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Overview
According to conventional wisdom, small, fast-growing fish are impossible to overfish because their populations
are so large and grow so quickly. Yet we are now seeing disquieting signs that conventional wisdom is wrong.
Most significantly, scientists are reporting ocean predators emaciated from lack of food, vulnerable to disease and
without enough energy to reproduce. Scrawny predators—dolphins, striped bass, and even whales—have turned
up along coastlines around the world. Recreational fishermen are losing both their target fish—and their bait.
Fishing communities are losing their livelihoods.
Because we have overlooked hungry predators, we have allowed overfishing of their prey, causing food
shortages in the ocean. In addition, by fishing where and when they are breeding, we are driving prey populations
to the brink of disaster, and in some cases beyond it.
At the same time, our continued demand for salmon, tuna, and other large predators has driven explosive growth
in aquaculture. Rather than relieving pressure on wild fish, growing these large carnivores requires a steady
supply of prey that are caught and ground into oil and meal. As the industry grows, it is straining the existing
supply of prey fish, putting additional pressure on populations that cannot supply the demand.
Because populations of many small prey species are sensitive to changes in temperature, ocean currents, and
El Niño, they are particularly vulnerable to climate change. For predators, even small climate-driven shifts in the
local availability of squid and other prey during breeding can lead to malnourished young or abandonment.
For many prey species, humans have replaced their natural predators—the other fish, the sea birds, the marine
mammals—all the species that depend on them for their existence. Fishermen who catch prey species are
beginning to turn up empty nets. Unless the current trends are reversed, we can look forward to a future with
increasingly hungry oceans.

Prey species
underpin
marine food
webs around
the world

Colin Robson
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Seabirds dive
on a herring
school
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PREDATORS NEED THEIR PREY
The great predators of the ocean spend most of each day hunting for food. Scientists studying sperm whales
estimate they spend nearly three quarters of their time searching for squid and other prey (Watwood et al. 2006).
Abundant schooling fish fuel the blue marlin’s speed and strength (Abitia Cardenas 1999), and are staples in the diet
of many whales.
Hungry animals may fail to nurse or find enough food for their young, and sometimes skip breeding season entirely.
During an eight-year prey shortage in the Faroe Islands, no Arctic tern chicks survived (Wright et al. 1996). During
another food shortage, Galápagos penguins were forced to “desert their eggs and chicks to search for food to save
themselves while their chicks starved to death.” (Boersma et al. 2008) When long-lived animals like whales go
hungry, the next generation is at risk.
Predators are normally forced to rely on less desirable, less nutritious, or less abundant prey for short periods of time.
If this happens too often or for long periods of time, however, predators can become malnourished and vulnerable
to disease. Poor health and food shortages may have left striped dolphins vulnerable to a 1990s plague in the
Mediterranean that led to many deaths (Aguilar and Raga in Bearzi et al. 2003).

ECOSYSTEM
RESILIENCE
AT RISK

Shannon Johnson

Only now that predators are going hungry
are forage fish becoming recognized for
their role at the foundation of marine food
webs. Predators consume great quantities
of tiny fish—often all the same species.
Within an ecosystem perhaps only two or
three species fill that role (Cury et al. 2000).
If one prey population crashes, few options
are left for its predators. This low level of
redundancy can result in a lack of resilience
to other stresses on the ecosystem.

oceana.org/prey
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PREDATORS:
Bluefin Tuna and Other Big Fish
Loss of prey for large predatory fish translates to loss of prey for commercial fishermen and recreational anglers,
as tuna, salmon, and striped bass go hungry. Species in recovery such as North Atlantic Bluefin Tuna or Striped
Bass are particularly in need of abundant prey to rebuild their populations from overfishing.

Northern Atlantic Bluefin Tuna
Bluefin tuna (Thunnus thynnus) are some of the largest and fastest fish in the oceans—and also the most valuable,
with a record of $173,600 for a single fish (Associated Press 2001). This demand has driven worldwide overfishing of
this species, and in the western Atlantic populations have been reduced by more than 80 percent since 1975 (ICCAT
2006). Surprisingly, the basic biology of this fish is just beginning to be understood, including its food-centric migration.
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Though bluefin tuna
are top predators
and opportunistic
feeders, their diet is
often dominated by
one or two favorite
prey species that
provide optimal
sources of energy
(Chase 2002). Mass
movements of bluefin
are synchronized with
spawning and feeding
schools of various
species of prey fish off
the east coast of North
America. At each step
along the way, changing
prey populations
substantially affect
regional aggregations
of bluefin tuna, as
illustrated in Figure 1.
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Figure 1. Seasonal prey of Atlantic Bluefin Tuna off the Northeast US
Source: Data in percent of bluefin tuna diet by weight from Chase 2002
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Bluefin tuna in the
Mediterranean

During winter months Atlantic bluefin tuna concentrate off the coast of North
Carolina where they feast on Atlantic menhaden (Brevoortia tyrannus), the staple
of their diet. In a recent study of stomach contents from commercially caught
tuna, Atlantic menhaden were found 85 percent of the time and made up 95
percent of the bluefin prey by weight (Butler 2007). While predators such as
bluefish, striped bass, and weakfish (as well as the commercial fishery) consume
much greater quantities of menhaden than tuna, menhaden are essential to
bluefin on their winter foraging grounds.
Bluefin tuna concentrate along the southeastern coast of the US during fall and
winter, moving north through spring and summer to rich feeding grounds of the
North Atlantic (Block et al. 2005). At each location their diet is dominated by one
or two preferred fish or squid (Chase 2002). When Atlantic menhaden disperse
from concentrated aggregations in North Carolina towards the end of March,
bluefin tuna move offshore. Here their diet is poorly known, but they may shift
to a wider variety of fish and squid (Dragovich 1970, Boustany, pers. comm.). In
June and July bluefin tuna return inshore to New England feeding grounds and a
diet dominated by one or two major prey species (Chase 2002).

Oceana / Keith Ellenbogen

Mediterranean bluefin tuna feed on squid and small fish, depending on where
they live. For juvenile tuna, small schooling fish are particularly important (Sarà
and Sarà 2007, Sinopoli et al. 2004).

Pacific Salmon
Like the bluefin tuna, wild Pacific salmon (Chinook Oncorhynchus tshawytscha, Coho Oncorhynchus kisutch) prey
on krill and small fish throughout their migrations. As they leave their home rivers for the open sea, young chinook
and coho salmon (Oncorhynchus spp.) feed heavily on Pacific herring, Pacific sand lance, and surf smelt. These
prey species spawn in the intertidal zone of many beaches along the Pacific Northwest coast and serve as the first
meal for juvenile salmon as they reach the sea, making possible their journey and survival into adulthood. Fullgrown salmon range along the west coast of the United States, shifting between springtime krill, crabs and squid
to a summertime diet of anchovy, smelt, and sand lance. (FishBase, Hunt 1999, Tyler et al. 2001, Zavolokin et al.
2007, Sakai et al. 2005, Sagawa et al 2007)

Chinook or
King Salmon
change
their diet
seasonally
Save Our Wild Salmon

oceana.org/prey
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Emaciated striped bass
from the Chesapeake
Bay, Maryland

Striped Bass
Striped bass (Morone saxatilis) also track the movements
of their most important prey, migrating along the coast with
Atlantic menhaden and moving between salt and fresh
water with river herring. Each spring when striped bass are
concentrated in the Chesapeake and Delaware Bay, their
diet is dominated by Atlantic menhaden and river herring,
and their diets shift to sand lance (also known as sand eel)
and other prey as they migrate north each summer (Walter
et al. 2003). In fall and winter, striped bass return to focus
on menhaden in the bays of Maryland, Delaware, and
North Carolina.
Striped bass may struggle with the steady decline of
their major prey item, Atlantic menhaden (Uphoff 2003,
D.Russell and J.Price, pers. comm.). Menhaden, herring,
and bay anchovy are all important prey (Griffin and Magraff
2003, Manooch 1973).

Jim Price / Chesapeake Bay
Ecological Foundation

TABLE 1. Recreational and Commercial Fishery Species Dependent on Prey
Status

SELECT PREY SPECIES

Pacific Salmon

Fully exploited to
overexploited

Krill, Squid, Sand Lance, Herring, Sardine, Northern Anchovy,
Juvenile Rockfish, Juvenile Atka Mackerel, Walleye Pollock,
Lanternfish

Bluefin Tuna

Depleted to severely
overexploited

Menhaden, Sand Lance, Herring, Mackerel, Squid

Striped Bass

Recovered

Menhaden, Bay Anchovy, Herring

Pacific Halibut

Fully exploited

Sand Lance, Herring, Walleye Pollock, Squid

South Pacific Hake

Fully exploited to
depleted

Anchovy, Anchoveta, Squid, Sardine, Krill

European Hake

Overexploited

Blue Whiting, European Anchovy, European Pilchard, Lanternfish,
Horse Mackerel

Southern Hake

Fully exploited to
overexploited

Squid, Krill, Blue Whiting

Target Species

(FAO and other sources)

Sources: Butler 2007, Boustany pers. comm., Cartes et al. 2004, Chase 2002, Dragovich 1970, Fishbase, Hunt 1999,
IPHC 1998, FAO 2005, Mahe et al. 2007, Paya 1992, Sagawa et al. 2007, Sakai et al. 2005, Tam et al. 2006, Tyler et al.
2001, Velasco 1998, Walter et al. 2003, Zavolokin et al. 2007
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John Rix / Fathom This Underwater Productions
Save Our Wild Salmon

Beccy Breach

“One cannot think well, love well,
sleep well, if one has not dined well.”
— Virginia Woolf
oceana.org/prey
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A humpback whale calf
swims ahead of its mother
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PREDATORS:

Whales, Penguins and Other Animals
Ocean predators also include whales, dolphins, seals, sea lions, and birds. Although many of these animals
are protected under national and international law, they remain vulnerable to food shortages. They depend
on nearby access to squid, krill, and small fish to provide energy reserves for daily survival and for their
young.
Endangered species are especially sensitive to food shortages and need abundant food to rebuild their
populations. Starving whales are unable to nurse their young, and hungry seabirds may become susceptible
to disease. Most animals feed heavily to gain weight before giving birth or after migration, and abundant prey
is critical at these times.

Blue Whales in Southern Chile
The largest animals that have ever lived on earth
are powered entirely by krill, and blue whales
(Balaenoptera musculus) eat a lot to maintain
their considerable bulk at 100 feet (30 m) and 200
tons (180 mt) (Clapham et al. 1999, Hucke-Gaete
et al. 2006). Blue whales were hunted to the brink
of extinction in the 20th century, reduced in the
Southern Hemisphere to less than 3 percent of
their original numbers (Hucke-Gaete 2003). Now
blue whales need more food than ever, to fuel
reproduction so their populations can recover.

Antarctic krill
form large swarms

Krill hotspots such as the Chiloé-Corcovado
region in Southern Chile have historically been
recognized as blue whale feeding sites. In 1907
a Norwegian whaling ship caught 37 whales in
the area and in recent years blue whales have
been sighted with increasing frequency; groups
of more than 60 whales and cow-calf pairs have
been observed (Hucke-Gaete et al. 2006, HuckeGaete 2003). The main reason why Southern
Hemisphere blue whale populations nurse their
calves in Chiloé-Corcovado is to take advantage
of the abundant krill supply. This tiny crustacean
fuels one of the most important feeding and
nursing grounds for Southern Hemisphere blue
whales, and is responsible for their gradual
recovery from whaling.

Uwe Kils

oceana.org/prey
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Dolphins in the Mediterranean
Mediterranean bottlenose dolphins (Tursiops truncatus) have declined significantly, in part because of overfishing of
sardines and anchovy that also led to collapse of the fishery in 1987 (Politi 2000). Scientists working in the eastern
Ionian Sea found 40 percent of bottlenose dolphins visibly emaciated due to starvation and other causes (Politi et al.
2000).
Short-beaked common dolphins (Delphinus delphis) were formerly abundant throughout the Mediterranean, but are
now concentrated in a much narrower range near Algeria, Tunisia, Malta, and in the Alboràn, Aegean, Tyrrhenian,
and eastern Ionian Seas. Several factors likely contributed to their decline, including reduced access to prey due to
overfishing (Bearzi et al. 2003). Poor nutrition may also increase dolphins’ susceptibility to disease, an important factor
in two mass mortality events in the Mediterranean (Bearzi et al. 2003).

Jesús Renedo / Oceana

A dolphin leaps from
the Mediterranean
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Marbled Murrelet

The endangered Marbled Murrelet

Deforestation, nest predation, and oil spills have previously been
blamed for driving the marbled murrelet (Brachyramphus marmoratus)
of central California to the endangered species list. While these factors
clearly contributed, recent evidence suggests that the overfishing of
sardines and other prey species is are also partly to blame. The diet of
the marbled murrelet in the Monterey Bay ecosystem has drastically
been altered over the past century (Becker and Beissinger 2006).
Fisheries declines, especially the infamous 1950s collapse of the
California sardine fishery, have reduced the availability of fish as food
for the marbled murrelet. To make matters worse, a marbled murrelet
must spend added time and energy catching 80 krill to match the energy
found in a single Pacific sardine (Becker and Beissinger 2006).
Oregon State University

Magellanic Penguin

Penguins, cormorants, terns and other bird species are currently threatened by a developing anchovy fishery in
the Patagonian ecosystem (Skegwar et al. 2007). The Southwest Atlantic anchovy (Engraulis anchoita) compose
more than half of the Magellanic penguin diet (Skegwar 2007). Despite the central importance of anchovy to the
Patagonian food web and the natural variation in its availability, some have pushed to expand the anchovy fishery.
If the needs of the ecosystem as a whole are ignored, this fishery could drastically change the food web, with dire
consequences for the seabirds of Patagonia.

TABLE 2. Endangered and Protected Species Dependent on Prey Species
Endangered or
Protected Species

Status (IUCN)

SELECT Prey Species

Sperm whale

Vulnerable

Squid

Blue whale

Endangered

Krill

Dolphins in the
Mediterranean

Data deficient for some
species

Anchovy, Sardine, Hake, Whiting, Cephalopods

Harbor porpoise

Vulnerable

Whiting, Herring, Sand Lance, Capelin, Cephalopods

Steller sea lion

Endangered

Sand Lance, Pollock, Herring, Capelin, Squid

Magellanic penguin

Near threatened

Anchovy, Cuttlefish, Hake, Squid, Krill

Marbled murrelet

Endangered

Sardine, Anchovy, Squid, Sand Lance, Herring, Krill, Capelin

Kittiwake

Red-legged: Vulnerable
Black-legged: Least concern

Pollock, Herring, Sand Lance, Capelin

Puffin

Least concern

Capelin, Herring, Sand Lance, Squid, Lanternfish

Sources: Baillie and Jones 2003, Barrett and Furness 1990, Bearzi et al. 2003, Blanco et al. 2001, Börjesson 2002,
Burkett 1995, COSEWIC 2003, Durant 2003, Falk 1992, Forero et al. 2002, Gandini et al. 1999, Gellatt et al. 2007,
Hucke-Gaete et al. 2006, MacLeod et al. 2007, Ozturk et al. 2007, Pinto et al. 2006, Raga et al. 2006, Rodway and
Montevecchi 1996, Santos and Pierce 2003, Sanger 1987, Scolaro et al. 1999, Silva 1999, Springer 1986, Spitz
et al. 2007, Suryan 2000, Tonay 2007, Trites et al. 2007, Vanda et al. 2001, Wanless et al. 2004, Watwood et al.
2006, Winship and Trites 2003
oceana.org/prey
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OVEREXPLOITED PREY SPECIES
Fisheries targeting prey species have grown dramatically during the past century and are currently overdrawn, leaving
predators with depleted food supplies. Early fisheries targeted only herring, sardines, and menhaden until expanding to
meet the demand for cheap animal feed after World War II, and the more recent demand from carnivorous aquaculture
(IFFO 2006a, Alder and Pauly 2006, Watson et al. 2006). Now more than 88 different prey stocks are caught everywhere
from the tropics to the poles (FAO).
Prey species have
become targets for the
largest fisheries in the
world, as populations of
the bigger fish in the sea
are exhausted (Jackson
2008, Pauly et al. 1998).
Seven of the top ten
fisheries rely on prey fish,
as illustrated in Figure
2, and today's landings
of prey fish are more
than four times those
of 1950 (FAO). More
than 10 million metric
tons of anchoveta alone
are removed from the
ocean every year, made
unavailable as prey to
seabirds, mammals, and
predatory fish.

Ten Biggest Fisheries in the World

FIGURE 2. Ten Biggest Fisheries in the World
Source: FAO 2006

Squid fishing

ANONYMOUS FISH
Prey are known by many names,
in part because they are usually
overlooked. Some are accurate yet
vague, including “small pelagics”
indicating that they are found in open
water, or “schooling fish.” Others
such as “bait fish,” “forage fish,” and
“prey fish” define them by their uses
and fail to include non-fish species
like squid and krill.

Horeal Vidal Sabatte

oceana.org/prey
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Decades of intense fishing pressure have taken their toll.
Among the stocks assessed by the FAO, the majority are
fully or overexploited with no regard for predator needs
(2005). For an additional 16 percent, their status is unknown
and yet fishing continues. This leaves only 20 percent
of currently fished prey populations with any potential to
sustain natural predators (see Figure 3). Even fewer of
these populations remain large enough to support growing
pressures from fisheries, aquaculture, and climate change.

FIGURE 3. Prey Stocks that are Fully or Overfished
Source: Percentage of 88 assessed stocks from FAO 2005

According to the United Nations Food and Agricultural
Organization, all prey fisheries in the Southeast Pacific are
between fully and overexploited, with the exception of squid.
The fishery for sardina del Norte (Sardinops sagax) peaked
in the mid-1980s before crashing to less than one percent of
peak landings with no sign of recovery. Nearly all fisheries for
prey in the North Atlantic, Central Atlantic, and North Pacific
are fully exploited with no consideration for predators. This
includes menhaden along the US coast, sand eels in Europe,
and California market squid (Loligo opalescens).

Rob Birnbaum

Schooling
squid
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THREATS: OVERFISHING
Prey fish are taken for granted in fisheries management, despite their critical role in marine food webs. Even in
planning the recovery of endangered or overfished species, managers often give no consideration of the food
supply needed for their populations to rebound. Squid, krill, and other prey remain ignored, unregulated and
unaccounted for.

Disrupted Schooling Behavior
Schooling fish and “bait balls” protect individual fish from natural predators, and schools are also formed during
spawning to increase the chances of future generations. Schooling prey are so important to tuna, whales, and
other long-lived animals that they drive predator migrations, breeding, and nursing.
Unfortunately, schooling prey fish are easy targets for large nets (Alder et al. 2008, Watson et al. 2006) and
can be quickly depleted or dispersed. Predators are forced to compete with industrial fishing vessels, and are
sometimes captured incidentally while feeding on schools of fish.
Gordon Stroupe

Schooling prey fish surround a Sand Tiger Shark

Prey remain under the radar,
unregulated and unaccounted for.
oceana.org/prey
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Boom and Bust Populations
Many prey species have short life spans. As
a result, some prey species are known for
dramatic boom and bust cycles from year to
year (Alder et al. 2008), often because an entire
generation of fish or squid fails to make it to
adulthood. Changes in the prevailing currents
or temperature may sweep away newly hatched
eggs and larvae (Chavez et al. 2003), or major
weather events such as hurricanes can wipe
out an entire generation of larval fish. In some
cases, population crashes can be linked to
particular events including oil spills or pollution
(Peterson et al. 2003, Paine et al. 1996).

Menhaden
Gene Helfman
NOAA

Menhaden

Overfishing can also drive population crashes by
removing juveniles before they are old enough
to reproduce, or by directly removing spawning
adults. Population crashes may also be caused
by increased competition or predation by other
species in the food web. All of these factors
combine over short periods of time to make it
extremely difficult to predict prey availability.

Localized Depletion
Many predators depend on their prey to
be available at a particular place and time.
Depletion of prey populations in one local area
can be extremely disruptive to their predators,
even if distant populations remain strong
(Furness and Tasker 2000). For example, during
nesting season, seabirds have a very limited
time away from their young to find food and
return. If there are not enough prey where and
when the birds expect, both chicks and parents
are at risk for starvation or death (Hunt and
Furness 1996).

16

Coastal communities and fishermen are also tied
to a particular place and season to make their
living. In North Carolina and in New England,
bluefin tuna fishing depends on tuna arriving
during the legal fishing season and staying as
long as possible. When the herring is gone,
hungry tuna may move on prematurely and the
fishermen return empty-handed.
Hungry Oceans | What Happens When the Prey is Gone?

Predators and Natural Mortality
When no information is available on how much ocean predators consume, their needs are arbitrarily assumed to be
low. Standard fishery models gloss over the needs of ocean predators in a single number known as “natural mortality”
which is often flawed.
For example, recent analysis found that marine mammals and large fish are actually eating four times as many herring
than assumed by the official government assessment (Read and Brownstein 2003). In failing to account for these
predators, the typical approach overestimates the amount of fishing that can be sustained by their prey. For years we
have been catching many more prey fish than can sustain both human fisheries and predators.

Shifting Baselines
Our current management framework assumes ecosystems with very low levels of natural predation. Large predatory
fish have been overexploited and the legacy of whaling and depleted marine mammal populations remains. Ironically,
as predatory fish recover and reclaim their share of prey species, we blame them for eating too much. In the
Chesapeake Bay, some ask whether there will be enough menhaden left as striped bass recover. In the time that
striped bass have been absent due to overfishing, human fishing has expanded - removing their prey.

Alexander Perry
Northumbria Photography

A flying puffin

For years we have been fishing on a deficit.
oceana.org/prey
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THREATS: AQUACULTURE
Fishmeal Uses

Increasingly, the driver behind overfishing of prey
species is aquaculture. Salmon, tuna, and other highvalue farmed fish are the fastest growing seafood
products in the world (Delgado et al. 2003). As a result,
an increasing number of new aquaculture operations
specialize in fish that eat fish, which require constant
supplies of high-calorie feed.
Aquaculture currently consumes more than 81 percent
of the prey fish captured and “reduced” to fish oil,
and approximately half of those captured for fishmeal
(Tacon et al. 2006). The remaining prey fish are used
in agriculture and to a lesser degree pet food and
pharmaceuticals (Figure 4; Tacon et al. 2006, Delgado
et al. 2003, Campbell and Alder 2006, FIN 2007a).

Aquaculture
Pigs
Chickens
Ruminants, Pet food, Pharmaceuticals

FIGURE 4. Fishmeal Consumption
Source: Data from Campbell and Alder 2008

Delta Aquaculture Equipment Co.
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A third of all global fish landings are destined for fish meal and oil
each year, caught mostly in dedicated reduction fisheries (Watson et
al. 2006, FIN 2007b, IFFO 2006a, New and Wijkstrom, 2002). These
fish are pressed, dried, and milled into concentrated fish oil and brown
powder called fishmeal. A smaller percentage of fish meal is derived
from byproducts of fish processing (FIN 2007b), and an unknown
percentage is derived from unreported or illegal bycatch (Alder et al.
2008, Tuominen and Esmark 2003).
Among farmed fish, salmon consume more fish oil than all other
aquaculture operations combined. In 2003, salmon pens alone
consumed 51 percent of world fish oil and 19 percent of world
fishmeal supplies respectively (FIN 2007b). In fact, the astronomical
growth and success of Chile’s salmon aquaculture industry is made
possible by readily available fish oil supplies produced within the
country (Campbell and Alder 2006). For salmon aquaculture, an
estimated four to eleven pounds of prey fish are consumed to grow
only one pound of farmed salmon (Fishmeal Information Network,
Buschmann et al. 2006).
Further growth of the aquaculture industry is limited by the price of
aquafeeds (Tuominen and Esmark 2003, Delgado et al. 2003, New
and Wijkstrom 2002). Prices for fish oil and meal are expected to
increase and will be highest when natural population cycles lead
to diminished forage fish catches, creating powerful incentives for
overfishing (Delgado et al. 2003).

2020

The year
aquaculture outgrows
the supply of fishmeal
— New and Wijkstrom, 2002

Cristián Gutiérrez / Oceana

Eric Cheng

Shoveling prey fish into net
pens to feed farmed tuna

TUNA FATTENING
Tuna fattening has expanded in response
to continued demand for full-grown bluefin
tuna despite reduced supply due to
overfishing. Juvenile bluefin are captured
and held for varying lengths of time in
net pens in Mexico, Canada, Australia,
Japan, and throughout the Mediterranean
(Ottolenghi et al. 2004, Volpe 2005). They
are fed with frozen prey fish and later sold
on the international market for sushi and
sashimi, particularly in Japan and Korea.
Bluefin tuna are voracious predators, and
require between two and ten percent of
their body weight in prey fish every day
of the peak summer season (Lovatelli
2003). This results in an estimated
225,000 metric tons of prey fish thrown
into the Mediterranean tuna pens alone
each year (Tudela et al. 2005).
Industry growth is limited by the supply
of prey fish, and Mediterranean fattening
operations already import 95 percent
of the prey fish, mostly frozen sardines
(Lovatelli 2003, Ottolenghi et al. 2004,
Volpe 2005). In Mexico, more than half
the catch of Pacific sardines is delivered
directly to nearby tuna fattening pens,
and much of the remaining catch is
frozen or converted to fishmeal for use in
other aquaculture operations. (ZertucheGonzález et al. 2008).
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THREATS: CLIMATE CHANGE
Ocean predators are expected to suffer a wide range of impacts from global
climate change, making them even more vulnerable to prey shortages. At the
same time, climate change is also likely to affect prey species populations
with changing temperatures, ocean currents, and sea ice.

Rising Temperatures
Prey fish and the food webs they support are highly sensitive to temperature
changes, as seen in their dramatic population changes during El Niño and
decade-long climate shifts (Anderson and Piatt 1999, Chavez et al. 2003).
Small fish require favorable currents and temperatures to escape predators
and to find enough to eat. The largest fishery in the world is vulnerable when
warm El Niño waters bring Peruvian anchoveta toward the coast where they
can be more easily caught. In 1972 this fishery crashed dramatically when
heavy fishing coincided with an El Niño year (Clark 1976).
At the height of a 1950s cold period, temperature combined with heavy
fishing to precipitate the collapse of the California sardine fishery made
famous by John Steinbeck in his novel Cannery Row. Gulf of Alaska food
webs are also tuned to temperature, and preferred prey such as capelin
become scarce during warm periods, forcing marine mammals and seabirds
to less nutritious options (Anderson and Piatt 1999). These prey shortages
provide a preview of the likely effects of global warming.
Warm water in the North Sea brings fewer and smaller sand eels, the
dominant prey for harbor porpoises (Phocoena phocoena), and could cause
sand eels to hatch too soon for critical spring feeding time. Over the last thirty
years, porpoises have suffered a 27 percent increase in starvation rates as
sand eel populations shrink (Wanless et al. 2004, MacLeod et al. 2007a,
2007b). These climate-driven prey shortages are even more acute when prey
populations are already overfished.

The price increase in fish
oil during El Niño in 1998.
— Tuominen and Esmark, 2003
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A puffin and an Arctic tern
compete for prey

SEABIRDS
AT RISK
Seabird populations are highly
sensitive to their food supply, and
increasingly threatened by human
over-exploitation of prey fish. Crashes
in fish populations in general have
historically coincided with catastrophic
seabird breeding failures, and climatedriven prey shortages may hit seabirds
hardest.
When prey goes missing, seabirds
rely on less nutritious alternatives
and may become weak, delay their
breeding season, and spend more time
away from the nest searching for food
(LeMaho et al. 1993). During herring
declines in Norway’s Lofoten Islands,
the number of puffin burrows with
chicks declined by 64 percent in the
1980s (Wright et al. 1996). Emaciated
murres washed up on Norwegian
shores after years of heavy fishing on
capelin stocks, as populations of this
usually common seabird plummeted
by 56 to 80 percent (Hunt and Byrd
1999). In the eastern Bering Sea,
both kittiwakes and murres starved to
death during two decades of pollock
shortages (Hunt and Byrd 1999,
Springer et al. 1986).

Sea Ice
Polar predators and prey are under threat as the sea ice begins to melt (Smetacek and
Nicol 2005, ACIA 2005). Krill aggregations feed on algae in a hidden sea ice ecosystem
(Lizotte 2001, Loeb et al. 1997, Marschall 1988). As melting sea ice makes life harder
in other ways, krill aggregations will shrink and in turn leave hungry penguins, whales,
fish, and albatrosses in a weakened state. Warming and the decline of Antarctic krill have
already been linked to reduced calving success of southern right whales that feed on this
popular prey (Leaper et al. 2006)

Christopher Michel

Arctic predators are also threatened by the loss of sea ice and their prey, including
narwhals, ringed seals, ivory gulls, and Atlantic salmon. Their favorite foods include
Arctic cod (Boreogadus saida), which hides in ice cracks and channels and feeds on tiny
organisms in the associated ecosystem (Bluhm and Gradinger 2008, Gradinger and Bluhm
2002, Tynan and DeMaster 1997).

Geographic Range Shifts
As ocean temperatures and currents are altered by climate change, the geographic ranges for predators and their prey are
expected to move poleward. Wild Pacific salmon are predicted to shift northward, and sockeye salmon could shift entirely into
the Bering Sea within the next 50 years (Welch et al. 1998, Mote et al. 2003). While some populations may adapt to their new
location, others will likely suffer prey shortages. Salmon will be forced to seek out different prey, which may be less abundant
in their new surroundings, leaving them malnourished and less able to adapt to other climate stresses (Bilby et al. 2007).

Despite their name,
Crabeater seals
primarily eat krill

Wetjens Dimmlich
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Penguins feeding krill
to their chicks
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SOLUTIONS: GETTING STARTED
Despite the alarming global outlook, some progress has been made toward the evaluation and management of prey
species with predator needs in mind, as highlighted below. Successful management of predator-prey relations is an
important first step toward ecosystem-based management, and must include prohibiting new fisheries for prey species,
setting conservative catch limits for existing fisheries, prioritizing uses of prey species, and anticipating and reducing
fishing during prey declines.

Manage for Ecosystem Integrity
Protecting prey is fundamental to keeping ocean ecosystems intact. State, regional, and federal agencies in the U.S.
are beginning to recognize that healthy prey populations should be a goal for fishery managers. Yet initial efforts
have devoted a disproportionate amount of time to gathering background information, with minimal actions toward
preventing the actual loss of prey populations. Catch levels need to be set with large predatory fish, marine mammals,
sea birds, and other marine life in mind.
The U.S. federal government is taking steps toward appropriate management of prey species. In 2002, federal
regulations identified prey as a component of essential fish habitat and recognized the loss of prey as a problem
for fisheries. More recently, regional fishery management councils have begun food web modeling with implicit
consideration of predator needs.
States are also recognizing the importance of prey species. Most notably, Washington State was one of the first to
create a dedicated management plan for forage fish and to explicitly adopt the protection of prey and “the integrity
of the ecosystem and habitat upon which marine resources depend” as a goal for the Washington Department of
Fish and Wildlife. Washington’s plan identifies knowledge gaps, addresses commercial and recreational catches,
and describes the ecological role of prey fish. Along with Oregon and California, Washington has also banned fishing
for krill, an important prey species. However, many states lag behind and in states with existing plans, management
actions are urgently needed to actively protect prey fish.
Aziz T. Saltik

Actively protect prey fish
rather than taking them for granted.
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No New Fisheries for Prey Species

Set Conservative Catch Limits

The most conservative approach to protecting prey
is to ban fishing on these species before it begins.
In 1998, the federal government banned fishing for
prey species except pollock in federal waters around
Alaska. The North Pacific Fishery Management
Council and NOAA Fisheries acted to protect valuable
groundfish and salmon predators targeted by
fisheries, as well as other predators such as whales,
sea lions, and albatrosses. The prey or “forage fish”
protected from being caught included entire families
of species such as krill (Euphausiacea), capelin and
smelts (Osmeridae), sand lance (Ammodytidae) and
many others.

Where fisheries on prey species already exist, conservative
catch limits and careful monitoring are essential to prevent
harm to natural predators. Squid, krill, and other prey fisheries
sometimes remain unregulated or have incomplete management
plans because they are not recognized as important.

Fishing for krill will likely similarly be banned in
federal waters of the West Coast of the United
States. The Pacific Fishery Management Council
and NOAA Fisheries created a prohibited harvest
species category to “ensure the long-term health
and productivity of the West Coast ecosystem.”
This proposed federal ban reinforces state bans on
krill fishing established in California, Oregon, and
Washington to prevent future exploitation of this
important prey.
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Early management of Antarctic krill by the Convention on the
Conservation of Antarctic Marine Living Resources (CCAMLR)
exemplifies the conservative catch limits needed for prey
species. With the ecosystem explicitly in mind, CCAMLR set
initial catch limits for krill at nearly half the level of fishing
mortality typically chosen for fisheries elsewhere in the world.
Although there is substantial concern that this level is still too
high, not fishing to the limit is an important start toward true
ecosystem-based management.
Atlantic cod stocks have seen severe declines in recent decades
and have yet to recover despite drastic cutbacks in fishing by
the Canadian fleet (DFO 2005). Cod in the Northern Gulf of St.
Lawrence also appear to be “starving to death” for unknown
reasons which may include shortages of capelin, a preferred
prey (DFO 2008, 2006). Conservative catch limits for capelin are
an important component of Canada’s recovery strategy for cod
populations in Newfoundland and Labrador (DFO 2006, 2005).

Carlos Minguell

“To keep every cog and wheel is the first
precaution of intelligent tinkering.”
— Aldo Leopold

Prioritize Uses for Prey

Fish Less During Natural Declines

In addition to setting conservative catch levels,
managers should give predators top priority before
we divide up their prey, to better ensure that prey
species fisheries are managed for the long-term
health of the ecosystem. This includes specific
assessment and allocation for the ecosystem - for
fish, invertebrates, marine mammals, sea turtles,
and other marine life.

Many prey species boom and bust with ocean
temperature cycles, particularly sardines and
anchovies. While it is normal for these populations
to drop in response to changing conditions, heavy
fishing during less productive phases could prevent
the population from rebounding when favorable
conditions return.

After predator needs have been met, catches of
prey species should be destined for direct human
consumption. These small, fast-growing fish
can reliably serve as primary protein for people.
Peruvians have seen an upswing in anchoveta
consumption since a 2006 event featuring top
chef Gastón Acurio, scientist Patricia Majluf, and
18,000 diners feasting on flavorful fish that are more
typically ground up for animal feed (Jacquet 2007).
Historically, direct consumption has been prioritized
over use for bait, aquaculture, and other activities.
California’s legislature in 1920 prohibited converting
fish into oil and meal that would otherwise be fit
for human consumption (Watson et al. 2006). The
European Union later banned the use of Atlantic
herring in fish meal in 2003, and England banned
the use of fishmeal in ruminant feed due to concern
over mad cow disease (Josupeit 2006, 2007).
Peru banned the reduction of certain fish into oil
and meal, including the South American pilchard
(Sardinops sagax) and jurel or horse mackerel
(Trachurus murphyi) (Watson et al. 2006).

In the U.S., the Pacific Fishery Management
Council is one of the first management
organizations to explicitly account for the influence
of ocean temperature cycles on sardines. This
Council adopted a rule for managing Pacific
sardine that adjusts the number of fish that can
be caught according to sea surface temperature.
Pacific sardines reproduce more slowly when the
ocean is cooler, and fewer fish can be caught
during this vulnerable time.

Sardines ready for human consumption

Bait fish plays an important role in recreational and
commercial fisheries, and should be prioritized
after ecosystem and human needs. Aquaculture,
animal feed, and all other uses for prey fish
compete for these higher priority uses and require
explicit acknowledgement and careful control.
As aquaculture drives up prices for fishmeal and
oil, prey fish now used for human consumption in
developing regions are being diverted to industrial
processing, with ethical implications (Alder and
Pauly, 2006, FAO 2006, Delgado et al. 2003).
Cathou Cathare
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An Arctic tern catches its next meal

SOLUTIONS: LOOKING AHEAD
While the needs of natural predators are increasingly recognized in public policy,
concrete management actions to protect them are still generally lacking. However,
several emerging science-based approaches could improve management of prey
species substantially.

Maintain a Reserve for Natural Predators
Quantitative food requirements for each predator group are increasingly becoming
available (Read and Brownstein 2003, Hunt and Furness 1996, Field and Francis
2006). Prey reserves can now be set aside for natural predators when catch limits
are set for prey fish, squid, and krill.
At the stock assessment level, the needs of predators should be more rigorously
accounted for in estimates of natural mortality and the definition of optimum yield for
fisheries. At the policy and management level, explicit allocations can be made for
ecosystem needs or for natural predators.

Paul McDonnell

Wetjens Dimmlich

Female
elephant seal
and pup
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Protect Breeding Hotspots
For predators with clear needs for prey during spawning, nursing, or nesting
season, closures on fishing for squid, anchovy, or other prey may be
appropriate. This would prohibit fishing in very specific times and places to
increase prey availability and reproductive success with the added benefit
of reducing the number of predators caught in the nets. Unfortunately the
specific needs of many predators remain unknown.
In Punta Tombo, Argentina, tracking experiments with Magellanic penguins
clearly show their most important foraging areas in need of protection
(Boersma 2008). In the North Sea, fishing activity and seabird feeding are
concentrated in different locations suggesting the potential for successful
zoning (Furness and Tasker 2000, Hunt and Furness 1996). Separating
fishing from seabird feeding could minimize fishery impacts and prevent
localized depletion of prey.

Save 10% for Climate Losses
In addition to planning for ecosystem needs, managers should leave a
buffer for climate-driven losses in prey populations. In the absence of more
quantitative decision rules based on temperature, managers should insure
against climate change impacts with a reduction of ten percent in catch limits.

Manage in Real Time
Real-time monitoring during the fishing season is especially helpful
for management of short-lived and infrequently counted prey fish and
invertebrates. Daily updates on catch and effort for each vessel allow
managers to monitor the status of the fishery and decide whether too many
fish have been taken in a season. Real-time monitoring is currently active for
the squid (Loligo gahi) fishery in the Falkland Islands and has been proposed
for United States squid fisheries (Agnew et al. 1998). Real-time monitoring
of fishing intensity has also been proposed to protect Peruvian anchoveta,
which are more vulnerable to being caught as they move closer to shore
during El Niño climate cycles (Bertrand et al. 2005).

Bryant Austin

SOLUTIONS
SUMMARY
GOAL:
Protect prey species as
fundamental to ocean
ecosystems and fisheries.

SOLUTIONS:
1. No new fisheries for prey
2. Set conservative limits for
prey fisheries and save 10
percent for climate impacts
3. Protect breeding hotspots
4. Prioritize uses for prey—
place ecosystem needs first
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PREY SPECIES AROUND THE WORLD

Krill

Krill

Krill

Arctic Krill (Thysanoessa raschii)
Pacific Krill (Euphausia pacifica)
Antarctic Krill (Euphausaia superba)
Arctic Krill (Thysanoessa raschii)
Pacific Krill (Euphausia pacifica)
Antarctic Krill (Euphausaia superba)

Prey Fish

Prey Fish
Arctic Cod (Boreogadus saida)
Atlantic Menhaden (Brevoortia tyrannus)
Atlantic Herring (Clupea harengus)
Prey Fish South Pacific Hake (Merluccius gayi gayi)
Arctic Cod
(Boreogadus
saida)
North
Pacific Hake
(Merluccius productus)
AtlanticEulachon
Menhaden
(Brevoortia tyrannus)
(Thaleichtys
pacificus)
Atlantic Herring (Clupea harengus)
South Pacific Hake (Merluccius gayi gayi)
North Pacific Hake (Merluccius productus)
Eulachon (Thaleichtys pacificus)
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More Prey Fish

More Prey Fish
Sand Lance(Ammodytes hexapterus)
Capelin (Mallotus villosus)
More Prey
Fish (Sardinops sagax)
Sardine
(Trachurus murphyi)
hexapterus)
Sand Jurel
Lance(Ammodytes
(Mallotus
villosus)chalcogramma)
Capelin
(Theragra
Pollock

Map Sources: Fishbase, FAO, Cephbase

Sardine (Sardinops sagax)
Jurel (Trachurus murphyi)
Pollock (Theragra chalcogramma)

Dolphins
and bait
ball

30

Hungry Oceans | What Happens When the Prey is Gone?

Colin Robson

RESOURCES
Abitia-Cardenas LA, Galvan-Magana F,
Gutierrez-Sanchez J, Rodriguez-Romero J,
Aguilar-Palomino B, Moehl-Hitz A. (1999) Diet of
blue marlin Makaira mazara off the
coast of Cabo San Lucas, Baja California Sur,
Mexico. Else, 44, 95-100
ACIA. 2005. Arctic Climate Impact Assessment.
Cambridge University Press.
Alder J, B. Campbell, V. Karpouzi, K. Kaschner,
and D. Pauly. 2008. Forage fish: From
ecosystems to markets. Annual Reviews in
Environmental Resources 33:7.1-7.14.
Alder J, Pauly D (2006) Human consumption of
forage fish. In: Alder J, Pauly D (EDs.) On the
multiple uses of forage fish: from ecosystems
to markets. Fisheries Centre Research Reports
14(3) Fisheries Centre, University of British
Columbia
American Cetacean Society. Fact Sheet: Blue
Whale. Accessed 3 October 2007. http://www.
acsonline.org/factpack/bluewhl.htm

Baranowski R, Beddington J.R., des Clers S,
Nolan CP (1998) Approaches to assessing
stocks of Loligo gahi around the Falkland Islands.
Fisheries Research 35: 155-169
Bartlett L. (1994) Alaska Department of Fish and
Game; Eulachon. http://www.adfg.state.ak.us/
pubs/notebook/fish/eulachon.php
Bargmann G (1998) Forage Fish Management
Plan. Washington Fish and Wildlife Commission,
24 January 1998. http://wdfw.wa.gov/fish/forage/
manage/foragman.pdf
Bearzi, G., R.R. Reeves, G. Notarbartolo-DiSciara, E. Politi, A. Cañadas, A. Frantzis, B.
Mussi. (2003) Ecology, status and conservation
of short-beaked common dolphins, Delphinus
delphis, in the Mediterranean Sea. Mammal
Review 33(3-4):224-252.
Becker, B.H. and S.R. Beissinger. 2006.
Centennial decline in the trophic level of an
endangered seabird after fisheries decline.
Conservation Biology 20(2):470-479.
Bell, Tom. (2006). Offshore Opportunity? Portland
Press Herald. December 17, 2006. http://www.
choircoalition.org/media/detail.php?id=24

American Heart Association (AHA). 2007.
Fish and Omega-3 Fatty Acids. http://
www.americanheart.org/presenter.
jhtml?identifier=4632
Associated Press (2001) Giant Tuna Sells for
Record $173,600. http://www.flmnh.ufl.edu/fish/
InNews/GiantTuna.htm

Bertrand S, Burgos JM, Gerlotto F, Atiquipa
J (2005) Lévy trajectories of Peruvian purseseiners as an indicator of the spatial distribution
of anchovy (Engraulis ringens). ICES Journal of
Marine Science 62: 477-482

Arzel P. et al., Les algues et invertébrés marins
des pêches françaises—2eme partie, Algues,
Eponges, Corail rouge, Escargots de mer,
Bivalves, Poulpes, Seiches, Encornets,

Bilby R., Hannah S., Healey M., Huntley
N., Hurlbert S., Lamberson R., Levings C.,
Montgomery D., Pearcy W., Poe T. P., Smouse
P. “Climate Change Impacts on Columbia River
Basin Fish and Wildlife.” Independent Scientific
Advisory Board. p.90.

Atkinson A, Siege V, Pakhomov E, Rothery P.
(4 November 2004) “Long-term decline in krill
stock and increase in salps within the Southern
Ocean.” Nature 432, 100-103.
The Atlantic Menhaden Plan Review Team
(2004), 2004 Review of the Fishery Management
Pal for Atlanic Menhaden (Brevooritia Tryannus).
Atlantic States Marine Fisheries Commission
(2003) Species Profile: Atlantic Herring - Atlantic
Herring Fishery Management Plan http://
www.asmfc.org/speciesDocuments/herring/
herringProfile.pdf
Australian Government Antarctic Division, Krill
http://www.aad.gov.au/default.asp?casid=1540
[Anonymous] Australian Marine Conservation
Society, Farming Australia’s Seas; It’s No
Solution! http://www.amcs.org.au/default2.
asp?active_page_id=159

Block BA, Teo SLH, Walli A, Boustany A,
Stokesbury MJW, Farwell CJ, Weng KC, Dewar
H, Williams TD (2005) Electronic tagging and
population structure of Atlantic bluefin tuna.
Nature 434: 1121-1127
Blue Ocean Institute. Species score cards:
Argentine squid http://www.blueocean.org/
seafood/species/21.html
Blue Ocean Institute - Species score cards:
Longfin squid http://www.blueoceaninstitute.org/
seafood/species/126.html
Blue Ocean Institute - Species score cards:
Market squid http://www.blueocean.org/seafood/
species/122.html
Blue Ocean Institute - Species score cards:
Shortfin squid http://www.blueocean.org/

seafood/species/103.html
Bluhm, B.A. and R. Gradinger. (2008) Regional
Variability In Food Availability For Arctic Marine
Mammals. Ecological Applications 18(2)
Supplement: S77-S96.
Bochenek E.A.. Illex and Loligo Squid Real-Time
Management Studies. Haskin Shellfish Research
Laboratory, Rutgers University.
http://www.hsrl.rutgers.edu/squid.html
Boersma, D. (2008) Penguins as marine
sentinels. BioScience 58(7):597-607.
Brame D, Duval M, Goldsborough, Hinman, Ken
and Schick, Amy Menhaden Matter, Chesapeake
Bay Foundation, Coastal Conservation
Association, Environmental Defense, and
National Coalition for Marine Conservation.
Brander K (2006) “Assessment of possible
impacts of climate change on fisheries.” German
Advisory Council on Climate Change, ICES
Copenhagen.
http://www.wbgu.de/wbgu_sn2006_ex02.pdf
Brodeur RD, Daly EA, Schabetsberger RA, Mier
KL (2007) Interannual and interdecadal variability
in juvenile coho salmon (Oncorhynchus kisutch)
diets in relation to environmental changes
in the northern California Current. Fisheries
Oceanography 16(5): 395-408
Bronsgeest-Schoute HC, van Gent CM, Luten
JB, Ruiter A. The effect of various intakes
of omega 3 fatty acids on the blood lipid
composition in healthy human subjects. Am J
Clin Nutr. 1981 Sep; 34 (9):1752–1757.
Brueggeman P. Underwater Field Guide, Ice krill
Euphausia crystallorophias
http://scilib.ucsd.edu/sio/nsf/fguide/arthropoda10.
html
Buschmann, A.H., M.C. Hernández González,
L. Henríquez Antipa. 2006. Salmonicultura y su
dependencia de la pesca en Chile. Documento
22, Oceana.
Butler CM (2007) Atlantic Bluefin Tuna (Thunnus
thynnus) Feeding Ecology and Potential
Ecosystem Effects During Winter in North
Carolina. Master’s Thesis: North Carolina State
University.
Campbell, B., Alder, J. (2006) “Fishmeal and fish
oil: production trade and consumption,” In: Alder,
J., Pauly D. (eds). “On the multiple uses of forage
fish: From ecosystems to markets.” Fisheries
Centre Research Reports 14(3). Fisheries
Centre, University of British Columbia [ISSN
1198-6727]

oceana.org/prey

31

HUNGRY

OCEANS

Chavez F P., John Ryan, Salvador E. Lluch-Cota
and Miguel Niguen C. (2003) From anchovies to
sardines and back: Multidecadal change in the
Pacific Ocean. Science 299: 217-221.
Chase BC (2002) Differences in diet of Atlantic
bluefin tuna (Thunnus thynnus) at five seasonal
feeding grounds on the New England continental
shelf. Fisheries Bulletin 100: 168-180
Clapham PJ, Young SB, Brownell Jr. RL. (1999)
Baleen whales: conservation issues and the status
of the most endangered populations. Mammal
Review 29, 35-60
Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR). CCAMLR
Ecosystem Approach http://www.ccamlr.org/pu/e/
sc/eco-app-intro.htm
Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR). CCAMLR’s
Approach to Management http://www.ccamlr.org/
pu/e/e_pubs/am/toc.htm
Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR). CCAMLR:
Harvested Species: Krill (Eupausia superba)
http://www.ccamlr.org/pu/E/sc/fish-monit/hs-krill.
htm
Croxall J.P., Trathan P.N., Murphy E.J. (30 August
2002) Environmental Change and Antarctic
Seabird Populations. Science 297: 1510-1514
Cury, P., A. Bakun, R.J.M. Crawford, A. JarreTeichmann, R.A. Quiñones, L.J. Shannon, and
H.M. Verheye. 2000. Small pelagics in upwelling
systems: patterns of interaction and structural
changes in “wasp-waist” ecosystems. ICES
Journal of Marine Science 57:603-613.
Defenders of Wildlife. Navigating the Arctic
Meltdown: Arctic Cod. http://www.defenders.org/
resources/publications/programs_and_policy/
science_and_economics/global_warming/
navigating_the_arctic_meltdown_arctic_cod.pdf
Accessed 15 October 2007.
Delgado, C.L, N. Wada, M.W. Rosegrant, S.
Meijer, and M. Ahmed. (2003) Fish to 2020:
Supply and Demand in Changing Global Markets.
International Food Policy Research Institute and
The World Fish Center.
Department of Fisheries and Oceans, Canada
(DFO). (2006) Press Release ”Minister Hearn
announces 2006 management plan for 2J3KL,
3Ps and 4RST capelin fisheries.”
http://www.nfl.dfo-mpo.gc.ca/publications/news_
presse_NL_TNL_0622.asp

32

Department of Fisheries and Oceans, Canada
(DFO). (2008) What’s Holding Back the Cod
Recovery?
http://www.dfo-mpo.gc.ca/science/Story/quebec/
cod_recovery_e.htm

A0699e/A0699E07.htm

Department of Fisheries and Oceans, Canada
(DFO). (2005) Canada-Newfoundland and
Labrador Action Team for Cod Recovery. A
Strategy for the Recovery and Management of
Cod Stocks in Newfoundland and Labrador.
http://www.dfo-mpo.gc.ca/cod-morue/Strategienl_e.htm

FAO. Fish.Synop., (125)Vo1.7,Pt.2:305-579 FAO
Species catalogue Vol. 7. Clupeoid fishes of the
world. (Suborder CLUPEOIDEI)

Dery, L.M. (2004) Atlantic herring, Clupea
harengus, NOAA’s National Marine Fisheries
Service, Northeast Fisheries Science Center
http://www.nefsc.noaa.gov/fbi/age-man/her/her.
htm

FAO. Animal Feed Resources Information System,
Animal Products http://www.fao.org/ag/aga/AGAP/
FRG/afris/DATA/332.htm

FAO Marine Resources Service, Fishery
Resources Division. Review of the state of world
marine fishery resources FAO Fisheries Technical
Paper. No.457. Rome, FAO. 2005. 235 ftp://ftp.
fao.org/docrep/fao/007/y5852e/Y5852E00.pdf
FAO Species Fact Sheet http://www.
fao.org/fi/website/FIRetrieveAction.
do?dom=species&fid=3017

Environmental Defense (2005) Why
Do Atlantic Menhaden Matter? http://
www.environmentaldefense.org/article.
cfm?contentID=4561

FAO, Species Fact Sheet: Loligo pealei. http://
www.fao.org/fi/website/FIRetrieveAction.
do?dom=species&fid=2714

Estes JA, T. T., Doak DF (1998) Killer Whale
Predation on Sea Otters Linking Oceanic and
Nearshore Ecosystems. Science 282: 473-476.

FAO/SIDP Species Identification Sheets: Illex
illecebrosus http://www.oceansatlas.org/
world_fisheries_and_aquaculture/html/resources/
capture/mainspec/species/sp2720.htm

Eurofish (2005) “FISH INFOnetwork Market
Report—Surimi.” http://www.eurofish.dk/
indexSub.php?id=1928&easysitestatid=-176564
4808

FAO/SIDP Species Identification Sheets:
Illex argentinus http://www.oceansatlas.org/
world_fisheries_and_aquaculture/html/resources/
capture/mainspec/species/sp3565.htm

FAO (2004) Species Fact Sheet, Engraulis
ringens. http://www.fao.org/figis/servlet/
species?fid=2917

FAS Online, (2000) Special Report- December
2000, BSE in Europe: The Impact on U.S.
and World Soybean and Soybean Meal
Demand http://www.fas.usda.gov/oilseeds/
circular/2000/00-12/decspec.htm

FAO (2004) The State of World Fisheries and
Aquaculture, 2004 Part 1: World review of
fisheries and aquaculture, The status of fishery
resources. http://www.fao.org/DOCREP/007/
y5600e/y5600e05.htm#P1235_55689
FAO (2005) Fisheries Report No. 779 (FIRI/
R779) Report of the Third Meeting of the AD HOC
GFCM/ICCAT Working Group on Sustainable
Bluefin Tuna Farming / Fattening Practices in the
Mediterranean, General Fisheries Commission for
the Mediterranean international Commission of
the Conservation of Atlantic Tunas, Rome, 16-18
March 2005
http://www.fao.org/docrep/008/y8870e/y8870e00.
htm
FAO (2005) Review of the state of world marine
fishery resources.
ftp://ftp.fao.org/docrep/fao/007/y5852e/Y5852E23.
pdf
FAO (2006) State of the world fisheries and
aquaculture: Trash or Treasure? Low-value/trash
fish from marine fisheries in Asia-Pacific region.
Food and Agriculture Organization of the United
Nations (FAO) http://www.fao.org/docrep/009/

Hungry Oceans | What Happens When the Prey is Gone?

Federal Register (2007) http://edocket.access.
gpo.gov/2007/pdf/e7-3247.pdf
Field JC and RC Francis. (2006) Considering
ecosystem-based fisheries management in the
California Current. Marine Policy 30:552-569.
FIGIS—Fisheries Statistic Production (FAO)
http://www.fao.org/fi/website/FIRetrieveAction.
do?dom=collection&xml=global-production.xml
FIRMS Marine Resource Fact sheet: Squid Global, 2005
http://www.fao.org/figis/
website/FIRMSRetrieveAction.
do?dom=resource&fid=13335
FishBase. Family Engraulidae—Anchovies http://
www.fishbase.org/Summary/FamilySummary.
cfm?Family=Engraulidae

FishBase. Alaska Pollock.
http://www.fishbase.org/Summary/
SpeciesSummary.php?id=318
Fishmeal Information Network (FIN), Fishmeal
Facts and Figures http://www.gafta.com/fin/
finfacts1.html
Fishmeal Information Network (FIN) Fishmeal
and Fish Oil in a safe and sustainable food chain
(2002) http://www.gafta.com/fin/MEPBriefing.pdf
Forcada J, Trathan PN, Reid K, Murphy EJ.
(2005) “The Effects of Global Climate Variability
in Pup Production of Antarctic Fur Seals.”
Ecology 86(9)
Forcada J, Trathan PN, Reid K, Murphy EJ,
Croxall JP. (2006) Contrasting population
changes in sympatric penguin species in
association with climate warming.Global Change
Biology 12: 411-423
Franklin B. (2001). The Most Important Fish in
the Sea. Discover. September 2001.
Frederiksen M, Wanless S, Harris MP, Rothery P,
Wilson LJ. (2004) The role of industrial fisheries
and oceanographic change in the decline of
North Sea black-legged kittiwakes. Journal of
Applied Ecology (41) 1129-1139.
Furness, R.W. and M.L. Tasker. (2000) Seabirdfishery interactions: quantifying the sensitivity of
seabirds to reductions in sandeel abundance and
identification of key areas for sensitive seabirds
in the North Sea. Marine Ecology Progress
Series 202:253-264.
Golet WJ, Cooper AB, Campbell R, Lutcavage
M (2007) Decline in condition of northern bluefin
tuna (Thunnus thynnus) in the Gulf of Maine.
Fisheries Bulletin 105(3): 390-395
Gómez-Gutiérrez, J., Euphausiids http://www.
geocities.com/jgomez64/euphausiids.html
Government of Newfoundland and Labrador
(2005) A Strategy for the Recovery and
Management of Cod Stocks in Newfoundland
and Labrador.
http://www.dfo-mpo.gc.ca/cod-morue/nl_e.pdf
Grabowski, Jonathan H. (2003) Are We Using
Herring to Farm Lobsters? The Effects of Herring
Bait on Diet Composition and Growth of the
American Lobster The Lobster Bulletin http://
kodiak.asap.um.maine.edu/lobster/library/
publications/bulletin/summer2003.htm#herring
Gradinger R. and B. Bluhm. (2002) Life in cold
gaps. NOAA Ocean Explorer Explorations. Arctic
Exploration. http://oceanexplorer.noaa.gov/

explorations/02arctic/logs/sep3/sep3.html
Griffin JC, Magraf FJ (2003) The diet of
Chesapeake Bay striped bass in the late 1950s.
Fisheries Management and Ecology 10: 323-328
Guenneugues, P., Morrissey, M. 2005. “Surimi
Resources.” In: Park, J.W. (Ed). Surimi and
Surimi Seafood, second edition. Marcel Dekker,
Inc. Basil Swizerland, 2005.
Hartman KJ, Magraf FJ (2003) US Atlantic coast
striped bass: issues with a recovered population.
Fisheries Management and Ecology 10: 309-312

Hunt SL, Mulligan TJ, Komori K (1999) Oceanic
feeding habits of chinook salmon Oncorhynchus
tshawytscha, off northern California. Fishery
Bulletin 97(3): 717-721
ICCAT. (2006) Atlantic Bluefin Tuna Stock
Assessment.
http://www.iccat.int/assess.htm
IFREMER. (1992) Crustacés, Oursins et Violets,
IFREMER, 135p. http://www.ifremer.fr/docelec/
doc/1992/rapport-1535.pdf
Industry Canada (1996) The Role of Capelin,
http://www.cdli.ca/cod/role.htm

Heckle, Harold (2006) Mass Beaching Piles on
the Anchovies, Associated Press Available fom:
http://www.livescience.com/animalworld/060929_
ap_anchovie_beaching.html

Information Center for the Icelandic Ministry of
Fisheries http://www.fisheries.is/stocks/capelin.
htm

Herbst, S. 1995. “Surimi.” International recipes:
Food and Wine Dictionary. Available from https://
www.interntionalrecipesonline.com/recipes/
dictionary.pl?6729

International Council for the Exploration of
the Sea (ICES). (2004) Blue Whiting: playing
a big game with small fish. ICES Newsletter.
September 2004.

Helga Josupeit (2006) FISH INFO Network
Market Report, FAO

International Fishmeal and Fish Oil Organization
(IFFO), Datasheet: The production of fishmeal
and fish oil from gulf menhaden.

Hendrickson, L. Northern shortfin squid (Illex
illecebrosus)
Status of Fishery Resources off the Northeastern
US - NEFSC - Resource Evaluation and
Assessment Division, NOAA
http://www.nefsc.noaa.gov/sos/spsyn/iv/sfsquid/
Howard, D. Krill in Cordell Bank National Marine
Sanctuary, NOAA. http://oceanexplorer.noaa.gov/
explorations/02quest/background/krill/krill.html
Hucke-Gaete R, Viddi F, Bell M (2006) Marine
Conservation in southern Chile. Impreso en
Imprenta
America, Valdivia, Chile. 124 pp.
Hucke-Gaete R., Osman L.P., Moreno C.A.,
Findlay K.P., Ljungblad D.K. (2003) Discovery
of blue whale feeding and nursing ground in
southern Chile. Proceeding of the Royal Society
of London B (Suppl.), Biology Letters.
Hunt G.L. and Byrd G.V. (1999) Marine Bird
Populations and Carrying Capacity of the
Eastern Bering Sea. Dynamics of the Bering
Sea. (631-650)
Hunt, GL, Jr. and RW Furness (eds.) (1996)
Seabird/fish interactions, with particular
reference to seabirds in the North Sea. ICES
Cooperative Research Report No. 216.
International Council for the Exploration of the
Sea, Copenhagen.

IPPC (2007) Summary for Policymakers. In:
Climate Change 2007: Climate Change Impacts,
Adaptation and Vulnerability. Contribution of
Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on
Climate Change.
Jackson, J.B.C. 2008. Ecological extinction and
evolution in the brave new ocean. Proceedings
of the National Academy of Sciences 105
supplement 1: 11458-11465.
Jacobson, L.D. (2005) Essential Fish Habitat
Source Document: Longfin Inshore Squid, Loligo
pealeii, Life History and Habitat Characteristics
(Second Edition), NOAA Technical Memorandum
NMFS-NE-193, September 2005.
http://www.nefsc.noaa.gov/nefsc/publications/tm/
tm193/tm193.pdf
Jacquet J (2007) Save Our Oceans, Eat Like a
Pig. The Tyee 17 April 2007. http://thetyee.ca/
Views/2007/04/17/EatLikePigs/ Accessed: 14
September 2007
Jennings S, Kaiser MJ, Reynolds JD (2001)
Marine Fisheries Ecology. Blackwell Publishing:
Malden, MA. 417p.
Josupeit, H. (2006). Fish oil Market Report—
March 2006. FAO GlobeFish. http://www.
globefish.org/dynamisk.php4?id=3654

oceana.org/prey

33

HUNGRY

OCEANS

Josupeit, H. (2007). Fishmeal Market Report—
April 2007. FAO GlobeFish. http://www.globefish.
org/dynamisk.php4?id=3654

Potential Effects of Climate Change on Marine
Mammals. Oceanography and Marine Biology: An
Annual Review 44:431-464

Josupeit, H. 2006. “Fishmeal Market Report—
June 2006.” FAO GlobeFish. http://www.globefish.
org/index.php?id=3015

Lewis A.D. and P Dalzell. (1989). A Review of the
South Pacific Tuna Baitfisheries: small pelagic
fisheries associated with coral reefs. Marine
Fisheries Review. 51 n4

Josupeit, H. 2007. “Fishmeal Market Report—
September 2007.” FAO GlobeFish. http://www.
globefish.org/index.php?id=4286
June, F and J.W. Reintjes, J. The menhaden
fishery. In: M.E. Stansby, Editor, Industrial Fishery
Technology, R.E. Krieger Publishing Company, NY
(1976), pp. 136–149.
Kaschner K, P. D. (2004). Competition between
marine mammals and fisheries: food for thought.
T. H. S. International. Vancouver, Canada, MMRU
Fisheries Centre: 1-28.
Kassahn KS, Caley MJ, Ward AC, Connolly
AR, Stone G, Crozier RH. (2007) “Heterologous
microarray experiments used to identify the early
gene response to heat stress in a coral reef fish.”
Molecular Ecology 16, 1749-1763.
Kaschner, K., Karpouzi, V., Watson, R. Pauly,
D. 2006. “Forage Fish consumption by marine
mammals and seabirds.” In: Alder, J., Pauly
D. (eds). “On the multiple uses of forage fish:
From ecosystems to markets.” Fisheries Centre
Research Reports 14(3). Fisheries Centre,
University of British Columbia [ISSN 1198-6727]
Kelly, K.H., and J.R. Moring. 1986. Species
profiles: life histories and environmental
requirements of coastal fishes and invertebrates
(North Atlantic)--Atlantic herring. U.S. Fish Wildl.
Serv. Biol. Rep. 82(11.38). U.S. Army Corps of
Engineers, TR EL-82-4. 22 pp.
Koslow J. A., G. W. B., J. D. M. Gordon, and P. L.
R. L. Haedrich, and N. Parin (2000). “Continental
slope and deep-sea fisheries: implications for
a fragile ecosystem.” ICES Journal of Marine
Science 57: 548-557.
Kucas, S.T., Jr. 1986. Species profiles: life
histories and environmental requirements
of coastal fishes and invertebrates (Pacific
Southwest)—northern anchovy. U.S. Fish Wildl.
Serv. Biol. Rep. 82(11.50). U.S. Army Corps of
Engineers, TR EL-82-4. http://www.nwrc.usgs.
gov/wdb/pub/0142.pdf
Leaper R, Cooke J, Trathan P, Reid K, Rowntree
V, Payne R. (2006) “Global climate drives
southern right whale (Eubalaena australis)
population dynamics.” Biol. Lett. 2, 289–292.
Learmonth, J.A., C.D. Macleod, M.B. Santos, G.J.
Pierce, H.Q.P.Crick, and R.A. Robinson. (2006)

34

LeMaho Y., Gendner J.P., Challet E., Bost C.A.,
Gilles J., Verdon C., Plumeré C., Robin J.P.,
Handrich Y(1993). Undisturbed breeding penguins
as indicators of changes in marine resources.
Marine Ecology Progress Series 95: 1-6
Lilli Ann, LLC http://sec.edgar-online.
com/2004/07/20/0001193125-04-120537/
Section19.asp
Loeb, V., V. Siegal, O. Holm-Hansen, R. Hewitt,
W. Fraser, W. Trivelpiece, and S. Trivelpiece.
(1997) Effects of sea-ice extent and krill or salp
dominance on the Antarctic food web. Nature 387:
987-900.
Lovatelli (2003) Summary Report on the Status of
BFT Aquaculture. In Report of the 2nd Meeting of
the ad hoc Working Group on Sustainable Tuna
Farming/Fattening Practices in the Mediterranean,
Izmir, Turkey, 15-17 December 2003, pp. 73-89.
GFC and ICCAT
http://www.fao.org/docrep/008/y8870e/y8870e0e.
htm#bm14
Luna, Susan M. and Alexi Orlov (2005) “Mallotus
villosus”, Capelin, FishBase 10 2005 Version
MacLeod C, Santos M, Reid RJ, Scott B, Pierce
GJ. (2007a) “Linking sand eel consumption and
the likelihood of starvation in harbour porpoises
in the Scottish North Sea: could climate change
mean more starving porpoises?” Biol. Lett. 3,
185–188.
MacLeod CD, Pierce GJ, Santos MB. (2007b)
“Starvation and sandeel consumption in harbour
porpoises in the Scottish North Sea.” Biol. Lett. 3,
535–536.
Mahmoudi, B., McBride, R. 2002. “A review of
Florida’s halfbeak bait fishery and halfbeak bioogy
and a preliminary stock assessment.” Florida Fish
and Wildlife Conservation Commission.
Manooch CS III (1973) Food Habits of Yearling
and Adult Striped Bass, Morone saxatilis
(Walbaum), from Albemarle Sound, North
Carolina. Chesapeake Science 14(2): 73-86
Marine Life in Whatcom County, Fish Species;
Pacific Sand Lance (Ammodytes hexapterus)
http://whatcommrc.wsu.edu/Fact_Sheets/
sandlance.htm

Hungry Oceans | What Happens When the Prey is Gone?

Marine Institute of Memorial University of
Newfoundland—Offshore/inshore Fisheries
Development. http://www.mi.mun.ca/mi-net/
fishdeve/capelin.htm
Market Report 2004-2005. http://www.st.nmfs.gov/
st1/market_news/doc76.txt
Marschall, H-P. (1988) The overwintering strategy
of Antarctic krill under the pack-ice of the Weddell
Sea. Polar Biology 9(2):129-135.
Menhaden Resource Council. http://www.
menhaden.org
Montague, P (2003) Australian southern bluefin
tuna farming and research activity—national
report. Cahiers Options Méditerranéennes 60:139141
Monterey Bay Aquarium Seafood Watch http://
www.mbayaq.org/cr/SeafoodWatch/web/sfw_
factsheet.aspx?fid=22
Morato T., W. R., Pitcher TJ, Pauly D. (2006).
“Fishing down the deep.” Fish and Fisheries 7:
24-34.
Morgan J, Hiller M. “Are we putting our fish
in hot water?” World Wildlife Fund Climate
Change Programme. http://www.panda.org/
about_wwf/what_we_do/climate_change/index.
cfm?uNewsID=50460
Mote PW, Parson EA, Hamlet AF, Keeton WS,
Lettenmaier D, Mantua N, Miles EL, Peterson DW,
Peterson DL, Slaughter R, Snover AK. (2003)
“Preparing for Climatic Change: The Water,
Salmon, and Forests of the Pacific Northwest.”
Climatic Change 61, 45-88.
Naylor, R.L., R.J. Goldburg, J.H. Primavera, N.
Kautsky, M.C.M. Beveridge, J. Clay, C. Folke, J.
Luchenco, H. Mooney, and M. Troell. (2000) Effect
of Aquactulture on World Fish Supplies. Nature.
Vol. 405
New, M.B, and U.N. Wijkstrom. (2002). Use
of fishmeal and fish oil in aquafeeds: Further
thoughts on the fishmeal trap. Food and
Agriculture Organization of the United Nations
(FAO)
Nicol, Stephen and Yoshinari Endo (1997) Krill
Fisheries of the World, Fisheries Technical Paper
367, FAO http://www.fao.org/docrep/003/w5911e/
w5911e00.htm
Nicol, Stephen and Jacqueline Foster (2003)
Recent Trends in the Fishery for Antarctic Krill,
Aquatic Living Resources. 16:42–45

NOAA. Collapse of Anchovy Fisheries and
the Expansion of Sardines In Upwelling
Regions. http://www.pfeg.noaa.gov/research/
climatemarine/cmffish/cmffishery4.html

Politi E., B. G., Airoldi S. (2000). “Evidence for
malnutrition in bottlenose dolphins photoidentified
in the eastern Ionian Sea.” European Research
on Cetaceans 14: 234-236.

Shepherd, C.J., I.H. Pike, and S.M Barlow.
(2005) Sustainable Feed Resources of Marine
Origin. European Aquaculture Society Special
Publication June 2005. 35: 59-66

Norway’s official site on seafood safety and
resource and aquaculture management, Marine
Stocks, North-East Arctic Cod. http://www.
fisheries.no/marine_stocks/fish_stocks/cod/
north_east_arctic_cod.htm

Powell, Kendall (2003) Eat Your Veg. Nature Vol.
426

Sinopoli, M., C. Pipitone, S. Campagnuolo,
D.Campo, L.Castriota, E. Mostarda, F. Andaloro.
2004. Diet of young-of-the-year bluefin tuna,
Thunnus thynnus (Linnaeus, 1758), in the
southern Tyrrhenian (Mediterranean) Sea.
Journal of Applied Ichthyology 20(4):310-313

Office of Science and Technology (2006)
Production of Fish Meal and Fish Oil, NOAA
Fisheries http://www.st.nmfs.gov/st1/market_
news/doc76.txt
Office of Science and Technology (2006) Foreign
Trade in Industrial Products, NOAA Fisheries
http://www.st.nmfs.gov/st1/market_news/doc76b.
txt
Ottolenghi, F., C. Silvestri, P. Giordano, A.
Lovatelli, M.B. New (2004) Capture-Based
Aquaculture: The Fattening of eels, groupers,
tunas, and yellowtails. FAO.
Pacific Seafood Group http://www.pacseafood.
com/products/al_pollock.html

Read, A. J. and C. R. Brownstein. 2003.
Considering other consumers:fisheries,
predators, and Atlantic herring in the Gulf of
Maine. Conservation Ecology 7(1): 2. http://www.
consecol.org/vol7/iss1/art2/
Remarks of William J. Goldsborough;
Chesapeake Bay Foundation Senior Scientist
(May 26, 2004)) to the Atlantic Menhaden
Management Board of the Atlantic States Marine
Fisheries Commission.
Rodhouse, P.G.; Dawe, E.G.; O’Dor, R.K. (EDs)
Squid recruitment dynamics. The genus Illex as a
model. The commercial Illex species. Influences
on variability. FAO Fisheries Technical Paper. No.
376. Rome, FAO. 1998. 273p. ftp://ftp.fao.org/
docrep/fao/008/w9000e/w9000e00.pdf

Skewgar, Elizabeth; Boersma, P. Dee; Harris,
Graham; Caille, Guillermo (2007) Anchovy
Fishery Threat to Patagonian Ecosystem,
Science, Vol. 315
Smetacek V, Nicol S. (15 September 2005) Polar
ocean ecosystems in a changing world. Nature
437: 362-368
Species Fact Sheet: Engraulis mordax http://
www.fao.org/figis/servlet/species?fid=2107
Species Fact Sheet: Engraulis anchoita http://
www.fao.org/figis/servlet/species?fid=2916

Pacific States Marine Fisheries Commission.
avaihttp://www.psmfc.org/habitat/edu_anchovy_
fact.html

Roessig JM, Woodley CM, Cech Jr. JJ, Hansen
LJ. (2004) “Effects of global climate change
on marine and estuarine fishes and fisheries.”
Reviews in Fish Biology and Fisheries 14:
251–275.

Springer A.M., Roseneau D.G., Lloyd D.S.,
McRoy C.P., Murphy E.C. (1986). Seabird
responses to fluctuating prey availability in the
eastern Bering Sea. Marine Ecology Progress
Series 32: 1-12

Paine RT, Ruesink JL, Sun A, Soulanille EL,
Wonham MJ, Harley CDG, Brumbaugh DR,
Secord DL (1996) Trouble on Oiled Waters:
Lessons from the Exxon Valdez Oil Spill. Annual
Review of Ecology and Systematics 27: 197-235

Roper, C.F.E., M.J. Sweeney, C.E. Nauen. 1984.
FAO Species catalogue: Cephalopods of the
world An Annotated and Illustrated Catalogue of
Species of Interest to Fisheries. FAO Fisheries
Synopsis No. 125, Volume 3

Stephanie Showalter, The National Sea
Grant Law Center. American Pelagic Fishing
Company v. U.S., 55 Fed. Cl. 575 (2003).
http://www.olemiss.edu/orgs/SGLC/National/
SandBar/2.2taking.htm

Pauly D., C. V., Dalsgaard J., Froese R., Torres F.
(1998) Fishing down marine food webs. Science
279: 860-864.

Rosen DAS, Trites AW (2000) Pollock and the
decline of Stellar sea lions: testing the junk-food
hypothesis. Canadian Journal of Zoology 78:
1243-1250

Tacon, A.G.J., M.R. Hasan, and R.P. Subasinghe.
(2006) Use of fishery resources as feed inputs
for aquaculture development: trends and policy
implications. FAO Fisheries Circular 1018.

Royal Society for the Protection of Birds (RSPB)
Demand for fish meal and fish oil http://www.
rspb.org.uk/policy/marine/fisheries/sustainable/
demand.asp

Tacon, A.G.J, and I.P. Forster. (2003) Aquafeeds
and the environment: Policy implications.
Aquaculture. 226: 181-189

Pauly, D. (1992) Peruvian anchoveta, Charles
Darwin and us. Naga, the ICLARM 15(4):1415. http://data.fisheries.ubc.ca/references/
Darwin/199217-PeruAnchoveta.pdf
Perez Matus AA, Buschmann AH (2003)
Sustentabilidad e Incertidumbre de las
Principales Pesquerias Chilenas. Oceana:
Santiago, Chile. 114p.
Peterson CH, Rice SD, Short JW, Esler D, Bodkin
JL, Ballachey BE, Irons DB (2003) Science 302:
2082-2086
PFMC Amendment 12 http://www.pcouncil.org/
cps/cpsfmp/cpsa12.html
Piatt, J. and W. Sydeman. (Unpublished)
Seabirds as Indicators of Marine Ecosystems: A
Brief History.

Ruttan, L. and Tyedmers, P. 2007. Skippers,
spotters and seiners: Analysis of the “skipper
effect” in US menhaden (Brevoortia spp.) purseseine fisheries. Fisheries Research 83:73-80
Sandvik H, Erikstad KE, Barrett RT, Yoccoz NG.
(2005) “The effect of climate on adult survival in
five species of North Atlantic seabirds.” Journal of
Animal Ecology 74: 817–831
Sarà, G. and R. Sarà (2007) Feeding habits and
trophic levels of bluefin tuna Thunnus thynnus of
different size classes in the Mediterranean Sea.
Journal of Applied Ichthyology 23(2):122-127

Tacon, A.G.J. (1996) Feeding Tomorrow’s Fish.
World Aquaculture. September 1996.
Trites AW, Miller AJ, Maschner HDG, Alexander
MA, Bograd SJ, Calder JA, Capotondi A, Coyle
KO, Lorenzo ED, Finney BP, Gregr EJ, Grosch
CE, Hare SR, Hunt GL, Jahncke J, Kachel
NB, Kim H, Ladd C, Mantua NJ, Marzban C,
Maslowski W, Mendelssohn R, Neilson DJ,
Okkonen SR, Overland JE, Reedy-Maschner
KL, Royer TC, Schwing FB, Wang JXL, Winship
AJ. (2007) “Bottom-up forcing and the decline of
Steller sea lions (Eumetopias jubatus) in Alaska:
assessing the ocean climate hypothesis.” Fish.
Oceanography. 16(1), 46–67. Jubilation

oceana.org/prey

35

HUNGRY

OCEANS

Trites AW, C. V., Pauly D. (2006). Effects of
fisheries on ecosystems: just another top
predator? Top predators in Marine Ecosystems.
Cambridge, Cambridge University Press.
Trites AW (1998) Stellar Sea Lions (Eumatopias
jubatus): Causes for their Decline and Factors
Limiting their Restoration. Vancouver (BC):
Fisheries Centre, University of British Columbia.

Walker RV, Myers KW, Davis ND, Aydin KY,
Friddland KD, Carlson HR, Boehlert GW, Urawa S,
Ueno Y, Anma G. (2000) “Diurnal Variation in the
Thermal Environment Experienced by Salmonids
in the North Pacific as Indicated by Data Storage
Tags” Fisheries Oceanography 11, 171-.

Whatcom County Marine Resources Committee
(2007) Whatcom County MRC Project—Forage
Fish. Accessed 5 February 2008. Available at:
http://whatcom-mrc.wsu.edu/MRC/projects/
foragefish.htm

Wanless S, Wright PJ, Harris MP, Elston DA.
(2004) “Evidence for decrease in size of lesser
sand eels Ammodytes marinus in a North Sea
aggregation over a 30-yr period.” Mar. Ecol. Prog.
Ser. 279, 237–246.

Whitehead, P.J.P., G.J. Nelson and T.
Wongratana, 1988 FAO species catalogue.
vo1.7. Clupeoid fishes of the world (Suborder
Clupeoidei). An annotated and illustrated
catalogue of the herrings, sardines, pilchards,
sprats, anchovies and wolf-herrings. Part 2.
Engraulididae. For bibliographic purposes this
document should be cited as follows: FAO
WWF, TRAFFIC North America, 2004 Fisheries
Snapshots on Trade and Conservation Issues;
Menhaden. http://www.worldwildlife.org/trade/
pubs/Menhaden_Snapshot.pdf

Washington State Department of Ecology, Puget
Sound Shoreline, Sand Lance. http://www.
ecy.wa.gov/programs/sea/pugetsound/species/
sandlance.html

World Wildlife Fund & the Whale and Dolphin
Conservation Society. “Whales in Hot Water?
The Impact of a Changing Climate on Whales,
Dolphins and Porpoises.”

Tuominen, T.R., and M. Esmark. (2003) Food for
thought: The use of Marine Resources in Fish
Feed. World Wildlife Fund. http://assets.panda.
org/downloads/foodforthoug.pdf

Washington Department of Fish and Wildlife.
Forage Fish; Anchovy. http://wdfw.wa.gov/fish/
forage/anchovy.htm

Tyedmers, P.H. (2000). Salmon and sustainability:
the biophysical cost of producing salmon through
the commercial salmon fishery and the intensive
salmon aquaculture industry. Ph.D. dissertation,
Resource Management and Environmental
Studies, University of British Columbia.

Washington Department of Fish and Wildlife,
Forage Fish, Sand Lance. http://wdfw.wa.gov/fish/
forage/lance.htm#lbiology
Washington State Forage Management Plan:
http://wdfw.wa.gov/fish/forage/manage/foragman.
pdf

Wright, P., R.T.Barrett, S.P.R. Greenstreet,
B.Olsen, and M.L. Tasker. (1996) Effect of
fisheries for small fish on seabirds in the eastern
Atlantic. In: Hunt, GL, Jr. and RW Furness
(eds.) (1996) Seabird/fish interactions, with
particular reference to seabirds in the North Sea.
ICES Cooperative Research Report No. 216.
International Council for the Exploration of the
Sea, Copenhagen.

Tynan CT, DeMaster DP. (1997) “Observations
and Predictions of Arctic Climatic Change:
Potential Effects on Marine Mammals.” Arctic
50(4), 308-322.

Watson, R., J. Alder, and D. Pauly. (2006)
Fisheries for Forage Fish, 1950 to the present.
In: Alder J, Pauly D (Ed.) On the multiple uses of
forage fish: from ecosystems to markets. Fisheries
Centre Research Reports 14(3) Fisheries Centre,
University of British Columbia

Trites AW, Larkin AP (1992) The Status of Stellar
Sea Lion Populations and the Development
of Fisheries in the Gulf of Alaska and Aleutian
Islands. Vancouver (BC): Fisheries Centre,
University of British Columbia.
Tudela, S. 2005. Risk on local fish populations
and ecosystems posed by the use of imported
feed fish by the tuna farming industry in the
Mediterranean. WWF Mediterranean Program.
http://www.wwf.or.jp/activity/marine/lib/
wwfonenvironmentalriskoftunafarming-e.pdf

Uphoff JH Jr. (2003) Predator-prey analysis of
striped bass and Atlantic menhaden in Upper
Chesapeake Bay 10: 313-322.
Vaughan, Douglas S., Smith, Joseph W., Williams,
Erik H. and Prager, Michael H. (2001) Analysis of
the Atlantic Menhaden Stock, NOAA Fisheries,
Center for Coastal Fisheries and Habitat Research
Virginia Institute of Marine Science, Fisheries
Science (2003), Research Projects: Menhaden
http://www.fisheries.vims.edu/femap/fish%20
pages/Atlantic%20Menhaden.htm
Volpe, J.P. Dollars without sense: The bait for
big-money tuna ranching around the world.
BioScience 55(4): 301-302, 2005.

36

Walter JF III, Overton AS, Ferry KH, Mather
ME (2003) Atlantic coast feeding habits of
striped bass: a synthesis supporting a coastwide understanding of trophic biology. Fisheries
Management and Ecology 10: 349-360

Watwood, S.L., P.J.O. Miller, M. Johnson, P.T.
Madsen, and P.L.Tyack. (2006) Deep-diving
foraging behaviour of sperm whales (Physeter
macrocephalus). Journal of Animal Ecology 75:
814-825.
Welch, HE; Crawford, RE; Hop H (1993)
Occurrence of Arctic cod (Boreofadus saida)
schools and their vulnerability to predation in the
Canadian High Arctic, Arctic, Vol. 46, no. 4
Welch DW, Ishida Y, Nagasawa K. (1998)
“Thermal limits and ocean migrations of sockeye
salmon long-term consequences of global
warming.” Can. J. Fish. Aquat. Sci. 55, 937-948.

Hungry Oceans | What Happens When the Prey is Gone?

Zeidberg, D., Louis, The fishery for California
market squid (Loligo opalescens (Cephalopoda:
Myopsida) from 1981 through 2003)monterey bay
Aquarium Research institute, UC Marine Council,
Coastal Environmental Quality initiative (University
of California), paper 032, 2004. http://repositories.
cdlib.org/ucmarine/ceqi/032/
www.oceana.org/prey

Oceana campaigns to protect and restore the world’s oceans. Our team of marine scientists, economists, lawyers and
advocates win specific and concrete policy changes to reduce pollution and to prevent the irreversible collapse of
fish populations, marine mammals and other sea life. Global in scope and dedicated to conservation, Oceana has
campaigners based in North America, Europe, and South America. More than 300,000 members and e-activists in over
150 countries have already joined Oceana. For more information, please visit www.Oceana.org.

