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Editorial

This issue of F ishbyte  is taken u p  alm ost entirely by a paper by 

Villy Christensen and  m yself. My excuses for th is (ab)use of editorial 

privilege are two;
(i) the topic of th at p a p er is well in  line w ith  the m ain them e of 

this issue of N aga  - sustainability - and how to conduct research 

about it; an d
(ii) this article both  launches a  new  project, aim ed at m odeling 

the w orld  ocean, and  a new  tool for doing it, Version 3.0 of 

ECOPA TH E
Villy C hristensen an d  I  hope th at the invitation in this article, for 

colleagues to join us in  th is global m odelling effort, will be picked up 

by num erous NTFS m em bers, and  other readers of Fishbyte, and that 
Fishbyte, itself w ill thus becom e a priv ileged forum  for discussing the 

progress of th is project.

The tw o additional pap ers  th at m anaged to get squeezed into this 

issue of Fishbyte also deal w ith  the them e of sustainability: W. Hertlein

show s how  m odeling can b e  used to sim ulate the m echanism s which 

allow  a sm all pelagic species - here the Peruvian anchoveta Engraulis 
ringens  - to m aintain  itself in  its highly fluctuating habitat. That habitat 

incidentally—the cold upw elled  w aters off P eru  and  Chile—m ay be 

expanding, as predicted b y  Bakun (1990, G lobal clim ate change and 

the intensification of coastal upwelling. Science 247:198-201) as a slightly 

paradoxical result of global warming. Hence anchoveta may have a 

future in  at least the early  part of the "late  holocene", desp ite  their 

schooling habits (see Parrish , p, 7). In any case, catches of anchoveta 

have increased dram atically  in recent years.

However, C. Garcia and  0 .  Salono show  th at the fu tu re  m ay be 

grim for Tarpon a tlan ticus , certainly so along the C aribbean coast of 
Colombia.

W hether large fish such as this w ill survive Parrish 's scenario for 

the late holocene is still open. Our job as fisheries scientists is to keep 
such options open as long as we can. D .  P a u l y
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Abstract

A  b r ie f  re v ie w  o f  th e  s ta tu s  o f  th e  w o rld  f ish e r ie s  is p re sen ted  w ith  
em p h as is  on th e  d iffe re n c e s  b e tw e e n  ca tch es , (=  lan d in g s +  b y ca tch ), 
b io lo g ica l p ro d u c tio n  o f  f ish , and  p red a tio n  (=  p ro d u c tio n  - ca tch es) . 
T h e  EC O PA TH  II a p p ro a c h , im p le m e n te d  as a new , W ind o w s-b ased  
so ftw a re  is th en  sh o w n  to  a llo w  c o n s tru c tio n  o f  a s tra tif ie d  w orld  m odel 
a c c o u n tin g  fo r  g lo b a l c a tc h e s , p ro d u c tio n  o f  and  p red a tio n  on fish es , and 
thus im p ro v e d  e s tim a te s  o f  g lo b a l p o te n tia ls . A new ly  in itia ted , co o p e ra 
tiv e  p ro je c t is  d e sc rib e d  th ro u g h  w h ic h  th e  fo u n d a tio n  fo r such  a g lo b a l 
m o d el co u ld  be c o n s tru c te d , b ased  on  a  s tra tif ie d  d a tab ase  w ith  m ore 
th an  100 tro p h ic  m o d els . C o lla b o ra to rs  a re  in v ited  to jo in  in th is, and 
w ill b e  ass is te d  in c o n s tru c tin g  m o d e ls  c o v e rin g  th e ir  a reas o f  in terest.

Introduction

F ish  p ro d u c tio n , c a tch es  ... W ait! I s n ’t  th a t th e  sam e? F o r b io lo 
g is ts , i t ’s no t; b u t th e  te rm s a re  o ften  used as synonym s since  the  
p ro cess in g  in d u stry  tu rn s  c a tch e s  in to  fish  p roducts . O ur in te rest

here , ho w ev er, is in th e  p rocesses in the sea: how  m uch  w e e x trac t (= 
th e  c a tch e s) , an d  how  m uch is actually  p ro d u ced , and th en  co nsum ed  
by p red a to rs , w hich thus com pete  w ith the fisheries.

O ne o f  th e  e a rlie s t ex p ressions o f  the  re la tio n sh ip  be tw een  p ro 
duction  and catches in fu lly  exp lo ited  stock  is by G raham  and  E dw ards 
(1 9 6 2 ) w ho g u essed  th at “p ro p erly  h a rv ested , it  is reaso n ab le  to 
su g g est th a t [fish  stocks] m ay y ie ld  50%  by w eigh t, at least, o f  the 
net an n u al p ro d u c tio n ” .

R y th er (1969) used  th is 50%  figu re  as w e ll, a lb e it im p lic itly , b u t it  
is in th e  fo rm  o f  “G u llan d ’s eq u atio n ” fo r  e s tim a tio n  o f  p o ten tia l 
y ie ld  th a t G raham  and  E d w ard s’ 50%  guess b ecam e m o st fam ous. 
T h e  eq u atio n  (actu ally  p roposed  by A lv erso n  and  P e rey ra  1969) 
s ta tes  th at

P o ten tia l y ie ld  =  0 .5  • B0 ..1 )

w here  B o is th e  unexp lo ited  b io m ass , and  M  is assu m ed  equal to 
op tim u m  fish in g  m orta lity , i.e ., to  th e  leve l o f  fish in g  g en era tin g  the 
fab led  M ax im u m  Susta inab le  Y ield  (F MSY).

-r-w— —-— ------------
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G iven  th a t b io lo g ica l p ro d u c tio n  c an  be  defined  as P  = Z  • B 
(A llen  1971) and th a t Z  =  M + F, se ttin g  F MSY = M  im p lies  th e  50%  
rule.

T h e  ev o lu tio n  o f  th is and  sim ila r g u esse s  are rev iew ed  in Pauly 
(in p ress); F ig . 1 show s som e o f  th e  e stim a te s  o f  g lobal po tential 
catch  o b ta in ed  u sin g  th ese  guesses.

Fig. 1. G lobal m arine catches, 1948-1993. To account fo r  discarded bycatch, the 
estim ate 27-106 t  year'1 o f  A lverson e t al. (1994) w a s applied to 1992, and 
prorated to the to ta l catch o f  a ll other years. The fu l l  do ts show  som e estim ates  
o f p o ten tia l w o rld  catch, and the year they w ere published (from Table 1 in Pauly, 
in press). N ote th a t  none o f  these estim ates exp lic itly  considered the magnitude o f  
the bycatch problem . The insert show s the % rate o f  change o f  the series, 
sm oothed over three years (adapted fro m  FAO Yearbooks).

F ish e ries  catches, w h ich  have g row n  in leaps and bounds since  
W W II o r m ore  p rec ise ly  by  around  4 -8%  p e r y ear in th e  1950s and 
1960s, h ave  been stag n atin g  s in ce  th e  la te  1980s, even th o u g h  1993 
(the  last y ear fo r w hich  g lo b al fig u res from  th e  F ood  and  A g ricu ltu re  
O rg an iza tio n  o f  the U n ited  N a tio n s a re  av a ilab le) w ith catches and 
aq u acu ltu re  p roduction  s lig h tly  in  ex cess  o f  100 m illion  tonnes, was 
th e  largest ever.

FA O h as w ell docu m en ted  th e  ex ten t to w hich  p resen t fish ing 
p rac tices  a re  u n su sta in ab le , em p h asiz in g , e .g ., th a t th e  o v erw h elm 
ing  m ajo rity  o f  the stocks it m o n ito rs  are  e ith e r o v erfish ed , o r  re co v 
e rin g  from  p rev ious o v e rfish in g  (G arcia  and  N ew ton , in press). 
O ther g lobal stud ies have e stim a ted  the  d isc a rd e d  bycatch  o f  fish e r
ies , p re sen tly  a s tag g erin g  27 m illio n  to n n es  per y ear (Fig, 2), and 
the ex ten t o f  econom ic  lo sses ex p erien ced  by th e  w orld  fish e rie s  —  
over U S$ 50 b illion  per year, largely  m et by subsid ies.

No co m p eten t o bserver b e lieves that th is  situation  can last, and 
in d eed , in te rn a tio n al e fforts are now  b e in g  m ade  to  rad ically  change  
th e  w ays o f  our fisheries, and  to  pu t th em  on an eco n o m ica lly  and 
b io lo g ica lly  susta inab le  basis.

T h e  second  o f  th e se  a im s - and perh ap s so m e o f  th e  first - w ill 
h av e  to  in v o lv e  e co sy stem  con sid era tio n : th e  sto ck s the fish e ries 
ex p lo it a re  p a rts  o f  eco sy stem s, m ost re so u rce  sp ec ies feed  on one 
ano ther, and  su s ta in ab le  fish e rie s  m ust acco u n t fo r  th is. F isheries 
sc ien tis ts  h av e  been  re lu c ta n t to  co n sid e r such  eco sy stem  in te rac 
tio n s in th e  past: it d id  n o t seem  necessary , and  it was dub ious i f  it 
co u ld  be  d o n e  anyw ay  —  esp ec ia lly  i f  one has to  invest severa l 
y e a rs ’ w o rth  o f  o n e ’s tim e  to  c o n stru c t and  v a lid a te  even  a s in g le 
sp ec ies sim u la tio n  m odel (see  H ertle in , th is issu e  fo r  a recent e x am 
ple).

T h is p e rce p tio n  o f  th e  situ a tio n  has changed : fish e ries sc ien tists , 
th ro u g h o u t th e  w orld  now  largely  ag ree  th at th ey  m ust find w ays to 
acco u n t fo r sp e c ie s  in te rac tio n s  - even  w hen th ey  still perfo rm  s in 
g le-sp ec ie s  a ssessm en ts. S ev e ra l generic  appro ach es fo r m ultispecies 
analysis have  th e re fo re  recen tly  em erged . O ne o f  th ese  is m ultispecies 
v irtu a l p o p u la tio n  a n a ly sis  (see  below ); an o th e r s im p le r approach  is 
th e  co n stru c tio n  o f  m ass-b a lan ce , tro p h ic  m odels, deve lo p ed  by the 
au tho rs o n  th e  b as is  o f  e a r lie r  w ork  b y  J.J . P o lo v in a  and co -w orkers 
at th e  N a tio n a l M arin e  F ish eries S erv ice  labora to ry , H onolulu , and 
p resen ted  as th e  E C O PA TH  II  approach  and so ftw are , in an  earlie r 
issu e  o f  N a g a  (C h ris ten sen  and  P au ly  1991).

W e w ill b rie fly  rev iew  m ajo r featu res o f  th is approach , then  m ove 
to  th e  p re sen ta tio n  o f  a new  re lease  o f  th e  so ftw are  in co rp o ra tin g  it, 
and w hose  fe a tu res  tu rn  EC O PA TH  II (v ersion  3.0) into an  a lm ost 
co m p le te ly  new  ap proach  (B ox 1). W e th en  p re sen t a recen tly  in it i 
a ted  p ro jec t th ro u g h  w hich  w e p lan  to  c o n stru c t a stra tified  da tabase  
o f  tro p h ic  in te rac tio n s , p ro d u c tio n , and ab u n d an ce  in the  w orld  
oceans, b ased  on 100+ EC O PA TH  II m odels constru c ted  in co llab o 
ra tio n  w ith , a n d /o r by co lleag u es w orldw ide.

The Modeling Approach and Some Key Results

T h e  c o n stru c tio n  o f  an EC O PA TH -type eco sy stem  m odel re lies on 
th e  tru ism  th a t, fo r  any  p ro d u cer (e .g ., a g iven  fish  stock) and tim e 
p e rio d  (e .g ., a y ear o r season)

P ro d u c tio n  =  fisheries ca tch  + p red atio n  m orta lity

+  o ther m o rta lity  +  b iom ass accum ulation  

+  loss to ad jacen t system s ...2 )

In  add itio n , th e  g roups in th e  system  are lin k ed  th rough  p red a

tors co n su m in g  prey. Such co n sum ption  can  b e  described  by

C o n su m p tio n  =  P ro d u c tio n  +  n o n -a ssim ila ted  food
+  resp ira tion . ...3)

T h is im p lica tio n  o f  the tw o re la tio n sh ip s is th a t the m odel is 
m ass-b a lan ced , i .e ., m ass is “co n se rv e d ” , o r accoun ted  for. Call it as 
w e m ay, th is  p rin c ip le  p rov ides an  ex trao rd in a ry  r ig id  fram ew ork —  
fo rm alized  using  a system  o f lin ea r equ atio n s —  th ro u g h  w hich the 
b iom asses o f  d iffe re n t consum er groups w ith in  an ecosystem  can be 
e stim a ted , a lo n g  w ith  th e  tro p h ic  fluxes am ong  th em  (Fig. 2).

Im p o rtan t he re  is that the in fo rm atio n  req u ired  to com plete  an 
ECOPATH II m o d el is o f  the very  ty p e  ro u tin e ly  co llec ted  by f ish e r
ies sc ien tis ts , (e .g ., catches) o r  estim a ted  in th e  con tex t o f single-
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F is h b y t e  S e c t io n

Box 1. A nnouncing the release o f ECOPATH II Ver. 3.0.

E C O P A T H  II  (Ver. 3 .0 ) is  now  re a d y  fo r  re le a se . T h e  new  v e r
s io n  in c lu d e s  th e  fo llo w in g  n o v e ltie s , a m o n g  o th e rs:

T he W in d o w  s -platform -. T h e  ‘o ld ’ E C O P A T H  II  w as p ro g ra m m e d  
in M ic ro s o f t  P ro fe s s io n a l  B asic , and  w a s  (and  s t i l l  is )  a v e rsa tile  
p ro g ra m  w ith  th e  m a jo r ad v an tag e  th a t  i t  c an  be ru n  o n  b a s ic a lly  
any  P C  u s in g  D O S . T h e  o ld  v ersio n  fu r th e r  h as  th e  a d v a n ta g e  th a t it 
is very  s im p le  to  u se  fo r  n ew co m ers , as th e re  is  a 'n a tu ra l  p a th ’ fo r 
th e  u se r  to  w a lk  th ro u g h  th e  ro u tin e s . In  c o n tra s t  th e  n e w  v e rs io n , 
p ro g ra m m e d  in  M ic ro so ft V isual B a sic , and  w h ic h  h as  th e  f le x ib il
ity  ( sp re a d sh e e t in p u t fo rm s , m u ltip le  o p en  w in d o w s , e tc .) , and  
c o n se q u e n tly  a lso  th e  co m p lex ity  o f  W in d o w s p ro g ra m s  is m uch  
m o re  p o w e rfu l, b u t  it  a lso  tak es m o re  e f fo r t  o n  th e  u s e r ’s p a r t  to  use  
th e se  fa c i l i tie s . W e w ish  to  o ffe r  th e  a d v a n ta g e s  o f  b o th  th e  D O S 
a n d  th e  W in d o w s p la tfo rm ; thus w e w ill c o n tin u e  to  su p p o rt th e  
D O S v e rs io n  (2 .2 + )  o f  EC O PA TH  II; th e  D O S  and  W in d o w s v e r 
s io n s  c a n  sh a re  d a ta  file s .

T h e  g r a p h ic s : U p  to  now , EC O PA TH  I I  h as  h ad  v e ry  lim ite d  
g ra p h in g  fa c il i t ie s ,  an d  it  w as up  to th e  u se r  to  p ro d u c e  g ra p h s  fo r 
p re se n ta tio n s . A  m a jo r new  im p ro v e m e n t in  th e  new  v e rs io n  is  an 
in te ra c tiv e  m e th o d  lo r  co n s tru c tio n  o f  th e  f lo w c h a r t, i .e ., o f  th e  
m ain  o u tp u t o f  E C O P A T H  II. Such  f lo w c h a r ts  c o n ta in  a w-ealth o f  
in fo rm a tio n , an d  it  is co m p lica ted  and  tim e -c o n su m in g  to  p re p a re  
th em  m a n u a lly . It h as  no t been easy  to p ro g ra m  th e  f lo w c h a rt 
ro u tin e , h o w e v e r , d ue  to  th e  co m p lex ity  a s so c ia te d  w ith  a rra n g in g  
up  to 5 0  g ro u p s  w ith  c o n n ec tin g  f lo w s , la b e ls , e tc . In d e e d  th is

co m p lex ity  is  th e  m a in  re a so n  w hy i t  h as  tak en  u s  tw o  y ea rs  to  
re lease  th e  new  v e rs io n  o f  E C O PA TH  II.

A n o th e r, s im p ler, b u t  a lso  very  v e rsa tile , and  in fo rm a tio n -ric h  
new  fe a tu re  is th e  m ix e d  tro p h ic  im p a c t g ra p h . T h is  g iv e s  an o v e r
v iew  o f  h o w  each  o f  th e  g ro u p s  in  th e  sy s te m  im p a c ts  e a c h  o th e r  
th ro u g h  b o th  d ire c t a n d  in d ire c t  tro p h ic  in te ra c tio n s . A  n u m b er o f  
ad d itio n a l g rap h s  a re  in c lu d e d  (n o tab ly  fo r  c o m p a r in g  tro p h ic  “p y ra 
m id s” ), and  m o re  w ill fo l lo w  in co m in g  v e rs io n s .

E coW rite:  In  th e  n ew  v e rs io n  it  is  p o s s ib le  to  e n te r  a  rem ark  fo r  
each  in p u t p a ra m e te r  a t  th e  p re ss  o f  a  b u tto n . S u ch  re m a rk s  m ay 
in d ic a te  th e  so u rc e s  o f  e s tim a te s , d e sc rib e  h o w  th e y  w e re  s ta n d a rd 
iz e d , e tc . O nce th e  m o d e l is  co n s tru c te d , a  r e p o r t in g  fa c il i ty  ex trac ts  
th e  rem ark s , and  o p en s a  b u ilt- in  w o rd  p ro c e sso r. T h e  te x t  m ay  then  
b e  ed ite d  o r  sa v e d  in  a  fo rm  a c c e ss ib le  f ro m  v ir tu a lly  any o th er 
W in d o w s-b ased  w o rd  p ro c e sso r.

Em pire:  O ften  sy s te m -sp e c if ic  e s tim a te s  o f  in p u t p a ra m e te rs  a re  
no t av a ila b le  fo r  a ll g ro u p s  to  b e  in c lu d e d  in  a  m o d e l. In  su ch  cases 
it  c a n  be u se fu l to u se  o n e  o f  th e  m any  p u b lish e d  e m p ir ic a l re la tio n 
sh ip s  (e .g ., in  C a ld e r  1 9 8 4 ). e sp e c ia lly  w h e re  th e re  a re  p h y s io lo g i
c a l co n s tra in ts  l ik e ly  to  o v e r ru le  local c o n d itio n s , e .g .,  in  th e  case  o f 
the c o n su m p tio n /b io m a ss  ra tio  o f  f ish  ( s e e  P au ly  1989). To fa c il i
ta te  p a ra m e triz a tio n , w e d e s c rib e  a  n u m b er o f  th e s e  re la tio n sh ip s  in 
a new', in te ra c tiv e  ro u tin e  ( “ E m p ire ” ). W e in te n d  to ad d  re la tio n sh ip s  
in each  su c ceed in g  v e rs io n , and w e  e n c o u rag e  re ad e rs  to  c o n tac t us if  
they  know  o f  re la tio n sh ip s  w e sh o u ld  c o n s id e r  in c lu d in g .

Flow to  d e tritu s
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Fig. 2. M ass-balance m odel o f  the coasta l fisheries resources o f  Brunei D arussalam , constructed using the ECOPATH II approach and softw are  
(from Silvestre e t al. 1993).
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- •  = 11 published 
^  = 2 r m odels

O m odel in p rep . 
Q  w orkshcp/course

Fig. 3 World m ap show ing  loca tions o f  ECOPATH II  m odels published so fa r  (dots and diam onds) 
and o f  ECOPATH I I  w orkshops and training courses (squares).

species s tu d ies  (b io m asses , m o rta lity  ra tes , d ie t co m position , e tc .) , 
a long w ith  b io lo g ica l in fo rm a tio n  on th e  n o nharvested  com ponen ts 
o f  the eco sy stem s —  as u su a lly  stu d ied  by m arin e  b io log ists.

T hus, at least th e se  tw o  d isc ip lin es  a re  b ro u g h t to g e th e r every  
tim e an E C O PA TH  II m odel is co n stru c ted , and a large am o u n t o f  
sca ttered  in fo rm a tio n  is s tan d ard ized , and  ren d ered  m utua lly  co m 
p a tib le  th a t w o u ld  o th e rw ise  have lang u ish ed  in sca ttered  jo u rn a ls , 
reports and filin g  cab in e ts . B ox  2 p resen ts a new  approach  th rough

Box 2. EcoRanger: a least square approach for construction  

of trophic m odels

Up to  now , E C O PA TH  m o d e ls  h a v e  been  co n stru c ted  from  a 
sin g le  se t o f  in p u t p a ra m e te rs  re p re se n tin g  m ean s , o r b est g uesses. 
T h e  m o d e l-b u ild e r  h a d  to se le c t an in itia l  p a ra m e te r  se t based  on  th e  
av a ilab le  in fo rm a tio n , and  ite ra tiv e ly  c h a n g e  th e  se t to  d e riv e  a 
ba lanced  m o d e l T h e  re su lt  w o u ld  th u s b e  o n ly  a  p o ss ib le  m odel o f  
th e  eco sy stem  in  q u estio n .

In the new  v e rs io n , th is  is  o v e rco m e  th ro u g h  th e  “ E co R an g e r” 
m odule . T h is  a llo w s en try  o f  a ran g e  —  h en ce  th e  nam e —  and  
m ean/m ode v a lues fo r  a ll the b as ic  p a ram ete rs , i.e ., fo r  the b iom asses, 
co n su m p tio n  ra te s , p ro d u c tio n  ra te s , e c o tro p h ic  e ffic ien c ie s , and  all 
e lem en ts o f  th e  d ie t co m p o s itio n s . R an d o m  in p u t variab les  a re  then  
draw n u sin g  u se r-se le c te d  freq u e n cy  d is tr ib u tio n s  (u n ifo rm , tr ia n 
gu lar, n o rm al o r  lo g n o rm a l)  fo r  each  p a ra m e te r  type, and the re su lt
ing m odel is  th en  e v a lu a te d  (b ased  o n  u se r-d e fin e d  c rite ria , and  
p h y sio lo g ica l and  m a ss  b a la n c e  c o n s tra in ts ).

T h e  p ro c e ss  is re p e a te d  in  a M o n te -C a rlo  fash io n , and  o f  th e  
m odel ru n s  th a t p a ss  th e  se le c tio n  c r ite r ia , th e  b es t-f ittin g  o ne  is 
chosen  u sin g  a le a s t sq u a re  c rite rio n . T h is  b es t m o d el can  then  be  
used fo r fu rth e r  a n a ly s is  an d  its  c h a ra c te r is tic s  can  be  stud ied . 
N otab ly , a  g lo b a l g o o d n e s s-o f-f it ,  R E, is  c a lc u la te d  a lo n g  w ith  p a 
ram e te r-sp ec ific  in d ices  (re) fo r  each  o f  th e  m o d e l inpu ts.

T he E c o R a n g e r  m o d u le  th u s  in tro d u c es  a  s ta tis tic a lly  b ased  ap 
p roach  to  f i tt in g  o f  E C O PA TH  II m o d els , and  m o st im p o rtan tly  it 
h e lps the u se r  se le c t th e  m o d el th a t b e s t f its  a g iv en  se t o f  constra in ts .

w h ich  this p ro cess has b een  m ade  sta tis tica lly  
m ore  r ig o ro u s  than  prev iously .

So fa r, n early  50  sy s tem s o f  m arin e  and estua- 
rine  e co sy stem s have  been  p u b lish ed  (see  Box 3 
fo r fre sh w a te r  and te rre s tr ia l sys tem s), au thored  
by o v e r  70 sc ien tis ts  (F ig. 3). M oreover, these 
m o d els  have no t on ly  su m m arized  a larg e  am ount 
o f  d a ta  fo r  th e  system s they  re p re sen t, bu t join tly , 
they  h a v e  a llow ed  fo r p o w erfu l g en era lizations 
to em erg e.

O n e  o f  th ese  is th at th e  tran s fe r  effic iency  o f  
b io m ass betw een  tro p h ic  leve ls in  aquatic  e co 
sy s te m s, though  h ig h ly  v a riab le , ten d s to have a 
m ean v a lu e  o f  10% , as long su sp ec ted , bu t never 
b e fo re  d em o n s tra ted  co n clu siv e ly  (F ig . 4).

A n o th e r g en era liza tio n  is th at th e  frac tion  o f  
fish  p ro d u c tio n  co n su m ed  by o th e r fishes, is even 
w ith in  s tro n g ly  ex p lo ited  sy s tem s, m uch larger 
than  th e  catches, h en ce  in v a lid a tin g  th e  guesses 
w hich  led  to G u llan d ’s eq u atio n  (see  above, and 
Pauly , in  press).

Yet a n o th e r g en era liza tio n  is th a t th e  prim ary 
p ro d u c tio n  req u ired  to  su s ta in  th e  w orld  fisheries 

is fa r  h ig h er than  p rev io u s ly  an tic ip a ted , i ts e lf  su g g estin g  broad 
lim its  to th e  carry in g  cap a c ity  o f th e  w o rld ’s o cean s (B ox  4).

W e co n sid e r th ese  resu lts , and  o th er in sig h ts  g a in ed  th rough the 
system atic application of the ECOPATH II approach to various ecosystems

Box 3. M odeling freshw ater ecosystem s (including ponds 
and farm ing system s) using ECOPATH II

T h e  ap p lic a tio n  o f  ECO PA TH  II  to  se v en  A frican  lak es , four 
o th e r  lak es and  tw o  r iv e rs  - in c lu d in g  tw o  sy s te m s (L ak e  G eo rg e  and 
th e  R iv e r  T h am es), p rev io u sly  s tu d ied  b y  th e  In te rn a tio n a l B io lo g i
ca l P ro g ram m e —  has am ply  d em o n s tra ted  th e  ap p lic a b ility  o f 
EC O PA TH  II to f re sh w a te r  b o d ies , w h e th e r  tro p ic a l o r tem p era te , 
e x p lo ite d  o r  no t, and  th e  co m p arab ility  o f  th e  re su lts  o b ta in e d  from  
th is  ap p lic a tio n  w ith  th e  re su lts  o b ta in ed  fro m  m arin e  sy s tem s (see 
co n tr ib u tio n s  in  C h risten sen  and  P au ly  1994).

H o w ev er, w e w ill n o t b e  co v e rin g  fre sh w a te rs  in  th e  g lobal 
p ro je c t d e sc rib e d  here: th e ir  su rface  area , re la tiv e  to  th a t o f  the 
o c e a n  is m in u scu le  (0 .3 % ). w h ile  th e  d a ta  (f is h e rie s  c a tc h e s , p r i
m ary  p ro d u c tio n  es tim ates , e tc .)  re q u ire d  fo r  th e  a n a ly se s  a re  m uch 
h a rd e r  to s ta n d a rd ize . O n  th e  o th e r hand , w e  w e lc o m e  co o p e ra tio n  
w ith colleagues interested in m odeling freshw ater bodies using ECOPATH
II. C o n ta c t us fo r  d e ta ils.

T h a t E C O PA TH  II  a lso  tu rn ed  o u t to  be  su itab le  fo r  d esc rip tio n  o f 
c u ltu re  sy s tem s w a s  a p leasan t su rp rise . T h e  f irs t  b a tc h  o f  such 
a p p lic a tio n s  w as co n fin ed  to e co sy stem s in c lu d in g  a t leas t som e 
aq u a tic  co m p o n en ts , i.e ., a so u th e rn  C h in ese  s ilk w o rm  - f ish  in te 
g ra ted  sy stem , a  P h ilip p in e  r ic e -c u m -fish  sy s tem , and a  tilap ia  - 
e le p h a n t g ra ss  sy s tem  am ong  o th ers . A n o th e r  b a tch  is em erg in g  now 
fro m  th e  w o rk  o f  J.P. T. D a lsg aard  o f  IC L A R M .w h o  u se s  EC O PA TH  II 
to  d e sc rib e  an d  co m p are  th e  p e rfo rm a n c e  o f  fa rm in g  sy s tem s, o f 
w h ic h  so m e  m ay  in c lu d e  fish p o n d s, b u t m any  a re  en tire ly  te rres tria l 
( see  p . 26 , th is  issu e).

T h e  d e v e lo p m en ts  w ill d em o n s tra te  w h e th e r  - as w e b e liev e  - 
E C O P A T H -lype ap p ro ach es  m ay  b eco m e in  th e  nex t y ea rs  a  g enera l 
to o l, u n ify in g  f ie ld s  as d isp a ra te  as f ish e r ie s  sc ie n c e , lim nology , 
aq u a c u ltu re , and  fa rm in g  sys tem s re sea rch .
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Fig. 4. Trophic transfer efficiency (TE, %) in 48 m odels o f  trophic f lo w s  in 
aquatic ecosystem s by trophic level; based on the sam e sources as Fig. 2 in 
P au ly  and Christensen (1995). N ote the overa ll mean o f  a bou t 10% (leading  
to conservative estim ates o f  PPR), the absence o f  a ny  trend w ith  trophic 
level and the low  means fo r  upw elling  system s, contradicting  earlier 
assum ptions (see Box 4).

Box 4. For a new start in  aquatic food  web studies

In  a  recen t s tu d y  w e  e s tim a ted  h o w  m u ch  p rim a ry  p ro d u c tio n  is 
re q u ire d  to su s ta in  the g lo b a l la n d in g s  and  d isc a rd s  o f  fish ; th is 
y ie ld ed  a  g lo b a l e s tim a te  o f  8%  o f  to ta l p rim a ry  p ro d u c tio n , w ith  a 
low  v a lu e  (2 % ) fo r  th e  o p en  o cean s , w h ile  th e  e s tim a te s  fo r  sh e lf  
sy s te m s w ere  as h igh  a s  2 5 -3 5 %  (P a u ly  a n d  C h ris te n se n  1995). T he 
a n a ly s is  w as d o n e  by  sp lit t in g  th e  w o rld  c a tc h e s  in to  39  species 
g ro u p s (i)  fo r w h ich  f rac tio n a l tro p h ic  le v e ls  (T L j) w ere  com p u ted  
b a se d  on  48  p u b lish ed  tro p h ic  m o d e ls; a v e ra g e  e c o tro p h ic  transfer 
e ffic ien c y  betw een  tro p h ic  levels (T E ) w as e s tim a te d  to  10%  based 
on e s tim a te s  from  th e  sa m e  m o d e ls  (F ig . 4 ), and  th e  c a tch es  (C ,) 
w ere  ra ised  to P rim ary  P ro d u c tio n  R e q u ire d  (P P R ) u s in g  th e  re la 
tio n sh ip  P P R  = c a tc h 11-"1.

E a rlie r, w e h a d  p re se n te d  n ew  ap p ro a c h e s  fo r  r ig o ro u s  e s tim atio n  
o f  tro p h ic  lev e ls  and  th e ir  v a rian ce  (C h ris ten sen  an d  P a u ly  1992), 
fo r  c a lc u la tin g  th e  ag g re g a te  flo w s in to  an d  ou t o f  e a c h  tro p h ic  level 
o f  a g iv en  eco sy stem  (U lan o w icz  1995), and th u s to  e s tim a te  T E  
v a lu e s  by  tro p h ic  level and  e c o sy s te m  ty p e . T h is  ap p ro ach  now 
p e rm its  the re -e v a lu a tio n  and  th e  te s tin g  o f  a lte rn a tiv e  h y p o th eses 
c o n ce rn in g  em p iric a l re la tio n sh ip s  e s ta b lis h e d  ea rlie r, and b a se d  on 
in d ire c t, and  o ften  ra th e r  in accu ra te  m e th o d s  o f  u n k n o w n  p recision .

F o r  exam ple , R y th e r  (1 9 6 9 ). w h en  e s tim a tin g  w o rld  f ish eries  
p o ten tia l guessed  all th e  T E  v a lu es  he u sed , sta te s “S lo b o d k in  [1961 ] 
c o n c lu d es  th a t an  eco lo g ica l e f f ic ie n c y  o f  abou t 10%  is possib le , 
and  S ch aeffe r (s ic )  [1965] fee ls  th a t th e  f ig u re  m ay  be  as h ig h  as 20 
p ercen t. H ere, th e re fo re , I  a ss ig n  e ff ic ie n c ie s  o f  10, 15, and 20 
p e rc e n t, re sp ec tiv e ly , to  th e  o cean ic , th e  c o a s ta l, and  th e  u p w ellin g  
p ro v in c e s , though  it is  q u ite  p o ss ib le  th a t th e  ac tu a l va lu es are  
c o n s id e ra b ly  low er.”

W h en  w e lo o k  back  a t  those  a tte m p ts , it is  tem p tin g  to  quo te 
P a rso n s  e t al. (1 9 7 9 ), w h o  w ro te  in  a  no w  c la s s ic  te x tb o o k  w ith  
re g a rd  to  s im ila r re la tio n sh ip s  th a t “by  d e f in itio n , th ese  re la tio n 
sh ip s a re  advan ced  as b e in g  the m o st a c c e p ta b le  at th e  tim e o f  
w ritin g  th e  tex t b u t it is  to  b e  e x p e c te d  th a t  re se a rc h e rs  w ill im p ro v e  
o r  d isp ro v e  m any o f  th e  p ro c e sse s  d isc u sse d  in th e  lig h t o f  fu tu re 
sc ie n tif ic  ad v an cem en t. S u ch  is th e  n a tu re  o f  sc ie n c e .” A nd  now  is 
th e  tim e.

to am ply  ju s tify  o u r p re se n t e ffo rt to  c o n stru c t a g lo b al m odel of 
tro p h ic  in te rac tio n s  in th e  w orld  ocean . T h e  road w e are tak in g  can 
be  b rie fly  d esc rib ed  as fo llow s; w e w ill u se  th e  ex is tin g  stra tifica tio n  
o f  the w o rld  oceans o f  L o n g h u rs t e t al. (1995) to  id en tify  50-60  large 
m arine  eco sy stem s (L M E s); w ith in  each  o f  th ese  w e w ill m ake  a 
d e ta iled  s tra tif ica tio n  b ased  o n  w a ter d ep th , and re so u rce  system  
type. B ased  on the sy s tem s to w h ich  th ey  apply, p u b lish ed  ECOPA TH 
II m odels w ill be  assig n ed  to  L M E s and su b stra ta , and  then  ra ised  to 
L M E s, o cean s, re so u rce  system  types, and  to  th e  w orld  level.

F o r som e g ro u p s EC O PA TH  II m odels do no t p ro v id e  su ffic ien t 
co n stra in ts  to  lim it the p o ss ib le  p a ram e te r ranges. T h is is particu la rly  
true for im portan t consum ers w ith low fish ing  and predation  m ortalities, 
such as m arine  m am m al and  m eso p elag ic  fishes. F o r such g roups, 
in d ep en d en t in fo rm a tio n  is o f  sp ec ia l in te res t, and  as an ex am ple  w e 
co llab o ra te  w ith  m arine  m am m al sp ec ia lis ts  a t th e  F ish eries  C entre , 
U n iv ersity  o f  B ritish  C o lu m b ia , C anada, to ev a lu a te  th e  g lo b al tro p h ic  
im p ac t o f  m arin e  m am m als.

Required Steps and Expected Insights

■ F or a g lo b a l m odel to  b e  m ore th an  th e  sum  o f  its pa rt, its 
com ponen ts (i.e ., the m o d els re p re sen tin g  L M E s) m ust h ave  been 
deriv ed  ind ep en d en tly  o f  each  other. O nly  th en  w ill o v erestim ates  in 
som e m o d els be  co m p en sa ted  - at least in  p a rt - by  u n d e restim ates  in 
som e o th e r m odels.

T h u s o u r em p h asis  on a ssis tin g  c o llab o ra to rs  in pu b lish in g  th e ir  
m odels, b a sed  on  indep en d en t, loca lly  av a ilab le  da tase ts ra th e r than 
fo r us to a ttem p t co n stru c tin g  a ll req u ired  m odels, b ased  on w idely  
av ailab le  d a ta se ts  and pub lica tio n s.

H ow ever, w e do  not p e rce iv e  o u r c o llab o ra to rs  as p ro v id ers  o f 
local m odels, w h ile  w e re se rv e  o u rse lves th e  p riv ileg e  o f  gen era tin g  
th e  g lobal sy n theses. R ather, all co llab o ra to rs  w ill b e  g iven  sets o f  a ll  
ECOPA TH II file s  g en era ted  by all o th er co llab o ra to rs , so that they 
m ay g en era te  th e ir  ow n syn th eses o f  th e  data.

T h e  c o m p le tio n  o f th e  w orld  m odel w ill req u ire  as part o f  the 
in te rac tio n s w ith  in te res ted  co lleagues and co llab o ra to rs , a se ries o f 
w orkshop , d ev o ted  to se lec ted  areas o f h igh  in te res t (see  open  dots in 
Fig. 3, and  Box 5 fo r earlier w orkshops). O ne such w orkshop, sponsored  
by th e  U B C , and  th e  D ep artm en t o f  F ish e ries  and  O cean , C anada, 
w ill be  held  on 6 -10  N o v em b er 1995, in  V ancouver, B .C ., C anada, 
and d ev o ted  to th e  co n stru c tio n  o f  m odels o f  in sh o re  and offshore  
areas o f th e  N o rth easte rn  Pac ific . A n o th er w orkshop , ten ta tiv e ly  
p lan n ed  fo r late  in 1996, w ill com pare  eco sy stem s a long  the  W est

Fig. 5. Some 
products so fa r  o f  
the ECOPATH II 
project (see also 
Box 8).M IA SM
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Box 5. U sing ECOPATH for training, education and research

M ak in g  an  EC O PA TH  m o d el is  like tak in g  a c o u rse  in  eco logy , in  th e  co n s tru c tio n , m ain  e m p h a s is  is on  e c o lo g ic a l re la tio n sh ip s , no t on th e  
“m o d e lin g ”  p e r  se. T h is  fe a tu re  has b e e n  m ad e  very  c le a r  by  the co u rse s  and  w o rk sh o p s c o n d u c ted  u p  to now  —  in  B raz il, C a n ad a , G erm any, 
M a la y s ia , M e x ico  and  T h a ilan d .

A t se v e ra l u n iv e rs itie s . EC O PA TH  II is  no w  b e in g  u se d  a s  p a r t  o f  a c u rric u lu m , e .g .. by  le ttin g  s tu d e n ts  w o rk  w ith  te s t  d a ta se ts , o r  as team w ork  
w h e re  th e  s tu d e n ts  a re  a s s ig n e d  d iffe ren t p a rts  o f  an e co sy stem , th e n  each  g ro u p  secu res inp u t p a ra m e te rs  from  fie ld w o rk  o r  th e  lite ra tu re , w hile  
th e  f in a l m o d el c o n s tru c tio n  is d o n e  in p le n u m .  C o n s tru c tio n  o f  EC O PA TH  II m o d e ls  h a v e  a lso  sh o w n  v e ry  u se fu l fo r  g ra d u a te  s tu d ie s , and  to  date  
m o re  th a n  a d o z e n  M S an d  PhD  th eses h av e  b een  co m p le te d  u s in g  EC O PA TH  II as a s tru c tu r in g  too l.

W h e n  c o n s tru c tin g  a  m o d e l, in fo rm atio n  is n eed ed  o f  th e  tro p h ic  in te rac tio n s  o f  th e  e n tire  e c o sy s te m  and  th is fa c ili ta te s  co o p e ra tio n  betw een , 
e .g ., u n iv e rs ity  re se a rc h e rs  w o rk in g  on  d if fe re n t e c o lo g ic a l g roups. A s an ex am p le , p ro d u c tio n  o f  p rey  m u s t be su ff ic ie n t to  m ee t th e  requ irem en ts 
o f  th e  c o n su m e rs . T h e re fo re  re se a rc h e rs  w h o  m a y  p e rh a p s  o th e rw ise  rem ain  fo cu sed  on  “ th e ir”  g ro u p s  o f  o rg an ism s m u st co m m u n ica te , w hich 
m ay  le a d  to  co o p e ra tio n , h y p o th eses  te s tin g , and o th e r  good  th in g s , su ch  as p u b lica tio n s  p re se n tin g  o v e rv ie w s  o f  th e  im p o rta n t tro p h ic  flow s in 
th e  sy s te m  a ro u n d  a  u n iv e rs ity  f ie ld  s ta tion .

E C O P A T H  m o d e ls  p e rta in  to  a  c e rta in  tim e  p erio d . H ow ever, by  p ro d u c in g  n ew  m odels y e a r  a f te r  year, fo r  in s ta n c e  as p a r t o f  reg u la r 
c o u rse w o rk  o r  su rv ey s , th e  d o o r  is  o p en ed  fo r  a n a ly s is  o f  tim e  se rie s  o f  w h o le  sy s tem  p ro p e rtie s  —  so m e th in g  th a t h as  b e e n  ra re ly  d o n e  before.

Box 6. ECOPATH II and fisheries m anagem ent

T h e re  is a  l in k  betw een  co n s tru c tin g  an ECO PA TH  m o d el and 
d o in g  m a n a g e m e n t-o rie n te d  f ish e rie s  re sea rch . A  p re c o n d itio n  fo r 
m a n a g in g  th e  re so u rc e s  o f  an aq u a tic  ec o sy ste m  is k n o w led g e  o f  
th e se  r e so u rc e s , e .g ., w h a t and  how  m uch  is th e re ?  F u rth e r, the 
re so u rc e  sp e c ie s  im p ac t o n  each  o th er, p red a tio n  u su a lly  b e in g , by  
far, th e  s in g le  m o st im p o rta n t c au se  o f  m o rta lity  ev en  in in ten siv e ly  
e x p lo ite d  eco sy stem s . W e thus need  k n o w led g e  o f  tro p h ic  in te ra c 
tio n s , an d  th e  in fo rm a tio n  in  ECO PA TH  m odels is  th e  b a s ic  in fo r
m a tio n  n e e d e d  fo r  th e  b io lo g ic a l co m p o n en t o f  m an ag em en t.

W e n eed  m o re , how ever. W e a lso  w an t to  k n o w  th e  lik e ly  c o n s e 
q u e n c e s  o f  c h a n g in g  f ish in g  p ressu re , i.e .. w h a t w ill h ap p en  if  the 
f ish in g  e f fo r t fo r  c e rta in  g ea rs  is d ecreased  o r  in c rease d ?  T his 
c a n n o t be  d o n e  u s in g  EC O PA TH  m odels, ev en  i f  th e  E co R anger 
m o d u le  ( se e  B o x  2) m a y  in d ic a te  how  ch an g es  in ec o sy ste m  stru c 
tu re  m ig h t in flu e n c e  th e  f ish e ry  overa ll

F o r  f ish e ry -in d u c e d  ch an g es  o n  an  e co sy stem , a n o th e r to o l is 
need ed : V irtu a l P o p u la tio n  A nalys is (V PA ), w h ich  is w idely  used , 
th o u g h  m o stly  in  th e  N o rth e a s te rn  A tlan tic . W ith  th is  ap p ro ach , the 
h is to r ic  c a tc h e s  a rc  u se d  to  “c o n s tru c t” th e  (v irtu a l)  p o pu la tion  
s tru c tu re  r e q u ire d  to b a la n c e  th e  ca tch es . T h e  ap p ro ach  can  th e n  be 
re v e rse d  to  p re d ic t  ho w  ch an g es in  f ish in g  p re ssu re  a re  lik e ly  to 
im p ac t c a tc h e s  an d  p o p u la tio n  structu re .

A s it is  o f  im p o rta n c e  to  an sw er “W h a t i f ’ q u es tio n s  u sin g  the 
VPA a p p ro a c h , o n e  o f  us (V. C h ris ten sen ) has w o rk ed  over the las t 
y e a r  on  d e v e lo p m e n t o f  a  ro b u st v ersio n  o f  m u ltisp e c ie s  v irtua l 
p o p u la tio n  a n a ly s is  (M S V P A ), tak in g  b io lo g ica l in te rac tio n  in to  
c o n s id e ra tio n . T h is  M SV PA  b u ild s on a m eth o d  d ev e lo p ed  in the 
N o rth e a s t A tlan tic  a rea  (see  S p arre  1991) and  has been  docu m en ted  
e lse w h e re  (C h ris te n se n  1995a); a te s t-v e rs io n  is av a ilab le . I t  is 
p la n n e d  to  in co rp o ra te  th is  in to  th e  ECO PA TH  II so ftw are , w ith  
w hich  it  sh a res  m an y  fea tu re s . R e le ase , how ever, w ill aw ait p u b li
c a tio n  o f  a n u m b er o f  te s t  ap p lica tio n s , and  w e th e re fo re  in v ite  
co lle a g u e s  w ith  in te re s t in m an ag em en t o f  sp e c ific  m u ltisp ec ie s 
f ish e iie s  (p re fe ra b ly  tro p ic a l)  to  n o tify  u s  if  th ey  a re  in te rested  in 
team in g  up  w ith  u s  fo r  th is.

T h e  d a ta  re q u ire m e n ts  a re  f ish e ry  c a tch es  fo r  all im p o rtan t re 
so u rce  sp e c ie s  in th e  s tu d y  a re a , by m on th , and by  len g th  c la s s , over 
a t le a s t an  an n u a l c y c le . In  ad d itio n  som e k n o w led g e  o f  b io lo g ica l 
in te ra c tio n  a m o n g  th e  im p o rta n t f ish  sp e c ie s  th ro u g h  stom ach  in 
v es tig a tio n s  is req u ired . P lease  c o n ta c t th e  f ir s t  au th o r fo r  fu rther 
in fo rm atio n .

C o ast o f  th e  A m ericas , fro m  A laska  to  C h ile , and  on  to  A ntarctica. 
W e w elcom e su g gestions o f  ad d itio n al w o rk sh o p s, includ ing  som e 
th a t w ould  be d evo ted  to  analyzing  m u ltisp ec ies  fish e ries using  
M u ltisp ec ies VPA (B ox 6).

W e exp ec t these  m o d els  and co m p ariso n s, and  o u r p lanned  work 
on g lobally  im p o rtan t g ro u p s to  lead  to fu r th e r  g en era lizatio n s, and 
a lso  to  reg ional in teg ra tio n  o f  da ta  —  as d id , e .g ., our stratified  
m odels o f  the  Sou th  C h in a  Sea (P au ly  and  C h ris ten sen  1993), now 
used  to s tru c tu re  reg ional co lla b o ra tiv e  resea rch  by S outheast Asian 
resea rch  g roups (U P M SI 1995).

T hus, w hen th e  g lo b al m odel em erges, w e  (in clu d in g  our p a rt
ners) w ill be  ready  to  in co rp o ra te  in to  it a ll th e  in sig h ts  gained  at the 
loca l and  reg ional lev e ls , and w e can u se  th e  g lobal m odel for 
in feren ces on, e .g ., hu m an  im pact on th e  w orld  ocean.

Box 7. Sim ulating changes

T h e  M o n te -C arlo  ro u tin e  b u ilt in to  th e  E co R an g er m od u le  o f 
ECO PA TH  II (v e rs . 3 .0 ) a llo w s sim u la tin g  th e  e f fe c t o f  ecosystem  
ch an g es ( in c lu d in g  chose ind u ced  by a lte red  f ish in g  p a tte rn s) on  
fo o d  w eb  s tru c tu re , a  fea tu re  p rev io u sly  n o t th o u g h t am en ab le  to 
study, a t leas t n o t u s in g  th e  ECO PA TH  ap p ro ach .

W h en  sim u la tin g  ch an g es  it  is  d e s ira b le  to  c o n s tra in  th e  possib le  
o u tco m e(s) , and  to  u se  o p tim iza tio n  fu n c tio n s , co m m o n ly  called  
g o a l fu n c tio n s  (see  C h ris te n se n  1994. 1995 b ), to se le c t the m ost 
d es ira b le  o u tco m e  am o n g  th e  m an y  p o ss ib le .

In th e  new  v ersio n  o f  ECO PA TH  w e h av e  in c o rp o ra te d  a num ber 
o f  su ch  go a l fu n c tio n s , ra n g in g  fro m  E.P. O d u m ’s “m atu rity ” to 
U la n o w ic z ’s “ a scen d en cy ” . T h e  co n s tra in ts  p ro v id ed  b y  user-se
lec ted  p a ra m e te r  act as filte rs , and  E c o R a n g e r th en  se lec ts  from  
am ong  them  th e  b e s t f ittin g  one , u sin g  le a s t-sq u a re  crite ria .

I f  a  m odel is o rig in a lly  b a lan ced  w ith  a  g iv en  se t o f  p aram eters, 
and a c h a n g e  is fo rce d  on to  a  sy s tem , e .g .. in fo rm  o f  b iom ass 
ch an g es  due to  ch a n g e d  f ish in g  p re ssu re  o r  o th e r  in d u ced  stress, the 
ou tco m e o f  th e  a n a ly s is  w ill be  a  new , p re d ic te d , m o d e l w ith  the 
s tru c tu re  th a t is m o st like ly  to em erg e  u n d e r th ese  co n s tra in ts .

T h e  new  ap p roach  p ro v id es  a  b r id g e  b e tw een  tra d itio n a l static 
m odels and  s im u la tio n  m odels in th a t it m a in ta in s  th e  k ey  ch a rac te r
is tic s  o f  the s ta tic  m odels, no tab ly  p re se rv a tio n  o f  m ass b a lan ce  for 
all co m p o n en ts , and  a  p aram e triza tio n  b u i l t  o n  few  an d  transp aren t 
a ssu m p tio n s; y e t it  p ro v id e s  p re d ic tio n s  o f  h o w  th e  sy s tem  is likely  
to change. T h is  a lso  o p en s a  new  av en u e  fo r  te s tin g  o f  goal func
tio n s w hen  th ey  are no t used  th em se lv e s  as filte r.
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Box 8. How to ob ta in  the ECOPATH II software 
and its docum entation

T h e  EC O PA TH  II so ftw are  fo r  co nstruction  o f  troph ic  eco sy stem  
m odels c a n  be  o b ta in ed  as IC L A R M  S oftw are  6 in a new, W indow s- 
b ased  re lease  (V ersion  3 .0 ) in  add ition  to  the prev ious D O S V ersion
2 .2 .

F or n ew  u se rs , tw o  p o ss ib ilitie s  ex is t, e ith e r  to o rder th e  so ftw are  
w ith a p rin ted  m anual*  fo r  U S $20 (inc lu d in g  a irm ail) from  IC L A R M ’s 
In fo rm atio n  D iv is io n , o r  to  e n lis t as c o lla b o ra to rs  o f  the EC O PA TH  
II p ro je c t, in  w h ic h  ca se  w e  w ill send  th e  so ftw are  f re e  o f  charge . 
P lease  c o n tac t u s  if  you  c h o o se  th e  la tte r op tion .

F o r re g is te re d  u se rs  o f  ECO PA TH  II. w e w ill supp ly  on  req u est 
th e  new  v e rs io n  f re e  o f  ch a rg e , w ith  th e  m anual m e le c tro n ic  fo rm  
free  o f  ch a rg e . T h e  p rin te d  m anual can  b e  a irm a ile d  at c o s t (U S $ 1 5 ), 
w h ile  su rface  m a ilin g  is free .

T he EC O PA TH  II so f tw a re  is c o p y rig h ted , bu t can  be  co p ied  fo r 
free to c o lle a g u e s  an d  s tu d e n ts  as long  as th is is no t d o n e  fo r 
co m m erc ia l p u rp o se s . W e e n c o u rag e  u se rs  to re g is te r  (free  o f  charg e) 
as w e can  th en  k eep  th em  in fo rm ed  o f  n ew ly  d isco v ered  “b u g s ’-, new  
re lease s, m a jo r p u b lic a tio n s  (see  Fig. 5 ), etc.

*T h e  m an u a l fo r  the W in d o w s v ersio n  (3 .0 )  o f  ECO PA TH  II  p re s 
en tly  ex is ts  on ly  in E n g lish , w hile  th e  m an u a ls  fo r  th e  D O S  version  
a re  in E n g lish , F re n ch  and  S pan ish . T h e re  is co n s id e ra b le  o v e rlap  
betw een  the m an u a ls  fo r  both  v e rsio n s , and  w c reco m m en d  the 
F rench  o r  S p a n ish  m an u a ls  to u se rs  o f  th e  W indow s v e rs io n  w ho 
m ay  be m o re  f lu e n t in th ese  lan g u ag es th a n  in E nglish

Som e o f  th ese  s tu d ies  w ill include:

° p ro d u c in g  e s tim a te s  o f  b iom asses and tro p h ic  flow s in the 
w orld  o cean s, and in d iffe ren t eco sy stem  types bo th  g lobally  
and reg io n a lly ; th e  la tte r  w ill p ro v id e  a background  fo r re 
g io n al s tu d ies  in m any  sm all coun tries;

° ev a lu a tin g  th e  ro le  o f  Zooplankton, and o f  fish  (n o tab ly  the 
m eso p elag ics) in the g lobal carbon  cycle; 

e p ro d u c in g  e s tim a te s  o f  how m uch p rim ary  p roduction  is re
q u ired  to su s ta in  th e  g lo b al fish e ries and the  eco sy stem  co m 
p o n en ts  th a t c o m p e te  w ith them  and assess in g  th e ir im pact on 
su s ta in ab ility , and th u s  g e tting  a h and le  on th e  c a rry in g  c a 
pacity  o f  the w o rld  oceans;

• e stim a tin g  ca tch  p o ten tia l u sing  d iffe ren t f ish in g  p a tte rn s , 
e .g ., h a rv estin g  top  p red a to rs  o r fish in g  dow n th e  food  web, 
and e v a lu a tin g  th e  im p ac t o f  a lte rn a tiv e  m anagem ent s tra te 
gies.

W e a n tic ip a te  th at n u m ero u s ad d itio n al q u estio n s o f  g lobal, re 
g ional or loca l in te res t w ill em erg e, m any as a resu lt o f  our c o lla b o 
ra to rs’ w ork , and  w e look fo rw ard  to the  in te rac tio n s th at th is  im 
plies. Box 8 d esc rib es how  th e  ECOPA TH II so ftw are  and its d o cu 
m entation  can be o b ta in ed , and  w e co n clu d e  th is w ith  an inv ita tion  
to all in te res ted  to co n tac t us, e ith e r th ro u g h  IC L A R M  in M anila , or 
at o u r o th er ad d resses , in H irtsh a ls  and  V ancouver, respectively .
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