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ABSTRACT 

The general principles of fishery management are reviewed. The close inter- 

relation is stressed between management and fishery developmect as aspects of the 

full and rational utilisation of the fish resources. It is important to consider the 

possible need of management early in the developnent of a fishery, and essential that 

the collectior. of basic statistical end biological information is. starte6 as soon as 

possible. 

Management of pelagic fisheries can offer special problems. Many species are 

wide-ranging, e.g., individual southern 5luefin can move from Australia to South 

Africa; thus,fishcries some distance apart may share the same interest. Management 

of these stocks nust involve some international coordination and agreement. 

Some pelagic stocks seem to be less stable than demersal stocks. Whereas there 

are few examples of complete disasters occ~rring in demersal fisheries in the absence 

of adequate management, several pelagic fisheries, especially of clupeoid fish, e.g., 

Californian sardine, have collapsed. The need for management, and the penalties for 

failure to marage, may therefore bc much greater in pelagic fisheries. 

Analysis of these fisheries presents some special difficulties, especially in the 

measurement of amount of fishery, or fish abundance. In purse-seine fisheries the 

usual measures of catch per unit effort (catch per day at sea, or catch per set) 
may remain high even when the stock is declining seriously. Some independent 

ir.dex of abundance, e.g, from acoustic surveys, is desirable. 



I ,  INTRODUCTION 

With t h e  r a p i d  expansion of f i s h i n g  i n  a l l  p a r t s  of  t h e  world,  and t h e  f a c t  t h a t  

s1I.1 f i s h e r y  r e s o u r c e s ,  however l a r g e ,  a r e  s t i l l  l i m i t e d ,  problems of management have 

beer, r e c e i v i n g  i n c r e a s i n g  a t t e n t i o n .  I n  p a r t i c u l a r  i t  i s  be ing  r e a l i s e d  t h a t  t h e s e  

: :+,l,lcui6 a r e  n o t  l i m i t e d  t o  c e r t a i n  a r e a s  o r  s t o c k s  ad jacen t  t o  t h e  more advanced 

i ' ~ i . i ~ i f i g  c o u n t r i e s ,  and t h a t  an  e a r l y  c o n s i d e r a t i o n  of t h e  p o s s i b l e  management a c t i o n s  

u h l l e  the  f i s h e r y  i s  i n  t h e  compa~'ativel.y e a r l y  s t a g e s  of  development can avoid  many of 

t h e  more s e r i o u s  problems. 

Management problems have been d i scussed  i n  a  l a r g e  number of p a p e r s ,  e.g. Gulland 

a i d  Carroz  (1960) and were t h e  s u b j e c t  of a  s p e c i a l  s e s s i o n  a t  t h e  1970 IF'FC meeting. 

Po u l a r g e  e x t e n t ,  t h e  management of p e l a g i c  r e s o u r c e s  r a i s e s  no q u e s t i o n s  of p r i n c i p l e  

Ll~tit a r e  any d i f f e r e n t  from t h o s e  r e l e v a n t  t o  any o t h e r  f i s h e r y  r e source .  To t h i s  

e x t e n t ,  t h e  p r e s e n t  pape r  o f f e r s  l i t t l e  new i n  a d d i t i o n  t o  what has  a l r e a d y  been 

wrl?t;en e l sewhere ,  b u t  it seems u s e f u l ,  w i t h i n  t h e  c o n t e x t  of t h e  p r e s e n t  symposium, 

t o  review c e r t a i n  p o i n t s  - f o r  example t h e  b e n e f i t s  ( o r  l o s s e s )  from good ( o r  bad) 

management, t h e  t y p e s  of d e c i s i o n  t h a t  have t o  be t aken ,  and t h e  d a t a  t h a t  need t o  be 

c o l l e c t e d .  I n  a d d i t i o n ,  t h e  l a t e r  s e c t i o n  of t h e  pape r  reviews some p a r t i c u l a r  p o i n t s  

r f l eva f i t  t o  t h e  p e l a g i c  f i s h e r i e s  of t h e  IPFC region.  

2.  GENERAL CONSIDERATIONS O N  MANAGEMENT 

At bhe 1970 meet ing a t  Bangkok, IPPC d i scussed  t h e  gene ra l  problems of management, 

an11 s t r e s s e d  t h e  c l o s e  in t e r - connec t ion  between management and development. Both a r e  
concerned wi th  t h e  p rope r  u t i l i s a t i o n  of t h e  availab1.e f i s h e r y  r e sources .  F a i l u r e  t o  

d ~ v ~ l o k  means t h a t  t h e  r e sources  a r e  u n d e r - u t i l i s e d  ana a r e  no t  producing t h e  b e n e f i t s  

t l j r i t  tLey could .  F a i l u r e  t o  manage t h e  f i s h e r y  i s  l i k e l y  t o  r e s u l t  i n  over- 

e x p l d i t a t i o n ,  and aga in  a  f a i l u r e  t o  t a k e  f u l l  advantage of t h e  r e source .  Sometimes 

t h e r e  w i l l  b e  an a c t u a l  l o s s  i n  t h e  weight ha rves t ed ,  b u t  more o f t e n  - i n  f a c t  i n  most 

un regu la t ed  f i s h e r i e s  - t h e r e  w i l l  be a  wastage i n  excess  amount of f i s h i n g .  

T h i s  i s  i l l u s t r a t e d  i n  F igure  ? ,  which shows t y p i c a l  r e l a t i o n s  between t h e  amount of 

f i s h i n g  and t h e  value  of  t h e  ca t ch .  I n  many f i s h  s t o c k s ,  a s  shown by t h e  f u l l  l i n e ,  a 
c e r t a i n  amount of f i s h e r y  w i l l  g i v e  t h e  maximum c a t c h ,  and any f u r t h e r  i n c r e a s e s  i n  f i s h i n g  

beyond t h i s  p o i n t  w i l l  reduce t h e  t ~ t a l  ca t ch .  I n  some p a r t i c u l a r l y  v u l n e r a b l e  s t o c k s  

t h e r e  may be a  d i s a s t r o u s  f a l l  i n  c a t c h ,  a s  shown by t h e  d o t t e d  l i n e .  

Important  economic a s p e c t s  of t h e  f i s h e r y ,  o t h e r  than  t h e  g r o s s  va lue  of t h e  c a t c h ,  

a r e  shown i n  F igure  2 u s i n g  t h e  v a l u e s  corresponding t o  t h e  f u l l  curve  i n  Figure  1. The 

upper curve  shows t h e  n e t  va lue  of  t h e  c a t c h ,  i . e . , t he  g r o s s  va lue  l e s s  t h e  c o s t s  of 

f i s h i n g .  T h i s  r i s e s  t o  a  maximum a t  a  moderate ly  low amount of f i s h i n g ,  and then  f a l l s  

o f f  r a t h e r  s t e a d i l y .  That  i s ,  beyond t h e  po in t  of maximum n e t  y i e l d ,  any i n c r e a s e s  i n  t h e  

g r o s s  y i e l d  a r e  l e s s  t h a n  t h e  c o s t s  of t h e  e x t r a  e f f o r t  r e q u i r e d  t o  h a r v e s t  i t .  T h i s  is 
shown more c l e a r l y  i n  t h e  lower  f i g u r e s ,  i n  which t h e  marginal  y i e l d  - t h e  a d d i t i o n  t o  t h e  

bo ta l  y i e l d  r e s u l t i n g  from an e x t r a  u n i t  of e f f o r t  - has  been p l o t t e d .  Th i s  d e c r e a s e s  

con t inuous ly  wi th  i n c r e a s i n g  e f f o r t ,  and a t  t h e  po in t  corresponding t o  t h e  maximum n e t  

y i e l d ,  t h e  marginal  y i e l d  i s  equal  t o  t h e  c o s t s  of a  u n i t  of e f f o r t  - shown by t h e  

h o r i z o n t a l  l i n e  i n  F igure  2. 

I f  t h e  f i s h i n g  was under  a  s i n g l e  ownership it  i s  u n l i k e l y  t h a t  t h e  amount of f i s h i n g  
would i n c r e a s e  much beyond t h e  l e v e l  of t h e  maximum economic y i e l d .  Investment  of 

a d d i t i o n a l  r e s o u r c e s  of s h i p s ,  men o r  money i n  t h e  f i s h e r y  would g ive  poor  r e t u r n s ,  and 
would g i v e  b e t t e r  r e t u r n s  i n  a l t e r n a t i v e  employment - i n  o t h e r  f i s h e r i e s  t h a t  a r e  l e s s  

h e a v i l y  e x p l o i t e d ,  o r  o u t s i d e  f i s h i n g  a l t o g e t h e r .  However, most f i s h e r i e s  a r e  not  under  

s i n g l e  ownership,  and t h e  d e c i s i o n  t o  i n v e s t  i n  f u r t h e r  expansion of  f i s h i n g  e f f o r t ,  e.g. 





Lo bui ld  a  new boa t ,  is not  based on the  marginal y i e l d  - t h e  increase  In t h e  t o t a l  value 
of the ca tch  - but on t h e  catch p e r  u n i t  e f f o r t ,  t h a t  i s  t h e  value of the .iatr,L' of t h e  new 
vessel .  The catch p e r  u n i t  e f f o r t  i s  a l s o  p l o t t e d  i n  Figure 2. A t  very low Acvc:?r: of 
f i s h i n 6  it is  about t h e  same a s  t h e  marginal y i e l d ,  but decreases more slowly with 
increas ing  f i sh ing .  Vithout any ac t ion  t o  nanage t h e  f i s h e r y ,  the  amount of f i s h i n g  w i l l  

tend t o  increase  u n t i l  t h e  value of the  ca tch  p e r  un i t  e f f o r t  i s  equal t o  t h e  c o s t s  of a  
un i t  of e f f o r t  - inc lud ing  i n  t h e  c o s t s  a  reasonable r e t u r n  on investment. A s  Figure 2 
shows t h i s  can occur a t  a  high l e v e l  of e f f o r t ,  f a r  above the  l e v e l  g iv ing  t h e  maximum 
ne t  value of t h e  catch and even above t h e  leve l  of maximum gross  catch. 

I n  p r a c t i c e  t h i s  ana lys i s  aay underestimate the  l o s s e s  due t o  uncontrol led f i sh ing .  
I n  an expanding f i s h e r y  dec i s ions  on f u r t h e r  investment w i l l  probably be made on t h e  b a s i s  
of ca tch  r a t e s  some time i n  the  p a s t ,  which a r e  l i k e l y  t o  be considerably higher  than those  
occurr ing when t h e  new boats  e n t e r  t h e  f i shery .  It is  very l i k e l y ,  un less  development is 
r a t h e r  slow, t h a t  t h e  f i s h e r y  w i l l  overshoot the  long-term equil ibr ium posi.tion and t h e  
amount of f i s h i n g  expand t o  a  l e v e l  where t h e  value of the  ca tch  p e r  u n i t  e f f o r t  i s  l e s s  
than t h e  cos t s .  I n  any event it is  very much e a s i e r  t o  prevent overexpansion of a  f i s h e r y  
than t o  reduce t h e  capac i ty  of the  f l e e t  (number of sh ips ,  e tc . )  once it has expanded 
beyond t h e  optimum l e v e l .  Once the  f l e e t  i s  b u i l t ,  and the  fishermen s e t t l e d  i n  employment 
it can be a  d i f f i c u l t  and of ten  pa infu l  t a s k  t o  d i v e r t  them t o  more productive occupation. 
On the  o ther  hand q u i t e  simple measures, such a s  withdrawal of investment g r a n t s ,  may keep 
t h e  capac i ty  c l o s e  t o  t h e  optimum leve l  i f  applied while t h e  capaci ty i s  s t i l l  below t h e  
optimum. Management i s  there fore  not merely a  matter of applying r e s t r i c t i v e  measures 
a f t e r  a  f i s h e r y  has run i n t o  t rouble ,  but i s ,  o r  should be, a  matter  of matching develop- 
ment t o  t h e  magnitude of t h e  resource. 

Attent ion should be given t o  t h e  quest ion of mana~ement very e a r l y  i n  t h e  development 
of a  f i shery .  Once it is c l e a r  t h a t  a  f i s h e r y  can be developed on a  given resource,  

es t imates  shoule be made of t h e  magnitude of t h e  p o t e n t i a l  catches,  and of the  optimum 
amount of f i sh ing .  Since these  w i l l  n o t ,  a t  f i r s t ,  be estimated a t  a l l  accura te ly ,  a  
gradual step-wise approach t o  optimum should be chosen. Each l e v e l  of f i s h i n g  w i l l  provide 
b e t t e r  informati.on on which b e t t e r  assessments can be made and f u r t h e r  expansion planned - 
o r ,  i f  t h e  assessments show t h i s  t o  be necessary, f u r t h e r  developments can be stopped. 
The l o s s e s  from over-rapid expansion can be l a r g e ,  with the  excess e f f o r t  producing 

l i t t l e  o r  nothing,  whereas the  poss ib le  l o s s e s  from a aore caut ious development a r e ,  at; 
worst,  only t h e  d i f f e r e n c e  between what e x t r a  f i s h i n g  would have produced from t h e  
resources i n  quest ion,  and t h e  production (not  necessar i ly  only f i s h )  t h a t  might have 
been obtainec! from t h e  use of t h e  resources of money and manpower i n  some o ther  a c t i v i t y .  
Such di . f ferences a r e  l i k e l y  t o  be small. 

The o ther  aspect  of management t h a t  needs e a r l y  a t t e n t i o n  i s  t h e  c o l l e c t i o n  of t h e  
b a s i c  date .  It  i s  e s s e n t i a l  f o r  any form of management t h a t  r e l i a b l e  s t a t i s t i c s  of 
t c t a l  ca tch  a r e  ava i lab le .  With them should a l s o  he s t a t i s t i c s  of f i s h i n g  e f f o r t  
(number of boa ts ,  number of days f i s h i n g ,  e tc . )  from which c h a n ~ e s  i n  t h e  amount of 

f i s h i n g   fishi in^ mor ta l i ty )  can be followed, and a l s o  indices  of abundance ca lcu la ted  i n  
t e r n s  of ca tch  p e r  u n i t  e f f o r t .  Data should a l s o  be co l lec ted  on t h e  b io log ica l  
c h a r a c t e r i s t i c s  of t h e  catch - a t  l e a s t  l eng th  composition, but a l s o  of possible  samples 
of t h e  ages of individual  f i s h ;  from these  changes i n  the  mor ta l i ty  r a t e s  can be 
determined, and cor re la ted  with changes i n  the  amount of f i sh ing .  

The usefu lness  of these  d a t a  i s  determined a s  much by t h e  leng th  of t h e  s e r i e s  of 
years  f o r  which they a r e  a v a i l a b l e  - and, p a r t i c u l a r l y  t h e  range of va lues  of f i s h i n g  
e f f o r t  occurr ing during t h i s  period - a s  by t h e  accuracy and d e t a i l  of t h e  d a t a  f o r  a  

par t i . cu la r  year. Most assessments a r e  based on studying t h e  changes i n  various 
c h a r a c t e r i s t i c s  of t h e  f i s h e r y  - average s i z e  of f i s h ,  catch per u n i t  e f f o r t ,  e tc .  - 



following change i n  f i sh ing .  One observat ion,  even i f  somewhat approximate, a t  an 
e a r l y  period when f i s h i n 8  is  l i g h t ,  i s  more usefu l  than any number of e x t r a  observat ions 

a f t e r  f i s h i n g  has developed. High p r i o r i t y  should there fore  be given t o  s t a r t i n g  t h e  
c o l l e c t i o n  of b a s i c  d a t a  a s  e a r l y  a s  poss ib le  i n  t h e  development of t h e  f i shery .  

j. PELAGIC F1S:YEIFHIES 

I n  p r i n c i p l e  t h e  management of pe lag ic  f i s h e r i e s  involves e x a c t l y  t h e  same problems 
a s  the  management of any o ther  f i s h e r y ,  but  i n  p r a c t i c e  c e r t a i n  f e a t u r e s  increase  t h e  
d i f f i c u l t i e s  compared with, f o r  example, t h e  management of some demersal resources. 
These include t h e  ex ten t  of t h e  migrations and d i spers ion  of t h e  f i s h  s tock,  t h e  
d i f f i c u l t i e s  of obtaining an adequate measure of f i s h i n g  e f f o r t ,  and t h e  poss ib le  
i n s t a b i l i t y  of some pe lag ic  s tocks,  e s p e c i a l l y  of clupeoid f i s h .  

3.1 M i ~ r a t i o n  and s tock l i m i t s  

I n  t h e  IP?C region an outstandinf: example of a  wide ranging f i s h  i s  t h e  southern 
b l u e f i n  tuna. The young tuna found off  the  southern and e a s t e r n  c o a s t s  of Aus t ra l ia  
tend t o  zove westward a s  they grow, and f i s h  tagged o f f  Aus t ra l ia  have been found 
a s  f a r  west as  southern Africa. I t  appears t h a t  a l l  t h e  southern b l u e f i n  tuna i n  
the  Indian Ocean, and a t  l e a s t  p a r t s  of t h e  southwest Pacif ic , form a s i n g l e  s tock.  
Management of t h i s  stock should take  i n t o  account a l l  f i s h i n g  on i t ,  i n  any p a r t  
of t h e  range, iricluding t h e  Austral ian c o a s t a l  f i s h e r i e s  and t h e  Japanese longl ine  
f i shery .  This  of course does not mean t h a t  management a c t i o n ,  such a s  t h e  
app l ica t ion  of s p e c i f i c  r e s t r i c t i v e  measures must necessar i ly  be appl ied t o  a l l  t h e  

f i s h e r i e s  on b l u e f i n  i n  a l l  p a r t s  of i t s  range. Indeed t h e  only s p e c i f i c  measure 
so f a r  proposed by the  IOFC/IPFC ad hoc working p a r t y  of s c i e n t i s t s  on s tock 

assessment of tuna i s  t h e  closure t o  longl ine f i s h i n g  of c e r t a i n  a reas  of t h e  
southern Indian Ocean. This would have no immediate e f f e c t  on the Austral ian 

f i s h e r i e s ,  but one of the  loqg-term e f f e c t s  of t h e  measure should be an increase  
i n  t h e  adu l t  s tock ,  and hence, poss ib ly ,  i n  the number of young f i s h  produced. 
This  would c e r t a m l y  b e n e f i t  t h e  AustraliLan f i shery .  

Other tunas probably do not  move over q u i t e  such l a r g e  d i s t a n c e s ,  bu t  s t i l l  a  uingle  
s tock of yellowfin or  skipjack may cover a  wide area.  A t  p resen t  most of t h e  catches 
of t h e  l a r g e r  spec ies  of tuna a r e  taken by longl ine  vesse l s  which move f r e e l y  over 
most of t h e  o?en oceans of t h e  world. Management of these  f i s h e r i e s  w i l l  have t o  be 
considered i n  terms of very wide a reas  f o r  p r a c t i c a l  and economic a s  well a s   biologic^ 

reasons. The more l o c a l  f i s h e r i e s  with purse s e i n e r s  and b a i t  boa t s ,  comparable with 
those off  West Afr ica,  a r e  now showing s igns  of development. When they do, t h e  l i m i t  
of t h e i r  expansion w i l l  be the magnitude of the  resource,  r a t h e r  than t h e  market, 
which i s  world-wide. Ranagenent ac t ion  of some s o r t  w i l l  l i k e l y  soon be required,  
which w i l l  make it urgent t o  determine t h e  r e l a t i o n  between say the  yellowfin caught 
i n  the southern Phi l ipp ines ,  o r  o f f  S m a l i a ,  and those caught i n  t h e  longl ine  f i s h e r i  

of the  open P a c i f i c  o r  Indian Ocean. 

S imi la r  problems a r e  l i k e l y  t;o a r i s e ,  i f  not over such a  wide geographical e x t e n t ,  fol 
o ther  spec ies  of pe lag ic  f i s h .  Several  of these ,  e.6. t h e  o i l  sa rd ine  o f f  the  Indian 
west coas t ,  show s t rong  seasonal p a t t e r n s  of a v a i l a b i l i t y  t o  t h e  l o c a l  fishermen, 
which would suggest s u b s t a n t i a l  migration, though there  i s  not much d i r e c t  evidence. 
I n  o ther  s tocks,  e.g. H a s t r e l l i g e r  i n  t h e  Gulf of Thailand, t h e  expand in^ a c t i v i t i e s  
of l o c a l  f l e e t s  from d i f f e r e n t  count r ies  a r e  beginning t o  overlap on t h e  f i s h i n g  groul 

I n  these  cases  too  it is  c l e a r  t h a t  management i s  l i k e l y  t o  requ i re  some form of 
i a t e r n a t i o n a l  act ion.  I n  t h i s  an iapor tan t  e a r l y  s c i e n t i f i c  t a s k  is  t o  i d e n t i f y  t h e  

l i m i t s  arid i d e n t i t i e s  of d i f f e r e n t  u n i t  stocks. 



' : , I  ! it,y of pe1ap;ic s tocks . ..-. 

b .  a ~ m p l e  theory of f i s h  population dynamics which has been confirmed, a t  l e a s t  i n  

c . r . c ~ " t l  terms, by d i r e c t  e q c r i e n c e  with many demersal s tocks ,  i s  t h a t  t h e  impact of 

1 . :  , i r ~ t :  .LS a smooth and gradual process ,  a s  suggested by t h e  curve i n  Figure 1. A s  t h e  

I I -  , ! I . ! .  of f j . s h i n ~  increases ,  t h e  catch and ca tch  per  u n i t  e f f o r t  change slowly but  

.1Ic.~iii Ly; when the  point of m:rxinun y ie ld  is reached the  y ie ld  w i l l  f a l l ,  but only 

1.6cl.tt.i.vely slowly. For example t h s  North Sea demersal s tocks have been very heav i ly  

!'i!;t~e:i f o r  near ly  a  century,  without any l i m i t  being s e t  on the  amount of f i s h i n g ,  

Y P + ;  present  ea;y cntches of roil, hadnock and p l a i c e  a r e  a s  high a s  they have ever  been. 

: f - w r a l  pelagic  f i sher i . es ,  on the o ther  hand, have shown marked i n s t a b i l i t y .  Although 

::~irat? o f  the  biggest  f i s h e r i e s  i n  the  world ( i n  terms of weight) have been on pe lag ic  

r ' ~ r ; h  such a s  h e r r i n ~ s  and sa rd ines ,  few of t h e  s tocks seem t o  have been ab le  t o  

.~ in in ta in  high l e v e l s  of catch over a  long period.  Thus the  catches of what had been 

the  world 's  b igges t  f i s h e r y ,  t h a t  f o r  Japanese sa rd ine ,  f e l l  f r o n  a  peak of over 

.' n ~ i l l i o n  tons  i n  1915-1939 t o  a  few tens  of thousands of tons now. The catches of 

Ca l i fo rn ian  sa rd ine  have f a l l e n  t o  an even lower l e v e i ,  from a  peak of near ly  800,000 

tons  i n  1916-37. Herring s tocks i n  the  North Sea and off western Norway have exhibi ted 

somewhat s i m i l a r  col lapses.  For no one individual  s tock has there  been c l e a r  

incont rover t ib le  proof t h a t  the  co l lapse  has been d i r e c t l y  due t o  f i s h i n g  and indeed 

some stocks have shown s t rong  c y c l i c a l  f l u c t u a t i o n s ,  almost c e r t a i n l y  due t o  n a t u r a l  

c3uses (e.g. t h e  Atlantic-Scandian herr ing gave peak catches i n  nor thern  Norway 

arcunii 1790-1800, and again between 1890 and 1900 with a  subs id ia ry  peak around 1910). 

On t h e  o t h e r  hand t h e  cases  where heavy f i s h i n g  has been followed by a  co l lapse  of 

the  f i s h e r y  a r e  cow nuserous. Even i f  f i s h i n g  i s  c o t  t h e  only cause, i n  several  cases  

f i sh in l :  may have hewn a  decrease, which i n  t h e  absence of f i s h i n g  might have occurred 

l a t e r  o r  been l e s s  pronounced. 

An aspect  of many of these  col lapsma;  pelagic  f i s h e r i e s  - t h e  Ca l i fo rn ian  sardine 

i s  a  p a r t i c u l a r l y  good example - i s  t h a t  during the  period of dec l ine  there were 

considerable  doubts and arguments about the  cause of t h e  dec l ine  - f i s h i n g  o r  

n a t u r a l  causes. As a  r e s u l t  of these  doubts no s trong management ac t ion  was taken, 

which though cor rec t  i f  only a  temporary adverse na tura l  f l u c t u a t i o n  was occurr ing,  
would be d i s a s t r o u s  i f  f i s h i n g  were causlng t h e  dec l ine .  In  the  event t h e  dec l ine  

of severa l  of t h e  s tocks  continued t o  a  very low leve l .  Even a f t e r  t h i s  co l lapse  
had occurred, it could s t i l l  be argued t h a t ,  i n  any ind iv ieua l  case,  t h e  na tura l  

fac tors  had been responsible ,  Against t h i s  there  a re  o ther  examples, e .g .  the herr ing 

f i shery  of B r i t i s h  Columbia, where severe r e s t r i c t i o n s  were supplied soon a f t e r  a  
dec l ine  became apparent ,  and the  s tock subsequently recovered. 

Stocks of shoal ing pe lag ic  f i s h  t h e r e f o r e  appear t o  be more s e n s i t i v e  t o  mismar.age- 

ment than o thers ,  and t h e r e  i s  a  r i s k  of l a s t i n g  and very severe dama~e  t o  t h e  

s tocks.  However, it does appear t h a t  i f  appropriate  ac t ion  is taken (which may 

r e q u i r e  very severe temporary r e s t r i c t i o n  of t h e  catch)  t h e  s tocks can be 

maintained o r  r e b u i l t .  

5.3 D i f f i c u l t i e s  of assessment 

The p o s s i b l e  p e n a l t i e s  of mismanagement emphasise the need f o r  t imely  and r e l i a b l e  

assessment of pe lag ic  s tocks.  Unfortunately i n  many ways these  s tocks  a r e  
e s p e c i a l l y  d i f f i c u l t  t o  study. 

They tend t o  be highly var iab le  i n  abundance and a l s o  i n  d i s t r i b u t i o n .  As a l ready  
noted t h e s e  variation:; can be confused with changes due t o  f i s h i n g ,  and a l s o  n a t u r a l  



e f fec t s  and f i sh ing  can in terac t .  There i s  no simple easy answer t o  these problems. 
They are  best  d e a l t  with by in tens i fy ing the  normal l i n e s  of study, an t  t o  ensure 
the ava i l ab i l i t y  of adequate basic da ta  on t o t a l  catches, corresponding f i sh ing  
e f fo r t ,  d i s t r ibu t ion  of catch and e f f o r t  by area  and time, information on the  
s izes  of f i s h  caught, e t c .  

Proper measurement of f i sh ing e f f o r t  presents especial  d i f f i c u l t y  i n  r e l a t ion  t o  
ehoaling f i sh .  The more obvious measures of catch per uni t  e f f o r t  such a s  ca tch  

per haul may estimate the  average s i z e  of shoal, r a the r  than overa l l  population 
abundance. I f ,  when the  population abundance decreases, o r  the area  over which the  
stock extends,increases, o r  the  number of shoals f a l l  and the average s i z e  of 
shoals meanyhile remains unaltered then the  catch per  u n i t  e f f o r t  can ser ious ly  
underestimate the reduction of the stock. Indeed it  i s  possible t h a t  the catch 

per haul could remain high up t o  the  moment when the l a s t  shoal is  caught. I n  

addition changes i n  ef f ic iency can be d i f f i c u l t  t o  measure. I n  trawl f i s h e r i e s  

development and improvement of gear i s  la rgely  a matter of building l a rge r  boats,  
with bigger engines. A d i rec t  comparison is  possible between old and new vesse ls  
f i sh ing on the  same grounds, from which ca l ibra t ion  f ac to r s  can be deduced t o  express 
the e f fo r t  i n  any year i n  standard. terms. Improvements i n  pelagic f i s h e r i e s  a re  

often changes i n  techniques i n  f i s h  f inding,  e.g. with acoustic gears,  the e f f e c t s  
of which are  l e s s  easy t o  measure d i rec t ly .  

The e f fec t s  of improved fish-finding equipment cannot eas i ly  be measured,either by 
comparing catches of boats f i sh ing a t  the  same time and place with and without 
the equipment (because the e f f ec t  of the  equipment i s  on the  locat ion  of f i sh in& 
or by comparison of catches over a period, say a year, because the  b e t t e r  fishermen 
w i l l  tend t o  have the new equipment, and catch more f i sh .  Nevertheless some measure 
of i ts  usefulness can be obtained simply from ta lk ing t o  the  fishermen. This is 

i n  f a c t  en important and widely applicable point. The best  understanding of what 
is happening i n  any f i she ry  comes from close contact with the  fishermen themselves. 
The s c i e n t i s t s '  job i s  t o  put t he  fishermen's information in to  quant i ta t ive  te rns .  
Bor the purse seine f i she r i e s  t h i s  implies col lec t ing  deta i led  da ta  on the  f i sh ing  
operations. For each t r i p  ( o r  from a t  l e a s t  a sample of t r i p s )  da ta  should be 
collected on the  t o t a l  time a t  sea, and how t h i s  was divided between steaming t o  and 
from the  chosen f i sh ing  grounds, t he  locat ion  of these  grounds, t he  time spent on the 
grounds looking f o r  f i s h ,  and the time spent ac tua l ly  shooting and hauling the  net .  
From t h i s  da ta  it should be possible t o  determine whether they have t o  go fu r the r  o r  
look longer f o r  f i s h ,  and hence get  some ins ight  i n t o  changes i n  f i s h  abundance. 

An a l te rnat ive  procedure is  t o  obtain independent measures of f i s h  abundance, from 
which indices of f i sh ing  e f f o r t  (and f i sh ing mortal i ty)  can be calculated by dividing 
the t o t a l  catch by the  abundance. The d i f f i c u l t y  has been t o  get any reasonable 
independent measure of abundance, but modern techniques of acoustic surveys are  
becoming capable of providing t h i s  where the importance of the f i shery  j u s t i f i e s  t he  
coat. The l a t e s t  equipment promises i n  f a c t ,  with a l i t t l e  more development, t o  
provide counts of actual  population numbers - or  numbers within a determined volume 
of water from which t o t a l  numbers can be r ead i ly  estimated. Unti l  such equipment is  
available,  indices of abundance obtainable from acoustic surveys, such a s  the  t o t a l  
area of ce r t a in  dens i ty  of t races ,are  most useful. 



4. THE PROBLEMS I N  T9E IPPC AREA 

A t  present  t h e  only pe lag ic  f i s h e r y  i n  t h e  IPFC area  f o r  which t h e r e  i s  a  c l e a r  need 
f o r  introducing management measures i s  the longl ine  f i s h e r y  f o r  the  l a r g e r  individual  tunas,  
p a r t i c u l a r l y  southern Sluefin.  For o ther  spec ies ,  e s p e c i a l l y  t h e  shoal ing pe lag ic  f i s h  
such a s  mackerel and anchovies, the  ac tua l  implementation of management measures renains 
a  p rob le r  f o r  t h e  fu ture .  However, t h e  cur ren t ,  and hopeful ly t h e  fu ture ,  pace of 
development i s  such t h a t  these  problems w i l l  need t o  be s e r i o u s l y  considered very soon, 
and c e r t a i n  ac t ions  a r e  required now t o  ensure t h a t  t h e  ac t ion  taken i s  c o r r e c t  and t imely 
and se r ious  l o s s e s  a r e  not incurred. The main ac t ions  required are  a s  follows: 

4.7 Col lec t ion  and~compi la t ion  of b a s i c  d a t a  e s s e n t i a l  f o r  stock assessment work covering 
t h e  whole geocraphic d i s t r i .bu t ion  of each stock. Such d a t a  includes catch and e f f o r t  
s t a t i s t i c s  and s i z e  composition information. 

4.2 Continuing a n a l y s i s  of ava i lab le  d a t a  t o  provide the most r e l i a b l e  cur ren t  es t imates  
of t h e  p o t e n t i a l  y i e l d  of each s tock,  and t h e  d e s i r a b l e  l e v e l  of f i sh ing .  

4.7 Continuins review, and a s  necessary modif icat ion,  of development p lans  t o  t ake  account 
of t h e  s tock  assessment r e s u l t s .  This should include c l o ~ e  co-ordination of plans by 

d i f f e r e n t  count r ies  i f  they a r e  both planning t o  harvest  the  same stock. 

4.4 Consideration of t h e  mechanism necessary t o  l i m i t  t h e  amount of f i s h i n g  on heavi ly 
exploi ted s tocke,  including,  when re levan t ,  i n t e r n a t i o n a l  machinery. 
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Fig. 2 The value of t h e  net economic y i e l d ,  t h e  marginal 
y ie ld ,  and the catch per  u n i t  e f f o r t ,  as  funct ions 
of t h e  t o t a l  cos t s  of f i s h i n g  ( f i sh ing  e f f o r t ) .  


