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Abstract

A b ro ad -b ru sh  review is provided o f  key issues an d  events o f  science-based fisheries 
m an ag em en t from  historical tim es to  the present. K ey trends in fisheries assessm ent, con tro l 
and  surveillance, capacity  and  its relevance to  m arine fishery ecosystem s are described, 
p articu la rly  those issues where FA O  has played a key role. The p ap er also considers social and  
in stitu tiona l issues o f  relevance. A perspective is offered fo r th e  evolution  o f  possible fishery 
m an ag em en t parad igm s th a t m ay apply  a t the s ta r t  o f  th e  th ird  M illenium . 2001 Elsevier 
Science L td . All righ ts reserved.

1. Introduction

A t the tu rn  o f  the last century, the great debate in fisheries centred on w hether o r 
n o t the apparen tly  boundless fish resources o f  the oceans could be depleted by 
fishing. We have com e a long way since then. Technological advances applied to 
fisheries have fed the increasing global dem and fo r fish products by a  growing 
hum an  popu la tion  and led to a global netw ork o f  in te rnational trade in fish and  fish 
products. T h e  concept o f fisheries m anagem ent science, incorporating  biology, 
econom ics and  social and institutional issues [1] has m ade progress, and fisheries 
m anagem ent now  is far m ore holistic, self-critical and intensive than  it was even 10 
years ago. D espite this apparent “ progress” however, the great debate a t the close o f 
the cen tu ry  and sta rt o f  the M illennium , is whether o r n o t we can save m any o f  our
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resources from  com m ercial extinction, and  the answer to  tha t q u e s tio n  a t the tim e o f 
w riting is fa r from  clear.

W hy is it, th a t over the last 100 yr, despite undeniable p ro g re s s  in our ability to  
m on ito r and  assess the state o f fish stocks and understand the e c o n o m ic  and social 
forces tha t underlie ecosystem change, the sta tus o f  f ish e ry  resources has 
deteriorated? O ur slowly daw ning aw areness that m anaging f ish erie s  is m ore to  do  
with m anaging  the people involved in fisheries than  it is w ith m a n a g in g  the resources 
is one elem ent o f the answer, since rarely have issues o f equity  b e e n  resolved. The 
reasons for the failure in the narrow er sense, o f resource m an ag e m en t is no t ju s t a 
question o f  m aintain ing fishing m ortality  w ithin sustainable lim its  for a series of 
target species, bu t recognising the interconnectivity o f ecosystem s and the so far 
in tractab le problem  o f m anagem ent o f complex systems. T h ese  issues have been 
widely discussed in recent years [2-7]. C ochrane [8] with studies co n c lu d in g  tha t the 
prim ary reasons fo r the failure o f m anagem ent can be sum m arised  as: high biological 
and  ecological uncertain ty  as to  resource dynamics, the conflict betw een  social and  
econom ic priorities, and  the lack of definition or observance o f  co n s tra in ts  im posed 
by the lim its to  production  o f  the resources. Poorly defined  objectives and 
institu tional weaknesses, particularly relating to decision-m aking  and  co-responsi
bility also p lay  a key part, as has general public ignorance as to  th e  interconnectiv ity  
o f  m arine ecosystem s.

This pap e r provides a  necessarily coarse-grained overview  o f som e key 
developm ents in fisheries and fisheries m anagem ent this cen tu ry , trac ing  develop
m ents th o u g h t to  be m ainly responsible for the failure o f fisheries m anagem ent, and  
suggests w ays for im provem ent. It considers the sta tus o f fisheries m anagem ent a t 
th e  end o f  the m illennium  and provides the au tho rs’ personal p rognosis  on the range 
o f  m anagem ent paradigm s tha t seem likely to apply to  fisheries m anagem en t early in 
this century.

2. Fishery management before 1900

A com m on fallacy o f  the late tw entieth century is tha t we are th e  first generation 
to  have encoun tered  the difficult problem s of natu ra l resource m anagem ent, and  the 
rap id  advances in  technology th a t have caused m any o f  o u r p rob lem s will soon be 
applied to  resolving them . Certainly, the w idespread application  o f science to  hum an 
endeavours since the s ta r t o f the century will need to  be focused m ore on  m ethods of 
contro l th an  as to  date, on  im proving harvesting efficiency. W e have m uch to  learn 
from  the  past, however, though it is now rare to  encounter c ita tions o f  early 
experience in  fisheries m anagem ent in publications issued over the la s t two to  three 
decades.

The cu rren t view tends to  assume th a t before com puters, the u se  o f rad a r and  
electronic com m unications for m onitoring  control and surveillance o f  fishing fleets, 
m ulti-criteria decision m aking etc, there was only darkness. T he reality  o f course, is 
th a t fisheries m anagem ent has a rich and im portant h istory, some o f  whose lessons 
have only been rediscovered in the last 20 yr. As no ted  by C addy [7], new  paradigm s
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often em erge from  m ethodologies discarded early on, bu t renovated through  
application o f new  know ledge o r technology. The use o f closed areas is one exam ple 
here. This ancient m ethodology, being re-emphasised in coastal areas after decades 
o f  neglect [9], is difficult o r expensive to  enforce d istan t from  the coast. Satellite 
m onitoring  o f fishing vessels equipped with transducers as a  requirem ent for 
licensing, n o t only m akes such m easures feasible in the open seas and oceans, bu t 
opens the d o o r to  the possible leases o r exclusive access rights for resources of 
specific ocean areas. Predicting w hich new approaches will be m ade feasible by fu ture 
technological change is o f course largely impossible: only a  range o f op tions can  be 
suggested, an d  in  searching for these options one needs to look no t only forw ards, 
b u t backw ards as well.

F ishing itself is as old as m ankind. Extensive shell m iddens reflect the early 
concern with m arine resources o f prehistoric coastal settlem ents. One o f  the oldest 
fishing im plem ents know n is a copper and  bronze fishing hook from  M esopotam ia, 
believed to  da te  from  abou t 3500 B.C. and by tha t tim e salt fish was already  an  
im portan t com m odity  in M esopotam ian and  M editerranean trade [10]. In  10th 
C entury  Sicily, according to  A rab  sources quoted  by Spalanzani w riting in the 18th 
C entury , precious red coral was fished by ro ta tion  over a lO yr cycle betw een 10 
zones established near M essina, which corresponds fairly well to  the tim e needed for 
the colonies to  reach com m ercial size.

W ith growing participa tion  in fisheries on the high seas during the  early p a rt o f  the 
second m illennium  cam e conflicts, crises, and the forerunners o f m anagem ent 
decisions. N icolson [10] w rote o f the petition  to Edward III in 1376, expressing 
concern abou t a new type o f fishing gear, which appears to  have been an  early type 
o f  sm all mesh beam  trawl. T he petitioning fishermen were concerned ab o u t the 
dam age done to  the substrate (it “ destroys the flowers o f  the land below  the w ater”), 
as well as dam age to  spa t o f  oysters and  mussels, and were concerned ab o u t the effect 
o f  excessive catches o f  small fish. A com m ission investigated the m a tte r and  advised 
th a t the gear should  be used only in deep w ater, bu t legislation to  this effect was 
never enacted.

D espite this failure, fisheries m anagem ent organisations appear to  have been 
com m on features o f  m any fisheries in the past. In  France, local regulatory  boards 
associated with fishing harbou rs, know n as pru d ’homies (or ‘wise m en’ o f  the port) 
p reda te  the F rench R evolution . The functions o f these bodies included, and  still do 
today , ensuring fair a llocation  o f  resources within the local ju risd ic tion  o f  a 
pru d ’hom ie , p ro tecting  the territory  from  outside intrusions, and  pro tec tion  o f  the 
resources th rough  regulation o f e.g. mesh sizes and fishing seasons [11]. T he cofradías 
o f  Spain were sim ilar in purpose, and  m any coastal com m unities w orld wide have 
system s o f  taboos, access rights and trad itional practices which effectively p ro tec t the 
sta tus quo. In Jap an , fisheries m anagem ent also has a  centuries-old h istory , thus 
K alland  [12] reported  th a t during the T okugaw a period, from  1603 to  1868, fishing 
territo ries were established, and  coastal w aters were considered to  be extensions o f 
th e  land  and thus a p a rt o f the feudal dom ain. The feudal lords partitioned  the 
coasta l w aters and  allocated areas o f  fishing ground to  local fishing com m unities 
under the contro l o f the  village heads. This system rem ains largely in tact today,
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although during  late last century, au thority  for m anaging the coasta l territories 
shifted from  village heads to  fishing cooperatives. Such com m unity approaches to 
m anagem ent were widespread, and M cG oodw in [13] refers to  sim ilar practices in the 
Philippines, O ceania, the Pacific coast o f N orth  A m erica and M exico. M cG oodw in 
suggested th a t the existence o f controls itself indicates tha t the com m unities knew  the 
value o f  these resources and  the im portance o f  conserving them. Scott [14] records 
the existence o f explicit fishing rights in M ediaeval times, and the sim ilarities and 
differences between these and conventional p roperty  rights on land. U nlike the latter, 
these local fishing rights were n o t developed further w ithin the com m on law  o f 
p roperty , an d  in m any cases were subsequently lost or superseded.

A lthough  there is danger in over-rom anticizing the ‘equilibrium ’ between 
pretechnological cultures and their resources, it is p robably  true to  say tha t p rio r 
to  indu stria i-sc ale exploitation, fisheries m anaged using traditional know ledge and  
early technology and practices were largely sustainable, even w ithou t scientific 
in form ation  abou t the m arine ecosystem. A  m ajor challenge to  ‘trad itio n a l’ small- 
scale fishers and their rights was probably  inevitable however w ith the developm ent 
o f  a  m ark e t econom y for fish, such tha t the price o f a  com m odity, and hence the 
incentive to  harvest, no longer declined when local dem and was satisfied. The 
developm ent o f  large m otorised fishing vessels tha t followed the industrial revolution 
was an  inevitable result n o t only o f technological advance, b u t o f  the w ider m arket 
an d  the  m eans o f storage, processing and transporta tion  o f  fish th a t developed to 
satisfy it. Since these new developm ents required substantial investm ent, the centre 
o f  decision-m aking shifted from coastal com m unities to  the business com m unity, 
banks, cities and central government.

On a global scale, beyond coastal w aters, in  term s o f  national econom ies fisheries 
are secondary  in  im portance for m ost countries to  o ther national interests (the three 
mile ‘te rrito ria l sea’ m arked initially the range o f  coastal cannons). T he early role o f 
shipping for trade and territorial pro tection  and expansion has had  enorm ous 
im plications fo r fisheries th a t are still being confronted  today. A n early m anifesta
tion  o f  this overriding o f  local rights in favour o f national policy was the declaration  
by Queen E lizabeth I o f England to  the Spanish am bassador, th a t she claim ed the 
freedom  o f  the seas, as being “com m on to all” . The concept o f  the seas and  oceans as 
com m on p roperty  becam e firmly entrenched w ith the w ork  o f H ugo G rotius, an 
atto rn ey  w orking for the D utch East Ind ia Com pany. His contribu tion  took  the 
form  o f  a pam phlet entitled “M are Liberum "  published in 1609, in which he claim ed 
th a t “ the se a ...  .cannot be attached  to  the possessions o f  any particular na tio n ” . This 
w as an  aspect o f the legal context th a t E uropean  countries required to  justify  their 
colonial expansions, and the doctrine w as quickly accepted [13]. The consequence, as 
described by M cG oodw in, was th a t “The indigenous peoples w ho survived and 
adap ted  to  the  new colonial regimes w ere accu ltu ra ted  to  the ways and  m entalities o f 
the  conquerors. As a  result a wealth o f  native knowledge ab o u t the  m anaging and  
conserving o f  natu ra l resources...w as forgotten” .

E arlier fishery regulations applied in the m arine environm ent tended to  reflect the 
original practices and established rights in husbandry  o f freshw ater fisheries; for 
exam ple by m onasteries, where the ban on consum ption o f  m eat on  F ridays led early
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on to  the need fo r cultivation and  conservation o f fishery resources. R egulations 
such as closed seasons to  protect spawning, m inim um  sizes, and bans on  different 
types o f gear w hich w ere believed to  be destructive, have all been around  a long time, 
even though  the orig in  o f these measures is n o t easily docum ented, an d  they alm ost 
certain ly  were reinvented in different areas. A to ta l allow able catch (TA C ) based on 
scientific analysis is a concept th a t dates from  the 1960s, bu t the use o f  bag lim its and 
lim ited access are m easures tha t have a  m uch longer history. M any early  size limits 
reflected o th er than  biological concerns; thus the  strict size regulations contro lling  
the D u tch  herring fishery were initially based on  p roduct requirem ents o f a  curing 
m ethod  developed in  the 14th century. These regulations, designed to  ensure high 
quality  o f  the product, also specified mesh sizes and  seasons (no fish w ere to  be 
caught before 24th June each year).

W ith  respect to  the control o f  fishing effort, this was initially largely by a  contro l 
o f  access. T errito ria l U ser R ights in Fisheries (T U R F s) were w idespread and  
contro lled  the  num ber o f en tran ts to  a fishery [15]. Berkes e t al. [16] discuss 
trad itional access rights as they applied to  inshore fisheries.

H as the tw entieth  century been an  age o f discovery and progress for fisheries 
m anagem ent o r has it, where it has m ade progress, been an  age o f  rediscovery? In 
docum enting som e o f  the key developm ents in fisheries m anagem ent over the last 
century , ou r pap e r will keep this question in m ind.

3. Global policy issues in fisheries and the international legal instruments developed 
since World War 2

The developm ent o f fisheries since the Second W orld  W a r has been dram atic . In 
1948, the repo rted  global m arine catch was 18 m illion tonnes. By 1996, it had  
reached 87.1 m illion tonnes and the following year was only slightly below this a t 
86.0 m illion tonnes [17]. It has been this period o f  expansion, driven by increasing 
hum an dem and and  the technology used to  satisfy th a t dem and, th a t has really 
tested fisheries m anagem ent. One gauge o f how m anagem ent has attem pted  to  m eet 
these challenges comes from  following m ajo r policy developm ents during this period, 
which are reviewed by G arcia [18] and G arcia and  N ew ton [19]. They divided up the 
post-w ar period according to  trends in the global landings, and  these periods, as 
labelled by G arcia  [18], will be used in  this discussion.

F rom  1945 to  1958 was a period o f  “C onstruction  and  R econstruction” , follow ing 
the Second W orld  W ar, and  landings increased over this period from  18 to  28 m illion 
tonnes [18]. The m andate  given to  FAO , founded in  1945, was to  assist in  the 
reconstruction  o f  E uropean  economies, including the fisheries sector. In  the U N  
In tern a tio n al O verfishing Conference [20] and the first F A O  Technical C om m ittee 
[21], the key problem s tha t face fisheries today had  already been identified. These 
included overcapacity , overfishing and the depletion o f  resources which they were 
expected to  lead to , discarding, and the lack o f d a ta  for m anagem ent o f  resources on  
the high seas (then beyond the 3 mile limit).
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T he FA O  Technical C om m ittee drew attention  to  the existence o f  under-utilised 
stocks in the Southern  H em isphere and, despite their prim ary concern  fo r the 
developm ent o f  local fisheries, which effectively resulted in the rich and  pow erful 
countries o f the n o rth  using their technological superiority to  exploit the resources o f 
the south . In  response, in 1947, Peru claim ed jurisdiction over seas w ith in  200 miles 
o f  its coastline, and this m easure was included in the Santiago D eclaration by Chile, 
Peru and E cuador in 1952 [18]. The extent from  shore o f  national sovereignty was 
discussed further a t the  U nited  N ations Conference on the Law  o f  the  Sea 
(U N C LO S) in  1958. B urke [22] suggested th a t this conference resulted in acceptance 
o f  the principle o f  separating  the concept o f jurisdiction over fisheries from  th a t o f 
n ational sovereignty, b u t n o  agreem ent was reached on extended te rrito ria l limits.

G arcia  [18] an d  G arcia  and N ew ton [19] characterised the period from  1959 to
1972 as one o f fu rthe r “ Expansion o f fisheries and  an intensification o f research” in 
suppo rt o f  fisheries developm ent. D uring this period, the reported  global landings 
increased from  the 28 m illion tonnes o f 1958 to  60 million tonnes by 1972. A tten tion  
was focused, particu larly  by countries w ith extensively developed industria l fleets, 
principally a t th a t tim e from  Europe, Japan , USA and form er com m unist countries, 
on  expanding their areas o f operation . In  m ost cases, these expansions were 
supported  by subsidy schemes. This expanding fishing pow er was also boosted  by 
technological developm ents such as the developm ent o f synthetic fibres for im proved 
fishing gear.

T he second m eeting o f  U N C L O S  was held in 1960. B urke [22] sta ted  th a t the key 
problem  at this Conference w as to agree on separate lim its for te rrito ria l seas and 
fisheries jurisd iction . H e reported  th a t “ agreem ent narrow ly eluded the conference” , 
b u t th a t it created the  atm osphere fo r subsequent success. A fter U N C L O S  II, several 
nations attem pted  to  extend their te rrito ria l seas to  the 12 mile limit and  in som e 
cases to  extend their fisheries zones beyond this lim it. Before 1975 the la tte r 
unilateral claims w ere generally rejected by the international com m unity. D uring  this 
period alm ost all the new  developm ents in fisheries assessm ent and m anagem ent 
theory  were aim ed a t h igh seas fisheries.

A second key event du ring  this period was the U N  C onvention on  F ishing and  
C onservation  o f Living Resources o f  the High Seas, which was adop ted  in 1958 and 
is currently  still in force for 36 States [22]. Included in its provisions are the rights o f 
m ankind  to  a  healthy  environm ent. D uring  this period concern for the sta tus o f 
w hale stocks becam e o f  global concern, and  a t the W orld  Conference on  H um an  
E nvironm ent in 1972 [19], a call for a 10-year m oratorium  on  com m ercial whaling 
was adopted . H ow ever, w haling continued, w ith catch limits for w haling, s ta rting  in 
1974, being determ ined by a  scientifically established set o f  rules called the  New 
M anagem ent Procedure, which m arked the first attem pt to design a fully scientific 
m anagem ent procedure fo r m arine resources.

This leads us in to  the next period in the m odern  developm ent o f  fisheries, from
1973 to  1982, labelled by G arcia [18] as a period o f “N ew  E conom ic O rder and  Stock 
V ariability” . R eported  global landings increased from  60 to  68 m illion tonnes, 
som ething o f  a slow dow n th a t w as probably  influenced by rising  fuel prices, 
although other problem s stem m ing from  resource depletion also increased. A t the
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1973 F A O  Technical Conference on Fishery M anagem ent and D evelopm ent, am ong 
im portan t issues tha t were discussed were the failure o f fisheries m anagem ent, over
cap ita lisa tion , subsidies and econom ic inefficiency, problem s related to  open access 
fisheries, and the need for precautionary  m anagem ent. It was in this period tha t 
electronics applied to  navigation and fish-finding, and  at-sea catch processing and 
refrigeration  systems, began to  be widely used, w ith considerable, b u t largely 
unm easured increases in fleet efficiency. It was also in this period tha t the concept o f 
‘lim ited en try ’ began to  gain wide diffusion [23].

F rom  1975 onw ards som e countries unilaterally extended their ju risd ic tion  to  200 
miles, a practice w hich was form alised in 1982 when U N C LO S III, included the 
provision for an  exclusive econom ic zone (EEZ) w hich was no t to  extend beyond two 
hundred  miles, was presented for ratification [24], The 60 ratifications necessary for 
the L aw  o f  the Sea (LOS) to  enter into force were only achieved in N ovem ber 1993, 
and  it entered  into force on 16 N ovem ber 1994, bu t its provisions dealing w ith 
fisheries had  become in ternational custom ary law since 1982. D eclarations o f  a  200 
mile lim it now give countries exclusive contro l over fisheries in their own EEZs. 
W hile the LOS does no t solve the problem s o f m any high seas fisheries, w here bo th  
straddling  and  purely high seas stocks are no t catered for, it was generally seen as 
providing the legal fram ew ork fo r countries to  m anage their stocks for their own 
benefit. T he underlying presum ption was that this w ould be achieved in a wise and  
sustainable way. H istory  has no t so far borne ou t this optim ism  [25], bu t perhaps one 
consequence o f the negotiations leading up to  final agreem ent has been that fishing 
vessel licensing becam e a  widespread practise in the 1970s in an  attem pt to  limit the 
sizes o f fleets.

A lthough  positive, lim ited licensing in tu rn  led to  o ther problem s for m anagem ent, 
such as industries’ search for technology to  increase the fishing pow er o f  an 
individual fishing vessel. In fact, a cycle was com m only initiated, o f  new regulations 
aim ed at in some way lim iting the grow th in fishing power, followed by evasion o f 
their provisions, reflecting the adversarial stance th a t has developed in  som e fisheries 
between regulators and  participants. This is p robably  an  inevitable consequence o f 
‘to p -d o w n ’ m anagem ent, and  has been one of the m ain  factors leading to  the 
in troduction  o f  individual transferable quotas (ITQs). These, as for com m unity- 
based m anagem ent, place m ore o f  the responsibility o f m anagem ent on  the shoulders 
o f  stakeholders.

A t first an  apparen t b reak th rough  in resource m anagem ent, the ‘New M anage
m en t P rocedure’ for setting catch lim its for whales had  appeared to  w ork well, b u t 
K irkw ood  [26] noted tha t problem s w ith widely fluctuating catch  lim its started  to 
em erge in the late 1970s. By the early 1980s, the Scientific C om m ittee o f  the 
In tern a tio n al W haling Com m ission (IW C) found it alm ost im possible to  reach 
agreem ent on catch limits for com m ercial whaling. In  p a rt as a  consequence o f  these 
difficulties, in 1982 the IW C agreed on a  10-yr m orato rium  on com m ercial w haling, 
w hich w as finally im plem ented in  1988.

The years from  1983-1992 saw ano ther grow th spurt, with recorded landings 
increasing from  68 to  85 million tonnes. This period was m arked  by a growing 
concern  fo r environm ental conservation  and  the sustainability  o f  fisheries resources.
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C ountries were also finding tha t the establishm ent o f  the 200 mile EEZ  had  not 
solved all their problem s [25], and w ith a few exceptions, there w as no noticeable 
im provem ent in the general status o f the w orld’s resources. As discussed below , the 
establishm ent o f  jurisd iction  w ithin their tw o hundred  mile limit required  countries 
to  address th e  issue o f access to  resources by groups o f national stakeholders, and 
concepts such as ITQ s and T U R E s began to  be explored and  im plem ented.

M anifestations o f growing concerns w ith environm ental issues included a m ove to 
p roh ib it large-scale pelagic driftnet fishing, which again placed high seas fisheries on 
the U N  agenda. The im portan t role in this cam paign o f  environm ental lobbies, the 
general public and  the m edia, may have m arked  the effective sta rt o f  w hat was to  be 
a  growing ro le o f  ‘non-exploitive users’ in the fisheries sector, i.e. those sectors o f 
society w ithou t access rights to  catch fish resources, w ho may or m ay n o t be 
consum ers o f  fish, bu t were alarm ed at the degradation  o f  the  largest g roup o f wild 
living resources on  the face of the planet. In  1991, the problem  o f  large scale drift 
netting reached the U N  G eneral Assembly, which adop ted  a  resolution recom m end
ing th a t the use o f  such large oceanic d rift nets be term inated, although B urke et al. 
[27] suggested th a t there was only weak scientific evidence to  support this decision. 
D u rin g  this period, there was also a unilateral m ove by the  U SA , under pressure 
from  environm ental lobbyists, to p rohibit the im porting o f tuna which d id  no t 
com ply w ith their own “dolphin safe’’ requirem ents. The m ove was designed to  force 
the tu n a  fishing nations to  m ake m ore rap id  progress in  reducing dolphin  by-catches. 
A  sim ilar process has been followed by the U SA  w ith  respect to  im ports o f shrim p, 
an d  m easures taken  by shrim p fishing nations to  reduce by-catch o f turtles. Recently, 
this trend  has led to  the application o f Eco-certification or Eco-labelling [28], which 
m ay be seen as an  active response by consum er representatives to  fisheries practices 
th a t are n o t sustainable.

These environm ental concerns were all b rough t to  the tab le in the U N  Conference 
on  E nvironm ent and  D evelopm ent (U N C E D ) in 1992. This conference led to  the 
ad o p tio n  o f  A genda 21, with a  full chapter (C hapter 17) dealing w ith fisheries. The 
im plications o f  A genda 21 for fisheries m anagem ent are p ro found  [29], and include 
grow ing em phasis on ecosystem m anagem ent, the application  o f the precautionary  
ap p ro ach , the  need for participation o f all concerned citizens in environm ental 
issues, an d  others. W hile very few, if any, o f the concepts w ere new, U N C E D  gave 
their im plem entation  renewed im petus and  increased au thority .

F inally , th is  period was m arked by an  im portan t national event; one tha t has 
sp read  alarm  to  fishery scientists, m anagers and  environm ental groups a round  th e  
w orld. T his was the collapse o f the C anadian  A tlantic n o rthern  cod fishery, which 
was closed dow n in July 1992, after a decline from  landings as high as 800,0001 in  the 
past [30]. W h a t m ade this event particularly significant, w as tha t the C anad ian  
app roach  to  fisheries assessm ent and m anagem ent was seen by m any as being am ong 
the best in  the world. Subsequent thorough and  unm erciful self-criticism o f the 
causes o f  this collapse revealed bo th  technical and political failings [30]. T h e  fact 
rem ained th a t if  a  developed and wealthy coun try  w ith such an intensive and  well- 
developed fisheries m anagem ent system could fail, w hat hope was there for fisheries 
a round  the w orld? The lessons from  this event are still being considered and digested
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by m any, and have provided a strong im petus to  the  P recau tionary  A pproach  to 
fisheries w hich has been prom oted by FA O  [31] an d  its im plications and  
requirem ents are being seriously considered by m any national and regional agencies.

G racia [18] labelled 1993-2000 as the period o f  the “ Sustainability C hallenge” , b u t 
we w ould ad d  th a t it has also, to  date, been a period o f consolidation  where several 
global initiatives have begun to  digest the lessons tha t had  been learnt in the 
negotiation  o f  new  in ternational agreements and  laws. The m ost all-encom passing o f  
these new in ternational instrum ents has been the FA O  Code o f C onduct for 
R esponsible Fisheries [32], first p roposed a t the 1991 m eeting o f  the F A O  C om m ittee 
on  Fisheries. T he need for such a code was endorsed by both  the  M ay 1992 
In ternational Conference on Responsible Fishing in  C ancún, M éxico, and  in the 
follow ing m o n th  by U N C E D . T he Code was developed by F A O  in consu lta tion  and  
co llaboration  w ith  m em ber countries and non-governm ental organisations, and  was 
adop ted  by the F A O  Conference, m ade up o f representatives o f  its m em ber 
countries, in O ctober 1995. T he Code is voluntary, but it includes provisions tha t 
have already been m ade binding or obligatory in m any national legislations. I t  sets 
ou t th e  principles to  be adhered to in  all aspects o f fishing, to  ensure responsible and  
sustainable practices.

Preceding the  C ode, was the Agreement to  P rom ote C om pliance w ith In te rn a
tional C onservation  and  M anagem ent M easures by Fishing Vessels on  the H igh Seas 
(the F A O  C om pliance Agreem ent). This Agreem ent attem pts to  prevent vessels 
transferring  their registration  to  o ther flag States in order to  avoid having to  com ply 
w ith in ternational conservation  provisions and  m anagem ent m easures. The 
A greem ent addresses this issue by setting out the obligations and  the responsibilities 
o f  flag States to  ensure th a t their vessels adhere to  the relevant in ternationally  agreed 
instrum ents [22]. T h e  FA O  Conference approved this A greem ent on 24 N ovem ber 
1993 an d  it will en ter in to  force on  the date o f deposit o f  the 25th instrum ent o f 
acceptance.

The second legal instrum ent developed during this period o f consolidation  is 
potentially  very im portan t. This was the ‘Agreem ent for the Im plem entation  o f  the 
P rovisions o f  the  U nited  N ations Convention on the Law o f  the Sea R elating to  the 
C onservation  an d  M anagem ent o f S traddling F ish Stocks an d  H ighly M igratory  
Fish S tocks’; usually abbreviated  to the m ore m anageable title o f ‘U N  Fish Stocks 
A greem ent’. This instrum ent sets out provisions to ensure the long-term  conserva
tion and  sustainab le use o f  straddling  and highly m igratory  fish stocks. The prim ary 
way it does this is by obliging states fishing in  the high seas to  cooperate th rough  
“ app rop ria te  subregional o r regional fisheries m anagem ent organisations or 
arrangem ents”  [24], The Agreem ent was adopted  by the U N  Conference and  
opened for signature on  4 D ecem ber 1995. A t the time o f w riting, this agreem ent is 
close to  being ratified by the required num ber o f  S tate signatures to  become 
operational, and  its provisions are already entering the  legislatory fram ew ork o f  a 
num ber o f countries.

Overall, therefore, as the tw entieth  century closes, the in te rnational com m unity  is 
well aw are o f  the crisis facing fishery resources and  fisheries, and  has taken  a num ber 
o f  im p o rtan t in ternational steps tow ards an  im proved global m anagem ent system for
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fisheries. T hrough  U N C E D  and  the C ode o f Conduct, they are aware o f  the steps 
necessary to  im plem ent sustainable and responsible fisheries w ithin national EEZs 
and  on the high seas. T hrough  U N C LO S, the FA O  Com pliance A greem ent an d  the 
U N  Fish Stocks A greem ent, the  legal instrum ents necessary to  enforce responsible 
high seas fishing are largely in place. The problem  for the 21st century  is to  
im plem ent these successfully, and  in particu lar, to  translate policy a t the  national 
level and  agreem ents between States to  the  level o f im plem entation by the 
stakeholders: skippers, vessel owners, fishing com panies, small-scale fishers and 
their coasta l com m unities.

This m ay be the key to  the next phase, starting  in this new m illennium , an d  which 
we label the period o f  the “ C onfron ting  Rights and Responsibilities”  th a t is now 
beginning, in th a t it com pletes the cycle, tak ing  us back to  before industrial fisheries 
and  high seas in ter-governm ental negotiations o f  the current fram ew ork began, as 
described a t the s ta rt o f this paper. Perhaps we are now seeing fisheries issues 
returning to  the national and  local arena, w ith revived em phasis on the rights and  
responsibilities o f  individual fishers, their com m unities and  o ther stakeholders 
th rough  rights-based fishery m anagem ent. The idea tha t fisheries m anagem ent 
involves m anaging fishers ra the r than  ju s t the resource was considered innovative as 
recently as 1988 [33], bu t is now  axiom atic.

T he inevitable inclusion o f fisheries resource issues in the m ulti-sectorial con tex t o f  
In tegrated  C oastal A rea M anagem ent will hopefully see m arine resource and 
environm ental conservation issues recognised outside the fishery sector. W ith  
form alisation  o f user rights we m ay also see stakeholders seeking legal redress for 
dam age to  the m arine or estuarine ecosystems and  their com ponents.

4. A short history of advances in fishery assessment, management, and fishery control 
measures

T here is a tendency on the part o f fishery biologists to  forget th a t industrial 
fisheries have developed a t the same ra te  or even faster than  o ther industries, and 
th a t the fishing pow er o f  fleets and their range o f action an d  versatility have 
increased dram atically . O f course, the conversion from  sail to  engine pow er and 
associated hydraulic systems began before the first W orld W ar and  allow ed the use 
o f  large o tte r  trawls and  seines. T he pace o f  change has picked up  dram atically  since 
the  Second W orld  W ar however [34]. The invention o f synthetic fibres in the 1950s 
was a  precondition  for m odern technologies such as seining with the pow er block, 
w hich began in the 1950s and  spread rapidly. The widespread use o f  the m id-w ater 
traw l in the 1960s and  70s, gili netting which is now a predom inant fishing m ethod  in 
m any developing countries, and  also m odern  long-lining techniques all depend  on 
synthetic fibres fo r their effectiveness. (See V aldem arsen, O cean an d  C oastal 
M anagem ent, this volume). T he invention o f rad io  positioning and com m unication  
systems and  later, positioning by satellite, together with o ther technological 
advances such as progressive com puterisa tion  o f  ship systems, all potentially  
increase fishing pow er. Im proved freezing and at-sea processing technology have
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also con tribu ted  to the extension o f the range and  duration  o f trips by large powerful 
vessels capable o f exerting considerable fishing pow er d istan t from port. This section 
will n o t a ttem p t to  track  the repercussions o f each o f these m ethodologies. C learly 
how ever, the increase in w orld landings from  the 1960s to  the 1980s canno t be 
discussed w ithou t an  understanding  th a t these reflect an  increase in  fishing pow er 
and  pace o f  technological change whose consequences fo r m arine ecosystems and  
fishery m anagem ent we are ju s t beginning to  understand; usually only in retrospect. 
As no ted  by [7], technological advances m ay lead to  revival in a  m odern  form  o f  old 
m ethodologies (e.g. ro ta ting  harvest schemes, used earlier in the history o f  fishery 
m anagem ent).

T he im plications o f technological change and  im proved m ethodologies for 
resource assessm ent and m anagem ent o f  stocks can only be considered here as an 
ensem ble, bu t the following, in our view, are som e o f the  m ain m ilestones m arking 
progress in fisheries assessment and resource m anagem ent.

4.1. Fisheries assessment

The debate between those who felt tha t ocean productivity  is limitless hence, there 
was n o  need fo r m anagem ent o f ocean fisheries, and  those th a t held the opposite 
view cam e to  a  head in 1884, and can be encapsulated  in two quotations: “ P robably  
all the great sea fisheries are inexhaustible”  [35] and the reply “ I t  is a m istake to 
suppose th a t the w hole ocean is practically one vast store house”  [36], w ith the 
deba te  tipp ing  shortly  afterw ards in L a n k e s te r i favour [37]. The founding o f ICES 
in 1902 was a  m ilestone in the explicit scientific investigation o f m arine populations 
w ith a view to  better understanding  that m ight eventually lead to  im proved fisheries 
m anagem ent. T he first applications in the N orth  Sea and N orth  A tlantic were 
technical m easures: i.e. the application o f  studies o f grow th to  the  concept o f 
m inim um  m esh sizes. These technical m easures w ere the first in ternationally  agreed 
fishery regulations in the no rth  east A tlantic, b u t proved  inadequate fo r controlling 
fleet capacity  o r the evolution of catching power.

A n early  focus to the question o f lim iting population  size was provided by the 
concept o f  the unit stock. G ilbert [38] showed tha t salm on populations o f different 
rivers w ere each distinct, and this and  other w orks led to  the unit stock concept. 
H ow ever, the genetic diversity o f fish populations and  the selective pressures on 
genotypes im posed by fishing are being investigated only now.

B aranov  [39] first provided a  num erical fram ew ork for calculating yields, b u t his 
efforts rem ained in obscurity, perhaps in p a rt because they had  run  ahead o f  the 
capacity  fo r application. They were further elaborated  after the Second W orld W ar 
by  B everton and  H olt [40] and Ricker [41], aided by the enforced cessation o f fishing 
during  the W orld  W ars which provided one o f the few early opportun ities to  test the 
effect o f changing fishing pressure on population  grow th and size/age structure . The 
app roaches developed by these pioneers can be described as outgrow ths o f B aranov’s 
analytic, yield-per-recruit calculations.

A n o th er line o f investigation tha t eventually cam e to  have fisheries applications 
s ta rted  w ith  th e  pessimistic view o f M althus [42] as to  the uncontrollable exponential
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grow th o f (hum an) populations. Later, Pearl and  Reed [43] realised th a t there m ust 
be limits to  popu la tion  grow th, and modified the exponential to a  logistic 
form ulation . This sim ple m odel o f population grow th w as picked up by G raham  
[44] and  form ed an o th er ‘m athem atical strand ’ o f w hat has com e to be regarded as 
stock assessm ent theory. As noted by Smith [37], the th ird  o f  ‘the th ree partial 
theories o f stock  assessm ent’ was provided by R icker [45]. R icker, and indepen
dently, Beverton and  H olt [40], showed th a t reproduction  an d  renewal o f  a  un it fish 
population  w as in p a rt self-controlled, and th a t a  num ber o f density-dependent 
factors reduce reproductive success if the population  o f  spawners is to o  large. A gain, 
this con tribu ted  to  the concept o f  limits to  the grow th already developed ou tside the 
fisheries arena.

In  discussing the  ‘evolutionary  tree’ o f concepts th a t led to  w hat we now  th ink  of 
as the solid edifice o f stock assessm ent theory, C addy [7] pointed ou t th a t despite 
their recent convergence in to  a  practical body o f  m ethodologies, these th ree ‘p artia l 
theories’ have until recently tended to  rem ain distinct com ponents o f  the  ‘fisheries 
m anagem ent parad igm ’. W ith  som e exceptions, these three ‘s trands’ have been 
furthest applied in the geographical and cultural areas th a t gave rise to  them , and 
w here d a ta  sources suitable for their first developm ent were available. Thus, 
B aranov’s and  B everton and H o lt’s bionomie analytical theories of ‘yield per rec ru it’ 
were well adap ted  to  the N orth  Sea where age-structured d a ta  were easily available. 
H ere, however, a lack o f standard  effort units and  com m on econom ic in form ation  
fo r a  diversity o f  m ulti-nation  fleets, m ade application o f  production  m odels difficult 
(despite G ra h a m ’s local pioneering work). P roduction  m odelling found m ore easy 
application  in fisheries o f the Pacific coast o f N o rth  A m erica and fo r tunas, w here 
detailed biological in form ation  was no t available. The logistic m odel also provided a 
basis fo r the developm ent o f  the theory o f fishery econom ics [46]. T he g reat salm on 
runs o f  the Pacific N orthw est o f  N orth  America led to  early application  o f the stock- 
recru itm ent theories o f R icker [45], which only later were widely applied to  purely 
m arine fisheries.

In  general, these three strands of classical bionom ie theory  have been broadly 
paralleled by three m odes o r objectives o f biological m anagem ent o f  stocks; nam ely, 
to  m axim ize yield, to  optim ize fishing effort and  m ortality , and  to maximize 
escapem ent to  spaw ning, or o f spawning biomass. O f course, technical m easures and  
area and  season regulations provide further qualification to  each o f  these classical 
approaches to  fish population  control.

M any o f th e  earlier m anagem ent applications o f fish stock assessm ent follow ed the 
lead o f  Schaefer [47], in applying production m odelling and  its later ou tgrow ths to 
tim e series o f  catch  and  standard  fishing effort, o r  related com m ercial ca tch  rates. 
The m ost serious defects o f this approach w ith its apparen tly  low inform ation  
requirem ents an d  lim ited num ber o f param eters, em erged during  the period o f 
expanding fishing effort, notably from  1950s onw ards. D uring  this m ain  expansion 
phase fo r industria l fisheries, to tal effort increase coincided w ith continual increases 
in bo th  fisherm en’s skills and technological developm ent o f the means o f harvesting. 
C alib ration  o f fishing power by class o f boat, age o f construction , etc. therefore 
proved to  be difficult, and  was rarely attem pted in m any cases, leading to  obvious
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biases in assessm ent conclusions. L ater da ta  sets where the dynam ic range o f the 
effort d a ta  was reduced once MS Y was reached after only a few years in new 
fisheries, also m ade the statistical curve-fitting process unreliable.

In  o ther areas where age-structured da ta  are laboriously analysed, the m ain 
assessm ent approach  has been the use o f V irtual Population  Analysis or C ohort 
analysis, and  its la ter ou tgrow ths such as A D A P T  [48]. H ere the  problem s o f  fitting 
the m odel to  the d a ta  relate m ore to  m isreporting o f catches, and density-dependent 
biases such as changing growth and  natu ra l m ortality  rates.

T he defects o f b o th  o f  the  above schools o f  practice have led to  increased reliance, 
where this is feasible, on  direct assessments from  surveys o r by use o f  hydroacoustic 
equipm ent. T he high level o f variance, and  the likelihood o f  bias [4], around  m ost 
estim ates o f  biom ass o r stock size still rem ains however, and  technology does n o t 
offer any obvious rap id  solutions to  inform ational uncertainty.

A difficulty faced w ith m ost existing m odels is the in tractab ility  o f m odelling 
systems w ith m any param eters an d  sta te  variables. A t the frontier o f  stock 
assessment theory and  practice is the problem  o f dealing w ith the multispecies fishery 
question, and  the issue o f  spatial inform ation. In  the first case, conceptual 
b reak th roughs in  m odelling com plex ecosystems have been m ade [49], and  in the 
second, the growing use o f G IS  techniques and spatially disaggregated m odels is 
beginning to  allow fleet strategies, m igrations, and  costs and tim es o f  travel to  the 
grounds, to be specifically taken in to  account. However, inco rpo rating  this 
inform ation in to  a m anagem ent fram ew ork where there are fishers w ith species- 
and  area-specific rights and gears w ith different species an d  size selectivities, is 
difficult. This illustrates the lim itations o f an  ‘analytical app roach ’ w here a problem  
has to  be understood  in  full before solu tions can be proposed. Em pirical solutions, 
especially those com ing under th e  ‘precautionary  approach’, seem inescapable and  
are urgently required [31,50].

4.2. Fisheries management

R ecent fisheries agreem ents now recognise tha t there is a  high risk o f  w rong 
m anagem ent decisions based on  uncertain  d a ta  [51]. This has recently led to  a 
conceptual revolution tow ards the concepts o f  using Lim it Reference Points in 
fisheries m anagem ent [52], Limit Reference Points com bined w ith the precautionary  
approach  rem ove the need fo r scientists o r “ representatives” for the  stock to  provide 
the burden  o f  p ro o f th a t stocks are being depleted by cu rren t fishing m anagem ent 
m easures, tow ards one requiring im m ediate action to  curtail possible overfishing or 
stock depletion, when certain  preagreed precautionary  L R P ’s are app roached  or 
passed. R ecent in te rnational instrum ents such as the Code and  U N  Fish Stock 
A greem ent follow U N C E D  in requiring  th a t such precautionary  approaches be 
adop ted  when stock sta tus is uncertain.

C ontro l o f fishing effort is a basic too l o f fisheries m anagem ent and fisheries 
theory  tends to  trea t fishing effort as a  continuous variable th a t can be controlled 
indirectly  th rough  quo tas or even by controls on fleet tonnage o r vessel/gear 
characteristics. A n exam ination of fleet replacem ent strategy however, shows tha t
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new vessels com m only enter a  fishery as ‘pulses’ o f new capacity  w hose fishing 
intensity  is then difficult o r impossible to  contro l by indirect m easures, G iven the 
long useful lifespan o f m ost industrial vessels and their low rate  o f  decom m issioning 
(o f the  order o f 5% or less per year— [53]), decisions on increasing capacity  in one 
fishery can  have knock-on effects on o ther fisheries which then receive a ‘spill-over’ 
o f excess fishing capacity. This phenom enon has been observed in recent years, 
w here fisheries of developing countries are often carried ou t w ith vessels originally 
built fo r developed country  fisheries. The higher rates o f decom m issioning and  
generally shorter life spans o f artisanal vessels reduces this ‘m anagem ent tim e lag’ for 
local n ea r shore fleets, thus providing a m ore flexible response to  changes in stock 
abundance.

Even while fisheries m anagem ent struggles to  get to  grips w ith single-species 
issues, it is increasingly being called on to  take  a  multispecies and  ecosystem 
perspective. However, there are still few case studies with m ore than  a few years 
d u ra tio n  which illustrate how these concepts have to  be applied, and  the difficulties 
a re  a lready  apparen t to  all. One o f the best know n cases is that o f  the Com m ission 
fo r the  C onservation  of A ntarctic M arine Living Resources, w hich em braces an 
ecosystem  approach  in its resource m anagem ent [54]. H ow ever, it is still too  early to 
determ ine how  successful this has been. A dded to these problem s was the late 
realisa tion  in  the 20th C entury th a t com puter m odels as systems o f non-linear 
equations parallel natural systems in being characterised by highly unpredictable 
behaviour. The conclusion m ay have to  be th a t ‘forecasting’ specific levels o f  species 
harvest w ithin a  multispecies harvesting scheme is likely to  rem ain an  em pirical 
exercise for the im m ediate future. We m ay need to  be satisfied w ith  m anagem ent 
system s th a t are reactive and  adaptive, bu t reduce the risk o f stock collapse by n o t 
seeking to  maximise yields, since this apparently  increases the accom panying risk o f 
radical ecosystem  change. W ith respect to  multispecies fishery m anagem ent, where 
different fleets specialise in harvesting tropically  linked com ponents o f th e  sam e food 
web, quota-setting  has begun to take this in to  account. Exam ples here include 
consideration  o f  p reda to r-p rey  interactions between cod and capelin in the setting o f 
capelin  T A C S  in the N o rth  A tlantic waters o f C anada [55], and  the implicit setting 
aside o f  a com ponent o f  the production  o f the prey species, krill, to  cover the food 
requirem ents o f birds, m arine m am m als and o ther dependent p redato rs in setting  the 
krill T A C  in w aters under C C A M L R  jurisd ic tion  [54].

Som e food webs are extremely com plex however, and our understanding  o f their 
dynam ics rem ains rudim entary. D espite tools such as EC O SIM  [49] which allow for 
sim ulation  o f dynam ic change in a food web w ith m ultiple exploited com ponents, 
‘balanc ing ’ exploitation  rates between different fleets harvesting different com po
nents requires judgem ents on com plex and often conflicting socio-econom ic issues 
[56]. T his type o f resource negotiation  aimed at ‘ balancing’ ex traction  rates of 
different species from  the same food web has hard ly  been addressed in practise. As 
no ted  by T sch irhart and Crocker [57], one problem  with in tegrating  ecosystem 
principles in to  econom ic analysis is in  assigning values to  changes in ecosystem 
com ponen ts resulting from  hum an intervention. Such quan tita tive changes are an 
inevitable consequence o f  exploitation, but do n o t necessarily (or usually) pu t
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individual species a t risk o f  extinction. Thus, while th e  concept o f  ‘Ecosystem  
M anagem ent’ offers m ajo r operational complexities, m ore simply, a consideration  of 
species an d  h a b ita t interactions may suggest som e simple em pirical approaches. One 
such ap p ro ach  which seems to gain in popularity  as a  result o f the evident difficulties 
in predicting im pacts o f fishing strategy on  the ecosystem, is the grow ing use of 
season and  area closures. In  this way ‘sensitive m arine areas’, high in  biodiversity, o r 
‘critical h ab ita ts ’ fo r keystone species [58], are closed tem porarily  or local key areas 
are closed perm anently . Predicting and m odelling the  consequences o f  these closures 
is in its early  stages, bu t is consistent w ith the growing recognition o f area-based user 
rights and  the need for m ore robust m anagem ent m easures. In  the near-shore area, 
com m unity-based m anagem ent and o ther local area-based systems o f  lim ited access 
are also becom ing a popu la r theme.

G ood  technical advice is only one com ponent o f a  p recautionary  m anagem ent 
system. T h e  lack o f  a  clear division o f powers w ithin the in frastructure im plem enting 
a  m anagem ent strategy can be seen as increasing the risk o f  dangerous decisions 
being m ade. F o r example, in the current ‘standard  fo rm at’ scientists provide 
assessm ents o f  the stock and  may even m ake evaluations o f  the risk o f  different 
quotas being chosen. The fishery m anagem ent au tho rity  a t the political level takes 
the  final decisions however, which m ay not always be precautionary . Reviews o f 
m anagem ent decisions a t all levels, and ‘fail safe’ procedures, will have to  be built 
in to  the m anagem ent cycle, w hich like all real-w orld m anagem ent systems require 
explicit checks an d  balances to  be built in  [59].

The key problem  in achieving effective fisheries m anagem ent, however, rem ains in 
the problem  o f  dealing with conflicting objectives, coupled w ith the w idespread 
tendency to  give p riority  to  social and econom ic dem ands over sustainable utilisation  
o f  resources [8]. As long as the decision-m akers perceive them selves to  be constra ined  
by  a lack o f  alternative options to address short-term  hum an  requirem ents, there can 
be little hope fo r sustainable fisheries m anagem ent. Solving this problem  requires 
p rom oting  the  political will to  set and strive for long-term  goals tha t inevitably m ust 
include sustainab le resource utilisation, and this m ay require finding alternative 
sources o f  em ploym ent and livelihood for m any o f  those currently  dependent on 
living m arine resources. A m ajor p art o f the solu tion  to  failures in fisheries 
m anagem ent therefore m ay require solutions from  outside the sector.

4.3. M onitoring, control and surveillance ( M C S )

O ne them e th a t has been raised elsewhere [7] is th a t the application o f  technology 
to  increasing fleet fishing pow er has no t been balanced by sim ilar technological 
app lications to  M C S, o r to  efficient gathering o f  data  needed fo r reliable estim ates o f 
th e  sta te  o f stocks. W e can  expect th a t technological applications, involving direct 
m onitoring  via satellite o f  fishing operations by telem etric (black box) systems 
installed o n  fishing vessels, will progressively become a condition  o f licensing. Such 
system s are already in use in the Southern  Hem isphere, and  w ith the fall in price o f 
technology, will becom e widespread. Perhaps less evident is the potential o f  such 
systems to  m easure directly fishing effort exerted, and  to  support area-based rights
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systems. As no ted  by C addy [7] few o f  the potential fishery m anagem ent m easures 
can be enforced d is tan t from  the coast by conventional m eans, except at g reat cost, 
unless such technologies are in w idespread use. The advantage o f  telem etric system s 
is tw ofold if  all vessels are so equipped with tam per-p roof equipm ent. In  add ition  to 
M C S functions, they also p ro tec t exclusive access rights to  tim e-area w indows, 
opening the possibility o f  recovering revenue from  leasing o r auctioning such access 
rights, or applying ro ta tiona l harvest schemes for non-m igratory  resources.

5. Science and fisheries management-some recent concerns

In  recent years, a tten tion  has been focused on the uncertainties inherent in stock 
assessm ent, leading to  the  concept o f risk assessm ent and, as a consequence, the need 
for risk m anagem ent [60]. The old reference points were com m only estim ated as 
po in t estim ates an d  this led to  the prom ulgation o f m anagem ent advice as a single 
num ber corresponding  to , e.g., an  Fmsy o r Fo.i strategy. Failures in this advice have 
resulted in greater atten tion  being focused on the uncertain ty  surrounding estim ates 
and advice, an d  it is now  accepted tha t decision-m akers m ust be provided w ith  a 
range o f  options, in  w hich the uncertainty is clearly conveyed [6]. O ne form al m anner 
in w hich risk assessm ent and  risk m anagem ent can  be com bined is in the use o f  
m anagem ent procedures, as was first developed by the IW C  for m anagem ent o f  
w hale harvests, These are decision rules developed in full consu lta tion  with interest 
groups, th rough the  application o f sim ulation models o f  the fishery, incorporating  
uncertain ty  [61]. O nce a set o f rules has been developed w hich comes closest to 
satisfying the  objectives fo r the fishery, that set o f rules is applied to  set e.g. catch 
lim its over a  period o f years, until a revision is undertaken. T he application  of 
m anagem ent procedures to  fisheries has perhaps been taken  furthest in the fisheries 
o f  S outh  A frica, w here they have been applied to  several key resources [61],

M ore recently, the focus has been on how  to  close the gap between fish population  
theory  and fishery m anagem ent measures. In  this debate, as we will see in the  
follow ing section, we suggest th a t eight population them es m ust be taken  in to  
account th a t were given relatively little atten tion  in in ternational fisheries m anage
m ent until recent decades, hu t canno t be ignored if a  practical fisheries m anagem ent 
regim e is to  be developed.

These them es are:

5.1. Considering spatial distribution

The issues o f  geographical/spatial d istribution  o f  resources and their m igration  
and  sharing  between jurisd ictions and the integration o f  spatial in fo rm ation  on  fleet 
fishing strategy in to  m anagem ent theory needs consideration. Beverton and  H o lt [40] 
devoted one o f  their la ter chapters to spatial issues, b u t in an  era p rior to  the 
availability  o f  cheap com puting  power, integrating calculations over a  non- 
hom ogenous stock area was a  largely in tractable problem . T he m athem atical 
convention o f the ‘dynam ic poo l’ was a  necessary oversim plification allowing
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estim ates o f ‘average’ stock status a t fixed points in time in the absence o f  spa tia l and 
w ithin-season in form ation . The dynam ic pool assum ption supposes th a t all inpu ts 
an d  ou tpu ts over th e  w hole stock range during a  year are in tegrated  into single 
estim ates o f b iom ass, age com position and  m ortality  rate. Such an  assum ption  is 
required  in order to  calculate optim al effort and /o r yield for the com ing season using 
single ‘m ean’ values for e.g. fishing and natural m ortality, grow th, etc. It has obvious 
defects where popu la tion  mixing by dispersion and  m igration  is no t instan taneous, 
and fleets have a  tendency to  fish those areas or stock com ponents th a t are m ore 
readily available. In  practise, fishing vessels harvest com ponents o f the stock w here 
conditions are m ost favourable and  risks lower(i.e. grounds nearer to  po rt), an d /o r  
returns on investm ent higher. W orking models th a t incorporate fleet and fisher 
strategy in a spatially  heterogenous environm ent are still no t used operationally  in 
m any fisheries, however.

5.2. Conflicts in access

O ne o ther geographic issue, nam ely the recognition w ith the  Law o f the Sea th a t 
coastal S tates have exclusive access to  the resources o f their EEZ  w ould seem to have 
solved the question  o f  access. In  fact it has led to  other com plications, no t only in 
internalising com petitions between e.g. inshore and  offshore fleets, bu t also in 
negotiating national shares of, and  m anaging, so-called ‘trans-boundary  stocks’. As 
no ted  in F A O  [25], the  problem  o f stocks exclusive to  national zones is now an  issue 
o f  dom estic politics, requiring conflicts to  be resolved between fishermen o f different 
ports, o r between artisanal inshore and  industrial offshore fleets exploiting the  sam e 
un it resource, o r between the green m ovem ent and  the fishing industry. All o f these 
a re  vexing questions w ith no easy solutions. W ith respect to  ‘shared stocks’ lying 
across, o r m igrating  across the  boundary  between contiguous E E Z ’s, C addy [62] 
no ted  th a t m ore  th a n  500 such boundaries exist, bu t relatively few form al 
negotiations betw een adjacent states have been registered w ith FA O  on  the 
resource-sharing agreem ents in effect within such boundary  zones. A sim ilar 
situation  exists w ith respect to straddling  stocks; the U N  Fish Stock A greem ent has 
yet to  be ratified by a  m ajority  o f participating countries, and  hence is no t yet in 
force. F o r obvious reasons, a lim it to  possible new en tran ts for high seas fisheries, o r 
a  hypothetical ‘H igh  Seas Fisheries A uthority ’ are no t in sight, and  in fact d istan t 
w ater fishing vessels m ay m ove between tw o or m ore jurisdictions in  a  single trip , 
m aking d a ta  m onitoring  and  assessm ent very difficult. A gain, the existence of 
satellite telem etry systems could now provide the technical im petus fo r fu ture 
in ternational agreem ents on offshore resources.

M anagem ent o f  ocean fisheries is also currently  ham pered by the lim ited pow ers o f 
in te rnational fisheries com m issions w ith respect to  enforcem ent o f their regulations, 
especially on non-m em bers bu t also on  m em bers, since individual S tates prefer to 
keep such enforcem ent rights a t the  national level. Considerable progress has been 
m ade by a num ber o f  fishery com m issions (e.g. ICES, N A FO , IA T T C , IC C A T  and  
others) in developing precautionary  m anagem ent approaches such as Limit 
Reference P oints, b u t their application and enforcem ent in  practice is a t the



670 J.F. Caddy, K.L. Cochrane /  Ocean & Coastal Management 44 (2001) 653-682

discretion o f m em ber countries, since few com missions have an  explicit role in 
enforcing the regulations they develop.

5.3. Application o f  economic theory

The slow  application o f econom ic theory  to  international fisheries m anagem ent is 
w orthy  o f  com m ent, in th a t subsidies and overcapitalisation are still m ajo r 
issues. Q uestions o f the costs and  benefits resulting from  fishing w ere n o t dealt 
w ith by Beverton and H olt [40], and  in  m any areas the separation  between stock 
assessm ent and  econom ic analysis is still evident, despite the growing interest in 
bioeconom ic theory [63]. R eaching agreem ents on an  econom ic basis o r by national 
allocation, particularly  between states w ith different econom ic m odels or a t different 
states o f  developm ent, has been m ore difficult than  agreeing on an  overall level o f  
harvest w hich is believed to  have certain  biological consequences. D e facto, it is 
evident th a t w ith respect to  resources o f in ternational waters, m ain ta in ing  access 
rights to  a resource can have im plications tha t go beyond m axim ising econom ic 
yield.

The role o f  econom ic considerations in developing rules for in te rnational fisheries 
was largely left implicit in  the  FA O  Code o f  C onduct, since the negotiating countries 
appear to  see defining econom ic op tim a as a national policy issue. E conom ic analysis 
o f  fisheries has m ade considerable strides however, and m uch o f the  theory 
sum m arised  in C lark [64], H annesson [65], Seijo et al. [63] and others is currently  
finding application  in national fisheries m anagem ent. Problem s and differences o f 
view are evident however, and  these include the need to  define best econom ic 
strategies fo r non-equilibrium  situations (already confronted  in recent stock 
assessm ent developm ents), discards, multispecies fisheries, and the definition o f fleet 
overcapacity . Assigning econom ic values to  the hab ita t and environm ent, and the 
indirect im pacts o f fishing on the ecosystem seem to be challenges no t yet fully 
tackled by fishery economics. The approach  suggested by C ostanza e t al. [66] o f 
ca lculating  the value o f goods and  services provided by the natu ra l w orld seem 
applicable to  fisheries also. T here will also be a need to  estim ate the econom ic 
im plications o f  optim al stock recovery strategies which are now a  top  priority  for 
m any depleted resources.

5.4. M ultispecies fisheries

The vexing problem  o f m anaging multispecies fisheries and avoiding irreversible 
im pacts on m arine biodiversity raises m ajo r difficulties th a t are frequently in tractab le 
w ith cu rren t m anagem ent m easures, especially w here a  suite o f different species are 
taken  in several gear types. This is particularly  the  case for traw l fisheries, an d  
tropical fisheries using fish traps and  tram m el nets. M anaging these fisheries m ay 
require considerable technical changes to  the gear and  fishing areas and seasons so as 
to  increase selectivity and minim ise im pacts on o ther species. It m ay  also be 
necessary to  close perm anently  or seasonally certain critical hab ita ts  o f im portance 
to  key species. This will have obvious econom ic and  social im pacts, bu t it seems
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unlikely in fu ture th a t the prior assum ption o f free access to  a resource in all areas 
and  seasons will con tinue to  be feasible. It is slowly being replaced by access to 
established ‘w indows o f  o pportun ity ’ w hen resources can  be exploited with m inim al 
im pacts on  ecosystem continuity. The bo ttom  line fo r those gears producing  mixed 
species catches is th a t if exploitation ra te  is n o t ad justed  to  tha t sustainab le for the 
longest-lived, slowest growing and least found species in the catch, these la tte r 
species will d isappear. The alternative, o f course, is a  ra te  o f exploitation  fo r the 
short-lived, fast growing species th a t is m uch less th an  they could com fortab ly  
sustain. T he scene seems to  be set therefore for m ore selective harvest m ethods if  all 
com ponents are to  be m oderately harvested bu t biodiversity is to  be conserved. A 
related question  trea ted  by several recent sym posia (e.g. the IC E S/SC O R  sym posium  
on  System  Effects o f Fishing, M ontpellier, M arch 1999) relates to  the physical 
im pact o f the  fishing operation  on the habitat. Increased concern w ith indirect 
im pacts on  living resources is im portan t also for shipping and  coastal developm ent. 
A n app roach  to  addressing this could involve user rights assigned to  coastal 
com m unities so th a t they could seek recourse in law against dam ages to  productive 
ecosystem s within their assigned jurisdictions.

5.5. By-catch

A grow ing concern, n o t least on the part o f  ‘non-exploitive users’ and  the 
public-at-large, is with by-catches, particularly  o f  ‘charism atic’ species such as 
m arine  m am m als an d  turtles. A range o f technological solutions have been 
proposed  here, including TED s and By-catch reduction  devices (B R D s), an d  in 
som e cases, q u o ta  m anagem ent systems which set aside p art o f the biom ass o f  a 
target species as food  fo r m arine mam m als. It rem ains to  be seen, however, w hat 
solu tions will be found  to the problem  o f growing populations o f som e protected  
species Ín the next century. A lthough the com petition between hum ans and m arine 
m am m als fo r food  species may have been exaggerated, the curren t m orato rium  
on  harvesting  or culling these species, could a t som e poin t lead to  im balances in the 
food  w eb, and  higher m ortalities o f populations o f apical species following 
stock  recovery, due to  food shortage caused by m ore explicit com petition  w ith 
fisheries.

5.6. U tilisation o f  discards

T he cu rren t problem  o f  discarding o f non-com m ercial species presents a challenge 
w ith tw o possible solutions. The first o f  course is a m ove tow ards m ore selective 
fishing, including the areas where unw anted by-catch is m inim ised. This is a 
dem anding  op tion , and there has been a  tendency to  seek the line o f  least resistance. 
W hen stocks o f  high-priced, long-lived ‘apical’ species such as halibut o r groupers 
are  depleted , and  m ost o f  the catch consists cither o f juveniles o r their food 
organism s and  non-com m ercial species, the tem pta tion  can be to  avoid the  fatigue of 
catch  so rting  and to  trea t the mixed catch as a  chem ical food stock. This m ay be 
transfo rm ed  by the processing industry into saleable products such as fish meal,
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surim i etc. This second option  inevitably degrades the ecosystem. It rem ains to  be 
seen w hich of these tw o options will predom inate in  the next century.

5.7. Effects o f  fish ing on genetic diversity

The question  o f genetic diversity and the selective effects o f  fishing on the  genetic 
m ake up o f harvested species is already beginning to receive a tten tion . T he sta tem ent 
th a t few species extinctions in the m arine environm ent have been caused by fishing is 
generally true (exceptions being long-lived, low-fecundity species such as m arine 
m am m als and  sharks an d  species confined to  hab itats a t risk). This generalisation 
m ay no t apply how ever for genetically isolated breeding populations or stocks such 
as individual sa lm on runs. Long-term  effects o f  fishing such as the selection o f 
individuals th a t m atu re  earlier and  at smaller sizes, will com e to  influence o u r views 
on the im portance o f m aintain ing the genotype intact.

5.8. E ffects o f  the environment

The effects o f environm ental change on resource production  w ere undervalued 
during the expansion phase o f fisheries when fisheries theory  was being developed, 
when it seemed obvious th a t fishing effort was the key contro lling  variable, and  in 
fact the only variable th a t m an could  control. The realisation had  grow n tow ards the 
last years o f  the second m illennium , tha t oceanic fisheries have reached, and in some 
cases passed, the ir peak o f production. It seems m ore likely now  th a t if  gross 
overfishing can  be slowed and reversed, the key variable dictating  the  level o f 
production  o f  a  m oderately well-m anaged fishery in  future, will be the environm ental 
conditions prevailing. T he realisation has also grown th a t there are long an d  shorter 
term  p roduction  cycles, often tied no t only to  spawning stock size bu t also regional 
o r global phenom ena such as el N iño events [67], and  these show up th rough  annual 
changes in recru itm ent and availability o f stocks. O ther long-term  unidirectional 
an th ropogen ic as well as n a tu ra l trends such as hum an-induced clim ate change, 
eu troph ication  an d  degradation  of coastal ecosystems, are at least potentially , w ithin 
hum an  capacity  to  contro l [68]. These factors m ust now  be added to  the  previously 
narrow er definition o f  the scope o f  fisheries m anagem ent (nam ely to  con tro l fishing 
effort) and  clearly fisheries and  environm ental m anagem ent m ust be com bined in 
som e w ay in the future.

6. Some social, economic and institutional aspects of fisheries management

As discussed in  Section 2 above, inland and coastal fisheries have been m anaged 
fo r centuries, an d  local com m unities in m any parts o f the w orld h ad  form al o r 
inform al m echanism s and  structures for regulating access and avoiding over
exploitation  o f their resources. The efficacy o f their attem pts to  regulate exploitation 
should  n o t be over-estim ated and  [69] discusses their weaknesses and failings. 
Nevertheless, they did play an  essential role in reducing conflicts, engendering a sense
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o f  stew ardship in the users o f the resource, and in m ain ta in ing  som e contro l on effort 
o r destructive fishing practices. H ow ever, the rapid advent o f industria lisation  on 
fisheries a t the end o f  the last century and  beginning o f  the 20th century changed the 
em phasis in  fisheries m anagem ent.

M cG oodw in [13] suggested th a t a  preoccupation by the public at large w ith 
large-scale industrial fisheries has persisted th rough  m uch o f this century, and  has 
been encouraged by the greater hom ogeneity o f large-scale fishing enterprises. This 
m ade it easier for bureaucrats to  com m unicate w ith the leaders o f  the industry  than  
w ith the dispersed and culturally  heterogenous group o f  sm all-scale fishers. 
W hatever the reason, fisheries m anagem ent in this century has so fa r been largely 
focused on industrial scale com m ercial fisheries and in m any countries these 
industries have close w orking ties with centralised governm ent departm ents. 
A llocations o f exclusive fishing rights by governm ent to enterprises operating 
prim arily  in  offshore areas, is a  fairly com m on phenom enon [70], b u t one th a t in 
som e countries has led to  their encroachm ent on inshore fishing areas and  to 
conflicts w ith artisanal fishers.

As the science o f  fish stock assessm ent developed, assessm ent expertise was 
incorporated  within national D epartm ents o f Fisheries o r their equivalent, and  
na tu ra l scientists rose to  ascendancy as the influential group w ithin  governm ent th a t 
could claim  to provide quantita tive options to  m anagers. Fisheries m anagem ent 
becam e less the process o f solving the day-to-day problem s o f fisheries constituents 
th a n  th e  m edium - to  long-term  process o f realising scientifically defined objectives 
such as the effort level corresponding to  m axim um  sustainable yield (M SY) o r the 
catch o r effort corresponding to  an F 0.i level o f  m ortality.

The econom ists were soon draw n in, and  one o f the earlier econom ic studies was 
u ndertaken  by the same G raham  w ho developed the m odel o f popu la tion  grow th 
referred to  earlier. A key observation in his study was tha t “ Fisheries th a t are 
unlim ited becom e unprofitable” (quoted  in Ref. [71]). This axiom  was incorporated  
in m athem atical m odels and used to  define a m axim um  econom ic yield (M EY ) for a 
fishery. I t  was quickly pointed  ou t, however, th a t in an  open access fishery, M EY  
w ould soon be exceeded, and th a t the real po in t o f equilibrium  w ould only
be reached w hen fishers were only breaking even econom ically. T he lack o f
stability  o r au tom atic  convergence on the M EY  reference po in t has h ad  
p ro found  im pacts on fisheries, and  acquired its rallying call in the publication 
“ The T ragedy  o f the C om m ons” by H ard in  [72]. In  this publication, 
H ard in  predicted tha t biological over-exploitation an d  econom ic collapse are 
inevitable for any natu ra l resource exploited as a  com m on property . He has
been rightly  criticised fo r confusing “com m on p roperty” regimes such as those
shared by a lim ited num ber of shareholders, w ith fully open access regimes [13], bu t 
the  basic need to  limit access to  ensure sustainability is evident an d  in  the last few 
decades is apparen tly  being heeded. All o f which suggests th a t the pronouncem ents 
o f  Queen E lizabeth I and G ro tius m ade several hundred  years ago are finally being 
reversed.

O ne o f  th e  m ost publicised consequences o f  the growing awareness o f  the  need to 
lim it access has been the wide adop tion  o f  individual transferable quo ta  schemes,
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w ith perhaps the  longest track  record w ith this m echanism  being fisheries in New 
Z ealand  [73] an d  Iceland [74]. ITQ s, th rough  resource ow nership an d  transferability , 
encourage econom ic efficiency, bu t w ithout adequate controls, m ay encourage the 
developm ent o f m onopolies and there have been fears expressed th a t they could lead 
to  alienation  o f local small-scale fishers. They are  also, in their cu rren t applications, 
essentially a single-species tool, and generate problem s in multispecies fisheries, 
including discarding and high-grading [75], They are still seen by m any however, as 
the curren t frontier in the progression o f  industrial-scale fisheries away from  
com m on property  systems. In  o ther respects however, their analogy with food 
p roduction  systems on land should be m ore w ith pastoral transhum ance systems 
th a n  w ith  agriculture. W e m ay expect to  see parallel developm ents as extensive 
aquacu ltu re  m oves tow ards sea ranching systems w ithin a m ore territorially  based 
m anagem ent m odality.

T here has been som e resistance from  sm all-scale fisheries against the pressures o f 
m odern isation  and industrialisation, and  in m any countries the tw o sectors 
have rem ained separate and parallel. M cG oodw in [13] no ted  th a t com prehensive 
studies o f  sm all-scale fisheries started  to  appear in the literatu re in the 1950s, 
a t  m uch the sam e tim e as the dangers o f open access were being debated . Some o f 
these studies drew  atten tion  to  the trad itional regulatory  systems th a t had  existed 
before being overruled by centralised bureaucratic  contro l which favoured the 
industria l sector. H e also drew attention to the consequent alienation  o f th e  small- 
scale sector from  ‘to p  dow n’ m anagem ent systems, giving rise to  low levels o f 
com pliance, conflicts and  other inefficiencies [76]. O ut o f  this has resurfaced the 
concep t o f  user participation  in m anagem ent, com m unity-based o r fisheries co 
m anagem ent. T h a t the revival o f  interest in trad itional com m unity-based m anage
m ent practices is very recent shows up in the literature: the vast m ajority  o f  the 176 
papers in the anno tated  bibliography o f F lood  [77] on  this subject w ere published 
after 1988.

The op tions for user participation  are now  being widely discussed, often draw ing 
on  trad itio n a l m odels [76,78,79]. These include T U R F s, based on trad itional systems 
from  A frica and  the western Pacific [71], and Pacific basin [80]. These exam ples 
prov ide a  num ber o f  models showing how  the right to  fish can  be allocated to  and 
adm inistered  by com m unities o r cooperatives.

T he replacem ent o f  traditional right systems in  som e areas by industrial fisheries 
developm ents, w ith m ore recently, the partial m ove back to  recognition o f  user rights 
(e.g. the recently recognised rights o f M aoris, N o rth  A m erican W est C oast Indians 
an d  o th e r indigenous o r tribal groups), are examples o f the legislative trend  tow ards 
resto ra tio n  o f  trad itional access rights. This is based on n a tu ra l justice, b u t also on 
the  recognition  th a t usurping these rights contribu tes to  social unrest, endangers 
food  security  an d  em ploym ent, and leads to  unw anted m igration  of the unem ployed 
to  large u rb an  centres. Im plied here is a m ove to  local rights-based systems for 
inshore resources, and  a t least partial delegation o f  m anagem ent from  the national to 
regional/local levels. Such a delegation o f  rights allows local com m unities to  seek 
legal recourse for dam ages to coastal resources, e.g. from  pollu tion  by o ther m arine 
activities [81].
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7. A perspective on fisheries management measures in the third Millennium

D espite the em phasis in  recent literature on fishery m anagem ent by inpu t o r 
o u tpu t con tro l, a m odern  suite o f technical m easures will p lay a key role in  m aking 
these key co n tro l m easures effective. Technical changes have been occurring  slowly 
th a t m ake fisheries m ore selective and less destructive, including use o f  square 
meshes, T u rtle  Excluder Devices, systems to  avoid incidental capture o f m arine birds 
and  m am m als, etc. and  to  reduce unw anted by catch.

The ongoing debate  between selective fishing to  avoid discards, an d  a  search for 
their effective use, is going to  determ ine the direction taken  by industria l fisheries 
after 2000. Selective fishing and  stock restoration  o f long-lived species could lose o u t 
to  the p rom otion  o f  by-catch utilisation and  to  the industrial transfo rm ation  o f small 
forage fish. Exam ples here are the N orth  Sea sand  eel fishery and the sm all m esh 
traw l fishery in the G u lf o f Thailand. This m odality risks having ecological 
repercussions on  m arine biodiversity. The technology already exists to  use m ixed fish 
as a protein  base and  produce a variety o f surimi and synthetic p roducts, and  this 
seems the p a th  o f  least resistance w here short-term  socio-econom ic priorities prevail.

The question  o f w hat fisheries m anagem ent will look like in the next century  and 
beyond requires an  understanding  th a t we can only s ta rt to  address if first we decide 
w hat fram es o f  reference or paradigm s are likely to  apply [7], A t the m ost abstract 
level C harles [82] points to  three sets o f ‘w orld views’ th a t are com peting for 
influence: the  conservationists, the rational users o f resources, and  those w ho w ould 
design a m anagem ent system around  social criteria. The mechanism s proposed  can 
range from  privatisation  o f the resource, governm ent in tervention o r com m unity- 
based local m anagem ent. These approaches will depend on the local political context 
and  the n a tu re  o f the resource and environm ent, b u t in general, com m unity  based 
approaches will tend  to  be applied m ore inshore, w ith som e or all m anagem ent 
responsibilities for inshore resources being explicitly ceded by national governm ents 
to  local entities.

H ow ever, it is n o t a t all certain tha t m anagem ent by the private sector will be 
sim ilarly confined to  inshore areas. Certainly, m ost m anagem ent approaches can 
only be extended offshore in  a cost-effective fashion by the application  o f  new 
technologies fo r position-locating  o f  vessels and grounds, and  this m ight be the case 
in  fu ture years if  governm ents can agree on in ternational fram ew orks for action.

A t the tim e o f  final w riting (January  2001), the U N  Fish Stocks A greem ent had 
been ratified by 28 countries and was hence very close to  the 30 required  for 
ratification o f  the Agreem ent. However, the recent establishm ent o f a new fishery 
com m ission w hich covers waters beyond 200 miles in the  Southeast A tlan tic  (and 
excludes the EEZs o f  coasta l states), suggests th a t the requirem ents o f th e  Agreem ent 
are already being pu t in to  effect. Such solutions to  u rgent resource m anagem ent 
deficiencies appear to  provide one o f the few solutions open to conserving the deep- 
w ater, slow-growing, fishery resources o f  the continental slopes, ridges and  sea 
m ounts, th a t are curren tly  facing largely uncontrolled exploitation.

As access to  resources is increasingly lim ited to  long-term  stake holders, the key 
question is w hether the recipients o f these rights o f  access o r ow nership will perform
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in  accordance w ith the theory , and  dem onstrate long-term  stew ardship over the 
resources, resulting in  sustainable fisheries. A t present we have no  general answ er to  
this question, and  the a ttitu d e  to conservation w ithin different fisheries m anagem ent 
bodies will be determ ined by factors such as the degree o f dependency o f the fishers 
on  the resources [8] o r the appropriateness o f the specific rights allocation and  system 
fo r the bio-political context o f the fishery. Adverse environm ental trends and  
variability, especially where adverse conditions occur over lengthy periods, also 
increase the likelihood o f over-exploitation, especially where the m anagem ent system 
is weak. O ne can only hope tha t in practice, over-exploitation o f  fishery resources 
will be constrained by the application o f the legal instrum ents and  guidelines 
developed during th e  20th Century such as the U N  Law o f the Sea and  F ish Stocks 
A greem ent, an d  the  FA O  Code of C onduct for Responsible Fisheries and  
C om pliance Agreem ent. It is certain th a t pressures to  over-exploit will increase in 
an  a ttem p t to  satisfy expanding global m arkets for fish and the further upw ard 
m ovem ent o f fish prices this will entail. U nder these circum stances a m anagem ent 
vacuum  o r ineffective m easures will inevitably lead to stock depletion.

Some o ther developm ents which m ay help to  counter the pressure o f dem and 
include eco-certification w hich seems poised to  become m ore influential [28], and  will 
lead to  consum er pressure on fishers and  fishery m anagers. The C onvention on 
In ternational T rade in Endangered Species o f W ild F auna and  F lora (C ITES) is 
ano ther m echanism  w hich can act th rough  regulation o f the global trad e  in fish, and  
is currently  exam ining several m arine species for possible listing as endangered 
species for which trade  restrictions could apply. This atten tion  by governm ents, 
consum ers and N G O s to  the m anagem ent o f  m arine resources is destined to  grow  
and will pu t pressure for m ore precautionary  m easures w here da ta  sources (as 
inevitably in m any fisheries) are poor. The world com m unity has becom e m ore 
aw are o f  the dangers facing m arine ecosystems and perhaps belatedly now appears 
anxious to conserve th is last wild frontier o f our planet.

These societal concerns are also likely to  lead to  m anagers having to  m ove aw ay 
from  reliance on single-species approaches to  ecosystem -oriented approaches to 
fisheries m anagem ent. A lthough application o f  an  ecosystem m odel has been 
form ally  m andated  w ithin the ‘C om prehensive U nited  States O cean Policy and  Law 
o f  the Sea’ [83], in  practice, the in ternational com m unity is still seeking precedents 
fo r how  ecosystem approaches should be im plem ented. W ith  our present p o o r sta te  
o f  know ledge o f  the dynam ics o f ecosystems an d  the resulting escalation in 
uncertain ties which need to  be considered, this will require precau tionary  m anage
m ent m easures which are m ore com prehensive, robust and conservative than  existing 
approaches. I f  successfully applied in  conjunction w ith the necessary s tan d ard  
m easures required in each case, such as effort reduction and lim ited access, there 
should  be m edium  to long-term  rew ards for short-term  sacrifices m ade principally by 
fishers, in the  form  o f recovery o f  m any ecosystems and consequent im proved yields 
over the  long term  [9].

In  response to  growing awareness o f  the failures o f fisheries m anagem ent, there 
have been w idespread attem pts to im prove its perform ance, m ost no tab ly  by greater 
em phasis on  assessing the uncertainty in stock assessments and  m anagem ent systems
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an d  considering these in decision making; and th rough  attem pts to  involve fishers 
and  o ther interest groups in the m anagem ent process. These a ttem pts have 
undoubedly  had  their benefits, bu t have b rough t w ith them  escalating com plexity 
in  the m anagem ent process, resulting in  increased expenditure and  dem ands on  the 
tim e o f  all participants in m anagem ent. T here have been as yet few rigorous 
com parisons o f  the costs and  benefits o f  the different com ponents o f  m odern 
m anagem ent systems. Such studies carried ou t to  date cast d o u b t on the  genuine 
reductions in  uncertainty in m anagem ent achieved through m ore intensive and 
expensive stock assessments and consultations [84,85}. The challenge for the 
im m ediate fu tu re  is to evaluate the effectiveness and cost-effectiveness o f  existing 
m anagem ent systems, and develop systems th a t are bo th  cost-effective and  robust to  
the full uncertainties inherent a t all stages o f  the fisheries m anagem ent cycle.

W ho will be the stakeholders after 2000? F rom  w hat we have w ritten so far, we 
m ay ask  if  fishers will com e to  acquire exclusive geographical use rights sim ilar to 
those th a t applied  in trad itional coastal fisheries earlier in the last M illennium . In 
o th er w ords, will we see a repetition o f those events tha t led to  the enclosure o f the 
U S  prairies in the 1800s [86] whereby governm ents ceded geographical o r resource- 
specific rights to  ‘first com ers’? A lternatively, will governm ents retain  rights over 
resources, o r  lease or cede them  to  local com m unities and  the private sector? The 
criterion  o f  extracting  rent from  the fishery is com m on to m ost econom ic theories, 
b u t is rarely achieved in practice and  this objective itself m ay no t be com patib le with 
societal concerns, historical rights o r equity. O bviously no  single solu tion  will 
emerge.

As we have noted, a basic paradigm  change m ay be in  th e  wind here from  the 
p resen t system w ith its echoes o f ‘freedom  o f  the seas’ to  a  situation  where a resource 
is no t seen as being available to harvesting everywhere and year round , except when 
o therw ise specified. W e could be seeing ‘exploitation w indow s’ o r the evolution o f 
‘space-tim e leasing systems’ w hereby specific season-area rights if n o t already 
established by custom  are, for exam ple, leased o r auctioned to  the highest bidder. A 
fu rth e r developm ent o f ro tating  harvest schemes for territo ria l o r sedentary species 
could  sim ilarly see periodical opening o f  ‘w indows o f opportun ity ’ auctioned  or 
leased by  the m anagem ent authority . E xtracting ren t from  the fishery will be needed 
to  sup p o rt research, and contro l and surveillance systems, which once exclusive 
rights have been assigned, m ay no longer be available cost-free from  the public 
sector.

A ccording to L ark in  [33] ‘over the next 50 yr aquaculture production  will equal, if  
n o t surpass, wild production  o f fish’. W hether this can be achieved w ithou t4 double- 
co u n tin g ’ o f  wild harvests used for the fishmeal which underly m uch curren t 
m aricu ltu re  production , and given the environm ental im pacts o f  escalating 
m aricu ltu re , rem ains to  be seen. A lm ost certainly however, we are going to  see a 
fu rthe r proliferation  o f m ariculture and  sea ranching. It seems very likely tha t 
fisheries regulations for so-called wild resources will com e to  resem ble those for 
extensive aquacu ltu re , w ith area-specific access rights gaining ground.

Som e forces still oppose allocating exclusive rights over m arine resources to  a 
favoured  few in the fishing industry. In some developed countries this is rapidly
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com ing dow n to  the question o f whether the green m ovem ent an d /o r consum ers will 
have the contro lling  vote on resource policy via new  mechanism s such as eco- 
certification. T he o ther basic question is whether it will be possible to  reconcile the 
ongoing debate  between the conservation m ovem ent and  those follow ing the 
sustainable developm ent theme pronounced at U N C E D . The first o f the seven 
principles for enlightened conservation o f  exploited resources p roposed  by 42 
em inent experts in the field o f  m arine resources [87] states: “  M aintenance o f  healthy  
populations o f  wild living resources in  perpetuity  is inconsistent w ith unlim ited 
grow th o f  hum an  consum ption o f and  dem and for those resources” . T here seems no 
do u b t as to  the veracity o f this proposition, but hum an populations continue to  grow  
and  the dem and  for fish seems highly likely to exceed p roduction  for the foreseeable 
fu ture [17].

H um ane considerations as they relate to  m arine m am m als and the ir harvesting, 
and  a grow ing apprecia tion  o f the im portance o f  m arine biodiversity, have gained 
g round in recent years, aided by extensive exposure in the m edia. W hereas previously 
‘environm ent issues’ referred exclusively to  the biotic and ab iotic m ilieu supporting  
living m arine resources, these now include the w hole m arine sector. M arine 
m am m als and  o ther ‘charism atic’ resources such as sharks and  sea birds, unexploited 
resources and  even coastal com m unities and  their harvesting activities are 
progressively seen as ‘environm ental’ as opposed to  resource issues.

H ow  the debate  over the utilisation o f  m arine m am m als will proceed in  the future 
is difficult to  predict. C urren t stalem ates a t the In ternational W haling Com m ission 
on  decisions to  reopen fisheries where there is some evidence o f  stock recovery could 
lead to  the inaugura tion  o f  new regional o r subregional bodies w ith m ore proactive 
approaches, a lthough  these will be opposed by som e conservation interests. W hat 
will be the acceptable m ethod o f population  contro l fo r m arine m am m als w hen full 
stock recovery is realized at som e tim e in the future? W hat will be the consequences 
o f this fo r food  security? ‘N on-exploitative uses’ o f  m arine  m am m als a re  increasing 
in popularity , w ith increased revenues from eco-tourism , b u t if  m arine m am m al 
popu la tions eventually recover to  their virgin stock size, will it be reasonable to  set 
aside a large share o f  ecosystem productivity  and  potential fishing grounds for 
supporting  m arine  m am m als and other ‘charism atic’ species? W e can  only aw ait 
societal developm ent an d  changing cultural views to  see the results o f  this debate, 
w hich m ay have significant consequences on the level o f  m arine harvest th a t can be 
set aside fo r m an.

G overnm ents are going to  retain  a  key role particu larly  w ith regard  to 
tran sb o u n d a ry  and  offshore resources, bu t how is the shared stock and  straddling  
stock problem  going to  be solved? So far, very little progress has been m ade, and  
relatively few jo in t com m issions like the Com isión Técnica M ixta M arítim o set up 
between A rgen tina and  U ruguay for m anaging the shared  resources o f the River 
P late and  its seaw ard extension have been established. O ne possible solu tion  to  
shared resource problem s [62] may be the relegation o f  fishing rights by all parties to  
a jo in t m u ltinational com pany in exchange for shares and  ren t recovery to  each 
n ational party . C ertainly, theoretical studies o f shared resource situations [88] 
suggest th a t in practise, reaching an agreem ent tha t also conserves the resource is n o t



J.F. Caddy, K.L. Cochrane /  Ocean & Coastal Management 44 (2001) 653-682  679

necessarily a foregone conclusion, and this is an area where innovative th ink ing  and  
w orking precedents are urgently  required.
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