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Main M essages
All oceans are affected by humans to various degrees, with overfishing 
having the most widespread and the dominant direct Impact on food 
provisioning services, which will affect future generations. Areas beyond 
the 50 meters depth are mainly affected directly by fishing and indirectly by 
pollution. Fish are also directly affected by coastal pollution and degradation 
when their life cycle takes them into coastal habitats. Recent studies have 
demonstrated that global fisheries landings peaked in the late 1980s and are 
now declining despite increasing fishing effort, with little evidence that this 
trend is reversing under current practices. Fishing pressure is so strong in 
some marine systems that the biomass of some targeted species, especially 
larger high-value fish and those caught incidentally (the “bycatch” ), has been 
reduced to one tenth or less of the level that existed prior to the onset of 
industrial fishing. In addition, the average trophic level of global landings is 
declining, which implies that we are increasingly relying on fish that originate 
from the lower part of marine food webs.

Industrial fleets are fishing with greater efficiency, further offshore, and 
in deeper waters to meet the global demand for fish. Until a few decades 
ago, depth and distance from coasts protected much of the deep ocean fauna 
from the effect of fishing. However, recent large investments in fishing capacity 
and navigation aids have led to fleets that now cover the world’s ocean, includ
ing polar and deep, low-productivity areas, where catches are affecting easily 
depleted populations of long-lived species. The biomass of large pelagic fish 
in these areas taken by longlines, purse seines, and drift nets has also plum
meted. Studies on available data have shown that deep-sea fisheries that 
collapsed in the 1970s have not recovered.

Overfishing has negative impacts on marine biodiversity. The lowered bio
masses and fragmented habitats resulting from the impacts of fishing have led 
to local extinctions, especially among large, long-lived, slow-growing species 
with narrow geographical ranges. In addition, the ability of the component eco
systems and their embedded species to withstand stresses resulting from cli
mate change and other human impacts will be reduced, though direct 
demonstration of this effect may not be evident in many systems for some 
decades.

Destructive fishing practices have long-term Impacts on marine habitats.
Destructive practices such as trawling, dynamiting, and dredging change the 
structure of marine ecosystems, with consequential changes in their capacity 
to provide services, such as food provisioning and income generation. Long
term losses in species and habitats through destructive fishing ultimately re
duce the biodiversity of these affected systems, resulting in a further loss of 
services such as coastal protection. Some systems may recover and improve 
the availability of some services and products fairly quickly; other more vulner
able systems, such as cold-water corals and seamounts, may take hundreds 
of years to recover.

The Implementation of no-take marine reserves combined with other In
terventions, such as controls on fishing capacity, would be a more proac
tive response to fisheries management than current reactive approaches.
Marine reserves can contribute to better fisheries management—helping to 
rebuild stocks through enhanced recruitment and spill-over effects, maintaining 
biodiversity, buffering marine systems from human disturbances, and maintain
ing the ecosystems that fisheries rely on.

Aquaculture Is not a solution to the problem of declining wlld-capture 
fisheries. Good governance and effective management of wild-capture fishing 
are likely to be more successful approaches. Farmed species such as salmon 
and tuna, which use fishmeal, may in fact contribute to the problem since much

of the fishmeal and oil currently used in the aquaculture industry is derived 
from wild-caught small pelagic fish. In some countries, such as Chile, small 
pelagic fish that were once a source of cheap protein for people are now 
largely diverted for fishmeal.

The supply of wild marine fish as a cheap source of protein for many 
countries Is declining. Per capita fish consumption in developing countries 
(excluding China) has declined from 9.4 kilograms per person in 1985 to 9.2 
kilograms in 1997. In some areas, fish prices for consumers have increased 
faster than the cost of living. Fish products are heavily traded, and approxi
mately 50% of fish exports are from developing countries. Exports from devel
oping countries and the Southern Hemisphere presently offset much of the 
demand shortfall in European, North American, and East Asian markets.

The proposed future uses of marine systems pose significant policy chal
lenges. Ocean ranching of marine organisms, bioprospecting, seabed mining, 
and carbon sequestration in deep ocean waters are foreseeable uses of ma
rine systems. However, the potential impacts of these activities are not well 
known. In some cases no or only limited field studies have been conducted to 
test the theoretical basis for the activity. Policies will need to deal with the 
uncertainty of potential impacts and the limited understanding of marine biodiv
ersity. National and regional ocean policies that incorporate zoning for various 
uses within an integrated ecosystem-based management framework are likely 
to be needed. Such policies might include marine protected areas that can 
contribute to the restoration of species and habitats and thus form part of a 
precautionary strategy for guarding against management errors.

18.1 Introduction_____________________________
Most o f Earth— 70.8%, or 362 million square kilometers— is cov
ered by oceans and major seas. Marine systems are highly dynamic 
and tightly connected through a network o f surface and deep- 
w ater currents. T he properties o f  the w ater generate different 
density layers, thermoclines, and gradients o f light penetration in 
marine systems, which result in productivity varying vertically. 
Tides, currents, and upwellings break this stratification and, by 
forcing the mixing o f  water layers, enhance primary production.

O ne widely accepted classification divides marine systems into 
four biomes (Longhurst et al. 1995; Longhurst 1998): the coastal 
boundary zone, trade-winds, westerlies, and polar. (See Figure 
18.1.) These biomes are subdivided into a total o f 57 biogeo
chemical provinces w ith distinct seasonal patterns o f surface nutri
ent enrichment, which determine primary production levels and, 
ultimately, fisheries yield. The provinces o f the coastal boundary 
zone biome largely overlap w ith the large marine ecosystems of 
K. Sherman and collaborators (see Watson et al. 2003), and hence 
those are implicitly included here. For practical reasons, we also 
refer to the U. N. Food and Agriculture Organization’s classifica
tion that has been used to report on global fisheries statistics since 
1950 and that divides the w orld’s oceans up into 18 FAO statisti
cal areas (FAO 1981).

The coastal boundary zone that surrounds the continents is 
the most productive part o f the world ocean, yielding about 90% 
o f marine fisheries catches. Overall, coastal and marine fisheries 
landings averaged 82.4 million tons per year during 1991—2000, 
w ith a declining trend now  largely attributed to overfishing. The 
other three biomes are less productive, and their deep waters are 
exploited mainly for their large pelagic fish. The four biomes are 
described in detail in the next section.

In this assessment, the marine system is defined as the marine 
waters from the low-water mark to the high seas that support 
marine capture fisheries and deepw ater (>50  meters) habitats.
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Figure 18.1. Classification of World’s Oceans. Four “ Biomes” were identified: Polar, Westerlies, Trade-winds, and Coastal Boundary 
(Longhurst et al. 1995; Longhurst 1998). The Coastal Boundary Is Indicated by a black border around each continent. Each of these Biomes 
is subdivided Into Blogeochemlcal Provinces. The BGP of the Coastal Boundary Biome largely overlaps with LMEs identified by K. Sherman 
and coworkers (see Watson et al. 2003).

This definition spatially overlaps w ith coastal systems, which are 
bounded inland by land-based influences w ithin loo  kilometers 
or 100-meters elevation (whichever is closer to the sea) and sea
ward by the 50-m eter depth contour. Chapter 19 focuses on 
coastal habitats and coastal communities, however. It does not 
overlap conceptually w ith this chapter, which focuses on the con
dition and trends o f fisheries resources in marine ecosystems for 
the following reasons:
•  Living marine resources and their associated ecosystems out

side o f coastal areas (as defined by the MA), w hich maintain 
the food provisioning services o f marine systems, have been 
affected over the last 59 years mostly by fishing.

•  O ur level o f  understanding o f fisheries and the availability o f 
information needed to assess the impact o f fisheries are much 
better than for other hum an activities in  m arine systems. 
However, studies on biodiversity changes in marine systems 
are lagging behind our understanding o f fisheries systems or 
terrestrial biodiversity changes. And overall, our understand
ing o f long-term  impacts and their interactions w ith other ac
tivities (current and future) is very limited.

•  Chapter 19 describes the condition and trends o f marine habi
tats and significant marine animals from the high-water mark 
to the 59-meter bathymetric line. Thus it discusses in detail 
the condition and trends o f shallow inshore coastal habitats 
such as coral reefs, mangroves, and seagrasses, as well as im
portant fauna such as seabirds, turtles, and marine mammals. 
Since most human uses o f marine systems (tourism, gas and oil 
extractions, and so on) occur in the coast, they are discussed in 
detail there. O n  the other hand, the impact o f human use, 
especially fishing, on deeper-w ater systems such as shelves, 
slopes, seamounts, and so on are discussed in this chapter.

•  Chapter 4, on biodiversity, includes many non-fisheries as
pects o f marine biodiversity not covered here. Chapter 12, on

nutrient cycling, discusses the cycling o f carbon, nitrogen, and 
phosphorus and the changes in these cycles in marine systems. 
And Chapter 13, on air quality and climate, highlights possible 
changes, including acidification, carbon sequestration, and 
fluxes in marine systems, over the short term.
Nevertheless, this chapter touches on various aspects o f ma

rine ecosystems such as marine biodiversity as they relate to fish
eries and deepwater habitats, and some activities such as tourism 
and transportation are also mentioned. But there is currently in
sufficient information available to assess w hich activities have rela
tively more impact than others in marine systems.

Marine ecosystems are diverse— some are highly productive, 
and all are important ecologically at the global scale and highly 
valuable to hum ankind. T he m ajor ecosystem services (as de
scribed in Chapter 1) derived from marine ecosystems are sum
marized in Table 18.1.

Marine systems play significant roles in climate regulation, the 
freshwater cycle, food provisioning, biodiversity m aintenance, 
energy, and cultural services, including recreation and tourism. 
They are also an important source o f economic benefits, w ith 
capture fisheries alone w orth approximately $81 billion in 2999 
(FAO 2992); aquaculture w orth $57 billion in 2999 (FAO 2992); 
offshore gas and oil, $132 billion in 1995; marine tourism, much 
o f it in the coast, $161 billion in 1995; and trade and shipping, 
$155 billion in 1995 (McGinn 1999). There are approximately 
15 million fishers employed aboard decked and undecked fishing 
vessels in the marine capture fisheries sector. About 99% o f these 
fishers w ork on vessels less than 24 meters in length (FAO n.d.).

More than a billion people rely on fish as their main or sole 
source o f animal protein, especially in developing countries. (See 
Table 18.2.) Demand for food fish and various other products 
from the sea is driven by population growth, human migration
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Table 18.1. Percentage of Animal Protein from Fish Products, 
2000 (FAO 2003)

Region

Share of Animal 
Protein from Fish 

Products
(percent)

Asia (excluding Middle East) 27.7

Oceania 24.2

Sub-Saharan Africa 23.3

Central America and Caribbean 14.4

North America 11.5

South America 10.9

Europe 10.6

Middle East and North Africa 9.0
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Figure 18.2. Average Domestic Marine Fish Supply, Lesser- 
lncome Food-Deficit Countries, 1961-99 (FAO 2002)

Table 18.2. Summary of Ecosystem Services Provided by Different Marine System Subtypes

Outer Shelves, Seamounts and Deep Sea and
Direct and Indirect Services__________________Inner Shelf____________ Edges, Slopes_________ Mid-ocean Ridges Central Gyres

Food — human ** ** ** **

Food — animal ** **

Fiber, timber, fuel * * *

Medicines, other services *

Biodiversity * * * * *  *

Biological regulation

Nutrient cycling and fertility * * * *

Atmospheric and climate regulation * * *

Human disease control 

Waste processing 

Flood/storm protection
Employment * * * * *  *

Cultural and amenity **

Key: * some importance ** very important

toward coastal areas, and rising incomes that increase demand for 
luxury seafood.

Detailed data on fisheries catches— that is, food provisioning, 
the major ecosystem service considered here— are available since 
1950 for (groups of) species for all FAO areas and maritime coun
tries o f  the w orld. (See www.fao.org for tabular statistics and 
www.seaaroundus.org for spatially disaggregated statistics.) These 
show that catches increased more rapidly than the human popula
tion through the 1950s and 1960s, leading to an increase in avail
able seafood. (See Figure 18.2.) This period also saw the depletion 
o f many local stocks, but this was masked by the global increase 
o f  landings. T he first fisheries collapse w ith  global im pact on 
prices o f fishmeal and its substitutes was the Peruvian anchoveta, 
in 1971/72, which fell from an official catch o f 12 million tons 
annually in the 1972—73 season (in reality, probably 16 million 
tons annually; see Castillo and Mendo 1987) to 2 million tons in 
1973 (Tsukayama and Palomares 1987), ushering in two decades 
o f slow growth and then stagnation in global fish catches. (See 
Figure 18.3.)

18.2 Condition and Trends of Marine Fisheries 
System s_____________________________________

18.2.1 Global Trends

The m id-twentieth century saw the rapid expansion o f  fishing 
fleets throughout the world and an increase in the volume of 
fish landed. These trends continued until the 1989s, w hen global 
marine landings reached slightly over 89 million tons per year; 
then they either stagnated (China included; FAO 2992) or began 
to slowly decline (Watson and Pauly 2991). However, regional 
landings peaked at different times throughout the world, which 
in part masked the decline o f many fisheries.

Indeed, the w orld’s demand for food and animal feed over the 
last 59 years has resulted in such strong fishing pressure that the 
biomass o f some targeted species, such as the larger, higher-valued 
species and those caught incidentally (the "bycatch”), has been 
reduced over m uch o f  the world by a factor o f  19 relative to levels 
prior to the onset o f industrial fishing (Christensen et al. 2993;

http://www.fao.org
http://www.seaaroundus.org
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Figure 18.3. Estimated Global Fish Catches, 1950-2001, by 
Target Group and Biome, with Adjustment for Over-reporting 
from China. Note: bottom graph is the total landings, adjusted and 
not adjusted for China. (Watson and Pauly 2001)

Myers and W orm 2003). In addition, w ith fleets now  targeting 
the more abundant fish at lower trophic levels (see Figure 18.4), 
it w ould  be expected that global catches should be increasing 
rather than stagnating or decreasing, as is actually occurring. In
deed, this by itself indicates the extent that fishing has affected 
marine ecosystems.

Changes in trophic levels o f global and regional catches are 
considered a better reflection o f  trends in fisheries than the pro
portion o f fish stocks that are reported as depleted, overexploited,

fully exploited, and moderately exploited (FAO 2002). The FAO 
analysis lists the status o f  commercially important stocks where 
there is sufficient information. W hile the information presented 
is simple and many people use it to reflect the state o f fisheries 
globally, they have the potential to provide an overoptimistic esti
mate o f  the state o f fisheries. First, the figures presented only con
sider stocks currently exploited and exclude those that were fished 
either to extinction or abandoned over the last 50—loo years. Sec
ond, the reporting is based on over 1,500 stocks, w ith an assessed 
"stock” actually representing species distributed over large 
areas— that is, the aggregate o f many stocks that are at varying 
states o f  exploitation. Moreover, the "stocks” presented do not 
represent the thousands o f stocks that are fished by small-scale 
fishers that are not assessed or included in official statistics. For 
example, there are thousands o f  coral ree f fish stocks that are 
fished by small-scale fishers in areas such as Indonesia and the 
Philippines, w hich are severely overfished but not a part o f the 
FAO global analysis.

Until a few decades ago, depth and distance from coasts pro
tected m uch o f the deep-ocean fauna from the effect o f fishing 
(Figure 18.5). However, fleets now  fish further offshore and in 
deeper water w ith greater precision and efficiency, compromising 
areas that acted as refuges for the spawning o f many species o f 
commercial interest to both  industrial and artisanal fleets (Kulka 
et al. 1995; Pauly et al. 2003). (See Figure 18.6.) Investments in 
the development o f fishing capacity have led to fleets that cover 
the entire world’s oceans, including polar and deep-sea areas and 
the low-productivity central gyres o f the oceans. Trawl catches 
particularly target easily depleted accum ulations o f  long-lived 
species, and the biomass o f large pelagic fish has also plummeted 
(Worm and Myers 2003).

Not only are once inaccessible areas o f the ocean increasingly 
being fished, they are also increasingly exploited for other ecosys
tem services. The marine realm is seen by many as the next fron
tier for econom ic developm ent, especially for gas and oil and 
other energy sources (wind, gas hydrates, and currents), seabed 
m ining (such as polymetallic nodules), bioprospecting, ocean 
dum ping, aquaculture, and carbon sequestration. W orm  et al. 
(2993) have identified pelagic "hotspots” o f biodiversity (see Fig
ure 18.7 in Appendix A), while Bryant et al. (1998) identified key 
coral reef areas. These and other hotspots, which may play a key 
role in supporting ecosystem services such as biodiversity, will be 
negatively affected by these developments unless they are appro
priately managed.

The gas and oil industry is w orth more than $132 billion an
nually, and the potential for further development is considered 
high (M cGinn 1999). C urren t levels o f  developm ent in  the 
deeper ocean environments are low, but future rises in the price 
o f carbon-based fuels could make the extraction o f crude oil and 
gas further offshore financially feasible.

Mining in shallow offshore coastal areas for gold, diamonds, 
and tin is already under way and there is little doubt that the 
technology can be developed for deeper mining for a range o f 
minerals, including manganese nodules, cobalt, and polymetallic 
sulfides, given appropriate economic incentives (Wiltshire 2991). 
It is assumed that institutional constraints in the future may ensure 
that activities in these deep-sea environments are conducted in a 
sustainable way and w ith minimal impact. This raises a number of 
questions regarding the nature and scale o f the impacts on the 
little-known deep-ocean habitats. Mineral extraction may include 
ship- or platform -based processing o f  the extracted product, 
w hich has the potential to pollute the adjacent ecosystems. W hile 
bioprospecting does not have the magnitude o f physical impacts 
that oil and mineral extraction does, there is nevertheless the po-
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V  Trophic Level Change
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Figure 18.4. Trophic Level Change, 1950-2000
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Figure 18.5. Mean Depth of Catch and Mean Distance of Catch from Shore since 1950. Both panels show that fisheries catches 
increasingly originate from deep, offshore areas, especially in the Southern Hemisphere.

tential for overexploitation (see Chapter lo), resulting in impacts 
similar to those described for overfishing.

Ocean biomes are also strongly affected by humans. W hile the 
coastal biom e is heavily affected by coastal development and land- 
based pollution sources (see Chapter 19), the three other biomes 
have been affected by a variety o f actions such as oil spills, over
hunting o f  m arine mammals, seabird mortalities, and ocean 
dumping o f waste. (See Tables 18.3 and 18.4.) For instance, the 
estimated 313,000 containers oflow -interm ediate emission radio
active waste dumped in the Atlantic and Pacific Oceans since the 
1970s pose a significant threat to deep-sea ecosystems should the 
containers leak (Glover and Smith 2003), which seems likely over 
the long term. O ther examples include seabird populations that 
have been seriously affected by fishing and oil pollution, such as 
the estimated 14,000 seabirds killed each year by the Alaskan 
longline groundfish fishery between 1993 and 1997 (Stehn et al.
2001) and the chronic pollution along the coast o f C hubut (Ar
gentina) that has significantly increased M agellanic penguin 
(Spheniscus megellatucus) mortality (Gandini et al. 1994).

Knowledge o f the effects o f persistent organic and inorganic 
pollutants on marine fauna, including reproductive effects, is lim

ited, and we know even less about how  these pollutants interact 
w ith fisheries impacts. Similarly, non-fishery factors and their im
pacts on habitats, primary productivity, and other ecosystem fea
tures are often described in the literature. However, their joint 
and cumulative effect on ecosystems is usually not assessed, lim it
ing comparative analyses. O ther human activities, as well as cli
mate (due to natural variation and anthropogenic sources), 
influence marine systems, b u t their effects cannot usually be 
clearly separated from the impact o f fishing. However, this should 
not detract from the urgent need to implement sustainable fisher
ies practices.

18.2.2 Coastal Boundary Zone Biom e

The coastal boundary zone biome (10.5% o f the world ocean) 
consists o f the continental shelves (0—200 meters) and the adjacent 
slopes— this is, from  the coastlines to the oceanographic front 
usually found along the shelf edges (Longhurst 1998). The 64 
large m arine ecosystems listed in  Sherman and D uda (1999), 
w hich serves as a conceptual framework for an increasing num ber 
o f multisectoral projects, largely match the biogeochemical prov-
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1965

Figure 18.6. Year of Maximum Catch, 1965,1980, and 1995. Solid 
lines Indicate the current year and shading Indicates that the maxi
mum catch has already been reached. (SAUP 2005)

inces o f Longhursti coastal boundary biome and hence are im 
plicitly considered here.

This biome fully includes the coastal systems (0—50 meters) 
covered in Chapter 19, the outer shelves (50—200 meters), and 
most o f the continental slopes (200—1,000 meters). The coastal 
com ponent o f this biome is the first to have been accessed by 
fisheries, and it provides the bulk (53% in 2001; R . Watson, Sea 
A round Us Project, unpublished data) o f  the w orld ’s marine 
fisheries catches. The major processes that lead to ecosystem ser
vices such as food provisioning and biodiversity from this biome 
are described here.

Marine food webs are based largely on primary production by 
microscopic algae, the phytoplankton. This production occurs in 
the lighted, upper layers o f the ocean, especially in the coastal 
zone, and is intensified by processes that lift nutrient-laden water 
from deeper layers. Most o f this production is then either grazed 
by herbivorous Zooplankton (mainly copepods) or falls to the sea 
bottom  in form o f detritus aggregates know n as marine snow,

which is formed o f decomposed phytoplankton and Zooplankton 
as well as the feces o f the Zooplankton attacked by bacteria while 
on the way dow n and consum ed by benthic organisms upon 
reaching the sea floor. Little marine snow reaches the bottom  of 
tropical seas due to, among other things, the higher metabolic 
rates o f bacteria in warm waters. Hence, there is less benthos and 
fewer ground fish to catch in the deeper reaches o f tropical seas 
than in otherwise comparable temperate or polar seas and upwell- 
ing systems. This creates a limit to the expansion o f deep-sea ben
thic fisheries in tropical areas (Longhurst and Pauly 1987).

The coastal boundary biome is the most significant source of 
marine fish landed globally, and it also bears many o f the impacts 
o f fishing on ecosystems and o f other human activities. Most de
pleted stocks are in this biome. In the N orth Atlantic, this has 
resulted in substantial marine biomass declines over the last loo 
years (see Figure 18.8 in Appendix A) as well as the mean trophic 
level o f the catch (see Figure 18.9) over the last 50 years. The 
majority o f  bottom -trawling fleets operate in this zone, affecting 
large areas o f the seabed on a continual basis while catching both 
target and nontarget species. Holmes (1997) suggested that trawl
ing destroyed seabed habitat and this contributed to fish declines 
in heavily trawled areas. A century o f trawling in the N orth Sea 
has reshaped part o f the seabed and changed the structure o f the 
ecosystem (Malakoff 1998). Areas o f the greatest decline in land
ings are in the coastal boundary biome.

Fishing pressure in this biome is not just attributed to exces
sively large industrial fleets but also to small-scale or recreational 
fishers, whose landings have a m inor impact w hen viewed indi
vidually but who collectively can significantly deplete local re
sources, as described later. Coastal habitats such as coral reefs and 
similar biogenic bottom  structures (for example, soft corals and 
sponge beds) are degraded w here destructive fishing m ethods 
such as explosives, poisoning, and trawling are used by small-scale 
fishers (Cesar et al. 2993). Such fishing practices have particular 
impacts on coral reef habitats and the ability o f damaged reefs to 
recover.

Coral reef fisheries are overexploited in many reef systems 
around the world (Christensen and Pauly 2991; Jameson et al.
1998). Although many fisheries have become unsustainable due 
to the scale o f  high-technology improvements to boats and fishing 
gear, even small changes o f  technology can shift the balance 
toward unsustainability. In Pacific Islands, for instance, spearfish- 
ers’ catch o f large humphead wrasse (C he ilinus undulates) used to 
be limited due to their reliance on snorkeling gear. However, 
scuba diving equipment has recently given fishers access to wider 
areas o f reef and let them  use other methods such as cyanide and 
dynamite both day and night, decimating humphead wrasse as 
well as populations o f  other large fish that are sold to the live fish 
market (Birkeland and Friedlander 2992).

The trading o f fish sourced in the coastal boundary biome has 
undermined food security in coastal communities o f the develop
ing world. The demand for fish in local, regional, or international 
markets can, though increased prices, prom ote overfishing when 
dem and from  a luxury m arket largely exceeds the supply and 
fisheries management is ineffective. Eight o f the top 49 food- 
deficient countries are also major fish producers and exporters 
(Kurien 1998). M uch o f the fish from the coastal boundary biome 
is exported to industrial countries, often to service the national 
debt o f developing nations. The export o f captured marine fish 
from developing countries has removed a cheap source o f protein 
from their people in some cases. Senegal, for instance, which is a 
significant exporter o f marine products, also has a protein deficit 
among its rural population because the growth o f export-oriented
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Table 18.3. Summary of Human Disturbances at the Deep-sea Floor, in Pelagic Waters, and on Continental Slopes (Deep-sea floor 

from Glover and Smith 2003)

Knowledge of Estimated Importance In 
Human Use Temporal Scale Impacts/Severlty/Spatlal Scale 2025

Past impacts
Deep-sea floor 
Dumping of oil/gas structures isolated incidents (now banned) good/low/regional low

Radioactive waste disposal 1950s-90s good/low/local low

Lost nuclear reactors 1960s onwards good/low/local low

Dumping of munitions 1945-76 (now banned) poor/low/local low

Pelagic waters and continental slopes 
Dumping of wastes until 1980s (now regulated) low/low/low moderate

Present impacts
Deep-sea floor 
Deep-sea fisheries 1950s onward good/high/regional high (overfished)

Collateral damage by trawling 1950s onward good/high/regional high

Deep-sea oil and gas drilling 1990s onward poor/moderate/basin moderate

Dumping of bycatch causing food falls 1990s onward poor/moderate/basin moderate

Research and bioprospecting at vents 1960s onward good/low/local very low

Underwater noise 1960s onward poor/low?/local probably low for benthos

Pelagic waters and continental slopes 
Fishing until 1950s very limited; steadily good/good/global high (some unsustainable

Transportation — oil spills

increasing, especially since 1960s 

increasing accidental oil spills until good/low/isolated

or highly variable) 

moderate

Transportation — other pollution

1990s; decreasing

despite regulations, still occurring low/low/basin moderate
(oil from bilges, litter, ballast) 

Sewage discharge 1990s good/good/local high

Mining — minerals, gas and oil (slopes only) 1980s onward good/good/local high

Future impacts
Deep-sea floor 
Polymetallic nodule mining 10-20 year time scale poor/very high/regional-basin high

C 02 sequestration 10-30 year time scale poor/very high/local-regional high

Dumping of sewage sludge 5-10 year time scale good/moderate/local-regional moderate

Dumping of dredge spoil 5-10 year time scale poor/low/local moderate

Climate change 50-100 year time scale poor/very high/basin-global low

Manganese crust mining unknown poor/high/local low

Polymetallic sulphide mining unknown poor/high/local low

Methane hydrate extraction unknown poor/moderate/regional low

Pelagic waters and continental slopes 
Dumping of dredge spoils < 5 years good/poor/local high

Aquaculture 5-10 years low/low/local moderate-high

Tourism — mega cruise liners or offshore unknown low/low/low low
structures

fisheries disrupted domestic supplies o f cheap, small pelagic fish 
(UNEP 2002a).

In contemporary literature on fisheries economics, it is ac
cepted that once fisheries cease to be open access (by instituting 
some form o f property rights), they can be managed sustainably 
to ensure the holder o f quotas the maximum discounted eco

nomic rent, which is the highest present value o f the sum o f all 
future flows o f resource rent from a given fishery (Elannesson 
2000; Arnason and Gissurarson 1999). However, many authors 
have challenged this view because whether the stock is managed 
sustainably will also depend on a num ber o f other factors, includ
ing the price-cost ratio o f landing a unit weight o f  fish and the



486 E cosystem s and H u m an  W ell-bein g: C urrent S ta te and Trends

Table 18.4. Summary of Specific Deep-sea Habitats (Based on Baker et al. 2001)

Deep-sea Habitat Current Condition/Threats Potential Threats

Hydrothermal vents 

Seamounts

Deep-sea trenches

Deep-water corals

Polymetallic nodules

Cold seep and pockmarks

Gas hydrates

Submarine canyons

limited disturbances -  currently due to limited research undertaken on vents; low 
number of species but high endemism and high abundance

few of the more than 10,000 seamounts have been studied; high endemism on stud
ied seamounts; some seamounts are heavily exploited for fisheries resources, trawl
ing damages benthic habitats

highly unique “hadai” fauna, much of it associated with soft sediments and holothuri- 
ans; high endemism; supports diverse and abundant bacterial community; no known 
disturbances

limited knowledge, speculation that they are more widespread than currently known; 
high diversity except for fish and mollusks compared with tropical reefs; colonies 
growing on gas and oil platforms; damaged by trawling but spatial extent unknown; 
gas and oil platforms can damage corals

primarily inhabited by hard substrate epifauna with foraminifera dominating by abun
dance and coverage; diverse fauna; limited disturbance resulting from current 
research and feasibility studies

limited knowledge; high endemism; limited disturbances except for Gulf of Mexico 
(trawling and oil exploitation) or areas of research

limited knowledge and disturbance but scientific studies emerging in Gulf of Mexico, 
offshore India, and Japan; important bacterial diversity

high diverse flora and fauna including commercially important species such as lob
sters; important nursery areas for marine species; some areas affected by fishing 
and oil exploitation

high potential for biotechnology, 
mining, energy, and tourism

mining of ferromanganese oxide 
and polymetallic sulfides

research, biotechnology, and 
waste disposal

biotechnology

high for mineral exploration includ
ing spoils disposal, especially if 
prices increase; mining also has 
potential to have an impact on 
pelagic communities

biotechnology and mineral 
exploitation

source of methane gas for energy, 
but potential to exacerbate climate 
change

gas and oil developments
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Figure 18.9. Changes in Trophic Level in North Atlantic and 
Coastal Areas at Less Than 200 Meters Depth, and Total Marine 
Landings, 1950-2000 (SAUP 2005)

discount rate applied to calculate the discounted rent. If  both this 
ratio and the discount rate are very high, it may well be economi
cally rational for the quota holder to deplete the fish stocks. In 
fact, it will be optimal in a strictly economic sense, as doing so 
may provide the maximum economic rent from a resource (Clark 
1973; Heal 1998; Sumaila 2001; Sumaila and Walters 2004). C ur
rent econom ic models for fisheries, including those based on 
property rights, need to better accommodate underlying biologi
cal constraints.

18.2.3 Trade-winds Biom e
The trade-winds biome (covering 38.5% o f the world ocean) lies 
between the northern and southern sub-tropical convergences, 
where a strong water density gradient hinders nutrient recycling 
between deep layers and upper surface layers. The resulting low 
levels o f new  primary production make these zones the marine 
equivalent o f  deserts. Therefore, fisheries in this b iom e rely 
mainly on large pelagic fish, especially tunas, capable o f migrating 
over the long distances that separate isolated food patches. In the 
eastern tropical Pacific, a major portion o f  the tuna purse-seine 
catch results from exploitation o f a close association w ith pelagic 
dolphins, which suffered severe depletion in the 1979s due to 
incidental kills in the tuna purse seines (Gerrodette 2992). Be
tween 1999 and 2999, 1.5 to 3.5 million Northeastern spotted 
dolphins (Stetiella attenuata) were incidentally captured annually in 
tuna seine nets (Archer et al. 2992).

O ne exception to the general low productivity o f the trade- 
winds b iom e is around islands and seamounts, w here physical
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processes such as localized upwelling allow for localized enrich
m ent o f the surface layer. Above seamounts, these processes also 
lead to the retention o f local production and the trapping o f ad
verted plankton, thus turning seamounts into oases characterized 
by endemism and, w hen pristine, high fish biomass.

Exploitation o f  the demersal resources o f seamounts usually 
occurs in the form o f intense trawling pulses, mainly by distant 
water fleets, w hich reduce biomass to extremely low levels, re
duce diversity in the associated pelagic systems, and destroy bio
genic bo ttom  structures and their associated benthic diversity. 
Similar exploitation occurs along ocean ridges, such as in the 
N orth Atlantic and the Central Indian Ocean, where poorly doc
um ented bottom  trawl fisheries developed in the 1990s outside of 
any regulatory regimes.

Overall, the trade-w inds b iom e contributed 15% o f the 
w orld’s marine fisheries catch in 2001. O f  this, 34% consisted of 
large pelagic fish and the rest were largely deep demersal species.

18.2.4 Westerlies Biom e
In the westerlies biome (35.7% o f the w orld’s oceans), seasonal 
differences in the depth o f the mixed layer result from seasonality 
in surface irradiation and w ind stress, inducing strong seasonality 
o f biological processes, including a spring bloom o f phytoplank
ton. The fisheries o f  this biome, mainly targeting tuna and other 
large pelagic species, are similar to those o f  the trade-w inds 
biome.

The westerlies and trade-winds biomes are also inhabited by 
an enorm ous num ber o f  small mesopelagic fish that aggregate 
during the day at depths o f  500—1,000 meters, forming a dense 
layer o f fish and invertebrates, especially squid, and that migrate 
upward every night to feed on Zooplankton at the surface layer 
(vertical migration). T heir aggregate biomass, almost 1 billion 
tons (Gjosaeter and Kawaguchi 1984), has often been described as 
a potential resource enabling further fisheries development. H ow 
ever, mesopelagic fish rarely occur in fishable concentrations, and 
their bodies tend to contain large amounts o f  wax esthers, which 
render their flesh unpalatable to humans.

Overall, the westerlies biome contributed 15% o f the w orld’s 
marine fisheries catch in 2991. O f  these, 9% were large pelagic 
fish w ith the rest consisting o f small pelagic fish (49%), demersal 
fish (23%), and squid (11%). T he marine environm ent in this 
biome is relatively unaffected by human use other than fishing. 
However, the large pelagic fish, such as tuna and shark, are 
strongly exploited.

18.2.5 Polar Biom e
The polar biom e covers only 15% o f the world ocean and ac
counts for 15% o f global marine fish landings. Its vertical density 
structure is determined by low-salinity waters from spring melting 
o f ice. The bulk o f annual primary production occurs in ice-free 
waters during a short intense summer burst. However, primary 
production under lighted ice occurs over longer periods, espe
cially in Antarctica.

The Arctic fisheries along the north coast o f Siberia, Alaska, 
and Canada (FAO Area 18) are poorly documented, and the few 
thousand tons o f landings reported for this area by FAO are likely 
to be underestimates. The Arctic marine system is important for 
the well-being o f  indigenous people living in the area. For in
stance, marine mammals, such as whales and seals, are an im por
tant source o f food and are o f  significant cultural value. However, 
high levels o f persistent organic pollutants in their blubber pose a 
health concern. (See also Chapter 25.) Climate change has the 
potential to have a significant impact on the people o f this area,

since the ice forms a fundam ental part o f  subsistence, shelter, 
travel, safety, and culture in the region. Oil and gas exploitation 
pose another set o f issues for inhabitants o f the Arctic (through 
social changes, for instance) and the ecosystem (through impacts 
on marine mammals, habitat damage or changes, oils spills and 
contamination).

The Antarctic krill, E uphausia  superba, consumes the primary 
production from both open waters and under the ice and then 
serves as a food source for a vast number o f predators, notably 
finfish, birds (including penguins), and marine mammals. As in 
the Arctic, the marine mammal populations o f Antarctica were 
largely decimated before the middle o f the twentieth Century. 
T here is also a relatively small direct fishery for krill (about 
159,999 tons per year) in Antarctica, which may expand if  krill 
proves a suitable feed for salmon or other forms o f  farming.

T he developm ent o f  fisheries in the southern polar biom e 
demonstrates the fragility o f fish stocks, marine mammals, and 
seabirds in terms o f the impacts o f  exploitation by humans in just 
over 39 years. The distant water fleet o f the former Soviet U nion 
began exploiting this biome in the mid-1969s w hen ships began 
to deplete stocks o f  Marbled notothenia (N oto th en ia  rossii), Mack
erel icefish (C ham psocephalus gun n a ri), and Gray notothenia (L ep i
d ono to then  squam ifrons) in different areas o f  the South Indian, 
South Atlantic, and South Pacific Oceans. (See Figure 18.19.) In 
all these areas, the same catch trends emerged: w ithin a few years 
o f opening fisheries, catches would peak and then rapidly decline 
to a small fraction o f their original biomass. This operating mode 
o f distant water fleets, including those o f Russia, Chile, Argen
tina, France, and the United Kingdom, continued until the begin
ning o f the 1999s.

The formation o f the Commission for the Conservation of 
Antarctic Marine hiving Resources in 1982 brought the first con
servation measures for stocks o f  Marbled notothenia (in 1985). 
O ther stocks remained unmanaged until the 1999s, w hen dra-
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Figure 18.10. Growth of Fishing for Icefish and Toothfish in the 
Southern Polar Biome, 1900 to Present (Sabourenkov and Miller 
2004; Kock 1991, 2001)
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matie declines in stocks o f Mackerel icefish at South Georgia and 
Kerguelen were recognized. Assessment, management, and con
trol o f the fisheries became m uch more stringent (Constable et 
al. 2000), and Mackerel icefish around South Georgia recovered 
sufficiently to allow limited commercial catches from the mid- 
1990s onw ard (CCA M LR 2002). However, Kerguelen stocks 
have remained at a very low level (Duhamel and Claudei 2002).

In the second half o f the 1980s, the Soviet U nion developed 
a longline fishery on Patagonian toothfish Dissostichus eleginoides 
(Kock 1991, 1992). T he same declining catch trend for these 
long-lived, slow-growing species emerged for the stock around 
the Prince Edward Islands, which was reduced to very low levels 
w ithin a few seasons. As a side effect, a large numbers o f seabirds 
(such as albatrosses) became hooked on lines during the process 
o f setting and hauling (Kock 2001). The situation became more 
aggravated w hen longline fishing was extended to virtually all 
grounds in the northern part o f the southern polar biome from 
1996/97 onward, and concern over the sustainability o f stocks 
grew. Nevertheless, illegal, unregulated, and unreported fishing 
on the highly prized Patagonian toothfish increased dramatically 
from 1997 onward, and it is estimated that 80—90% o f the current 
catch is taken illegally (CAM LR 2002).

W hile it was possible to reduce IU U  fishing around South 
Georgia to low levels, fishing pressure by IU U  vessels remained 
high on other fishing grounds, notably in the Southern ocean, in 
FAO Area 58, despite considerable efforts by France and Australia 
to improve surveillance around the territories under their control. 
Commission members are working in closer cooperation w ith 
countries to assist w ith the apprehension o f  IU U  vessels (as, for 
example, in the Viarsa incident; see www.intrafish.com).

New fisheries are still being developed in the southern polar 
biome despite the lessons learned about the vulnerability o f  the 
local fish (including the Patagonian toothfish) to high levels o f 
exploitation. Thus, New Zealand started an exploratory fishery 
on Antarctic toothfish (Dissostichus mawsoni) in the Ross Sea in 
the 1998/99 season (CCA M FR 2002) and has increased catches 
every year since.

18.2.6 Marine Biodiversity

18.2 .6 .1  G lobal Trends

This section provides a brief overview o f marine biodiversity in 
the context o f fishing. Chapter 4 gives a broader view o f marine 
biodiversity trends.

Assessing the biodiversity o f the oceans has not been com
pleted, both in general terms and w ith respect to specific system 
types, such as rocky grounds on continental slopes (Carlton et al. 
1999). The factors influencing species distributions and patterns 
o f species richness are only just emerging for widespread habitats 
such as soft sediments (MacPherson 2002; Gray 2002). Similarly, 
methods for measuring diversity and its patterns are evolving rap
idly, so that in the future, if  such methods are put into practice 
and applied in research and m onitoring activities, our understand
ing o f the condition and trends o f marine biodiversity will im 
prove significantly (Price 2002; MacPherson 2002; Warwick and 
Clarke 2001; Warwick and Turk 2002).

Information on commercially important or threatened species 
required for management purposes is quite limited. New non-fish 
species are frequently discovered and described in association w ith 
fisheries surveys or, more recently, environmental impact assess
ments. However, recent initiatives, such as the Census o f  Marine 
Fife, are increasing the rate at w hich new  knowledge on marine 
life is becoming available, although understanding o f most taxa 
other than fish is very limited and reflects a failure to seek any

systematic understanding o f fisheries systems. For some groups 
important in fisheries catches, notably finfish and cephalopods, 
online databases that provide information on all species described 
so far do exist (see w ww.fishbase.org and w w w .cephbase.org). 
Also, a fair understanding o f the factors influencing the distribu
tion (depth, temperature, and so on) and population dynamics of 
major commercial species is available.

It is w idely assumed that m arine fish and invertebrates are 
somewhat less susceptible to extinction than most other marine 
as well as terrestrial and freshwater organisms. However, recent 
advances in methodology allowed studies that have questioned 
this assumption (Dulvey et al. 2003; Hutchings 2000). Although 
few marine species are known to have become globally extinct in 
the last century, there are numerous instances o f  extirpations of 
marine fish species— for example, the European sturgeon (A ci
penser sturio) in the N orth Sea and the Green wrasse (Anampses 
viridis) in Mauritius.

R ecen t analyses suggest that m arine extinctions may have 
been underestimated because o f low  detection abilities and a gen
erally poor understanding o f the conservation status o f species that 
live in the marine realm (Dulvey et al. 2003; Carlton et al. 1999). 
Moreover, given that a major cause o f declines or local extinctions 
in marine populations is overexploitation and that exploitation is 
rapidly increasing in scope and volume, there is a real likelihood 
that extirpations will increase (Dulvey et al. 2003). O ther factors 
such as environmental degradation and climate change, alone or 
in combination w ith exploitation, can also play a role in local 
extinctions. As the first step toward global extinction, extirpations 
(local extinctions) cannot be dismissed as unimportant or irrele
vant to a species’ status and have significant impacts on the provi
sion o f ecosystem services. (See Chapters 4 and 11.)

The now  rapidly fading notion that marine fish and inverte
brates are inherently more resilient to impacts on their popula
tions than other wildlife was based on a num ber o f unfounded 
assumptions about their biology, particularly in the case o f species 
that release large numbers o f  eggs into the open water. The key 
assumption was that high fecundity combined w ith a seemingly 
high dispersal capacity o f  the eggs or larvae, high recruitm ent 
variability, and wide-ranging distributions minimizes the risk of 
extirpations or extinctions even under heavy fishery exploitation. 
However, scientific support for this assumption is lacking or poor. 
Indeed, there is now  an emerging consensus that marine fish are 
no more resilient to extirpations or extinctions than any other 
wildlife species o f similar size (Roberts and Hawkins 1999; H ut
chings 2000; Sadovy 2001).

1 8 .2 .6 .2  Ecosystem and H abita t D iversity

The num ber o f species present and their relative abundance is an 
important aspect o f biodiversity and is threatened in marine sys
tems. Overfishing and destructive fishing methods have an impact 
on marine ecosystems by changing community structure and al
tering trophic and other interactions between ecosystem com po
nents and by directly modifying habitats, notably w hen trawlers 
erode biogenic bottom  structures (Pandolfi et al. 2003). By re
moving important components o f the ecosystem, such as algal 
feeding fish in coral reef systems, overfishing results in altered 
ecological states that may be impossible to restore to former con
ditions. (See Chapter 19.)

A num ber o f generalities can be drawn from the literature 
on biodiversity. O ne is that biological production declines with 
increasing “trophic level” (the num ber o f feeding levels that or
ganisms are removed from phytoplankton and other primary pro
ducers; see C hapter 8 for an explanation o f  the trophic level

http://www.intrafish.com
http://www.fishbase.org
http://www.cephbase.org
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concept). In fisheries, most catches occur at around trophic level 
3, which consists o f small fish (such as sardines and herrings) feed
ing on herbivorous Zooplankton (zooplanktivorous fish), and 
around trophic level 4, which consists o f fish that prey on the 
zooplanktivorous fish (such as cods and tunas). Many fish, how 
ever, have intermediate trophic levels, as they tend to feed on a 
wide range o f food items, often feeding on Zooplankton as juve
niles and other fish w hen adults. (See www.fishbase.org for diet 
composition data and trophic level estimates on thousands o f fish 
species and the corresponding references.)

Biomass energy is transferred up the food web, w ith transfer 
efficiencies between trophic levels ranging, in marine ecosystems, 
from about 5% to 20%, w ith 10% a widely accepted mean. Thus 
the productivity o f  the large, high trophic—level fish that are tradi
tionally targeted will always be lower than that o f lower trophic- 
level fish. This has led to suggestions that fisheries yields should 
be increased by deliberately “ fishing dow n the food chain” 
(Sprague and Arnold 1972)— that is, by exploiting species located 
at lower trophic levels more intensively. But this is already occur
ring throughout the w orld’s oceans as a result o f the decline in 
catches o f the large, slow-growing high trophic—level fish, which 
are gradually being replaced, in global landings, by smaller, 
shorter-lived fish, at lower trophic levels (Pauly et al. 1998). U n
fortunately, fishing down marine food webs does not necessarily 
lead to increased catches (see earlier Figures 18.3 and 18.9). In
deed, globally both  the landings and their mean trophic levels are 
currently falling under the pressure o f fisheries (Pauly et al. 1998; 
Watson and Pauly 2001); what seems to be increasing worldwide 
is the abundance o f  jellyfish, w hich are increasingly exploited 
throughout the world and exported to East Asia.

The deep ocean bottom  contains some o f the least explored 
areas o f the world, w ith only 0.0001% o f the deep seabed subject 
to biological investigations thus far (W W F/IU C N , 2001; Gray 
2002). Nevertheless, studies have revealed a w ealth o f  diverse 
habitats in the deep sea, which include seamounts, cold-water 
coral reefs, hydrotherm al vents, deep-sea trenches, submarine 
canyons, cold seeps and pockmarks, and gas hydrates and poly
metallic nodules. O f  those, seamount ecosystems and cold-water 
coral reef communities are particularly threatened by high-impact 
fishing m ethods, such as bo ttom  trawling (Thiel and Koslow 
2001; Freiwald et al. 2004).

Scientific exploration o f seamounts is minimal, w ith only ap
proximately 300 o f them  sampled biologically, out o f  what is be
lieved to be tens o f thousands worldwide (ICES, 2003; see also 
seamounts.sdsc.edu). As m entioned previously, seamounts in 
crease the biological productivity  o f  waters surrounding them . 
The tops and upper flanks o f seamounts also tend to be biological 
hotspots, w ith potentially high species diversity and endemism. 
Marine mammals, sharks, tuna, and cephalopods all congregate 
over seamounts to feed, and even seabirds have been shown to 
be more abundant. Suspension feeders, such as corals, dominate 
seam ount benthic fauna. Seamounts may also act as “ stepping 
stones” for transoceanic species dispersal (W W F/IU C N , 2001).

O ur knowledge o f cold-water coral diversity is also limited, 
and new  reefs are still being discovered. For example, the largest 
know n cold-w ater reef—35 kilom eters long and 3 kilom eters 
w ide— was discovered off the N orw egian coast in June 2002 
(Freiwald et al. 2004). There are few quantitative studies o f fauna 
associated w ith cold-water corals, but it is known that they pro
vide habitat for high diversity o f associated species. More than 800 
species have been recorded in the Lophelia pertusa reefs in the 
northeast Atlantic, and 3,000 species o f fish and mollusks have 
been identified on deepwater reefs in the Indo-W est Pacific re
gion (W W F/IU C N , 2001).

The biggest threat to deep-sea coral reefs comes from trawling 
activities. W W F (2002) suggest that 30—50% o f the deep-water 
corals along the Norwegian coast have already been lost due to 
bottom  trawling, marine pollution, and oil and gas exploration.

Inconsistent and opportunistic sampling in deep and isolated 
areas, where cold waters and deep-sea corals are located, hampers 
efforts to study these habitats, and it is likely that global assess
ments will underestimate the biodiversity o f these areas. M ore is 
known about local habitats and local extinctions in warm waters, 
such as the loss o f  the sawfish (Pristis pectinata) in M auritania 
(UNEP 2002b) and the Chinese bahaba (Bahaba taipingensis) in 
Flong Kong (Sadovy and Cheung 2003).

18 .2 .6 .3  Species D iversity

T he low ered biomass and fragm ented habitats resulting from 
overexploitation o f marine resources is likely to lead to numerous 
extinctions, especially among large, long-lived, late-maturing spe
cies (Sadovy and Cheung 2003; Sadovy et al. 2003a; Denney et 
al. 2002).

Fishing is thus one o f the major direct anthropogenic forces 
that has an impact on the structure, function, and biodiversity 
o f the oceans today. Climate change will also have impacts on 
biodiversity through changes in marine species distributions and 
abundances. In the coastal biome, other factors, including water 
quality, pollution, river and estuarine inputs, have large impacts 
on coastal and marine systems. (See Chapter 19.) Flistorical over
fishing and other disturbances have caused dramatic decreases in 
the abundance o f large predatory species, resulting in structural 
and functional changes in coastal and marine ecosystems and the 
collapse o f  many marine ecosystems (Jackson et al. 2001).

O ne well-documented example is that o f the historic fishing 
grounds ranging from New England to Newfoundland and Fabra- 
dor, which once supported immense cod fisheries but w hich have 
now  been almost completely replaced by fisheries targeting inver
tebrates, the former prey o f these fish (providing a classic example 
o f fishing down marine food webs). The system that once sup
ported cod has almost completely disappeared, fueling fears that 
this species will not rebuild its local populations, even though 
fishing pressure has been much reduced (Hutchings and Ferguson 
2000; Hutchings 2004; Filly et al. 2000). However, some col
lapsed stocks have been able to recover once fishing pressure is 
removed: the N orth Sea herring fishery collapsed due to over
harvest in the late 1970s but recovered after a four-year closure 
(Bjorndal 1988). O n a m uch smaller scale, but nevertheless w ide
spread throughout the tropics, coral reef areas have been degraded 
by a combination o f overfishing, pollution, and climate variabil
ity. (See Chapter 19.)

18 .2 .6 .4  Genetic D iversity

An im portant com ponent o f  biodiversity is genetic diversity 
(FSBI 2004). Even for those marine groups that are taxonomically 
well documented, relatively little is know n about the subdivision 
o f species into populations w ith distinct genetic (and sometimes 
morphological) features, which are o f evolutionary importance 
and o f potential human use. Fack o f knowledge about appropriate 
conservation units can lead to inadvertent overexploitation o f 
distinct populations and to their extirpations (Taylor 1997; Taylor 
and Dizon 1999); where recovery is possible, it may take decades 
or centuries, as in the case o f some populations o f  large species 
o f whale (Clapham et al. 1999). In some cases, genetic diversity 
may be irretrievably lost due to a “bottleneck” effect caused by 
overexploitation, as w ith the northern elephant seal (Mirounga an
gustirostris) population, w hich was nearly exterminated by early
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commercial sealing (Bonnell and Selander 1974; Stewart et al. 
1994).

18.3 Drivers of Change in Marine Fisheries 
System s_____________________________________
T here are two direct drivers and several indirect drivers o f 
changes in marine ecosystems. The climate, due to its natural vari
ability and increasingly because o f  greenhouse gas emissions, 
drives a number o f changes affecting marine ecosystems, while 
government policy primarily drives change through the effect on 
investment in fisheries, w ith direct drivers such as overfishing re
sulting from government subsidies. Economic factors, including 
an increase in demand reflected in an increase in price and food 
preferences, also affect fisheries, w ith  population grow th ex
acerbating most o f these.

18.3.1 Climate Change

Climate change is a direct driver in marine systems (McLean et al. 
2991) and its potential impacts are described later, in the section 
on choices and trade-offs. Changing wind patterns and sea tem 
peratures have an impact on various oceanographic processes, in
cluding upwellings (for example, Benguela) and surface currents 
(as in the G ulf Stream) (McLean and Tsyban 2991). (See also 
Chapters 12 and 13.) These currents may slow down, shift spa
tially or disappear altogether, resulting in changes in population 
abundance and distribution for many marine species.

There may be local extirpations, but global extinctions in the 
oceans are unlikely to result from climate change alone. Recent 
results from monitoring sea temperatures in the N orth Atlantic 
suggest that the G ulf Stream may be slowing down and affecting 
abundance and seasonality o f plankton that are food for larval fish 
(Richardson and Schoeman 2994). Declining larval fish popula
tions and ultimately lower adult stocks o f fish will affect the ability 
o f overexploited stocks to recover (Beaugrand et al. 2993).

Climate-induced changes in their physical characteristics (such 
as currents and circulation patterns) and their chemical character
istics (such as nutrient availability) will affect marine ecosystems 
directly. These impacts include sea surface temperature—induced 
shifts in the spatial distribution o f some species and compositional 
changes in biodiversity, particularly at high latitudes. A poleward 
shift o f  marine production due mainly to a longer growing season 
at high latitudes is anticipated. W hile a complete shutdown o f the 
N orth Atlantic circulation is unlikely, it cannot be ruled out, even 
in the foreseeable future (IPCC 2993).

A poleward shift o f marine production due mainly to a longer 
growing season at high latitudes is anticipated (IPCC 2993). R e
cent findings show that warming in the Northern Hemisphere 
will cause a northern shift o f distribution limits for various species 
through improved growth and fecundity in the north and lower 
growth or even extinctions in the south o f this range. Such shifts 
may seriously affect fishing activities in the N orth Sea (Portner et 
al. 2991) and other productive areas o f the w orld’s oceans. How 
ever, current knowledge o f the impacts o f  climate change in ma
rine ecosystems is still poor, and literature on the subject is scarce.

Current scenarios o f  global climate change include projections 
o f increased upwelling and consequent cooling in temperate and 
sub-tropical upwelling zones. Such cooling could disrupt trophic 
relationships and favor less com plex com m unity structures in 
these areas (Aronson and Blake 2991; Barret 2993). Marine export 
production may be reduced (estimated at —6%), although re
gional changes may be either negative or positive (from — 15%

zonal average in the tropics to +  19% in the southern polar 
biome) (Bopp et al. 2991).

18.3.2 Subsidies

There are two forms o f subsidies: direct financial support in in
dustrial countries (price supports, for instance) and indirect sup
port, notably in the form  o f  open access policies that allow 
resource rents to be spent on excess capacity. The latter happens 
w hen the surplus o f funds from a fishery after all costs have been 
paid are spent on purchasing additional capacity.

financial subsidies are considered to be one o f the most sig
nificant drivers o f overfishing and thus indirect drivers o f change 
in marine ecosystems. In most cases, government subsidies have 
resulted in an initial increase o f overall effort (number o f fishers 
and size o f fleet), which translates into increased fishing pressure 
and overexploitation o f a num ber o f species. W hile it appears that 
the num ber o f fishing vessels (see Ligure 18.11) and fishers stabi
lized in the late 1999s, other subsidies, e.g. cheap fuel subsidies, 
can keep fleets operating even w hen fish are scarce. W ithout such 
subsidies, many o f these fisheries would cease to be economically 
viable (Munro and Sumaila 2992).

Subsidies also play a role in fisheries expansion. Globally, the 
provision o f subsidies to the fisheries industry has been variously 
quantified at $29 billion to over $59 billion annually, the latter 
roughly equivalent to the landed value o f  the catch (Christy 
1997). M ore conservative estimates are provided by Milazzo 
(1998) and by an O EC D  (2000) study, recently reanalyzed and 
scaled to the N orth Atlantic by M unro and Sumaila (2002). The 
latter suggested an annual subsidy o f $2.5 billion for a part o f the 
world ocean that contributes about one sixth o f the world catch.

The subsidies given to fisheries vary between countries and 
range from unem ployment benefits in Canada to tax exemption 
in the United States and payment o f fees to gain access to foreign 
fishing grounds by the European U nion (Kaczynski and Eluharty
2002). For instance, in 1997 Canada provided over $198 million 
in unem ployment benefits to its fishing sector; the United States 
gave $66 million in tax exemptions, and the European U nion 
provided subsidies o f  $155 million to obtain access to other coun
tries fishing grounds. Each o f these have the effect o f either reduc
ing the cost o f  fishing or increasing the net revenues fishers 
obtain, and hence they lead to more fishing than would have been 
the case w ithout the subsidies.

Over half the subsidies in the N orth Atlantic have negative 
effects on fleet development (Munro and Sumaila 2992). This, 
perhaps surprisingly, includes decommissioning subsidies, which
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have been shown under most circumstances to have the effect o f 
helping to modernize fleets, thereby bringing about an increase in 
their catching powers.

18.3.3 Dem and and Fish Prices
Overfishing drives ecosystem change, including changes in bio
diversity, as described earlier. The growing demand and corre
spondingly increase in  prices has contributed to overfishing. 
Marine products are in demand as a luxury food as well as for 
subsistence in many coastal communities, and as feed for aquacul
ture and livestock. It is the relatively high prices for these products 
combined w ith subsidies (plus the use o f coastal systems as disposal 
sites for their waste products) that makes aquaculture a feasible 
industry.

It has been reported that bluefin tuna ( T im m in s  th yn n u s) have 
sold on the Tokyo market for as much as 20 million yen for a 
single fish (Japan Times 2001). O ther fishery products such as eel 
larvae (A n g u illa  spp) and large prawns are also extrem ely high 
priced com modities. Such very high prices generate extrem e 
pressures for overexploitation that are sometimes nearly impossi
ble to counter through local management measures. As such items 
become increasingly scarce, they increasingly assume the status of 
luxury foods. The result is that increasing scarcity, rather than 
causing a relaxation o f pressure on the remaining remnants o f the 
resource populations, may act to increase the incentives to harvest 
the remaining individuals. For example, the Chinese bahaba (B a
haba taipingensis) is highly sought after for its swimbladders used 
in traditional medicine. Consequently, this fish— which fetches 
$20,000-64,000 per kilogram (see Figure 18.12)— has been ex
ploited to critically low levels (Sadovy Cheung 2003).

18.3.4 Shifting Food Preferences and Consumption
It could be argued that human population growth and the result
ing need for inexpensive food have been driving fisheries expan
sion. However, human population growth did not drive excess 
fleet capacity from N orthern Europe and Japan into the southern 
oceans. H um an population growth did not stimulate people in 
countries not accustomed to eating fish to shift toward a heavy 
consumption o f seafood, as seen in China where income growth 
and urbanization has fueled fish consum ption (Delgado et al.
2003). In industrial countries, such as the United States, fish is no 
longer a cheap source o f protein compared w ith other sources. 
The price o f  fish has increased in real terms while the price o f red 
meat has lost half its value over the last 20 years (Delgado et al.
1999).

Factors driving overfishing other than hum an population 
growth are also at work. O ne o f these is increase in incomes and
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therefore fish consumption in various countries that previously 
did not appear in international markets, such as China (Ahmed et 
al. 1999). Another factor is the consumption o f fish prom oted as 
part o f a "healthy” diet and changing food preferences in many 
industrial countries.

18.3.5 Technological Change
Historically, the global expansion o f fisheries has been driven by 
successive waves o f technological innovation, m uch o f  it devel
oped for naval warfare following the Industrial Revolution, two 
W orld Wars, and the cold war. These innovations included the 
invention o f steam and diesel engines, the onboard manufacturing 
o f ice, and blast freezing, all o f which expanded the range o f in
dustrial fishing vessels. This expansion was followed by the incor
poration o f an enormous array o f electronic devices facilitating 
fish detection, including radar and acoustic fish finders on fishing 
vessels, culminating in the introduction o f GPS technology and 
detailed seabed mapping at the end o f the cold war. These tech
nologies, while improving the safety o f people working at sea, 
also allowed fishers to aim for specific places w ith high fish abun
dances, places that once w ere protected by the depths and vastness 
o f the oceans.

18.3.6 Illegal Fishing
The profits o f fisheries that choose to operate outside o f national 
and international laws and conventions can be very high. In some 
areas there is a lack o f surveillance, enforcement, and monitoring 
due to high operational costs. In other areas corruption and cheat
ing are tolerated due to the economic conditions or social obliga
tions w ithin a country. Managers recognize illegal, unreported, 
and unregulated fishing as a global problem, and recent initiatives, 
such as FAO’s International Plan o f Action, will help formulate 
strategies to deal w ith the problem. Regional fishery management 
organizations, such as the International Commission for the C on
servation o f Atlantic Tunas, are dealing w ith nonmembers and 
members who do not comply with management measures through 
the use o f economic sanctions. "Name and shame” strategies are 
being used by N GOs to force companies and governments to 
comply w ith international management measures (for example, 
the Coalition o f  Legal Toothfish Operators, see w ww.colto.org/ 
vessels.htm).

Large-scale cheating in some fisheries that were supposedly 
regulated internationally has led to extreme depletion o f some 
living marine resources. An especially egregious example is the 
misreporting o f Soviet whale catches to the International Whaling 
Commission (Brownell and Yablokov 2992). Between 1947 and 
1972, some 99,999 m ore whales w ere taken in  the Southern 
Hemisphere than was reported, including more than 3,999 en
dangered southern right whales that were supposedly fully pro
tected at the time. Similar violations occurred in the N orth Pacific 
and Indian Oceans, and it was only w ith the introduction o f inter
national on-board observers that these practices ceased. It is now 
widely agreed that independent surveillance is an essential part o f 
any fishery management and enforcement plan.

18.3.7 Globalization
Fish represent the fastest-growing food commodity entering in
ternational trade (Preston 1997). Accordingly, fish and fish prod
ucts are an extrem ely valuable source o f  foreign exchange to 
many countries, in some cases providing as m uch as half o f their 
total available foreign exchange income. For example, in Guinea- 
Bissau fishing agreements w ith the E U  finance more than 45% of 
the governm ent’s annual fisheries operations budget, though this

http://www.colto.org/
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country only receives a very small fraction o f the value (<10%) of 
the fish taken by European fleets (Kaczynski and Fluharty 2002).

Stocks o f  bluefin and other large tuna species around the 
world are being strained by fishing pressure driven by the ex
tremely high prices such fish fetch in the Japanese luxury fish 
markets. Traditional local fish foods are, in many cases, no longer 
available to local consumers due to their inability to match the 
prices available by shipping the products elsewhere. An example 
is Senegal, w here exports have disrupted local supplies o f  fish 
(UNEP 2002a). Consequently, highly nutritious fish foods pro
duced in poorer regions o f the world are increasingly being eaten 
by more economically advantaged populations in distant areas of 
N orth America, Europe, and East Asia. O f  particular concern is 
the East and Southeast Asian market for shark fins that is threaten
ing many shark species around the world, which are already under 
pressure from being a significant part o f the bycatch o f many pe
lagic fisheries.

O ne benefit o f globalization is the improved quality o f fish, 
because most importing countries demand that exporting facilities 
m eet Flazard Analysis and Critical Control Point standards, which 
require exporting countries to follow safe food processing and 
handling standards. The associated benefits have been mainly to 
industrial countries, however. In developing countries, benefits 
have been limited to companies that can afford the required in
vestment (Atta-Mills et al. 2004) or to the few local fishers able 
to participate in “boutique” fisheries for live fish, seahorses, and 
aquarium fish, which are low  volume but a high-price export 
product (Erdmann and Pet-Soede 1996; Tomey 1997; Sadovy 
and Vincent 2002; Alder and Watson in press).

Export fisheries have also influenced the aquaculture industry, 
especially for salmon and shrimp, w hich are bred to m eet the 
demand from industrial countries for luxury high-value seafood. 
For example, salmon (much o f it farmed) was the leading fish 
export commodity o f the EU  in 1998 (Smith and Taal 2001). 
C ountries such as Thailand that are the leading producers o f 
shrimp (much o f it from aquaculture) are often the leading ex
porters.

Increasing exports have contributed to the expansion o f fish
ing fleets (facilitated by subsidies) leading to overcapacity and 
overexploitation as seen in the development o f the pollock industry 
in the 1980s in Alaska (St Clair 1997). Depending on the fishery, 
this can lead to habitat destruction through trawling and biodiver
sity loss through, for example, turtles caught in shrimp trawls, 
albatross and sharks caught by longlines, and other bycatch in var
ious fisheries (Haii et al. 2000).

Globalization clearly has the benefit o f supplying foreign ex
change to developing countries and potentially  decreasing na
tional debt. B ut this benefit has been at the cost o f  domestic 
supplies o f fish resources, resulting in increasing domestic prices; 
in India, for example, the cost o f fish has increased faster than 
the cost-of-living index and other meats (Kurien 1998) and has 
decreased food security.

18.3.8 Other Drivers

Habitat changes in coastal systems are a major driver o f fisheries 
declines. (See Chapter 19.) O ther factors o f lesser apparent im por
tance are invasive species, pollution, and disease. Hum an impacts, 
especially exploitation, are increasing. Moreover, persistent and 
widespread misconceptions about the ability o f marine fish popu
lations to withstand and recover from fishing continue to under
m ine initiatives to address the roo t causes o f  these problems 
(Roberts and Hawkins 1999; Hutchings 2004). Habitat loss or 
damage is caused by a range o f fishing practices (from bottom

trawling to the use o f dynamite), by pollution, or possibly by 
global warming, as in the case o f extensive bleaching o f coral 
reefs. Even well-intended attempts to remediate declines in fish
eries through stocking can be problematic as hatchery operations 
have an impact on the genetic structure o f wild stocks.

Two additional processes have effects similar to subsidies. One 
is the rapid increase in the demand for fish, reflected in increased 
prices o f fish products, w hich in the last 50 years have increased 
three to four times faster than the consumer price index (Dela- 
gado and Courbois 1999). The other is the low price o f fuel, 
w hich keeps num erous, otherw ise bankrupt fisheries afloat in 
many countries. M oreover, due to the decline in stock abun
dance, the catch and edible protein per am ount o f  fuel burned 
has decreased over time (Tydeniers 2004). Indeed, fisheries are 
probably the only sector o f the economy that has decreasing fuel 
efficiency (compared with, say, trucking, aviation, or manufactur
ing). Obviously, this growing dependence o f the fishing industry 
on cheap fuel makes it highly vulnerable to fuel price increases, 
as well as to implementation o f the Kyoto protocol or similar 
agreements that would tax industries for their energy intensity 
(Pauly et al. 2003).

18.4 Choices, Trade-offs, and Synergies within 
the System___________________________________
Marine systems are still considered a new  frontier for develop
m ent by some people (M cNutt 2002), and therefore a num ber of 
choices and trade-offs over fisheries will need to be made in the 
future. History has shown that once humans exhaust resources on 
land they look to the sea for alternatives. In repeating history, 
coastal environm ents are becom ing degraded (for loss o f  coral 
reefs, see C hapter 19) and biodiversity is declining, beginning 
w ith the loss o f large predators at high trophic levels (Pauly et al. 
1998; Myers and W orm 2003). N ow  areas deeper and further 
offshore are increasingly exploited for fisheries and other re
sources such as oil and gas.

Marine fish resources often have value and benefits beyond 
that o f food security. Some species are o f considerable cultural 
importance (salmon are an important part o f aboriginal culture in 
the Northeast Pacific, for instance), while others generate sub
stantial income from tourism (especially dive tourism) and recre
ation (R udd and T upper 2002). Yet others may be im portant 
keystone species w ithin their community, w ith a loss even at local 
levels cascading throughout the ecosystem. (See C hapter 11.) 
These trade-offs need to be considered w hen allocating resource 
access. Nevertheless, there are some uses o f marine systems that 
have minimal impacts and that can be developed in tandem w ith 
other uses such as tourism, well-managed recreational fisheries, 
and bioprospecting. (See Table 18.5.)

18.4.1 Environmental Impacts o f  Capture Fishing 
versus Other Uses

Contrary to the coastal systems, where many uses are mutually 
incompatible, few other economic activities in the marine realm 
directly preclude fishing. In fact, the major problem for fishers is 
other fishers. Thus, for example, by modifying habitats, trawlers 
affect the yield o f other fishers w ho do not use such destructive 
gear.

Three different classes o f multiple uses and synergies can be 
identified:
•  relationships between fisheries and other sectors, such as aqua

culture and coastal development;
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Table 18.5. Trade-offs and Synergies in Marine Ecosystems

Extraction Conservation Aquaculture Other
Mining, Gas

Bioprospecting and Oil Tourism Biodiversity Growout Farm Shipping
m inor trade-o ffs few tra de-o ffs  as m ajor trade-o ffs m ajor and varied  tra de  m inor trade-o ffs m ajor tra de-o ffs  espe few tra de 
if th e  levels of seen except in since  people offs, if destructive  fish  s ince  argum ent Is c ia lly  if gene tic  d ilu tion offs or
b iop rospecting the Im m edia te en joy seeing ing such as traw ling tha t fish w ou ld  have takes  p lace o r d iseases synerg ies
not excess ive v ic in ity; som e gas w ild life , especia lly takes  place, then food been caught anyw ay in troduced; w h ile  It may
and fish ing  sus and oil facilities div ing, and lobby provis ion ing  Is traded and the re fo re  just p rovide m ore h igh -qua li
ta inab le— how ev have provided for the ir pro tec o ff aga inst biodiversity, ensu res  the eco  ty  fish It does not neces
er, if aquacu ltu re refuges for fish tion  (e.g., sea  fo rgoing b iod ive rsity nom ic va lue  is rea l sa rily  provide sam e total
has gene tic s tocks and th e re  horses), but can over a range of ized, but th is  could fish tonnage ; can reduce
im pact then the fore a hedge have socia l con  ecosys tem s w hereas affect fishe ries  s ince th e  price o f w ild  capture
s to ry  changes; aga inst overex sequences if not long lln lng forgoes It takes away the fish, m aking fishing
th e  need for b io  p loita tion m anaged prope r seab ird  biod iversity; po ten tia l for w ild - financ ia lly  d ifficu lt; in
log ica lly  active ly; may protect few synerg ies  but cap tu re  fisheries; deve lop ing countries,
p roducts may som e species if could provide a niche po ss ib ility  to  Improve often expo rt-o rien ted
fo rce m anagers they  are valued for new  spec ies  that coas ta l com m un ities and th e re fo re  risks the
to  im prove the by th e  tourism are bioactive or econom ica lly  s ince food secu rity  o f the
m anagem ent of industry spec ies  to  move Into th ey  do not have to coun try ; poss ib ility  o f
explo ited fish  th e  niche spend so much tim e m ain ta in ing  som e
eries fish ing spec ies  tha t are at risk 

o f overexp lo ita tion

few trade-o ffs few trade-o ffs  if few tra de -o ffs  (see m inor trade-o ffs m ajor tra de-o ffs  If gene t few tra de 
except in the th e  b iop rospec t tou rism ); s trong syne r un less aquacu ltu re ic d ilu tion  occu rs  as well offs or
im m edia te  v ic in ity ing is done w ith gism  s ince m ain ta in ing in troduces d iseases as th e  in troduction of synerg ies
un less areas of m inim al im pact or b iod ive rs ity  w ill m a in tha t th rea ten  the d iseases; if p roduced on
m inera l, gas, and sm all footprin t; ta in  b ioactiv ity popu la tions  o f b ioac la rge scale, could th re a t
oil exp lo ita tion strong synerg ism tive  spec ies; farm s en th e  live lihood of
also conta in in th a t th e  bio could be used to sm a ll-sca le  co llectors;
organ ism s of high prospecting could grow  out b io log ica lly p rovides th e  facilities  for
b ioactivity, then form  the basis of ac tive  species m ass production
tra de-o ffs  are ecotourlsm
needed; may p ro 
v ide  refuges, as
noted above (continues over)

Fishing

B io
prospecting

•  relationships between fisheries and top predators or charis
matic fauna (marine mammals, seabirds, turtles); and

•  competition w ithin the fisheries sector.
Generally, fisheries do not appear to be affected to a large 

extent by other extractive activities, such as oil or seabed mining, 
at least relative to the wide impact o f the fisheries themselves.

The issue o f competition w ith humans does not arise w ith 
marine turtles, which along w ith marine mammals and seabirds 
are key indicator species for problems and changes in the marine 
environment. (See Chapter 19 for more on marine wildlife.)

It has been proposed that marine mammals directly or indi
rectly compete w ith fisheries (commercial and artisanal) for re
sources targeted by fisheries. This perceived competition has been 
used to justify annual sustainable harvests o f marine mammals dur
ing the last decade (Lavigne 2002) and also to justify the resump
tion o f  whaling in many international fora (Holt 2004). Though 
competition may occur at small local scales, this issue warrants 
m uch further investigation. A recent analysis o f global trophic 
overlap betw een m arine mammals and fisheries indicated that 
there is limited competition in the Northern Hemisphere on a 
large scale, while competition between the two is low  in most 
o ther areas o f  the w orld (Kaschner 2004; Kaschner and Pauly
2004). Moreover, the analysis suggested that, overall, fisheries are 
more likely to adversely affect marine mammal species, particu
larly those w ith restricted ranges, than vice versa (Kaschner 2004).

Examples o f  marine mammals adversely affecting humans do 
exist. However, such impacts are far less severe and mostly fisheries-

related, such as w hen killer whales take fish from the catch of 
longline fisheries in Alaska. Reducing the competition between 
higher vertebrates and fisheries is likely to involve both  techno
logical changes in the way fishing gears are deployed and the cre
ation o f suitably large marine reserves (as described later).

The third group o f interactions occurs between fishers and 
fleets. Essentially, these interactions are shaped by the fact that 
each fisher looks for exclusive access to the resource. In fact, the 
technological improvements that characterize m odern fisheries, 
and that enable access to resources deeper and further offshore, 
are a response to competition between fishers. This competition, 
w hich drives the technological development o f fisheries, has over 
time eliminated the refuges, such as depth and distance offshore, 
that naturally protected fisheries resources (Pauly et al. 2002).

The case study in Box 18.1 documents an example o f how 
European U nion  subsidies for technological developm ent and 
fleet im provem ents gave M editerranean trawlers access to fish 
populations in previously out-of-reach areas o f the deep sea.

A significant proportion o f world fish stocks and catches is 
overexploited or depleted (Watson and Pauly 2001; FAO 2002) 
and the marine habitats that many o f the w orld’s fish stocks rely 
on at some stage o f  their life cycle are being degraded. (See Chap
ter 19.) The combination o f overfishing and degradation or con
version o f habitats, which contribute to the loss o f biodiversity 
and food provisioning, occurs almost everywhere. In developing 
countries this is aggravated by export-driven fisheries that overex
ploit their resource base and that divert food away from the do-
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Table 18.5. continued

Extraction Conservation Aquaculture

Bioprospecting
Mining, Gas and 
Oil Tourism Biodiversity Growout Farm

Other

Shipping
Mining, Gas 
and Oil

m a jor trade-o ffs  
s ince  m ost tou ris ts  
seek ing  natura l 
experience , not 
high In fras truc tu re  
and poss ib le  po llu 
tion; onshore  
in fras truc tu re  could 
fa c ilita te  o ffsh ore  
to u rism  (e.g., NW  
of W. Australia )

m a jor local im pacts  if 
spill takes  place, m inor if 
foo tp rin t sm all and po llu 
tion  con ta ined; platform  
provides a  n iche for new 
spec ies  or spec ies  to 
move Into th e  area

m ajor tra de -o ffs—  
w h ile  th e  risk  o f spills  
on th e  fa rm s is low, if 
it does happen, fin an 
c ia l and ecolog ica l 
im pacts  ex trem ely  
high, the re fo re  ge ne r
a lly  th ey  do not coex
ist; poss ib ly  onshore  
in fras truc tu re  syne r
g ies

see grow out few tra d e 
o ffs  or s yn 
erg ies

Tourism m inor trade-o ffs , tourism  
can have an Im pact on 
b iod ive rs ity  at th e  local 
sca le  from  overfish ing , 
co llecting , etc. (e.g., Red 
S ea overfish ing  to  meet 
res tau ran t trade); 
tou rism  provides an 
incentive  to  m a in ta in  b io 
d ive rs ity  s ince  tha t Is 
one of th e  a ttrac tions  to  
th e  a rea

th e  o ffsh ore  In fras
tru c tu re  and th e  con 
cept o f penned fish 
may not appeal to  
m any tou ris ts ; the  
associa ted  pollu tion 
w ith  aquacu ltu re  facili
ties  as w ell as w ith 
tou rism  facilities  (e.g., 
hum an d iseases In 
she llfish ); lim ited

see grow out

B iod ivers ity tra de -o ff In te rm s  o f the 
In troduction  o f d iseases 
in to w ild  popu la tions; a lte r
a tions  to  popu la tion  s tru c 
tu re; loca lized habita t 
changes; dec lin ing  food 
sup p ly  for o ther species 
th a t consum e sm all pe lag- 
ics/krill; poss ib ly  m a in te 
nance of spec ies  at risk

genetic  
d ilu tion ; 
sam e as 
grow out

mestic market. (See Figure 18.13.) As a result, the fishing sector 
has declined as a source o f employment in many industrial coun
tries.

18.4.1.1 Food and Protein

O verfishing affects hum an w ell-being th rough declining food 
availability in the long term, since fewer fish are available for con
sumption and the price offish increases (Alder and Sumaila 2004). 
Due to declines in coastal habitats, fishers are forced to go further 
offshore and for longer periods o f time, resulting in reduced food 
security (Alder and Christanty 1998). In Canada, the collapse of 
the cod fishery resulted in severe unem ploym ent (see Figure 
18.14), compounded by restrictions on subsistence fishing (Neis 
et al. 2000).

W hile fish is a healthy, luxury food in high demand by the 
industrial world, it is still a significant and cheap source o f protein 
for many countries in the developing world. However, per capita 
consumption o f fish in the latter is much lower than in the indus
trial world. (See Figure 18.15.) Therefore declines in the avail
ability o f cheap fish protein either through overfishing, habitat 
changes, or shifting trade practices contribute to reduced food 
security in countries such as Ghana, Senegal, and Chile (Atta- 
Mills et al. 2004; Alder and Sumaila 2004).

The developing world produces just over 50% o f the value of 
fish that is traded globally, and m uch o f the fish caught in the

developing world is exported to industrial countries (FAO 2002). 
Fishing to m eet export demands should, theoretically, provide 
funds to allow the im port o f cheaper fish and protein products, 
reduce the government debt, and supply cheap protein to the 
local population. However, the benefits to developing countries 
from trade in fish will not be realized if  the funds generated are 
not reinvested in the economy. That this is not always the case 
may contribute to the fact that some o f the major fish-exporting 
countries are also the least developed. (See Table 18.6.)

The industrial world, in particular the United States, the EU, 
and Japan, have been able to buffer against declines in fish avail
ability and increases in prices because they have been able to pur
chase or otherwise get access to high-quality fish. Indeed, the 
per capita consumption o f fish by industrial countries was 21.7 
kilograms in 1997, compared w ith 9.2 kilograms in the develop
ing world (excluding China, although if China is included, the 
per capita consumption for the developing world rises to 14 kilo
grams due to China’s massive consumption o f locally produced 
farmed freshwater fish) (Delgado et al 2003).

18.4.1.2 Livelihoods

Fisheries and fish products provide direct employment to nearly 
27 million people (FAO 2002). Globally, the bulk o f people em
ployed in fisheries are poor, and many are w ithout alternative
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BOX 18.1

Subsidy-driven Removal of a Natural Reserve

The Mediterranean Sea has a long history of fisheries exploitation with 
a variety of gears. Yet the landings of many species, including highly 
valued demersals, have increased in the last decades (Anonymous 
2002; Fiorentini et al. 1997). A large part of the landings consist of the 
juvenile of demersal species (Stergiou et al. 1997; Lleonart 1999; Lloret 
et al. 2001), such as hake, Merluccius merluccius—one of the six most 
important species, in terms of both landings and landed value, in the 
Mediterranean Sea (Fiorentini et al. 1997). Hake landings rose from 
about 5,000 tons in the late 1940s in the eastern and western Mediter
ranean to about 15,000 and 40,000 tons in the mid-1990s in two areas 
of the Mediterranean (Fiorentini et al. 1997).

The increase in landings is not only the result of increasing fishing 
mortality (that is, increasing effort and technological developments), 
but also due to recent development of new fisheries and expansion of 
fishing grounds (mainly by fishing in deep waters). Increasing landings 
are also related to the increase in phytoplankton production due to 
eutrophication of Mediterranean waters (e.g., Caddy et al. 1995; 
Fiorentini et al. 1997; Tserpes and Peristeraki 2002). For some demer
sal species, increasing landings might have been mitigated by the fact 
that a large part of the spawning population was not available to fishing 
gears because of:

•  life history—with the onset of maturation, many demersal fish 
species (e.g., M. merluccius (Abello et al. 1997), Pagrus pagrus 
(Labropoulou et al. 1999), and Pagellus erythrinus (Somarakis 
and Machias 2002)) migrate to deep bottom areas that were not 
accessible to trawlers—and

•  the geomorphology of the Mediterranean Sea deep areas pro
vides natural refuges (low-take zones), allowing mature individu
als to contribute to recruitment and stock size maintenance 
(Caddy 1990,1993,1998; Abella et al. 1997).

In the last several years, however, the modernization of trawlers and 
small-scale vessels, driven mainly by EU subsidies, allowed fishing to 
expand in deeper waters and to operate during harsh weather condi
tions. As a result, deepwater fisheries, practiced for instance with bot
tom or vertical longlines, were developed, heavily exploiting the large 
mature hake as well as of other species (e.g., Pagellus bogaraveo). 
Given the absence of appropriate management procedures (Lleonert 
1999; Stergiou et al. 1997), this will lead to recruitment overfishing and 
the fisheries will eventually collapse, adding another data point to the 
records on the negative effect of subsidies.

sources o f w ork and sustenance. In addition, fish and fishing are 
enormously important to the cultural life o f many coastal com 
munities, and often define the "quality o f life” o f  people w ith a 
cultural tradition o f  harvesting the sea (Johannes 1981).

The global consequences o f exploiting marine resources are 
numerous and significant. Overcapacity in the global fleet implies 
that both labor and physical capital are wasted (Mace 1997) and 
could be used more beneficially in other sectors o f the economy, 
w here they are m ost needed. T he huge deficits detract from 
human well-being in sectors such as education and health care. 
The Com m on Fisheries Policy o f the European Community, for 
example, allows for vessels to be decommissioned to reduce effort 
in some countries while simultaneously subsidizing others to in
crease their fishing capacity (Alder and Fugten 2993).

1 8 .4 .1 .3  H a b ita ts

Some coastal habitats have been converted to other uses, such as 
mangroves for coastal aquaculture ponds or cage culture o f high
valued species such as penaeid shrimp, salmon, or tuna. This con
version can affect wild-capture fisheries, which use these coastal 
habitats for part o f their life cycle. It also has sometimes caused 
displacement o f fishers, loss o f revenues, and social unrest. Coastal 
residents often no longer have access to cheap protein or sources 
o f income. (See Figure 18.16) In addition growing juvenile fish 
taken from wild populations, in the case o f tuna, in pens or cages 
can also be a significant source o f pollution for the area in which 
they are located.

Area closures and the halt o f  destructive fishing have im 
proved fisheries, especially in coral reefs (Roberts et al. 2992). 
Overall, however, overfishing and habitat destruction continue 
throughout the world (Jackson et al. 2991; Jennings et al. 2991).

Ultimately, overfishing has a significant impact on most ma
rine systems. Habitat degradation due to pollution, infrastructure 
development, and so on contributes to the further degradation of 
the ecosystem and declining hum an w ell-being (mercury and 
PCBs in Baltic Sea fish, for example) or impedes recovery o f the 
marine or coastal system (as w hen the conversion o f  mangroves 
affects important nursery habitat for some species offish). Consid
ering the serious nature o f  many non-fisheries impacts, attention 
should be given to addressing these impacts and w ithin the con
text o f integrated coastal management. (See Chapter 15 o f the 
MA Policy Respotises volume).

Offshore areas, especially the deep sea, vents, and seamounts, 
are at risk o f being exploited beyond recovery. It is difficult to say 
how  m uch direct impact the crossing o f such thresholds will have 
on human well-being. Nevertheless, it will ultimately affect eco
system services. The lack o f good information on these systems, 
past experiences regarding the impact o f fishing, and lack o f good 
international management frameworks add to the uncertainty of 
the impacts on these systems.

Climate change, El N iño/Southern Oscillation, and hydro- 
logical conditions will have a significant impact on some marine 
habitats, especially coastal areas (Chapter 19) and in polar marine 
and coastal systems (Chapter 25) (Chavez et al. 1999). Climate 
change will affect marine systems but may not have as severe an 
impact on open-ocean and deep-water systems (McFean et al. 
2991).

1 8 .4 .1 .4  N a tio n a l E conom ies and Foreign E xchange

Many areas where overfishing is a concern are also low-incom e, 
food-deficit countries. For example, the exclusive econom ic 
zones o f Mauritania, Senegal, Gambia, Guinea Bissau, and Sierra 
Feone in West Africa all accommodate large distant water fleets, 
w hich catch significant quantities o f fish. (See Figure 18.17 in 
Appendix A.) M uch o f it is exported or shipped directly to E u
rope, while compensation for access is often low  compared with 
the value o f the product landed. These countries do not necessar
ily benefit through increased fish supplies or increased govern
m ent revenue w hen foreign distant w ater fleets access their 
waters. In some countries, such as Côte d’Ivoire, the landings of 
distant water fleets can lower the price o f fish, which affects local 
small-scale fishers.

Although Ecuador, China, India, Indonesia, and the Philip
pines, for example, do not provide access to large distant water 
fleets, these low-incom e, food-deficit countries are major export
ers o f high-value fish products such as shrimp and demersal fish. 
As shown in the West African example, several countries in the 
region export high-value fish, which should provide a significant
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Figure 18.13. Trend in Imports and Exports from Fisheries in Western Africa, 1960s to 1990s. All graphs are In million tons. Dashed 
lines are Imports and solid lines are exports. (Alder and Sumaila 2004)
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Country/Area Export Value Country/Area Export Value

Thailand
(billion dollars) 

4.4 Australia
(billion dollars) 

1.0

China 3.7 Morocco 1.0

Norway 3.6 Japan 0.8

United States 3.1 Argentina 0.7

Canada 2.8 Mexico 0.7

Denmark 2.8 New Zealand 0.7

Chile 1.8 Ecuador 0.6

Taiwan 1.8 Sweden 0.5

Spain 1.6 Belgium 0.5

Indonesia 1.6 Singapore 0.5

South Korea 1.5 Faeroe Islands 0.4

Viet Nam 1.5 Philippines 0.4

India 1.4 Italy 0.4

Russian Federation 1.4 Ireland 0.3

Netherlands 1.4 Bangladesh 0.3

United Kingdom 1.3 Portugal 0.3

Iceland 1.2 South Africa 0.3

Peru 1.1 Panama 0.3

Germany 1.1 Greenland 0.3

France 1.1 Senegal 0.3

Figure 18.15. Trend in Per Capita Fish Consumption, 1973-97
(Delgado et al. 2003)

national economic gain so that cheaper forms o f protein can be 
imported. In countries such as Ghana, however, the value o f ex
ports is often less than the value o f imported fish, and the volume 
o f  im ported fish does no t m eet the domestic dem and for fish 
(Atta-Mills et al 2004).

Fish products are heavily traded, and exports from developing 
countries and the Southern Hemisphere presently offset m uch of 
the demand shortfall in European, N orth American, and N orth
east Asian markets (Ahmed et al. 1999). Given the global extent o f 
overfishing, however, it is likely that the global decline in marine 
fisheries landings, which already affects the poorer consumers in 
developing countries, will also catch up w ith consumers in indus
trial countries (Garcia and N ew ton 1997).

18.4.2 Unintentional Trade-ofFs
There are many unintended consequences o f policies. However, 
it is w orth noting that the economics o f  natural resources, includ
ing fisheries, usually only consider m arket forces and no t the 
underlying biological constraints or environmental costs. For ex
ample, building an access road to a fishing village w ith the inten
tion o f connecting it to various cultural, social, and economic 
amenities (markets) has been shown in many cases to lead to mas
sive increase in fishing effort and a collapse o f local resources, the 
exploitation o f which was previously regulated by the absorptive 
capacity o f the local market.
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Figure 18.16. Available Fish-Based Protein of Selected Lesser- 
lncome Food-Deficit Countries, by Decade since 1960 (FAO 2003)

Fish aggregating devices, which are large floating structures, 
are constructed and use materials so that fish, especially pelagic 
fish, are attracted to them. They were seen as a cost-effective 
means to increase fish catches w ithout affecting other aspects o f 
the marine ecosystem or juvenile tuna stocks. However, m onitor
ing o f  catches by these devices has shown that juvenile tunas are 
also attracted, which may, by increasing the effort on tuna juve
niles and other "by-catch” species, have an impact on tuna stocks. 
Indeed, the mean size o f caught fish is diminishing in both yel- 
lowfin tuna (T. albacares) and bigeye tuna (T. obesus) (Bromhead 
et al. 2003).

Perverse incentives in fisheries are well studied by economists. 
They include size limits for landed fish, which encourage under-
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sized bycatch to be discarded at sea, and decommissioning 
schemes that lead to fleet m odernization and “ technology 
stuffing.” Alder and Lugten (2002) discuss this in the context o f 
the E U  Com m on Fisheries Policy.

18.5 Choices, Trade-offs, and Synergies with 
Other System s________________________________
The ocean is the ultimate receptacle for discharges from the land 
and coast. W hile land use has significant and frequently obvious 
impacts on terrestrial and coastal systems, impacts on deeper ma
rine systems are not as evident. Flowever, indirect impacts such as 
air pollution deposition and water pollution are being detected in 
marine systems (such as the POPs found in high Arctic marine 
mammals). Marine systems play an important role in climate regu
lation, the water cycle, and coastal processes, especially in the re
cycling o f  nutrients. El N iño events highlight the widespread 
geographic and ecosystem impact o f perturbations o f marine sys
tems on pelagic fish stocks, coastal areas, and land systems.

18.5.1 Climate Change
Climate change is affecting the global distribution o f heating and 
cooling o f the ocean surface, which is a major factor in determin
ing the large-scale patterns o f ocean current flow and will have an 
impact on the marine ecosystem, including fisheries, in a number 
o f ways (Mclean and Tsyban 2001).

M ost m arine fish and many other marine organisms have 
complex life cycles, featuring at least one planktonic early life 
stage. Consequently, reproductive habits and behaviors may be 
specifically adapted to current conditions, w hich will transport 
passively drifting larvae to appropriate nursery grounds. Bakun 
(1996) has shown that for the Brazilian sardine (Sardinella brasilien
sis), enrichment o f nearshore waters, the presence o f a retention 
mechanism, and concentration o f small fish in nearshore waters 
must all occur at the right place and time for successful recruit
ment. Climate change, acting through changes in sea temperature 
and especially wind patterns, will disturb and displace fisheries. 
Disruptions in current flow patterns in marine and estuarine sys
tems, including changes to freshwater inputs as predicted under 
climate change, may cause great variations in reproductive success 
(Welch et al. 1998; Francis and Mantua 2003).

Research in the Northeast Pacific indicates that alternating cli
mate “regimes” can affect marine ecosystem structure. Haigh et 
al. (2001) coupled a planktonic ecosystem m odel to a general 
ocean circulation model for the Pacific O cean (18° S to the 
Bering Strait) to study the 1976 “ regim e shift.” T he results 
showed clear geographical patterns in primary production and sig
nificant changes in the levels o f primary production and standing 
stocks o f phytoplankton and Zooplankton before and after 1976. 
This implies that fish and other marine species will establish new 
geographic distributions as they seek new  areas w ith the optimal 
temperature and food supplies. For example, it can be expected 
that N orth Pacific cold temperate species will move northward 
and will be replaced, along the coast o f  British Colum bia, by 
warm temperate species (Welch et al. 1998). A similar set o f re
placements has been occurring in the last two decades in Europe, 
notably herring and pilchards in the Bay o f Biscay, the English 
Channel, and the N orth Sea.

The capacity o f fish species to adapt rapidly in reaction to such 
environmental changes is not clear at the present time. There are 
some hypothetical mechanisms available that might conceivably 
facilitate quite rapid adaptive adjustments (e.g., Bakun 2001). 
However, these adjustments imply high populations (biomass) ca

pable o f producing numerous and varied offspring, some o f which 
will be adapted to the newly opened niches. Also, oceanographic 
conditions may be changing too rapidly. Given the low  biomasses 
for most exploited stocks, the prospect o f rapid environmental 
change is doubly problematic for marine fisheries and marine bio
diversity preservation.

Finally, it should be noted that the changes in physical features 
predicted by various global and regional simulation models under 
likely C 0 2 emission scenarios fall well outside the param eter 
range so far observed under natural marine regimes (IPCC 2003).

18.5.2 Interactions with Coastal Systems

O ne o f  the m ajor interactions betw een m arine fisheries and 
coastal systems is through the life history o f the large num ber of 
marine species that use coastal areas, especially estuaries, m an
groves, and seagrasses, as nurseries. (See C hapter 19.) Thus, 
coastal habitat modifications and coastal pollution, as well as in
shore fishing, can adversely affect offshore fisheries by reducing 
the supply o f recruits to the offshore adult stocks. The scale o f this 
problem  varies betw een continents, however. For example, a 
large fraction o f the fish species occurring along the continental 
shelf o f eastern N orth America produce juveniles that are depen
dent on estuarine habitats, while fish along the coasts o f western 
Australia, northwestern Africa, or southwestern South America 
appear to depend less on coastal systems.

The presence o f juveniles in coastal systems and o f adults fur
ther offshore means that small-scale inshore and industrial offshore 
fisheries effectively compete for the same resources, even though 
they are apparently geographically separated.

18.5.3 Interactions with Island Systems

Small islands throughout the Pacific, Indian, and Atlantic Oceans 
have coastal and shelf areas whose physical and biological features 
differ from those typical o f the biogeochemical province in which 
the islands are located. In many cases, these islands, whose near
shore fisheries have often reduced the limited coastal resources, 
are attem pting to get access to pelagic offshore resources (see 
Chapter 23) (Petersen 2003). This has led to a new  set o f conflicts 
between island states and industrial countries w ith distant water 
fleets.

From the perspective o f island states, the oceanic resource—  
even in its present depressed state— far exceeds the coastal fish 
population they initially relied on. The U nited Nations Conven
tion on the Law o f the Sea and various other treaties discussed 
later in this chapter have begun to provide mechanisms to address 
some o f these issues o f perception and equity.

18.6 User Rights and Protection Status of Marine 
Ecosystem s__________________________________
Marine systems are often described as “commons” (for everyone’s 
use) and their overexploitation as a tragedy (Hardin 1976). W hile 
this may hold true for the open ocean, complex property rights 
exist in many coastal areas. The property rights in question can be 
traditional (aboriginal), historical or local, and commercial (that 
is, the government sells the right to gain access to resources). The 
boundaries betw een these rights are frequently unclear and in 
some cases generate conflicts.

Some o f the major groups o f fishers involved in exploiting 
marine resources are described briefly in this section, along w ith 
major issues, outlooks, and prospects.
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The introduction o f U N C LO S and other jurisdictional re
strictions has had minimal impact on countries or companies that 
can afford to “buy” access to fishing grounds. O ther countries 
find themselves having to fish further offshore or purchase cheap, 
low-quality fish. This situation is clearly demonstrated in West 
Africa, w here Europe has extended its fishing grounds from 
Northwest Africa to the whole o f the West coast. Countries such 
as Nigeria and Ghana have seen a reduction in their traditional 
fishing grounds, intensification o f  small-scale fishing in coastal 
waters since they can not afford to gain access to foreign EEZs, 
and increases in imports o f cheap, low-quality fish (Atta-Mills et 
al. 2004).

The term “aboriginal” refers to the descendents o f the original 
inhabitants o f countries whose population now  largely consists o f 
recent immigrants (such as in the Americas, Australia, and New 
Zealand). Aboriginal peoples are often marginalized, especially 
w ith regard to access to natural resources. In some areas, their 
existence is not even legally recognized. O ther areas recognize 
aboriginal rights based on the original occupancy o f the territory. 
Such rights are now  recognized in Canada’s Constitution and Su
preme C ourt decisions, for instance (Haggan and Brown 2002). 
Similar rights were granted to New Zealand Maoris, who now 
ow n one third o f  the country’s fishing quotas. Examples o f ab
original groups w ith strong fishing traditions are the First Nations 
along the Pacific coast o f  Canada and the U nited  States, the 
Maoris o f New Zealand, and the Torres Strait Islanders o f N orth
ern Australia. In some situations, their rights can be a source of 
conflict w ith non-aboriginal fishers, whose behaviors and activi
ties are governed by additional or different laws and regulations 
(Tomlinson 2003).

Aboriginal fishing methods tend to be used only in the coastal 
zone, but their impact can extend m uch farther, as the target spe
cies often have broad offshore distributions. Aboriginal fisheries 
are often subsistence fisheries, though not necessarily so. Indeed, 
the term “subsistence fisheries” is frequently a misnomer, since 
m uch o f w hat is caught by subsistence fisheries is actually sold. 
True subsistence fisheries w ithout subsequent sale o f  harvested 
products are now  rare (an example is shellfish gathering in Kwa
zulu Natal, South Africa; see Branch et al. 2002).

Small-scale or artisanal fishers exist both in industrial and de
veloping countries, and consequently their definition varies. 
Flowever, competition between small-scale and large-scale fish
eries is a com m on issue in all countries. Com petition can be either 
direct (such as fixed gears versus trawlers targeting shrimps in 
tropical waters, as described in the next section) or indirect (such 
as coastal traps versus trawlers targeting different age classes o f the 
same cod stock off Newfoundland). There is also competition for 
political and financial support as well as markets. The resulting 
conflicts, often couched as “ equity” issues and aggravated by 
large-scale fleets, have tended to paralyze regulatory agencies in 
bo th  industrial and developing countries. C om m unity-based 
property rights may be one way o f dealing w ith this issue, as seen 
in  the Philippines, w here local com m unities have jurisdiction 
over inshore waters w ithin 15 kilometers o f the coast (Rolden 
and Sievert 1993). However, synergies can also emerge w ith new 
markets, infrastructure improvements (processing and transport), 
and technology transfers occurring. Figure 18.18 illustrates the 
respective role and impacts o f small-scale versus large-scale fish
eries in one case study.

In most o f the industrial world, such as the European U nion 
and United States, the large-scale sector receives the bulk o f gov
ernm ent subsidies. Consequently, the econom ic efficiency o f 
these fisheries is questionable. A nother characteristic o f large-scale 
fleets is that once local waters are depleted, they lead the expan

sion further abroad, often requesting subsidies to gain access to 
the resources o f other countries, as w ith EU  fleets off West Africa 
(Kaczynski and Fluharty 2002). However, the industrial fishing 
sector is declining as a source o f employment in the industrial 
world. EU  member countries and Japan, for example, are finding 
it difficult to recruit young workers into the industry and are 
turning to developing countries in Africa and Asia to crew their 
vessels (FAO 2002; Morales 1993).

Recreational fishing was considered relatively benign until re
cently, mainly because information about its impact has been lim
ited. FAO’s first estimate o f global recreational catches was put at 
only 0.5 million tons (Coates 1995), but recent estimates o f over 
1 million tons are probably more accurate (Coleman et al. 2004). 
Indeed, recent studies in British Columbia have shown that for 
inshore fisheries, the catch from the recreational sector can exceed 
the commercial sector (Forrest 2002). Recreational fishing is an 
important economic activity in some countries; in the United 
States it is w orth approximately $21 billion a year; in Canada, 
$5.2 billion a year (Department o f Fisheries and Oceans 2003); 
and in Australia, $1.3 billion a year (Henry and Lyle 2003). Al
though recreational fisheries often prom ote catch and release 
practices, the mortality associated w ith these practices is not well 
known and may be high (Wilde and Pope 2003).

There are major conflicts between commercial fishers, espe
cially small-scale or artisanal ones, and recreational rod-and-line 
and underwater spear fishers in many countries (in Portugal, for 
instance). Large numbers o f so-called recreational fishers in fact 
fish for a living and are not licensed or regulated in any way. In 
southern Europe, there is evidence that spear fishing has had a 
significant im pact on inshore fish com m unities (to depths o f 
30—40 meters), with a decrease in abundance and mean size of many 
species, such as groupers and large sea breams. In addition, pres
sure on fish populations may have contributed to the disappear
ance of some small-scale fishing gear (such as small-hook longlines) 
due to the decline in catch rates and profitability (K. Erzini, U ni- 
versidade do Algarve, personal communication 2004).

Marine tourism is a growing industry, principally in the ma
rine wildlife tours sector. Similarly, coral reef tourism  has in 
creased in visitation levels and value, w ith a current net present 
value estimated at $9 billion (Cesar et al. 2004). The Great Barrier 
R eef attracts 1.6 million visitors each year and generates over $1 
billion annually in direct revenue (Harriott 2002).

18.6.1 Com petition between User Groups—Equity 
and Access Rights

Given the involvement o f a num ber o f user groups, management 
o f fisheries and marine natural resource allocation requires the 
consideration o f rights and equity among stakeholders. There is a 
strong tendency among fisheries economists to view individual 
transferable quotas and another form o f “rights-based fishing” as 
the solution to mismanagement o f fisheries (Hannesson 2000; Ar- 
nason and Gissurarson 1999). Others argue that the citizens of 
each country in question are the implicit owners o f coastal and 
shelf fishery resources and that exploiting these resources can only 
be granted as a privilege for w hich payment is due, for example, 
through annual auctions (Macinko and Bromley 2002). The solu
tion to these access and equity issues lies w ithin the sociopolitical 
situation o f each country rather than w ithin the realm o f science.

Shallow waters o f  tropical continental-shelf ecosystems are 
characterized by relatively high fish densities and the presence of 
high-value species, such as penaeid shrimps (Longhurst and Pauly 
1987). The incursion o f  trawlers, which target shrimps for export, 
into shallow shelf ecosystems (10—100 meters) w here artisanal
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Figure 18.18. Comparison of Small-scale and Large-scale Sub-sectors in Norwegian Fisheries, 1998. Schematic illustration of the 
duality of fisheries prevailing in most countries of the world. This largely reflects the misplaced priorities of fisheries “development” but also 
offers opportunity for reducing fishing mortality on depleted resources while maintaining social benefits. The solution here Is to reduce mainly
the large-scale fisheries. (David Thompson In Alverson et al. 1994)

fisheries operate results in open competition between the two 
fisheries for the same resource (Pauly 1997).

Catching and discarding undersized fish is another source of 
conflict between the two fisheries. Shrimp trawl fisheries, particu
larly for tropical species, have been found to generate more dis
cards than any other fishery type w hile accounting for small 
fraction o f  global m arine fish landings (Kelleher 2004). Since

many discarded species are o f  com mercial value to small-scale 
fisheries, bitter conflicts between the two fisheries often ensue, 
leading to conflicts between fishers using different gear and politi
cal infighting over resource allocation and bycatch removal quotas 
(Alverson et al. 1994; Kelleher 2004; Pauly 1997).

Artisanal and industrial fisheries also experience conflicts in 
markets where they use the same inputs such as fuel and gear or
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they catch the same or similar species o f fish (Panayotou 1982). 
Industrial fisheries may bid up the prices o f  fishing inputs or their 
massive landings may depress fish prices, making small-scale fish
ers increasingly uncompetitive. Industrial fisheries have access to 
low-interest institutional credit and loans and government subsid
ies, whereas small-scale fishers usually only have access to informal 
credit at interest rates many times higher than the institutional 
rates (Panayotou 1982).

Institutional support is often skewed in favor o f the large-scale 
fishers because o f their apparently higher efficiency and greater 
contribution  to econom ic growth; their use o f  fewer landing 
areas, which allows economies o f scale in the provision o f infra
structure and the delivery o f assistance programs; their political 
and economic power; and a general bias in favor o f  large-scale 
fisheries under an open-access regime. In contrast, small-scale 
fishers are geographically dispersed and lack political and eco
nomic power and hence do not generally benefit from institu
tional support (Bennett et al. 2001).

Several m anagem ent interventions and conflict m itigation 
processes can minimize conflicts. These range from outright ban
ning o f certain gears— as occurred in western Indonesia in 1980, 
for example, w hen  traw ling was banned (Sardjono 1980)— to 
clarifying property rights and gear and area restrictions. In some 
cases, the role and recognition o f  traditional and local ecological 
know ledge are increasing as m anagem ent responsibilities are 
transferred to local communities and stakeholders. For example, 
traditional and local knowledge is used to manage a bait fishery in 
the Solom on Islands (Johannes et al. 2000). P rotection o f  the 
rights o f  small-scale fishers is also recognized explicitly in the 
Convention on Biological Diversity decision V II/5  and the FAO 
Code o f  Conduct for Responsible Fisheries.

18.6.2 Effectiveness o f  International Instruments in 
Managing Shared Stocks

W hile there are more than 100 fisheries access agreements (multi
lateral and bilateral) currently used to manage access to marine 
resources, few are monitored or evaluated for their effectiveness, 
equitable access, and sharing o f economic benefits. The European 
U nion has initiated a m onitoring program for the E U ’s Com m on 
Fisheries Policy, and other regional fisheries bodies are consider
ing monitoring programs, but none have been developed to date 
(FAO 2001a).

A recent study o f international fisheries instruments for the 
N orth Atlantic suggested that global and regional treaties covering 
the area are o f limited effectiveness; the treaties themselves are not 
found to be weak, but many governments appear unwilling to act 
on com m itm ents made under them  (Alder and Lugten 2002). 
The study showed that the 14 relevant instruments have a strong 
N orth-South gradient o f decreasing implementation, as measured 
by adherence to reporting requirements, issuance o f reports, and 
other formal requirements. O n  the other hand, there was no such 
gradient in the state o f the stocks, and it could therefore be argued 
that these instrum ents are o f  lim ited effectiveness even w hen 
completely implemented. Consequently, reinforcing international 
agreements and ensuring they are implemented is likely to con
tribute significantly to solutions to the present problem o f over
fishing. This will require that these bodies free themselves from 
the influence (dominant participation) o f the very industry they 
are intended to regulate, as docum ented in a detailed study o f the 
U.S. Fisheries Management Councils (Okey 2003).

Various legal instruments, such as the Marine Mammal P ro
tection Act in the United States, explicitly require protection of 
the food and habitat o f charismatic marine fauna. International

instruments such as the International Whaling Commission and 
the Convention on International Trade in Endangered Species 
o f W ild Fauna and Flora restrict harvesting o f species or limit 
bycatch.

A recent jo in t study between the CBD and the U N CLO S 
found that whereas the provisions o f these two conventions are 
complementary and mutually supportive regarding the conserva
tion and sustainable use o f marine and coastal biodiversity, an im 
portant legal gap exists w ith  respect to commercially oriented 
activities relating to marine genetic resources in areas beyond na
tional jurisdiction. (Each country’s national legislation could ad
dress the issues w ithin its EEZ.) The gap is yet to be addressed 
by the international community, and it would seem particularly 
important given the increasing importance o f genetic resources in 
these areas and the threat posed to them  by various activities, such 
as bio-prospecting by m ultinational pharmaceutical companies, 
that may be carried out w ithout due regard to conservation and 
equity principles.

The implementation o f N orth Atlantic agreements is among 
the best funded and supported administratively, and yet fisheries 
in the N orth  Atlantic continue to decline (Alder and Lugten
2002). The refusal o fEU -m em ber governments to set sustainable 
harvest levels or to take a precautionary approach to the Com m on 
Fisheries Policy is a clear example o f a well-funded management 
system supported by sound science w ith overfished stocks. Agree
ments in the South Atlantic, and for the most part in the rest o f 
the world, are largely similar in nature to N orth Atlantic legal 
instruments. Flowever, there are substantially fewer agreements 
elsewhere, and the level o f  support for them  is m uch less, al
though some o f  the instruments o f the southern polar biome are 
exceptions in terms o f support. Globally, there is potential for 
instruments to assist in finding solutions to fisheries sustainability 
problems, but the lack o f political com mitm ent to their use to 
effect change prevents significant progress toward such solutions.

18.6.3 Effectiveness o f  Marine Protected Areas

Marine protected areas w ith no-take reserves at their core can 
reestablish the natural structures that have enabled earlier fisheries 
to maintain themselves. (See also Chapter 4.) MPAs are not a 
recent concept. Flistorically, many fisheries were sustained be
cause a portion o f the target population was not accessible. Most 
targeted fisheries were offshore or in areas adjacent to lands w ith 
low human populations and therefore subject to relatively low 
threat. Flowever, modern fishing technology for mapping the sea
bed and for finding and preserving fish (artificial ice and blast 
freezing) expanded the reach o f fishing fleets.

A num ber o f recent studies have demonstrated that MPAs can 
help in managing fisheries (Roberts et al. 2002). Most o f these 
studies have covered spatially small areas and primarily in tropical 
shelf systems, although emerging studies from temperate areas, 
such as New Zealand and Chile, have also demonstrated MPA 
effectiveness. Flowever, other studies have found that MPAs have 
not delivered the expected benefits o f protecting species and their 
habitats (Ffilborn et al. 2004; Edgar and Barrett 1999; Willis et al.
2003). In many cases failure was due to either not including MPAs 
as part o f a broader coastal management system or a lack o f man
agement effectiveness, funding, or enforcement. In the G ulf o f 
Mexico, for example, the establishment o f MPAs merely shifted 
fishing effort to o ther areas and increased the vulnerability o f 
other stocks and endangered species (Colem an et al. 2004). 
Knowledge on the size and location o f MPAs that can act as effec
tive buffers against the impacts o f fishing requires further research.
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It has been widely and repeatedly demonstrated that marine 
protected areas, particularly no-take marine reserves, are essential 
to maintain and restore biodiversity in coastal and marine areas 
(COMPASS and NCEAS 2001). Their wide-scale adoption is in
hibited by the perception that biodiversity is unimportant relative 
to fishers’ access to exploitable resources. Therefore, the propo
nents o f marine reserves have been saddled w ith the additional 
task o f demonstrating that setting up no-take reserves will increase 
fisheries yields in the surrounding areas, as well as determining 
the appropriate size and siting o f marine reserves that are needed 
to at least sufficiently offset the loss o f fishing grounds. This re
quirement, combined w ith initiatives by recreational fishers as
serting rights to fish, has effectively blocked the creation o f marine 
reserves in many parts o f the world.

Thus while the cumulative area o f  marine protected areas is 
now  about 1% o f the world’s oceans, only about one tenth o f 
that— 0.1% o f the w orld’s oceans— is effectively a no-take area. 
This gives an air o f unreality to suggestions that 20% and an opti
m um  o f 30—50% o f the w orld’s ocean should be protected from 
fishing to prevent the loss o f  some species now  threatened with 
extinction and to maintain and rebuild some currently depleted 
commercial stocks (National Research Council 2001; Roberts et 
al. 2002; Airame et al. 2003; Agardy et al. 2003). Even the more 
modest CBD target o f 10% MPA coverage by 2012 will be hard 
to reach.

O ne approach to resolving this dilemma is to take an adaptive 
management approach so that the use o f MPAs w ithin a suite o f 
fisheries management options can be assessed and modified as new 
information emerges and lessons learned are shared (Hilborn et 
al. 2004). This avoids unrealistic expectations on the improved 
performance o f MPAs. Any approach to the use o f MPAs in man
aging marine ecosystems would also benefit enormously from in
cluding performance m onitoring and enforcement programs to 
address some o f  the management problems that have traditionally 
hindered effectiveness (Coleman et al. 2004).

If  properly located and w ithin a context o f controlled fishing 
capacity, no-take marine reserves enhance conventional fisheries 
management outcomes. They may, in some cases, reduce catches 
in the short term, but they should contribute significantly to im
proving fishers’ livelihoods as well as biodiversity over the mid to 
long term. Marine reserves generally perform this way in inshore 
shelf systems (such as reefs); many case studies, as shown in Saba 
Marine Park (Netherlands Antilles), Leigh Marine Reserve (New 
Zealand), and Sumilon Island Reserve (Philippines), are described 
in detail in Roberts and Elawkins (2000) to support this. How 
ever, understanding o f  the effectiveness o f  marine reserves in 
managing fisheries in deeper oceanic areas is more limited. Fur
ther, the protection and monitoring o f these deep-sea areas and 
other undamaged areas may, in line w ith the precautionary princi
ple, avoid the need for mitigation or restoration o f  the systems 
later, w hen costs are likely to be higher (and in some cases restora
tion may not be viable).

Already, the dem and for fish resources has pushed fishing 
fleets into international waters, and as other resources become 
scarcer in national waters (such as gas, oil, minerals, and carbon 
sinks), conflicts over the best use o f these com mon resources and 
spaces will increase. Elence the growing call for ocean zoning, 
including the creation o f no-take zones that w ould reestablish the 
reserves that were once in place due to vessels lacking the tech
nology to gain access to deeper, offshore areas, w hich in the past 
has protected exploited species.

18.6.4 Effectiveness o f  Fisher Mobilization
Recently, small-scale and artisanal fishers, w ith the assistance of 
organizations such as the International Collective in Support o f

Fishworkers, have established local groups to lobby government 
and industry. The mobilization o f these groups is taking place 
globally in industrial and developing countries alike. In India 
(Mishra 1997), Chile (Phyne and Mansilla 2003), the Philippines, 
and Japan (Kurien 2004), for instance, fisher unions and collec
tives have used their numbers to lobby government and industry 
for improved resources access, better working conditions, and so
cial benefits. In addition, these groups have provided mechanisms 
to enable wom en, who play a num ber o f roles w ithin the fishing 
sector (including sometimes also fish capture), to participate more 
in fisheries m anagem ent. However, considerable resources and 
the legal basis to demand change are required, and in some coun
tries mobilization o f fishers is discouraged or hindered by govern
ments or cultural norms (Alauddin and Hamid 1999).

18.7 Sustainability and Vulnerability of Marine 
Fisheries_____________________________________
Fishing has grown to become a much larger business than it was 
in the 1950s. Modern, highly capitalized fleets now  range the 
oceans o f  the world, in some cases competing for a limited com 
m on resource w ith  small-scale fishers and local com munities. 
O vercapitalization o f  the global fishing industry is, in  fact, an 
enormous problem. FAO estimated that on a global basis world 
fisheries operated at an annual deficit o f up to $20 billion in the 
1990s (Milazzo 1998). Thus, present-day commercial fisheries ac
tually represent a large net burden on other economic sectors. 
This unfortunate situation is at least to some degree due to the 
lack o f a sound scientific basis to correctly gauge the productivity 
o f the resources and to effectively manage impacts in the face of 
large-amplitude variability in both  physical and biological aspects 
o f ocean ecosystems.

In ecological terms, many marine fish appear to be vulnerable 
to anything above low  levels o f fishing pressure because o f their 
biological characteristics, including their late age o f sexual matu
ration, association w ith specialized or limited habitats that might 
also be vulnerable or widely damaged by fishing activities (such as 
trawling), and vulnerable life-history strategies such as aggregation 
spawning (Ehrhardt and Deleveaux 2001). Distinct genetic units 
may be susceptible to irrecoverable declines if they are self-recruiting 
or exhibit Allee-type effects (effects o f birth rate declines at low 
population densities), whereby they cannot recover below some 
lower threshold o f population numbers or density (Stephens and 
Sutherland 1999).

18.7.1 Natural Population Variability and 
Sustainability
Analysis o f multidecadal time series fishery data has shown that 
many important fish populations are highly variable (e.g., Csirke 
and Sharp 1984; Schwartzlose et al. 1999). This is often in re
sponse to changes in ocean climate and ecosystem structure. This 
variability greatly compounds the difficulties in properly manag
ing fisheries exploitation (Bakun and Broad 2002). For example, 
a level o f  fishing pressure calculated to be sustainable may cause 
unexpected collapse o f a population whose productivity has de
creased naturally. M oreover, even w hen  evidence o f  declining 
numbers is available, the fishing industry may cite natural variabil
ity to argue against the results and question the need for action 
and may continue w ith unsustainable levels o f exploitation.

Sustainability in fisheries, as evidenced by long-term  data se
ries showing no downward trend in catches, is generally a matter 
o f fishers lacking either the technical means to catch more fish or 
the outlets (the large markets) to sell more than a small fraction of
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the fished population (Pauly et al. 2002). Increasing demand rela
tive to the productivity o f local resources and the technology to 
gain access to the entire distributional range o f a species will tend 
to deplete the resource.

In a num ber o f case studies, responses to fisheries management 
problems have mitigated or reversed the impact o f fisheries. For 
instance, the introduction o f community-based management o f 
reef areas in the Philippines has resulted in increased fish landings 
that ultimately improved the well-being o f those communities 
(Russ and Alcala 1994). Also, more effective enforcement mea
sures for Namibian fisheries and the nationalization o f the fishery 
sector contributed to better socioeconomic conditions for many 
coastal communities (Erastus 2002). In general, relatively small 
and often single-species fisheries can be restored, as has occurred 
in the Peruvian hake (Merluccius gayi peruanus) fishery (Instituto de 
M ar del Peru 2004).

Flowever, there are also a num ber o f spectacular failures— cod 
(Gadus morhua) in Newfoundland and orange roughy (Hoplostethus 
atlanticus) in New Zealand are two often-cited examples. A com 
bination  o f  increasing fishing efficiency th rough technology, 
expansion by Canadian fishers into fishing grounds previously 
used by foreign fleets, and an apparent but misleading increase in 
stock density as the overall biomass collapsed in the 1980s partly 
account for the repeated underestimation o f the problem facing 
cod (Walters and Maguire 1996). Similarly, early in the develop
m ent o f orange roughy fisheries, there were management failures 
as the stocks were harvested at much higher rates than considered 
sustainable (Francis et al. 1995 in Clark 2001). Also, responses or 
interventions that mitigate or reverse negative effects o f the large- 
scale, multispecies fisheries, such as the demersal fisheries within 
EU  waters, managed by the E U  C om m on Fishery Policy have 
been implemented since the early 1970s. But these were ineffec
tive due to lack o f political will to decrease effort, poor data qual
ity for specific fisheries and countries, and limited enforcement 
(Alder and Fugten 2002).

Some fisheries have been certified as sustainable by the Marine 
Stewardship Council and the Marine Aquarium Council. Only 
seven fisheries, including for Thames (U.K.) herring (Clupea har
engus) and Western Australian rock lobster (Panulirus cygnus), have 
been MSC-certified since the program began in 1997, however, 
and most are small-scale w ith  no im pact at regional or global 
scales. Nevertheless, such schemes are important in communicat
ing to consumers the need to manage fisheries sustainably and in 
educating them  about the source and harvest techniques o f the 
seafood products they purchase. Similarly, the Marine Aquarium 
C ouncil’s certification scheme has had a positive impact on the 
aquarium trade (GEF 2004).

Conventions that have been effective in sustainably managing 
fisheries, such as the Pacific Salmon Treaty and the North Pacific 
Anadromous Fish Convention, have had small-scale impacts since 
they are focused on a particular species or set o f species. Broader 
bodies, such as the International Commission for the Conserva
tion o f Atlantic Tunas, face greater challenges in managing the 
fisheries in their charge sustainably. Some fisheries, such as those 
under the E U ’s Com m on Fisheries Policy and those in Canada 
and the U nited States (cod and Atlantic salmon (Salmo salar), for 
instance), have not been managed sustainably despite sound scien
tific evidence being available suggesting that reduced fishing effort 
would significantly assist the situation.

18.7.2 Thresholds

It has not so far been possible to predict the critical thresholds 
beyond which a fish stock will collapse, and the major stock col

lapses o f the last few decades have been a surprise, even to those 
involved in m onitoring and managing these stocks. O ne well- 
known example is Newfoundland’s northern cod (G. morhua). 
Almost the same scenario was reenacted 10 years later, in 2001, in 
Iceland, which very nearly lost its cod stock (Marine Research 
Institute Reykjavik 2002), in spite o f the Icelandic governm ent’s 
com mitm ent to sound fisheries management. Because o f  the un
predictability o f these thresholds, precautionary approaches such 
as those involving marine protected areas and reductions in fish
ing effort (and in fishing mortality) are likely to safeguard against 
such thresholds being reached.

18.7.3 Areas o f  Rapid Change

W ithin 10—15 years o f their arrival at a new  fishing ground, new 
industrial fisheries usually reduce the biomass o f  the resources 
they exploit by an order o f magnitude, (Myers and W orm  2003). 
This is well illustrated by the G ulf o f Thailand demersal fisheries 
(Eiamsa-Ard and A m ornchairojkul 1997), by orange roughy 
fisheries around various seamounts around New Zealand (Koslow 
et al. 2000), by the Antarctic fisheries discussed in Chapter 25, by 
the live reef fish trade (Sadovy et al. 2003b), and by a multitude o f 
others. This process is often accelerated by encouragement from 
governments to “diversify” fisheries, often resulting in fleet over
capacity and a drive to exploit new  or “unconventional” species. 
This level o f biomass reduction renders the species in question 
extremely vulnerable to subsequent exploitation and other per
turbations, notably those likely to result from climate change.

Many areas o f the coastal zone have undergone rapid changes 
directly due to coastal use and indirectly th rough upstream 
changes and land use. The consequences o f this have been sig
nificant habitat loss, declining coastal environments, and reduced 
fish landings, as discussed in Chapter 19.

18.8 Management Interventions in Marine 
System s_____________________________________
Any management initiative aiming to reduce the impacts o f  ma
rine resource use or to strengthen sustainable use and conservation 
o f biodiversity need to be addressed at different levels and by vari
ous means, and to involve local communities, including indige
nous peoples. In the case o f industrial fisheries, industry needs to 
be included as well. There are numerous examples from around 
the world o f local involvement resulting in recovery o f ecosys
tems and social benefits— the Philippines (Alcala and Russ 1994), 
Chile (Castilla 2000), and Brazil (Ferreira and Maida 2001), for 
example. There are also regional initiatives, as shown by the R e 
gional Fishery Management Councils in the U nited States, that 
develop management plans to rebuild stocks. All sectors o f society 
can be a part o f the solution— governments by enforcing man
dates and ensuring compliance w ith appropriate environmental 
codes, industry by operating responsibly, N G Os by providing ca
pacity and training where needed, and consumers by demanding 
goods and services that are provided at minimal impact on marine 
ecosystems.

A num ber o f international instruments can also be used to 
manage fishing and its impacts on the marine environment, do
mestically and internationally. Various fishing instruments have 
been discussed throughout this chapter. FAO’s Code o f Conduct 
for Responsible Fisheries includes approaches for avoiding or m it
igating the impacts o f fishing on other components o f ecosystems 
and is one o f the few fisheries-specific instruments that includes 
fishing impacts on other species.
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O ther instruments, such as the Convention on International 
Trade in Endangered Species o f  W ild Fauna and Flora, can be 
used indirectly to manage the impact o f fishing on threatened 
species through the development o f species management strate
gies. CITES is an international agreement among 167 countries 
to cooperatively manage international trade in species o f conser
vation concern, to ensure that trade does not threaten their sur
vival in the wild.

The recent listing o f seahorses and two other species o f shark 
on CITES Appendix II now  requires countries to determine that 
proposed exports will not be detrimental to the survival o f the 
species in the wild (known as a nondetrim ent finding) as a pre
condition to permitting export. From a practical perspective, this 
means that countries that are parties to CITES need to implement 
management strategies to ensure that the export o f seahorses and 
listed shark species (and therefore catch levels and methods) does 
not threaten the sustainability o f  their fisheries and wild popula
tions. The Convention on the Conservation o f Migratory Species 
o f W ild Animals (known as the Bonn Convention) and its Agree
m ent on the Convention o f Albatrosses and Petrels, as well as 
FAO’s International Plan o f Action for Seabirds, are other exam
ples o f international management interventions in marine systems.

T he continuation o f  present fisheries trends, including the 
buildup o f fishing capacities, suggests a serious risk o f losing more 
fisheries. Interventions such as the halting o f destructive fishing 
practices by developing alternative technologies or financial in
centives, reducing fishing effort, and establishing MPAs are 
needed to reverse the current trends. There is likely to be no 
single most suitable intervention; rather, a mix o f interventions is 
likely to be the most effective approach. The composition o f  that 
mix will require an adaptive approach to management o f marine 
ecosystems.

18.8.1 Integrating Management o f  Sectors in 
Marine Areas

No global or regional framework for integrated management of 
the oceans exists. Internationally, some activities on or in the high 
seas are managed through a range o f  organizations. For example, 
the International Seabed A uthority  manages seabed m ining 
through U N CEO S, and the International Maritime Organization 
and the conventions it administers (such as the International C on
vention for the Prevention o f Pollution from Ships, know n as 
M ARPOF) manages marine transportation and pollution, includ
ing dumping o f waste at sea. These organizations have worked 
w ith industry on measures to reduce the impact o f hazardous and 
damaging activities. Such measures have included, for example, 
the introduction o f  double-hulled oil tankers to lower the risk o f 
oil spills. However, there is no integrated approach to managing 
ocean use, which has resulted in concern over some issues, such as 
bioprospecting, high-seas MPAs, and the management o f  marine 
biodiversity. N ot all issues can be addressed w ithin U N C EO S and 
changes to the convention or the introduction o f a new  legislative 
framework (including zoning plans) may be needed to overcome 
current impediments to making and managing the needed trade
offs for equitable and sustainable use o f ocean space and deep-sea 
resources.

National ocean policies based on sustainable developm ent 
principles have been successful frameworks for integrating the 
management o f the various marine sectors. Despite countries de
claring their exclusive economic zones over the last 25 years, few 
countries have actually formulated or implemented com prehen
sive ocean policies. It is only in the last five years that we have

seen the introduction o f such policies in Australia, Canada, the 
United States, and the Netherlands (Alder and Ward 2001), along 
with, most recently, the Pacific Islands Regional Ocean Policy 
(South Pacific Regional Environm ent Program 2003).

U N EP has a comprehensive Regional Seas Programme that 
includes 13 regions and 140 countries w ith a focus on tackling 
the sources o f degradation o f marine and coastal systems. The 
program has a broad mandate and can integrate various sectors, 
including transportation and oil development, and initiatives at 
the regional scale to address pollution problems. It can also play a 
key role in establishing MPAs crossing multiple borders, as seen 
in the successful Mediterranean network o f  specially protected 
areas that conserve critical areas through MPAs, reserves, and ref
uges.

The European C om m unity’s marine strategy is an example of 
the challenges in managing marine ecosystems on a regional basis 
(EC 2002). O ther regional programs, such as O SPA R for the 
North-East Atlantic and H EECO M  for the Baltic, also integrate 
various marine sectors to address a range o f marine issues.

18.8.2 Integrating Coastal M anagement and Ocean 
Policy
Oceanic and coastal ecosystems are tightly linked. W hile inte
grated coastal m anagem ent is now  well entrenched in  many 
countries (see Chapter 19), the development o f ocean policies lags 
behind. W here ocean policies are in place, there is recognition of 
the need to take an ecosystem-based approach and to ensure that 
coastal management plans and ocean policies are harmonized. D e
pending on the legislative basis and jurisdictional issues, coastal 
management may be embedded w ithin ocean policy, as dem on
strated in Canada’s Oceans Act.

18.8.3 Marine Protected Areas
A ttem pting to m aintain fisheries for depleted or collapsed fish 
populations (through subsidies, for example) is economically and 
ecologically damaging. As provided for in the 1982 Law o f the 
Sea Convention, the 1995 U N  Fish Stock Agreement, and the 
1995 FAO Code o f  Conduct, declining populations must be re
built and marine ecosystem productivity must be restored as far as 
possible. No-take marine reserves can make an important contri
bution w hen they are part o f an overall policy to maintain fisher
ies. No-take marine reserves are important for providing places 
where critical life stages, such as adult spawners and juveniles, 
can find refuge and for providing additional insurance to more 
conventional fisheries m anagem ent w hile safeguarding against 
local extinctions.

Extinction is a gradual process, but many species o f com mer
cial fish species already have severely depleted populations. Avoid
ing the loss o f threatened species must involve not only allowing 
their biomass to rebuild, but also rebuilding the ecosystems in 
which they live. MPAs may also contribute to reducing the im 
pacts o f global climate change by increasing biomass and widening 
age structure so that the population o f fish stands a greater chance 
o f withstanding w ider fluctuations in the environment.

M oreover, the im plem entation o f  no-take m arine reserves 
combined w ith other interventions, such as controls on fishing 
capacity, would be a more proactive response to fisheries manage
m ent than current reactive approaches. Small reserves may be ef
fective in protecting sedentary organisms, since they do not move 
or only move small distances. But marine reserves intended for 
the conservation or sustainable use o f fish, marine mammals, sea
birds, and large species need to be larger and particularly appropri
ately located to take into account the life characteristics o f such
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species. Some species can spend various parts o f their life cycle in 
different habitats (larval stages in  estuaries, juvenile stages in 
coastal seagrass meadows, and adult stages in the open ocean, for 
instance), and marine reserves need to be strategically located to 
account for these differences. In areas left open for fishing, how 
ever, explicit consideration needs to be given to the food required 
to maintain recovered populations, and the scientific tools (such 
as ecosystem models) exist to perform the required accounting for 
biomass. Populations o f small fish and invertebrates presently not 
exploited should not be viewed as a latent resource that should be 
developed. They are the remaining food basis for marine mam
mals, seabirds, and large fish that need to be sustained and rebuilt 
(as described in the next section).

The immediate and urgent need to manage risks to the marine 
biodiversity o f  seamounts and cold-w ater coral reefs through 
measures such as the elimination o f destructive fishing practices, 
such as bottom  trawling, has been highlighted in a number of 
recent international fora. These include the fourth meeting o f the 
U nited Nations O pen-ended Informal Consultative Process on 
Oceans and the Law o f the Sea (2003), the 2003 W orld Parks 
Congress (recommendation 5.2.3 and the Congress docum ent on 
emerging issues), the Eighth Meeting o f the Convention on Bio
logical Diversity Subsidiary Body on Scientific, Technical and 
Technological Advice (SBSTTA recommendation V II/5) (2003), 
the 2003 Defying O cean’s End conference, the 10th Deep-Sea 
Biology Symposium (2003), and the 2nd International Sympo
sium on Deep-Sea Corals (2003). These meetings have resulted 
in initiatives to protect cold-water reefs, as through a marine pro
tected area established by Norway to conserve the Tisler R eef 
along the Norwegian-Swedish border.

18.8.4 Iron Enrichment o f  Ocean Waters for 
Carbon Sequestration and Increased Fish Yields

There is growing interest in experiments wherein large areas of 
low productivity oceanic waters are fertilized using micronutri
ents, principally iron (Boyd et al. 2000). O ne major reason for 
these experiments is to investigate the potential for sequestration 
o f atmospheric carbon, whereby carbon is taken up by the cells 
o f primary producers (the growth o f marine phytoplankton popu
lations is often limited by the availability o f iron in the water), 
w hich w ould  then  sink to the bo ttom  as marine snow (Cole 
2001). The net effect o f  this process on carbon sequestration is 
not clear, however, because localized algal outbursts can also lead 
to anoxia and the production o f  methane, a powerful greenhouse 
gas.

It has been suggested that the enhanced primary production 
resulting from fertilization could also lead to increased fish yields 
and could even help alleviate dietary iron deficiencies in some 
parts o f the world (Jones 2001). However, the success o f  such 
schemes is extremely doubtful, given the wide range o f evolved 
adaptations that are required for planktivorous species such as an
chovies to thrive in a highly productive variable environment, 
such as the Peruvian upwelling system (Bakun 1996).

18.8.5 Selected Examples o f  Human Responses to 
the Sustainability Challenge

W hile the problem o f overfishing has been globally identified at 
high policy level as a key fisheries issue since the mid-1940s, the 
broad-scale recognition that it is also an important com ponent of 
the global environm ent issue only emerged in the early 1990s in 
the wake o f the U. N. Conference on Environm ent and Develop
m ent (Garcia 1992). Even though the w ord “overfishing” was in

com m on usage long before then (applying to “ isolated” in 
stances), there was still a general belief that the oceans had a an 
enorm ous capacity to provide fish and invertebrates for direct 
human consumption and for reduction products such as fishmeal 
and fish oils used in intensive food production systems (see, e.g., 
Idyll 1978; Pike and Spilhaus 1962).

In theory, the 1982 United Nations Convention on the Law 
o f the Sea should have been an international instrument for wise 
use o f the oceans: it espouses the right and need for coastal nations 
to m onitor and manage their fish stocks. In retrospect, however, 
U N CLO S exacerbated overfishing problems in at least two im
portant ways. First, as it gave coastal nations the ability to declare 
a 200-mile EEZ, many national governments saw this as an op
portunity to greatly augment their fishing industries as sources of 
more secure employment and export earnings. W hile a few in
dustrial countries managed to achieve some o f the expected bene
fits by testing and adopting new  management measures (such as 
limited entry and fishing rights), most others simply failed to real
ize them  because o f uncontrolled, anarchic, and subsidized devel
opment o f  chronic overcapacity (FAO 1993).

T he subsidies injected into the industry in  the 1980s and 
1990s resulted in immense global overcapacity o f fishing fleets, 
perhaps the most important problem— and apparently the hardest 
one to resolve— faced today in m arine resource managem ent 
(Mace 1997). For example, the E U ’s subsidies for the construc
tion o f fishing vessels in the late 1980s and early 1990s resulted in 
overcapacity, and until recently attempts to reduce this capacity 
were not very effective (Alder and Lugten 2002). Subsidies in the 
form  o f em ploym ent insurance to N ew foundland fishers w ere 
one o f the factors that contributed to overcapacity in the industry 
and the ultimate collapse o f the cod fishery (Brubaker 2000).

Second, the U N C LO S requirem ent that coastal nations w ith
out sufficient fishing capacity to exploit the resources w ithin their 
respective EEZs should make these resources available to other 
nations has ultimately proved detrimental to many developing na
tions. Although these countries do receive some form o f reim
bursement from other nations acquiring access, this has frequently 
resulted in payments that are significantly less than the value of 
the resource (particularly the long-term  value; see Kaczynski and 
Fluharty 2002), in underreporting o f foreign catches, in depletion 
o f developing nations’ deep-sea resources, and in depletion o f the 
coastal resources that supported local fishing communities.

The change in the perception that there was considerable po
tential to increase the exploitation levels o f  marine resources, in
cluding fisheries, which began in the early 1990s, was influenced 
by several factors: the globalization o f  inform ation (making it 
more rapidly and more widely available), the awareness-raising 
w ork o f the W orld Commission on Environm ent and Develop
m ent and U N C ED , and the active mobilization o f  the media by 
the N G O  environmental movement. Fishing capacity was widely 
perceived to be getting out o f hand. Opportunities for further 
expansion o f fisheries were diminishing as an increasing portion 
o f the globe was being surveyed and assessed, albeit yielding few 
new areas for fishing or new  fisheries. Deepwater species were 
mostly found to have very low productivity. Many environmental 
organizations such as the W orld W ide Fund for Nature that had 
previously focused mainly activities on terrestrial systems and ma
rine mammals began to expand into fisheries. Legislation was 
tightened in many nations, and w ork began on several binding 
and nonbinding international instruments, some related to ecosys
tems in general and others specifically on m arine systems and 
fisheries.

Subsequently, there has been a marked increase in national 
and international instruments that are gradually changing people’s 
perceptions o f the sustainability o f current practices. For marine
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systems, the most im portant such instrum ents range from  the 
1992 R io  Declarations formulated at U N C E D  to several FAO 
International Plans o f Action, including the International Plan o f 
Action for the Management o f Fishing Capacity (FAO 2001b) 
and the International Plan o f  Action to Deter, Prevent and Elimi
nate Illegal, Unreported and Unregulated Fishing (FAO 2001b). 
(See also MA, Policy Responses, Chapter 6.) All o f these embody 
some facet o f the “precautionary approach,” which has been in
strumental in shifting attention to the benefits o f conservative har
vest strategies rather than risk-prone management (Mace 2001).

Concerted efforts to implement these agreements have been 
launched in many regions, w ith results ranging from unantici
pated levels o f success, to moderate success, and to failure. In 
terms o f successes, the most notable accomplishments appear to 
have been those where national legislations have been modified 
to better accomplish the spirit and intent o f the international in
struments.

For example, the most recent am endment to the Magnuson- 
Stevens Fisheries Conservation and M anagem ent Act in  the 
U nited States (popularly know n as the Sustainable Fisheries Act) 
embodied the precautionary approach (without mentioning it by 
name) as exemplified in A nnex 2 on the im plem entation o f 
U N C LO S (UN  1995), in which the fishing mortality associated 
w ith maximum sustainable yield is suggested as a limit reference 
point to be avoided rather than a target that is routinely exceeded. 
This has resulted in considerable reductions in fishing mortality 
for some previously overfished U.S. fisheries, and several have 
rebuilt to levels not recorded in three or more decades.

O ne o f the most dramatic examples is the density o f Georges 
Bank scallops, which increased eighteenfold in the seven years 
following exceptional recruitment and implementation o f  man
agement measures for bottom  fishing that resulted in substantial 
reductions in fishing mortality during the fishing closure. O ther 
U.S. examples include mid-Atlantic scallops (H aliotis  spp), 
Georges Bank haddock (Melanogrammus aeglefinus), Georges Bank 
yellowtail flounder (L im anda ferruginea), Atlantic stripped bass 
(Morone saxatilis), Atlantic Acadian redfish (Sebastes fascicatus), Pa
cific chub mackerel (Scomber japonicus), and Pacific sardine (Sardi
nops sagax) (Murawski et al. 2000; NEFSC 2002). Yet while these 
and many other stocks in the U nited States and elsewhere are 
slowly but steadily rebuilding (NMFS 2004), the biomass o f most 
o f them  is generally still well below historic levels. Closures of 
seamount fisheries on the Chatam Rise in New Zealand have also 
resulted in the slow rebuilding o f orange roughy biomass (Clark 
2001). Globally, however, these success stories represent a small 
proportion o f the many overfished stocks.

O ther examples o f  successful national initiatives include Aus
tralia’s implementation o f the Environm ent Protection and Bio
diversity Act in  1999, w hich requires several fisheries to be 
assessed for their ecological sustainability. Regionally, the ICCAT 
has been able to w ork toward compliance o f management mea
sures for nonm em ber countries through tuna import and export 
restrictions by member countries.

Notable failures in fisheries management are exemplified by 
attempts to reduce harvest overcapacity while maintaining that 
exploitation o f natural resources is a human right. This “birth
right” is hard to dispute: all humans ought to have the “right” to 
a healthy life w ith adequate nutrition. And for some people, fish 
are one o f the few available sources o f protein. Solutions to this 
dilemma lie in assistance that improves the health, education, and 
non-fisheries-related employment opportunities o f coastal com 
munities as well as empowering coastal communities to manage 
resources sustainably.

Even relatively rich industrial nations that routinely pay their 
farmers not to produce crops seem unable to resolve the fish har
vesting overcapacity problem, however. The European Union, 
for example, appears to have been largely unsuccessful w ith the 
capacity reduction plan in its C om m on Fisheries Policy, which 
has been in place for more than 15 years. W ith a few exceptions, 
substantial overcapacity reductions have been recorded in cases 
where individual transferable quotas, which allocated a quota of 
the catch to license holders as well as allowing those individuals 
to sell part or all o f their quota, have been implemented (for in
stance, ITQs in New Zealand, Iceland, and some U.S. fisheries, 
such as Atlantic surf clams (Spisula solidissima) and ocean quahogs 
(Arctica islandica), South Atlantic wreckfish (Polyprion americanus), 
and Pacific halibut (Hippoglossus stenolepis) and sablefish (Anoplo
poma fim bria)).

Although the emphasis in recent years has been on unsustaina
ble fishing practices, fisheries represent only one o f many human 
influences on marine ecosystems. In coastal marine systems in par
ticular, coastal development— w ith concomitant problems o f local 
pollution and habitat destruction— is very important. (See Chap
ter 19.) Non-fisheries human influences such as marine debris and 
oil slicks are also important on the high seas. As a result, as de
scribed earlier, several nations are attempting to develop legisla
tion and policies to facilitate integrated management o f marine 
systems— that is, coordinated management o f all alternative uses 
o f the ocean. Such uses include harvesting marine species for food 
and other purposes, aquaculture, research, oil and gas exploration, 
ocean mining, dredging, ocean dumping, energy generation, eco- 
tourism, m arine transportation, and defense. To date, it has 
proved difficult to integrate the management o f all these activities 
because the authorities regulating these activities are usually inde
pendent o f one another (Sissenwine and Mace 2003).

In Australia, the Environm ent Protection and Biodiversity Act 
requires management agencies to demonstrate that the fishery or 
fisheries are ecologically sustainable, w ith defined benchmarks to 
quantitatively assess sustainability. Since the introduction o f  this 
Act in 1999, more than 35 fisheries have been assessed (www.ea 
.gov.au/coasts/fisheries/assessment/index.html). The private sec
tor has responded similarly to the in troduction  o f  the M arine 
Stewardship Council’s accreditation scheme for fisheries, which 
is supported by major fish buyers, such as Unilever, and conserva
tion organizations, such as WWF.

W ith increased public awareness o f the limits o f marine sys
tems, binding and nonbinding international instruments in place, 
tightened national legislations, and a few success stories that em
phasize the positive benefits o f conservation, the future o f the 
oceans may appear brighter than it did a decade ago. However, 
this is not the time for complacency, particularly considering the 
likely increase in  pressure on natural resources that will result 
from the world’s growing human population and rising incomes.
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