Fishing Down Aquatic Food Webs

Industrial fishing over the past half-century has noticeably depleted
the topmost links in aquatic food chains

Daniel Pauly, Villy Christensen, Rainer Froese and Maria Lourdes Palomares

Roll on, thou deep and dark blue
Ocean-roll!

Ten thousand fleets sweep over thee
in vain;

Man marks the earth with ruin—his
control

Stops with the shore

hen Lord Byron wrote these

lines, nearly 200 years ago, ex-
ploitation of the seas was already well
under way, and some marihe species,
such as right whales, were on the path
to extinction. Yet the poet’s verse sup-
poses that the sea is immune from en-
vironmental degradation, a common
misconception then and now. People
can, in fact, ruin the sea as surely as
they can ruin the land. The only differ-
ence is that ecological destruction in
the ocean is harder to see, particularly
when the damage is inflicted on the
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delicate and largely invisible web of
marine life.

If one could don magic spectacles—
with lenses that make the murky
depths of the ocean become transpar-
ent—and look back several centuries to
an age before widespread abuse of the
oceans began, even the most casual ob-
server would quickly discover that fish
were commonly much more abundant.
And many now-depleted species of
marine mammals (a list that includes
not just right whales but Hector’s dol-
phins, Caribbean monk seals and
Steller sea lions, among others) would,
by comparison, appear plentiful. But
without such special glasses, the differ-
ences between past and present oceans
would indeed be hard to discern.

The opacity of the sea thus accounts,
in part, for the disregard that most peo-
ple display toward the warnings that
we and others have been trying to con-
vey. But the remoteness and impene-
trability of this habitat are not the only
impediments- to our efforts. We have
also been frustrated by the very rich-
ness of the ocean, in that it provides a
seemingly never-ending supply of
seafood. Indeed, with only rare excep-
tions, the total catch from global fish-
eries justs keep going up.

The premier source for such statisti-
cal information about world fisheries is
the Food and Agriculture Organization,
one of the technical organizations of the
United Nations. Surveys compiled by
the FAO are perhaps not as accurate or
as detailed as many scientists would
like, but they are in most cases all that is
available. Two years ago, we examined
a large set of FAO statistics on fisheries
and showed that they do in fact por-
tend disaster, despite the continuing
growth in total amount being taken
from the sea each year. The alarm rings
when one realizes that the kinds of ani-

mals being caught have been changing
in a fundamental way: In essence,
rather than being satisfied with the big
fish, people are now routinely going af-
ter many of the little ones too. Al-
though the situation is not exactly anal-
ogous to eating one’s seed corn, the
result may be equally catastrophic.

Little fish serve the marine ecosystem
in various ways, notably as prey for big-
ger fish. One straightforward way to de-
scribe the feeding hierarchy uses the no-
tion of trophic level. By convention,
marine plants (such as the tiny, drifting
phytoplankton) and various forms of or-
ganic detritus make up the first trophic
level; herbivores and detritivores are as-
signed to the second trophic level; and
the first and higher-order carnivores are
said to occupy trophic levels ranging
from three to five.

More precisely, the trophic level of
such predators can take on non-inte-
gral values, because the diet of these
animals is commonly somewhat
mixed. For example, an adult jack
swimming around the Carjbbean
might eat equal amounts of herbivo-
rous zooplankton (tiny plant-eating an-
imals, which have a trophic level of
two) and small fish that have a trophic
level of three (say, because they con-
sume only the local herbivorous zoo-
plankton). This jack would then belong
to trophic level 3.5.

Unfortunately, the trophic level of a
captured fish is not stamped on its side.
So it is not an easy task to track the av-
erage trophic level of all the fish caught
each year. But after modeling the food
webs of many marine ecosystems, we
realized that we had accumulated a
great deal of knowledge about the ap-
proximate trophic levels of commonly
fished species. All that was needed was
to combine these estimates with FAO
catch statistics collected since the 1950s.
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Figure 1. Overview of the Tsukiji fish market in Tokyo hints at the variety of offerings available to seafood lovers. But the mix of species
being caught and sold around the world will probably not remain as rich as it is today. The authors have determined that the output of global
fisheries—and presumably the compositions of the aquatic ecosystems from which these fisheries draw—are slowly shifting away from top
predators toward organisms positioned lower on the food chain. This trend signals that many of today’s fisheries will in time collapse.

Doing so uncovered a systematic
shift in the composition of global cap-
ture fisheries, with the average trophic
level showing a slow slide downward
over the past half-century. To judge the
significance of our result requires an
understanding of the procedures we
employed, of the statistics underlying
our analysis and of the various con-
cerns that have been raised since our
study was first published.

On the Level

Historically, the notion of assigning
trophic levels in ecology passed
through two stages. During the first
phase, initiated by Charles Elton of the
University of Oxford and Raymond
Lindeman of Yale University, trophic
levels were seen as pre-defined cate-
gories into which organisms could be

pigeonholed—perhaps shoehorned is
the better metaphor, given that com-
plex feeding habits could not readily
be accounted for. Fish that normally
consume zooplankton were assigned a
trophic level of three, because zoo-
plankton (with a trophic level of two)
normally consume phytoplankton
(trophic level of one). This procedure
ignores the fact that some zooplankton
are carnivorous and thus should be as-
signed a trophic level somewhat higher
than two, which implies that their
predators should in turn be placed at
trophic levels above three.

Such complications forced this over-
ly simplistic scheme to give way in
1975, when the late Frank H. Rigler, a
zoologist at the University of Toronto,
published an influential critique of the
concept. It was then that William E.
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Figure 2. Global totals for the amount of fish
caught during the past half-century provide
a misleadingly reassuring view of the state
of the world’s fisheries. The increasing catch
of small, free-swimming (pelagic) species
has masked stagnation in take of bottom-
dwelling (demersal) fish. (Source: United
Nations Food and Agriculture Organization.)
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