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T he L arge M arin e  Ecosystem  A p p ro ach . R eports of 
problem s w ith  m arine ecosystem s a re  w idesp read  in 
th e  scientific lite ra tu re  a n d  th e  n e w s  m edia. Calls for 
an eccsystem  approach  to  re so u rce  assessm ent and 
m anagem en t a re  seldom  accom pan ied  b y  a  practical 
strategy, particularly  o n e  w ith  a  p aym en t p la n  for the 
approach  in  developing  coun tries. H ow ever, a  global 
m ovem ent th a t m akes th e  ecosystem  app roach  to  m an­
agem en t p ractical a lread y  exists. It is know n as the 
Large M arine Ecosystem  (LME) approach, a n d  it is 
be ing  endorsed  an d  supported  b y  governm ents w orld­

wide, as w e ll as b y  a b road  constituency  in  th e  scien­
tific com m unity.

W hile w e  concur w ith  th e  m ovem ent to w ard  a n  eco­
system -based  app roach  to  the m an ag em en t of m arine 
fisheries (G islason & S inclair 2000, Pitcher 2001, Ster- 
giou 2002, G arcia  et al. 2003, Sainsbury & Sum aila 
2003, B row m an e t al. 2004. Pikitch e t al. 2004), it is 
im portan t to  recognize th a t a  broader, p lace -b ased  
app roach  to  m arine  eccsystem  assessm ent a n d  m an­
agem ent, focused on clearly  d e lin ea ted  ecosystem  
units, is n e e d e d  an d  is p resen tly  u n d e r way, w ith  the 
support o f financial grants, donor an d  UN p a rtn e r­
ships, in  nations of Africa, Asia, Latin A m erica  and 
easte rn  E urope. I t is w ith in  th e  boundaries o f 64 LMEs 
th a t (1) 9 0 %  of the w orld 's an n u a l y ie ld  o f m arine 
fisheries is p roduced  (G aribaldi & Lim ongelli 2003), 
¡2) g lobal levels of prim ary production  a re  th e  h ighest, 
¡3) th e  d eg rad a tio n  o f m arine  hab ita ts  is m o s t severe, 
an d  (4) coasta l pollu tion  is concen tra ted  an d  levels of 
eu troph ica tion  a re  increasing  (GESAMP 2001). Large 
m arine ecosystem s (LMEs) a re  na tu ra l reg io n s of 
coastal o cean  sp ace  encom passing w aters  from  river 
basins a n d  estuaries to  th e  seaw ard  b oundaries o f con­
tinen ta l shelves an d  o u te r m arg ins o f coastal curren ts 
an d  w a te r  m asses (cf. Fig. 4). T h ey  a re  re la tively  la rge  
regions ch aracterized  by d istinct bathym etry , hydro­
graphy. productivity, a n d  trophically d ep en d en t p opu­
lations (A lexander 1990, Levin 1990, S h erm an  1994; 
see w w w .edc.u ri.edu /lm e).

Since 1995, th e  G lobal E nvironm ent Facility  (GEF) 
has p ro v id ed  su bstan tia l funding to  su p p o rt country- 
driven pro jects for in troducing m ultisec to ra l ecosys­
tem -b ased  assessm ent a n d  m anagem en t p rac tices for 
LMEs loca ted  a ro u n d  th e  m arg ins of th e  oceans. At 
presen t, 121 developing  countries a re  e n g a g e d  in  the 
p re p a ra tio n  a n d  im plem entation  of GEF-LME projects, 
totaling $ 650 m illion in  s ta rt-u p  funding. A to ta l of 10 
pro jects includ ing  70 countries h a s  b een  a p p ro v ed  by 
th e  G EF Council, a n d  an o th e r 7  projects involving 
51 countries h av e  G EF in ternational w a te rs  projects 
under p rep a ra tio n  (see w w w .iw learn .net).

A  5 m odule  indicator app roach  to  assessm ent and 
m an ag em en t of LMEs h a s  p roven  useful in  ecosystem - 
based  p ro jec ts  in  the USA an d  elsew here, u s in g  suites 
of ind icators of LME productivity, fish a n d  fisheries, 
pollu tion  an d  ecosystem  h ealth , socioeconom ics, and 
governance . T h e  productiv ity  ind icators include spa­
tial an d  tem p o ra l m easurem ents of tem p era tu re , salin­
ity, oxygen, nu trien ts , p rim ary  productivity , chloro­
phyll. Zooplankton biom ass, a n d  biodiversity . For fish 
an d  fisheries, indicators a re  catch  an d  effort statistics, 
dem ersal an d  pelag ic  fish surveys, fish popu lation  
dem ography, a n d  stock  assessm ents (NM FS 1999). 
Pollution an d  ecosystem  h ea lth  indicators include 
quality  ind ices for w ater, sed im ent, benthos, hab ita ts,
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Fig. 4. B oundaries of th e  64 Large M arine Ecosystem s (LMEs) af the w orld and  p rim an - productiv ity  (gC m_1 yr-1). A nnual p ro d ­
uctivity estim ates are  b ased  on SeaW iFS satellite  d a ta  collected betw een  S ep tem ber 1998 and  A ugust 1999, a n d  an  th e  
m odel developed  by B eh ienfe ld  & Falkow ski (19Û7). C o lo r-enhanced  im age p rov ided  by R utgers U niversity  (available at:

w w w .ed c .u ri.ed u /lm e. Introduction)

a n d  fish tissue contam inants [EPA 2004). Socioeco­
nom ic and  governance  indicators are discussed in 
S u tinen  e t al. (2000) and Ju d a  & H en n essey  (2001), 
The m odules are  a d a p te d  to  LME conditions th rough 
a  tran sb o u n d ary  diagnostic  analysis (TDÀ) process, to 
identify key- issues, and  a stra teg ic  action program  
(SAP) developm ent process for the  g roups of nations or 
sta tes sharing  an  LME, to rem ed ia te  th e  issues (Wang 
2004). T hese processes a re  critical for in teg rating  sc i­
ence into m anagem en t in a  p ractical way, and  for 
estab lish ing  ap p ro p ria te  governance  regim es, Of the 
5 m odules, 3 m odules apply sc ience-based  indicators 
tha t focus on productivity', fish/fisheries, a n d  po llu­
tion/ecosystem  health , an d  the  o ther 2 m odules, socio­
econom ics an d  governance, focus on econom ic b e n e ­
fits to be gain ed  from  a  m ore susta inab le  resource base 
a n d  from  providing stakeholders and  stew ardsh ip  
in terests  w ith  legal an d  adm inistrative support for 
e cosystem -base d m an ag em en t practices. The first 4 
m odules support the TDA process, w hile th e  gover­
nance  m odule is associa ted  w ith  periodic u p d a ting  of 
the  SAP developm ent process. A daptive m anagem en t 
reg im es are  en co u rag ed  th ro u g h  periodic assessm ent 
processes (TDA updates) an d  th ro u g h  u p d ating  the 
action  program s as gap s a re  filled,

The GEF-LME pro jects p resen tly  fu n d ed  or in the 
p ipeline for fund ing  in  Africa, Asia, Latin A m erica and 
ea s te rn  Europe rep re sen t a grow ing netw ork  of m arine 
scientists, m arine m anagers, and m inisterial leaders

wTho  are  p u rsu ing  ecosystem  an d  fishery' recovery' 
goals, The an n u a l fisheries biom ass yields from  the 
ecosystem s in the  netw ork are 44,0%  of the  global total, 
and  a re  a firm  basis for m ovem ent by the  partic ipa ting  
countries to w ard  the  2002 World Sum m it on Sustain­
ab le D evelopm ent [WSSDj ta rg e ts  for in troducing  eco­
sy stem -b ased  assessm ent an d  m anagem en t by  2010, 
and  for recovering d ep le ted  stocks and  achieving fish­
in g  at m asim um  susta inab le  y ie ld  levels by 2015. The 
FAO C ode of C onduct for Responsible F isheries [FAO 
1995) is su p p o rted  by m ost coastal nations an d  has 
im m ediate  applicability  to reach ing  the  W5SD fishery 
goals, The code a rgues for m oving forw ard  w ith a  p re ­
cautionary' app roach  to fisheries sustainability, using 
available inform ation m ore conservatively to err on the 
side of low er to ta l allow able catch  levels th a n  h as  been  
the  g enera l practice in past decades, A lthough fishing 
effort da ta  are  not available in  FAO global catch  repo rt­
in g  statistics and  could bias catch data in terpretations, 
it appears th a t the b iom ass and y ields of 11 species 
g roups in  6 LMEs have b e e n  re latively  stab le  or have 
show n  m arg inal increases over the  period from  1990 to 
1999. The y ield  for these  6 LM Es— the A rabian  Sea, 
Bay of Bengal, Indonesian  Sea, N orth  Brazil Shelf, 
M ed ite rran ean  Sea an d  the Su lu -C elebes S ea— wTas 
8,1 million t, or 9,5%  of the global m arine fisheries y ield  
in  1999 [G aribaldi & Lim ongelli 2003), The countries 
bo rdering  these  6 LMEs are  am ong the w orld 's m ost 
populous, rep re sen tin g  approxim ately  o n e-q u arte r of
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the  to tal h u m an  population. T hese LME b o rd er co u n ­
tries in c reasing ly  d e p e n d  on m arine fisheries for food 
security, a n d  for na tional and  in ternational trade. G iven 
the  risks of fish ing dow n  the  food w eb, it w ould  ap p ear 
opportune  for the  stew ardsh ip  a g e n n e s  responsib le  
for the  fisheries of th e  L M E -bordering coun tries to limit 
increases  in  fishing effort d u rin g  a  perio d  of re la tive  
biom ass stability.

E vidence for species biom ass recovery  follow ing s ig ­
nificant reduction  in fish ing  effort th ro u g h  m an d a ted  
actions is encourag ing . In the  USA N o rth east Shelf 
LME, m an ag em en t actions to reduce  fishing effort 
con tribu ted  to a  recovery' of d ep le ted  h errin g  and  
m ack ere l stocks a n d  a n  in itiation of the  recovery  of 
d ep le ted  yellow tail flounder and  had d o ck  stocks 
[Sherm an et al. 20031 : th is  w as  in  com bination w ith the  
robust condition  of av erag e  an n u a l prim ary p roductiv ­
ity [350 gC  m ^ y r 1] for the  past 3 d ecades, a relatively  
stable Zooplankton biom ass at or near 33 cm2 per 100 m 3 
for the  past 30 yr (S herm an et al. 2002), a n d  an  oceano­
graph ic  regim e m arked  by a  recu rrin g  p a tte rn  of in ter- 
an n u a l variability , bu t show ing  no ev idence of te m p e r­
a tu re  shift of th e  m ag n itu d e  describ ed  for o th e r N orth  
A tlantic  LMEs, inc lud ing  the  Scotian  Shelf [Z w anen­
b u rg  2003), th e  N ew found land-L abrador Shelf (Rice 
2002), th e  Ice land  Shelf (A stthorsson É< V ilhjálm sson
2002) a n d  th e  N o rth  S ea  [Perry' et al. 2005), O n  the  
o ther h an d , 3 LMEs rem ain  a t h igh  risk  for fisheries 
biom ass recovery '— ex p ressed  as a  pre-1960s ratio of 
dem ersa l to p e lag ic  sp ec ie s— th e  Gulf of Thailand, 
East C h ina Sea, a n d  Y ellow  Sea (Pauly & C huen- 
p ag d ee  2003, C h en  Ét Shen 1999, T an g  fit Jin  1999), 
The P eople 's R epubhc of C hina has in itia ted  steps 
tow ard  recovery  b y  m an d a tin g  0 0 -9 0  d closures to 
fishing in  th e  Y ellow  Sea a n d  East C h ina S ea  [Tang
2003). The coun try -d riven  p lan n in g  and  im p lem en ta ­
tion docu m en ts  su p p o rtin g  th e  ecosystem  app ro ach  to 
LME assessm ent and  m an ag em en t practices can  be 
found a t w w w .iw learn .n e t.

N i I royen  load ings. Globally, LME projects, in ad d i­
tion to rebu ild ing  d ep le te d  fish  stocks and  restoring  
d eg rad ed  coastal hab ita ts , a re  also  co n cern ed  w ith the  
m itigation  of the  effects of n itrogen  loadings. N itrogen 
over-enrichm ent h a s  b een  a  coastal p rob lem  for 2 
d ecad es in the  Baltic S ea  LME (HELCOM  2001). M ore 
recen t h u m an -in d u ced  in c reases  in  n itrogen  flux 
range from 4- to 8 -fold in the  USA from  the  Gulf of 
M exico to the  N ew  E ngland  coast (H ow arth e t al. 
2000), In E u ropean  LMEs. recen t n itrogen  flux in ­
c reases  have ran g ed  from  3-fold in S p a in  to l 1-fold 
in the  Rhine River b asin  d ra in in g  to the  N orth  Sea LME 
[H ow arth e t al, 2000], This d isruption  of th e  n itrogen  
cycle o rig inated  in the  G reen  R evolution of the  1970s 
as the  w orld  com m unity' co n v erted  w etlands to ag ricu l­
tu re , u tilized  m ore chem ical fertilizer, and  ex p an d ed

irriga tion  to fe e d  the  w orld  (D uda Si E l-A shry 2000). 
For the  estuaries of the  so u th eas te rn  USA [D uda 1982) 
and  for th e  Gulf of M exico [Rabalais e t al. 1999), m uch 
of the  increase  in  n itrogen  export to LM Es is from  ag ri­
cu ltural inputs, from  the  in c rea sed  delivery  of n itrogen  
fertilizer as w e tlan d s  w e re  converted  to agricu ltu re , 
and  from livestock p roduction  [NRG 2000), Also, 
sew ag e  from  large  cities is a sign ifican t contributor to 
eu trophication, as is in c reased  n itrogen  in a tm ospheric  
deposition  resu lting  from  com bustion  of fossil fuels by 
autom obiles a n d  industrial activities (GESAM P 2001).

G lobal forecast m odels of n itro g en  export from  fre sh ­
w a te r basins to coastal w a te rs  ind icate  tha t th ere  w ill be 
a 50%  increase  w orld-w ide in  dissolved inorganic  n itro­
gen  (DIN) export by rivers to coastal system s from 1990 
to 2050 (Seitringer fii Kroeze 1998, K roeze fit S eitzinger 
1998), Such increases in n itro g e n  export are alarm ing for 
the  fu tu re  sustainability' of LMEs. G iven th e  expec ted  fu­
tu re  increases in population  an d  in fertilizer use, w ithout 
significant m itigation  of n itro g en  inputs, LMEs will be 
su b jec ted  to a fu tu re  of in creasin g  harm ful a lgal bloom  
events, re d u c e d  fisheries, and  hypoxia tha t fu rth e r d e ­
g rad es m arine  biom ass y ields and  biological diversity. 
M odels of n itrogen  loading from  land -based  sources and 
m odels of ecosystem  structu re  and  function  are  b e in g  
ap p h ed  to LMEs w ith financial assistance from the  
GEF, E stim ates of carry'ing capacity' using  ECOPATH- 
ECOSIM  food w eb  app roaches for the  w orld 's 64 LMEs 
are being  p re p a re d  in  a  G E F-supported  collaboration 
b e tw e e n  scientists of the  U niversity of British C olum bia 
and  m arine specialists from  developing  countries. Sim i­
larly, a 24 mo tra in in g  project is be ing  im p lem en ted  byr 
scien tists from  R utgers U niversity in  collaboration w ith  
IO C/U N ESCO  to  estim ate  ex p ec ted  n itrogen  loadings 
for e a c h  LME over the  nex t decade. Scientists from  
Princeton U niversity and  th e  U niversity of C alifornia at 
Berkeley are exam ining particle sp ec tra  and  p a tte rn  for­
m ation  w ith in  LMEs. A dditionally, th e  A m erican Fish­
eries Society and  the  W orld Council of Fisheries Societies 
are  co llaborating  in an  e lectron ic  ne tw ork  to exped ite  
inform ation access and  com m unication  am ong m arine 
specialists [for details o n  the  GEF-LM E project, see 
w w w .g efo n lin a .o rg /p ro j e c tD eta ils .c fm ïp ro jlD  =247 4).

T he g row ing  n u m b er of coun try -driven  com m it­
m en ts  to m ove tow ard  e cosystem -base d assessm ent 
and  m an ag em en t of m arine  resou rces a n d  env iron ­
m en ts  prov ides a n  u n p re c e d e n ted  opportun ity  for 
acce lera ting  the  transition  to susta inab le  use, conser­
vation, and  developm ent of m arine ecosy'stems, The 
social, econom ic, and  env ironm en ta l costs of inaction  
are  sim ply too h ig h  for m ultila teral and  b ila te ra l insti­
tu tions and  in te rn a tio n a l agencies not to support the  
initial efforts of 121 coun tries a ttem p tin g  to reach  the  
WSSD m arine ecosystem  ta rg e ts  for resto ra tion  and 
sustainability . Both dev e lo p ed  a n d  develop ing  nations
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have a stake  in  m oving tow ard  th e  use of susta inab le  
ecosystem  resources, M om entum  should  not be lost, as 
this could resu lt in  irreversible dam age to coastal 
ecosystem s, to the  livelihoods and  security of poor 
coastal com m unities, and to th e  econom ies of coastal 
nations.
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