. In addition, there

has been an increase in

the numbers of cteno-

phores (a type of jelly-

fish that preys upon fish

larvae); a decline in

water clarity; and a reduction in the abundance of

phyto- and zooplankton upon which the menhaden

subsist29.

Many recreational fishermen attribute the

menhaden’s decline largely to overfishing by com-

mercial vessels purse-seining in the lower part of

the Bay. The reduction fleet is accused primarily of

employing too small a mesh in their nets, thereby

preventing juvenile fish from escaping and hasten-

ing the depletion of the stocks of the important

forage-size fish. On the other hand, spokesmen for

the industry claim that at least part of the reasons

for decline is the increase in numbers of striped

bass, a major predator of menhaden, in the Bay and

along the Atlantic coast30.

11

Off loading a menhaden catch, North Carolina
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The California Current System is one of the

most biologically productive areas in the world and

noted for the high concentrations of pelagic fish

that it supports. This system carries water from the

North Pacific south along the west coast of North

America. During spring and early summer, prevailing

winds tend to drive the surface water offshore,

allowing deep and nutrient-rich water to rise to the

surface and stimulate photosynthesis. This is a

major upwelling system, second only to that off the

coast of Peru in terms of productivity9, and sup-

ports large and varied populations of marine life,

including forage fish such as the Pacific sardine and

northern anchovy.

The history of the Pacific sardine—also

referred to as the California pilchard or California

sardine—is a sad one, although the tale is not com-

plete and may perhaps have a happier ending than

once thought. Beginning with the first sardine can-

ning operations in California in 1889, the sardine

fishery gradually became the largest fishery in

North America by the 1930s with landings reach-

ing a peak of 790,000 t in 1936-3731.

Although the booming sardine industry along

the California coast was initially in canning, the

growing agriculture and livestock industries—par-

ticularly poultry and cattle—created a large

demand in the 1920s for locally available feeds as

well as fertilizer, and the sardine industry began to

shift from canning to the production of fishmeal32.

The reduction plants were more efficient than the

canneries, requiring far less labor and utilizing rela-

tively simple machinery33.

This species spawns off the coast of southern

California up to 100 miles from shore. Although

some spawning may occur year-round, it generally

takes place during spring and at night. The pelagic

eggs hatch in about three days. The Pacific sardine

usually becomes mature during its second year,

when seven to nine inches in length. Occasional

12

3. Pacific Sardine (Sardinops sagax caerulea) and
Northern Anchovy (Engraulis mordax)
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individuals may live up to 25 years

and reach 16 inches in length. Like

the herring family the Pacific sar-

dine is a filter-feeder and preys pri-

marily upon zooplankton34. The

species is highly migratory, generally

moving north along the California

coast during early summer and

south again in the fall35. Sardine

stocks along the coast of Mexico

have a similar pattern of seasonal

migration between Magdalena Bay

and Ensenada36.

The cause of the virtual disap-

pearance of the Pacific sardine fol-

lowing its peak years during the 1930s has been

attributed primarily to long-term cooling of the

California Current resulting from El Nino, which

forced the fish to seek warm water for spawning

and feeding, combined with intensive fishing pres-

sure upon the depleted stocks37. The net result was

the closing down of the numerous canning and

processing plants along the Pacific coast— many of

which were dismantled and shipped to Peru33—and

the high incidence of unemployment as described

by John Steinbeck in his 1945 novel “Cannery Row.”

During the next 30 years, this species

remained at a very low level within its natural

range, i.e., British Columbia to Baja California38. It

was reported to be abundant in the Gulf of

California during the 1970s and continues to sup-

port a major fishery there38. During much of this

time, fishing along the California coast was not

reduced, but rather sustained, resulting in a longer

period of recovery than would have been the case

if restrictions had been imposed.

Significant research has been devoted to

determining the various causes for the fluctuations

in abundance of the Pacific sardine since its decline

and after a moratorium was imposed on the fishery.

There is strong evidence that these fluctuations

coincide with trends in air and seawater tempera-

ture39, which, in turn, may influence the availabili-

ty of planktonic food in the water during a critical

period in the development of the eggs and larvae.

Shifts in oceanic circulation during the spawning

season would certainly have an impact on these

populations as well.

Since the early 1980s, the population began

to recover and has been increasing at a rate of

about 30% per year40. Presently there is a harvest

guideline each year which is determined from the

previous year’s spawning biomass estimate41. A

directed fishery was initiated in California in 1986

with a quota of 1,000 tons. By 2000, the quota had

been increased to over 200,000 t42. Nearly 100,000 t

were landed in 200243.

13

Stern view of a purse seiner, Washington
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Al though  the

northern anchovy

(Engraulis mordax)

rarely achieves the

commercial impor-

tance of the Pacific 

sardine, it plays a sig-

nificant role in the

California Current

ecosystem, particularly

as prey for other fish,

seabirds, and marine

mammals44. This little fish ranges from British

Columbia to Baja California, usually within 20

miles (30 km) of shore, and it is believed that there

are three distinct stocks of anchovies along the

Pacific coast45 that populate the waters adjacent to

Mexico, California, and British Columbia. The

heaviest concentrations of northern anchovies are

generally found off the coast of Mexico. Like the

sardine, the species is noted for its seasonal migra-

tions, tending to move north during summer and

south during winter46. It prefers deep water during

the day and comes to the surface at night.

The northern anchovy becomes sexually

mature during its second year when about six inches

in length. Spawning takes place throughout the

year and generally peaks during late winter and

early spring. The eggs are pelagic and usually hatch

within two to four days45. Northern anchovies may

live as long as seven years and some individuals

may grow to a length of nine inches, although four

years and seven inches is more typical. This species

is primarily a filter feeder, although it may also

seize its food depending on the size of the particle35.

It is less tolerant of warm

water than the sardine,

preferring temperatures

in the 11.5-16.5°C range,

whereas the sardine may

be found in water ranging

from three to 25°C39.

Records of the

anchovy fishery, dating

back to 1916, indicate

that they were used for

human consumption, for

bait, for feed in hatcheries and mink farms, and for

reduction to fishmeal and oil46. Because the

anchovy is relatively higher in prote in —65% of

its weight—than other forage fish, it is less desir-

able for reduction, but it was used extensively for

reduction when the sardine was scarce. When the

sardine fishery collapsed, the anchovy population

began to increase and during the 1970s Mexico ini-

tiated a significant reduction industry based upon

anchovies47. Total landings exceeded 400,000 t in

198147. As the sardine population began to recover,

the anchovy populations declined. Between 1981

and 2002, landings of anchovies on the Pacific coast

of the United States dropped from 52,300 t to

4,881 t while sardine landings increased from 15 to

over 96,000 t43. This type of negative correlation in

abundance between two species has also been

noted among other species of clupeids11. Scale sam-

ples collected from sediment cores dating as far

back as 1780 indicate that the anchovy went

through periods of abundance far greater than in

recent decades45.
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Stacking of a sardine net, Washington
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The largest fishery in the world is located off

the coast of Peru in a body of water just 30 miles

wide and 800 miles long representing less than

0.02 % of the area of the world’s oceans48. This fish-

ery is based for the most part on the Peruvian

anchovy or anchoveta (Engraulis ringens), which

may account for over 10 million t or more than

10% of the world’s total landings by the capture

fisheries in a single year1.

Located along the Peruvian Eastern Boundary

Current, this enormous concentration of fish is

considered to be “…by far the largest single fish

population ever known to inhabit a coastal 

ecosystem”49 and is the result of significant

upwelling of cold water near the coast. This water

is drawn from a depth of about 200 meters (over

600 feet) and contains high concentrations of

nutrients such as phosphorous. This enriched water

stimulates a rapid production rate of microscopic

algae, which are consumed by zooplankton. (The

primary production rate in the Peruvian Eastern

4. Peruvian Anchovy (Engraulis ringens)

Mother ship with full load of anchoveta, Peru
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Boundary Current may be ten times the rate of

production in the open ocean)9. The phytoplankton

and zooplankton, in turn, attract small fish such as

anchovies and sardines.At the top of this food chain

are the larger predators such as jack mackerel

(Trachurus symmetricus), chub mackerel (Scomber

japonicus), and bonito (Sarda spp.).

Although E, ringens has been the mainstay of

the Peruvian fishmeal industry since the 1950s, its

chief value prior to that time was as an indirect

source of fertilizer, or guano, the term for the excre-

ment of seabirds—primarily the guanay cormorant

(Phalocrocorax bougainvilli)—which inhabited the

islands along the Peruvian coast and depended

upon the anchoveta as a source of food50.The guano

was rich in nutrients, particularly nitrate, phos-

phate, and urea, and was highly valued as fertilizer.

Anchoveta are relatively short-lived and few

survive beyond their second year11, although some

may reach five years51. Spawning occurs throughout

the year off the Peruvian coast with peak spawning

coinciding with the major upwelling season in

September and primarily during winter off the

coast of Chile52. The eggs hatch in two days. The

16

An industrial fishing vessel off the coast of Peru
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juvenile and adult fish feed largely upon zooplank-

ton and phytoplankton, particularly diatoms,

which are collected on fine, sieve-like gillrakers.

The fish become harvestable when less than a year

old and three inches in size. The maximum size is

about 8 inches51,35.

E. ringens and its northern counterpart E. mordax

are similar in that they both have protracted

spawning seasons that may extend throughout the

year. The population of E. ringens consists of two

major stocks. Much of the largest is located off the

coast of Southern Peru and Northern Chile. The

smaller stock is generally found off North and

Central Peru53.

The Peruvian anchovy is generally dominant in

the fisheries of the Peruvian current system despite

periodic fluctuations in abundance. However,

another small pelagic, the South American sardine

(Sardinops sagax sagax), is an

important component of the

fisheries as well.As the anchovy

population declined in the early

1970s, it was gradually replaced

by increasing numbers of sar-

dines, landings of which

increased to a maximum of 6.5

million tons in 198554. As the

anchoveta stocks began to

recover during the 1990s, the

sardines began to disappear,

probably as a result of overfish-

ing as well as shifts in the

ecosystem such as water tem-

perature and planktonic food

supply.

Other important stocks of sardines and

anchovies experience similar cycles and, as one

species increases in abundance, the other tends to

decline. In the western Pacific, the stocks of

Japanese sardine or pilchard (Sardinops melanostic-

tus) increased significantly during the 1930s,

collapsed around 1940, and became abundant in

the 1970s only to experience a severe decline dur-

ing the 1990s55. These fluctuations were generally

opposite to those of the Japanese anchovy

(Engraulis japonicus), particularly since the 1950s56.

This species has dominated the Japanese fishery

during much of the past decade, with annual land-

ings exceeding 1 million tons as compared to 

one third this amount for sardine landings.

Los Ferroles fishmeal plant, Peru
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Purse seining for herring, Maine
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Atlantic Herring
(Clupea harengus)

The Atlantic herring prefers cold water

(unlike the Atlantic menhaden). In the Northwest

Atlantic, its range extends from the Carolinas to

the Gulf of Maine, the coast of Labrador and west

coast of Greenland. (On the other side of the

Atlantic, it is found along the entire European coast

from the Bay of Biscayne to Scandinavia and north-

ern Russia23). The majority of Atlantic herring—

perhaps 80-90%—are landed in Europe, primarily

Norway and Iceland, while the remainder are land-

ed in Canada and New England.

The herring fishery, like that of the cod, has

played an important part in the economies of coun-

tries on both sides of the Atlantic for several cen-

turies, and it is believed that more has been written

about it than any other species of fish35. Unlike the

menhaden, which is sought almost exclusively for

industrial use, the herring is a valued food fish, par-

ticularly in Europe, where the larger fish are sold

smoked, salted, dried, or pickled. Smoked “kip-

pered” herring are favored in Great Britain. The

smaller herring, about two-years- old, five to seven

inches in length, and referred to as sardines, were

the basis of a thriving canning industry in Maine for

5. FORAGE FISH OF THE NORTHWEST ATLANTIC

Areas of upwelling of the magnitude of those cited earlier do not occur in the North Atlantic. Nevertheless, there

are several species of relatively small fish found along the coast of North America that usually occur in large

schools and are highly important links in the marine food chain. Most of these species are primarily oceanic,

rather than estuarine, in habitat and include the Atlantic herring (Clupea harengus), Atlantic mackerel

(Scomber scombrus), capelin (Mallotus villosus), Atlantic menhaden (Brevoortia tyrannus), sandeel

(Ammodytes americanus), and two species of squid (Loligo pealeii and Illex illecebrosus). Two anadromous

species, the alewife (Alosa pseudoharengus) and blueback herring (Alosa aestivalis), migrate offshore and 

provide forage for the larger carnivores. Because of their schooling behavior, they are readily captured in large

volume and have therefore been targeted by the industrial fisheries.

There are several other important forage species found along the Northwest Atlantic coast that are prima-

rily estuarine. Because of their small size, they are of little commercial significance other than their use for bait.

These species include the silverside (Menidia menidia) and the bay anchovy (Anchoa mitchilli).
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more than one hundred years57. At one time, nearly

50 canneries were operating in Maine. The deple-

tion of the herring stocks has reduced this number

to six today.

In North America, where virtually all Atlantic

herring are landed in the New England states

(mostly Maine), the herring fishery was originally

pursued by “fixed” gear in the way of weirs or traps.

In the 1940s, these traps were supplemented by

stop seines, whereby gill nets were stretched across

the mouths of coves into which herring had

entered. Since 1960, and as inshore herring popu-

lations became scarcer, shore-based methods have

given way for the most part to mobile gear suitable

for deeper water, including purse seines and mid-

water trawls58.

The Atlantic herring becomes sexually mature

when reaching four years of age. Unlike the Atlantic

menhaden, which releases buoyant eggs, the female

herring deposits her eggs on rocky or gravelly bot-

tom, often quite close to shore. In approximately

ten days, the eggs hatch, and the larval herring drifts

in the ocean currents during the remainder of the

fall and winter, feeding largely upon tiny plankton-

ic crustaceans and other invertebrates. (Unlike the

menhaden, it is not a filter feeder). In the spring, the

juveniles begin to form schools and move into deep-

er water. By the following spring, some may exceed

five inches in length and qualify as sardines. At this

stage, the herring seek out and move with their

planktonic food, the most important of which are

copepods. However, the majority do not become

sexually mature until their fourth season. During

their migrations, they provide a major source of

food for a variety of predators—cod, silver hake,

pollock, mackerel, tuna, salmon, striped bass, squid,

whales, and various seabirds—and mortality rate is

extremely high59.

In the United States, the adult herring is val-

ued principally as bait particularly for the lobster

industry. In Iceland and Europe, as much as half the

annual catch may be processed to fishmeal and oil.

During the 1990s, landings in New England nearly

doubled from about 48,000 t in 1991 to over

95,000 t in 1997 and decreased to 70,000 t by the

year 200060.

Capelin (Mallotus villosus)
The capelin, a close relative of the rainbow

smelt, is a small pelagic species that inhabits the

cold water of the North Atlantic and North Pacific.

In the Northwest Atlantic, it is abundant chiefly in

the Gulf of St. Lawrence, off the coast of

Newfoundland and Labrador, and the Grand Banks.

It is also found off the coasts of Greenland, Iceland,

and Norway and in the Barents Sea61. Capelin are

found in the most northerly regions of the Pacific

as well.

The capelin is considered to be one of the

most important forage fish in the North Atlantic.

On the western side of the Atlantic, the capelin

fishery is quite small in comparison with the

Atlantic menhaden and Atlantic herring fisheries
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and the majority of the world catch is landed in

Iceland, Norway, and Russia. This species plays an

extremely important role in the Arctic and sub-

Arctic ecosystems, providing a primary source of

food for larger finfish, marine mammals, and

seabirds62, 63.

Although the capelin spends most of its life

offshore, the majority move into shore in early or

mid-summer to spawn, usually at an age of three or

four years. At this time, the males and females have

usually formed separate schools and the females

generally follow the males into shore. The eggs are

deposited in shallow water and adhere to the sand

and gravel and many are buried by the surf. A large

percentage of the adult fish die after spawning.

The incubation period for the eggs may be 15-

20 days depending upon temperature. After hatch-

ing, the larvae may remain buried in the gravel

until washed out to sea by wave action. By the end

of the summer; the juvenile fish are pelagic, feed-

ing near the surface on tiny planktonic inverte-

brates. By winter, they have reached one to two

inches in length64.

In the Northwest Atlantic, most of the capelin

were initially harvested—by means of traps and

weirs—from the waters close to shore around

Newfoundland. These fish were used for fertilizer

and bait as well as human consumption. A directed

offshore commercial fishery for capelin began in

the early 1970s, largely on the Grand Banks. As this

fishery declined in the late 1970s, a new market for

capelin roe developed in Japan. Presently the great

majority of capelin captured in Canadian waters

are caught near shore during or immediately before

the spawning season and are destined for this mar-

ket. The male capelin captured in the nets are often

discarded. In recent years, a large percentage of the

Canadian catch has been made by purse seine

along Newfoundland’s west coast61.

Annual landings of capelin in the Northeast

Atlantic, where Iceland and Norway are the chief

participants in the capelin fishery, are considerably

larger than those in Canada. During the past 10

years, annual landings in Canada (primarily

Newfoundland) averaged about 24,000 t as com-

pared with 697,000 t for Iceland and 288,000 t for

Norway. Most of the European catch is harvested

from the Barents Sea and a significant percentage

of the catch is converted into fishmeal.
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Atlantic Mackerel 
(Scomber scombrus)

The Atlantic mackerel, a member of the family

Scombridae, is closely related to the tunas. It differs

from its relatives in that it lacks a swim bladder and

must swim continuously in order to satisfy its oxy-

gen requirements23. It is a fast-swimming fish and,

like other important forage fish, occurs in dense

schools. The mackerel’s range on the west side of

the Atlantic extends from North Carolina to the

Gulf of St. Lawrence, the east coast of

Newfoundland and south coast of Labrador. On

the east side of the Atlantic, it occurs all along the

coast of Western Europe from the Baltic Sea south

to the Mediterranean Sea and Black Sea.

In the Northwest Atlantic, there are consid-

ered to be two mackerel stocks. The southern stock

spawns during March and April off the coast

between New Jersey and Long Island, New York.

The northern stock spawns mainly in the Gulf of

St. Lawrence and to a lesser extent along the coast

of Nova Scotia and off the Grand Banks65.

Mackerel usually winter in deep offshore

waters and move closer to shore in the spring to

spawn. The eggs are pelagic and drift about in the

ocean currents for a period of five to seven days

before hatching. By the end of the summer, the

juvenile fish may have reached two inches in length

and have formed schools. Growth proceeds rapidly,

and, by completion of its first year, the young

mackerel may have reached ten inches in length.

Growth rate declines after this; sexually mature

fish three years of age are about 14 inches in length

and weigh about a pound. Some mackerel may live

12 years and may reach 22 inches in length23.

The food of the mackerel varies with its size.

Juvenile fish feed primarily upon zooplankton, par-

ticularly copepods and other planktonic crustacea.

As the mackerel become larger, a variety of small

finfish, such as young herring, launce (sand eels),

and even smaller mackerel, as well as squid, are

included in its diet.

During the 1800s, many of the fishing com-

munities in New England relied upon mackerel

nearly as much as cod, and the fishing fleet often

followed the mackerel schools along the coast from

Virginia northward66. For many years, jigging by

hand was the usual method for catching mackerel

offshore, but eventually the purse seine came into

use in the 1850s. Mackerel are also captured in

traps and gillnets near shore.

The history of the Atlantic mackerel fishery is

one of feast or famine, with periods of extraordi-

nary abundance alternating with sudden scarcity

and, in some areas of the North Atlantic, virtual

disappearance23. It is generally believed that abun-

dance is determined primarily by natural factors

during reproduction, such as favorable water tem-

peratures and/or abundance of food during the

early life stages.

Only about 10% of the annual Atlantic mack-

erel catch is landed on the west side of the Atlantic.

The majority (approximately 90%) of the landings

are along the coast of Europe67.

87588_QLF Text 2.qxp  10/18/07  2:36 PM  Page 22



Sand Eel 
(Ammodytes americanus, 

A. dubius)
The sand eel (also known as sand lance or

launce) is a small, slender fish that rarely exceeds

more than ten inches in length. Equipped with a

pointed snout, it is capable of burrowing rapidly

into the bottom sediment to elude predators. There

is some question as to whether members of the

inshore populations of sand eels (A. americanus =

American sand lance) are the same species as those

found farther north and further offshore (A. dubius

= northern sand lance), which is a smaller fish68.

The range of the sand eel extends from Cape

Hatteras to the Maritime Provinces of Canada and

the west coast of Greenland. (A closely related

species, Ammodytes tobianus, is common along the

coasts of western Europe). Sand eels prefer rela-

tively shallow water, are rarely found at depths

greater than 300 feet, and tend to live close to the

bottom over sand or light gravel. They form dense

schools and often burrow into the sand between

the tide lines, emerging when the tide returns. As

a result, they are often captured by clam-diggers

working exposed flats during low tides and pro-

vide a source of bait69.

Sand eels become sexually mature at two

years of age. They generally spawn during winter,

and their eggs adhere to sand particles. After

hatching, the larvae drift near the surface for a

period of several weeks before returning to perma-

nent residence near the bottom. Their chief source

of food consists of small planktonic invertebrates,

primarily copepods.

The American sand lance tends to migrate,

moving close to shore and into estuaries during

summer and returning to deeper water in the fall.

After one year, they are about three inches in

length. By the age of five years, they may exceed

seven inches23.

Other than providing a source of bait, the

sand lance is of little direct economic value in the

northwest Atlantic, but it is of tremendous value as

food for a large variety of predators including

marine mammals and seabirds as well as many

species of finfish. In Europe, similar species—A.

tobianus and A. marinus—are harvested in large

numbers, particularly from the North Sea, and con-

tribute significantly to the fishmeal industry.

23
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River Herring 
(Alewife (Alosa pseudoharengus)

and Blueback Herring 
(Alosa aestivalis))

The alewife and blueback herring, both mem-

bers of the family Clupeidae, are often referred to

as “river herring.” These two fish, like their close

relative the shad, are anadromous, migrating from

the ocean into fresh or nearly fresh water to spawn.

These are small schooling fish, rarely over 12 inches

in length and quite similar both in appearance and

general habits. The range of the alewife extends

from South Carolina to Newfoundland, while the

blueback herring is found from Florida to Nova

Scotia. Both species spend most of their lives at sea

and winter over the continental shelf fairly near the

coast.

The reproductive habits of the two species

differ in certain respects. Alewives are the first to

enter the tributaries in the spring, usually arriving

several weeks in advance of the blueback herring.

While alewives may spawn in a variety of fresh-

water habitats, including small ponds, lakes and

sluggish rivers, the blueback herring prefers more

rapidly flowing water. The adult fish move down-

stream and into the ocean immediately after

spawning70.

The eggs of both species are deposited on the

stream bottom and tend to adhere to bottom vege-

tation. Hatching generally occurs within several

days after spawning and the larval and juvenile

stages remain near the spawning areas during much

of the summer, gradually moving downstream and

into the estuaries by fall. Their diet consists of zoo-

plankton, primarily small crustaceans. By early win-

ter, and now up to about five to six inches in

length, they enter the ocean, not to return to their

natal streams for several years.

There seems to be little known about the

alewife and blueback herring between the time

they first enter the ocean and their eventual return

as adults three to four years of age and sexually

mature. More than 99% of the eggs spawned fail to

survive the early life stages, and the total annual

mortality has been estimated at about 70%.

For several centuries, the commercial river

herring fishery was confined largely to the United

States. This was one of the oldest fisheries in the

country, involving the use of fish weirs, pound nets,

and gill nets. During the 1960s, however, foreign

vessels began to harvest the river herring schools

intensively offshore, and average annual landings in

the U.S. declined from 25,000 t (1960-1969) to

about 500 t (1994-1998). Overfishing, combined

with reduction of suitable spawning habitat—such

as adequate access to favorable spawning

grounds—has virtually eliminated the fishery71.
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Squid (Northern Shortfin
Squid (Illex illecebrosus) and
Longfin Squid (Loligo pealei)

Although squid are mollusks (members of the

Class Cephalopoda), they are frequently grouped

with forage fish because of their importance as a

food source for many species of finfish, marine

mammals, seabirds, and man. Both the northern

shortfin squid and the longfin squid have character-

istics typical of forage fish. They are relatively

small, rapid swimmers, and they tend to occur in

large schools that undertake extensive seasonal

migrations.

The northern shortfin squid is widely distrib-

uted in the western North Atlantic ranging from

Florida to Labrador. It is generally found a consid-

erable distance offshore, near the outer continental

shelf, with chief concentrations north of Cape

Hatteras72. The range of the longfin squid extends

from Nova Scotia to South America with the heav-

iest concentration between Cape Hatteras and

Georges Bank. This species is more apt to occur in

shallower water than the shortfin, often being cap-

tured in fish traps near shore during spring and

early summer.

Both of these species are small, rarely exceed-

ing 12 inches in length of the mantle.They are both

fast-growing and short-lived, usually dying after

spawning at the age of about one year. The majori-

ty of shortfin squid move south of Cape Hatteras

during the fall and spawn during winter. The young

stages—larvae and juveniles—drift north with the

Gulf Stream and onto the continental shelf in the

spring. Growth proceeds rapidly during the sum-

mer months and into the fall as the squid move

back to their winter spawning grounds, thereby

completing the cycle73.

The longfin squid also undertake an inshore-

offshore migration, wintering along the edge of the

continental shelf in deep water and moving closer

to shore in the spring and summer. This species

may spawn year-around, although spawning is most

intensive during the summer months74. As in the

case of the shortfin squid, the eggs are enclosed in

gelatinous capsules from which the larvae emerge

after several weeks. The young squid are voracious,

feeding on a variety of small fish and crustaceans as

well as smaller squid.

Until the 1970s, squid were captured primari-

ly for bait. They are now harvested for human con-

sumption in many countries, particularly Japan.

The majority are caught in small-mesh otter

trawls73. Management of the squid fishery is made

difficult because of the squid’s short life span, rapid

rate of growth, and sharp and unpredictable fluctu-

ations in abundance.
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Bay Anchovy (Anchoa mitchilli)
and Atlantic Silverside

(Menidia menidia)
Both the bay anchovy and the Atlantic silver-

side are largely shallow-water species, tolerant of

brackish water and frequenting estuaries and

inshore areas. Both are small schooling species—

rarely exceeding four to five inches in length—that

generally move offshore in the fall and return in the

spring75,76.

The range of the bay anchovy extends from

Cape Cod to the Gulf of Mexico. Unlike the

Atlantic silverside, the eggs of which are demersal,

bay anchovy eggs are pelagic and may often be the

dominant member of the ichthyoplankton in the

bays and estuaries during the summer months. This

species feeds primarily upon copepods. It is most

abundant along the mid-Atlantic coast and is con-

sidered to be one of the most important forage fish

in Chesapeake Bay77.

The decline of the bay anchovy population in

the Bay since 1994 has been linked to the sharp

increase in numbers of predators—primarily

striped bass (Morone saxatalis)—that would nor-

mally be feeding on menhaden77. Studies on the

feeding habits of the bluefish (Pomatomus salta-

trix) have indicated that the bay anchovy is a major

component in the diet of this species78.

The Atlantic silverside is common along the

coast from Nova Scotia to Florida. Like the bay

anchovy, this species feeds on small crustaceans as

well as worms, insects, and algae. Atlantic silver-

sides form dense schools and are preyed upon by

many of the larger carnivorous species of finfish,

such as striped bass and bluefish, as well as

seabirds.
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Pacific Herring 
(Clupea pallasi)

The Pacific herring is similar in many respects

to the Atlantic herring (C. harengus), but is some-

what smaller, seldom exceeding nine inches in

length. Its range extends along the Pacific coast

from Baja California to the Bering Sea and its

migratory routes are generally confined to the con-

tinental shelf. Juvenile fish are rarely found more

than a few miles from shore79.

Adult herring move into shore during the

spring months to spawn in the shoal waters of bays

and estuaries and even in inter-tidal areas. Major

spawning grounds along the California coast

include San Francisco Bay, Tomales Bay, Humboldt

Bay, and Crescent City Harbor. In Alaskan waters,

where most of the Pacific coast herring fishery is

located, much of the spawning takes place in Prince

William Sound and near Kodiak Island as well as in

parts of the Bering Sea such as Bristol Bay and

Norton Sound80. After spawning, the schools tend

to move offshore, subsisting largely on zooplankton.

Like those of the Atlantic herring, the eggs of

the Pacific herring are adhesive and become

attached to a variety of substrates, including rocks,

dock pilings, shells, eelgrass, and kelp81. Hatching

usually occurs in about ten days, and the juveniles

remain close to the spawning grounds throughout

the summer before moving into deeper water.

Many of these fish will return to their home

grounds to spawn when two to three years of age.

Herring may live up to eight years or so.

Herring are usually captured by purse seines

or gillnets. At one time, they were used for reduc-

tion into fishmeal and they are still an important

source of bait for the crab fisheries. Since the early

1970s, however, their primary value is in satisfying

the Japanese markets and their demand for herring

roe. Known as the “sac roe” fishery, the herring are

harvested just before spawning occurs, transferred

to waiting ships, and transported to Japan. There

the sacs of roe are removed from the female fish

and the carcasses of both male and female are

ground up for fishmeal82.

6. FORAGE FISH OF THE NORTHEAST PACIFIC

The forage fish noted for economic value along the Pacific coast of North America are the Pacific sardine

(Sardinops sagax) and the Pacific herring (Clupea pallasi). Other forage species of commercial and/or ecological

importance include the sand lance (Ammodytes hexapterous), chub mackerel (Scomber japonicus), capelin

(Mallotus villosus), and the walleye pollock (Theragra chalcogramma).
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Herring roe is also collected for the Asian

market by the “roe-on–kelp” technique, whereby

schools of herring are herded into impoundments

during the spawning season. Within the impound-

ments, the adhesive herring eggs are collected on

fronds of kelp suspended from rafts. About 15% of

the annual herring landings are harvested in this

manner.

The major herring fishery is in Alaska, prima-

rily in the Gulf of Alaska and the Bering Sea. The

Alaskan fishery accounts for about 90% of total

landings of Pacific herring, averaging about 40,000

t per year during the past decade. During the same

period, landings in California averaged less than

4,000 t.
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Pacific Sand Lance
(Ammodytes hexapterous)
The Pacific sand lance (A. hexapterous) is

quite similar to its close relative, the American sand

lance (A. americanus) of the Atlantic coast. Also

referred to as sand launce or sand eel, it is a small,

slender fish usually found near shore in shallow

water. It prefers sandy or sand-gravel bottom into

which it burrows in the evening or in order to

escape predators and may even remain buried

beneath the sediment in a dormant phase during

winter83.

The sand lance is a schooling fish that enters

shallow water to spawn during the winter months.

The eggs are deposited on the bottom near the low

tide mark or even intertidally, and, because they are

adhesive, stick to the sand grains. After hatching,

the larvae and juveniles remain near shore, feeding

on zooplankton. The juveniles generally form

schools when about an inch in size and begin to

move into deeper water84.

The various species of sand lance (Ammodytes

spp.) are considered by some to be perhaps the

most important forage fish in the Northern

Hemisphere, most particularly because of the large

number and variety of predators that feed upon

them7. It is estimated that over 100 species of con-

sumers depend heavily upon sand lance85, which,

like the herring and capelin, have a much higher

concentration of lipids than most other prey

species86.The range of the Pacific sand lance extends

from southern California to the Bering Sea.

Chub Mackerel 
(Scomber japonicus)

The chub mackerel, also known as the Pacific

mackerel, is one of the most valuable species in the

capture fisheries. It is widely distributed, ranging

along both coasts of the Atlantic and Pacific

Oceans. During the period 1999-2003, world land-

ings of chub mackerel averaged 1.7 Mt, ranking it

among the first ten species in the catch statistics87.

Along the Pacific coast of North America, the

range of the chub mackerel extends from Baja

California to British Columbia88. Within its range, it

prefers warm water and is usually found within 20

miles of shore, migrating north in summer and

south during winter. The great majority of chub

mackerel captured—usually by purse seine—

along the Pacific coast are landed in California, and

this fishery for many years was second only to the

Pacific sardine fishery at its peak. However,

California landings have been highly erratic during

the past decade and represent a very small percent-

age—less than one percent—of the world catch89.

The chub mackerel, like the closely related

Atlantic mackerel (Scomber scombrus), is a fast-

swimming fish that forms large schools. Adults feed

primarily on small fish, squid and crustaceans and

may reach a length of two feet, although one foot

is the usual adult size. It is preyed upon by a vari-

ety of larger finfish, marine mammals and seabirds.
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Spawning occurs from the beginning of spring

to the end of summer90, and the eggs are pelagic.

The juveniles begin to school when only an inch or

so in size, and sexual maturity is generally reached

in one to two years.

Alaska Pollock 
(Theragra chalcogramma)
The Alaskan, or walleye, pollock is a member

of the Gadid family and thus related to the cod. It

is a demersal species, seldom found near the surface

and is distributed along the Pacific coasts from

California northward to the Gulf of Alaska, Bering

Sea, Aleutian Islands, and eventually the Sea of

Japan91. In 2002, this species ranked second in world

landings, behind the Peruvian anchovy, and account-

ed for about 30% of the total United States catch.

The Alaskan pollock becomes sexually mature

when three to four years of age and congregates in

dense schools to spawn. It may live to 14-15 years,

reaching 30 inches or more. The juveniles feed for

the most part on zooplankton, particularly krill,

while the adults prefer a variety of small fish,

including herring, sand lance, salmonids, smelt, and

capelin.

The Alaskan pollock fishery got underway

after the collapse of the perch, herring and sole

stocks in the 1960s, stimulated by the introduction

of the Japanese stern-trawling factory ships92. These

ships processed much of the fish into “surimi,” a del-

icacy prized in Japan and the taste of which resem-

bles shellfish. During the spawning season, the

Alaskan pollock is also targeted for its roe.

World landings of Alaskan pollock have

declined by nearly 50% during the past decade,

largely as a result of intensive fishing by the factory

ships. Landings by the United States fleet have

averaged slightly over one million t a year.

Capelin (Mallotus villosus) 
Capelin are circumpolar and those of the

North Pacific are the same species as those in the

North Atlantic (described in a preceding chapter).

The great majority of capelin landed are from the

North Atlantic.
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Norway Pout 
(Trisopterus esmarkii)

The Norway pout is a member of the Gadid

family which includes the cod and haddock. It is

considered to be benthopelagic and is found on the

bottom as well as near the surface94. This species is

most abundant off the European coast from the

Barents Sea south to the English Channel and west

to the waters around Iceland, usually in depths of

100 to 200 meters, and it prefers muddy bottom.

The Norway pout is a small fish, rarely exceeding

14 inches (35 cm) in length. It becomes sexually

mature when two years of age and spawning usu-

ally takes place during late winter and early spring.

It feeds for the most part on planktonic crustaceans

such as copepods as well as small fish. The maxi-

mum age of this species is four to five years95.

Other than its importance as prey for carniv-

orous species such as cod, the Norway pout’s only

value is for reduction to fishmeal. It is fished pri-

marily by Denmark and Norway93, and the majori-

ty of fish are captured by small-mesh bottom

trawls. In recent years, total annual landings have

fluctuated between 100,000 and 300,000 t. The

Norway pout fishery often includes a large bi-catch

of more valuable species, particularly juvenile had-

dock and whiting. Blue whiting are often mixed in

with the catch as well.

7. FORAGE FISH OF THE NORTHEAST ATLANTIC

Several of the small pelagic species considered of commercial importance in the northwest Atlantic region are also

found in the Northeast Atlantic. These include the Atlantic herring (Clupea harengus), Atlantic mackerel

(Scomber scombrus), and capelin (Mallotus villosus) and have been described in a preceding chapter. Atlantic

herring and Atlantic mackerel of the Northeast Atlantic are generally caught for human consumption in Western

Europe. Capelin are targeted primarily for reduction to fishmeal, mostly by Iceland, Russia and Norway93.

There are certain other species found in the Northeast Atlantic that are of considerable commercial impor-

tance to the industrial fisheries as well as being important links in the marine food chain. These include the

Norway pout (Trisopterus esmarkii), European sprat (Sprattus sprattus), blue whiting (Micromesistius

poutassou), Atlantic horse mackerel (Trachurus trachurus), and the sandeel (Ammodytes marinus).

87588_QLF Text 3.qxp  10/22/07  11:31 AM  Page 31



Blue Whiting 
(Micromesistius poutassou)
The blue whiting is also a member of the

Gadid family and reaches a larger size than the

Norway pout. It is found in the Bering Sea, near

Iceland, as far south as Africa, and in the western

parts of the Mediterranean Sea. The blue whiting

may also occur in waters off Greenland and the

Canadian Maritimes96. Blue whiting may become

sexually mature at two years of age and grow rela-

tively rapidly. Spawning usually occurs in deep

water during spring and the eggs and larvae dis-

perse as they rise to the surface. It may reach a

length of 50 cm and up to 15 years of age96.

This species is more pelagic than the Norway

pout, often moving towards the surface at night

and returning to the bottom to depths of 400

meters or more with daylight. It feeds primarily

upon small fish, squid, and crustaceans and is found

in large schools. It is usually captured in mid-water

trawls, towed at depths between 200 and 500

meters97. The blue whiting is fished primarily for

fishmeal and fish oil, although a small percentage

of the landings is processed to sashimi and market-

ed for human consumption. The major participants

in the fishery are Norway, Iceland, and Russia.

Landings of blue whiting have increased steadily

during the past five years, reaching an historic high

of 2.4 million t in 200398. As little is known about

the biology of this species, the virtually unrestrict-

ed fishery is of major concern to fishery authori-

ties99. The blue whiting is known to be an impor-

tant component in the diet of cod, haddock, ling,

hake, monkfish, mackerel, and Atlantic horse

mackerel as well as marine mammals, including

pilot whales and common dolphin96.

Sprat (Sprattus sprattus)
Sprat are small pelagic Clupeids closely related

to the herrings. They are usually found in large

schools close to shore and range from the North

Sea south to Morocco as well as the Mediterranean,

Adriatic and Black seas35,100. They work their way

into estuaries and are tolerant of salinities as low as

four parts per thousand.

Sprat rarely exceed six to seven inches and,

with the exception of the canning industry, are sel-

dom used for human consumption. However, they

have a high fat content, as much as 20% of their

total weight in certain times of year, and are there-

fore valued for reduction as well as for mink food101.

Sprat feed primarily upon planktonic crustaceans

and tend to surface during the night, returning to

deeper water with daylight. They usually spawn

during summer and their eggs are pelagic. Sprat are

generally caught in fine-mesh trawls and purse

seines, often mixed with small herring. Annual
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landings during the past five years have ranged

between 600,000 and 700,000 t.

Lesser Sandeel
(Ammodytes marinus)

In the Northeast Atlantic, there are five differ-

ent species of sandeels, but only the lesser sandeel

(Ammodytes marinus) is of commercial value. This

small fish, similar in size, shape, and habits to its

relatives in the Northwest Atlantic and Northeast

Pacific, supports the largest fishery in the North

Sea102. In recent years, total annual landings have

averaged one million tons. Most of the sandeel

catch is landed in Denmark and, to a lesser extent,

Norway and the United Kingdom93.

The lesser sandeel is common from Russia and

Iceland south as far as Portugal and including the

Baltic Sea. It is generally found in shallow coastal

waters, particularly over sandy bottom, and often in

brackish water estuaries103. The sandeel feeds pri-

marily on zooplankton, including copepods, fish

larvae, and polychaete worms104. This species

spawns during the winter months. Its eggs are dem-

ersal and adhere to sand grains on the bottom69.The

larvae initially swim to the surface and, within a

few weeks, return to the bottom as juveniles where

they remain throughout their lives. They become

sexually mature when one to three years of age and

grow to a maximum size of 16 inches.

The sandeel has a high lipid content, making

it a desirable species for the reduction industry.

The usual method of capture is by sweeping the

bottom with fine-mesh trawls with weighted

groundropes69. It is also a major source of food for

larger finfish predators such as the cod and had-

dock as well as seabirds.

Atlantic Horse Mackerel
(Trachurus trachurus)

The Atlantic horse mackerel is a member of

the Carangid family and closely related to the

jacks105. It is a pelagic species for the most part, and

highly migratory. Atlantic horse mackerel form

large schools and frequent the coast from Norway

to Senegal, Iceland, and the Mediterranean Sea.

This is a relatively long-lived species that may

reach an age of 40 years106. Females become sexual-

ly mature when two to four years old and some

individuals may reach 60 cm (24 inches) in length,

although the usual size of fish commonly caught is

15-30 cm. Spawning generally occurs during the

summer months and the eggs are pelagic. It feeds

primarily upon small crustaceans as well as smaller

fish and squid and is often found in the company of

herring.
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This species is caught primarily for human

consumption but is occasionally used for reduc-

tion. The major fishers are Norway, Denmark,

Iceland, the Netherlands, and Spain, and methods

of capture include purse seine, long-lines, trawls,

and traps. Because of its extensive migrations and

erratic fluctuations in abundance, relatively little is

known about its habits and biology.
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European Pilchard
(Sardina pilchardus)

The European pilchard, or sardine, is found

along the coast of western Europe from the south-

ern North Sea to the Mediterranean Sea, including

the Black and Adriatic Seas, and as far south as the

Canary Islands off the west coast of Africa35. This is

an important, if not the most important, species as

it affects the economy of several countries in this

region, particularly Spain, Morocco, Portugal, and

France108. During the past decade, annual landings

have often exceeded one million t109.

The European sardine fishery is one of the

oldest in the Mediterranean region, dating back to

the 14th century110. Initially, sardines were cap-

tured by positioning drift nets or traps in shallow

water along their established migratory routes.

Today, the fish are caught by purse seines, gill nets,

beach seines, traps or bottom trawls, and may

account for 25% of the annual catch in the Eastern

Central Atlantic fishing region107.

This species is most frequently found in rela-

tively shallow water in depths of 10-100 m, and it

may spawn in the open sea or near the coast. It is a

schooling fish and can tolerate a wide range in

salinity. The European pilchard generally spawns

during the winter months. Recruitment to the

stock appears to be related to the prevailing winds

and their influence on local upwelling108. In the

southern Canary Current, sardine catches are often

higher during periods of upwelling, the result of

intensive winds that drive the surface water off-

shore. This process allows nutrient-rich water to

rise to the surface, stimulating primary productivity111.

The European pilchard may grow to a length of 10

inches and live for 15 years. A large percentage of

the catch by Morocco is processed into fishmeal.

8. FORAGE FISH OF CENTRAL EUROPE 
AND WEST COAST OF AFRICA

The waters of the Atlantic off the coasts of central Europe and west coast of Africa are characterized by a variety

of oceanographic features including major current systems such as the Canary and Benguela Eastern Boundary

Currents and areas of upwelling107. As a consequence, there are important fisheries in this region. Landings consist

largely of small pelagic species, primarily clupeids, which dominate more than 50% of the catch. These include the

European pilchard (Sardina pilchardus), European anchovy (Engraulis encrasicolus), round sardinella (Sardinella

aurita), South African pilchard (Sardinops ocellatus), and the South African anchovy (Engraulis capensis).
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European Anchovy 
(Engraulis encrasicolus)

The range of the European anchovy is some-

what broader than the European sardine, extending

from Norway to South Africa and including the

Mediterranean and Black Seas35. It is tolerant of a

wide range in salinity and may be found in large

schools in brackish water as well as offshore.

The majority of the European anchovies land-

ed are captured in the Mediterranean Sea. The pop-

ulation consists of two distinct stocks; one thrives in

the open sea, the other in inshore areas. The inshore

variety is valued more because of its flavor, and it

provides a major fishery for Turkey—over 60% of

Turkey’s total landings. About 25% of the catch is

processed into fishmeal112. The majority of the

anchovies are canned for human consumption.

This is a short-lived species and becomes sex-

ually mature after its first year. Spawning generally

occurs during the spring and summer. It prefers

colder water than the sardine and tends to move

north along the coast during the summer and

retreat to deeper water during winter35. In recent

years, anchovies from the major stock in the Bay of

Biscay appear to have migrated northward into the

southern North Sea113. Landings of the European

anchovy have remained quite stable over the past

10 years, averaging slightly over 600,000 t annually.

Round Sardinella
(Sardinella aurita)

The round sardinella is common along the

eastern Atlantic coast from Gibraltar to South

Africa and the Mediterranean and Black Seas. In

the Mediterranean, it is distributed primarily along

the African coast where it supports an important

fishery. This species is also found in the Southwest

Atlantic along the coast of Brazil. It prefers clear

water of high salinity and migrates between the

open seas and the coast in accordance with the

spawning season11.

In the Mediterranean, where the majority of

the round sardinella are caught, these fish generally

move into shallow water to spawn during the sum-

mer months. Here the juveniles remain until reach-

ing a size of about four inches, at which time they

move into deeper water to join the adult stock at

maturity. In the purse seine fishery, which accounts

for most of the landings, the usual size at recruitment

is six to seven inches. Like its relative the European

sardine, the round sardinella feeds primarily upon

plankton, particularly copepods. It may live for

seven years, and occasional fish reach 12 inches in

size11.

During the past decade, landings of the round

sardinella have averaged around 450,000 t.
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South African Pilchard
(Sardinops ocellatus)

In the Benguela Current System as in the

Canary Current System, landings are dominated by

small pelagic species, which may account for up to

70% of the total114. The confluence of different

water temperatures from the central Atlantic,

Indian Ocean and the Agulhas Current off the Cape

of Good Hope, as well as wind-induced upwelling

conditions, provide highly productive areas for feed-

ing and reproduction. Of the three countries closest

to the Benguela Current and its fisheries—Angola.

Namibia, and South Africa—only South Africa has

a significant fishmeal industry115.

One of the most important pelagic species in

the Benguela Current System is the South African

pilchard, closely related to the European pilchard

(Sardina pilchardus). This species spawns through-

out the summer months off the southern tip of

South Africa (Cape Agulhas) and the eggs and lar-

vae are carried westward into the Benguela Current

System. The prevailing southerly winds create

favorable upwelling conditions along the coast but,

when strong enough, may disperse the larvae to less

favorable conditions offshore116.

Most of the sardine landings are processed for

the canning industry. As is typical of small pelagic

fish with short life spans, the annual landings have

been erratic. After dominating the pelagic catch

through the 1960s, the pilchard population went

into a sharp decline, giving way to the growing

stock of anchovies through the 1970s and 1980s.

The sardine population slowly recovered; during

the past ten years, landings have doubled, from

around 100,000 t to nearly 300,000 t117.

South African Anchovy
(Engraulis capensis)

The range of the South African anchovy is

similar to that of the South African pilchard,

extending from Namibia south along the west

coast of Africa to Cape Town and then easterly into

the Indian Ocean and as far north as the Seychelles.

Since the early 1960s, when the stocks began to

come under heavy fishing pressure, this species has

been the primary candidate for reduction to fish-

meal, accounting for 60% or more of the fishmeal

production in South Africa115.

Like the pilchard, the anchovy spawns along

Africa’s south coast throughout the summer, and

the eggs and larvae drift northward under the influ-

ence of the Benguela Current. The juveniles move

into the inshore nursery areas where they find an

abundance of food resulting from upwelling. They
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enter the fishery as recruits when six to nine

months old. In the spring, they return to the south

coast to spawn116. This species grows to a length of

about five inches (13 cm).

South Africa accounts for about 80% of the

anchovy landings in this region with Namibia

accounting for the remainder. The catch peaked at

over 900,000 t in 1987 and then declined to a low

of about 40,000 t in 1996. During this time, the

water quality in the northern end of the Benguela

Current, off the coasts of Angola and Namibia,

deteriorated, showing signs of anoxia117. Since then,

annual catches have increased to nearly 295,000 t

in 2002.
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Japanese Pilchard
(Sardinops melanostictus)
During the 1930s, the Japanese pilchard fish-

ery was the largest in the world, with annual land-

ings of over 1.5 million tons in the 1930s119. This

period of abundance was followed by a period of

decline, reaching an all-time low of 9,000 t in

1965120. The stocks slowly began to recover during

the 1970s, and in 1983 landings exceeded four

million tons. However, this recovery was brief, as

landings during the second half of the 1990s fell to

600,000 t. Since 1995, landings have gradually

declined with 200,000 t reported in 2002 109.

Although the range of the Japanese sardine

extends from the Sakhalin Islands to the South

China Sea, the major fishery is off the coast of

Japan, in the vicinity of Hokkaido. The Pacific stock

spawns off Japan’s south coast during February and

March121, and the eggs and larvae are carried east-

ward by the Kuroshio Current, a major Western

Boundary Current. Early development takes place

off the Boso Peninsula midway along the south

coast. The juveniles then move eastward to the

confluence of the Kuroshio and Oyashio Currents.

The mixing of warm water from the Kuroshio and

cold water of the Oyashio provides an exceptional

feeding ground, rich in phyto- and zooplankton, for

the sardines throughout the summer. By autumn

the fish are about four inches (10 cm) in length,

and they return to the Boso wintering area. In

spring the young fish return to the Oyashio feeding

area.They then migrate south again to spawn in the

Kuroshio Current at age two. By this time, the fish

are six to eight inches in size.

The fluctuations in the abundance of the

Japanese sardine have been attributed to a variety of

9. Forage Fish of the Western Pacific, 
Indo-Pacific region, and the Indian Ocean

The major producers of fishmeal in this region are China, Japan, and Thailand, which produce one-quarter of the

annual world supply118. Certain areas, such as the West Indian Ocean, are characterized by monsoon-driven

upwelling areas that seasonally support important fisheries during parts of the year, such as the west coast of

India. Along the coasts of Korea, Japan, and China, there are confluences of western ocean boundary currents,

such as the Kuroshio Current, that are also conducive to zones of high productivity. Prominent species of these

fisheries include the Japanese pilchard (Sardinops melanostictus), Japanese anchovy (Engraulis japonicus), and

the Indian oil sardine (Sardinella longiceps).
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factors including periodic mass mortality among the

larvae caused by natural predations121; anomalous

climatic conditions such as shifts in surface water

temperatures122; and overfishing during a period of

poor recruitment; or a combination of all three120.

Japanese anchovy
(Engraulis japonicus)

The range of the Japanese anchovy extends

from the Sakhalin Islands south to Indonesia, but

the majority are caught along the coast between

the Sea of Japan and Taiwan123. The anchovy fishery

began to grow slowly after the collapse of the

Japanese sardine fishery in the early 1940s. Since

the early 1990s, anchovy landings have increased

with the active participation of China as well as the

Republic of Korea, and Japan55. Between 1995 and

2002, annual landings have averaged close to two

million t. Major fishing areas have been the Seto

Inland Sea and the waters surrounding Hokkaido124.

The majority of the landings are made by the

Chinese fleet.

This little fish spawns anywhere from coastal

inlets up to 1,000 km offshore124. Spawning is heav-

iest during spring and summer. This species feeds

primarily upon copepods and other members of

the zooplankton. It grows to about five inches in

size and has a life-span of two years.

Indian oil sardine
(Sardinella longiceps)

The Indian oil sardine is found primarily in

the coastal waters of the western Indian Ocean.

The fishery is concentrated largely along the west

coast of India11, although, more recently, large

catches have been made along India’s east coast as

well as off the coast of Somalia. This species is of

major importance to the Indo-Pacific region with

landings up to 30% of India’s total catch.

The Indian oil sardine becomes ready to

spawn at the age of one year. Shoals of these sar-

dines move in close to shore during July and

August when temperatures (26-28° C) are most

favorable for spawning. This period coincides with

coastal upwelling and an abundance of phytoplank-

ton prior to and after the southwest monsoons125.

This sardine lives for four years and reaches a

length of about 10 inches.

Most of the sardines are captured by purse

seine, although some are also caught in shallow

water by means of beach seines or gill nets. Most

are sold directly for human consumption with the

remainder processed for fishmeal. During the past

decade, landings have ranged from around 100,000 t

to over 400,000 t109.
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Brazilian Sardine
(Sardinella brasiliensis)

The fishery for the Brazilian sardine is perhaps

the most important of all the fisheries in this

region, even though the population has not satis-

factorily recovered from its collapse 30 years ago127.

Although the range of this species extends from

the Gulf of Mexico to Uruguay, the fishing grounds

are concentrated primarily along the central

Brazilian coast between Cabo Frio and Cabo Santo

Marta Grande.

This particular region is characterized by a

shallow (50 m) shelf and the presence of nutrient

rich water derived from the upwelling area near

Cabo Frio and transported down the coast by the

Brazilian Current during certain times of the year128.

The sardine usually spawns during December and

January, and the eggs hatch within two days. When

45 days old, the juvenile fish are about four inches

(10 cm) in length129. Most of the fish in the com-

mercial catches are age one and two and between

six and nine inches in length although the length at

recruitment is four inches when the fish are about

a half-year in age127,129. This species has been found

to feed primarily on zooplankton, but it is able to

filter-feed on phytoplankton if zooplankton is scarce.

The sardine fishers along the Brazilian coast

originally employed cast nets and seines from shore

and the purse seine was not adopted until 1910128.

Growth of the industry was stimulated through

government tax incentives during 1967-1978, and

annual catches increased from 38,000 t in 1964 to

228,000 t in 1973. However, between 1977 and

1990, the stock biomass declined from 350,000 t

to less than 80,000 t. By 2001, the annual catch

had fallen to 25,000 t.

Various reasons have been proposed to

explain the collapse of the Brazilian sardine fishery.

It is believed that the success or failure of spawning

and recruitment depend upon favorable surface

water temperatures and the confluence of the cold

South Atlantic Central Water flowing northward

and the warm Brazil Current flowing southward127.

10. FORAGE FISH OF THE SOUTHWEST ATLANTIC

In the southwest Atlantic, the principal fisheries for small pelagic species are located along the central coast of

Brazil where water masses mix and create favorable conditions for biological productivity126. The two dominant

pelagics are the Brazilian sardine (Sardinella brasiliensis) and the Argentine anchovy (Engraulis anchoita).
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Weather conditions may also be a factor. Lack of

wind would minimize the degree of upwelling, but

wind-induced turbulence could destroy aggrega-

tions of food particles essential for the larvae and

disperse the eggs and larvae to unfavorable condi-

tions offshore130. It has also been suggested that the

intensive fishing upon small sardines and its nega-

tive effect upon recruitment should also be consid-

ered as an important factor127,129.

Argentine Anchovy
(Engraulis anchoita)

Although the range of the Argentine anchovy

extends along the South American coast from Rio

de Janeiro southward to Argentina’s Gulf of San

Jorge, the fishing grounds are located primarily off

the coast of Argentina between Buenos Aires and

Bahia Blanca131. This is a relatively small fishery

with annual catches of about 20,000 tons and is

exploited almost exclusively by Argentina126. The

stock is considered to be under-exploited. Most of

the landings are processed for canning.

Most of the fishing is done during the months

of September, October, and November when the

fish have moved into shallow water to spawn49. The

fish become sexually mature at age one, reaching

about five inches (12-13 cm) in length. Spawning

generally occurs at water temperatures of 10-

17°C131. After spawning, the adult fish move off-

shore, while the juveniles remain in the coastal

water during their first year. This species is believed

to be of major importance as forage for larger car-

nivores such as hake and squid. Annual consump-

tion of the anchovy by hake (Merluccius spp.) alone

may approximate one million tons49.
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The forage fish discussed above are obviously

of major importance to all the larger carnivores of

the sea, which include aquatic mammals such as

whales and seals and a variety of seabirds. However,

the major consumers of the forage fish are other

larger finfish132, often of the same species. Notable

examples of cannibalistic fish are walleye pollock

(Theragra chalcogramma)7 and the Atlantic cod

(Gadus morhua)133.

Interactions between different fish popula-

tions have been described in which a decline of a

prey species—as a result of intensive predation by

a second species—has an impact upon a third. In

the Bering Sea, Atlantic cod feed primarily upon

capelin and the herring feed upon capelin larvae.

During the 1980s, the capelin stock collapsed as a

result of heavy predation by herring, unfavorable

conditions for capelin growth, and intensive fish-

ing. This was soon followed by a decrease in the

growth and fecundity of the cod and an increase in

cod cannibalism3.

As predators decline in numbers, populations

of prey species would be expected to increase. This

type of inverse relationship occurred on Georges

Bank during the 1970s with the collapse of the her-

ring and mackerel stocks. Both species prey heavily

upon sand eels. As their numbers dwindled, the

sand eel population exploded134. As the sand eel

population then began to decline after 1981, the

mackerel stocks were rapidly increasing.

The precise impact that a particular prey may

have upon the abundance of a particular predator

is difficult to determine. For example, the striped

bass (Morone saxatilis) is one of the most important

fish along the Atlantic coast, both from a recre-

ational as well as commercial standpoint. Although

this species is found from Florida to the Gulf of St.

Lawrence, the great majority are harvested from

the mid-Atlantic bight (Cape Hatteras to Cape

Cod). The striped bass is anadromous and perhaps

as much as 80 % of the population derives from the

rivers and tributaries of Chesapeake Bay.

Most striped bass remain in the rivers

throughout their first year. When a year old and

approximately eight inches in size, they begin to

move downstream into the estuaries. The young

bass then begin to feed heavily upon juvenile men-

haden that have entered the estuaries as larvae.

When two to three years of age, striped bass begin

to undertake the extensive coastal migrations char-

acteristic of the species. These migrations coincide

to some extent with those of menhaden moving

north in the spring and returning south in the fall.

The menhaden, with a high concentration of

lipids, are believed to be a critical source of nutri-

tion for young and adult striped bass. In recent

years, as menhaden populations along the Atlantic

coast have declined, the quality of the striped bass

—in terms of weight and condition—in different

estuaries along the coast has reportedly declined as

well. It is believed by some that the bass, deprived

of the oily flesh of the menhaden, are undernour-

ished and susceptible to parasites and disease. Bass

stomach analyses have indicated that with the

decline of menhaden and bay anchovies in

Chesapeake Bay during the past ten years, the larg-

11. PREDATOR/PREY RELATIONSHIPS
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er bass are feeding more and more upon demersal

species such as spot, croker and summer floun-

der29,135. Menhaden also provide a significant por-

tion of the diet of ospreys, and some biologists sus-

pect that the relative scarcity of breeding ospreys in

what once were prime nesting areas along the coast

may well be due to the scarcity of menhaden13.

A similar interaction has been described

involving the Atlantic cod (Gadus morhua) and the

capelin stocks in the western North Atlantic. As the

capelin move onto their spawning grounds, they

provide a major source of food for seabirds, whales,

seals, and groundfish, particularly the cod.

According to some investigators, there is an impor-

tant link between the availability of capelin, which

declined significantly during the 1990s, and the

growth, condition, and fecundity of the cod136. Like

the menhaden, the capelin has a high oil content

and therefore provides a diet that enhances the

growth rate and fecundity of its predators137.

Studies on the interactions between the for-

age fish and seabirds in several world marine

ecosystems indicate that the impact of seabirds

upon forage fish is relatively small, the annual con-

sumption by the birds being two to five percent of

the prey population132. The inverse of the relation-

ship, however, can be catastrophic for the birds.

Some of the more dramatic disasters for seabirds

occur off the coast of Peru in the Peruvian Current

System. Here, millions of seabirds—primarily the

Guanay cormorant, Peruvian booby, and Peruvian

pelican—as well as sea lions and fur seals feed

heavily upon the anchoveta (Engraulis ringens) dur-

ing their breeding season. During periods of El

Nino, warmer surface water moves into the area,

the nutrient-rich water is displaced, and the

anchoveta move into deeper, colder water. When

this occurs, a large percentage of the seabird popu-

lation may die from starvation, and breeding of the

mammals is severely reduced. During the El Nino

event in 1957, perhaps as many as 18 million boo-

bies, pelicans and cormorants starved. Similar bird

mortalities occurred during the 1972 and 1982 El

Nino events when up to 85% of the bird popula-

tion either starved or abandoned their nests138.

A similar correlation is found between sardine

(Sardinops sagax) abundance in the Benguela

upwelling system and the breeding population of

Cape cormorants, which feed heavily upon the sar-

dine. During periods of sardine scarcity, reproduc-

tive success among the cormorant population

decreases, and mortality among the adult birds may

be severe139.

In the Barents Sea, when the capelin stocks col-

lapsed during the 1980s, large numbers of seabirds,

particularly guillemots, starved to death, and arctic

seals were forced to seek food along the Norwegian

coast. About the same time, in the North Sea, a

sharp decline in the puffin population coincided

with the collapse of the Atlantic herring stocks3.

The impact that marine mammals—the

cetaceans (whales, dolphins and porpoises) and

pinnipeds (seals, sea lions, and walruses)—are

believed to have upon the forage fish populations is

considerably greater than that of the seabirds. On

the basis of studies in several different ecosystems,

the annual consumption of fish by the marine

mammals worldwide has been estimated to be

about five to ten percent of the stocks upon which

they are feeding132. Total yearly fish consumption by

cetaceans in the North Atlantic has been estimated

to be 15-25 million tons, or 87-144% of the yearly
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commercial fish catch in this area140. This would

suggest that the cetaceans are significant competi-

tors of the commercial fisheries for forage fish. In

the Pacific, annual food consumption by marine

mammals is estimated to be about three times the

amount taken by the commercial fisheries141.

In the North Atlantic, the larger fish-eaters

among the whales include the fin whale, which

preys upon capelin, sand lance, mackerel, and her-

ring; sei whales; humpback whales, that feed upon

capelin and other small pelagics; and minke whales,

which feed upon capelin, herring, and sand eels140.

Forage fish are essential food for the pinniped

populations as well. A major predator of capelin

and herring in the Barent Sea is the harp seal,

which may consume about 700,000 t of fish each

year. About 250,000 t of this amount consists of

capelin, with herring accounting for 200,000 t142.

In the Bering Sea, the major pinniped preda-

tors include the fur seals, harbor seals and Steller

sea lion. Both the Steller sea lion and the fur seal

have declined in numbers since 1950, the sea lion

by 80%143. In the case of the sea lion, this decline

has been attributed in part to a change of diet.

Populations of small fish such as herring and sand

lance have given way to pollock and large flatfish,

both of which have a relatively low fat content. In

the 1950s, over 80% of the Steller sea lion diet con-

sisted of high-energy pelagic fish; by the 1980s,

pelagic fish were only 60% of their food141.
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Although fish such as menhaden were being

captured for their fishmeal and fish oil before the

end of the 19th century, the label “Industrial

Fisheries” did not emerge until the 1960s, with the

arrival of European factory ships on the Northwest

Atlantic fishing grounds and the sharp increase in

anchoveta landings off the coast of Peru. The

description was applied to large, mechanized fish-

eries that focused on specific species that would

not be utilized for direct human consumption but

rather be processed into fishmeal and fish oil. Some

of the larger European vessels were sea-going

reduction plants, processing the catch onboard144.

Today, about one-third of current world annu-

al landings by the capture fisheries, or nearly 30

million metric tons, goes for reduction to fishmeal

and fish oil rather than for human consumption.

From this amount, approximately 6.2 Mt of fish-

meal and 1.2 Mt of fish oil are produced in about

400 fishmeal plants worldwide each year. In 2002,

the main producers, in order of descending magni-

tude, were Peru, Chile, China, Thailand, United

46

12. THE INDUSTRIAL FISHERIES

An anchovy fishmeal processing plant, Peru
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States, Denmark, Iceland, Norway, Japan, Russia,

and the United Kingdom118. In 2003, approximate-

ly 44% of the fishmeal produced worldwide was in

Peru and Chile, about 17% in Asian countries, 16%

in Europe, and 5% in the United States.

Along the Atlantic and Gulf of Mexico coasts

of the United States, the only fish currently

processed for fishmeal and fish oil in any quantity

are the two species of menhaden, Brevoortia tyran-

nus and B. patronus. At the present time, there are

only two menhaden reduction plants along the

Atlantic coast—in Reedville, Virginia and Beaufort,

North Carolina—and three in the Gulf of Mexico20.

On the Pacific coast of the United States,

there are about five small pelagic species that have,

at one time, been fished for purposes of fishmeal

production: the Pacific sardine (Sardinops sagax),

northern anchovy (Engraulis mordax), chub mack-

erel (Scomber japonicus), jack mackerel (Trachurus

symmetricus), and the Pacific herring (Clupea pal-

lasi). Reduction facilities are no longer in operation

south of the Canadian border.

Most of the species captured in the Gulf of

Alaska and the Bering Sea that have been utilized

for reduction include the Pacific herring (Clupea

pallasii), walleye pollock (Theragra chalcogramma),

capelin (Mallotus villosus), Pacific sand lance

(Ammodytes hexapterus) and rainbow smelt

(Osmerus mordax). However, a directed fishery for

forage fish in Alaskan waters is prohibited. There

are over 60 fishmeal processing plants in Alaska,

which produced 42,000 t of meal in 2001145. Much

of the raw material processed consists of fish scraps

—heads, fins, viscera, etc.—rather than whole fish

and comes from groundfish such as cod and flat-

fish. One reduction plant on Kodiak Island has the

capacity to produce 800 tons of fishmeal daily.

Most of the fishmeal is sold to the aquaculture

industry in Asia, and the fish oil is used to run the

plant’s boilers146.

In the Northeast Atlantic, including the

North, Baltic, and Barent Seas as well as the waters

around Iceland, the forage fish of primary impor-

tance to the fishmeal industry have been the

Atlantic herring (Clupea harengus), blue whiting

(Micromesistius poutassou), capelin, sprat (Sprattus

sprattus), Atlantic horse mackerel (Trachurus tra-

churus), sandeel (Ammodytes marinus), and

Norway pout (Trisopterus esmarkii). These species,

used for reduction, are sometimes referred to as

“feed grade” fish in order to distinguish them from

“food” fish intended for human consumption.

Fishmeal and fish oil accounted for about 17%

of the value of seafood exports from Iceland in

2002147. Perhaps 90% of the raw material processed

may consist of capelin with Atlantic herring mak-

ing up the balance. In some years, landings of

capelin have exceeded one million tons. In 2002,

there were 19 fishmeal and oil processing plants in

Iceland, which ranked fourth in world fishmeal

production with over 300,000 tons, most of which

are exported.

At the present time, the sand eel, sprat, and

Norway pout are most important for the fisheries

of Denmark—ranking third in the world in fish-

meal production—and account for 90% of total

landings. There are three independent fishmeal

producing companies in Denmark. The industrial

fisheries account for about 10% of total export

values.

The western European industrial fisheries are

presently regulated to varying degrees operating
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under a Total Annual Catch (TAC) system148. Sand

eels, capelin, and Norway pout are considered of

little use for human consumption and are general-

ly sold for reduction. Blue whiting and sprat have a

greater potential for human food, but the majority

are processed for fishmeal. Almost all herring and

horse mackerel are directly used for human con-

sumption.

Perhaps the most heavily fished area in the

Northeast Atlantic Ocean, and historically one of

the most productive, has been the North Sea,

which has benefited by the warming influence of

the Gulf Stream as well as the influx of nutrient

material from the land149. Over 200 different species

of finfish have been found in the North Sea, and 34

are taken commercially. Heavy exploitation of the

North Sea pelagic fish stocks began during the

1950s. An important asset to the fishing fleet were

the technological improvements in fishing gear that

had evolved since World War II, including the purse

seine, power block, synthetic fiber for nets, sophis-

ticated electronic equipment, and the deployment

of larger vessels.

Initially the major fishing effort focused on

herring and mackerel. In 1950, about 379,000 t of

herring were landed from the North Sea. Landings

then began to increase steadily. Just over one mil-

lion tons were landed in 1965 and 1966. This was

followed by a steady decline in landings that even-

tually reached a low of 83,000 t in 1979 when the

fishery was closed. Mackerel landings increased

from 18,000 t in 1950 to a peak of 292,000 t in

1967. The stocks suffered a decline with landings

reaching a low of 61,000 t in 1983. Between 1983

and 2002, landings were erratic, ranging from

100,000 to 300,000 t.

(The North Sea was not the only area in the

northeast Atlantic during the second half of the

19th century in which the pelagic fish stocks began

to collapse. Between 1973 and 1984, annual land-

ings of capelin from the Barents Sea usually

exceeded one million tons and, on a few occasions,

over two million tons. This period was followed by

a sharp decline in 1986, when only 132,000 t were

landed. After a brief recovery, the stock collapsed

again in the early 1990s149.)

As stocks declined, the industrial fisheries in

the North Sea shifted their attention to species not

in demand for human consumption. This shift

resulted in large part from the rapid growth of the

aquaculture industry and its requirements for fish

protein. Initially the focus was upon the Norway

pout, primarily a bottom-dwelling species often

found with cod and haddock, and the sprat, a small

pelagic often intermingled with young herring150.

Both these fisheries grew rapidly; Norway pout

landings peaked at nearly 900,000 t in 1975, and

sprat landings peaked at slightly over one million,

also in 1975. Neither of these stocks could be sus-

tained for long. Norway pout landings went into an

immediate decline, reviving briefly in the mid-

1980s before decreasing to less that 200,000 t in

the early 2000s. The decline in annual landings in

recent years was due partially to restrictions

imposed because of large by-catches of haddock

and whiting150. Sprat landings dropped to less than

400,000 t from 1983 – 1993 but then recovered

and stabilized to around 600,000 t.

Since 1950, what has developed into the most

important industrial fishery in the North Sea was

slowly evolving. The first commercial sandeel land-

ings (8,000 t) occurred in 1954. Landings increased
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Fishmeal plant at La Planchada, Peru
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slowly for the next twenty years, reaching over

500,000 t in 1974149. As stocks of sprat and Norway

pout became depleted and the demand for fish-

meal increased, the sandeel fishery began to inten-

sify. Annual landings increased to over one million

tons by 1988 and were maintained at about that

level until 2002. The fishery at that point entered a

severe decline, closing in 2005.

The importance of the sandeel is evident from

the fact that, until recently, it has accounted for

over half the fish landed annually from the North

Sea and represented nearly 60% of the material

processed for fishmeal and fish oil in the European

Union150. Its recent decline is suspected to be linked

with the steady warming of the North Sea where

water temperatures have increased by 1˚ C during

the past 25 years and have reduced the abundance

of plankton, the primary food for sandeels151.

The sandeel fishery has a very low by-catch,

estimated at about 2% of the total catch148. The

appropriate fishing gear generally employed con-

sists of light fine mesh trawls that have little impact

on the bottom69. Nevertheless, the fishery in the

North Sea is of concern to environmentalists
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because of the importance of

sandeels in the diet of seabirds—par-

ticularly kittiwakes, arctic terns and

guillemots—as well as food for

marine mammals and other fish.

Most other species that supple-

ment the reduction industry are

small pelagic Clupeids generally

found near major current systems.

The South American pilchard

(Sardinops sagax) supports an active

South African fishmeal industry off

the African coast near the Benguela

Current115. In the Indian Ocean, the

Indian oil sardine (Sardinella longi-

ceps) is the basis for an important

fishery in the Indo-Pacific region11.

The fishery is most concentrated along the south-

west coast of India where upwelling occurs period-

ically during the year.

The Japanese pilchard (Sardinops melanostic-

tus) is utilized mainly for fishmeal. It is found pri-

marily along the coasts of Japan, China and Korea,

along with the Japanese anchovy (Engraulis japoni-

cus) which is also processed into fishmeal and oil.

While the pilchard stocks have declined since the

1980s55, the anchovy population has flourished,

averaging nearly two million tons in annual land-

ings in recent years1.

Today, the capture of fish targeted for reduc-

tion involves large vessels 200 feet or more in

length and equipped with highly sophisticated

electronic equipment. The industry no longer relies

on human eyesight from the crow’s nest or from

spotter planes, but rather on hydro-acoustics152.

Dual-beam and split-beam echo-sounders deter-

mine the location of the fish schools and automatic

echo-classification makes it possible to identify the

fish. The actual biomass of the schools can be esti-

mated by omni-directional multi-beam sonar.

Although hydro-acoustics has certain limitation, it

would appear that the fish stand little chance of

escape.

The great majority of the fish targeted for

reduction are captured by purse-seine or midwater

trawl. Purse seines may exceed 2000 feet (600

meters) in length and may be over 500 feet deep.

The size of the net mesh depends on the size of the

quarry. According to Freon and Misund152, the usual

mesh size for anchoveta is 15 mm (0.6 inches); the

mesh size for capelin is 22 mm (0.9 inches), and for

herring and Atlantic mackerel, the mesh size may

be 35 mm (1.4 inches).

The purse-seine is limited in its usefulness to

schools of fish at or near the surface. The midwater
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Stacks of anchovy fishmeal, Peru
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trawl, on the other hand, is effective at greater

depths and is used extensively in the sandeel fishery

or where the fish are more dispersed. It is similar in

design to the larger bottom trawls that are dragged

along the bottom and may be used by vessels oper-

ating singly or in pairs, i.e. pair-trawling.

The reduction of whole fish to fishmeal and

fish oil is generally a six-step process as described

for a modern reduction plant in Denmark153. The

process is as follows: 1) the whole fish are first

boiled in their own fluids; 2) the cooked fish are

then separated into a dry fraction, or press cake,

and a liquid fraction, known as press water, by

pressing; 3) the fish oil is separated from the press

water by centrifugation; 4) the press cake is dried

at temperatures of 70-100°C; 5) the dried press

cake is cooled and milled into fishmeal with an

antioxidant added; and 6) the oil is packed in drums

and the fishmeal packed in bags for distribution.

This particular reduction plant is the second largest

in the world, producing about 220,000 tons of fish-

meal and 60,000 tons of fish oil annually153.

Of current concern to fishery regulators and

scientists is the fact that most wild fish stocks are

heavily if not completely exploited and have been

for several decades. For this reason, it is difficult to

foresee any significant increase in the production of

fishmeal and fish oil in the immediate future unless

new sources are developed. One potential source

might be krill, the small shrimp-like crustacean

that occurs in enormous numbers at the surface in

the Antarctic Ocean. Although krill has been used

as food for farmed fish in Japan, the cost of harvest-

ing and processing is about twice that for the

species currently targeted for reduction154. Fishing

for mesopelagic species—fish that live at depths of

200-1000 meters rather than at the surface—has

also been considered, but this would require

expensive modifications in fishing gear that

presently would not be justified by the market

price for fishmeal.
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In 2002, slightly over 6 Mt of fishmeal and 1

Mt of fish oil were produced from total industrial

landings. About 35% of the fishmeal and 50% of

the fish oil was used for aquaculture, primarily for

feeding fresh and saltwater fish as well as shrimp

and with the remainder sold as food for livestock,

e.g. pigs (29%), poultry (24%), and ruminants

(3%)118. The importance of fishmeal and fish oil in

fish and livestock feeds is that they contain certain

vitamins, micronutrients, and fatty acids that are

not found in traditional feeds. The result is greater

weight gains, less mortality, and higher fertility

among the animals provided fishmeal in their diet.

Although the practice of maintaining edible

aquatic organisms under controlled or captive con-

ditions is centuries old, aquaculture as an industry

is relatively young and has grown extremely rapidly

during the past 40 years. According to the FAO

report on the State of World Fisheries and

Aquaculture 2002, marine aquaculture production

52

13. AQUACULTURE

Freshwater eel sorting and transport device, Japan
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has increased at an average rate of 9.2% per year

since 1970, as compared with the capture fish-

eries rate of growth increase of only 1.4%.

Aquaculture now accounts for 27.3% of total

global fish production.

At the present time, by far the largest food

producer by aquaculture is China where this indus-

try has grown at an extraordinary rate during the

last few decades. It was in China where the cultur-

ing of carp in small freshwater ponds first began in

1100 B.C.155. Today, aquaculture is practiced

throughout China in rivers, coastal waters, and

fresh and brackish water ponds, producing a variety

of edible finfish, mollusks, and crustaceans as well

as different species of algae. In 2002, aquaculture

production in China totaled over 27 million t with

more than half the production coming from

marine or brackish waters1. The next largest pro-

ducer was India with about two million t, followed

by Indonesia, Japan, and Bangladesh.

In the aquaculture industry, fishmeal and fish

oil have been found to be virtually essential in the

diets of most animal species, particularly in the

feeds for fish and crustaceans, because of their rel-

atively high concentrations of amino acids and

lipids. A great majority of the fish produced by

aquaculture—including the carps, tilapia, and

milkfish—are omnivorous and feed for the most

part on phytoplankton, macroalgae and other veg-

etable matter. Their animal protein requirements

are relatively small, and their diet in captivity may

consist of five to ten percent fishmeal or less. On

the other hand Salmonids (trout and salmon), eels,

and other carnivorous finfish under culture, have

required large amounts of animal protein in their

diets in the order of 50% or more156. The fishmeal

requirements for farmed marine shrimp are also

relatively high, or 30%. These carnivorous species

are in high demand and command a much higher

price than do the herbivorous species. According to

FAO statistics, market value for salmon, at $4.00

per pound, is about four times the price of fish

such as carp8.

Superficially it would seem that aquaculture

might help alleviate the pressure placed upon

world fish stocks by the commercial fisheries sim-

ply by supplying additional seafood. That this is 

not the case is due largely to the significant increas-

es in world population and the enormous world

appetite for seafood particularly in Asian countries.

Consumption of fish and shellfish in the United

States averages about 15 pounds per individual per

year. In Japan, the average is nearly 90 pounds157. A

diet of seafood is thought to be highly beneficial.

More and more, certain forage fish, such as sar-

dines, pilchard, and capelin, are identified for

human consumption158. World demand is increasing

as the world supply of seafood is no longer increasing.

There are certain costs associated with the

culture of fish and crustaceans that are of growing

concern8,93. In constructing fish and shrimp ponds

in mangrove swamps and wetland areas, there has

been a considerable loss of natural habitat valued

as nursery areas, flood control areas, water treat-

ment and sediment containment. According to

Naylor et al8, approximately 65,000 hectares of

mangroves have been converted to ponds for the

culture of shrimp. These mangrove habitats are

vital as nursery areas for a wide spectrum of

marine organisms.

There are other concerns with respect to

aquaculture8. When cultured stock escape and
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intermingle with wild stock, as is often the case in

salmon culture, there is fear that the genetic make-

up of the wild population will be altered. In the

intensive culture systems that are required in aqua-

culture, there is the likelihood of disease, and along

with the discharge of wastes the result is pollution

and cause for eutrophication.

It has been argued that, during the past

decade, many of the negative environmental

impacts from aquaculture have been reduced due

to improved technology. Nevertheless, there is con-

cern as to how aquaculture relates to the status of

the capture fisheries and the wild fish stocks. Of

major concern are the carnivorous species that are

cultured. Because of their dietary requirements for

fishmeal and fish oil, about four kilograms of wild

caught fish may be required to produce one kilo-

gram of farmed salmon159.

In 1999, the aquaculture industry consumed

32% of the global production of fishmeal and 49%

of the fish oil. Assuming there is no significant

increase in capture fish production, it is projected

that, by 2015, at least 70% of the world production

of fishmeal and well over 100% of the fish oil would

be required to satisfy aquaculture’s needs154. In view

of these predictions, it is obvious that, at least with

respect to carnivorous fish and shrimp, alternative

or supplementary feeds may soon be required.
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Paddle pumps aerating eel pond, Japan
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Atlantic Salmon (Salmo salar)
The culture of Atlantic salmon first began in

the United Kingdom during the 19th century, but

it was not until the 1960s that Norway introduced

the system of sea-cage culture that enclosed the

fish in a natural environment161. This technique

proved successful, and cage culture was soon being

used in Scotland, Ireland, Canada, northeast United

States, Chile, and Australia. The major producers

today are Chile (with its vast and ready supply of

labor and fishmeal), Norway, and Scotland. The

major markets are Japan, the European Union, and

North America.

Farmed Atlantic salmon provide more than

90% of the farmed salmon market and 50% of the

total global salmon market. The five species of

Pacific salmon combined—king or chinook

(Oncorhynchus tshawytscha); sockeye or red (O.

nerka); coho or silver (O. kisutch); chum or keta 

(O. keta); and or humpback (O. gorbuscha)—com-

prise the remainder of the world total salmon pro-

duction. Of the five species, the chinook is most

similar to the Atlantic salmon in size, fat content

and Omega-3162.

The procedure for culturing a new year-class

of salmon begins in the fall when selected brood-

stock are transferred to freshwater tanks for condi-

tioning. After a period of two months, the eggs are

stripped, fertilized, and transferred to shallow trays.

Once the eggs hatch, the larvae are nourished by

the yolk-sac and soon become alevins. The alevins

are transferred to feeding tanks where they are pro-

14. CULTURED CARNIVORES

In the aquaculture industry, major production of fish, crustaceans, and mollusks occurs in Asia and accounts for

88.9% of global production. Other producers are Europe (5.1%), North America (2.4%), South America (2.1%),

and Africa (1.1%)160. The biggest producer in Asia is China which produces nearly 70% of the total production,

followed by India, Indonesia, Japan, Bangladesh and Thailand. Other countries that add to production in small-

er numbers are Norway, Chile, Viet Nam, and the United States.

Although species such as members of the carp and cyprinid family, milkfish, tilapias, and oysters—all largely

herbivores—account for much the greatest proportion (tonnage) of aquaculture production, their value per ton is

significantly less than that of the carnivores. In 2002, the production of carp worldwide was nearly 17 million

tons with a market value of 14 million dollars or 90 cents a ton. Shrimp production, on the other hand, amount-

ed to slightly over one million pounds and valued at over seven million dollars, or five times the value of carp.

Among the most valuable species are the Atlantic salmon (Salmo salar), rainbow trout (Oncorhynchus mykiss),

European seabass (Dicentrarchus labrax), the eel (Anguilla spp.), and the giant tiger prawn (Penaeus monodon).
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vided artificial foods and become what is known as

parr. By spring, the young salmon, or smolts are

ready to be transferred to salt water. They are usu-

ally placed in cages, which consist of large nets sus-

pended from floats, at a site having favorable water

temperature (between 6˚ and 16˚ C) and salinity

(33-34 0/00) as well as good circulation with high

rate of water exchange and minimum oxygen con-

centration of 8 ppm. Cages may be 100 meters

(330 feet) in diameter and have a depth of 15-18

meters. The average stocking density can be as high

as 20 kg per cubic meter. Here the salmon remain

until harvested, usually at a minimum size of two

kilograms (4.4 pounds)161.

Current worldwide production of Atlantic

salmon is now slightly over one million tons.

Despite the success and rapid growth of salmon

culture, the industry could pose a potentially seri-

ous threat to the environment93. Negative impacts

include the depletion of stocks of forage fish used

for fishmeal; discharge of large amounts of nutri-

ents and chemicals into the surrounding waters;

and introduction of escaped salmon, as well as par-

asites and pathogens, into wild populations.

Rainbow Trout
(Oncorhynchus mykiss)

The annual worldwide production of rainbow

trout by aquaculture is roughly half that of the

Atlantic salmon. Of the three commercial species

of trout, the rainbow has proven to be more

amenable to culture than either the brook trout

(Salvelinus fontinalis) or the brown trout (Salmo

trutta), the former being shy and nervous in captiv-

ity, the latter too aggressive163. At the present time,

rainbow trout are being produced in 64 different

countries, the foremost being Chile, Norway,

France, Spain, Denmark, United States, Germany,

Iran, and the United Kingdom.

This species is native to western North

America and was introduced to European coun-

tries during the 19th century163. Because of its wide

temperature tolerance and rapid growth rate, it has

been able to establish populations in most bodies

of water throughout the world. Although most

rainbow trout are found in fresh water, it is capable

of living in salt water as well and is referred to as

“steelhead.” Like the Atlantic salmon it must spawn

in fresh water. It does not do well at temperatures

above 70˚ F, however, and develops best at temper-

atures between 55˚ and 68˚ F.

Farming of rainbow trout did not get under-

way until the end of World War II, and it was soon
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apparent that it was tolerant of crowded conditions

and would readily accept processed foods. Growth

of the industry has been exponential with annual

production now exceeding one-half million tons. In

the United States, the largest producers are located

in the state of Idaho, which provides over 70% of

the country’s processed volume of trout.The reason

for this exceptionally large volume is the constant

and voluminous supply of cold (58˚ F) water sup-

plied by an aquifer near the Snake River. The water

is clear, well oxygenated, and the temperature rarely

fluctuates more than 1˚ F throughout the year.

Rainbow trout generally become sexually

mature at age two to three and typically spawn in

their natural habitat during late fall and winter.

However, by manipulating water temperature in a

hatchery, ripe adult fish can be available for

spawning at different times of year164. The brood-

stock are selected for fast growth and early matu-

ration. Eggs and sperm are stripped from ripe

female and male fish, mixed together, and the fer-

tilized eggs are placed upon screening in shallow

trays. Depending upon water temperature, the

eggs may hatch within four to fourteen days, and

the tiny fry drop through the mesh to the bottom.

At this stage, the fry subsists upon the yolk-sac as

its only nourishment.

The fry gradually adsorb the yolk-sac during a

period of two to four weeks163. They are than trans-

ferred to tanks designed to provide an even and cir-

cular flow of water and provided starter feed in the

form of pellets made of fishmeal (80%), fish oil,

and grains. This feed is generally formulated to con-

tain 50% protein, 12-15% fat, plus certain vitamins

and minerals. When about eight to ten cm (three to

four inches) in size, the fry are transferred to out-

door grow-out systems. The most common type of

holding system is the raceway, a rectangular tank

up to 30 m (100 feet) long through which water

flows constantly and to which food is added sever-

al times each day. Automatic demand feeders are

often used when the fish grow larger than 12 cm (5

inches). Under appropriate conditions, the trout

may reach a marketable size of 30-40 cm (12 to 16

inches) within nine months. Like the Atlantic

salmon, trout under intensive culture are under

stress and therefore very prone to a variety of dis-

eases caused by bacteria, fungi, protozoans, and

viruses. Appropriate and constant disease control

can be a significant expense but a necessary one.

European Seabass
(Dicentrarchus labrax) 

The European seabass—a close relative of the

white perch (Morone americanus) and the striped

bass (Morone saxatalis) in the United States—has

become a highly important market fish in recent

years. This species occurs along the entire European

coast from Norway to Morocco and in the

Mediterranean as well165. Although the seabass was

the first fish to be cultured on a commercial scale

in Europe, its maximum total annual produc-

tion—71,000 tons—is considerably smaller than
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that for the Atlantic salmon, which is over one

million tons.

The seabass is a hardy species, tolerant of a

wide range of salinities and found in marine,

brackish and freshwater environments. The origi-

nal method of culture used in salt ponds along the

Mediterranean coasts was to entrap the fish as

they entered the tributaries to spawn in the

spring. In a form of extensive culture, this method

is still practiced without any attempt to supple-

ment the natural food in the lagoons.

In the semi-intensive form of culture, the

lagoons may be fertilized with nutrients and

stocked with seabass fry collected during May and

June. Canals are usually constructed to allow water

exchange with the ocean and permit the introduc-

tion of fry, phytoplankton, and zooplankton. Under

favorable conditions, the farmer may expect an

annual yield of 500-700 kg/hectare/year (about

600 pounds/acre/year) by this method165.

In recent years, hatcheries have been estab-

lished in Europe to produce juvenile seabass for

private use or for sale to other growers. Spawning

is usually induced through photoperiod manipula-

tion and/or treatment with hormones. The juvenile

fish are held in shore-based grow-out tanks or cages

or in net-cages installed close to shore or moored in

the open sea. The nets have to be cleansed of foul-

ing organisms, often on a weekly basis, in order to

assure sufficient flow of water through the mesh.

The fish may reach 400-450 grams, or nearly a

pound, within 18-24 months.

In using the tank culture method, water flow

is constant and is maintained at summer ambient

temperature and, during fall and winter, at 13˚-18˚ C.

In this intensive system of culture, a high degree of

technology is applied, particularly with respect to

water quality control, water filtering systems, and

UV treatment. Even though this industry has

grown rapidly during the past ten years, there is

concern about development of antibiotic resistance

in bacteria and possible risk to consumers.

Eel (Anguilla spp)
Of the many species of eels of the genus

Anguilla, three of these—Japanese (A. japonica),

European (A. anguilla), and American (A. rostrata)

—are currently considered of  major commercial

importance. Almost all of the eels sold to markets

have been raised in captivity from the juvenile

stage after capture in the wild when they are

referred to as “glass” eels. To date, satisfactory tech-

niques for rearing eels from the fertilized egg have

never been achieved and the eel industry depends

upon the availability of the glass eels that may or

may not arrive along the coasts and enter the trib-

utaries each year166.

In recent years, about 230,000 t of eels are

produced annually by aquaculture167. Most of the

largest production occurs in Asian countries,

notably China, Taiwan, and Japan. The primary

consumers are Japan and the western European

countries, i.e. Italy, Germany and the Netherlands168.
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Eel culture first began in Japan. The system of

collecting the juvenile eels and raising these to

adult size in captivity began in the early 1930s169.

The Japanese eel (A. japonica) are believed to

spawn near the Mariana Islands in the western

Pacific, and their larvae drift shoreward in the

Kuroshio Current and into the Sea of Japan, even-

tually developing into juvenile eels and making

their way up the rivers and streams of the Asian

coast into freshwater. Here they remain for 12-15

years before returning to the ocean and to where

they were originally spawned. They are now adults

and die after spawning.

In Asia, most eels are cultured in stagnant

earthen ponds outdoors168.These ponds range in size

from 10-100 square meters for older elvers, 30-300

m2 for fingerlings, and 200-1000 m2 for adults.

Decomposition of superfluous food and wastes is

aided by natural populations of phytoplankton that

stimulate production of oxygen, and the ponds

may also be aerated mechanically. Stocking densi-

ties can range from .4 to 4.0 kg/m2. More recently,

the open pond system has been replaced by ponds

in greenhouses in which the temperature is con-

trolled168. Eels can be grown to market size in half

the time required in the outdoor system, i.e. in less

than one year170.

Eel culture in Europe is carried out primarily

in the Netherlands, Italy, and Denmark and is

focused upon the European eel (A. anguilla). This

species lives in freshwater and, when sexually

mature (six-12 years for males and nine-18 years

for females) migrates to the Sargasso Sea in the

mid-Atlantic ocean. Here the eels spawn in late

winter or spring, and the larvae, eventually drifting

into the Gulf Stream, begin their slow trip back to

the west coast of Europe, a journey that lasts nearly

a year. Arriving at the coast, the larvae undergo

metamorphosis into glass eels and begin to seek

fresh water.

The juvenile eels are captured along the shore

in scoop nets, traps, and trawls and transferred to

tanks. As they develop into elvers, they are fed arti-

ficial foods and cod roe. In the extensive method of

culture, they are transferred to small ponds, where

the temperature ranges between 18˚ and 25˚ C in

static or flow-through systems. In intensive systems,

the eels are held in tanks where the water is con-

stantly recirculated, and pelletized food is added to

the tanks several times a day.

Because eels are highly cannibalistic, they are

constantly graded for size. The smaller individuals

are returned to rearing tanks; the larger are segre-

gated according to their marketability either fresh

for processing or for smoking.

One of the major problems in the culture of

eels is the prevalence of disease, often the result of

overcrowding in the rearing tanks. A second is the

supply of glass eels which, in recent years, has

diminished for reasons that have not been clearly

established. Because a reliable and consistent tech-

nique for producing eels in hatcheries has not been

developed, the industry is, to some extent, at the

mercy of nature.
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Giant Tiger Prawn 
(Penaeus monodon)

Although cultured shrimp account for only

about three to four percent of total annual produc-

tion by aquaculture, they represent about 15% of

the total value171. The major shrimp producers of

the world are in the Eastern hemisphere: Thailand,

Viet Nam, Indonesia, India, and China. A relative-

ly small percentage of production comes from the

Western hemisphere and includes Mexico, Belize,

Ecuador, and Brazil. Currently the most important

species is the giant tiger prawn, which frequents

the coastal areas of Southeast Asia, South Asia,

Australia, and East Africa and accounts for about

50% of total world shrimp production172,171.

Like the other members of the genus Penaeus,

the giant tiger prawn spawns at sea. The juveniles,

or post-larvae, move into shallow water and settle

in the mangrove areas and lagoons along the coast.

They are nocturnal in habit, tending to burrow into

the bottom sediment during the day and to emerge

at night to feed. They are highly carnivorous, and

much of their diet consists of small crustaceans.

After a few months inshore, the shrimp begin to

move back into deep water off the coast to spawn.

Adult shrimp have been found at depths of 50

meters (165 feet)172, and some may reach a size of

33 cm (13 inches) and a weight of 150 grams

(three pounds).

Many of the shrimp farm ponds are equipped

with tide gates, making it possible to entrap the

juvenile shrimp and various species of fish that

drift in with the tide. This has been the traditional

method of shrimp culture throughout the Asian

countries for many years and is referred to as

“extensive” culture. Extensive culture is used pri-

marily in areas with limited infrastructure and low

technology and relies on natural tidal circulation to

provide food and water exchange. In some cases,

the pond is fertilized to stimulate growth of plankton.

In the early 1970s, methods for producing

juvenile shrimp under controlled conditions were

developed in Thailand, and shrimp farmers were no

longer dependent upon nature as a source of sup-

ply173. As a result, the shrimp farming industry grew

enormously and spread throughout Southeast Asia.

Wild shrimp could be collected from their natural

habitat and held in tanks in a hatchery until ready

to spawn. The adults are induced to molt by

manipulating the salinity of the water in the hold-

ing tank, after which they mate. Gravid females are

then transferred into spawning tanks. Once the

eggs begin to hatch, the larvae pass through a series

of stages—nauplii, zoea, and mysis—to become

post-larvae within a period of two to three weeks.

The post-larvae are then either transferred to pri-

vate nursery and grow-out ponds or sold to other

shrimp farmers.

In extensive farming, the grow-out ponds are

usually about five to ten hectares (24 acres) or

more in size174. Semi-intensive farming is depend-

ent upon post-larvae supplied by a hatchery and
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generally employs smaller ponds that are easier to

control. These ponds may range from one to six

hectares in size, and the initial stocking density is

about five to ten post-larvae per square meter. This

system relies upon pumps to maintain circulation

and an adequate oxygen supply. It also requires

availability of formulated feeds. The labor costs for

this form of culture is therefore greater than in

extensive farming and requires a higher level of

technology. The eventual yields, however, averaging

500-4000 kg/year, are considerably greater.

Intensive culture employs much smaller

ponds—usually in the 0.1-1.0 hectare range—and

a much higher stocking density, i.e. 20-60 post-lar-

vae per square meter. Before stocking, the ponds

are usually drained and allowed to dry. Aeration is

accomplished by diesel or electric-powered pumps,

and feeding of the artificial diets occurs several

times each day. Annual yields can range between

seven and 15 t per year. However, the cost of good

land for pool excavation is high, the available sea-

water for culture must be of good quality, and the

operation requires careful maintenance 24 hours a

day171. In tropical areas, the mature shrimp can be

harvested for market within three to six months,

although, in cooler climates it may require one

year. Harvesting usually involves draining the pond

through nets, collecting the shrimp in bamboo

traps or hand-picking the shrimp after the pond is

drained. The major consumers are the United

States, Japan, and the European Union.
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The history of populations of small schooling

pelagic fish is one of large and unpredictable fluc-

tuations in abundance. Typically, a period of rela-

tive abundance is followed by a sudden and sharp

period of decline and the cycle is then repeated. If

the decline is severe, the fishery may collapse. In

this case, the period of recovery may be long and

extremely painful for the fishing industries and

communities involved.

During the last sixty years, several fisheries for

small pelagics have experienced severe declines to

the point where it became no longer economical to

continue fishing. Three prominent examples are

the fisheries for the Pacific sardine (Sardinops

sagax caerulea), the Peruvian anchovy (Engraulis

ringens), and the Japanese pilchard (Sardinops

melanostictus). In all three cases, annual landings

before the “crash” exceeded those of all other fish-

eries in the world at that particular time.

The first to suffer a collapse was the Pacific

sardine fishery. This fishery began in the early

1900s as an off-season activity during the absence

of tuna and squid. The original market was for

canned sardines, and the industry advanced during

World War I, stimulated by increasing demand for

agricultural supplies, in the form of fishmeal, and

food for direct human consumption, i.e. canned

sardines175. Landings of sardines in California

increased from 16,000 t in 1917 to 70,000 t in

1918. By the early 1920s, some concern was

expressed about the potential depletion of the

stocks, and the canning and reduction industries

began applying pressure on the legislature and

California Fish and Game Commission to resist

restrictions.

During the 1920s and 1930s, landings steadi-

ly increased and eventually peaked at nearly

800,000 t in 1937. In 1931, the California Fish and

Game Commission proposed a reduction in the

annual catch to 200,000 t, a proposal that the State

legislature, reinforced by its own hired biologists,

rejected176. During a 15-year period of high produc-

tion, 1932-1947, the annual exploitation rate aver-

aged around 25% of the total sardine population37.

At this time, and in order to avoid certain state

restrictions, the reduction industry began to use

floating reduction plants, known as “floaters,” that

could be anchored off the coast outside the three

mile limit.Their mobility gave them access to more

favorable fishing areas and, unlike shore-based

plants, they did not pollute the inshore waters or

cause obnoxious odors on land177. These floating

plants were in operation during the 1930s but were

eventually banned by the federal government in

1938 as being a threat to the sardine stocks. Faced

with a decline in fish oil prices and an increase in

operating costs, floating reduction plants became

obsolete178.

After reaching its peak in the late 1930s, the

fishery began its decline in the late 1940s. Prior to

this time, relatively warm surface water tempera-

tures, generally favorable to the reproduction of the

sardine, prevailed in the California Current. In the

early 1950s, and as a result of strong upwelling

along the Pacific coast, these ocean conditions

changed with temperatures dropping significantly
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below normal. (The Pacific sardine does not toler-

ate temperatures below 50˚ F and rarely spawns at

temperatures below 55˚ F). Also, the advent of

World War II increased the pressure on the fish-

meal and canning industries to increase produc-

tion. To make matters worse, very little attention

was being paid to the state biologists, some of

whom were warning of a possible collapse. Federal

biologists tended to side with industry and sup-

ported its claims that changes in sardine abundance

were due to natural causes. To the politicians, the

concept of a collapse of a major marine fishery was

completely unknown37.

By the early 1950s, when spawning had failed

in both 1949 and 1950, the exploitation rate had

risen to an average of 50% of the sardine biomass.

At this stage, California landings had dropped to

5,000 t. Within a matter of 15 years, the largest

fishery in the world had been reduced by more

than 99%. Even so, it was not until 1967 that the

legislature officially closed the directed sardine

fishery in California, and a complete moratorium

on sardine fishing was not achieved until 1974. In

the opinion of some ecologists, if the total allow-

able catch (TAC) had been held to 250,000 t at the

beginning of the decline, the fishery would have

been sustained176.

As the Pacific sardine industry began its col-

lapse near the end of World War II, the anchoveta

industry of Peru was just about to get underway.

Around 1950, when foreign demand for canned

tuna and bonito was slow, factory owners began to

buy anchoveta for fishmeal production179.

Impressed by the availability of anchoveta, entre-

preneurs began to establish rudimentary fishmeal

plants along the Peruvian coast180. Some of the nec-

essary processing and fishing equipment was soon

obtained from the California sardine factories that

were no longer in operation.

During the 1950s, the anchoveta resource was

incredibly large, world demand for fishmeal was

strong and the new industry was immediately prof-

itable. Fishing boats did not bother to use nets, but

simply pumped the fish directly from the water

into the holds. On shore, the fish were pumped

directly into large boilers and then extracted, dried,

and crushed into meal. Unlike the sardine, the

anchoveta were not used for human consumption:

the oil was valued for an ingredient in paints and

emulsifiers and the fishmeal was used as food sup-

plement for livestock.

The growth of the anchoveta fishery was

rapid. Between 1950 and 1960, landings increased

from 45,000 t to 3.5 million t180. In 1968, a fleet of

1700 fishing vessels landed 10.5 million t, supply-

ing 150 fishmeal plants, and up to 25,000 people

were engaged in the industry176. By this time, the

fishing technology had vastly improved and boast-

ed large boats with 350-ton capacity, hydraulic

hoisting gear, and electronic fish-finding equip-

ment. Peru was accounting for nearly 25 percent of

total world landings181.

In 1960, the Peruvian government, with tech-

nical support from FAO personnel, initiated stud-

ies on the anchoveta population179. In 1965, it was

determined that the stock was fully exploited by an

annual catch of eight million t. The Peruvian gov-

ernment imposed a catch quota and closed the

fishery during certain seasons. This level of fishing

was adhered to for several years. In 1968, the quota

was raised to 10 million t. In 1971, 11 million t

were landed. Even at this level, the capacity of the
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industry (fishing and processing) had grown to be

far in excess of landings.

This enormous fishery collapsed one year later

with the arrival of El Nino in 1972, which occurred

at the same time as a year of exceptionally poor

recruitment. In the absence of upwelling, the warm

water that spread along the Peruvian coast was

devoid of planktonic food. This water was lethal to

the anchoveta population, disrupting reproduction

and forcing the fish into shore or deeper water off-

shore. In the absence of the anchoveta, local popu-

lations of seabirds, principally the guanay cor-

morant, died by the millions. One observer travel-

ing along the Peruvian coast  “….witnessed scenes

of misery: processing plants that produced fishmeal

were paralyzed, fishing trawlers lay idle in bays and

coves, and the beaches were littered with bird and

seal carcasses”180. Only a small fraction of the stock

survived, and as a result, Peru’s economy nearly

collapsed.

The occurrence of El Nino has usually been

blamed for triggering the disaster, which left

thousands unemployed and an economy in ruins.

However, what set the stage for El Nino were three

other factors: “… an inadequate regulatory regime

for the fishery, the interference of coalitions of fish-

ers for greater harvests, and the Peruvian govern-

ment’s interest in maintaining large catches to con-

tinue the in-flow of high levels of foreign

exchange”181. During the next ten years, the

anchoveta populations remained unstable with

annual landings averaging slightly above two mil-

lion t. A large percentage of the Peruvian fishing

effort followed Chile’s example and was directed

towards sardines and jack mackerel. In 1982-83,

another El Nino occurred, and the Peruvian

anchovy landings dropped to the lowest level since

the early 1950s, i.e. below two million t 9.

Despite periodic occurrences of El Nino,

Peruvian anchoveta landings have generally

increased since 1983, with a peak of 11 million t in

the year 2000. The Peruvian government has

imposed certain controls over the fishery, including

periodic moratoriums to protect the spawning

stock and the juveniles, licensing of boats fishing

within the 200-mile limit, and satellite tracking

systems operating within the five-mile limit.

Another small pelagic fish that has experi-

enced similar massive fluctuations in abundance is

the Japanese pilchard (Sardinops melanostictus).

During the 1930s, annual landings of this species

by the Japanese fishing fleet increased remarkably

rapidly, reaching a high of 1.6 million tons; it was

the largest single-species fishery in the world at

that time55. Record catches during the period 1934-

1939 were followed by a sharp decline and

depressed landings through the next 30 years. In

1965, only 9,000 t were landed119.

It was not until the 1970s that the Japanese

pilchard stock began to recover. Between 1975 and

1988, annual landings increased by a factor of ten,

from less than 500,000 t to more than five million

t119. This was soon followed by a severe collapse and

the annual catches were reduced to less than one

million t by 1995. Subsequently, landings have

averaged around 400,000 t.

According to historical records, these fluctua-

tions have been the cause of much human suffer-

ing in Japan, resulting in serious food shortages and

loss of entire communities. As a result, a great deal

of research by Japanese scientists has been under-

taken to determine the cause of these oscillations,
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but universally accepted explanations have not

been forthcoming.

Certainly the Kuroshio Current would appear

to be a major influence upon the fish populations

in this region. This current, roughly one-half mile

or about 100 km in width, flows in a northeasterly

direction along the east coast of Japan at a speed of

3-4 knots. Because of its southerly origins, its water

temperature is relatively warm and provides a

favorable environment for the spawning of pilchard

as well as other species. As this current proceeds

northward, it carries the eggs and early larval stages

of the pilchard with it121. Usually the Kuroshio

Current collides, just north of Japan, with the

south-bound Oyashio Current, bearing much

colder water from the north. This confluence of

water of different temperatures creates a transition

zone of vertical mixing that stimulates photosyn-

thesis and generation of food organisms, such as

copepods, favorable for larval and juvenile

pilchards121. In some years, however, the Kuroshio

Current begins to meander, and the normally warm

surface water is intercepted and displaced by a

mass of cooler water of poor nutritional value120.

When this occurs, the larval fish starve182. A signifi-

cant correlation between natural mortality coeffi-

cient during the post-larval stage and surface sea-

water temperature has also been established122.

Immediately after the pilchard population

peaked in 1937, an anomaly of the Kuroshio

Current and development of a cold water mass

occurred and persisted until 1945, during which

the pilchard population crashed. Recovery of the

stock 30 years later was the result of the occur-

rence of an exceptionally large year-class. This was

associated with another shift in the Kuroshio

Current, which provided a broad area suitable for

copepod nauplii which, in turn, favored the sur-

vival of the larval pilchards182.Although the rise and

fall of the pilchard population during the period of

1975-1995 has been attributed by many Japanese

scientists to environmental causes and reproduc-

tive failure, the fishery itself must share some of

the blame55. The population was being actively

exploited during the decline after the 1937 peak

and again after the peak of 1988. Even in the face

of an obvious decline, the attitude of the fishing

interests in Japan seems to have been to continue

fishing the pilchard stocks until it was no longer

profitable. With respect to the Pacific sardine,

Peruvian anchovy, and Japanese pilchard, there

seems to be little doubt that unfavorable environ-

mental conditions were major factors in their col-

lapse. However, it also seems likely that the decline

in these populations would have been much less

severe in the absence of sustained fishing pressure.
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In recent years, there has been growing con-

cern about the fate of another species of pelagic

forage fish, the Atlantic menhaden. At its peak in

1956, this fishery—once the largest in the world—

landed slightly over 700,000 t. Landings then went

into a steep decline, reaching an all-time low of

177,000 t in 1969. This decline in the stocks has

been attributed to recruitment failure and overfish-

ing183, the two factors considered responsible for

the collapse of the sardine and anchovy fisheries.

The result was the closure of many of the process-

ing plants and reduction in number of ships in

operation184. During the next 20 years, landings

averaged around 300,000 t However, since 1990,

the landings of Atlantic menhaden have steadily

declined from about 400,000 t to 200,000 t in

2003, causing considerable concern and disagree-

ment among biologists, fishery regulators, recre-

ational fishermen, and the industry.

The circumstances surrounding the decline of

the Atlantic menhaden fishery are quite different

in certain respects from those associated with the

Pacific sardine, Peruvian anchovy, and Japanese

pilchard fisheries. Although the menhaden general-

ly spawns offshore, it nevertheless spends most of

its life close to shore and in estuaries. The great

majority of Atlantic menhaden today are captured

within one-half mile of shore14.As a result, the men-

haden fishery is confronted not only with biologi-

cal and economic problems but with severe “social”

problems as well. During its migrations, the men-

haden is pursued relentlessly not only by mankind

but virtually every marine carnivore, including

mammals and seabirds. It generally follows pre-

dictable routes along the coast, making it compara-

tively easy for fishers to locate. Its habit of forming

large compact schools in bays and inlets also makes

convenient targets for its enemies18. Since they are

dependent upon inshore habitats during their larval

and juvenile stages, menhaden also suffer from an

assortment of anthropogenic impacts. They are

highly sensitive to low oxygen concentrations

which is often the result of eutrophication in estu-

aries. These areas of water, which are enriched with

nutrients draining from land, frequently cause suf-

focation and major fish kills. Other negative

impacts include discharge from wastewater plants,

industries, and electric utility water cooling sys-

tems. Oil spills, wastewater from marinas, and the

ditching and draining of wetlands all contribute to

the degradation of inshore habitats.

Certain periodic algal blooms, often referred

to as “red tides” because of their distinctive col-

oration, consist of dense concentrations of unicellu-

lar algae, usually dinoflagellates. Menhaden are par-

ticularly sensitive to toxic compounds released

during such blooms. One species of dinoflagellate,

Pfiesteria piscicida, has been implicated in signifi-

cant menhaden fish-kills in estuaries along the

southeastern coast of the United States. Under

assault from all sides, it seems remarkable that any

menhaden survive to reproduce.

Perhaps it is equally remarkable that the men-

haden industry has survived for as long as it has.

During the past half-century, an industry that once

supported a fleet of over 100 vessels and 20 reduc-
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tion plants along the Atlantic coast has shrunk

almost to the vanishing point with only ten boats

and two reduction plants currently in operation.

The plants were never popular. When the captured

fish were brought ashore for conversion into fish-

meal, the effluents from the plants—both water

and smoke—were extremely offensive to nearby

residents, often resulting in the eventual closure of

the plant184. As early in the menhaden’s industry as

1852, several reduction plants on Long Island, New

York were forced to relocate under pressure

because of complaints about the odor14.

While the Atlantic menhaden industry has

declined, it has also been the target of recreational

fishing groups. One after another, the states along

the Atlantic coast have, under political pressure,

closed all or most of their state waters to purse

seine fishing for menhaden. Purse seine fishing is

the only method by which this species can be eco-

nomically captured in volume, and the recreational

faction is opposed to purse seine fishing on the

grounds that the harvesting of menhaden in large

volume will deprive the more valuable species, e.g.

striped bass, bluefish, and other carnivores, of their

primary food. There is also concern that many of

these game fish are caught in the seines. (It seems

ironic that the purse seine, the device that really

launched the menhaden industry, may prove to be

its undoing).

Over 70% of the menhaden catch along the

Atlantic Coast is taken from the Chesapeake Bay185.

Historically, this Bay has been a vital food provider

and nursery area for many species of importance to

the commercial as well as recreational fisheries

along the entire Atlantic coast. It is feared by some

scientists that unrestricted extraction of as impor-

tant a component of the Chesapeake Bay food web

as the menhaden could potentially disrupt this

entire ecosystem, thereby endangering the fisheries

outside the bay itself.

There are certain signs of distress in the

Chesapeake Bay ecosystem. Over the past ten

years, recruitment of juvenile menhaden in the bay

has been very low as the population of adults has

steadily declined. The health of the striped bass

population in the bay has been deteriorating: low

weight-to-length ratio, low body fat, high incidence

of a fungus disease, and a reduced survival rate. All

of which could indicate poor nutrition because of

lack of the bass’s primary food, menhaden. In the

opinion of some of the scientists hired by the men-

haden industry, the menhaden stocks in the bay are

healthy, are not overfished, and therefore there is

no need for additional regulations. Current regula-

tions limit the duration of the fishing season, pro-

hibit fishing in many areas of the Bay, establish a

minimum net mesh requirement, and establish

certain licensing and permitting requirements.

Environmental groups and recreational fishing

interests feel that juvenile fish as well as menhaden

are captured in the purse seines as by-catch and

end up at the reduction plants, despite strong evi-

dence that less than 1% of the typical haul consist

of fish other than menhaden20. There is also uncer-

tainty as to the validity of previous stock assess-

ments along the coast185. Other arguments in favor
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of the protection of the menhaden are based on

their filtering capacity and ability to improve the

water quality of the Bay, as well as their importance

in the diet of ospreys and other fish-eating birds.

The fact remains that the Atlantic menhaden

stock has been in decline for the past decade and

that recruitment has been low over the same period.

It has been proposed that a moratorium be

imposed over the fishery and not be removed until

there is clear evidence of a recovery. A more mod-

erate suggestion has been to establish a cap on the

annual harvest, which to date has been unrestricted

in certain areas. In view of the consequences of a

possible stock collapse, it would seem that this

approach would be a minimum measure.
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Spokesmen for the industrial fishing industry

feel that “…fishmeal production remains the best

method of utilizing small, bony, oily fish when

there are limited food outlets for this catch, and it

is also the best way to use waste fish from food pro-

cessing. It is a valuable use of resources, which oth-

erwise would contribute little to the human food

chain”186. It is also argued by the industrial fishing

industry that the forage fisheries are carefully reg-

ulated. “Almost all the resources are subject to

TAC (Total Allowable Catch) limits, area limits,

minimum mesh sizes, fleet capacity controls, closed

areas, and seasonal bans. Some are also subject to

minimum landing sizes”186. The status of many of

the principal forage fish fisheries are considered to

be “within safe biological limits” and therefore

exploitable. Using large purse seines and pelagic

trawls for the most part, the industrial fisheries

generally focus on large schools of small fish of sim-

ilar size. As a result, the by-catch is generally

smaller than in most other capture fisheries. Also,

this type of fishing gear has little effect upon the 

bottom communities187.

Finally, the fishmeal and fish oil industry is a

significant one. In the United States, the produc-

tion in 2000 was valued at well over $200 million

and the annual exports of fishmeal and oil from

Peru exceed one billion dollars. The economies of

at least several countries—most particularly Peru

and Chile—depend heavily upon this industry.

It is the opinion of some marine scientists,

government regulators, recreational fishing groups,

environmentalists, and commercial fishermen that

the industrial fisheries pose a serious threat to glob-

al fish stocks, marine ecosystems, and the fishing

industry. It is clear the industrial fisheries, account-

ing for about one-third of the annual catch from

the sea, must have an impact upon the marine

ecosystem. “The removal of so much ichthyomass,

consisting mainly of small prey species in the mid-

dle trophic levels of the food web, reduces the food

energy that would normally go to support the top

predators in the system. These, of course, were the

major food fisheries”188. Similarly, regarding the

Northeast Atlantic industrial fisheries, the Fisheries

Research Laboratory in Scotland has expressed

concern that these fisheries may take “…excessive

by-catches of immature fish of protected species

some of which, if left in the sea, would survive both

to become available to the human consumption

fisheries and to contribute to the reproductive

potential of these stocks.” Furthermore, the indus-

trial fisheries “…deplete the food supplies of

human consumption fish stocks and of other pred-

ators such as seabirds, seals, cetaceans and

salmonids”189.

The industrial fisheries are at the center of

controversy in many areas where factions in favor

of protecting certain species regard them as being

far more valuable than the forage fish targeted for

reduction. In the North Sea, where the stocks of

“whitefish,” such as haddock, cod, and whiting have

become seriously depleted, there is an active indus-

trial fishery for forage fish that may prevent the

17. CONCLUSION
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stocks of whitefish from ever recovering for lack of

food148. Off the coast of California, recreational

fishermen have opposed the return of industrial

fisheries for anchovies and sardines largely because

these species probably sustain the larger carnivores,

such as salmon, rockfish, and lingcod, as well as

birds such as pelicans and terns190.

The process of converting whole raw fish into

fishmeal has also been the subject of controversy.

Many reduction plants, particularly in the develop-

ing countries, are sighted in or near communities

where it is impossible to escape the odor of rotting

fish. (To the industry, this is referred to as “the

smell of money.”) In Peru, for example, some of the

reduction plants discharge processing wastes

directly into streams or open pits, and soot from

the plant stacks are considered to be the cause of

fungal skin disease as well as respiratory diseases191.

Other indirect costs of the fishmeal industry

involve aquaculture, which takes a large percentage

of the global supply of fishmeal and fish oil. In

many aquaculture systems, the high amount of

organic matter introduced in the form of fishmeal

and excreted as wastes often leads to severe eutro-

phication of the surrounding waters188. Further-

more, high levels of dioxin and other toxic sub-

stances191, oily fish, which are most suitable for

reduction192.
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Given the complexity of the marine ecosys-

tem, and the difficulties inherent in assessing the

health of fish stocks, the effectiveness of current

regulations that apply to the industrial fisheries are

uncertain. Intensive fishing may often result in the

collapse of a fishery193, but stocks have frequently

been known to collapse even in the absence of

fishing pressure7 and shifts in climatic conditions,

such as the El Nino event, are frequently the 

primary cause.

With respect to the future of marine aquacul-

ture, it has been recommended that focusing on the

culture of fish at a lower trophic level—herbivo-

rous species such as tilapia and carp—should be

pursued, and that the amounts of fishmeal and fish

oils in the feeds be reduced by substituting veg-

etable proteins as much as possible8. It has also

been suggested that, instead of processing fish at

sea and dumping the offal overboard, the inedible

material should be contained and made available to

the fishmeal industry. Although these suggestions

may be useful, it seems doubtful that, for economic

reasons, they will be readily adopted by the industry.

In summary, the outlook for the industrial fish-

ing industry, in some areas at least, does not appear

favorable. Likely problems include high and increas-

ing fuel and maintenance costs; uncertain availabili-

ty of species sought for reduction; likelihood of less

expensive products replacing fishmeal and fish oil;

increasing conflicts between the industry and pub-

lic and private organizations; and additional restric-

tions on Total Annual Catch levels.
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Northern anchovy
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Pacific sardine
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Atlantic herring

Peruvian anchovy
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Atlantic mackerel
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Capelin
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Chub mackerel

Pacific herring
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Norway pout

Alaska pollock
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Blue whiting

Sprat
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Lesser sandeel

Atlantic horse mackerel
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European pilchard

European anchovy
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Round sardinella

South African pilchard
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South African anchovy

Japanese pilchard

87588_QLF Text 4.qxp  10/18/07  2:41 PM  Page 83



84

Japanese anchovy

Indian oil sardine
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Argentine anchovy

Brazilian sardine
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