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ECOSYSTEM-BASED FISHERY MANAGEMENT IN THE NEARSHORE ENVIRONMENT

Ecosystem-based management has been proposed as
an improvement over single-species resource manage-
ment approaches. Yet at this point, we are still grappling
with what ecosystem-based management is and how it
can be meaningfully applied. We need to understand how
ecosystem-level factors interact with fishing to impact
stocks (Beamish and Mahnken 1999). In order to be an
improvement over single-species management, ecosys-
tem-based management should incorporate ecosystem-
level eftects on fishing, oceanographic conditions, and
multiple interspecific interactions (including positive in-
teractions) to protect against fishery collapse.

Ecosystems are difficult to define, but most defini-
tions include the interactions among the biological and
physical components within a definable geographical
unit (Lincoln et al. 1998). In addition, ecologists have
discussed the possibilities that such interactions manifest
emergent properties—an ecosystem correlate often de-
fined by the holistic euphemism: The whole (ecosys-
tem) is greater than the sum of'its parts (species). These
interactions presumably also contribute to poorly de-
fined concepts such as “ecosystem health,” “ecosystem
integrity,” and “intact” ecosystem (Simberloft 1998).
Because many of these concepts have yet to be quanti-
fied, they are difficult for resource managers to imple-
ment (Larkin 1996). Furthermore, once communities
within ecosystems are defined by managers, large-scale
shifts in climate (or oceanographic) conditions may re-
arrange species components (Hunter et al. 1988).
Nevertheless, the Sustainable Fisheries Act of 1996 calls
for each of the major ecosystems in the United States to
be managed using an ecosystem-based approach.

The Ecosystem Principles Advisory Panel convened
by the National Marine Fisheries Service has recom-
mended the development of fishery ecosystem plans
(FEPs) as a tool to apply ecosystem principles to fish-
eries conservation, management, and research. These
plans are envisioned to coordinate management of ex-
isting single-species or species-complex fishery plans,
and in the near future managers may be charged with

plan development. Implementing FEPs will involve con-
sidering species interactions such as those between preda-
tors and prey; minimizing the effects of fishing on essential
habitat; and considering how bycatch aftects the food
web and community structure. In order to apply these
principles, control rules that must be both practical and
enforceable will be drafted, with constituent involve-
ment. One way to apply ecosystem management is
through the use of marine protected areas, which are
currently the focus of considerable research (Lauck et al.
1998). Ultimately, it is hoped that FEPs will be superior
to single-species management approaches.

There is increasing concern that fishing has negative
consequences for marine ecosystems (Dayton et al. 1995).
Numerous impacts of fishing have been identified, in-
cluding effects on target and nontarget species, habitat
alterations, and changes in the trophic structure of ma-
rine communities. Fishing can affect target species by
changing age and size structure, sex ratios, and the ge-
netic structure of fished populations (Botsford et al. 1997).
Habitat alterations have been attributed to trawling gear
(Auster et al. 1996; Engel and Kvitek 1998), and it is es-
timated that seabed disturbances on the continental shelf
each year are 150 times greater than disturbances re-
sulting from clear-cutting in the terrestrial landscape
(Watling and Norse 1998). In terrestrial environments
we know that logging can aftect habitat function by un-
coupling nutrient cycling, which leads to a loss of nu-
trients and productivity (Likens and Bormann 1975). In
marine systems, fishing in coral reef communities has
been shown to lead to the loss of reef processes such as
the accretion of calcium carbonate (Roberts 1995).
Fishing removes “engineering” organisms (sensu Jones
et al. 1997) that directly or indirectly control the avail-
ability of resources to other organisms in the commu-
nity. The loss of ecosystem engineers to fishing affects
habitat function by reducing structural complexity and
species diversity (Leichter and Witman 1997). For ex-
ample, the reduction of oyster beds through mechani-
cal harvest leads to enhanced hypoxic conditions in
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summer, killing economically important blue crabs
(Lenihan and Peterson 1998). Loss of species diversity
may alter the structure of communities—potentially ren-
dering these communities, and the fish stocks within
them, more vulnerable to perturbations (Roberts 1995).
Changes in the structure of trophic webs have been de-
scribed for heavily fished ecosystems with the near re-
moval of higher-trophic-level predators (Pauly et al.
1998). Are these changes affecting the resilience of ma-
rine communities? Do multiple stable states exist in ma-
rine systems, some states supporting fished species and
other states supporting species with little economic value,
such as jellyfish (C. Mills, Friday Harbor Laboratories,
Univ. Washington, pers. comm.)?

Overlying the effects of fishing are large-scale oceano-
graphic changes such as the regime shift of 1976-77
(Francis and Hare 1994; Mantua et al. 1997). Oceano-
graphic conditions impact whole systems, such as the
California Current, and CalCOFI has made major con-
tributions to our understanding of the ecological con-
sequences of these events. Dramatic reductions in
zooplankton (Roemmich and McGowan 1995; McGowan
et al. 1998) and other sources of larval fish food affect
fishery productivity. Hypotheses that may link ocean
conditions to fish abundance are now being proposed,
such as the critical size/critical period hypothesis, which
suggests that salmon stocks are driven by the growth rates
of juveniles in the ocean in summer (Beamish and
Mahnken 1999). Surely, multiple species and indeed
whole ecosystems are altered during major El Ninio
events, such as that of 1997-98, which was the focus of
the 1999 CalCOFI symposium (Mullin 2000). Recently,
oceanographic conditions have been incorporated into
fishery management plans because the productivity of
many stocks seems to be correlated with temperature,
with some stocks more productive during warm regimes
and other stocks during cold regimes. For example, the
2001 management guidelines for Pacific sardine incor-
porate sea-surface temperature (average of preceding
three years) into the computation of the allowable catch,
which is lower in cold (less productive) years and higher
in warm years (Conser et al. 2001).

Species interactions are currently incorporated into
ecosystem-based models within food webs. Since the
focus of species interactions in food webs is primarily
predation, the assumption is that the total yield from a
multispecies model, such as virtual population analysis,
will necessarily be less (due to predation) than the sum
of the maximum yields of the component species mod-
els (but see Brander and Mohn 1991). Given these lim-
itations, some researchers have questioned whether
multispecies models will yield superior management ad-
vice compared with single-species models (Magnusson
1995). Multispecies models should incorporate positive
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species interactions (sensu Bertness and Leonard 1997).
These revisited models may yield practical results on the
emergent properties of communities, and novel man-
agement options may come to light. For example, the
presence of red sea urchins in marine protected areas en-
hanced the abundance of juvenile abalone compared to
fished areas, indicating that sea urchin harvest refugia
may enhance the recruitment of abalone (Rogers-Bennett
and Pearse 2001). The challenge will be to quantify
ecosystem functions and positive species interactions
(emergent properties) and incorporate these parameters
into ecosystem-based management.

The papers that follow are based on the presentations
given at the symposium entitled Ecosystem-Based Fishery
Management in the Nearshore Environment. (Several
of the presentations were not submitted as papers.) The
recommendations of the Ecosystem Principles Advisory
Panel are detailed in the first paper of this symposium.
The second paper characterizes the biological dynam-
ics of the northern California Current ecosystem (NCCE),
the developmient of a conceptual model of the food web,
and an estimation of total removals and how they relate
to standing biomass, production, and trophic structure.
The authors use Ecopath models to compare the NCCE
during a cool regime in the 1960s to the warm regime
in the 1990s. The third paper describes the practical ap-
plication of an ecosystem model for multiple fisheries in
a coastal lagoon system and how such models can be
used to determine which fishing strategies optimize yields.
Finally, a simulated oil spill in the California Current
ecosystem is described, and a number of response op-
tions, including the use of chemical dispersants, are eval-
uated. The papers from this symposium were refereed
by at least two peer reviewers and edited by Laura Rogers-
Bennett and Julie Olfe.

Laura Rogers-Bennett
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