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(Gulland, 1969; FAO, 1977; daddy, this publicatipb) t r ad i t i ona l ly  employedLo evaluate: 
The first part of the (tourse ma ooncerned d t h  a study of the main mathematical madels 
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m a x i m u m  e t c h  potential ,  etc., and 

the  consequencea of changes i n  the ra te  and mode of exploitation on production and 
yields, 

I 

The second part deal t  with resource surveys, spec i f i ca l ly  with planning surveys and I 

analysis o f  the findings (Doubleday, t h i s  publiD\stion). 
I 
1 

The way i n  which survey results c& be u s e d ' p  stook assesam&, i.e., how they can 
supply the answers t o  the points l i s t e d  absve, hay p t  to  be studied. 

Basically, resource surveys provide eetimatos of the r e l a t ive  or absolute density (or  
Besides the the biomass) of a stock o r  o f  some of the strata composing it (Ultang, 1977). 

opportunity surveys o f f e r  f o r  collecting data on as yet unexploited stocks, t h e i r  main 
in t e re s t  l i e s  i n  the fact  tha t  even when the catchabi l i ty  coefficient q ' is s t i l l  unknown, 
as i n  the case of r e l a t ive  biomass EUrVeyS, m cAn expect it t o  remain constant through 
appropriate dis t r ibut ion of  sampling effort  (planning o f  surveys) and standardization o f  
sampling methods. 
r a t e  or size  of stock, which only too often introduce bias  in to  the estimates o f  f ishing 
mortality (F = qf) and abundance of stock (B &) based on measurement o f  f ishing e f fo r t  f 

(FAO,. 1976; Rothschild, 1977): It is immediately evident tha t  biomass surveys can reuuce 
the d i f f i c u l t i e s  encountered i n  the assessment of f ishing e f fo r t  through fishery s t a t i s t i c s .  

In this way we can remove deviations, i n  time as well  as i n  exploi ta t icn 

qf 

However, the biomass abd density estiqmtes supplied by surveys are i n  themselves i 
insuff ic ient  t o  answer the  different questions &ich a r i s e  during stock assessment. 
on catch volume and composition, and on exploitatfon methods, are obviously necessary t o  
es tabl ish the relat ions between the s ize  apd composition of the stock and f ishing pressure. 
Two flzndamental conclusions caa be drawn from these preliminary remarks: 

Data 

L) 

biomass surveys do not eliminate the pzecessity f o r  catch and catch per unit e f fo r t  
s t a t i s t i c s ,  and 

the  analyais and Wçerpretation of the relqt ion between biomass and catchest as well 
as between these and f ishing e f f o r t ,  remaip based on the classical  mathematIca1 asseEs- 
ment model e. 

Therefore, the objective of t h i s  section i g  t o  reviey w h a t  supplementary data and 
which evaluation model equations 'can be used t o  take full advantage of resources survey 
results. This r e v i e w  wil l  distinguish between $be different  survey techniques so as t o  take 
into account t he  fact tha t  they do not necessar$ly concern the same l i f e  history stages, f o r  
example, eggs and larvaeO p m m c p i t s ,  exploite$ phase, and the estimates they provide, are 
not always re lated t o  thp eame parameters, for @qample, absolute or  r e l a t ive  biomass, popu- 
l a t i o n  structure,  and dietr ibut ion i n  @pace and Oime (Table 1). 

I 
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Table 1 1 
I 

Principal survey methods c l a s s i f i ed  acoording t o  the population stages they concern 
and the population parameters which o m  be estimated f r o m  them 

Population strata 
sumreye d 

eggs and larvae 

prerecrui t  8, 
recruits, 

exploited phase 

- -  
Parameters required 

-number and_absolute biomass of 
spawners (Ps apd 8,) and o f  the 
exploited phase (Fe qnd Ëe) 

number) 
- f i t u p  recruitpent p (absolute 

9 

absolute biomass, Ë 
I & , .  

1 
q e  

r e l a t i v e  biomaßs, - B' 
composition: s e l e c t i v i t y  (selec- 

t i o n  factor  partial 
=CrmitRlelrtj 

(i, L ) 
mortal$ty (M, P) 

spaw-t ime distribu3ion 

1 

a= i 

1 '  Survey methods 

a 

fishery (general trawling, 

acoustic methods (for  example, 
i f  there  is  a space-time 
segregation o f  recruits o r  
p ~ r e c r u i t s  . ' 

d=agins) 

acoustic methods with calibr 
t ion 

acoustio methods without 
cal ibrat ion 

f ishing ( t r a w l i n g ,  dredging, 
etc.) without estimates of  q 

uncalibrated acoustic fish- 
ing methods 



141 

3!t ia clear that only survey methode whose object i s  evaluation of the biomass, oomposi- 
t ion,  and average dis t r ibut ion of a stock will be wonsidered hew. 
w i l l  not be considered i n  t h i s  section, for  exampler 

Other types of supv~y 

pilot  boat reoonnaieaanoe in order t o  guide commercial f l e e t s  toward f i s h  oonoentratione; 

experimental f iehing aSmd at davslopmbnt or improvement of f ishing gear o r  methods, and 

simulation of aommercial Fishing in ordor to ov8luato t h e  potential  p r o f i t a b i l i t y  of a 
neu typt9 of exploitation. 

20 ESPIMBTIm OF PRERECRUXTS 

2.1 prerecruit Surve.ve 

Three methods @re commonly used t o  supey oohorts before they have f'ully entered the  

egg and l a r v a l  surveysg 
surveya of  prerbcruits and rooruita, cmd 
se l eo t iv i ty  experiment 0. 

recruited stage, as -11 88 t h e i r  partial a v a i l a b i l i t y  t o  exploitation, i.e.8 

\ 

(a) Egg and larvul surveyo \ 

This eurvey mthod y m  developed maidy t o  $@ce advantage of ea6e of sampling provided 
by eg@ and, t o  sr Oeosar #*ant larvae, oorppro$ $0 the  a q l o i t e d  phase (Smith and Biohardson 
1977; Saville ed., 1977). I With respaat t o  adulipp' eggs and lsmrae aro w u a l l y r  

more oonoen%rated is epae and tim; 
more  un i foza lg  distributed, and 
paesi-, i.e., less  able t o  avoid the sampling gear. 

I.'  

B)wmr, these advantage6 are not progent In a l l  ossee. In tropioal regions i n  parti- 
cular, t he  duration of t he  @pawling eesson and thp complexity of i t 8  variations in t im may 
require a heavy oampling sffork i f  yb wieh t o  o$tain saffioient preoision in the e a t h a t i o n  
of annual ep*p 

Ih principle,  egg and larval raurvep ehoul4 pllow'estimation of: 

the E~~ biomsrse and, by extrapolation, t he  exploited biomase, and 
subsequent recruitment. 

i 

Unf'ortunatelg9 it is  known t ha t  the great G i a b i l i t y  in the r e l a t ion -  

0x1 the  oontrary, the r e l a t ion  number o f  eggs,/ 
ship prohibits in practiae the assessment of biological 

I 
I 
l 

i 

and larvae &ose m m b r ~  have been determirle& 
psmntal biomass is, in t h i a  oarme, eaeier t o  determine. 
spawned during a season OPP be carried out with an aooeptable precision and oost (vessel 
time and i den t i f i ca t ion  and s o r t i n g  o f  eggq and larvae are always 
t i o n  between the number of eggs spawned and the exploited biomasa?goaan be established with 
saff lc ient  roliabil l i ty,  t h i a  method aa,n lead t o  good evaluation6 of  adult  biomass (Ahletrom, 
1968; T d ,  1974). 

Wen sampling cif (pl1 t he  eggs 

st ly) ,and when t he  rela- 

J,/ 8. a s,, .czryfion & Wah 8, exploited-biomase 
P 
F 

Y t  

5 

t o t a l  number of  eggs epawned during the year 
m t o t a l  number of eggs erpirunad duriag the year per 

femalo vplght d t  
t o % a l  Otgtah m igh t  during tho par ( inolwivo of 
-tm $Uh)  - t o W  m i p t  of maturo femalea in the annd oatah 

' " 3  

I 

9 
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It can a l so  be difficult t o  es tabl ish the number of eggs/exploited biomass ratio. 
applies t o  species spawning at intervals  which a m  frequently found i n  t ropical  rs@om. 
With these species, maturation of oocytes during a single spawning season occurs i n  ~ u o c e 5  
s ive waves (Fontana, 1969; Fbntana and Le Ouen, 1969). In order t o  determine fecundj.ty per 
female, it is  neoessary t o  es tabl ish, in  addition t o  the number of eggs released at  each 
spsming, the number of annual spawning8 aocording t o  the s ize  o r  weight of gravid femalee. 
Evaluation o f  the first pprameter is d i f f i c u l t  and requires monitoring the  female stock 
throughout t he  sparsling season. 
observation of a female's ovaries, whethey t h e  t o t a l  number of eggs they contain corresponde 
t o  a l l  those she m y  actual ly  have spawned during the season. One (or several)  egg layjags 
may have occurred before the observation; not a l l  vis ible  oocyte classes w i l l  necessarily be 
released before the end of tho season; new clasees could eventually form before the end o f  
the same season; l a s t l y s  the hypothesis of a vqriation i n  the number of emissions according 
t o  size o f  females cannot be ruled out. 
more intense sampling i n  gsneral, explaine why $0 far egg and l a m  6urveys have been moh 
less succesahil i n  tropica3. regions. 

(b) 

during the firat l i f e  stages of  oohorts, one tpqds t o  delay surveys u n t i l  after the cr i t ical  
phase. 
how do we deleJr surveying so as t o  bring the mpTgin of error i n  forecasts t o  an acceptable 
level, yet leave enough t i m  so that these fozypasts can be applied to  the  future exploits- 

Thir 

In fact, it i s  impossible t o  determine f r o m  only one 

These complexities, i n  addition t o  the need for  

Surveys o f  prerecruits and r ec ru i t s  

In order t o  avoid sxclessive errors  caused by the high va r i ab i l i t y  of the survival rate 

Wen the  pre-exploitation phase is s h o e ,  we are often faced by the following dilemma: 

t i on  scheme? \ 

Usually surveys involve individuals whioh %ve reached adult morphology, habitat  and 
behaviour. 
ing the adult pht4se. 
Obviously, the sampling e f f o r t  w i l l  be concentFqted on the areas (nursery) and perioda &ere 
and when p r e r e c d t s  and mcruits are ooncentrpted. 
demersal stocka are sampled by using trawl netp having smaller mesh size than commercial 
t r a w l s .  
Therefore we obtain estimates of the relqtivs -ber, 4 pt. 
mobile animals l i k e  shel l f ish,  m d  f o r  pelagio Qpecies i n  which the different distribuhion 
of juveniles makes it possible t o  assess t h e i r  biomass by quantitative acoustic mathode), 
the .absolute number can be estimated. 

(c) Se lec t iv i ty  experiments 

Therefore the aampling methods are similar t o  those generally employed in " m y -  
This means a loss  of the Base o f  sampling offered by the  earlierstagsa, 

fir example, the prerecruits of "y 

With suph trawling surveys, the catahabi l i ty  coefficient q is  usually unknown. 
In some famurable oases (non- 

S t r i c t l y  speaking, s e l e c t i v i t y  studies am not m y e .  Bowever, it seem8 appropriate 
t o  speak of them here sinoe, on the one hand, they make it possible t o  eetabl iah &en, 
during its l i fe t ime,  and how, a cohort entere a f ishery and on the other hand, t h i s  kind of 
observation i s  of ten carr ied out during a survey cruise. 

2.2 Interest  of Prerecruit  pssesjrsmsnts 

The use of exploited biomass estimates from egg and larval surveys will  be dealt with 
i n  t h i s  publication on t he  exploited phase. IIowver, it i s  s t ressed that these estimstes 
are the moat  important since they are assessments of absolute biomass, which, as shall be 
seen, allow more complete and d i rec t ly  applioable oonolusions than abundanos indexes. 

Re cruitnent 

In order to make use of these pmreoruit  estimates, Bt,;bs, t he  firet etage aoarriste of 
aaldating the racnuitmnt t o  the  fieheryr 



The u88 of this eqastion implies knowledge o f  t he  time interval  T æ tc - toba and the 
mortality coefficient MA 
of the timing of appearance of r ec ru i t s  in to  the  fiehery makes it possible t o  oalculate T; 
the  decline i n  numbers Nt, if it can be followed by repeated surveys dur- the pre- 
exploitation phase, a l l o m  estimation of M and T, 
exploited phase. 

These two constants oan be determined in several WE: observation 

Estimates o f  M can also be used f r o m  the . 

Rc oan then be combined with the production per recrui t  calculations, e i the r  d i r ec t ly  
i s  known, o r  if only indice8 are available,' by comparison with 

Ln the  first case, the various r e s u l t s  o f  t he  
if the absolute value of R 
the recruitment level: obs8rved previously. 
evaluations (Y, c/f, E, etc.) can be expressed as absolute values. 

t o  which three phenomena contribute: 
Global production models inolude recruitment fluctuations,  although with a time lag,  

the necessity of adjusting the model Do the data f o r  a cer tain period during which 
recruitment may have been on average different from that of the cohorts which w i l l  be 
exploit ed; 

the tirim lag between the oollection OP s t a t i a t i c s  and their  incorporation i n  the 
updating of the models, and 

t h e  techniques o f  oaloulation used t o  eimulb$e equilibrium conditions. 
\ In order t o  analyse the risks of bias i n  r e lq t ion  t o  chaqes in mcruitment, it is we- 

\ 

\ 

f ta l  t o  distinguioh between: I 

denaitycdspandent factors iq the stock: these mainly influence the shape of the right- 
hand portion of  the yield-curve (Laursrc, 1977). and 

factors independent of density2 these w i l l  aot  upon the dispersion o f  the  observation 
pointe i f  t h e i r  action on r e m i t m e n t  i s  random; they w i l l  influence the height of the 
m e  Y = g(f) and cpue = gl(f) i n  the Oase o f  l o p t e r m  variations ia recruitment 
related,  f o r  instance, t o  changes i n  the b i o t i c  capacity of the environments. 

1-b i s  obvious that fluotuationa of the lat ter type w i l l  have dire consequences i f  they 
canno3 be taken in to  account. . In t h i s  case, the mean recruitment of cohorts which w i l l  be 
exploited oould differ mabetantially from that during the period used t o  f i t .  the roodel. 
n e s e  variationß i n  recruitment may be progressive o r  sudden. FLigure 1 i l l u s t r a t e s  an 
extrem case of sudden twriationr it deals with the drop in  pmduction o f  that  part of  the 
parian demersal stock Mshed by the trawlers, which coinoidÖd with the explosion of t he  

d i s h  s tock  (Balistes caprieous) (PAQ, 1979). 

Although it i 8  not pt prown that the population explosion of t r iggerf ish provoked a 
drop in the recruitment of t he  speoies trawled Por, t h i s  example does i l l u s t r a t e  c l ea r ly  
&ich e r m m  nay occur i n  ddmnrlning short-term manag"nt meagUres ( se t t i ng  of a catch 
quota, for inetance), i f  yield and production oui.ver;l i n  r e l a t ion  t o  e f f o r t  cannot be adjusted 
t o  the l e m l  o f  average recrui tmnt  o f  the age olasoee Boon t o  be exploited. 

In thir context, it must be noted that a progreeelvs drift i n  recruitment levels is 
mom l ikoly t o  pase unnoticed than sudden jumpa, Publiehed literature oontains numerous 
uar~plea of optimitr t io mmqpm"st Fonnulatiom, following appliortion of i nmf f io i en t ly  
m i t i d l  global areeormsnt modolr t o  fiehepier Woh dovelopd drrring a ruowoeioa of tempo- - nigh roorultmont levelm (Siomanwina, 1978), 
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Watever the o r ig in  of long-term variations i n  'recruitment e the i n e r t i a  of global modele 
w i l l  be intensif ied by the delag, currently one t o  two years, w h i c h  o c w s  between the colleo- 
t i o n  o f  the data and t h e i r  applioation t o  the updating of the model. 

Lastly, the model's i n e r t i a  wi l l  be further increased by the techniques ourrently ased 
t o  simulate equilibrium conditions, since these recommend averaging e f f o r t s  (Gulland's 
teahnique) o r  biomasses (Schaefer's technique) over several  years. 

ment varies  widely. 
value o f  this estimate wi l l  be increased i f  t he  f ishery includes only a small number of age 
classes, since in that caee the fiahed population wi l l  show a greater impaot due t o  fluctua- 
tione in recruitment. This would be the  c a e  fo r  apecies with short life-spans, o r  stooks 
whose number of ag.e classes t?ubatantially contributing t o  catches has been sharply reduoad 
by exploitation, and i n  f i ehe r i e s  harvesting during a ehort time span i n  t h e ' l i f e  of the 
cohorts. In a l l  s i tuat ione of t h i e  kind, an early knowledge of reoruitment c h  reduce the 
likelihood of overfishing i n  the  oaae of  D deoJine of reoruitment orp) conperaely, of under- 
ex-plo it at ion. 

Seleotivlty and size at first capture 

'' 

during t h e  t i m e  it takeer 8 cohort t o  pass thro 
ing mortality coefficient y. Eonoe the s e l e o t q t y  our- (catch probabili ty according t o  
length) becomes a mortality cumre aooording t o  am, asawing that F operatee directly from 
age t I (i.e., average age at f i r a t  capture), m d  only from that age onward (knife edge 
eelec%.on, figure 2). 

' An ea r ly  estimate of number of r ec ru i t s  i a  par t icular ly  usef'ul f o r  species *ose remita 
For a variat ion of the same amplitude, omr the asme period of time, tho 

Rr simplioity o f  oalaulatlona and practl\oal applications, the Beverton and Bolt mdal 
a8aumea constant poplati ion parametere over fa$p.ly long time periods, as far as poeeible 4 .  

h a fiahery. This i a  the case for the fish- 

The Ricker model &es not require t h i s  approximation. Therefors, it i 8  able t o  repre- 
sent mre complex selecti trbtr  echemes mom cloaely and, i n  general, can accomodate widely 
differ ing s t r a t eg ie s  of sumival of a oohort, through one o r  several f isheries.  Such stra- 
tegiea are frequently evaluated i n  practioe by whor t  analyeis (estimating partial rearmit- 
ment). 
together i n  f iaher ioe whorap the eimplifying hypothesis of oonrtanoy of dynamic paranueters 

This explaina e cohort analysis and the Rioker y i e l d  model aro frequently ased 

-dequateo 

-Sp.cif ical lg ,  global modelm take no &"o of s e l e c t i v i t y  or, more generally, tho fonn 
of tho F wotor. 
recruit .how0 that  we nrmhlt expect deviations o f  the Y/f and opue/f  curve^) eimilar t o  thop. 
oaumed by variat ions in rocmitment, i f  rie. at f iret  catch and, mre generally, the F 
Poetor  ohang.. 
f i s h e q  ( b o  t o  changes of l e m l  t r a w l  moeh eine, f o r  @ m a p l e ) ,  it w i l l  bo useArll t o  draw 
r segarato "o f o r  orch poriod for rohich a given mesh s i t e  m a  i n  effoot. 

The interpretat ion of this type of model by equation6 of produotion per 

If mch cherngsm hava ocuurredat oporadio intervale  in t he  h i s t o m  of the 

o i a l  0008 OCOUPB f ien the rejecttion rpahemo (proanttag. of I * S j O o t i O M  por length 
ohanges d i l o  th@ neode of exploitation (F m o t o r )  "sino unchanged. illt O In %hat w e ,  

tho reni f i e l d  and pmduction curvos i n  terPu of F W i l l  not be altered; only t h e i r  o~re tos ion  
drednced from landing Btatimticr W i l l  W. 
m%im dommnted himtow of the f l&ery ,  tho qtatimtios mu& bo oorreoted 10 u t o  MO the - rejeotion mohem throughout t he  poriod ooMldored. 

fa order t o  compan, the O ~ a h & t i O M  f o r  the 

! 3. " 8  OF TE RP" PEIbsE 

3.1 .#booluto BiollaPmm uad Abri" xndi ce 

Rm our p\lxporo8, d l f fomnt  wthod. of mmpliag tho exploited *mo OM be olammifiod 

'phe fir& type inoludeo oalibrated rooumtio "reya,  
into *ma ostogoriort t h m o  lording t o  rbmoluto biomarr ortimtioru, and thooo providing only 
r b u "  M o e m  (nlr%lvo bionurr). 

, 
' I  
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Figure 1. Trawl catches on the Ivorian contipenta1 shelf (0-120 m): 

a) before and a) after the explosiplr of the balistes stock '(1972) (FAO, 1979). 

relation between 
cpue and fishing effort (--- 1 an$ resulting yield curves ( 1, 

I .  
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Figure 2. Schematic transposition of the 
selectivity curve into a mortal- 
ity curve according to the 
Beverton and Bolt model, 
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direct cenauses (enumeration of stationqry species l i k e  shel l f ish,  salmon running upstream, 
o r  whales at the surface) and inventories made with f ishing gear whose efficiency can be 
measured adequately i n  advance. Surveys of the second type include a l l  those (therefore 
a lso uncalibrated acoustic surveys), i n  which the catchabi l i ty  coefficient is not known. 

In the following section we shall see the  u t i l i z a t i o n  of these tm types of estimation 
i n  stock assessments. In a l l  cases, it is  important t o  have a f i r m  grasp o f  a l l  the terms 
of the unit catch/total biomass r a t i o  of the atock so as t o  be able t o  calculate them i f  wa 
wish t o  obtain an estimate of the absolute biomass, o r  t o  keep them constant so as toobtain 
abundance r a t e s  tha t  can be d i r ec t ly  comparable. Demersal stocks which can be fished and 
ayrveyed with a t r a w l  o r  any other  equivalent sweeping gear ( for  example, a dragnet), are 
good examples o f  the  different  factors  intervening suocessively between average biomass of 
stock as a whole, and catch per haul. 

' 

Given $he most complex case, we can distinguish: 

supply, which expresses the percentage of individuals consti tuting t o t a l  stock existing 
at a given moment i n  a particular area o r  mlume of water being surveyed; 

accessibi l i ty ,  representing the proportipn of individuals available in  a cer ta in  sector 
and present f n  t h e  volume of water where B fishing e f fo r t  (or  procedure) can Operate. 
B r  example, the part  of a sole stock wh$ph is present on a rocky bottom, w i l l  not be 
accessible t o  trawl fishing; 

exposure, qorreeponding t o  the proportiop of accessible f i s h  which are actual ly  present 
i n  the f i e l d  of operation of the gear durUng a given f ishing operation. For example, 
the exposure of shrimp t o  the trawl w i l l  hry i n  24-hour periods if they have a tendency 
t o  bury themelvers periodically i n  the bpt&om sediplent, o r  r i s e  off  bottom at oertain 

catchabili ty,  expwslsing the proportion pf exposed individuals potentially captured by 
the gear during a f ishing operation; i n  other words, the proportion already having 
entelsd the trawl (or Pun in to  a gi$lnetII o r  taken a b a i t  i n  the case of other fishing 
gear); and' 

s e l e c t i v i t y  (or  retention),  which measuret] tha t  proportion of individuals i n  the poten- 
t i a l  catch which i s  f i n a l l y  retained. 

It should be mentioned-that the same o r  similar sources of b i a s  are encountered i n  the 
different  types of surveys. Supply, accessibi l i ty  o r  exposure a l l  influence sumray methods, 
and must be considered i n  sumrey planning (optimization of the dis t r ibut ion of the sampling 
e f f o r t  i n  space and time i n  re la t ion t o  the stook t o  be surveyed), and i n  interpretat ion of 
gross measurements. 

\ 

. phases of the t i de ;  
i 

These aspects have been analysed i n  d e t a i l  i n  t h i s  publication, 

On the  contmrg, meamremnt of the catchabili ty coefficient,  i n  other mrda, measuring 
the efficiency o f  the gear and cal ibrat ing it, poses serious obstacles re la ted t o  the deter- 
mination o f  gear eff ic iency f o r  capture of vulnerable individuals. 
t i o n a l  trawlnet having sweeplines, two  factorlp operate against each otherr 

In the oaae of  a tradi- 

avoidance, by uhioh a cer ta in  f ract ion of' individuals aotively leave the volume of 
water i n  front of the mouth of the t r a w l ,  i n  reaction t o  the approach of the gear, and 

the herding in to  the  s p a ~  swept by the t r a w l  mouth of those f ieh preaant i n  the area 
swept by the smeplinee. 

In  the absence o f  oboervations on them faotors, it can aometimes be asatmad tha t  the 

_ -  

%tm phenomena cancel each other  making tbe t r a w l  efficiency equal t o  1 ( i o @ . ,  catch migh-t I 
absolute biomass in  the ama smpt  by t he  footropa). 
that ignorance of the paltie of q w u l d  iatmdyce a b ias  in to  the  t o t a l  biomass eatimate 
higher than that allolrwd for i u  the m l e  depimm 

In t h i s  case, it mt be recognised 

An attempt oan be made, h i l e  fishing, 
W i t a t i n  a = W i o  "eying 9r by ueing underwater te levis ion oameraa, eto.# 
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t o  gauge the r e a l  density of f i s h  present i n  front o f  the trawl immediately before the a v o i l  
dance and herding phenomena occur. 
horizontal extensions, frequently operated by pair trawlers, is now becoming widespread. 
Since t h e i r  efficiency coefficient should be close t o  1, we may ask whether t h e i r  useq with- 
out sweeplines, for  f i she r i e s  surveys wi l l  not reduce the problems raised by trawl standardizac 
tion. 
the probable value of the catchabi l i ty  coefficient f o r  a given gear and species. 

The use of new trawl types with very large v e r t i c a l  and 

In any case, the collaboration of a f ishing gear spec ia l i s t  should help t o  determine 

Cine may note that  acoustic surveys ra i se  the same theoret ical  problems of standaräiza- 
t ion,  i f  not the same technical ones, as those J i s t e d  f o r  trawl surveys; p may mention the 
problem of avoidance of shoal areas within a giyen volume of surface water. Surveyed ques- 
t i ons  of cal ibrat ion of equipment according t o  the specie8 studied and the establishment of 
recording thresholds t o  eliminate superfluous ephoes (plankton, species not included in t he  
survey, e.g., demereal f i s h ,  bottom, etc.), 

3.2 Util izat ion of AbsolutCu Biomass Estimates 

The simplest instance Os when we have on ly  B single measurement. The approximation 
equation of Gulland (1971) is: 

0 

This affords an estimate of the order o f  magnitaude o f  m a x i m u m  catch potent ia l  of an unexploi- 
t e d  stock. 
cation of production t ab le s  (Beverton and Holt, h966), if  we have an idea of the value of 
parameters M/K and ldLm f o r  the species considd,red. If it has been possible t o  e s t ab l i sh  
the age dis t r ibut ion of the surveyed biomass, the' value of W i n  the above equation can be 
deduced by comparison o f  the numbers of the different age classes captured at the same time 
(catch curve). 
1959) or M and maximum age (Tanaka, 1960; Pauly, 1978), o r  by analogy with these values 
known f o r  re la ted species. 
1977) suggests that  i n  the absence of other data, 
We then ge t s  

The value of coefficient X i s  taken\as equal t o  0.5, o r  i s  established by appli- 

Otherwise we sha l l  choose an M value by comparing M and K (Beverton and Holt, 

be replaced by ZB i n  the above equation. 
In the case of an aqready exploited stock, Cadima (2 Troadec, 

= x ZË m X(F+M)S = x(fim-) = x(Y*-) 

It i s  interesting t o  compare t h i s  conclusion with that reached by Allen (1971) i n  his 
analysis o f  the r e l a t ion  b e t d e n  biological production ( t o t a l  catch weight and natural 
deaths) and bionass, according t o  the growth and mortali ty models currently 'used t o  represent 
cohort development. 

2 and the inverse of the  average age o r  l i f e  expectancy of a cohort, regardless of the growth 
model applied, except f o r  t he  exponential model with instantaneous rate constant (wt = w e&). 

He shows tha t  i f  mortality i s  exponential, the  I: r a t i o  i s  equal t o  both 
B 

O 
If we assuma tha t ,  as i s  often observed i n  practice,  at close t o  the point of maximum equili- 
brium production F approaches M, the milximum ca-tch potent ia l  w i l l  indeed represent approxi- 
mately half of  the biologioal production. Themfore we have: - - - - - 0.5 ZB 2 

which is the m e  equation M tha t  proposed by cadima. 

In the case of multi-species f i she r i e s  (trppical trawl f isher ies ,  i n  particular), com- 
parison of the global potent ia l ,  as deduced frop assessment surveys of  the specif ic  t o t a l  
biomass, and that obtained from the maximum sustained y i e ld  calculated by application of a 
production m o d e l  t o  the f ishery s t a t i s t i c s  of tbe f l e e t  exploit ing the same multi-species 
resource, can lead t o  in t e re s t ing  obsemt ions .  
second method is lowr tban that reached using -the first; often,  i n  f a c t ,  much lower (FAO, 
1979; Domain, 197g0 W a d e c a n d k r c i a ,  eds., 9979). This r e l a t ive  underexploitation of 
the resource is generally due t o  the  f a c t  that $@hing e f f o r t  is concentrated on target 
species and hence on privileged time and apace ,&rata (Pope, t h i s  publication). 

Generally, t he  estimate obtained by the 



The comparison between the species " p o s i t i o n  of the biomasses and catches erhould indi- 
cate toward which species e f f o r t  should be t a r p t e d .  

The estimation of the potent ia l  y ie ld  and q f  the exploitation rate it w i l l  give r i s e  to ,  
w i l l  be only approximate i n  any case. Such copplusions w i l l  have t o  be refined as exploita- 
t i o n  develops, by the  analysis of  f ishery s ta t$pt ics  and biological data and, eventually, by 
repeating the surveys. 
ponding t o  different  exploitation rates. 

Ws can w e  Sohaefer'e or ig ina l  equation (1954): 

In the  lat ter case WB ß@l1 obtain a se r i e s  of B estimates morres- 

Thesa 3  lues and the  respective catches pan be applied dlmotly in  a global model. 

ye - AB = K Ëe ( B ~  - Be) 

AB = m e a n  ro la t ive  rate of relative inorease 
Ye = annual catoh in  equilibrium s i tua t ion  
B - m e a n  annual biomsas i n  equilibrium s i tua t ion  

Ba = 
e 

mean a.nnual biomass of virgin stÒ,c@ 

\ 
K - a wef f i c i en t  i 

Thi8 equation pennlte calculation o f  (Bee ¿,a&=, 1977 o r  Caddy, this publica--m)r ,. 
I Bap 

, FUEU - I K BCa O 1' 
2 - 4 

This m y  of using the niode1 w i l l  amid biases i n  the  cpue and e f fo r t  moulting f r o m  

KWwledge  o f  t h e  abeoltrte biomass aAso Callowa direct evaluation of F and oonaequezrbly 

variationa o f  tho ca tahabi l i ty  -efficient q wS)h t im  o r  exploi ta t ion l e w l .  

__- - 
q. Rw this ?m &all um t he  equationer 

Y - = F.= qf 
55 

1 
Q 

end B - - cpue 

If #) have a ser ios  of annual absolute bigmasa e a t b t o s  and the reapeotive oatoh or 
"inal effort &atistics, ne w i l l  be able t o  utudy the  form of the  F - g ( f )  relation 
(bthrschilb, a. o&.) tancl e n n t u a l l y  t o  rsplaec, the q wonatant by the  appropriate g (f) 
ibnctlon. 

t W " l y ,  the  biomc"es obreexved am not In equilibrium. mereforo, in  applying global 
~podglfs  we^ FJWA hava Igcowae t o  eqedien-ks t o  reimulato W q u i l i b r i u m  condi%iom. 
if wa kpow t he  a m  b i o m e  3 f o r  eaoh yeas and tho reepeotlw~ Ti t o t a l  catches, wb 01vl 
m e  SabaaffprrB (195Tapproxinrcrtion tbrt biomola@ Bi at tho  hart of year i is equal t o  tho 
arithml3tlcal maat 

Por oxmple, 

3i-I + 3, 
2 

similaru, at tbs &art o f  yaw i + 1 M wil l  &ver 

! 
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The equation o f  the r e l a t ive  mean natural gpwth  ra te  w i l l  then be: 

and the relative natural growth ra te  w i l l  be g i v ~ n  by the function (see Cadima, 1977): 

3.3 &P l i ca t ion  of Relative Biomass Estimates 

In  order t o  use t h i s  type of estimate, it i s  essent ia l  t o  have a se r i e s  of annual values 
corresponding t o  different exploitation levels. .'Baamuch as the  problem- standardizatior, 
of measurements will have been solved, we shall obtain abundance indices (s) which w i l l  
evolve pa ra l l e l  to the biomasses, i n  other wordst 

'. 
Thus we avoid the biases inherent in  the q Vcoefficient" i n  the measurement of e f fo r t  

and catch per uni t  e f for t  of commercial fleets. ',ve can then calculate,  independently of f, 

an index of f ishing mortali ty (IF) =- which can \be used as a measure of f ishing e f f o r t  i n  
Y \ 

IË 1 

global nodels. This proceduse eliminates the ri& of autocorrelation between f and y/f i n  
the adjustment o f  a global model $0 catch apd effor t  s t a t i s t i c s  (Ricker, 1975; Sissenwine, 
7978). 

3.4 Data on Stock Distribution 
, t 

It is useful to  r eca l l  bere t h a t  a good kno1vledge of the iden t i ty  and dis t r ibut ion of 
stocks i s  necessary t o  the planning and interpre-l;ation o f  assessments. 
serves first of al l  as a basis  f o r  determining the apportionment of raw data t o  stocks which 
can be considered unitaryo and also suggests improvements which should be introduced in to  
the matrix o f  data collection. * Commercial catch sampling i s  an invaluable source of data 
of t h i s  type. However, insofar as commercial operations do not cover these stocks adequately 
i n  space and time, recourse to surveys will be tbe only way of acquiring the missing informa- 
tion. After t h a t ,  these data wil l  be essent ia l  for the interpretat ion o f  evaluations. 
the evolution, during a f i she ry ' s  history,  o f  the geographic dis t r ibut ion of f ishing opera- 
t i ons  in re l a t ion  t o  that assumed f o r  the stock, wil l  make i t  possible t o  foresee. changes 
of  the F vector and therefore eventual r e su l t s  l i ke ly  i n  tne application o f  a global model. 

Such information 

Thus 

Regarding f i she r i e s  management, the redefinit ion of t e r r i t o r i a l  r ights  t o  resource 
exploitation, which consti tutes one of the fundamentals o f  the new regime of the l a w  o f  t he  
seao considerably increases the importance of data on the ident i ty ,  dis t r ibut ion and nigra- 
t i ons  of stocks, including t h e i r  ra te  o f  mixing between adjacent exclusive economic zones. 
In fact ,  it can be expected that  schemes f o r  allocation o f  the t o t a l  allowable annual catch 
between the countries concerned w i l l  no longer be based on past performances of ,nat ional  
f l e e t s ,  but on the  dis t r ibut ion,  within areas under respective national jurisdictions,  of 
stocks and t h e i r  main l i f e  h i s to ry  stages (spawning stock, juveniles, adults,  etc.). 
s t a t i s t i c s  (catch per unit e f f o r t )  are one pource of data of t h i s  type. 
surveys can provide the desired coverage and data, which can be compared with greater pre- 
cis ion (FAD, 1979a). 

Fishely 
But here,too, 
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4. colJcLusIoiJs 

Bpencüng on .the technique employed) iesource surveys lead primarily t o  estimates of 
, e i the r  absolute o r  re la t ive  biomass. In  principle,  the first type is  superior since it 

afr'ords an i n i t i a l  estimate of  maxiintun catch potential. 

years corresponding to  diff'ei-ent leve ls  Òf expioitation, since the e f fec t  of f i sh ing  on 
stock an6 i t s  production cari then be arialyseci precisely, In tha t  case the  superior i ty  of 
absolute over re la t ive  biomass surveys i s  consifierably l e s s  , since both resul t  i n  equally 
compara'crie abundance e s t i m t e s .  This involve$' correct planning of. the dis t r ibut ion of the 
sampling effor t  i n  space and time, uo 'as to  maintain Fiases caused by var ia t ions o f  supply 
and access ib i l i ty  within acceptable levels ,  aqd maintain ful l  standardization of  sampling 
Gear an6 procedures so as t o  keep tile catchzbi l i ty  and se l ec t iv i ty  factors  constant. It i s  
also important t h a t  the  objectives (litocks, type o f  survey) should be defined clear ly ,  and 
t h i s  i n i t i a l  choice maifibineù tiiroiqhout the period planned fo r  the programme. One o f  the 
cxìses o f  failu1.e frequently observed i n  survey programmes l i e s  i n  confusion and change i n  
objectives,  so tha t  very fiaon .Lhe vdriations observed i n  y ie lds  ca i  no longer be atti-ibuted 
t o  specii'ic paraine%ers (airiual variations c Î  biomass , seasonal o r  dai ly  variations or" supply, 
aiÎi'erences i n  efîiciericy oi '  f i sh ing  gear, changes i n  nesii s i z e ,  e tc . ) ,  amongst a l l  those 
factors  which ciui in.X.ucnce yields.  

The value of biomass surveys increases considerably when we have se r i e s  covering several . '  

' - .  . 

- . 
Tnese problems or s t h L i i e U ~ ~ ; i i , . C i L t i ~ l ' l  sampiiqg gear f o r  su&veys .'And bhe Aduction o Î  biases 

pro:luced by 4ii"ferential chaii~+eS I n  the distri$ution of sarnpling e f for t  and otock, a re  not 
basical ly  diffeiwit  Cran tlioso L ?u t  ' a r ise  duriqg collection and interpretat ion o f  coinmercial 
fishin;:; e Cf31-t r~easureineii*~s Tor f ishihg mortakiky estimation. 

pi-ïnciple, control the different  pararncters iq.tervening between stock biomass and catch i n  
each sampling iistervbl; even tilougli 'at the price. of a substant ia l  decrease i n  the in tens i ty  
t) f ob se m a t  ions. 

. ,  
The superiority of surveys 

l i e s  i n  the fact  ti1a.t they rïake it possible fiorh the outset  t o  measure separately, and i n  . .  

Therefore surveys provide a methud of moni$oring that  a l l o w s  us t o  follow tiie evolution 
However, surveys are not an 

As m s  s h o w  i n  sections 3.2 axi 5.3, i n  order t o  analyse tile e f f ec t s  of fish- 
of s t o w  bio:nass accurately on the  bas i s  of  f ishe-g s t a t i s t i c s .  
a l temat ive .  
ing 027 ;.tocXs it is  not enough t o  Ïo l low the var ia t ion o f  t h e i r  biomass. 
t o  l i nk  these variations t o  a% leas t  a i e  fishery parameter ( t o t a l  nominal catch or  e f for t ) .  
Therefwe the or,@,nization 02 r e g d a r  survey programines cannot be a prete:ì i n  any case f o r  
rehciix the e f for t  devoted 'to strengthening w t a t  i s t i c s  col lect ion programmes. 
clusion i s  reinforced by another consideratios. 
i n  tiie Cormlation o:' plans f o r  ratioiiai e.xploitation o.? resources. 
iiîvolves the poss ib i l i ty  of transposing the cqnclusions o f  such assessment i n  terms o f  
eqAoit&i.on leve ls  ( l imitat ion o f  catcii capabili ty,  f ishing s f f o r t  or catches). This 
t rd ì l sps i t i on ,  i.e., estirrntion of the probable impact of ex is t ing  methods o Î  capture, can 
o!iAy be I:B& by :neans o.? f i shery  s t a t i s t i c s .  

iJe must be able 

This con- 
Sock  qtssessnent i s  only the first stage 

Their implementation 

Y i o r e h r e  the dzta piwvideà by surveys supplement those t r ad i t i ona l ly  forming the basis 
; J ?  L. i,>.'%: assessxent atet30ds. 
i:ltt: ryirtatioii  of survey resul ts .  
dc;:i;_nu.l, applie.' and t h b i r  resiilt s interpreted i n  close collaboration with the recear& 
texri:- respmsible  f o r  evaluation. 

I.loreover eva.luation inodels are essent ia l  t o  the complete 
Therefore resource survey prograrmes should be decided, 

t 
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