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FISHERIES MANAGED TO REBUILD ECOSYSTEMS? RECONSTRUCTING 
THE PAST TO SALVAGE THE FUTURE
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Abstract. This paper presents the case for adopting ecosystem rebuilding as the goal 
of fisheries management. Movement toward this goal may represent the only hope for 
fisheries, as we know them, to exist 50 years in the future alongside essential services 
provided by marine ecosystems. First, I review archaeological, historical, and recent evi
dence that bears witness to a long, dismal record of overexploitation. Second, I examine 
the ecological effects of overfishing on aquatic ecosystems. Fish with life histories and 
spatial behavior inimical to harvesting are selectively removed, both within and among 
species. The loss of keystone species and the replacement of high-value, demersal resources 
with pelagic, rapid-turnover, low-value species shifts the nature of ecosystems, evidenced 
by accelerating local extinctions and a worldwide decline in trophic level. Disconcertingly, 
harvest limits that appear safe by single species evaluation can engender ecosystem changes 
that are hard to reverse. Driven by a progression of clever human harvest technologies, 
three ratchet-like processes have brought about episodes of depletion. “ Odum ’s ratchet” 
is ecological in nature, comprising depletion and local extinction. “ Ludwig’s ratchet,” 
economic in nature, is a positive feedback loop between increased catching power and 
serial depletion, driven by the need to repay borrowed money. “ Pauly’s ratchet” is cognitive, 
shifting the baseline of what each generation regards as primal abundance and diversity.
Third, a rebuilding policy goal is distinguished from that of sustaining current catches and 
biomass, since the baseline can refer to present misery. In this sense, present policies can 
inadvertently foreclose future options for the generation of food, wealth, and services from 
ocean resources. A policy to rebuild ecosystems can reverse this trend and maximize 
economic value in tom orrow’s markets, where supply will vastly outstrip demand for high- 
quality fish products. Fourth, I outline a novel methodology, termed “ Back to the Future,” 
that can implement a goal of ecosystem rebuilding. Models of past ecosystems are recon
structed using information about the presence and abundance of species from historical 
documents, archaeology, and local and traditional environmental knowledge (LEK and 
TEK). Economic evaluation compares past with present and alternative ecosystems. “ Back 
to the Future” gives the TEK of aboriginal and indigenous peoples a valuable, direct 
function in resource management. Finally, I discuss two practical management measures, 
paralleling recent developments in terrestrial reconstruction ecology, the implementation 
of large no-take marine reserves, and the réintroduction of high-value species that were 
formerly endemic.

Key words: biodiversity; ecosystem rebuilding; fisheries management and sustainability; fisheries
policy; harvest refugia; history o f  fisheries; mass—balance models; restoration ecology.

Time present and time past 
Are both perhaps present in time fu ture  
And time fu ture contained in time past

— T. S. Eliot, Burnt Norton , 1935

In t r o d u c t i o n

The existing paradigm in fisheries science is the sus
tainability of single species. This science is not wrong, 
but, just as Newtonian physics is not as useful as rel
ativity or quantum theory in evaluating the cosmolog
ical and subatomic nature of our universe (Hawking 
1988), it fails to answer the most pressing questions of
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our time. These questions concern the changes wrought 
by fishing upon the composition and nature of aquatic 
ecosystems, and how fishing may continue without 
causing irreversible change.

Something is clearly amiss with the management of 
fishery resources. It is a sad paradox that a branch of 
applied ecology with a 50-yr history of quantitative 
predictive theory (Sissenwine and Rosenberg 1993, 
Beverton 1998, Holt 1998) is associated with such a 
poor track record of numerous and repeated fishery 
collapses that the public anticipates the next disaster, 
and its economic and social damage (e.g., Greenpeace 
1993, Parfit 1995, Safina 1995, M. Harris 1998). Every 
year, fishery collapses continue to take fishery scien
tists by surprise (e.g., Chilean horse mackerel; Anon
ymous 1998). If this were engineering and we were 
dealing with bridge collapse, materials and methods
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would have been questioned long ago. Yet many fishery 
scientists hope that steady improvements to the eco
logical, mathematical, or social sciences will enable 
the corner to be turned, and that it will be all right next 
time.

As evidence mounts of ineffectual fishery manage
ment, we need good analytical and predictive tools 
more than ever if there are to be fisheries as we know 
them 50 yr in the future. Fishery resources stand chal
lenged by factors acting on a global scale throughout 
the w orld’s water bodies (Mace 1997): progressive and 
high-variance climate change; innovative, potent, and 
overcapitalized catching technology; massive, mount
ing, and unprecedented excess of demand over supply; 
and unparalleled social pressure for jobs, recreation, 
sectoral equity in allocation, and the restoration of in
digenous people’s rights.

Currently, several candidate approaches offer sal
vation. First, quantitative ecologists tell us that we 
should identify, quantify, and make explicit all sources 
of uncertainty, a trend culminating in Bayesian models 
(e.g., Punt and Hilborn 1997) and statistical decision 
analysis (e.g., Peterman et al. 1998). If such modeling 
is performed thoroughly and properly, and the stock 
response monitored, it is argued that all will be well 
with fish resources (e.g., Rosenberg et al. 1993, Sains- 
bury 1998). Second, economists have signaled that the 
creation of property rights, or marketable harvest 
rights, will ensure long-term sustainability, reduce con
flict, and fund management, enforcement, and long
term research on the resource free of public subsidy 
(e.g., Hanneson 1998). If we set up marketable harvest 
rights thoroughly and properly, all will be well with 
fish resources (Christy 1997). Third, social scientists 
tell us that if only we would let the stakeholders and 
local coastal communities manage the resource them
selves (see contributions in Pinkerton 1989), there 
would be little overfishing from the responsible kin of 
fisherfolk living in harmony with the resource they 
exploited for generations before large-scale interests 
came in from outside and spoilt things. If we allow this 
traditional social system to thrive, all will be well with 
fish resources. Each of these three solutions are fine- 
tuned by their proponents (e.g., uncertainty: Hilborn 
and Walters 1992, Schnute and Richards 1994; eco
nomics: Neher 1996; social sciences: Matthews 1995,
C. Harris 1998, Jentoft 1998), and occasionally we see 
combinations (e.g., Fujita et al. 1998). But the evidence 
suggests that none of them will solve the problem.

In this paper, I argue that our overall record of failure 
has been an inevitable consequence of adopting the 
wrong management goal, not the result of incorrect or 
inappropriate techniques in themselves (although spe
cific mistakes can easily be identified in many indi
vidual cases: e.g., the Newfoundland cod collapse; 
Walters and Maguire 1996). In particular, I contend that 
the goal of sustainable yield of single species in a fish
ery is a fundamental mistake, and present evidence that

the ecological effects of fishing on aquatic ecosystems 
precludes the long-term survival of most present-day 
fisheries, even when all the criteria of conventional 
sustainability goals are met. Previous authors have ar
gued persuasively that the goal of sustainable yield 
from aquatic resources has never been achieved (Lud
wig et al. 1993). Under existing goals, I suggest it is 
neither achievable nor desirable, were it possible.

The paper commences with a review of the historical 
impacts of fishing on aquatic ecosystems, describes the 
nature and reversibility of these ecological effects, ex
amines three ratchet-like processes that make restora
tion difficult, and then presents a policy goal that could 
allow valuable fisheries to coexist with healthy, intact 
natural resource ecosystems (in the sense of Spurr 
1969, and Mangel 1991). I conclude with a review of 
a practical assessment and planning framework, termed 
“ Back to the Future,” which could enable this goal to 
be achieved.

T h e  H is t o r y  a n d  I m p a c t s  o f  H u m a n  F is h i n g

Terrestrial experience suggests that we should not be 
particularly surprised by the effects of hunting. For 
terrestrial mammalian megafauna, such as the mam
moth and associated specialized carnivores and scav
engers, a pulse of late Pleistocene extinctions through
out the world coincides with the advent of cooperative 
hunting behavior and technology as modern humans 
spread around the globe (Martin 1967, 1984, Stringer 
and McKie 1997, Ward 1997). In the past 100 000 yr 
North America has lost 73%, South America 79%, and 
Australia 86% (Flannery 1990) of endemic genera of 
terrestrial megafauna. Few megafauna survived; some 
proboscids, red kangaroos, and others with life histo
ries that could withstand human hunting or that lived 
in remote habits hostile to humans. The horse, aurochs, 
and both new and old world camels survived being 
hunted by humans only after domestication, while both 
horse and camel appear to have been exterminated in 
North America (Martin 1984). Evidently, cooperative 
hunting by humans decimated large mammal biodi
versity, which in turn affected dependent species and 
habitat structure. But a recent symposium volume re
viewing the determinants of extinction rates (Lawton 
and May 1995) treats the extinction of the Pleistocene 
megafauna as a side issue (Ehrlich 1995:220-221), as 
though the eminent bird, insect, and plant ecologists at 
the meeting had forgotten about keystone species. In 
fact, with the exception of asteroid impact on Earth, 
anthropogenic influences overwhelm the natural eco
logical processes of extinction, and the same volume 
reports them as four orders of magnitude greater than 
that seen in the fossil record (May et al. 1995). Later 
in human history, early attempts at agriculture helped 
to create many of the world’s deserts. Our species has 
“ terraform ed” major land areas of the planet through 
species loss and habitat change.

Turning to the oceans, although aquatic megafauna
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seemingly escaped the late Pleistocene extinctions, the 
dismal history of whaling almost allowed them to catch 
up in the past two centuries. Using early hunting tech
nology, coastal whales, such as grey and right whales, 
were decimated in the last century, while high-tech
nology whaling since the 1960s brought even oceanic 
baleen whales to the verge of extinction. It does appear 
that early humans may have wiped out some aquatic 
keystone species. Soon after the human colonization of 
North America (Hoffecker et al. 1993), Steller’s sea 
cow, Hydrodamalis gigas, described by Steller (1751) 
as gentle, trusting, and unable to submerge, vanishes 
from the fossil record along the Pacific coast (Domning 
1978). Surviving to the 1750s only in the uninhabited 
Komandorskiye Aleutian Islands, it was wiped out as 
fur trader’s food within 30 yr. Moreover, prompted by 
Steller’s reports of their amazingly dense fur, in less 
than one hundred years, sea otters, keystone species in 
coastal kelp forests (Simenstad et al. 1978), were ren
dered almost extinct throughout the North Pacific. G i
ant sea otters existed in the North Pacific in the Pleis
tocene (Reidman and Estes 1990), and may have also 
succumbed to human hunting, or been impacted by the 
demise of the sea cow.

Early hominids gathered shellfish, but the first known 
capture fishery using tools dates back to 90 000 BP, 
when humans living on the banks of what is now a 
tributary of the Congo river carved clever and effective 
harpoons out of deer antlers (Yellen et al. 1995), and 
speared giant catfish during their annual migration and 
spawning. The earliest evidence of cooperative human 
hunting is wooden spears found implanted in horses in 
Europe (40 000 BP, Dennell 1995), but spearing fish 
was likely a communal activity. Nets, for which social 
cooperation is essential, were first invented some 
35 000 yr ago in southern Europe to capture small ter
restrial game animals such as hares and foxes (Pringle
1997), but were probably very soon adapted for fishing. 
Fishing technology such as nets, hooks, and spears 
spread rapidly with early modern humans around the 
globe. For example, characteristic double recurved 
“ flatfish” fishing hooks and multipoint fishing spears 
are found both among Australian Aborigines (Flood 
1995) and the coastal peoples of the North American 
Pacific (Stewart 1977). Like the wheel, these clever 
devices needed to be invented only once. From those 
times on, humans have progressively devised new tech
nologies to increase the effectiveness of cooperative 
hunting for fish.

Although less well-documented and more difficult to 
study than large terrestrial mammals, archeological ev
idence is suggestive that technological advances have 
been associated with dramatic reductions in biodiver
sity and progressive depletion of fish populations, al
beit over long periods of time. Casteel (1976) and 
Leach and Boocock (1995) have described techniques 
using fish skeletal parts, preserved in the middens of 
ancient human settlements, to trace catches and an

thropogenic impacts on exploited ichthyofauna through 
changes in diversity, distribution and growth. For ex
ample, summarizing archeological evidence and his
torical birch bark documents from sites in the former 
Soviet Union, Casteel shows that, not only did har
vested sturgeon and salmon decline in size, but sterlet, 
bream, rudd, large catfish, and in some locations over 
40% of the original fish species, disappeared over 5000 
yr of fishing. Effects of changing climate and seacoast 
location could, in general, be distinguished from the 
effects of fishing.

At one of the first human settlements on Cyprus, 
middens dated at 8000 BP revealed catches of very 
large groupers and other fish, from a fauna previously 
unexploited by humans (Desse and Desse-Berset 1994). 
Later fish were smaller in size. Fish fauna diversity and 
size decreased over 12 000 yr of fish remains in an 
Andalusian cave (Morales et al. 1994). Reductions in 
mesh size over 100 yr in nets recovered from a late 
Roman site on the Red Sea (Wendrich and van Neer
1994) were the result of local overfishing, and species 
caught today in small mesh nets are rare in the ar
chaeological material. In middens on St. Thomas, Vir
gin Islands, reef fish size decreases while the mean 
trophic level of the catch falls from 3.78 in 1500 BP 
to 3.6 in 600 BP (Wing 1994; E. S. Wing, personal 
communication).

The successive impact of fishing technology on 
aquatic ecosystems exhibits a continuity from ancient 
to historical times. For example, using only hemp rope 
and net, the M editerranean trap for bluefin tuna (ton- 
nara) was ingenious technology to catch fast, giant fish, 
devised as early as 3000 yr BP: Documents from the 
Graeco-Persian wars mention slaughtering warriors 
like tuna in a tonnara (Sarà 1990). Catching fish in the 
tonnara is known in Italian as a mattanza, or slaughter 
(French: la madrague). The trap consists of many k i
lometers of netted walls designed and carefully posi
tioned to deflect tuna migrating along the coast. The 
nets lead the tuna into a series of gated chambers, where 
they are herded from one to the next by fishers waving 
palm leaves. The last chamber is the camera della mor
te (death chamber). When this chamber is full, the 
whole fishing village comes out, in a ritualized pro
cession of boats, to manually lift the netting floor, and 
gaff the flailing tuna. Formerly, as many as 300 hundred 
giant fish were caught at a time. The technology was 
preserved through the Dark Ages by Arabs, and in Si
cily many words associated with the tonnara are Arabic 
(e.g., rais for the chief of operations; Sarà 1990). The 
traps, in different designs for windward and leeward, 
and for autumn and spawning migrations, were in use 
throughout the M editerranean from Spain to Turkey. A 
large expansion in tonnara occurred in the 1800s as a 
result of the invention of canning. This depleted stocks 
so that tonnara in Italy were reduced from 54 in 1890 
to only about 10 by 1919 (Cushing 1987). Today there 
is only one, operated annually for tourists at Trapani,

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



604 TONY J. PITCHER Ecological Applications
Vol. 11, No. 2

Sicily. The reason for the recent reduction is that blue- 
fin tuna are now even further depleted (the reported 
M editerranean catch doubled in one year between 1993 
and 1994), attracting calls for endangered status (Moo- 
ney-Seus and Stone 1997) like the southern bluefin tuna 
species (Polachek et al. 1995, Traffic Oceana 1996). 
This has been the result of two recent technologies that 
can catch even more fish from depleted stocks: first, 
hydraulic-powered purse seines mounted on freezer 
vessels equipped with spotter planes and side-scan so
nar, and second, high-technology autobaited deep long 
lines. These expensive fishing technologies have been 
driven by high prices of sashimi on the Japanese mar
ket. The problem has been compounded by manage
ment inaction caused by spatial uncertainties in the data 
and worrisome underreporting. Alarmingly, a recent 
high-technology sonar survey in the M editerranean 
found numbers of overwintering giant bluefin tuna 
“ slum bering” in cold, deep water off northern M o
rocco, where they are now being systematically fished 
(S. des Clers, personal communication).

A second example illustrates the now familiar theme. 
Local herring stocks (sensu: Iles and Sinclair 1982), 
including the now-extinct Scania stock in the Western 
Baltic upon which a substantial portion of the wealth 
of the north European Hanseatic League of cities was 
based (Hardy 1956, Cushing 1987), were likely elim 
inated by improvements in netting technology. A fas
cinating historical example of the spread of driftnet 
technology for catching herring in Scotland in the early 
1800s is portrayed faithfully in the novel The Silver 
Darlings by Neil Gunn (1941). By the end of the period, 
inshore stocks have gone (see Sahrhage and Lundbeck 
1992).

A sad, recent parallel with ancient overfishing is the 
depletion and collapse of the Newfoundland cod, which 
high-technology trawlers brought to the verge of ex
tinction in just one decade (Walters and Maguire 1996, 
M. Harris 1998). Five centuries ago this cod stock was 
so astoundingly abundant that it was a major factor in 
the colonization of the North America by Europeans 
(Kurlanski 1997). Now, the marine ecosystem is so 
altered by the loss of the cod that its recovery is in 
doubt, even in the absence of fishing (Pauly et al. 2000).

This long and miserable record argues strongly that 
overfishing is responsible for the observed changes. 
Are the examples given here carefully selected to sup
port the case? The literature that specifically links ar
cheological finds to fisheries is not extensive, and I 
found no historical examples where fishing has a neu
tral or positive effect on an aquatic ecosystem. It is, 
however, not hard to find fishery scientists who are 
willing to argue that fishery collapses are driven mainly 
by climate or environmental changes (e.g., Sinclair et 
al. 1997). In a few archaeological cases, environmental 
effects can be partitioned from the effects of fishing. 
For example, climate-induced incursions of colder At
lantic water species into the M editerranean are reflected

in the fish remains found in an Andalusian cave midden 
(Morales et al. 1994), but this can be separated from 
the effects of species and size shifts. Equally, in the 
recent Newfoundland cod fishery collapse, there is now 
overwhelming evidence that the chronic effects of 
overfishing, and not sudden climate change, was the 
culprit (e.g., Hutchings 1996). Climate may well shift, 
and we can argue about the mix of causes in a specific 
case, but this does not absolve fisheries of causing ma
jor problems.

E c o l o g i c a l  P r o c e s s e s  C a u s e d  b y  F is h i n g

Human fishing alters the structure of aquatic eco
systems in ways that are only just beginning to be 
understood (Apollonio 1994). In many large commer
cial fisheries, over 80% of the mature fish are caught 
each year: Such heavy fishing alters ecosystems, per
haps irreversibly. Fisheries can meet rigorous sustain
ability criteria from single species stock assessment, 
yet may still alter ecosystems unacceptably. Five eco
logical processes may be identified (see also Pitcher 
and Pauly 1998).

First, life history characters may be altered. Large, 
long-lived fishes, with low natural mortality rates are 
selectively removed from the system (Apollonio 1994, 
Musick 1999a). This process shifts the composition of 
the fish fauna within taxa, among the fish species in a 
genus, and, insidiously, among genotypes within spe
cies. When natural predators do the same thing, the 
process shapes an evolutionary arms race between 
predators and prey. But we have virtually ignored the 
evolutionary impact of human fishing (Policansky 
1993, Policansky and Magnuson 1998), which is sur
prising, given that we now understand how natural se
lection produces remarkably rapid evolutionary re
sponses (birds: Weiner 1994, fish: Houde and Endler 
1990). Authors have noted that shifting the community 
composition of fish species by fishing seems to reverse 
the course of evolution (Pauly 1979, Parsons 1992, 
Apollonio 1994). Large, long-lived organisms, with 
relatively stable reproduction, such as groupers or cod, 
are replaced by short-lived animals with more volatile 
population dynamics, such as sardines or scads. Par
sons (1996) extends this by suggesting a replacement 
by simpler, lower energy organisms within each trophic 
guild. An extreme form of this is seen when predatory 
jellyfish replace fish predators.

Second, habitat degradation can be caused by fishing 
gears. Bottom trawls eliminate fragile structures like 
clearcutting forests (Watling and Norse 1998). Trawls 
destroy “ oyster reefs” and sponge beds (Young and 
Glaister 1993, Pauly et al. 1996, Lenihan and Peterson
1998) created over long time periods by sessile plank- 
tivores and detritivores. In undisturbed systems, de
mersal fish either feed on these organisms, feed on their 
predators, or take refuge in the benthic architecture. 
Hence, degradation of this habitat acts to redirect car
bon flows away from benthic toward pelagic systems,
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thereby adding to the effects of anthropogenic nutrient 
inputs.

Third, the reduction of predatory pressure from few
er benthic fish may lead to an increase of small pelagic 
fish and squids. When these pelagic resources become 
available for exploitation they may mask the decline 
of demersals (Pauly and Murphy 1982, Daan and Sis- 
senwine 1991). The South China Sea and Gulf of Thai
land provide examples of such a shift. Catches of valu
able demersal fish such as croakers, groupers, and snap
pers (Sciaenidae, Epinephilinae, Lutjanidae) have been 
replaced by small pelagics used for animal food, and 
invertebrates such as jellyfish and squids (Beddington 
and May 1983, Boonyubol and Pramokchutina 1984, 
Silvestre and Pauly 1997, Pitcher et al. 1998). A shift 
from groundfish to cephalopods has been documented 
worldwide (Caddy and Rodhouse 1998).

A fourth biological mechanism is a trophic cascade 
(Carpenter et al. 1985) through which increased catches 
of small pelagic fish reduce food for larger piscivores, 
which then decline further. More small prey are re
leased for capture by a fishery that is forced to target 
species even lower down the food web. In a similar 
way, fisheries compete for forage fish with other spe
cies, especially marine mammals (e.g., Trites et al.
1997).

A fifth effect of overfishing is to reduce the pre
dictability of exploited aquatic ecosystems. Plankton 
blooms may be made more likely by removing large 
numbers of fish from a marine ecosystem, in addition 
to being generated in a “ bottom up sense” by nutrient 
enrichment. Parsons (1996) describes quasi-chaotic cy
cles of average annual zooplankton/phytoplankton bio
mass, where small differences in the timing and char
acteristics of reproduction act as chaotic attractors, 
characteristic of different oceans. Hastings and Powell 
(1991) show that the removal of fish plankton predators 
can destabilize ecosystems, causing wild oscillations 
of irregular phytoplankton blooms. Through cascade 
effects, this could spread chaotic instability to higher 
levels in the ecosystem.

Contemporary examples of these processes abound. 
For example, the immense population of walleye pol
lock (Theragra chalcogramma) in the North Pacific 
may be a result of the exploitation and virtual extinction 
of baleen whales (National Resource Council 1996). 
The great expansion of trawl fisheries in the 1980s, 
aimed at harvesting pollock, may have exacerbated the 
situation because large pollock would otherwise can
nibalize juveniles, which compete with whales for 
food. Moreover, in the Bering Sea there are reports of 
a huge jellyfish increase (Brodeur et al. 1999), a wor
risome trend also documented from the South China 
Sea (Saeger 1993) and the Adriatic (Avian and Sandrin 
1988), and which has been amplified to disaster level 
for an introduced jellyfish in the Black Sea (Shushkina 
and Vinogradov 1991, Zaitsev 1992).

From about 12 million tonnes in 1950, the world

marine fish catch expanded to an official figure of over 
80 million landed tonnes (Food and Agriculture Or
ganization 1997). To this, we must add at least 27 m il
lion tonnes of discards at sea (Alverson et al. 1994), 
and illegal and unreported catch. Where snapshots are 
available, unreported catch seems about equal to the 
recorded amount, except where enforcement includes 
onboard observers, or the chances of detection in re
lation to rewards are high (Beddington et al. 1997). 
The “ true” world fish catch (Pauly 1996) is therefore 
likely to be in the region of 120-140 million tonnes, 
perhaps even as high as 160 million. Moreover, about 
30% of all primary production in coastal seas is se
questered by fishing (Pauly and Christensen 1995), 
only slightly lower than the equivalent rate on land 
(Ehrlich 1995). This indicates little room for the ex
pansion of fisheries.

On this global scale, the historical effect of fishing 
since 1950 has been dramatically illustrated by plotting 
the mean trophic level of fish catch against time (Pauly 
et al. 1998a). The catch of each species is weighted by 
its trophic level, obtained from ecosystem modeling 
(available in “ Fishbase,” Froese and Pauly 1997). A 
similar trend is seen in most of the Food and Agri
culture Organization of the United N ations’ (FAO) sta
tistical regions of the globe (e.g., both western and 
eastern Canada; Pauly et al. 2000). These authors have 
coined an apt term: “ fishing down the food w eb.”

T h e  T h r e e  R a t c h e t s : “ Y o u  C a n ’t  G e t  B a c k  
T h e r e  f r o m  H e r e ”

What do we know of the processes that have lead to 
this sorry state? In fisheries, three ratchet-like pro
cesses (Pitcher 2000), continue to contribute to this 
erosion of biodiversity and ecosystem integrity.

Fishing acts as a selective force on ecosystems by 
removing long-lived, slow-growing fish in favor of 
those with higher turnover rates. This process operates 
both within and among species. When species (or ge
notypes) become extinct, the past becomes hard to re
store, like a ratchet. I term this “ O dum ’s ratchet,” rec
ognizing Eugene P. Odum’s concerns with human- 
caused extinctions (for example, see Gibbons and 
Odum 1993). Natural system maturation processes in
creasing resilience and complexity of internal trophic 
and structural relations are essentially the mirror image 
of unnatural changes caused by chronic exploitation. 
For example, a cascade of species extinctions charac
terizes the early stages of the exploitation of ecosys
tems (Christensen and Pauly 1997, Ward 1997), prob
ably because of the specialized niches of top carni
vores.

It is sometimes argued that fishing cannot cause spe
cies extinction (e.g., Mace 1997), with a few exceptions 
among elasmobranchs (e.g., Brander 1981, Casey and 
Myers 1998). Even when single-species population dy
namics parameters that express extinction were in
vented in the 1950s by Ray Beverton and Sidney Holt,

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



606 TONY J. PITCHER Ecological Applications
Vol. 11, No. 2

their relevance was not recognized (Pitcher 1998a). 
Fortunately, recent work has begun to address these 
issues more rigorously (Carlton et al. 1999, Musick 
1999a, b). For example, Punt (2000) has shown that 
the fishing mortality that would bring about extinction 
is only slightly higher than the Maximum Sustainable 
Yield (MSY) for /c-selected species. Marine extinctions 
were reviewed by M alahoff (1997), who quoted two 
well-known fisheries scientists as averring that most 
fish are extinction-proof because of high fecundity and 
planktonic larvae. Even collapsed fish stocks still have 
millions of fish, and so extinction is unthinkable. In 
fact, M alahoff points out that local extinctions of con
cealed sibling species with limited spatial ranges turn 
out to be widespread. It is important to emphasize that 
these local extinctions are in fact the critical process 
in compromising biodiversity, shifting trophic path
ways, and altering habitat for other species. Planet- 
wide extinctions are only the result of the last ever of 
a series of local extinctions.

The second mechanism, termed “ Pauly’s ratchet,” 
refers to the psychological tendency for us to relate 
changes in the system to what things were like at the 
time of our professional debut: Accounts of former 
great abundance are discounted as anecdotal, meth
odologically naïve, or are simply forgotten (Pauly
1995). Sustainability as a policy objective, therefore, 
tends to be applied to a ratchet-like baseline. Accounts 
of high abundance are valuable (e.g., Mowat 1984, 
MacIntyre et al. 1995) because they refer to an early 
phase of fishing, when a small amount of fishing effort 
brought about large reductions in biomass.

“ Ludw ig’s ratchet” (termed by M. Healey, personal 
communication, after Ludwig et al. 1993) is the third 
mechanism, and refers to the generation of additional 
fishing power through loans that can be repaid only by 
sustained catches that, on account of stock depletion, 
can be generated only by further investment in fleet 
technology. Ludwig’s ratchet leads to overcapacity, the 
single biggest economic problem in fisheries (Mace
1997). Much of the problem has been caused by gov
ernment subsidies (Milazzo 1998), so it is ironic that 
that is being addressed by government-funded buy
back programs worldwide, with, however, little appar
ent success. The catching power of the world fishing 
fleet continues to expand. Paradoxically, economics 
was once regarded as the reason why fish stocks cannot 
be driven to extinction. For example, Beverton and Holt 
(1955:363) state: “ Long before [extinction], declining 
abundance would cause the fishing intensity to slacken 
for economic reasons.” But it is likely that overca
pacity in fisheries drives serial depletion within species 
(e.g., Orensanz et al. 1998), and, by Odum’s ratchet, 
among species. Moreover, using the Passenger Pigeon 
and the buffalo as case studies, Farrow (1995) modeled 
the economics of extinctions, and found that, in a mul
tispecies context, neither privatization, nor price/cost 
shifts with scarcity were sufficient to avert extinction.

All three of these processes occur automatically, and 
are ratchet-like in that they proceed in a series of rapid 
one-way changes, making it difficult to get back to a 
former state. They can be reversed with varying de
grees of difficulty, time, and cost. First, species ex
tinction, Odum’s ratchet, is a one-way street (short of 
Jurassic-park technology), but local extinctions may be 
reversed by (expensive) réintroductions. Second, re
versing Ludwig’s ratchet has baffled fisheries econo
mists (Francis 1990, Organisation for Economic Co
operation and Development [OECD] 1997), and will 
surely involve some draconian instruments. Third, re
versing Pauly’s ratchet is a cognitive process that re
quires learning and a shift of a Kuhnian paradigm. Not 
surprisingly, the general public may find it easier to 
recapture images of past abundance than fishery sci
entists. Moreover, indigenous and aboriginal peoples 
often hold primal abundance in special regard (Haggan 
1998a).

Deep-sea fish resources, such as the orange roughy 
or Patagonian toothfish ( “ Chilean seabass” in restau
rants), are rapidly being subjected to all three of these 
one-way processes (Gordon et al. 1995). Compared to 
inshore environments, which in Europe saw a slow de
velopment of fishing over 1000 yr, the deep sea is being 
rapidly depleted worldwide by industrialized “bio
prospecting” (Newman 1995). Sometimes there are al
most no regulations on new fisheries, and illegal fishing 
abounds (Convention for the Conservation of Aquatic 
Marine Living Resources [CCAMLR] 1999), but de
spite a trend to management, and single-species quotas 
for deep-sea fish set by governments and international 
organizations (Merrett and Headrich 1997), the impact 
on marine ecosystems of massive reductions in the pop
ulations of long-lived, deep-sea fishes has yet to be 
evaluated, a clear example of a failure to apply the 
precautionary principle.

Acting in conjunction with these ratchet-like pro
cesses, competition for scarce resources stimulates the 
adoption of new technology, and leads to pathological 
serial depletion of fish stocks by geographical area and 
by shifting of target species.

R e b u i l d i n g  a s  a  N e w  G o a l  f o r  F i s h e r ie s  
M a n a g e m e n t

The most likely scenario for world oceans is that 
depletion from these ratchet processes will continue to 
erode both biodiversity and wealth-generating produc
tivity. To reverse the trend, I propose a three-layered 
agenda. First, we have to establish conceptual goals 
for the management of fisheries that are firmly rooted 
in how ecosystems function. Second, we need a fish
eries assessment methodology that is capable of ad
dressing this conceptual goal. Third, we need practical 
everyday tools that can implement remedial actions. 
This is a tali order, as we need to do no less than 
reinvent fisheries science to do this. My suggestions 
are outlined below.
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F ig . 1. Schematic representation of the loss of biodiversity in aquatic ecosystems since prehistory. The vertical axis 
represents total abundance, biomass of top predators, a suitable diversity index, or an ecosystem breadth measure. The 
horizontal axis is time since the late Pleistocene origin of modern, cooperatively hunting, tool-inventing humans ( «  120 000 
yr BP in Africa). The stepped downward line represents serial depletion of ecosystem resources as new fishing technologies 
are invented by humans. Some of the principal fishing gear inventions are indicated. Horizontal arrows represent sustainability, 
which in theory may be pursued at any level of depletion if fisheries assessment, management, and enforcement instruments 
are effective. Future options are indicated by the three-way arrow (modified from Pitcher and Pauly 1998).

At one time the supreme goal of fishery management, 
Maximum Sustainable Yield (MSY; Roedel 1975) has 
repeatedly been called in question (see Larkin 1977, 
Barber 1988), so that few agencies would acknowledge 
it as their goal today. Nevertheless, sustainability in 
one form or another is almost universally employed to 
define the population criteria that have proliferated to 
replace it (e.g., Smith 1993, Smith et al. 1993, Drum
mond and Symes 1996). But the logical problem is that 
management for sustainability could maintain any giv
en level of depletion of an ecosystem, without consid
ering the benefits of alternative ecosystems (Pitcher et 
al. 1999). (Since this paper was written, the same point 
has also been noted by the National Research Council 
[NRC], 1999.) Pitcher and Pauly (1998) argue that it 
matters little whether one supports the optimist or the 
pessimists in judging whether present-day fisheries sci
ence can actually achieve sustainability, since sustain
ability per se is not the right goal.

In Fig. 1, from left to right, the fisheries ecosystem 
is depleted, biodiversity is reduced, and internal system 
links lessened. Successive improvements in fishing 
technology punctuate slow decline with rapid decreas
es, representing the outcome of the three ratchet-like 
processes. Given effective management, an ecosystem 
can be sustained at any level on the way down. But,

with further depletion by excessive fishing, the choice 
of rebuilding as an alternative goal becomes more per
tinent and attractive.

A continuation of our present trend is depressing: 
ecosystems full of krill, jellyfish, squids, lanternfish, 
small fast-growing pelagios, and little else (M aclntrye 
et al. 1995, Parrish 1995, Pitcher and Pauly 1998). 
These are not the oceans that fisheries scientists have 
in mind as they diligently work in fisheries manage
ment agencies around the world, but, sadly, within less 
than one hundred years, that is what is likely to result 
from their efforts. I contend that only a conceptual shift 
from sustaining to rebuilding stands any chance of pre
venting this from happening.

In an analysis of the consequences of the rebuilding 
criterion, Pitcher and Pauly (1998) illustrate that in an 
emerging era of fish product scarcity (OECD 1997), 
economic advantage lies in restoring former species 
and abundance. Table 1 compares the costs and benefits 
under policies of depletion (effectively, the status quo), 
sustaining (what most agencies hope is the status quo), 
and rebuilding (the policy advocated here). The table 
sets out relative value, total resource value, and costs 
of harvest, enforcement, monitoring, processing, and 
employment. The final column evaluates the expected 
profit, which is maximized under a rebuilding policy.

^ “ 5
Trajectories of sustainability 

(option at any level)
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T a b l e  1. Comparison of economic benefits from policies that deplete, sustain, or rebuild the fisheries ecosystems in Fig. 
1 (modified from Pitcher and Pauly 1998).

Strategy
Product

value

Total
resource

value
Harvest

cost

Enforce
ment
cost

Monitoring
cost

Processing
cost

Employ
ment in 
sector Profit

Deplete low stable low low low high high low
Sustain medium rising high high high medium low medium
Rebuild high rising + low low low low low high

Moreover, as prices for traditional “ table fish” rise in 
a future in which fish demand increasingly outstrips 
supply, jurisdictions that operate a rebuilding policy 
are likely to outperform economically those with a sus
tainable policy. Pitcher (2000) outlines extra advan
tages of ecosystem rebuilding. These include detecting 
clear upward-trending signals, lessening conflict, clar
ifying management objectives, benefiting a wider group 
of resource users, and harnessing diverse groups to 
monitor resources throughout the ecosystem, such as 
the public acting as willing sentinels of rebuilding. 
Nevertheless, as with any change in management, the 
short-term costs of adjustment will likely act against 
some resource stakeholders. While the default as
sumption should be that rebuilding is likely to maxi
mize economic benefit to society, as an exception there 
may be some fisheries, such as prawns and lobster, 
where preservation of the status quo would do that. But 
the “ sustainability” paradigm has the disadvantage of 
deflecting attention from what might be achieved.

The concept o f sustainability

While the term “ sustainable developm ent” has been 
questioned (Frazier 1998) because it has been inter
preted in a way that fails to acknowledge ecological 
limits (e.g., ecological footprints; Folke et al. 1998), 
conservationists hold that sustainability has a broader 
definition, encompassing social, as well as biodiversity 
factors; thus, my argument is valid only against a nar
row single-species definition of sustainability. Hence, 
they argue that rebuilding ecosystems is really just a 
more subtle form of sustainability. Semantically, this 
is correct, but I contend that it is more helpful to not 
use the term sustainability in the context of fisheries, 
where “ sustainable social goals,” “ sustainable eco
nomic goals,” and “ sustainable ecological goals” have 
clearly been mutually incompatible in real management 
situations, such as in Newfoundland after the collapse 
of the cod fishery.

A N o v e l  M e t h o d o l o g t  f o r  t h e  M o d e l
R e c o n s t r u c t i o n  o f  P a s t  E c o s y s t e m s : 

“ B a c k  t o  t h e  F u t u r e ”

Rebuilding implies reconstructing elements of past 
ecosystems. A trophic m ass-balance model, E c o p a t h  
(Polovina 1984, Christensen and Pauly 1992, 1993), 
and two derived dynamic simulations, E c o s im  (Walters 
et al. 1997) and E c o s p a c e  (Walters et al. 1998, 1999),

can be used to model past ecosystems. Full details of 
the modeling system are presented in these references, 
only a brief summary is presented here.

Using data on fisheries catch by sector, production 
to biomass ratios, consumption rates, and a diet matrix 
for up to 50 defined components of an ecosystem, E c o 
p a t h  tallies the flows of matter within the components 
of a system, defines trophic levels, and can be used to 
estimate biomass given diet, mortality, and consump
tion rates. E c o s im  is capable of evaluating the impact 
of changes in fishing rates selectively across gear types, 
and can tune the model to defined time series of bio
mass estimates. E c o s p a c e  allows spatial ecosystem 
modeling by replicating the E c o s im  simulations across 
a grid of habitat cells: Modeled species groups are al
located habitat preferences. Although complex com
putationally, these models are conceptually simple, be
ing accounting sheets for diet, biomass, and the import 
and export of matter (or energy) among predators, prey, 
grazers, and plants. Biomass, energy, carbon, or nutri
ents can be used as currency of ecosystem pools. By 
using the principle of m ass-balance, E c o p a t h  models 
are grounded in physics (the first law of thermodynam
ics, and the conservation of energy and matter).

It is an advantage that a preliminary model of an 
exploited ecosystem can be built without requiring 
much data, as many variables can be estimated from 
inputs and outputs by solving a set of simultaneous 
linear equations. Then, such preliminary models can 
be improved by adding new detail without disruption. 
Moreover, workshops set up to construct ecosystem 
models are valuable for interdisciplinary teams of ecol
ogists, where specialists in particular taxa are forced 
to understand each others’ concepts, and express fluxes 
in an agreed common currency. In addition, the E c o 
p a t h  software can act as a database for the work of 
teams of scientists (e.g., Prince William Sound; Okey 
and Pauly 1998). Finally, the models are quite easy to 
explain to nonscientists, and are relatively easy to build 
and validate.

At present, the E c o p a t h  modeling system has a 
number of shortcomings. The m ass-balance assump
tion causes difficulties in migratory species, but is re
laxed in E c o s im  and E c o s p a c e .  Behavioral rules that 
shift diets are not included, larvae and juveniles have 
to be approximated, and nonstandard trophic pathways, 
such as the shunt of primary production from large 
animals to a loop of microbes (Neill 1998), are not
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covered. Keystone effects, described by Lawton and 
Jones (1995), as autogenic or allogenic ecosystem en
gineering, modulate, through structure, the fluxes from 
one ecosystem component to another, but such dynam
ics are not expressed directly in E c o p a t h  models. 
Moreover, the tendency in fisheries work, because of 
convenience, has been to express ecosystem fluxes in 
terms of biomass, which can be a misleading indicator 
of a species’ role, status, and response to fishing 
(Grimm 1995). Nevertheless, these shortcomings are 
being addressed by enhancements to the model algo
rithms; for example, uncertainty, spatial, and seasonal 
elements have been addressed in the past two years. 
The power of E c o p a t h ,  E c o s i m  and E c o s p a c e ,  there
fore, lies not only in their ability to analyze system- 
wide responses to fishing, but also in their readiness 
to be improved.

These techniques have recently been harnessed to a 
new multidisciplinary methodology for the model re
construction of past systems. “ Back to the Future” 
(BTF; Pitcher 1998b, Pitcher et al. 1999) employs tra
ditional or local environmental knowledge (TEK or 
LEK; Hunn 1993), historical documentation, and ar
chaeology (including ancient DNA or molecular ar
chaeology), to facilitate ecological modeling of past 
systems. Past and present ecosystems, from plankton 
through fish, marine mammals, and seabirds, are mod
eled using the E c o p a t h  and E c o s i m  techniques, in
cluding simulations that address “ what i f ” questions, 
such as changes in fishing practices, the closure of 
areas, or local extinctions of species. Evaluation of a 
series of such reconstructed ecosystems since ancient 
times can illustrate dramatically how past marine har
vests have progressively foreclosed our future econom
ic options. The BTF methodology supplies a practical 
direct use for the knowledge of maritime historians, 
archaeologists, ecological economists, fisheries ecol
ogists, and the TEK of indigenous peoples. It gives all 
these participants an exciting common goal. The BTF 
process easily satisfies all but the fifth of the six prin
ciples set out by Costanza et al. (1998) for governance 
of the w orld’s oceans: responsibility, scale-matching, 
precaution, adaptive management, full cost allocation, 
and participation. Most alternative methods do not per
form as well as this.

Moreover, TEK, if not denied, then a voice often 
marginalized in conventional fisheries science (Rich
ardson 1992, Kuhn and Duerden 1996; M. S. Weinstein, 
unpublished manuscript), is strengthened in the BTF 
process by a cross-validation with ecological science 
(see Johannes 1981, 1987, Johannes et al. 1993). Thus, 
it may be endowed with a real and valuable role in 
shaping future fisheries policy (Haggan 1998b). Be
cause it is generally not structured in the same way as 
ecological science, at first sight it appears difficult to 
entrain TEK to the BTF process, but through the use 
of carefully designed questionnaires and interviews, it 
is possible to break the problem down into simple

choices; for example, presence and absence, place and 
time. Abundance can be scored relative to other times, 
or relative to other organisms in the ecosystem (e.g., 
Salas et al. 1998). This partnership between TEK and 
E c o p a t h  can provide a powerful description of past 
ecosystems (Haggan et al. 1998).

Fig. 2 is a diagrammatic representation illustrating 
the BTF method (Pitcher et al. 1999). The triangles 
represent E c o p a t h  models, which are drawn up for the 
present day, for a series of specified past times, and 
for a range of alternative futures. Triangles are used 
because the E c o p a t h  model is conventionally repre
sented in the way where the vertex angle and height 
of the triangle are scaled to biodiversity and internal 
connectance. The boxes represent species, and the size 
of boxes represent the relative abundance. (Note that 
the boxes could equally well represent genetically dis
tinct lineages within a species.) Lines between boxes 
show the time line of species, ending when local ex
tinction occurs (solid circles). Information about what 
species were present comes from archaeology, tradi
tional knowledge, or documents represented by the re
spective symbols. Abundance estimates may be given 
as trial input to the E c o p a t h  model, which can then 
be used to adjust the values to be compatible with the 
trophic web.

Future ecosystems are represented by alternative 
models to the right of Fig. 2. They range from heavily 
depleted ecosystems, filled with low trophic level re
sources, ranging through maintenance of the present 
status quo (already depleted, we note), to various eco
systems restored to some semblance of the past. The 
importance of past ecosystems, once validated, in the 
policy choice process is that, since they have actually 
occurred, they must “ work.” Hence, the “ Back to the 
Future” process can set realistic policy goals for res
toration compared to sets of “ single species” goals that 
would otherwise likely be mutually incompatible. 
“ Back to the Future” therefore illustrates how critical 
ecosystem modeling is for fisheries and ecosystem res
toration. The choice of future ecosystem modeling as 
a policy goal depends on the evaluation of benefits and 
costs of restoration using ecological economics, and 
will be the subject of future publications.

The historical times at which it may be appropriate 
to draw up models will vary among sites. For example, 
in the Strait of Georgia, British Columbia (Pitcher 
1998c), E c o p a t h  models were constructed for (1) the 
present day; (2) for 100 yr BP, before the huge modern 
expansion of salmon fisheries; and (3) 500 yr BP, before 
contact of native peoples with European settlers and 
the expansion of the fur trade (Dalsgaard et al. 1998). 
Biomass of 24 modeled ecosystem components in
cluded macrobenthos (Aguilera 1998), capelin, and eu- 
lachon (Hay 1998), lingcod (Marteli and Wallace
1998), marine mammals (Winship 1998), and fisheries 
(Wallace 1998). Pitcher (1998d) discussed the possible 
occurrence of Steller’s sea cow and sea otters, while
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Ancient past

F ig . 2. Diagram illustrating the “ Back to the Future’’ methodology for the evaluation of past ecosystems. Triangles 
represent three E c o p a th  models, constructed at appropriate past times, where vertex angle and height are inversely related 
to biodiversity and internal connectance. The timing of models depends on the locality, the dawn of quantitative documentary 
evidence, and major shifts in resource history; a fourth model might be drawn up for the premodern human, late Pleistocene 
era. Time lines of some representative species in the models are indicated, where the size of boxes represents relative 
abundance, and solid circles represent local extinctions. Sources of information for constructing and tuning the E c o p a th  
models are illustrated by the symbols for historical documents (paper), archaeological data (trowel), and the traditional 
environmental knowledge of indigenous peoples (balloon) (diagram modified from Pitcher et al. 1999). Alternative future 
ecosystems are drawn to the right.

Williams (1998) analyzed coastal petroglyphs and pic- 
tographs for evidence of lost aquatic species (e.g., 
Crockford 1994), and Danko (1998) surveyed linguistic 
evidence. At an interdisciplinary workshop (Preikshot 
et al. 1998), the data were compared with earlier ac
counts of problems in the S trait’s fisheries (Glavin
1996). The scope of the models and conclusions are 
preliminary and far from definitive, so that it needs a 
great deal more effort before the work can be credible 
in informing policy choices for the Strait of Georgia 
(Pauly et al. 19986). Nevertheless, it comprises the first 
published example of the “ Back to the Future’’ process.

In the North Sea, the times chosen to construct E c o 
p a t h  models might be: (1) 50 yr BP, before large scale 
modern fisheries; (2) 200 yr BP, before mechanized 
fisheries, but after the collapse of the vast Scania her
ring stock (Cushing 1987); and (3) 1000 yr BP, before 
the expansion of the Hanseatic league and the rise of 
modern trade. In the Mediterranean, more ancient mod
el times might be practicable where supported by re
cords of Bronze Age civilizations (e.g., Wachsmann
1998). Where possible, it would also be desirable to 
draw up a late Pleistocene model prior to the impacts 
of modern humans, where it may be validated by ar
chaeology. In human-made lakes, where there is no past

ecosystem, an adapted procedure can evaluate alter
native future ecosystems (e.g., Lake Nasser; Pitcher
1999).

Toward an aquatic restoration ecology: 
the need fo r  practical techniques

What practical management instruments for fisheries 
will allow ecosystem restoration as a policy objective 
in the face of uncertainty? Here I discuss no-take re
serves, and réintroduction of species, both of which 
have terrestrial analogues.

Restoration ecology in terrestrial environments 
seems further advanced than its aquatic equivalent 
(Dobson et al. 1997), in that terrestrial restoration ecol
ogy has a powerful set of tools to aid recovery of de
graded systems. Terrestrial reserves provide baselines 
against which to judge human impacts (Arcese and Sin
clair 1997), and restoration is also viewed as a nec
essary hedge against loss from natural causes (Sinclair 
et al. 1995). Habitat preservation is regarded as the 
essential template upon which species conservation 
must be founded: “ Habitats can only be preserved if 
they are treated as a renewable resource; otherwise all 
habitat will decay to zero’’ (Sinclair et al. 1995:585). 
At first sight, it may be difficult to see how this relates
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to aquatic species. With major exceptions like coral 
reefs, rocky shores, and kelp forests, most fish lack a 
physically tangible habitat made of rooted plant ar
chitecture like most terrestrial animals. But the concept 
needs extending only a little to encompass the trophic 
structure of the ecosystem. For example, the great ma
rine populations of fish are bounded by tangible ocean 
structures (Bakun 1996). Both of the practical tech
niques direct terrestrial analogues.

The establishment of no-take marine reserves (Gué- 
nette et al. 1998) is the first essential practical element 
of marine restoration ecology; the rebuilding of intact 
systems is a common goal with terrestrial conservation. 
If some fishing or exploitation is allowed, the purpose 
is defeated (Ballentine 1991). No-take marine reserves 
act like a retirement investment. The immediate returns 
are low, but in the long-term the accumulated interest 
on natural capital will pay back sustained dividends. 
For politicians and decision makers, no-take marine 
reserves are w in-w in policies: In the long-term, they 
will ensure that we have a fishing industry that max
imizes wealth, jobs, and food, at the same time as con
serving habitat, rebuilding the biodiversity of all ocean 
creatures, and providing recreational opportunities for 
humans. As natural ecosystems recover in the absence 
of harvesting, the abundance of large high-value fish 
species will gradually increase. Such fish and their off
spring become available to commercial and recreation
al fisheries outside of the reserve area (Bohnsack 1993, 
1996, Allison et al. 1998). No-take reserves also act 
as an insurance policy against mistakes by science and 
management (Clark 1996, Lauck et al. 1998), although 
my conclusions suggest that marine reserves have a 
more important function than bet hedging alone.

The first jurisdiction in the world to have the courage 
to declare large parts of its ocean permanent no-take 
marine reserves may have the only healthy sustainable 
fisheries in 50 yr time. Global figures show that seafood 
demand is increasingly outstripping supply: The fish 
product markets of the future will place a valuable 
premium on high-quality, large, traditional table-fish 
species. No-take marine reserves that are sufficiently 
large, of the order of 30% of marine areas, will help 
to ensure those market opportunities.

But, marine reserves cannot be expected to act on 
their own (e.g., Allison et al. 1998). If fishing effort 
displaced by the reserve concentrates into the remain
ing area, or seeks new targets to harvest, advantages 
will be compromised. Therefore, marine reserves have 
to be emplaced in conjunction with normal fishery man
agement devices. For nonmigratory stocks, local com
munities might be encouraged to establish, monitor, 
and enforce their own reserve areas (Neis 1995, Pin
kerton and Weinstein 1995), and the consent and sup
port of local and aboriginal peoples is vital. Aboriginal 
groups are often suspicious of no-take legislation, as 
it is seen as a politically motivated allocation device

directed against their traditional harvest rights (Smythe
1995).

A second practical technique is the réintroduction of 
fish formerly endemic in the area: Terrestrial analogues 
are reintroducing wolves to national parks, or the sug
gested re-establishment of bison on the North American 
plains (Callenbach 1995). Fish should be reintroduced 
to protected no-take reserves, as those that wander out 
risk being caught, like reintroduced wolves shot outside 
Yellowstone Park. But unlike terrestrial restoration 
ecology, the ultimate purpose of the réintroduction is 
that their progeny, having established a viable popu
lation, are intended to be caught within limits set by 
stock assessment.

For example, in Hong Kong, lanterns accurately de
picting large demersal fish were decorated with rib
bons, and carried on poles in procession by coastal 
peoples for thousands of years (Wedding Fish Proces
sion ; 1815 oil painting AH 1964.002, artist unknown, 
Hong Kong Museum of Art, personal communication). 
Giant croakers and groupers from the shallow South 
China Sea were present up to the 1950s, but are now 
locally extinct (Pitcher et al. 1998). Establishm ent of 
artificial reefs within protected areas (Wilson and Cook 
1998, Pitcher et al. 2000a, b) may allow the réintro
duction to Hong Kong of these valuable fish, currently 
imported from the coral reefs of adjacent Southeast 
Asian countries, and often fished with environmentally 
unfriendly methods (Erdmann and Pet-Soede 1996).

C o n c l u s io n s

Many fisheries ecologists call for ecosystem man
agement (e.g., Larkin 1996, Botsford et al. 1997, Pol
icansky and Magnuson 1998, Sherman and Duda 1999), 
but there have been few clear statements of what its 
objective should be. Trying to define alternative Op
timal Sustainable Yields for each stakeholder results 
only in confusion. In contrast, a rebuilding and res
toration objective for aquatic resources is neither fan
ciful, preservationist, nor emotive, because the policy 
produces tangible economic gains in tom orrow’s mar
kets. The same goal is now well established in terres
trial ecology (Sinclair et al. 1995), and a similar ap
proach is advocated to solve the problems of forestry 
(Marchak 1995), which in many respects parallel those 
of fisheries. Restored systems have higher biodiversity, 
allowing more market niches for seafood products. 
Moreover, restored marine ecosystems maximize ben
efit to society because they have higher value from 
multiple users, satisfying conservation objectives, at 
the same time as providing wealth and reducing allo
cation conflicts.

In economic terms, natural ecosystems produce both 
goods and services. Fisheries represent most of the 
goods. But Costanza et al. (1997) estimate that the 
economic value of ecosystem services is 63% of the 
total global value of $33 trillion. Half of this derives 
from coastal ecosystems that provide services esti
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mated at $400 000 per km2. Less than 5% is from fish
ing. The rest is the estimated service value to humans 
of nutrient recycling, disturbance regulation, recrea
tion, cultural use, raw materials, habitat refugia, and 
biological control. We can expect restored ecosystems 
to have higher service values.

Unlike sustainability, which needs to be carefully 
defined because economic and ecological sustainability 
easily find themselves at odds, a management goal for 
rebuilding aquatic systems brings a number of benefits. 
This goal can be clearly associated with greater eco
nomic, social, and ecological status, and so can easily 
be understood and adopted by a nonscientific public. 
Pitcher (2000) argues that this benefit might be lost if 
decision making is subverted by commercial or indus
trial interests, or by pressure not to inconvenience the 
politicians of the day. Dayton (1998) calls for a “ re
versal of the burden of proof” to oblige fisheries to 
demonstrate that their activities cause no ecologically 
significant long-term changes. Additionally, rebuilding 
should not foreclose future options to profit from the 
seas, to recover the lost opportunity costs of collapsed 
resources, and to maximize the value of services pro
vided by intact aquatic ecosystems. Gro Brundtland 
(1997) is optimistic that “ politics that disregard science 
and knowledge will not stand the test of tim e,” but 
time is what we do not have a lot of for the world’s 
depleted oceans.

A c k n o w l e d g m e n t s

I thank Pam Brown, Johanne Dalsgaard, Sylvie Guénette, 
Nigel Haggan, Trevor Hutton, Tom Okey, and Daniel Pauly 
for commenting on the m anuscript, and Tony Sinclair, Rashid 
Sumaila, and Cari W alters for discussion of ideas. The m a
terial in this paper was first presented at the Seventh Inter
national Congress of Ecology in Florence, July 1998, and I 
am grateful to Klemens Ekschmitt for the invitation to speak, 
and thank him, and a total of six anonymous referees, for 
comments that have improved the manuscript.

L i t e r a t u r e  C i t e d  

Aguilera, L. E. C. 1998. Past and present features of Strait 
of Georgia macrobenthos. Pages 38-41 in D. Pauly, T. J. 
Pitcher, and D. Preikshot, editors. Back to the future: re
constructing the Strait of Georgia ecosystem. Fisheries 
Centre Research Reports 6(5).

Allison, G. W., J. Lubchenco, and M. H. Carr. 1998. Marine 
reserves are necessary but not sufficient for marine con
servation. Ecological Applications 8:S79-S92.

Alverson, D. L., M. H. Freeberg, S. A. M urawski, and J. G. 
Pope. 1994. A global assessment of fisheries by catch and 
discards. FAO Fisheries Technical Paper 339.

Anonymous. 1998. M ackerel fishery collapse in Chile. Sci
ence 280:1353.

Apollonio, S. 1994. The use of ecosystem  characteristics in 
fisheries m anagement. Reviews in Fisheries Science 2:157- 
180.

Arcese, P., and A. R. E. Sinclair. 1997. The role of protected 
areas as ecological baselines. Journal of W ildlife M anage
ment 61:587-602.

Avian, M., and L. R. Sandrin. 1988. Fishery and swarmings 
of Pelagia noctilluca in the central and northern Adriatic 
Sea: middle term analysis. Rapports et Proces-Verbaux des 
Reunions Conseil International pour l ’Exploration de la 
M er 31:230-231.

Bakun, A. 1996. Patterns in the ocean: ocean processes and 
marine population dynamics. University of California Sea 
Grant, San Diego, California, USA.

Ballentine, W. J. 1991. Marine reserves for New Zealand. 
University of Auckland, Leigh Laboratory Bulletin 25.

Barber, W. E. 1988. M aximum sustainable yield lives on. 
North American Journal of Fisheries M anagem ent 8 :153- 
157.

Beddington, J. R., K. Lorenzen, and I. Payne. 1997. Limits 
to exploitation of capture fisheries. Pages 529-536  in D.
A. Hancock, D. C. Smith, A. Grant, and J. P. Beumer, 
editors. Developing and sustaining world fisheries resourc
es: the state of science and management. Commonwealth 
Scientific and Industrial Research Organisation (CSIRO), 
Collingwood, Australia.

Beddington, J. R., and R. M. May. 1983. Maximum sustain
able yields in systems subject to harvesting at more than 
one trophic level. M athematical Biosciences 43:64-85.

Beverton, R. J. H. 1998. Fish, fact and fantasy; a long view. 
Reviews in Fish Biology and Fisheries 8 :229-249.

Beverton, R. J. H., and S. J. Holt. 1957. On the dynamics of 
exploited fish populations. Fisheries Investigations of the 
M inistry of Agriculture and Fisheries, Food in Great Britain 
(2. Sea Fish), 19. Fascimile reprint 1993, Fish and Fisheries 
Series, Number 11, Chapman & Haii, London, UK.

Bohnsack, J. A. 1993. Marine reserves. They enhance fish
eries, reduce conflicts, and protect resources. Oceanus 36: 
63-71.

Bohnsack, J. A. 1996. Marine reserves, zoning, and the future 
of fishery management. Fisheries 21:14-16.

Boonyubol, M., and S. Pram okchutina. 1984. Trawl fisheries 
in the Gulf of Thailand. ICLARM (International Center for 
Living Aquatic Resources M anagem ent) Translations 4.

Botsford, L. W., J. C. Castilla, and C. H. Peterson. 1997. The 
management of fisheries and marine ecosystems. Science 
277:509-515.

Brander, K. 1981. The disappearance of the common skate, 
Raia batis, in the Irish Sea. Nature 290:48-49.

Brodeur, R. D., C. E. M ills, J. E. Overland, G. E. Walters, 
and J. D. Schumacher. 1999. Evidence for a substantial 
increase in gelatinous Zooplankton in the Bering Sea, with 
possible links to climate change. Fisheries Oceanography 
8:296-306.

Brundtland, G. H. 1997. Editorial. Science 277:457.
Caddy, J., and P. Rodhouse. 1998. Cephalopod and ground- 

fish landings: evidence for ecological change in global fish
eries? Reviews in Fish Biology and Fisheries 8:1-14.

Callenbach, E. 1995. Bring back the buffalo A sustainable 
future for A m erica’s Great Plains. Island Press, W ashing
ton, D.C., USA.

Carlton, J. T., J. B. Geller, M. L. Reaka-Kudla, and E. A. 
Norse. 1999. Historical extinctions in the sea. Annual Re
view of Ecology and System atics 30:515-538.

Carpenter, S. R., J. F. Kitchell, and J. R. Hodgson. 1985. 
Cascading trophic interactions and lake productivity. 
BioScience 35:634-639.

Casey, J. M., and R. A. Myers. 1998. Near extinction of a 
large, widely distributed fish. Science 281:690-692.

Casteel, R. W. 1976. Fish remains in archaeology and paleo- 
environm ental studies. Academic Press, London, UK.

Christensen, V., and D. Pauly. 1992. Ecopath II— a system 
for balancing steady-state ecosystem models and calculat
ing network characteristics. Ecological M odelling 61 :169- 
185.

Christensen, V., and D. Pauly, editors. 1993. Trophic models 
of aquatic ecosystems. ICLARM (International Center for 
Living Aquatic Resources M anagement) Conference Pro
ceedings 26, Manila, Philippines.

Christensen, V., and D. Pauly. 1995. Fish production, catches 
and the carrying capacity of the worlds oceans. Naga, the

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



April 2001 REBUILDING ECOSYSTEMS AND FISHERIES 613

ICLARM (International Center for Living Aquatic R e
sources M anagem ent) Quarterly 18:34-40 .

Christensen, V., and D. Pauly. 1997. Changes in models of 
aquatic ecosystem s approaching carrying capacity. Eco
logical Applications 8:104-109.

Christy, E T. 1997. The death rattle of open access and the 
advent of property rights regim es in fisheries. M arine R e
source Econom ics 11:287-304.

Clark, C. W. 1996. M arine reserves and the precautionary 
m anagem ent of fisheries. Ecological Applications 6 :3 6 9 - 
370.

Convention for the Conservation of Aquatic Marine Living 
Resources (CCAM LR). 1999. Newsletter (Hobart, Aus
tralia) 21:2.

Costanza, R., F. Andrade, P. Antunes, M. van den Belt, D. 
Boersma, D. E Boesch, E Catarino, S. Hanna, K. Limburg, 
B. Low, M. Molitor, J. A. G. Pereira, S. Rayner, R. Santos, 
J. W ilson, and M. Young. 1998. Principles for sustainable 
governance of the oceans. Science 281:198-199.

Costanza, R., R. d ’Arge, R. de Groot, S. Färber, M. Grasso, 
B. Hannon, K. Limburg, S. Naeem, R. V. O ’Neill, J. Pa- 
ruelo, R. G. Raskin, P. Sutton, and M. van den Belt. 1997. 
The value of the w orld’s ecosystem  services and natural 
capital. Nature 387:253-260.

Crockford, S. 1994. New archaeological and ethnographic 
evidence of an extinct fishery for giant bluefin tuna on the 
Pacific Northwest coast of North America. Pages 164-168 
in W. van Neer, editor. Fish exploitation in the past. Annales 
du Musee Royale pour L’Afrique Centrale, Tervuren, B el
gium 274.

Cushing, D. H. 1987. The provident sea. Cambridge U ni
versity Press, Cambridge, UK.

Daan, N., and M. P. Sissenwine, editors. 1991. M ultispecies 
m odels relevant to management of living resources. Inter
national Council of Environm ental Studies (ICES) Marine 
Symposia 193.

Dalsgaard, J., S. S. Wallace, S. Salas, and D. Preikshot. 1998. 
M ass-balance model reconstructions of the Strait of Geor
gia: the present, one hundred, and five hundred years ago. 
Pages 72-91 in D. Pauly, T. J. Pitcher, and D. Preikshot, 
editors. Back to the future: reconstructing the Strait of 
Georgia ecosystem. Fisheries Centre Research Reports 
6(5).

Danko, J. P. 1998. Building a reliable database from native 
oral tradition using fish-related terms from the Spanish lan
guage. Pages 29 -33  in D. Pauly, T. J. Pitcher, and D. 
Preikshot, editors. Back to the future: reconstructing the 
Strait of Georgia ecosystem . Fisheries Centre Research Re
ports 6(5).

Dayton, P. 1998. Reversal of the burden of proof in fisheries 
m anagement. Science 279:821-822.

Dennell, R. 1995. The worlds oldest spears. Nature 385:767.
Desse, J., and N. Desse-Berset. 1994. Osteom etry and fishing 

strategies at Cape Andreas Kastos (Cyprus, 8th millenium 
BP). Pages 67-79  in W. van Neer, editor. Fish exploitation 
in the past. Annales du Musee Royale pour L’Afrique Cen
trale, Tervuren, Belgium 274.

Dobson, A. P., A. D. Bradshaw, and A. J. M. Baker. 1997. 
Hopes for the future: restoration ecology and conservation 
biology. Science 277:515-522.

Domning, D. P. 1978. Sirenian evolution in the North Pacific 
Ocean. University of California Publications in Geological 
Sciences 118:1-176.

Drummond, I., and D. Symes. 1996. Rethinking sustainable 
developm ent; the realist paradigm. Pages 152-162 in O. 
Ottterstad and I. Drummond, editors. Sustainable fisheries? 
Special issue of Sociología Ruralis 36(2).

Ehrlich, P. R. 1995. The scale of human enterprise and bio
diversity loss. Pages 214-226  in J. H. Lawton and R. M.

May, editors. Extinction rates. Oxford University Press, 
Oxford, UK.

Erdmann, M. V., and L. Pet-Soede. 1996. How fresh is too 
fresh? The live reef food fish trade in Eastern Indonesia. 
Naga, the ICLARM (International Center for Living A quat
ic Resources M anagem ent) Quarterly 19:4-8.

Farrow, S. 1995. Extinction and market forces: two case stud
ies. Ecological Econom ics 13:115-123.

Flannery, T. F. 1990. Pleistocene faunal loss: im plications of 
the aftershock of A ustralia’s past. Archaeology in Oceania 
25:45-67.

Flood, J. 1995. The archaeology of the dreamtime. Angus 
and Robertson, Sydney, Australia.

Folke, C., N. Kautsky, H. Berg, A. Jansson, and M. Troell. 
1998. The ecological footprint concept for sustainable sea
food production: a review. Ecological Applications 8 :S63- 
S70.

Food and Agriculture Organization of the United Nations 
(FAO). 1997. World fish catch statistics. FAO, Rome, Italy.

Francis, R. C. 1990. Fisheries science and modelling: a look 
to the future. Natural Resource M odelling 4:1-15.

Frazier, J. G. 1998. Sustainable development: modern elixir 
or sack dress? Environm ental Conservation 24:182-193.

Froese, R., and D. Pauly. 1997. FishBase 97: concepts, design 
and data sources. [Includes two CD-ROMs.] ICLARM (In
ternational Center for Living Aquatic Resources M anage
ment), Manila, Philippines.

Fujita, R. M., T. Foran, and I. Zevos. 1998. Innovative ap
proaches for fostering conservation in marine fisheries. 
Ecological Applications 8 .S139-S150.

Gibbons, W., and E. P. Odum. 1993. Keeping all the pieces: 
perspectives on natural history and the environm ent. Sm ith
sonian Institution Press, W ashington D.C., USA.

Glavin, T. 1996. Dead reckoning: confronting the crisis in 
Pacific fisheries. David Suzuki Foundation and Greystone 
Books, Vancouver, British Columbia, Canada.

Gordon, J. D. M., N. R. M errett, and R. L. Haedrich. 1995. 
Environm ental and biological aspects of slope dwelling 
fishes of the North Atlantic. Pages 1-26 in A. G. Hopper, 
editor. Deep water fisheries of the North Atlantic oceanic 
slope. Kluwer, Dordrecht, The Netherlands.

Greenpeace. 1993. It can’t go on forever: the global grab for 
declining fish stocks. Greenpeace, Amsterdam, The N eth
erlands.

Grimm, N. B. 1995. Why link species and ecosystem s? A 
perspective from ecosystem  ecology. Pages 5-15 in C. G. 
Jones and J. H. Lawton, editors. Linking species and eco
systems. Chapman & Haii, London, UK.

Guénette, S., T. Lauck, and C. Clark. 1998. Marine reserves: 
from Beverton and Holt to the present. Reviews in Fish 
Biology and Fisheries 8:251-272.

Gunn, N. M. 1941. The silver darlings. Faber and Faber, 
London, UK.

Haggan, N. 1998a. Reinventing the tree: reflections on the 
organic growth and creative pruning of fisheries m anage
ment structures. Pages 19-30 in T. J. Pitcher, P. J. B. Hart, 
and D. Pauly, editors. Reinventing fisheries m anagement. 
Kluwer, Dordrecht, The Netherlands.

Haggan, N. 1998b. Back to the future with Ecopath and Ecos
im. Page 26 in D. Pauly, editor. The use of Ecopath with 
Ecosim to evaluate strategies for sustainable exploitation 
of m ulti-species resources. Fisheries Centre Research Re
ports 6(2).

Haggan, N., J. Archibald, and S. Salas. 1998. Knowledge 
gains power when shared. Pages 8-13 in D. Pauly, T. J. 
Pitcher, and D. Preikshot, editors. Back to the future: re
constructing the Strait of Georgia ecosystem. Fisheries 
Centre Research Reports 6(5).

Hanneson, R. 1998. The role of econom ic tools in redefining

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



614 TONY J. PITCHER Ecological Applications
Vol. 11, No. 2

fisheries m anagement. Pages 251-260 in T. J. Pitcher, P. J.
B. Hart, and D. Pauly, editors. Reinventing fisheries m an
agement. Kluwer, Dordrecht, The Netherlands.

Hardy, A. 1956. The open sea. Collins, London, UK.
Harris, C. 1998. Social regim e form ation and community 

participation in fisheries m anagement. Pages 261-276 in T. 
J. Pitcher, P. J. B. Hart, and D. Pauly, editors. Reinventing 
fisheries management. Kluwer, Dordrecht, The Nether
lands.

Harris, M. 1998. Lament for an ocean: the collapse of the 
Atlantic cod fishery. M cLelland and Stuart, Toronto, On
tario, Canada.

Hastings, A., and T. Powell. 1991. Chaos in a three-species 
food chain. Ecology 72:896-903.

Hawking, S. 1988. A brief history of time. Bantam, London, 
UK.

Hay, D. 1998. Historic changes in capelin and eulachon pop
ulations in the Strait of Georgia. Pages 4 2 -4 4  in D. Pauly, 
T. J. Pitcher, and D. Preikshot, editors. Back to the future: 
reconstructing the Strait of Georgia ecosystem. Fisheries 
Centre Research Reports 6(5).

Hilborn, R., and C. J. W alters. 1992. Quantitative fisheries 
stock assessment. Chapman & Haii, New York, New York, 
USA.

Hoffecker, J. F., W. R. Powers, and T. Goebel. 1993. The 
colonisation of Beringia and the peopling of the New 
World. Science 259:46-53.

Holt, S. J. 1998. Fifty years on. Reviews in Fish Biology 
and Fisheries 8:357-366.

Houde, A. E., and J. A. Endler. 1990. Correlated evolution 
of female mating preferences and male color patterns in 
the guppy, Poecilia reticulata. Science 248:1405-1408.

Hunn, E. 1993. W hat is traditional knowledge? Pages 13-15 
in N. M. W illiams and G. Baines, editors. Traditional eco
logical knowledge: wisdom for sustainable development. 
Centre for Resource and Environm ental Studies, Australian 
National University, Canberra, Australia.

Hutchings, J. A. 1996. Spatial and temporal variation in the 
density of northern cod and a review of hypotheses for the 
stock’s collapse. Canadian Journal of Fisheries and Aquatic 
Systems 53:943-962.

lies, T. D., and M. Sinclair. 1982. Atlantic herring: stock 
discreteness and abundance. Science 215:627-632.

Jentoft, S. 1998. Social science in fisheries management: a 
risk assessment. Pages 177-184 in T. J. Pitcher, P. J. B. 
Hart, and D. Pauly, editors. Reinventing fisheries m anage
ment. Kluwer, Dordrecht, The Netherlands.

Johannes, R. E. 1981. Words of the lagoon: fishing and m a
rine lore in the Palau district of M icronesia. University of 
California Press, Berkeley, California, USA.

Johannes, R. E. 1987. The value today of traditional m an
agem ent and knowledge of coastal marine resources in Oce
ania. Naga, the ICLARM (International Center for Living 
Aquatic Resources M anagement) Quarterly 10:5.

Johannes, R. E., K. Ruddle, and E. Hviding. 1993. People, 
society and Pacific islands fisheries developm ent and m an
agement. South Pacific Committee, Nouméa, New Cale
donia. Inshore Fisheries Research 5 :1-7.

Kuhn, R. G., and F. Duerden. 1996. A review of traditional 
environm ental knowledge: an interdisciplinary Canadian 
perspective. Culture 16:71-84.

Kurlanski, M. 1997. Cod: a biography of the fish that changed 
the world. Knopf, Toronto, Ontario, Canada.

Larkin, P. A. 1977. An epitaph for the concept of maximum 
sustainable yield. Transactions of the American Fisheries 
Society 106:1-11.

Larkin, P. A. 1996. Concepts and issues in marine ecosystem  
m anagement. Reviews in Fish Biology and Fisheries 6: 
139-164.

Lauck, T., C. W. Clark, M. Mangel, and G. R. Munro. 1998.

Im plem enting the precautionary principle in fisheries m an
agement through marine reserves. Ecological Applications 
8:S72-S78.

Lawton, J. H., and C. G. Jones. 1995. Linking species and 
ecosystems: organisms as ecosystem  engineers. Pages 141 — 
150 in C. G. Jones and J. H. Lawton, editors. Linking 
species and ecosystems. Chapman & Haii, London, UK.

Lawton, J. H., and R. M. May, editors. 1995. Extinction rates. 
Oxford University Press, Oxford, UK.

Leach, B. F., and A. Boocock. 1995. The estim ation of live 
fish catches from archaeological bone fragm ents of the New 
Zealand snapper Pagrus auratus. Tuhinga: Records of the 
M useum of New Zealand 3:1-28.

Lenihan, H. S., and C. H. Peterson. 1998. How habitat deg
radation through fishery disturbance enhances impacts of 
hypoxia on oyster reefs. Ecological Applications 8 :128- 
140.

Ludwig, D., R. Hilborn, and C. Walters. 1993. Uncertainty, 
resource exploitation, and conservation: lessons from his
tory. Science 260:17-18.

Mace, P. M. 1997. Developing and sustaining world fisheries 
resources: the state of science and management. Pages 1- 
20 in D. A. Hancock, D. C. Smith, A. Grant, and J. P. 
Beumer, editors. Developing and sustaining world fisheries 
resources: the state of science and m anagement. CSIRO, 
Collingwood, Australia.

M acIntyre, F., K. W. Estep, and T. T. Noji. 1995. Is it de
forestation or desertification when we do it to the oceans? 
Naga, the ICLARM (International Center for Living A quat
ic Resources M anagement) Quarterly 18 :4-6 .

M alahoff, D. 1997. Extinction on the high seas. Science 277: 
486-488.

Mangel, M. 1991. Empirical and theoretical aspects of fish
eries yield models for large marine ecosystems. Pages 243- 
261 in K. Sherman, L. N. Alexander, and B. D. Gold, ed
itors. Food chains, yields, models and m anagem ent of large 
marine ecosystems. W estview, Boulder, Colorado, USA.

Marchak, P. 1995. Logging the globe. M cGill-Q ueen’s Uni
versity Press, M ontreal, Quebec, Canada.

M arteli, S., and S. W allace. 1998. Estim ating historical ling- 
cod biomass in the Strait of Georgia. Pages 45 -4 8  in D. 
Pauly, T. J. Pitcher, and D. Preikshot, editors. Back to the 
future: reconstructing the Strait of Georgia ecosystem. 
Fisheries Centre Research Reports 6(5).

M artin, P. S. 1967. Pleistocene overkill. Pages 75-120 in P. 
S. M artin and H. E. W right, editors. Pleistocene extinctions: 
the search for a cause. Yale University Press, New Haven, 
Connecticut, USA.

Martin, P. S. 1984. Prehistoric overkill: the global model. 
Pages 354-403  in P. S. M artin and R. G. Klein, editors. 
Quaternary extinctions: a prehistoric revolution. University 
of Arizona Press, Tucson, Arizona, USA.

M atthews, D. R. 1995. Commons versus open access: the 
collapse of C anada’s East Coast fishery. Ecologist 25 :86- 
104.

May, M., J. H. Lawton, and N. E. Stork. 1995. Assessing 
extinction rates. Pages 1-24 in J. H. Lawton and R. M. 
May, editors. Extinction rates. Oxford University Press, 
Oxford, UK.

M errett, N. R., and R. L. Haedrich. 1997. Deep-sea demersal 
fish and fisheries. Kluwer, Dordrecht, The Netherlands.

M ilazzo, M. 1998. Subsidies in world fisheries. World Bank 
Technical Paper 406. World Bank, W ashington D.C., USA.

M ooney-Seus, M. L., and G. S. Stone. 1997. The forgotten 
giants: giant ocean fishes of the Atlantic and Pacific. New 
England Aquarium, Boston, M assachusetts, USA.

Morales, A., E. Rosello, and J. M. Canas. 1994. Cueva de 
Nerja (prov. Malaga): a close look at a twelve thousand 
year ichthyofaunal sequence from southern Spain. Pages 
253-262 in W. van Neer, editor. Fish exploitation in the

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



April 2001 REBUILDING ECOSYSTEMS AND FISHERIES 615

past. Annales du Musee Royale pour L’Afrique Centrale, 
Tervuren, Belgium 274.

Mowat, F. 1984. Sea of slaughter. A tlantic Monthly, Boston, 
M assachusetts, USA.

M usick, J. 1999a.. Criteria to define risk of extinction in 
marine fishes. Fisheries 24:6-14.

M usick, J., editor. 1999b. Life in the slow lane: ecology and 
conservation of long-lived marine animals. American Fish
eries Society, Bethesda, M aryland, USA.

National Research Council (NRC). 1996. The Bering Sea 
ecosystem. National Academy of Sciences Press, Wash
ington, D.C., USA.

National Research Council (NRC). 1999. Sustaining marine 
fisheries. National Academy of Sciences Press, W ashing
ton, D.C., USA.

Neher, P. A. 1996. Fishing quota quality and fishery perfor
mance. Reviews in Fish Biology and Fisheries 6:113-116.

Neill, W. 1998. Fish production, food webs and simple tro 
phic m odels. Pages 289-302  in T. J. Pitcher, P. J. B. Hart, 
and D. Pauly, editors. Reinventing fisheries m anagement. 
Kluwer, Dordrecht, The Netherlands.

Neis, B. 1995. F ishers’ ecological knowledge and marine 
protected areas. Pages 265-272 in N. L. Shackell and J. H. 
M. W ilson, editors. M arine protected areas and sustainable 
fisheries. Science and M anagem ent of Protected Areas As
sociation, W olfville, Nova Scotia, Canada.

Newman, D. 1995. Marine bioprospecting. Pages 38 -42  in 
A. J. Hooten and M. E. Hatziolos, editors. Sustainable fi
nancing m echanism s for coral reef conservation. World 
Bank, W ashington, D.C., USA.

Okey, T. A., and D. Pauly. 1998. Trophic m ass-balance model 
of A laska’s Prince W illiam Sound ecosystem  for the post
spill period 1994-1996. Fisheries Centre Research Reports 
6(4).

Orensanz, J. M., J. A rm strong, D. Arm strong, and R. Hilborn. 
1998. Crustacean resources are vulnerable to serial deple
tion— the m ultifaceted decline of crab and shrimp fisheries 
in the Greater G ulf of Alaska. Reviews in Fish Biology 
and Fisheries 8:117-176.

Organisation for Economic Cooperation and Developm ent 
(OECD). 1997. Towards sustainable fisheries: economic 
aspects of the m anagem ent of living marine resources. 
OECD, Paris, France.

Parfit, M. 1995. Exploiting the oceans’ bounty: diminishing 
returns. National Geographic Novem ber 1995:2-37.

Parrish, R. H. 1995. Lanternfish heaven: the future of world 
fisheries? Naga, the ICLARM (International Center for L iv
ing Aquatic Resources M anagem ent) Quarterly 18:7-9.

Parsons, T. R. 1992. The removal of m arine predators by 
fisheries and the impact of trophic structure. Marine Pol
lution Bulletin 26:51-53.

Parsons, T. R. 1996. The impact of industrial fisheries on the 
trophic structure of marine ecosystem s. Pages 352-357 in 
G. A. Polis and K. D. Winemiller, editors. Food webs: 
integration of patterns and dynamics. Chapman & Haii, 
New York, New York, USA.

Pauly, D. 1979. B iological overfishing of tropical stocks. 
ICLARM (International Center for Living Aquatic Re
sources M anagem ent) Newsletter 3 :3 -4 .

Pauly, D. 1995. Anecdotes and the shifting baseline syn
drome of fisheries. Trends in Ecology and Evolution 10: 
430.

Pauly, D. 1996. One hundred million tonnes of fish and fish
eries research. Fisheries Research 25:25-38.

Pauly, D., A. Beattie, A. Bundy, N. Newlands, M. Power, and 
S. W allace. 2000. Not just fish: value of marine ecosystem s 
on the Atlantic and Pacific coasts. Pages 3 4 -4 6  in H. Cow
ard, R. Ommer, and T. Pitcher, editors. Just fish: ethics in 
the Canadian fisheries. ISER Press, St. Johns, Newfound
land, Canada.

Pauly, D., and V. Christensen. 1995. Prim ary production re
quired to sustain global fisheries. Nature 374:255-25.

Pauly, D., V. Christensen, J. Dalsgaaard, R. Froese, and F. 
Torres, Junior. 1998a. Fishing down m arine food webs. 
Science 279:860-863.

Pauly, D., P. M artosubroto, and J. Saeger. 1996. Th e, M ut iara 
4 surveys in the Java and Southern South China Seas, No
vember 1974 to July 1976. Pages 47-54  in D. Pauly and 
P. M artosubroto, editors. Baselines studies in biodiversity: 
the fish resources of western Indonesia. International Cen
ter for Living Aquatic Resources M anagem ent Studies and 
Reviews 23. ICLARM, Manila, Philippines.

Pauly, D., and G. I. Murphy, editors. 1982. Theory and m an
agement of tropical fisheries. International Center for L iv
ing Aquatic Resources M anagem ent Conference Proceed
ings 9. ICLARM, M anila, Philippines.

Pauly, D., T. J. Pitcher, and D. Preikshot. 1998b.. Epilogue: 
reconstructing the past and building the future of the Strait 
of Georgia. Pages 90-93  in D. Pauly, T. J. Pitcher, and D. 
Preikshot, editors. Back to the future: reconstructing the 
Strait of Georgia ecosystem. Fisheries Centre Research Re
ports 6(5).

Peterman, R., C. N. Peters, C. A. Robb, and S. W. Frederick. 
1998. Bayesian decision analysis and uncertainty in fish
eries m anagement. Pages 387-398 in T. J. Pitcher, P. J. B. 
Hart, and D. Pauly, editors. Reinventing fisheries m anage
ment. Kluwer, Dordrecht, The Netherlands.

Pinkerton, E., editor. 1989. Co-operative managem ent of lo
cal fisheries. University of British Columbia Press, Van
couver, British Columbia, Canada.

Pinkerton, E., and M. Weinstein. 1995. Fisheries that work. 
Sustainability through com m unity-based m anagement. D a
vid Suzuki Foundation, Vancouver, British Columbia, Can
ada.

Pitcher, T. J. 1998a. A cover story: fisheries may drive stocks 
to extinction. Reviews in Fish Biology and Fisheries 8: 
367-370.

Pitcher, T. J. 1998b. Ecosystem  sim ulation m odels and the 
new “ back to the future’’ approach to fisheries m anage
ment. Pages 21-23 in D. Pauly, editor. The use of Ecopath 
with Ecosim to evaluate strategies for sustainable exploi
tation of m ulti-species resources. Fisheries Centre Research 
Reports 6(2).

Pitcher, T. J. 1998c. “ Back to the fu ture” : a novel m ethod
ology and policy goal in fisheries. Pages 4 -7  in D. Pauly, 
T. J. Pitcher, and D. Preikshot, editors. Back to the future: 
reconstructing the Strait of Georgia ecosystem. Fisheries 
Centre Research Reports 6(5).

Pitcher, T. J. 1998d. Pleistocene pastures: S teller’s sea cow 
and sea otters in the Strait of Georgia. Pages 4 9 -5 2  in D. 
Pauly, T. J. Pitcher, and D. Preikshot, editors. Back to the 
future: reconstructing the Strait of Georgia ecosystem. 
Fisheries Centre Research Reports 6(5).

Pitcher, T. J. 1999. The use of ecosystem  m odelling in com 
parative policy analysis: m axim ising sustainable benefits 
from Lake N asser’s aquatic resources. In J. Craig, editor. 
Workshop on Lake N asser’s fisheries. ICLARM (Interna
tional Center for Living Aquatic Resources M anagement) 
Conference Proceedings.

Pitcher, T. J. 2000. Fisheries m anagem ent that aims to rebuild 
resources can help resolve disputes, reinvigorate fisheries 
science and encourage public support. Fish and Fisheries 
1:99-103.

Pitcher, T. J., A. Buchary, and T. Hutton. 2000a. Forecasting 
the benefits of no-take artificial reefs using spatial ecosys
tem simulation. ICES Journal of M arine Science, in press.

Pitcher, T. J., A. Courtney, R. Watson, and D. Pauly. 1998. 
Assessm ent of Hong K ong’s inshore fishery resources. 
Fisheries Centre Research Reports 6(1).

Pitcher, T. J., and D. Pauly. 1998. Rebuilding ecosystem s,

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



616 TONY J. PITCHER Ecological Applications
Vol. 11, No. 2

not sustainability, as the proper goal of fishery m anage
ment. Pages 311-329 in T. J. Pitcher, P. J. B. Hart, and D. 
Pauly, editors. Reinventing fisheries m anagement. Kluwer, 
Dordrecht, The Netherlands.

Pitcher, T. J., D. Pauly, N. Haggan, and D. Preikshot. 1999. 
“ Back to the future” : a m ethod employing ecosystem  m od
elling to m aximise the sustainable benefits from fisheries. 
Pages 447-465 in Ecosystem  considerations in fisheries 
m anagement. Alaska Sea Grant, Anchorage, Alaska, USA.

Pitcher, T. J., R. Watson, N. Haggan, S. Guénette, R. Kennish, 
and R. Sumaila. 2000&.. M arine reserves and the restora
tion of fisheries and marine ecosystem s in the South China 
Sea. Bulletin of Marine Science 66:530-566.

Polachek, T., K. Sainsbury, and N. Klaer. 1995. Assessment 
of the status of southern bluefin tuna stock using virtual 
population analysis. CCSBT/95/17. Commonwealth Sci
entific and Industrial Research Organization, Tasmania, 
Australia.

Policansky, D. 1993. Evolution and managem ent of exploited 
fish populations. Pages 651-664  in G. Kruse, D. M. Eggers, 
R. J. Marasco, C. Pautzke, and T. J. Quinn, editors. M an
agem ent strategies for exploited fish. Alaska Sea Grant, 
Anchorage, Alaska, USA.

Policansky, D., and J. J. Magnuson. 1998. Genetics, m eta
populations and ecosystem  management of fisheries. Eco
logical Applications 8 : S 119 —S 123.

Polovina, J. J. 1984. Model of a coral reef ecosystem. Part 
I: the ECOPATH model and its application to French Frig
ate Shoal. Coral Reefs 3 :1-11.

Pringle, H. 1997. Ice age communities may be earliest known 
net hunters. Science 277:1203.

Punt, A. E. 2000. Extinction of marine renewable resources, 
a demographic analysis. In H. Matsuda, editor. Risk as
sessment of threatened species. Researches on Population 
Ecology 42, in press.

Punt, A. E., and R. Hilborn. 1997. Fisheries stock assessment 
and decision analysis: the Bayesian approach. Reviews in 
Fish Biology and Fisheries 7:35-63.

Reidman, M. L., and J. A. Estes. 1990. The sea otter (Enhydra 
lutris): behavior, ecology and natural history. Biological 
Report, U.S. Fish and W ildlife Service 90(4).

Richardson, A. 1992. The control of productive resources on 
the Northwest coast of North America. In N. M. W illiams 
and E. S. Hunn, editors. Resource managers: North Amer
ican and Australian hunter-gatherers. Australian Institute 
of Aboriginal Studies, Canberra, Australia.

Roedel, P., editor. 1975. Optimum sustainable yield as a con
cept in fisheries m anagement. Special Publication, Amer
ican Fisheries Society 9.

Rosenberg, A. A., M. J. Fogarty, M. P. Sissenwine, J. R. 
Beddington, and J. G. Shepherd. 1993. Achieving sustain
able use of renewable resources. Science 262:828-829.

Saeger, J. 1993. The Samar Sea, Philippines: a decade of dev
astation. Naga, the ICLARM (International Center for Living 
Aquatic Resources Management) Quarterly 16:4-6.

Safina, C. 1995. The worlds imperilled fish. Scientific Amer
ican 273:46-53.

Sahrhage, D., and J. Lundbeck. 1992. A history of fishing. 
Springer-Verlag, Berlin, Germany.

Sairtsbury, K. 1998. Living marine resource assessm ent for 
the 21st century: what will be needed, and how will it be 
provided? Pages 1-41 in T.J. Quinn II, F. Funk, J. Heifetz, 
J. N. Ianelli, J. E. Powers, J. F. Schweigert, P. J. Sullivan, 
and C.-I. Zhang, editors. Fishery stock assessment models. 
Alaska Sea Grant, Fairbanks, Alaska, USA.

Salas, S., J Archibald, and N. Haggan. 1998. Aboriginal 
knowledge and ecosystem  reconstruction. Pages 22-28 in 
D. Pauly, T. J. Pitcher, and D. Preikshot, editors. Back to 
the future: reconstructing the Strait of Georgia ecosystem. 
Fisheries Centre Research Reports 6(5).

Sarà, R. 1990. Tonni e tonnare: una civiltà una cultura. [The 
tuna trap fishery: a way of life]. University of Trapani, 
Sicily, Italy.

Schnute, J. T., and L. J. Richards. 1994. Stock assessment 
for the 21st century. Fisheries 19:10-16.

Sherman, K., and A. M. Duda. 1999. Large marine ecosys
tems: an emerging paradigm  for fisheries sustainability. 
Fisheries 24:15-26.

Shushkina, E. A., and M. E. Vinogradov. 1991. Long-term 
changes of plankton biomass in open areas of the Black 
Sea. [In Russian.] Oceanology 31:973-980.

Silvestre, G., and D. Pauly. 1997. M anagem ent of tropical 
coastal fisheries in Asia: an overview of the key challenges 
and opportunities. Pages 8-25 in G. Silvestre and D. Pauly, 
editors. Status and managem ent of tropical coastal fisheries 
in Asia. ICLARM (International Center for Living Aquatic 
Resources M anagement) Conference Proceedings 53.

Simenstad, C. A., J. A. Estes, and K. W. Kenyan. 1978. 
Aleuts, sea otters and alternate stable state communities. 
Science 200:403-411.

Sinclair, A. R. E., D. S. Hik, O. J. Schmitz, G. G. E. Scudder, 
D. H. Turpin, and N. C. Larter. 1995. Biodiversity and the 
need for habitat renewal. Ecological Applications 5 :5 7 9 - 
587.

Sinclair, M., R. O ’Boyle, D. L. Burke, and G. Peacock. 1997. 
Why do some fisheries survive and others collapse? Pages 
23-35 in D.A. Hancock, D. C. Smith, A. Grant, and J. P. 
Beumer, editors. Developing and sustaining world fisheries 
resources: the state of science and m anagement. CSIRO, 
Collingwood, Australia.

Sissenwine, M. P., and A. A. Rosenberg. 1993. World fish
eries at a critical juncture. Fisheries 18:6-14.

Smith, S. J. 1993. Risk evaluation and biological reference 
points for fisheries management: a review. Pages 339-353 
in G. Kruse, D. M. Eggers, R. J. M arasco, C. Pautzke, and 
T. J. Quinn, editors. M anagement strategies for exploited 
fish populations. Alaska Sea Grant, Anchorage, Alaska, 
USA.

Smith, S. J., J. J. Hunt, and D. Rivard, editors. 1993. Risk 
evaluation and biological reference points for fisheries 
management. Canadian Special Publication of Fisheries 
and Aquatic Sciences 120.

Smythe, D. 1995. Caring for sea country: accommodating 
indigenous peoples’ interests in marine protected areas. 
Pages 149-173 in S. Gubbay, editor. Marine protected ar
eas. Chapman & Haii, London, UK.

Spurr, S. S. 1969. The natural resource ecosystem . Pages 3 -  
8 in G. M. van Dyne, editor. The ecosystem  concept in 
natural resource management. Academic Press, New York, 
New York, USA.

Steller, G. W. 1751. The beasts of the sea. [Translated by W. 
M iller and J. E. Miller.] Pages 180-201 in D. S. Jordan, 
editor. The fur seals and fur seal islands of the North Pacific 
Ocean. Part 3. U.S. Governm ent Printing Office, W ashing
ton, D.C., USA.

Stewart, H. 1977. Indian fishing: early m ethods on the N orth
west coast. University of Washington Press, Seattle, W ash
ington, USA.

Stringer, C., and R. McKie. 1997. African exodus: the origins 
of modern humanity. Henry Holt, New York, New York, 
USA.

Traffic Oceana. 1996. Proposal for the inclusion of the south
ern bluefin tuna, Thunnus maccoyii, on Appendix II. Trdae 
Records Analysis of Flora and Fauna in Commerce, World 
Wide Fund for Nature, Sydney, Australia.

Trites, A., V. Christensen, and D. Pauly. 1997. Competition 
between fisheries and marine mammals for prey and pri
mary production in the Pacific Ocean. Journal of the North
west Atlantic Fishery Science 22:173-187.

Wachsmann, S. 1998. Seagoing ships and seamanship in the

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions



April 2001 REBUILDING ECOSYSTEMS AND FISHERIES 617

Bronze Age Levant. Texas A&M University Press, College 
Station, Texas, USA.

W allace, S. 1998. Changes in human exploitation of marine 
resources in British Colum bia— pre-contact to present day. 
Pages 5 8 -6 4  in D. Pauly, T. J. Pitcher, and D. Preikshot, 
editors. Back to the future: reconstructing the Strait of 
Georgia ecosystem. Fisheries Centre Research Reports 
6(5).

Walters, C. J., V. Christensen, and D. Pauly. 1997. Structuring 
dynamic models of exploited ecosystem s from trophic 
m ass-balance assessments. Reviews in Fish Biology and 
Fisheries 7:139-172.

Walters, C. J., and J. J. Maguire. 1996. Lessons for stock 
assessm ent from the northern cod collapse. Reviews in Fish 
Biology and Fisheries 6:125-137.

Walters, C., D. Pauly, and V. Christensen, 1998. Ecospace: 
prediction of m esoscale spatial patterns in trophic rela
tionships of exploited ecosystem s with emphasis on the 
impacts of marine protected areas. International Council of 
Environm ental Studies (ICES) CM 1998/S:4.

Walters, C., D. Pauly, and V. Christensen 1999. Ecospace: 
prediction of m esoscale spatial patterns in trophic rela
tionships of exploited ecosystem s, with emphasis on the 
impacts of marine protected areas. Ecosystem s 2:539-554.

Ward, P. 1997. The call of distant mammoths: why the ice 
age mammals disappeared. Copernicus, New York, New 
York, USA.

W atling, L., and E. A. Norse. 1998. Disturbance of the sea 
bed by mobile fishing gear: a comparison to forest clear- 
cutting. Conservation Biology 12:1180-1197.

Weiner, J. 1994. The beak of the finch: evolution in real time. 
Jonathan Cape, London, UK.

Wendrich, W. Z., and W. van Neer. 1994. Prelim inary notes

on fishing gear and fish at the late Roman fort at Abu Sha’ar 
(Egyptian Red Sea coast). Pages 183-189 in W. van Neer, 
editor. Fish exploitation in the past. Annales du Musee 
Royale pour L’Afrique Centrale, Tervuren, Belgium  274.

W illiams, J. 1998. Reading rocks: on the possibilities of the 
use of northwest coast petroglyph and pictograph com 
plexes as source m aterial for ecological m odelling of pre
historic sites. Pages 34-37  in D. Pauly, T. J. Pitcher, and 
D. Preikshot, editors. Back to the future: reconstructing the 
Strait of Georgia ecosystem. Fisheries Centre Research Re
ports 6(5).

W ilson, K. D. P., and D. C. Cook. 1998. Artificial reef de
velopment: a marine protected area approach. Pages 5 2 9 - 
539 in B. Morton, editor. Proceedings of the Third Inter
national Conference on the M arine Biology of the South 
China Sea. Hong Kong University Press, Hong Kong.

Wing, E. S. 1994. Patterns of prehistoric fishing in the West 
Indies. Archaeofauna 3:99-107.

W inship, A. 1998. Pinnipeds and cetaceans in the Strait of 
Georgia. Pages 53-57 in D. Pauly, T. J. Pitcher, and D. 
Preikshot, editors. Back to the future: reconstructing the 
Strait of Georgia ecosystem. Fisheries Centre Research R e
ports 6(5).

Yellen, J. E., A. S. Brooks, E. Cornelissen, M. J. Mehlman, 
and K. Stewart. 1995. A middle stone-age worked bone 
industry from Katanda, Upper Semliki Valley, Zaire. Sci
ence 268:553-556.

Young, P. C., and J. P. Glaister. 1993. Defining key factors 
relating marine fishes and their habitats. Pages 84 -9 4  in
D. A. Hancock, editor. Sustainable fisheries through sus
taining fish habitat. CSIRO, Canberra, Australia.

Zaitsev, Y. P. 1992. Recent changes in the trophic structure 
of the Black Sea. Fisheries Oceanography 1:180-189.

This content downloaded from 193.191.134.1 on Thu, 6 Mar 2014 06:38:51 AM
All use subject to JSTOR Terms and Conditions


