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orma1 anal ses of long-t on global
marine fisheries prospects ha
to be
performed because fish ri
arch
focus on local, species-specific mana men!
apolation of present tr n impli
xpansion of bottom fisheri inlo d per waters,
s rious impacl on biodiversity, and declining
global calch -lh last possibly aggrav31 d by
fu Icost iner as s. Examination offourscenarios,
cov ring various societal deve10pm nl hoi s,
sugg sts that th negative trends now b s tling
fisheri can be turned around, and Lh ir supporting ecosystems rebuilt. at least partly.
Fi hen are commonly p rc iv d a local
affair [quiring. in term of d ntifi inputs.
annual rea es ments of sped - pecific catch
quo . 0 t fi helies scientis ar ernpl0 ed b
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regulatory agenci to generate these quota which ideall hould make fisheries susta.lnabl
and profitabl • ontributors to employment and.
through int marional trade. contributors to global
food ecurity.
This perc ptiOD 0 fisheries a local and
pedes-specific, manag d to directly benefit the

Bottom fisheries: These are

generally for groundflsh species
such as rockfish, cod, and sole,
which are caught by bottom
trawling, the fishing practice of
dragging large nets weighted with
chains, rollers, or rock-hopper gear
across the seafloor. Trawling is the
fishing practice most destructive
of marine habitats.
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SCIENCE IN IRAN: THE STURGEON'S LAST STAND
Richard Stone
RASHT. IRAN-In a cavernous hall packed with naval·
gray steel tanks, a precious commodity is being
enriched and multiplied. No, this is not a hitherto
undeclared uranium facility in Iran's nuclear program:
It's a breeding facility for Caspian sturgeons. Each tank
is filled with fish of various ages, from fingerlings, a
few centimeters long with crocodilian snouts, to
meter-long juveniles. Here at the International
Sturgeon Research Institute (ISRI) in the northern
town ofRasht, scientists are refining techniques for
rearing fingerlings that may give the ancient but
threatened species a better shot at surviving in the
open sea, "If something happened in the Caspian and
a wild population was lost, we could reconstitute it,"
Caspian Sturgeon. Beluga, Russian, and stel·
says ISRI director Mohammad Pourkazemi.
late sturgeon are caught by Kazakh fisher·
men in the Ur.d River. possibly the last place
ISRI may get a chance to test that claim:
where belugas reproduce in the wild
Deteriorating spawning grounds and unbridled
CR,o,T: 'H"'.NON CROWNOVER, HAW.B.
poaching have reduced sturgeon stocks to a shadow
cOuRTEn Of CAv,AA f .. PTOR
of what they were a generation ago. With disaster
looming, the two biggest fishing nations-Iran and
Russia-are sparring over how many sturgeon are left and how to divvy up a declining catch. Amid
the bickering, a new survey suggests that the sturgeon's free fall is continuing,
For most of the 20th century, Iran and the Soviet Union ran tight ships, at least on regulating
sturgeon fisheries. The situation unraveled in 1991 when four Caspian states-Azerbaijan,
Kazakhstan, Russia, and Turkmenistan-emerged from the Soviet collapse. Weak law enforcement
and poverty along the Volga and Ural rivers, the northern spawning areas, have enabled poachers to
take up to 10 times the legal catch, Despite the release of tens of millions of fingerlings each year,
Caspian nations in 2004 caught only 760 tons of sturgeon, the smallest figure in a century, down
from 26,600 tons in 1985.
Four Caspian sturgeon varieties- Russian, Persian, beluga, and stellate, or sevruga-supply
90 percent of the world's caviar. A fifth, the ship sturgeon, is so scarce that exporting its meat
or caviar has been banned since 2002. Almost half of this year's caviar quota-51 of 105 tonsis Persian sturgeon, which mostly keeps to Iranian waters, Iranian officials attribute its relative
robustness to government control of the caviar trade and zero tolerance for poaching.
But the Persian's rise has come at the expense of its kin, throwing the ecosystem off kilter,
asserts marine ecologist Arash Javanshir of the University ofTehran. Besides fishing restrictions,
he says, what's needed is a restoration program by the Caspian states that largets all sturgeon and
their spawning grounds and many other organisms as well.
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fishers themselves. is conducive 10 neither global
predictions nor the collaborative de'\ e10pment of
long-tenn scenarios_ Indttd, recent.accounts of
this l}""))e. uc.ept those of the United N.alions
Food and Agriculture DrganiZiillion (FAD) (I).
tend 10 be sdf<onscious and Lt)'ttt'd in irony (1S), perh.aps .an .appropriate ~PODR to 19thcentury notions of inexh.auslibility.
The past decade established that fisheries must
be vi~ as components of a global enterprise,
on its way to undermining its supporting ecosystem.s (6-11). These deo.·elopments occur againsl.a
backdrop of fishing industry lobbyists .arguing
that governments drop troublesome regulations
and «onomists assuming that free markets generate inexhaustibility. The aquaculture sector offers
to fea:lthe world with fanned fish. while building
more coastal feedlots wherein carnivores such.as
salmon and tuna are fed with other fish (ll), the
aqu.atic equivalent of robbing Peter 10 pay Paul.
TIle time bas come to look at the future offisheries through (i) identification and extrapolation
of fundamental trends and (ii) de'\-elopmenl and
explor.lltion (~;th or withoul computer simuLt·
lion) of possible futurts.
The fisheries reseuch community R!lied, for
broad·based an.a.1yse5. on .a da.ta set now shown
to be ~reIy biased (10). Firsl-orde:r correcbon
sugg«$ts that rather than increasing. as previously reported. global fishenes bndings inste.ad
.are d«lining by about 500,000 metric tons prr
ye.ar from a peak of 80 to 85 million tons in the
latc 1980s. Because overfishing and habitat
degradation are likely 10 continue, extrapolation
may be considered (see below). This correction,
however, does not consider discarded bycatch to
beonly one component ofthe illegal. unreported.
or unr«orded (IUU) c.atches that recently
heame put of the inlern.ationaJ fisheries
rc-se.arch .agemb (IJ- J]).
Tht- geogr.aphic.and depth apansion of fisheries is easier to extrapolate (Fi~ J). (}\-er the
past 50 yens. fisberies targeting benthic and
bentho-pebgic organisms have co\'ered the
shelves surrounding contin~nts and islands
down 10 200 m. with increasing inroads below
World Fisheries
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Bycatch refers to species caught
in a fishery that is targeting another
species. Bycatch is often discarded
and is usually dead or dying by the
time it is returned to the sea.
The benthos is an aggregation
of organisms living on or at the
bottom of a body of water. Benthic
organisms include infauna-the
animals, and bacteria that live in
the sediment; epifauna-organisms that are attached to or live
on the hard-bottom or substrate
(for example, rocks or debris); and
demersals-the bottom-feeding
or bottom-dwelling fishes that
feed on the benthic infauna and
epifauna.
Pelagic refers to the water
columns of the ocean. The
pelagic environment supports
two types of marine organisms:
microscopic plants and tiny
animals that drift with the currents and make up the plankton,
and the swimming nekton. The
latter consists mainly of fishes and
other vertebrates, such as turtles
and marine mammals (e.g., seals,
porpoises, and whales). Some
invertebrate groups (e.g., squids
and swimming crabs), contribute
to the nekton.
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FICURE 3.
Fraction of the sea bottom and adjacent waters contributing to the world fisheries from 1950 to 2000 (J8) and projected to 2050 by depth (logarithmic scale). Note the
strong reversal of trends required for 20 percent of the waters down to loo-m depth to be
protected from fishing by 2020.

I,OOO m, whereas fisheries targeting oceanic
tuna, billfishes, and their relatives covered the
world ocean by the early 19 80s (9).
Extrapolating the bottom fisheries trends to
2050 is straightforward (Figure 3). With satellite
positioning and seafloor-imaging systems, we
will deplete deep slopes, canyons, seamounts,
and deep-ocean ridges oflocal accumulations of
judiciously renamed bottom fishes-for example, orange roughy (previously "slimeheads"),
Chilean seabass (usually IUU-caught Patagonian
toothfish), and hagfish (caught for their "eelskins," and here predicted to become a delicacy
in trendy restaurants, freshly knotted and sauteed
in their own slime). The abyssal tripodfishes are
the only group that seems safe so far. Figure 3also
shows the radical trend change required to turn
20 percent of the shallowest 100 m of the world
ocean into marine reserves by 202o-that is,
returning to the I970S state.
Traditional xplanations of overfishing
emphasize the open-acces nature ofthe fisheries
"commons." However, overcapitalized fisheries
can continue to operate after they have depleted
32

their resource base only through government
subsidies (1], 18). Moreover, industrial fisheries
depend upon cheap. seemingly superabundant
fossil fuels (19,20), as does agriculture. Thus, we
shall here venture a prediction counter to the
trends in Figure 3, based in part on the global oil
production trend in Figure 4A. If fuel energy
becomes increasingly scarce and expensive in the
next decades as we move beyond the peak of
global oil production, which is predicted to occur
shortly by a number of independent geologists
(21), then we should expect the least profitable of
the energy-intensive industrial fisheries to fold
(Figure 4B). This would mainly affect deep-sea
bottom trawling, which drives the trends in
Figure 3.
Any potential conservation benefits that might
arise a a result of rising crude oil prices could
be easily vitiated by increasing subsidies by shortsighted governments willing to accede to lobbying efforts from the fisheries sector. Barring e calating subsidies, one effect ofhigh fuel prices may
be to increase human consumption of small
pelagics (mackerels, herrings, sardines, or
Living Resources
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FIG U RE 4.
Recent historical patterns and near-future pre<liction of global oil production
and fish catches (1900 to 2050). (A)Various authors currently pre<lict global oil production
to decline after -2010 (21), based on M. King Hubbert's model of reservoir depletion, with
worst, me<lium, and best cases based on <lifferent assumptions about discoverie of new
oilfields. (8) Global marine fisheries landings began to decrease in the late 1980 (10).
The smoothly declining trend extrapolates this to 2°50 and also reflects the potential effect
of future, exceedingly b..igh fuel prices. The flat line-that is, ustaining present landingswould result from implementing proactive components of the Marketing Fir t and
Policy First scenarios.

anchovies such as the Pemvian anchoveta), wb..ich
are now mostly turned into fish meal for agricwture (to raise chickens and pigs) and increasingly aquaculture (22).
However, predictions are better embedded
into scenarios-sets of coherent, plausible sto·
ries designed to address complex questions about
an uncertain future (23)' Scenario analysis i
especially important for the fisheries sector,
which, although a major provider oHoad and jobs
in many poorer countries, is small relative to the
economy of richer countries and is thus "downstream" from most policy decisions.
In complement to the Millennium Ecosystem
Assessment (24- 27), we use the four scenarios
developed by the United Nations Environment
Programme (28) to investigate the fuhrre of
marine .fisheries. For each scenario, we also summarize reswts of regional simulation models
World Fisheries

explicitly accounting for interspecies feeding
interactions, within a range of ecosystem types
and .fisheries (29. JO).
SCENARIO 1. Markets First. where market
considerations shape environmental policy. This
may imply the gradual elimination of the subsi<lies fuelling overfishing (13)' Putting markets
fir t may also imply the uppression on UU fishing (including flags of convenience), which distorts economic rationality in the same way that
insider trading or fraudulent accounting does.
Markets First, by 0 ercoming subsidies, could
also lead to the decommissioning of fuelguzzling <listant-water fleets (especially large
trawlers), and perhaps lead to a resurgence of
small-scale fleets deploying energy-efficient fixed
gears. This scenario allows for spontaneous
emergence of quasi-marine reserves {that is,
areas Dot economically fishable, particularly
33

Industrial fisheries
depend upon cheap,
seemingly superabundant fossil fuels,
as does agriculture.
offshore) and thus may reduce the impact offish.ing on biodiversity. However, high-priced bluefin
tuna, groupers, and other taxa (including invertebrates) would remain under pressure.
When modeled, this scenario corresponds to
maximizing long-term fisheries "rent" (ex-vessel
values ofcatch m.inus fishing costs). This usually
leads to combinations offleets exerting about half
the present levels of effort, targeting profitable,
mostly small, resilient invertebrates and keeping
their predators (large fishes) depressed. Shrimp
trawlers presently operate in thi way, with
tremendous ecological impacts on bottom habitats (29-]1).
SCENARIO 2. Security First, where conflicts
and inequality lead to strong socioeconomic
boundaries between rich and poor. This scenario,
although implying some suppression of I UU
fishing, would continue "fishing down marine
food webs" (6), including those in the High
Arctic, and subsidizing rich countries' fleets to
their logical ends, including the collapse of traditional fish stocks. This implies developing alternative fisheries targeting jellyfish and other zooplankton (particularly kriU) for direct human
consumption and as feed for farmed fish. This
scenario, generally acc ntuating present ("south
to north") trading patterns, would largely eliminate fish from the markets of countries still
"developing" in 2050.
This scenario would also increase exports of
polluting technologies to poorer countries,
notably coastal aquaculture and/or fertilization of
the open sea. This would have negative effects on
the remaining marine fisheries in the host coun34

tries, through harmful algal blooms, diseases,
and invasive species.
We simulated this scenario through fleet
configurations maximizing long-term
gross returns to fisheries (i.e., ex-vessel
value of landings plus subsidies, without
accounting for fishing costs). The results are
increasing fishing effort, stagnating or declining catches, and loss of ecosystem components:
a large impact on biodiversity.
SCENARIO 3. Policy First, where a range of
actions is undertaken by governments to balance
social equity and environmental concerns. This
is illustrated by the recent Pew Oceans Commission Report (pI, which for the United States
proposes a new D partm nt of the Ocean and
regional Ecosystem Councils, and a reform ofthe
Fi heries Management Councils, now run by
self-interested parties l33).
Similar regulatory reforms, coordinated between countries, combined with marine reserve
networks, massive reduction of fishing effortespecially gears that destroy bottom habitat and
generate large bycatch (4) -and abatement of
coastal pollution may bring fisheries back from
the brink and reduce the danger ofextinction for
many species.
This scenario corresponds to simulations
where rent is maximized subject to biodiversity
constraints. We found no general pattern for the
fleet configurations favored under PoLicy First,
because the conceivable policies involve ethical
and esthetic values external to the fisheries sector (for example, shutting down profitable fisheries thal kill sea turtles or marine mammals).
SCENARIO 4. Sustainability First requires a
value system change to one that favors environmental sustainability. This scenario, which
implies governments' ratification of and adherence to international fisheries management
agreements and bottom-up governance of local
resources, would involve creating networks of
marine reserves and carefully monitoring and
rebuilding a number of major stocks U5, ]6). This
is because high biomasses provide the best safeguard against overestimates of catch quotas and
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environmental change (I)) lthe latter is not COY·
ered here but is likely to affect future fisheries).
We simulate this scenario by identifying the
fishing neet structure that maximizes the biomass of long.Ii,'ed organisms in the ecosystem.
This TeqUllU strong d ~ 10 fishing efron.
typlally t0.10 to 30 percent ofcurrent Je..-e:ls. and
a redistnbubOn of ~ effort across trophic
levt:ls. from large top predators to small Prq'
species.
"I'heM' scenarios describe what might happen.
not what will come to pus. Still. they can be used
to consider what we 14'3nt for our future. We ha'·e
noted. how~-e:r. iliat many of the fisheries we
investigated-for example. in the North Atlantic
(18.)6) or the Gulfofihaibnd lJo. JI)-presmtly
optimize nothing of bene6t to society: not rent
ItaXOIble through auctions lJ7lI. and not eve:n
gross catches (and hence long-tenn food and
employment security). It is doubtful that lhey14iI1
be around in .1050.

References and Notes
I. Thto FAO rqubriJ ~ dmwtd-dmoen ~
proiKtJona: ..·hrrnn ~u.JCU1tun'. nolilbJy m ChIN. *I
~umed 10 (om~~ rw shortfalls. If my. m 6sbmcs
lwdmp (Itt _ ..J~.org).
:1..1· G. Po~. DlaNI8. JJ 11m)·
J. R. ~l. Pumh. In Global VtmIS t.oa:al CNlt", lft
U~Uull AI'(QJ. M H. Dur.ind d lIJ, Eds I~rin
CoIloqlles C'! ~mma,ra. cm:lom. Paris, 1998). pp. 51.S-

SJS·
4. D. Pauly. in EcoiogicollnUgrify: flltqmlllli
EIII·iroll/l'ltlll. Con:W:r1'urion lind Hwllk. D. Pimentel. L
Westra. R. F. Ron, Eds. (Island I'ress, Washinllton. DC.
:1.000), pp. 1:017-139.
S. P. Cury. P. OIyrt. FlY> Fish.:I.. 161 (1001),

G. D. P.allly. V Ouislensen. NlIult' 374.155 11995).
7· D. Pauly d 101. Sntna: 279. 860 (1998).
8·1, D, C.IKbon d Ill. Stitna: 293. 629 (1001).
9. R. A, Myns, B. Worm. NIl/un 41). :l8o (2003)
10. R. W2tsoo. D ~u1)'. "",,,un 4L4.
(2001)
II. D P.auly d at.. Philol. Tnuu. R. Sot. B 360. 5
(wo 5)·
12. R. L ~ d at.. Nlwut 405- 10'7 (10001.

n4

d".

13- D ~uIy
NGlun 418.689(2001).
.... T, P1lCbn ct aL.. ru#a F"uI<. ). )'7120021,
I} K. KdId1oer. Dunmls III tilt \t-OrW'J MlanIw

Fi:Wna.. M u,dou (FAO F~ Tcdmoal ~pet'
470. IJI pp) (wos)·

16. P~ous tstimalC't for dl.$C1rd.$ In lht 19805 lnd
19905 tI'tt~ 2.7 million 10 10 mIllion toll$. eurrml
esbm2.1CS 2~ 7-3 milllOO toni; allhough not dlfUlly
cornplrablt:. 1115 likdy ~tds are Iowtr than m nsltn
)~ (151·

This Im~ thai the decbnr of gkIbaI
6sbmrs ~llmaled.ll 0.) million tom peT rear (rell u
aduaIIy hoo 10 lhlft tunn ~ (17).
17· D. Zder. D. huJr.. fUh,,,uI~. 6. 156- 159
(1005)·
18. D. ~uIy. J. Mxlnn. I" II Ptifm 0Uil~ 1M S&lik'
I:{ ~ aM FiJItma lft IN- Atlaruic CItGuIllsbnd
~ v.'~. DC. 2OOJ)

19- P T)'ftimrn, in EroqdopaI.. 1:{ f"naJr.
c. Ck¥dand. Ed.. (~. ~ Dqo. CA. 100,1. vol 1,

1'.68,.

Ambio,..

20. P.1'yftImen, R. Watson. D huly.
619-612 (1005)·
21. R. H~mbrrg. 1M PIIrty·$ Owr Oil, \t-I» 11M the
filu: aflMusrriIII S«ia1CS (N"" Society. Gabnob ll.bnd.

Be. Canacb. 10031·
:u.. C. DIoIpdo. N \l~. M, W RJ:iRgr;Jnl. S Mt'lrrr.
M. Ahmed. FWJ 101010: s.."q.nd DmlIInJ In
a..npg CIohcd MlIrtnJ: (InlW)11JOfW Food PoIiq
Re5eucb InslJtu~ and V>orIdFilh Cmlft. 200').
2)- C. D. PI!1ft1on, S R. Carpmlft. C. S, CWlllJWll.
ClIIuov. BioI. 17. n8 (200)}
24- Thto four 1Cmanc:. Me CkIkl On:J.cs:trIlIt_
f«oIKxnic aro-'th and publar;: pods focus on 1I JIobaI
sc*1· T ~ (gIfto techno&oc1 and conl1DuN
gIob;iliz.;Itionl. Ordtr fro-t SffPllJft (IIiIIDona1lCa1f1ly and

econonuc aro-'th focus 1I1 rcpxW Indsl. and ~
Masf'1l' lTeglOlUl~ "'Ilh nnptusu on Ioal acbPUllon
and OOIl*- goymr,anu). The focus on al~~
approaches to susu.mlfll ~tl!m ~ICU disnn.
guishn lhc Milimmum Ero.ysfml Assns~1 fMA
~ 25) sc:enanos from pR'VIOUS g10baJ SUllillno
oerci!les.
25· ~ Millenlllum E(OS)'llI~m Assessment is 2n

international work program dC'$ignt:d 10 mcellhe needs
of decision 1Il1kel1l1nd lh(' public. for sc.ienlific infornl1'
lion concernlllg the c.on~t'ilu('n«1l ofecosyslem change
for humln weJl.beoing and options for responding 10
these c.hlnges. Sec- www.miIIcnmumallsessmenl.org.
~6. R. Watson. I. Aldtr. v, Chrnllensen lnd
D. Pauly. ·Mappmg fisheries palterns and !Mlr
consequencn: pp 13-H.. in i'fIau Ma/lers; CieoJpII/w
Toolsp Marint Saatu, CtJnJtnllltIOll.IIM MlI'IfIFIIOI/
III tJw: Pu.a}it 1'IorUsa<DI. D. I· Wright. A. I· Scholz &is
(Umv. ofOrqp!. 2005).
r,. E. M 8enIll"n d 111_. Frouaos &:.ol. En_. I. ):12
(2003)..
~.

Umted tutJOnS Ennronmml Program. CWrGI
0wII00t J (EanhScan, London. 20011

~

nus wort WD baKd 011 1lVII-bah~

food
tbnt t1me-d)'1IafIDC .unubtJOn. through
coup&ed difImonnai C'q'Q1JODs. undrJ the d'kcu 01
290

~ and

til"
Jl

competing fishing fkm, usinglhc Ecop;ath with Ecos.im
softv,... ~. and modd.5 rtpranlbng thr South China XOil
(wilt! emphms on lhr Gulf ofnwbnd and Hong !Colli
WOIItas), tM Nonh ALb.nU( (North Seir., ~},lhr
North PKi6c:: (Princr wmi.llm Sound. Alub. OIInd
Gf'orJlOll Stnit. British Columbl.l). and other mOIInlle
KOS)'Stems documented in ......w.rcop;ath.otg OIInd
www.Rup.fishc:ric:s.ubc.ca/rtpon/rc:pon.hun.
30. V. Christensen, C. J. Walters. BlJU. Mllr. 50.74,
549 (0100 4).
31. V. Christensen. J. Fish Bioi. 53 (Suppl. A), [~8
(199 8).
p. ~ Oceans Commission Repon, AJrn:ric4's
Lilll"l Dull/loS; dulrtl"lll Course for SuI Cnangt'
1~00)).

)). T Ob,.. Mllr. PlIIiey ~7, 19} (~oo}).
J4. L Morg;an. R. Chump;a~. Sk!ftinr Gans:
Addrmi"f 1M CoI1IIIenlII'"'f'IJCU ofrulsi"( Mdkods ill
U.S. \(/afa]: llsland Press, Wulungton. DC. :lOO}).
35. T. J. Pitcher. &01. Appl. II. 606 (~oot).

}6. J. Alder, G. Lugten, Mar. PlIIicy 0116. J45 (011002).
D. S. Macinko, D.W. Bromky. Wko Owns AIrlcrim's
FWtaies? (Island PTf'SS, Washington. DC, ~~).
)8. Disaggrrgated globallandinp asseml*d by tM
FAO from 1950 10 011000 wen' used to detffmine wbert
each}o min by }O rmn ~tiaI ceU Il.·U first -fishedli.e.. when landings offish (other thlIn oceanic tu~ and
blUfishesj from that cell first reached 10 peKent of the
maximum landings ever reponed from that cellI. The
percentage ofcells fished at each depth wu thcn
calculated.
}9. D.P" I.A.. V.C .. and R.W. arc members of the
Sea Around UII Projecl, initiated and fundrd by the
Pew Charil;lblr Trusts. Philadelphia. We thank A.
Kitchingman and W. Sw;nla for help Wilh the figures.

Web Resources
www..scimcftn.ag.orgJcgi/content/full/j02./5649/1359/
DC,

Living REsourus

