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UTILIZATION OF MARINE resources is the oldest 
impact on the ocean environment by humans: with 
widespread development of fisheries, it has be- 
come the major ecological impact. Humans have 
fished since before recorded history. Over the last 
50 years, the global marine catch has increased ap- 
proximately fourfold, to >80 million tons, but the 
rate of increase has slowed (FAO, 1993). Histori- 
cally, fisheries exploited near-shore and coastal re- 
sources, but the expansion of far seas fisheries in 
the second half of the 20th century led to exploita- 
tion in all the world's oceans (Garcia and Newton, 
1994). Thus it is little wonder that a National Re- 
search Council workshop identified "'fisheries op- 
erations'" as the most important anthropogenic ef- 
fect on marine biodiversity among five major 
critical environmental issues (NRC, 1995) and 
suggested taking a regional approach to examine 
human impacts on marine biodiversity, consistent 
with the broad geographic range of fisheries. 

A general definition of biodiversity is "the col- 
lection of genomes, species, and ecosystems occur- 
ring in a geographically defined region" (NRC, 
1995); fisheries impact baseline diversity at each of 
these levels. At the genetic level, fisheries change 
population characteristics (e.g., age distribution, re- 
production, stock structure), resulting in alterations 
to the genome. At the species level, fisheries affect 
species composition and interactions. Finally, 
through effects of by-catch, habitat alteration, and 
altered energy flow, fisheries impact the diversity 
of marine habitats and the function of ecosystems. 
In this paper, I describe how marine fisheries affect 
biodiversity and discuss fisheries management in 
light of the importance of biodiversity to the sus- 
tainability of marine fisheries. 

General Patterns in the Development of 
Fisheries 

Common patterns of growth among diverse 
fisheries provide a context to examine their effects 
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on biodiversity. As fisheries develop, they go 
through a "fishing up" process (Regier and Loftus, 
1972); the geographic range of the fishery expands 
as local populations of preferred species decline. 
With time, the fishery moves to less desirable 
species. Coral reef fisheries (as an example of 
small scale demersal fisheries) initially exploit 
larger, often predatory species; as these are re- 
duced in number, the fishery shifts to smaller 
species, and ultimately to the smaller individuals 
within the small species (Gobert, 1992). Small 
scale pelagic fisheries show a similar pattern, with 
catch progressing from large species (e.g., tunas) 
to smaller clupeoids: with continued exploitation, 
small, fast-growing species dominate the system 
{Formacion and Saila 1994). 

Similar patterns emerge for commercial marine 
fisheries on larger geographic scales. At the regional 
scale, Deimling and Liss (1994) examined three 
fisheries in the eastern North Pacific from Alaska to 
central California. Although the three had many dif- 
ferences, the fishing up process followed a similar 
sequence: 1) the geographic range of each fishery 
expanded: 2) landings of the most desirable species 
increased, peaked, and then decreased: and 3) the 
species composition of the landings changed. Each 
of these effects may translate to changes in biodiver- 
sity. Finally, on a worldwide scale, international 
competition and improving technology have allowed 
marine fisheries to expand to deeper slope waters 
and the tar seas as near-shore or coastal fisheries be- 
came depleted (Garcia and Newton, 1994). The total 
catch of world fisheries has not markedly increased 
in recent years, but the distribution of catch has 
changed; since 1970, the highest rates of increase in 
marine catch have been for krill, cephalopods, and 
tunas (FAO, 1993). The potential for further expan- 
sion of fisheries has declined as wider ocean areas 
become exploited (Pauly and Christensen, 1995). 

Marine Fisheries and Genetic Diversity 
In a natural, unexploited ecosystem, life history 

strategies evolve through natural selection to 
match key characteristics of the environment, in- 
cluding fluctuations on varied spatial and temporal 
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scales (Adams, 1980: Parrish et al., 1981). Impor- 
tant biological features include size, maximum 
age, growth rates, reproductive characteristics, a~,~d 
the local degree of genetic adaptation (Carvalh:~, 
1993). Fisheries increase the rate of mortality on 
the target population and, with time, act as a~, 
agent of directional selection (Wohlfarth, 1986). 

Examples of overexploitat ion in marine 
fisheries abound (NOAA, 1993). Decreased popu- 
lation size as a result of fishing could conceivably 
alter genetic diversity within a species through ge- 
netic drift, but for marine species the fishery 
would likely collapse economical ly before the 
population was sufficiently low for genetic drift to 
be an important factor. Good evidence exists, 
however, for changes in population characteristics 
in exploited species. Because fishing is size-selec- 
tive, it will tend to remove the larger, and thus 
older, members of the population. Many species of 
rockfish (Sehastes)  on the west coast of North 
America reach ages higher than 100 yr (Leaman, 
1991 ). Population declines from fishing result in 
drastic changes in the age composition of many of 
these species. The dominant age modes for lightly 
and heavily exploited populations of S. alums, t\w 
example, were 30 and 12 yr of age, and fish older 
than age 20 represented 73 and 7% of the samples, 
respectively (Fig. 1 ). A fishery for orange roughy 
(Hot~lostethus at lant icus)  reduced biomass by 
some 70% and selectively removed older, more 
heterozygous individuals over a period of 6 yr 
(Smith et al.. 1991 ). Whether alterations to the age 
structure reflect changes in genetic diversity in 
fishes is unknown, but genetic regulation of 
longevity has been observed in metazoans (Larsen 
et al., 1995). Similar to changes in age distribution 
are effects on mean size and growth rate. A 35-yr 
decline in mean size of pink salmon was associ- 
ated with fishery remova]Is of larger fish (McAllis- 
ter et al., 1992). Selective harvest will remove in- 
trinsically faster-growing fish (Parma and Deriso, 
1990), and the extent to which growth is geneti- 
cally determined may alter genetic diversity 
throuoh= exploitation (Wohlfarth, 1986). 

Reproductive characteristics evolve to meet se- 
lective pressures, including environmental condi- 
tions (see Parrish et al., 1981 ), and the response to 
exploitation has been well studied (Garrod and 
Horwood, 1984). The most common change is in- 
creased fecundity when population size is de- 
creased, a so-called compensatory change (DeMar- 
tin) c t a / . ,  1993). Such changes have been 
observed through cycles of population size associ- 
ated with exploitation, but whether fecundity 
changes are phenotypic or genotypic is not clear 
(Rijnsdorp, 1993). Age at maturity schedules also 
vary within species, and exploitation will most 
often select for younger ages at maturity. Borisov 
(1979) modeled the reproductive contribution of 
three subgroups in a year class of Atlantic cod dif- 
fering in age at maturity (6. 8, and 11 yr). After 7 

yr of relatively intensive exploitation, the late-ma- 
turing subgroup made virtually no contribution to 
reproduction, and thus the relative contribution by 
the early maturing subgroup increased. These re- 
sults are supported by examination of cod maturity 
schedules after 40 yr of fishing: the age when 50% 
of the year class was mature changed from >10 yr 
of age in the 1930-1940s to <7 in the 1960-1970s 
(Fig. 2). 

Do compensatory changes in growth and repro- 
duction improve a species" resiliency? It has been 
argued that these are natural balances to allow fish 
stocks to rebound from overexploitation or other 
events leading to low stock size (McFadden, 
1977). Compensation, as an important mechanism 
in density-dependent population regulation, is a 
key element in sustainable resource use (Rosen- 
berg et al., 1993). The scope for compensation, 
however, may be dependent on a range of geno- 
types in the population: through directed selection, 
fishing can change the genome, and it is conceiv- 
able that it could also change the species" ability 
to respond in compensatory ways. 

Marine stocking or ocean ranching is a "growth" 
sector of fisheries and represents an emerging area 
of concern for the genetic diversity of exploited ma- 
rine animals. Although best known for anadromous 
salmonids, stock enhancement of marine fishes and 
invertebrates is also being conducted (Morikawa, 
1994). Early enthusiasm about technological inter- 
vent)on in the genetics of wild stocks has been re- 
placed by a more cautious approach. Moav et al. 
(1978) suggested improving commercially exploited 
wild animals by crossing with domesticated breeds, 
thereby producing heterotic hybrids that would "up- 
grade the wild stocks." More recent concerns, how- 
ever, are expressed about the potential negative ef- 
fects. In freshwater systems, Wilcove et al. (19921 
suggested that "'Introduced genes can be as harmful 
as introduced species, especially when hatchery- 
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Fig. 1: Differences in a~e composition between samples of  heavily exl~loited 
(,fishinq, mortalio'. F = 0.60. thick line) and lightly exploited (F = 0.02, thin 
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Fig. 2: Changes in maturity schedules (proportion 
of females mature as a fimction of age) for Arctic- 
Norwegian cod, Gadus morhua morhua. Dashed 
line, 1930s-1940s. Solid line, 1960s-1970s. Re- 
plotted from Borisov (1979). 

bred fish compete with wild populations." These 
same cautions apply to marine fisheries, particularly 
given marine stock enhancement efforts and the ex- 
panding range of some species in ocean ranching 
(Ogura and lto, 1994). Stock enhancement to aug- 
ment wild populations, while increasing numbers, 
may reduce the genetically effective size of the 
total population (Ryman, 1991: Ryman et al., 
1995). Unfortunately, these kinds of programs are 
highly attractive to and supported by the general 
public as a "'technological fix" to a complex ecolog- 
ical problem (Hilbom, 1992; Smith, 1994). For fur- 
ther reading on this topic, sources of information 
are Lannan et al. (1989) and Beveridge et al. 
(1994). 

Extinction of marine species, or at least geneti- 
cally distinct substocks of a species, from 
overfishing may be a cause for concern. The domi- 
nant causes of extinction for freshwater fishes have 
been habitat destruction and introduced species, 
with overfishing a relatively minor component 
(Miller et al., 1989). The broader scale of the ma- 
rine environment, however, may mean that most 
marine species exploited by fisheries have natural 
refuges where small populations prevent outright 
extinction (Jamieson, 1993; Huntsman, 1994). 
Only six of all threatened or endangered taxa on 
the federal list have marine or estuarine phases in 
their life history, and none are entirely oceanic; 
Huntsman (1994), however, noted 39 marine 
finfish species where population status should be 
examined for possible listing. A similar evaluation 
for marine invertebrates is probably warranted. 

M a r i n e  F i s h e r i e s  a n d  S p e c i e s  D i v e r s i t y  
Fisheries have major impacts on the communi- 

ties of marine animals and can have far-reaching 

effects on species-level diversity (defined here as 
s,,ecies composition and relative dominance). As- 
semblages of fishes and other organisms are typi- 
c,Jly structured through a combination of morpho- 
{(~gical specialization, predation, and some 
competition (Britz and Moyle, 1993). By changing 
the relative abundance of species, fisheries can 
disrupt these processes and thereby alter assem- 
blage structure (Gulland, 1987). 

Direct effects of fishing on species diversity 
are caused by removals  of target species, by- 
catch of unwanted species, physical disturbance, 
and discards (Harris and Poiner, 1991). Because 
fisheries data programs record removals  with 
varying degrees of accuracy but do not always 
consider discards, these effects have only been 
given scrutiny over the past 15 years (Alverson 
et al., 1994). One of the best documented exam- 
ples of by-catch is in the Gulf of Mexico, where 
shrimp fisheries cause mortali ty of the young 
stages of several commercially important marine 
fish species, affecting dynamics of those stocks. 
These same fisheries also directly impact other 
fishes and invertebrates. Mortality from capture 
and discard may also be species-specific (Fen- 
nessy, 1994; Kaiser and Spencer, 1995), poten- 
tially contributing to dominance of species that 
survive capture. Multiple stresses are involved in 
capture, however,  so results of  experimental  
work on survival after capture are often variable 
(Chopin and Arimoto, 1995). Estimates of dis- 
carded by-catch on a worldwide basis approach 
27 million tons annually (Pauly and Christensen, 
1995), demonstrating the magnitude of the by- 
catch problem. 

By-catch of unintended species also occurs in 
pelagic fisheries. In the eastern tropical Pacific, for 
example, the ecological relationship between tuna 
and porpoise schools was used by tuna purse seine 
fishermen, who encircled dolphins to capture the 
yellowfin tuna schools typically found beneath 
them. In less than two decades, populations of two 
dolphin species were as low as 20-50% of the 
1959 population estimates (Smith, 1983). Social 
pressure led to legal action, research programs, 
and ultimately "dolphin safe" tuna, Similar con- 
cerns about by-catch in large-scale drift-net 
fisheries in the North Pacific (Wetherall, 1991) led 
to international agreements to ban this type of 
fishing. 

Indirect effects of fishing on species diversity 
have been observed in many cases, the most 
prominent being alteration of predator-prey inter- 
actions. Fisheries often develop on higher trophic 
level species (Deimling and Liss, 1994), thus re- 
ducing predation on, and possibly increasing pro- 
duction of, prey species (Marten. 1979). Gulland 
(1987) noted changes in the balance of small 
pelagic fish species due to changes in competition 
imposed by selective fishing. Similar fluctuations, 
however,  also occur in the absence of fishing 
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(Soutar and Isaacs, 1974): identifying the effects 
of fisheries on biodiversity is confounded by the 
unknown range of natural variation on medium to 
long time scales. That "'regime shifts," or large- 
scale decadal changes in the environment, affect 
many levels of marine ecosystems is becoming 
more evident (Polovina et al., 1994). Although 
these natural factors surely have implications for 
biodiversity at all levels, the superimposition of 
anthropogenic effects such as fishing doubtless 
exacerbates the resulting changes in the ecosys- 
tem (NRC, 1995). Moreover ,  potential genetic 
changes in stocks from fishing, as noted above, 
may alter the ability of stocks to respond to such 
changes. 

Examples  of fisheries effects on species as- 
semblages  abound. Hamre (1994) describes a 
"'crisis" caused by fisheries in the Barents Sea. 
This relatively simple system was dominated by 
planktivorous herring and capelin and predatory 
cod. Overfishing of herring led to recrui tment  
failure and a switch of the fishery to capelin,  
while cod stocks remained strong. Cod eventually 
failed because of lack of capelin and herring 
prey. Fish populations on Georges Bank changed 
from dominance by commerc ia l ly  important  
groundfish species to less desirable species such 
as dogfish and sandlance (Anthony, 1990). Con- 
current with a decline in the desirable groundfish 
from overfishing were increases in pelagics (her- 
ring, mackerel )  and e lasmobranchs  (spiny 
dogfish, skates; Fig. 3). Even seabird diversity 
may be affected by marine fisheries. In the North 
Sea, fisheries discards may represent 30% of the 
annual food consumption of seabirds; over time, 
this food source has led to population increases, 
particularly in scavenging seabird species (Gisla- 
son, 1994). 

In many temperate and subarctic regions, sea 
urchins play important roles in structuring near- 
shore communit ies :  fisheries may disturb that 
structure. Off  eastern Canada, lobster is a key 
species controlling sea urchins, and when fisheries 
reduce lobster populations,  urchin overgrazing 
may reduce kelp over  large areas (Mann and 
Breen, 1972). Off the west coast of North Amer- 
ica, human exploitation led to reduced numbers 
and range contraction of the sea otter, Enhydra 
lutris; reduced sea otter predation on large sea 
urchins in these systems also leads to significant 
reductions in kelp (Estes and Palmisano 1974). 
Off  the northern California coast this situation 
had proceeded until the near-shore habitat had 
limited bull kelp, virtually no understory kelp, 
and high densities of large red urchins (Strongly- 
ocentrotus franciscanus). In a 20-yr time series of 
transect observations in this area, Hobson (per- 
sonal communicat ion)  noted changes in the 
nearshore community after the development of a 
fishery for the red urchin in 1985. Removal of red 
urchins led to spatial expansion of bull kelp and, 

subsequently,  development  of lush understory 
kelp. A difference from the natural, sea 
otter-dominated community, however, is that the 
smaller, noncommercial purple sea urchin, S. pur- 
puratus, moved into deeper water habitats for- 
merly occupied by red urchins and grazed heavily 
on the understory kelp (E.H. Hobson,  NMFS 
Tiburon Lab, personal communication). 

Changes in species diversi ty under the 
artificial selection imposed by fisheries will typi- 
cally favor species with certain life history char- 
acteristics. Adams (1980) reviewed the response 
of species with differing life-history traits to ex- 
ploitation and concluded that r-selected species 
are favored over K-selected species. This has im- 
plications for the species mix likely to be domi- 
nant after continued exploitation. Those species 
will generally be early maturing, achieve a small 
maximum size rapidly, with high fecundity and a 
relatively short longevity: these characteristics 
describe small pelagic fishes, which often be- 
come major components of mature fisheries (For- 
macion and Saila, 1994) but unfortunately are 
subject to large natural fluctuations (Soutar and 
lsaacs, 1974). A notable exception is the increase 
of K-selected elasmobranchs on Georges Bank 
(Fig. 3). These were not subject to exploitation 
until recent years, so abundance increased. Fishes 
that are very long-lived, such as Sebastes (Fig. 1 ) 
will be at a d isadvantage when subjected to 
fisheries (Leaman, 1991 ). Orange roughy, another 
long-lived species, may not reach sexual maturity 
until >30 yr of age (Fenton et aI., 1991), and 
fishing on such species may be more akin to min- 
ing than fishing. 
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Marine Fisheries, Habitat Diversity, and 
Ecosystem Function 

Marine fisheries may alter and in some cases 
destroy habitats within the marine environment. 
Their effects on ecosystem function are complex 
and, in many cases, difficult to identify. Mod- 
ification of habitats, changes in relative biomass of 
target and nontarget species, and the attendant al- 
terations in the trophic web may lead to changes 
in energy flux. The broad scale of marine fisheries 
brings human impact to virtually all parts of the 
world's oceans. 

Certain fishing gears may cause significant 
change in habitat. An extensive literature exists, 
for example,  on trawling impacts to benthic 
ecosystems (Jones, 1992). Short-term biological 
effects of trawls include direct mortality of more 
fragile fauna (e.g., urchins); 40-60% reductions in 
density of such fragile benthos were recorded after 
three passes of a beam trawl (Gislason, 1994). Di- 
rect disturbance results in greater availability of 
prey for mobile predators (Kaiser and Spencer, 
1994). Trawl marks in soft bottoms may remain 
for several years (Brylinski et al., 1994) and may 
be characterized by altered benthic communities 
dominated by species adept at colonizing dis- 
turbed habitats (Reise, 1982); the net effect is 
changed diversity. The scale of disturbance can be 
significant. Although trawling effort in the North 
Sea is patchy, the area swept annually by bottom 
trawls is equal to the total area of the North Sea 
(Gislason, 1994). 

Physical damage to complex habitat by fishing 
can lead to long-term effects such as altered pro- 
ductivity. Sabellaria reefs damaged by trawling 
(Reise, 1982), coral reefs damaged by fish traps 
(Vanderknaap, 1993), and near-shore reefs de- 
stroyed by fisheries for date mussel in the 
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Fig. 4: Model-estimated changes in carbon flux for the Peruvian upwelling 
system during periods of high (1966-1969, solid bar) and low (1976-1979, 
crosshatched bar) anchoveta biomass. Values for anchovy, sardine, and de- 
tritus rel)resent carbon inputs; burial~export is export from the detritus pool 
and yield represents the total fisheries yield. Data are from Walsh (1981). 

Mediterranean (Fanelli et al., 1994) are examples. 
In the Chesapeake Bay, the drastic decline in oys- 
ter populations has variously been blamed on dis- 
ease, water quality, or overfishing. Rothschild et 
al. (1994) analyzed the available data in detail and 
suggested that the major changes occurred long 
before water quality or disease were problems, 
thus directly implicating overfishing and habitat 
destruction. Fishing activities are but one cause of 
destruction of fisheries habitat; these concerns de- 
mand immediate attention (NOAA, 1995a). 

The changes in biomass associated with 
fisheries may alter trophic or energy flow path- 
ways with consequences for ecosystem diversity 
and productivity. Under the agency of fisheries in 
the southern ocean, the decline of the great whales 
may have resulted in dramatically increased avail- 
ability of  krill in the Antarctic (Laws, 1977), 
which in turn may have caused changes in the 
growth rates and ages at sexual maturity in other 
marine mammals  (Bengston and Laws, 1985). 
Some of this production is also taken in krill 
fisheries (FAO, 1993). Another indirect impact of 
historical whale fisheries has been a reduction of 
whale-falls to the deep sea, leading to reduced re- 
cruitment sites for deep-sea benthic fauna (But- 
man et al., 1995). Where lower trophic levels are 
changed through fishing, the effects may be even 
more dramatic. Walsh (1981) described striking 
changes in the carbon budget of the Peruvian up- 
welling ecosystem before and after decreases in 
the anchoveta population (caused by a combina- 
tion of overfishing and environmental change). 
Anchovy consumption of primary and secondary 
productivity decreased 300 times, and the anchovy 
yield to fisheries decreased 30-fold. Estimates of 
carbon going to the detrital pool more than dou- 
bled, and detrital carbon exported or buried in- 
creased sevenfold. At the same time, the total 
fisheries yield declined to 11% of its former value 
(Walsh, 1981) (Fig. 4). Although more recent data 
and simulation models have suggested the changes 
to be less drastic because of uncertainties about 
zooplankton grazing and the level of primary pro- 
duction (Jarre-Teichmann, 1992), the potential im- 
pact to patterns of energy flow within an ecosys- 
tem can be immense. 

Fishery Management, Sustainability, and 
Biodiversity 

An oft-cited but anthropocentric view of the 
benefits of biodiversity is maintenance of ecosys- 
tem resiliency to continue to provide humans with 
"valued ecological services" (Hammer  et al., 
1993). Unfortunately, the potential for further 
growth of marine fisheries is limited (Pauly and 
Christensen, 1995). Maintaining production of the 
current protein needs for humans from the sea re- 
quires improved management of existing stocks or 
aquaculture and ocean ranching. Aquaculture can 
have major impacts on biodiversity including in- 
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troduction of exotic species and genetic introgres- 
sion with wild stocks (Lannan e t  aI.,  19891 and the 
impacts "'are rarely positive, occasionally neutral, 
but usually negative to some extent" (Beveridge e t  

ell., 19941. In Japan, coastal fisheries have been 
maintained at a near constant level by increasing 
mariculture production while natural fish produc- 
tion has declined (Morikawa, 19941. The best ex- 
ample of "'successful" ocean ranching is chum 
sahnon. Young are released into the North Pacific 
Ocean in immense numbers, leading to high pro- 
duction but concerns for the carrying capacity of 
the ecosystem as the open-ocean range of this 
species increases (Ogura and lto, 19941. Such 
technological approaches to enhance or augment 
natural stocks should be approached with caution 
because the genetic and ecosystem implications to 
biodiversity are complex (Ryman, 1991 : Hilborn, 
19921. Unfortunately, these programs have devel- 
oped on large scales with insufficient attention 
paid to the range of potential impacts. 

An international perspective on the recent his- 
tory of fisheries suggests four epochs (Garcia and 
Newton, 19941. A period of post-war reconstruc- 
tion (1945-1958) was followed by geographical 
expansion ( 1959-19721. With declaration of 200- 
mile exclusive economic zones (EEZ), the period 
from 1973 to 1982 involved establishment of a 
new economic order of the oceans• The final 
epoch, after 1983, was a transitional period toward 
global concerns for fisheries. Fisheries research 
and management must become attuned to sustain- 
able management of stocks, minimizing undesir- 
able side effects of fishing on habitats and ecosys- 
tems, and conserving marine environmental 
quality (FAO, 1993, Gislason, 19941. Although a 
variety of international resolutions exist, they have 
not always been implemented at the national pol- 
icy level: a current example of international efforts 
is the FAO International Code of Conduct for Re- 
sponsible Fisheries (Garcia and Newton, 1994). 

Conservation of aquatic biodiversity is not an 
organized venture in the United States. Many laws 
address hiodiversity concerns, but the effort has 
been characterized as "'piecemeal" (Winter and 
Hughes, 19951. Marine fisheries in the United 
States are managed by a mixture of state agencies 
for near-shore fisheries and the National Marine 
Fisheries Service, part of the National Oceanic and 
Atmospheric Administration (NOAA), for larger- 
scale fisheries in the U.S. EEZ. The current 
NOAA Strategic Plan (NOAA, 1995b) emphasizes 
building sustainable fisheries and conserving re- 
sources and the habitats on which they depend. 
The vision statement in the "Environmental Stew- 
ardship Portfolio" promises that NOAA will lead 
in preservation of marine biodiversity by balanc- 
ing exploitation of natural resources with the man- 
agement of protected species and ensure that 
coastal ecosystems are managed to maintain biodi- 
versity and long-term productivity for sustained 

use. Most biodiversity concerns are expressed in 
the chapters "'Recover Protected Species" and 
"Sustain Healthy Coasts" but are not always car- 
ried through to the chapter "Build Sustainable 
Fisheries" (see NOAA, 1995a). The latter chapter 
does not explicitly define the importance of biodi- 
versity to fisheries or recognize the potential im- 
pacts of fisheries to biodiversity: it also encour- 
ages marine aquaculture to enhance or accelerate 
the recovery of depleted stocks without fully con- 
sidering negative effects. 

Legal authority for management under the 
Magnuson Fishery Conservation and Management 
Act (under which fishery management plans are 
developed) gives no consideration to genetic, 
species, or ecosystem biodiversity except as it af- 
fects protected species or critical habitats. Given 
that marine fisheries is one of the key "critical en- 
vironmental issues" confronting maintenance of 
biodiversity (NRC, 1995), such policies should be 
reevaluated in light of the potential impacts of ma- 
rine fisheries on biodiversity. A variety of manage- 
ment approaches exists that can take these con- 
cerns into account. Research on multispecies or 
ecosystem management has come a long way 
(Shelton, 1992; Sherman, 19941, but the approach 
is not at a stage for implementation. Harvest refu- 
gia represent an important opportunity to manage 
biodiversity while managing fisheries (Roberts and 
Polunin, 1993: Bohnsack and Ault, 1996, this 
issue): more research on the functions and limita- 
tions of harvest refugia at varied spatial and tem- 
poral scales is sorely needed. Finally, because ma- 
rine fisheries represent one of the greatest 
manipulations of marine ecosystems by humans, 
the opportunity exists to learn a great deal about 
perturbations, ecological processes, and ecosystem 
response. Adaptive fisheries management (Walters 
and Hilborn, 19781 uses management regimes in 
an experimental manner to learn about the 
processes regulating fish population size as well as 
interactions among species. Fishery' management 
regimes can thus provide the opportunity to care- 
fully examine ecosystem response and to monitor, 
understand, and hopefully predict the conse- 
quences in terms of likely changes in biodiversity 
at all levels of complexity. 

Conclusions 

Fisheries science has a rich history of research 
contributions to population dynamics and evalua- 
tion of marine ecosystems, and a great deal of the 
long-term data used to evaluate natural variation is 
based on fisheries. Recently, the ability of fisheries 
to be managed in a sustainable manner has been 
questioned (Ludwig e t  ell., 19931, due in large part 
to the complexity of the ecological and social/cul- 
tural systems involved. Others have argued that 
positive examples from the past, learning from 
past errors, and new understanding of resource 
fluctuations make sustainable use an attainable ob- 

• . . technological 

approaches to 

enhance or augment 

natural stocks should 

be approached with 

caution because the 

genetic and ecosys- 

tem implications to 

biodiversity are com- 

p l e x . . .  

OCI',\NO(iRAI'HY-Vol. 9. No. 1-1996 33 



• . . changes in biodi- 

versity will decrease 

the resiliency of 

species, communities, 

and ecosystems to 

respond to natural 

perturbations that 

occur on longer time 

scales. 

jective (Rosenberg et al., 1993). Biodiversity is a 
critical element in ecosystem function, and thus in 
maintaining sustainable populations. 

In conclusion, biodiversity is an important issue 
to fisheries and should be of concern to fishery man- 
agers. Many of the effects of  marine fisheries on 
biodiversity are distinct and obvious, but evidence is 
circumstantial or lacking for some of the potentially 
most devastating effects. On the time scale of  
decades, however,  fisheries can change genetic, 
species, and ecosystem diversity from levels that 
have been achieved over millions of years through 
natural selection. There is little doubt that such 
changes in biodiversity will decrease the resiliency 
of species, communities, and ecosystems to respond 
to natural perturbations that occur on longer time 
scales, It is thus critical to understand the alterations 
that fisheries and other anthropogenic changes have 
wrought on marine biodiversity and to develop 
strategies that will ameliorate future ecological  
changes. The requisite research will go beyond sim- 
ple inventories (Renner and Ricklefs, 1994) and will 
require process-oriented studies at the regional level 
(NRC, 1995). Fisheries have major impacts on ma- 
rine biodiversity; long-term sustainability of these 
fisheries may be dependent on the very diversity 
that they are changing. 
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