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INTRODUCTION

Concern about the viability of several marine mammal populations has caused
fishery management regimes to encompass new objectives. In the last 2 decades, the
Magnuson-Stevens Fishery Conservation and Management Act (FCMA), amended in
1996, has defined the parameters from which objectives are incorporated into
fisheries policy. As marine mammal management issues emerge in the context of
fisheries, two additional statutes have come into play: the Marine Mammal Protection
Act of 1972 (MMPA) and the Endangered Species Act of 1973 (ESA). While these
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three laws combine to fonn the overarching management framework for both
fisheries and marine mammals, there is still debate as to how the interactions
between humans and marine mammals should be integrated into the management
of commercially important fisheries in U.S. and international waters.

Sissenwine and Rosenberg (1993) point to uncontrolled access to fisheries
resources, uncertain scientific infonnation and risk-prone management decisions as
the central issues facing marine fishery managers today. While the importance of
these issues cannot be denied, an additional set of problems is posed by the complex
of laws, particularly the MMP A and the ESA, which constrain management of living
marine resources. Managers must now take into account ecological factors that were
previously ignored as they work to achieve their primary objectives of sustainable
yields and resource conservation.

Funding of the agencies responsible for the management of marine resources
has not kept pace with the increasing number and magnitude of legislative mandates
with which they are charged. As a consequence, only a limited portion of the
operations essential to meeting these mandates can be carried out. Meanwhile,
through litigation and threats of litigation, environmental groups may attempt to
influence agency de;cisions whatever their scientific basis.

In evaluating the emergence of the new objectives in fiShery management
related to marine mammals, we consider three case studies: Steller sea lions
(Eumetopias jubatus) in the North Pacific, dolphins (Stenella attenuata, Stenella
longirostris orientalis), in the eastern tropical Pacific (ETP), and sea otters (Enhydra
lutris) along the California coast. While the MMPA applies to U.S. fishers that interact
with these mammal populations, the interaction in each case is very different. In the
case of the Steller sea lion, where the decline has been attributed to the unavailability
of suitable prey for juveniles (Merrick, 1995), fisheries, especially for walleye pollock
(1beragra chalcogramma) , have been charged with reducing prey abundance as
well as with direct interference on the feeding grounds for juvenile sea lions. The
fisheries concerned in this example are managed under the FCMA. For ETP dolphins,
the interaction is direct and physical, a bycatch problem. The tuna and dolphin
populations concerned are under international management by the Inter-American
Tropical Tuna Commission, and, fmally, for sea otters, which are managed by the
u.S. Fish and Wildlife Service (FWS), the interaction is one where sea otters directly
compete for prey with human predators (both commercial and recreational). The
affected shellfish fisheries are managed under state regulations. There is also an
indirect impact of sea otters on the commercial harvest of kelp resources in
California (VanBlaricom, 1984).

For each of the three cases, we present the problem, the known scientific
infonnation, the management outcome, and the implications of the study for future
management of interactions between marine mammals and fisheries.

THE EMERGENCE OF MARINE MAMMAL
OBJECTIVES IN FISHERY MANAGEMENT

II.

After the passage of the MMP A, fishers were required to obtain a permit to kill
marine mammals incidental to legal fishery operations. Without such a permit, the
fisher was legally liable under the MMPA and could be fmed up to $20,000 or jailed
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for up to 1 year for each illegal interaction. The National Marine Fisheries Service
(NMFS) has management authority for all cetaceans and pinnipeds, except walrus
while the FWS has management authority for polar bears, walrus, sea otters,
dugongs, and manatees. Prior to authorizing a permit in 1988 for the incidental
mortality of marine mammals, these agencies had to make a determination that any
population subject to incidental mortality was: (1) at its optimal sustainable popu-
lation (OSP) level,. and (2) the proposed level of take would not cause the impacted
population to decline below the lower end of its OSP level. As described in
Gerrodette and DeMaster 0990), the determination of the OSP level is difficult,
requiring an estimate of the population level at which maximum net production
occurs. For most species, such a determination was not possible given the paucity
of information on abundance, current and historical carrying capacity, and trends in
abundance. Therefore, the groundwork was laid for a dilemma for the management
agencies, for without the necessary information to make an OSP determination it was
not legally defensible to authorize most incidental mortality due to commercial
fiSheries.

The dilemma was exacerbated by the increasing relevance of the MMP A to
specific fishery management issues. These matters came to a head in the decision
in Kokechik Fishermen 's Association v. Secretary of Commerce 0988) that had both
instantaneous and enduring impacts on fishery management regimes. In the Kokechik
case, the U.S. Court of Appeals found that a federal permit allowing the Japanese
high seas salmon fleet to take ma.rine mammals during the course of its fishing
operations in the U.S. Exclusive Economic Zone (EEZ) was a violation of the MMPA.
The permit, issued by the Secretary of Commerce, allowed the incidental take of
Dall's porpoise (Phocoenoides dalli). However, it failed to address the inevitable
incidental take of a small number of other marine mammals, including fur seals
(Callorhinus urisinus), whose populations were either depleted under the MMPA or
where an OSP determination could not be made. Therefore, the permit authorizing
the incidental mortality of marine mammals was not valid, and any mortality caused
by the fishery could lead to fines or jail terms for the individual fishers. This ruling
pertained not just to non-U.S. fisheries, but also to all U.S. fisheries. This situation
was not acceptable to Congress, which rectified it in 1988 by amending the MMPA.

In the 1988 amendments to the MMP A, Section 114 was added in response to
the Kokechik decision, authorizing a 5-year interim exemption program that allowed
incidental take of marine mammals by commercial fisheries in the absence of an OSP
determination. Under the interim exemption, those in fisheries that were likely to kill
marine mammals incidentally were required to register with the federal government
and to report on an annual basis any marine mammal mortalities they had caused.

To replace the interim exemption (which had been extended by Congress for
two additional years), in 1994 two new sections were added to the MMPA to manage
the incidental take of marine mammals in commercial fishing operations. Section 117
required the preparation of stock assessments for all marine mammal stocks in U.S.
waters, and section 118 set forth the requirements for a new incidental take regime.
One of the primary changes in the MMP A as amended in 1994 was that low levels
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)f removals from stocks listed as endangered or threatened under the ESA:lepleted 
under the MMP A could now be authorized.

The new regime, which became effective in 1995, included:

.A classification of fisheries according to the frequency with which marine
mammals were taken

tegistration requirements for fishermen participating in fisheries that takellarine 
mammals

.Monitoring and reporting requirements

.A goal of reducing incidental mortality caused by commercial fisheries and
other human related mortality to levels that were not likely to adversely affect
any populations of marine mammals (these levels are referred to as the
Potential Biological Removal levels -see Wade, 1997)

.A goal of reducing incidental mortality caused by commercial fisheries to a
level approaching zero mortality and zero serious injury rates by the year 2001

Since the Kokecbik decision and the subsequent amendments to the MMP A,
fiShery managers, once concerned solely with the objectives of the FCMA, have
become increasingly familiar with the marine mammal management regime defined
by the MMP A. The present importance of marine mammal management objectives
in fishery management is illustrated in the following case studies.

",. NORTH PACIFIC FISHERIES AND
THE STELLER SEA LION

A THE PROBLEM

From the 1960s to 1990, fisheries in the North Pacific, especially for walleye pollock,
grew substantially. At the same time, some scientists, environmentalists, and fishers
began to question the continued viability of many species of invertebrates, marine
mammals, and birds that inhabit the North Pacific ecosystem. Of particular concern
has been the Western stock of Steller sea lions, which is estimated to have declined
by 94% in the eastern Aleutians, 72% in the central Aleutians, 82% in the western
Gulf of Alaska (GOA), and 73% in the central Gulf between the late 1960s and 1989
(NMFS, 1992; Loughlin et al., 1992). At the same time, landings of groundfish
fisheries in the GOA and Bering Sea increased tenfold (Kinoshita et al., 1992;
Marasco and Aron, 1991). This transformation of the North Pacific fishery may be
best examined by considering the trawl fishery for walleye pollock, the largest of
the groundfish fisheries in the region (Fritz et al., 1995). Between 1977 and 1992,
pollock catches accounted for 40 to 800/0 of the annual groundfish landings from the
GOA and 75 to 85% of those from the Bering Sea and Aleutian Islands.

The proximate cause of the decline in the Western stock of Steller sea lion was
the relatively low level of juvenile survival, which would be consistent with a
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shortage or lack of availability of prey (NMFS, 1995). However, no clear causal
relationship has been established regarding the ultimate cause of the decline of
Steller sea lion populations (NMFS, 1995, Lowry and Loughlin, 1990). From the
standpoint of the NMFS mission under the FCMA to achieve and maintain on a
continuing basis the optimum yield from each fishery, there is a danger that
imposing limitations on fisheries could risk significant economic consequences
without necessarily promoting recovery of the Steller sea lion. Thus, there is
considerable disagreement about the most appropriate measures to protect the
Steller sea lion and restore its population, while minimizing the impact on several
important commercial fisheries.

B. SUMMARY OF AVAILABLE SCIENTIFIC INFORMA TION

The Steller sea lion population decline is probably linked to the cumulative effects
of a number of factors (NMFS, 1995; NRC, 1996). Possible causes include natural
factors such as predation, disease, variations in abundance and distribution of prey,
and other aspects of environmental change; nutritional stress caused by removal of
prey by commercial fisheries; direct kills of sea lions by commercial and subsistence
harvesting; intentional and incidental kills by fisheries; entanglement in marine
debris; pollution; and other disturbances (NMFS, 1992).

Steller sea lions feed on a variety of fishes and invertebrates, particularly
demersal and offbottom schooling fIShes (Pitcher, 1981). Although historical data
document population trends for harvested species such as pollock and herring in
large geographic areas, little is known about changes in the local availability of prey
in some important feeding areas. Population trends of other important prey species
such capelin and sand lance are also poorly known. In a given feeding area, the
abundance, nutritional value, concentration, and species composition of forage may
differ significantly from one time to another, not only seasonally but over longer time
scales. Further contributing to uncertainty, the food and energy requirements of
Steller sea lions are not well known (NMFS, 1992; NMFS, 1995).

Merrick 0995) found that major dietaty changes have occurred in areas with
declining sea lion populations. These changes appear to result from declines in the
abundance of preferred prey, small schooling fish such as capelin and juvenile
pollock. Merrick et al. (1997) speculate that their causes may be interaction between
oceanographic changes of the late 1970s and the effects of intense exploitation of
marine mammal and fish species beginning in the 1950s. This explanation of the
decline in sea lion abundance could be linked to the increased level of fishing
activity in the North Pacific. Alternatively, the decline may be related to the finding
of large-scale atmospheric and oceanic changes in the North Pacific in the late 1970s
(Trenberth, 1990) that appear to have affected production in North Pacific ecosys-
tems (Francis and Hare, 1994) and could have altered abundance and spatial
distributions of key prey populations for sea lions (Shima, 1996). Finally, removals
by the 1960s of most of the large whale biomass in the North Pacific may have
adversely affected the composition of prey in the ecosystem for the Steller sea lion
by leading to the large increase in the pollock population and a corresponding
decrease in the preferred forage fish prey (Merrick, 1995).
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Some suggest that changes in age class structure may be strong evidence for the
reduced survival of juvenile Steller sea lions and that there might also be an
increased reduction in survival of breeding females (York, 1994). Trites and Larkin
(1996) used a simulation model to suggest that commercial harvesting of females and
a series of poor juvenile survival rates may have caused the observed decline
between 1956 and 1970. While there now seems to be general agreement that
juvenile sea lions are suffering from nutritional stress (NMFS, 1995; York, 1994;
Merrick et al., 1997), there is still considerable uncertainty about the sources of that
stress (NMFS, 1992).

c. SUMMARY OF MANAGEMENT ACTIONS

The Western stock of Steller sea lions was listed as threatened under the ESA in 1990,
and subsequently as endangered in 1997. As the first endangered species issue to
be addressed by the North Pacific Fishery Management Council (NPFMC), acting
under the FCMA this listing injected new objectives into a previously fishery-
dominated policy system. Once a listing occurs, Section 7 of the ESA requires that
all federal agencies assure that their actions do not jeopardize the continued
existence of the species. In response to this requirement, Amendments 20 and 25
to the Gulf of Alaska and Bering Sea/Aleutian Island Fishery Management Plans
incorporated buffer zones restricted trawl zones, and other protective measures into
fishing areas considered to be critical habitat for Steller sea lions. Adoption of these
protective measures was based on the hypothesis that population declines were, at
least partially, fishery generated.

In more general terms, the incorporation of ESA protective measures as a
constraint to fishery management plans illustrates the present role of marine mammal
objectives in the North Pacific fishery policy system. Under the ESA mandate, each
decision within the fishery management subsystem now requires consideration of its
potential impacts on the continued existence of the Steller sea lion. Thus, the listing
of the Steller sea lion has brought realization to the North Pacific fishing community
of the potential constraints that the ESA could have on their activities.

It is interesting to note that despite the marine mammal protections granted by
the ESA, the MMP A, and the FCMA, and the complex institutional structure that
ultimately implements these three laws, most of the protective actions toward Steller
sea lions have been the result of actual or threatened lawsuits (Gerber, 1993). Even
though significant declines were found as early as 1977, NMFS waited until 1988 to
propose listing of Steller sea lions as depleted under the MMP A. Only after petitions
by environmental groups in 1989 did NMFS move toward the more stringent ESA
listing of threatened, which occurred in April 1990. Pressure from the environmental
community further contributed to the adoption of protective measures. Thus, the
environmental community has played a significant role in the assimilation of marine
mammal objectives into fishery management regimes.

While the burden of proof has been put on the fIShing industry in minimizing
adverse impacts on Steller sea lion populations, management actions have been
influenced by both political and scientific criteria. NMFS actions have required
balancing these sometimes incompatible criteria while recognizing the substantial
economic interests involved. The dual role of NMFS as both the agency responsible
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for conselVing Steller sea lions under the protection of the ESA and MMP A and the
entity that establishes fishery quotas for the purpose of achieving optimal yields of
various fish stocks further complicates the process by which a management agency
can move toward a sound policy of managing marine resources. Further, because
knowledge is only slowly accumulated, remedial action based on scientific criteria
will continue to be slow and incremental.

IV THE EASTERN TROPICAL PACIFIC TUNA FISHERY
AND SPOTTED AND SPINNER DOLPHIN

A. THE PROBLEM

The association between schools of large yellowfin tuna (Thunnus albacares) and
dolphin schools in the eastern tropical Pacific has been long known and still is not
completely understood (MMC, 1996). Because of purse seine sets by the tuna fIShery
on dolphin schools, populations of spotted dolphins (Stenella attenuata) and
eastern spinner dolphins (Stenella longtrostris orientalis) were heavily exploited
between 1959 and 1972 (Wade, 1995). Even though dolphin mortality decreased
markedly after implementation of the MMP A began, both northeastern spotted and
eastern spinner dolphins have recently been listed as depleted, as both stocks
remain below 600/0 of their estimated historical (i.e., pre-fishery) level of abundance.

Initially, most of the tuna fleet and canning industry were operated by u.s.
companies (MMC, 1994). In the late 1970s, for a variety of reasons, including MMPA
constraints, the u.s. fleet operating in the ETP significantly declined; meanwhile, the
increasing number of foreign vessels participating in the fishery complicated the
problem of controlling incidental dolphin mortality. After the major El Nino in 1983,
a majority of the U.S. operators that fished for yellowfin tuna in the ETP moved to
the western Pacific (Sakagawa, 1987). Many of the U.S. boats were purchased by
foreign operators; subsequently, fishing effort on dolphin for tuna remained rela-
tively constant (Hall and Lennert, 1995).

Since 1995, the u.s. portion of the fleet that fishes for tuna by encircling dolphins
has become negligible after u.s. canners adopted a "dolphin-safe" buying policy in
1990. At the same time, because of cooperative efforts under the IA1TC's Interna-
tional Dolphin Conservation Program among the remaining nations that continue to
fish on dolphins for tuna, incidental mortality has decreased sharply (Hall and
Lennert, 1994; Lennert and Hall, 1996), by more than 95% between 1989 and 1993
(MMC, 1996).

The real problem regarding the "tuna-dolphin" issue is not that of the
sustainability of dolphin stocks in the presence of a tuna fishery. Rather, it is the
political impact of recent U.S. policy, established by Congress, to limit or eliminate
the practice of fishing for tunas on dolphin. One ramification of this policy has
been the embargo of tuna caught on dolphins by Mexican and other foreign
fishers. While many would claim, with stock-specific rates of incidental mortality
at or less than 0.1% of abundance, that this interaction has been resolved
successfully, others see the loss of the u.s. fleet in this fishery as a failure of
legislation and management.
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B.SUMMARY 

OF AVAILABLE SCIENTIFIC INFORMA TION

Estimates of the number of dolphins killed from each stock are used by NMFS to
make management decisions. Based on a redefinition of the geographical bound-
aries of offshore stocks of spotted dolphins, Wade (1995) estimated past annual
mortality of northeastern and western/southern stocks of spotted dolphins and
eastern spinner dolphins. Of the nearly 4.9 million dolphins estimated to have been
killed between the inception of the purse seine tuna fishery in 1959 and the
enactment of the MMPA in 1972,2 3.0 million were estimated to have been north-
eastern spotted dolphins and 1.3 million were estimated to have been eastern
spinner dolphins.

Mortality rates have been sharply reduced in recent years (Lennert and Hall,
1996). For example, in the years 1993 to 1995, there was an 8-fold decrease in
dolphin mortality by non-U.S. vessels relative to the previous 3 years. These declines
are attributed to improved performance by the fishers, a 100% coverage observer
program, and imposition of a vessel-specific kill quota (IA1TC, 1997).

Efforts to apply alternate methods of tuna fishing, such as using a pole and line
or a long line, or setting on floating objects or other tuna not assodated with
dolphins have also increased. However, many of these "dolphin-safe" methods of
fishing for tuna may pose significant risk to tuna stocks and other components of
the ETP ecosystem (NRC, 1992). Because sexually immature yellowfin generally do
not associate with dolphins, a moratorium on dolphin-based fisheries could lead to
an increased harvest of prereproductive age classes. One possible result would be
a change in age structure and population size and reduced recruitment (Punsly et
al., 1994). At a hearing in 1995, spokesmen for the Inter-American Tropical Tuna
Commission (IA1TC) reported that switching to school sets and log sets would result
in a greatly increased bycatch of immature yellowfin tuna, with as many as 10 to
15 million undersize fish being discarded each year along with other species,
including billfish, sharks, mahimahi, and sea turtles (MMC, 1996, p. 102). Extensive
fishing of juveniles would likely reduce the sustainable yield of this fishery by more
than 25% per year (IA1TC, 1997). Further, juvenile tuna are often too small to be
marketed. Alternative methods also generate significant bycatch of species other
than dolphins. Thus, at the ecosystem level, attempts to decrease the number of sets
on dolphins to zero could be risky. Recent actions by Congress tend to support this
position, as legislative action in 1997 may result in a significant increase in ETP
yellowfin tuna caught on dolphin in the U.S. market (International Dolphin Conser-
vation Program Act, Pub. L. 105-42) as well as a possible return to this fishery by
U.S. fishers.

c.

SUMMARY OF MANAGEMENT ACTIONS

Efforts to decrease dolphin mortality began as early as 1960 with development of
the backing-down procedure, and later of the Medina panel (Joseph and Greenough,
1979). However, mortality rates remained high, several hundred thousand animals
per year, until the MMPA took effect in 1974. Subsequently, mortality rates were

Note that data used to produce the mortality estimates for the early years were sparse
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gradually reduced, down by more than two orders of magnitude by 1993 CMMC,
1996). In the early years this reduction included gear improvements and mortality
limits set by NMFS. As the fleet became more international, the IA1TC took the lead
in reducing dolphin mortality through gear research, training programs for fishers,
and, in 1992, instituting dolphin mortality limits on individual vessels.

As the u.s. tuna fleet dwindled in the ETP, most of the dolphin mortality was
caused by non-U.S. vessels. Accordingly, the MMPA was amended in 1984 to require
that foreign nations exporting yellowfm tuna to the U.S. adopt dolphin-saving
programs equivalent to the U.S. program. More recently, the International Dolphin
Conservation Act of 1992 was enacted to eliminate rather than merely reduce
incidental dolphin mortality.

At a special meeting of the IA1TC in 1992, countries resolved in the La Jolla
Agreement to establish a multilateral program to reduce dolphin mortality in the ETP
to levels approaching zero. Decreasing annual limits were agreed to, an international
observer program was expanded to a 1000/0 coverage, a review panel was foffi1ed
to monitor compliance, and research and education progr;tms were to be strength-
ened. Subsequently, it was established that individual mortality limits would be set
for each vessel participating in the fishery CMMC, 1997). For the most part, the goals
of this agreement are being achieved with recent dolphin mortality rates at histori-
cally low levels.

In 1991, environmental groups petitioned NMFS to have the eastern spinner and
the northeastern spotted dolphins designated as depleted under the MMP A and
threatened under the ESA. In 1993, NMFS designated the eastern spinner dolphin as
depleted. In the final rule, NMFS compared its best estimate of the current popu-
lation size of 632,700 to the estimate of the preexploitation population size made
for 1979 and concluded that the population was at approximately 44% of its historic
size CMMC, 1994). The northeastern spotted dolphin was also listed as depleted
based on the 1986 to 1990 population estimate of 730,900 constituting 19 to 280/0 of
its preexploitation size (Wade, 1995; MMC, 1996). Given the success of the interna-
tional program to reduce dolphin mortality, NMFS decided that preparation of
conservation plans would not further promote the conservation of the stocks.

The high public valuation of marine mammals creates a policy objective of
increasing relevance to fishery managers. In managing dolphins the E1P fishery on
behalf of dolphin survival, the goal of reducing mortality rates to levels approaching
zero did not arise from scientific standards. Even though the impacts of E1P tuna
fisheries on dolphin stocks have been reduced to a negligible level, the public sees
zero mortality as essential. This goal sharply limits the range of options available to
fishery managers and may even impede achievement of a scientific understanding
of interactions between marine mammals and fisheries.

SEA OTTERS IN CALIFORNIAv:

A. THE PROBLEM

Sea otters (Enbydra lutris) are known to be ecologically and economically signifi-
cant predators in coastal marine ecosystems of the North Pacific Rim (Estes and
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VanBlaricom, 1985; VanBlaricom and Estes, 1988). They were once abundant in
coastal regions from northern japan to central Baja California, Mexico, but were
reduced to a number of widely scattered remnant populations during a hunting
period that extended from 1741 to 1911. The reduction of sea otter populations
resulted in dramatic changes in prey population dynamics and in ecosystems
previously occupied by sea otters. Without sea otter predation, shellfish abundances
increased significantly, and new human fisheries developed. Unfortunately, shellfish
life histories are such that most populations are relatively easy to over harvest,
especially in the presence of sea otter predation (VanBlaricom, 1996). Now during
the twentieth century, many local sea otter populations have recovered to
preexploitation levels in some coastal ecosystems (DeMaster et al., 1996). This
recovery has led to significant conflicts with the emergent shellfish fisheries, has
increased the likelihood for incidental take of sea otters in set-net fisheries, and has
generated interest in directed harvest of sea otters by Native Americans (Gerber and
VanBlaricom, 1999).

The recovery of sea otters in most areas has also been recognized as benefitting
several components of the ecosystem (e.g., kelp assemblages in rocky habitats;
Mclean, 1962; Estes et al., 1978; VanBlaricom, 1984; VanBlaricom, and Estes, 1988;
Estes and Duggins, 1995, Van Blaricom, 1996). Further, while predation on shell fish
by sea otters likely changes the size distribution of impacted prey populations,
where the smaller sized animals are favored, it generally does not lead to the
extirpation of these shellfish populations (VanBlaricom and Estes, 1988; VanBlaricom,
1996). Therefore, defining the actual problem caused by the recovery of sea otters
is difficult, as it requires identification of specific management objectives, some of
which are likely to be mutually exclusive.

B.

SUMMARY OF AVAILABLE SCIENTIFIC INFORMA TION

The sea otter case study differs from the previous two in the level of scientific
certainty of available data. Here we have explicit documentation of sea otter impacts
on fisheries. Throughout their range, sea otters are known to modify the structure
and function of coastal ecosystems through various trophic interactions (VanBlaricom
and Estes, 1988; Estes and Duggins, 1995). Predation by sea otters may alter food
webs and patterns of species abundance in rocky-bottom coastal kelp forests, soft-
sediment habitats, and rocky intertidal habitats of coastal ecosystems. Many of the
prey items of sea otters, including sea urchins, abalones, clams, and crabs, possess
both significant ecological and commercial value.

During the 1960s both the growing sea otter population off central California
and harvesting by commercial and recreational fishers were implicated in the decline
and ultimate demise of a commercial fishery for red abalones (Haliotis rufescens),
centered off San Luis Obispo County, California (Estes and VanBlaricom 1985). In
the middle 1970s, a small commercial fishery for red sea urchins (Strongylocentrotus
franciscanus) failed soon after the return of sea otters to the Point Buchan area of
the San Luis Obispo County coastline. At about the same time, sea otters moved into
the Pismo Beach area of San Luis Obispo County, California, seriously damaging
recreational harvests for Pismo clams (Tivela stu[torum). Sea otters also have been
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suspected in damage to other shellfish fisheries, including those for red sea urchins
(Strongylocentrotus franciscanus) in Washington, black abalones (Haliotis cracberodii)
in California and for butter clams (Saxidomus giganteus), and littleneck clams
(Prototbeca stammea) in Alaska, although evidence is less compelling in these latter
cases.

Sea otters also interact with the commercial harvest of kelp resources in
California (VanBlaricom, 1984). The removal of sea otters benefits shellfisheries, but
kelp populations can be damaged by sea urchins released from the controlling
effects of otter predation. With flourishing otter populations, on the other hand,
shellfisheries can be seriously damaged, but urchin populations are controlled and
kelps flourish. Further complicating the situation is the interaction between giIl net
fisheries and sea otters in California between the mid-1970s and early 1980s. For
example, the decline in abundance of the California sea otter population in the late
1970s and early 1980s may have resulted from incidental take in a nearshore set-net
fishery for California halibut (Estes and VanBlaricom, 1985; VanBlaricom and Hardy,
1992).

C. SUMMARY OF MANAGEMENT ACTIONS

Remnant sea otter populations have recolonized most of their historic range in
Alaska and are recognized as competitors with important shellfish fisheries, as a
potentially valuable tourist attraction, and as important in determining the commu-
nity structure of coastal ecosystems in southern and central Alaska. In California,
while the population currently includes about 2400 animals, estimates of historic
abundance are on the order of 13,000 to 16,000 (DeMaster et al., 1996). Nonetheless,
shellfish-sea otter conflicts have persisted from the mid-1970s to the present.
Management of sea otters and shellfish under the MMP A is characterized by the
following objectives: (1) assure the recovery of sea otter populations to healthy
levels; (2) ensure continued opportunity for commercial, recreational, and tribal
shellfish and salmon set-net fiSheries; and (3) accommodate societal values peftain-

to marine mammals. Given these objectives, three alternative approaches
have been considered: zonal management, restriction of fisheries, and

of otters.
Zonal management, which mayor may not be combined with translocations,

by the Marine Mammal Commission and has since been
and Wildlife Service and the California Department of Fish and

"zones" with the remainder set aside for shellfish fISheries. Under current
an experimental population of sea otters was established

San Nicolas Island and an otter-free zone was established in the
zone. Sea

into shellfishery zones are to be captured alive and returned to sea
(U.S. Fish and Wildlife Service, 1987).

effectiveness of zonal management for sea otters is confounded by
factors. Nonlethal removal of sea otters from shellfishery zones is

labor-intensive, and inefficient. Once sea otters discover the greater
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availability of food in those zones, their rate of return may be high. The continual
forced return of sea otters to zones from which they disperse may increase local
densities temporarily above the local carrying capacity of the habitat, with
potential undesirable consequences. The predator-prey dynamics of sea otters
and harvested shellfish are complex and in some cases are difficult to predict.
Specifically, short-term effects of newly arrived sea otters may not be consistent
with longer-term patterns, where sea otter densities diminish and shellfish may
recover to harvestable densities. Habitats from which sea otters are excluded will
be denied the important ecological effects of sea otters as top-level carnivores.
These effects may include enhanced abundance of harvestable kelps, and a
consequent increase in habitats important for the recruitment of finfish and other
kelp forest organisms.

Thus, zonal management remains a difficult and controversial management
policy. Estes (1990) suggests that it is unlikely that zonal management can be
achieved without some mortality and that containment is not economically war-
ranted or socially acceptable. In accordance with this point of view, the Recovery
Team for the southern sea otter has recommended, with the preliminary support of
the FWS, to consider the experimental translocation a failure and terminate the
maintenance of the otter-free zone (U.S. Fish and Wildlife Service, 1996). Unfortu-
nately, because of limited funding and issues of higher importance to the FWS, the
priority of the southern sea otter has been lowered in recent years and little action
on finalizing the Recovery Plan or maintaining the otter-free zone has been
undertaken. This is another consequence of inadequate funding in a political
environment of increasing demands.

Restricting or regulating fisheries to protect otters historically has been the
preferred management option in dealing with conflicts between sea otter and set-
net fisheries. A conservation-oriented approach to resolving conflicts between
otters and shellfish is to "let them be," and allow otters to reoccupy their
naturally occurring range (Scheffer, 1985). The rationale for this position is: If the
otters are protected, kelp forests will flourish, providing ecological niches for fish
and opportunity for production of commercial products such as fuel biomass and
chemicals. Kelp forests reduce shoreline erosion, increase nearshore productiv-
ity, and affect invertebrate recruitment. In California, kelp products were valued
at more than $50 million in 1982. Additionally, although the monetary value of
living sea otters to tourism is not quantifiable, it has undoubtedly contributed to
the yearly half-billion dollar tourist industry of Monterey and Santa Cruz coun-
ties.

Native subsistence harvest of sea otters is permitted within {he parameters
of MMP A and possibly Tribal Treaties unless the population is found to be
depleted under the MMPA. In Alaska, approximately 1000 otters are harvested
annually by natives for subsistence purposes. There has been some discussion
of establishment of a similar otter management plan for subsistence harvest by
the Makah tribe in Washington. While from a biological and ecological perspec-
tive, lethal removal of sea otters likely may best meet policy objectives for
managing sea otters in California, public valuation of sea otters may overshadow
biological and economic criteria.
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DISCUSSION

The management paradigm being applied to marine man1ffials differs uniquely from
that of other marine species because of the profound role of public values in shaping
policy objectives. Concern about the viability of several marine mammal populations
has introduced new objectives into fishery management regimes. The existence and
aesthetic value placed on marine mammals has been institutionalized in the ESA and
MMP A. It is our opinion that in some cases public perception has put serious limits
on the range of management options -constraints that may ultimately complicate
the maintenance of healthy ecosystems.

As we have seen in each of the case studies, unclear and conflicting objectives,
along with fiscal restraints, have confounded the attempts of management agencies
to develop long-term, coherent policies. For the Steller sea lion, the protectionist
orientation of the ESA and MMPA contrasts with the fishery yield orientation of the
FCMA. The legal framework of the tuna-dolphin issue parallels that of the Steller sea
lion, with the fishery yield orientation of the JA'n'C playing an equivalent role to that
of the FCMA. Initially, U.S. membership in an international treaty (IA'n'C) founded
on the pri,nciple of Maximum Sustainable Yield was in conflict with U.S. policy
established by Congress through the MMPA and other legislation. However, through
the La Jolla agreement and subsequent actions, IA 'n'C policy has converged with
that of the U.S. in the effort to reduce dolphin mortality in this fishery to levels
approaching zero.

For sea otters, the interplay between the ESA, the MMP A and State regulations
has confounded management objectives whose clarification depends on resolution
of conflicts within the legal framework. The problem may be further complicated by
tribal issues, given the significance of shellfish harvest in the culture of native
peoples of coastal California, and the recent history and growing tribal awareness
of shellfishery tradition, legally protected access, and harvest potential in Washing-
ton.

Recognition of both ecologically sound and novel marine mammal objectives
must become a key consideration in future fishery management. These new
objectives interconnect both scientific information and human valuation relating to
living marine resources. The case studies described in this article demonstrate both
the conflicting legal frameworks and the relative role of science and values in
managing marine mamn1a1 and fishery interactions. They further point to the
importance of Congressional mandates and appropriations to NMFS and FWS in
contributing to, or detracting from, agency attempts to integrate mandates related to
fishery and marine mammal management.

As future conflicts emerge, the current management system must continue to
adapt to the multiple objectives of the FCMA, ESA, MMP A, and the Convention for
the Establishment of an IA lTC Treaty (1 UST 230, TIAS 2044) as well as those of
the tribes, States, and federal agencies such as the National Marine Fisheries Service
and the u.S. Fish and Wildlife Service. It is obvious that no management authority
can please everyone. Decisions that conflict with the values of an interested
constituency are subject to challenge, for example, on the basis that science is said
to be inadequate or biased, and the managers are subjected to intense political
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pressure. We need to develop approaches that (1) recognize the inherent conflicts
in managing marine ecosystems, (2) incorporate uncertainty in a risk averse manner,
(3) treat all members of the ecosystem as potentially important, and (4) require
information that is obtainable at an acceptable cost. With this emphasis and the
accompanying clarification of objectives, together with recognition that the scientific
inputs to management decisions must be decoupled from cultural values, it should
be possible to overcome some of the inefficiency, cost, and subjectivity of current
marine resource management in the U.S.
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