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Resumen 

O O 
La'plataforma c o n t i n e n t a l  d e l  o e s t e  de  Afr ica '  e n t r e  l o s  11 N y 24 N repre-  

s en ta  un ã r e a  de pesca muy rica re lac ionada  a a f loramiento  c o s t e r o ,  
á r e a  s e  presentan  dos poblaciones d e  s a rd inas  (Sardinella aurita y Sardinella 
madeerensis) , cuyos a d u l t o s  migran l a rgas  d i s  t a n c i a s  dent ro  d e l  ã r ea  d e s c r i t a .  
L a  explo tac ión  es intensi .va y var iada ,  pero debido a l o  poco adecuado de  las  
e s t a d í s t i c a s  de c a p t u r a  no es pos ib l e  e s t a b l e c e r  modelos de producción pa ra  
toda l a  población de  cada e spec ie .  

E n  esta 

Dos á r e a s  p r i n c i p a l e s  de  cria rec iben  importantes  sub-stocks d e  individuos 
jóvenes,  l o s  que permanecen en dichas áreas h a s t a  su  primer desove. Una de l a s  
á reas  de c r í a ,  l o c a l i z a d a  en  l a  " P e t i t e  Côte" de  Senegal,  e s  explotada in tensa-  
mente, disponiéndose d e  ser ies  de da tos  d e  captura  y e s fue rzo  de  pesca (de l a  
pesquería  semi- indus t r ia l  y a r t e s a n a l ) .  

Se  d i scu ten  dos h i p ó t e s i s  p r inc ipa le s ,  una re lac ionada  a l a  ' e s t ab i l i dad  de 
l a  t a s a  det.>xplotaciÓn f u e r a  de  "Pe t i t e  Côte" y l a  o t r a ,  que se r e l ac iona  a p a r t e  
d e l  reclutamiento.  Bajo estas dos h i p ó t e s i s ,  cada sub-stock correspondiente  
puede s e r  considerado separadamente. Los da tos  co lec tados  sug ie ren  que l o s  ren- 
dimientos de l a  pesca e s t á n  relacionados con e l  es fuerzo  d e  pesca l o c a l ,  y con 
l a  in tens idad  de l  v i e n t o  responsable  d e l  a f loramiento  c o s t e r o .  
d e l  e f e c t o  de l  a f loramiento  sobre  l o s  rendimientos  s e  conoce todavía  en forma 
incompleta: 
probable que haya un aumento de l a  d i spon ib i l i dad  de sa rd inas  asociadas a l  aumento 
de l a  product ividad.  

La i n t e r p r e t a c i ó n  

hay probablemente una ad ic ión  a l a  f e r t i l i z a c i ó n  d e l  ambiente, y e s  

Se han e s t a b l e c i d o  d i f e r e n t e s  modelos d e  producción en  base  a a n á l i s i s  de 
regres ión  l i n e a r  múl t ip l e ,  incluyendo rendimiento de l a  pesca,  es fuerzo  e inten-  
s idad de v i en tos ,  t a l e s  como: 

c .p .u .e .  = a exp ( a / f )  + b? + E 

Donde c.p.u.e.  es l a  captura  por unidad d e  es fuerzo  pa ra  e l  año ( n ) ,  f es  e l  
esfuerzo de pesca durante  e l  mismo año, V e s  l a  in tens idad  promedio d e  l o s  v i en tos  
durante  l o s  años (n) y (n-1), a, b y c son cons t an te s ,  y F: es e l  res iduo.  Las hipÓ- 
t e s i s  pre l iminares  son Confirmadas ind i rec tamente  y s e  d i s c u t e n  lo s  r e su l t ados  
obtenidos.  

Bajo l a s  condiciones presentes  de explo tac ión ,  e l  máximo rendimiento sos t en ib l e  
de Sardinclla spp en l a  " P e t i t e  CÕte" debe f l u c t u a r  e n t r e  56 O00 y 90 O00 toneladas 
métr icas  por año. y se teme 
que una disminución de l a  i n t ens idad  d e l  a f loramiento  (por  ejemplo causada por l a  
velocidad d e l  v i e n t o ) ,  y10 un aumento de l  es fuerzo  d e  pesca pueda a f e c t a r  ser iamente 
lo s  s tocks .  

La  a c t u a l  t a s a  de explo tac ión  e s t a  próxima a s u  gptimo 

Sin  embargo. l o s  da tos  a c t u a l e s  no permiten una eva luac ión  p rec i sa  de l a  produc- 
c ión  para condiciones extremas de  in tens idad  de  v i en to  y e s fue rzo  de pesca mayores 
que l o s  es fuerzos  de pesca en las á reas  c o s t e r a s ,  a t r avés  de va r ios  métodos: 

- l a  ex tens ión  d e  las áreas de pesca que est2 actualmente l imi tada  por e l  
t i p o  d e  embarcaciGn l a  l oca l i zac ign  de  l o s  luga res  de  desembarque, 

- mantenimiento de un t i p o  de explo tac ión  f l e x i b l e  con l a  f i n a l i d a d  de 
poderlos  a j u s t a r  rapidamente a las  f luc tuac iones  de producci& que pueden 
e s t a r  re lac ionados  a l a  in tens idad  de los  v i en tos ,  en r e l a c i ó n  a este 
Último punto,  l a  dual idad de l a  pesquer?a,  a r t e s a n a l  y semi- industr ia l ,  
t i e n e  gran intere's. 
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INTRODUCTION 

The West African continental s h e l f ,  extended from llON t o  240N, represents a rich 
fishing ground re la ted t o  coastal upwelling. 
aurita and Sardinella maderensis) are  present,  the  adults of which migrate over long 
distances within the mentioned area.  Exploitation is intensive and varied,  b u t  due t o  
the inadequacy of f ishing s t a t i s t i c s  i t  i s  not possible t o  es tab l i sh  production models 
for the en t i r e  population of each species .  

Two principal nurseries receive important "sub-stocks" of  young fish which remain 
present unt i l  t h e i r  f i r s t  spawning. 
of Senegal , i s  intensively exploited and s t a t i s t i c a l  catches and f i sh ing  e f f o r t  se r ies  
are  available.  

Two populations of sardines (Sardinella 

. 

One of the nurser ies ,  located on the "Pe t i te  Côte" 

The study of t h i s  nursery i s  the object o f  t h i s  paper. 

SARDINE STOCKS AND SENEGALESE FISHERIES 

The biology of the two sardine species has been studied by various authors.  These 
references a re  avai lable  i n  Boely's synthesis (1980). 
single stock which can be subdivided i n  three ' 'sub-stocksn: 
are  observed, one in Mauritania and the other i n  Senegal on the Pe t i t e  Côte (Figure 1 ) .  
There young f ishes  remain present unt i l  t h e i r  f i r s t  spawning and then enter  i n  the common 
sub-stock of migratory adults which moves over the continental shelf  between ll0N and 
2 4 O N .  
the thermal f ront  (Boely e t  a l .  , 1978). So, adul t  f ishes  are  avai lable  in Senegal only 
during 5 or 6 months per E a r ,  and mainly fo r  long range f i sh ing  boats. 

1 )  b u t  here the young f i sh  migrations a re  preDonderant ins ide  each nursery and  generate 
local variations i n  ava i l ab i l i t y .  
sub-stock has a low numerical importance, a t  l e a s t  i n  Senegal, and i t  seems t h a t  
exchanges between the two nurser ies ,  i f  ex is t ing ,  are  in s i an i f i can t .  

The f i r s t  one is  made u p  of a 25 m overall  mean length,  purse-seines f l e e t ,  already 
descri bed i n  detai  1 (Champagnat, 1966 ; Boely and Chabanne, 1975), for  which the number of uni ts  
has fluctuated between 10 and 20 d u r i n g  the l a s t  15 years .  The seccrnd one i s  characterized 
by the use of wooden canoes. 
nets , small purse-sei nes and beach-sei nes (Freon e t  a l  . , 1979) . The Senegal ese  f i  shery 
i s  exclusively a coastal ac t iv i ty .  
f ishes are  captured (Figure 2 ) .  

Sardinella aurita cons t i tu te  a 
two important nurseries 

These migrations occur over grounds seneral ly  deeper than 25 m in re la t ion  w i t h  

Sardinella maderensis nurseri es local i t i  es a re  simi 1 a r  t o  Sardinella aurita (Figure 

Opposed t o  the case of Sardinella curita, the  adult  

Senegalese f i she r i e s  are  subdivided i n  two types: semi-industrial  and a r t i s ana l .  

T h i s  type i s  more d ivers i f ied  as i t  uses su r round ing  g i l l -  

I t  i s  d e v e l o p z  Õf¡ P e t i t e  Côte where mainly young 

BASIC HYPOTHESIS 

For Sardinella aurita the recruitment of young f i shes  i n  Senegal has two or ig ins .  
F i r s t  the main spawning of adul ts  d u r i n g  the period of May and June on Pe t i t e  Côte, and 
on the other hand, the secondary spawning of the young f i shes  themselves a t  the same 
1 oca1 i ty  dur i  ng October and November before they 1 eave the i  r nursery ( Conand , 1977) . 
Although the  r e l a t ive  importance of each spawning season has been calculated i n  terms of 
larval density,  importance i n  terms of recruitment is s t i l l  ignored due t o  the differences 
i n  larval and f ry  mortali ty between the two cohorts. 

(adult  sub-stock or Mauri tanian nursery) could have consequences on i t s  abundance only 
through a stock-recrui tment re la t ionship ,  namely the r e l a t ion  between adul t  sub-stock and 
the Pe t i te  Côte recruitment. 
i s  important from a theoret ical  point of view i n  order  t o  forecas t  Pe t i t e  Côte sub-stock 
reactions under s t rong  abundance f luc tua t ions  of adu7 t s  sub-stock. 

Anyway, i t  i s  c l ea r  t ha t  the  exploi ta t ion of SmdinaZZa aurita outside Pe t i t e  Côte 

The type of re la t ionship  i s  unknown and i t s  precise knowledge 
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*..: :: .. . .. : Nurseries - Migration of adul t  sub-stock 
/ / / / /  Nurseries I f / / /  Observed dis t r ibut ion of 

SardineZZa aurita and SardineZZa maderensis d i s t r i b u t i o n  
(mai = May; j u i n  = June; j u i l l e t  = July; aout = A u g u s t ) ,  
from Boely -- e t  a l .  (1978). 

adul t  sub-stock 

F ig .  1. 
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Harris '  analysis (1975) has shown 
tha t  both density-dependent and stock- 
dependent processes are  needed. t o  
es tabl ish the  basically'dome-shaped 
curve , w h i  ch appears t o  be characteri  s t i  C 

- 

of the stock-recrui tment re1 a t i  onshi p 
w i t h i n  the  f i shes .  Now, i n  the case 
of adult  SardineZZa aurita, i t  . 
immigrates and does n o t  s tay  on the 
spawning grounds y which cou1 d 1 imi t 
the stock-dependent mechanism mainly 
based on cannibal ism. In pract ice ,  
w i t h  any f igure retained,  i t  can be 
considered tha t  the adul t  sub-stock 
abundance varies around a mean leve l .  
However, the var i  abi 1 i t y  of recrui tment 
i n  the Pe t i t e  Cote sub-stock related 
t o  t h i s  former sub-stock i s  not 
important, comparatively t o  var iab i l i ty  
due t o  other  factors  , par t i  cul a r ly  
envi ronmental ones. Indeed, abundance 
f luctuat ions i n  the  adul t  sub-stock 
has been estimated through one index, 
i .e. , catches per u n i t  of e f f o r t  
( C P U E ) ,  of f i sh  larger  than 25 cm 
(Freon e t  al  . , 1979). During the 
observeTpFiod,  annual variations 
were of one order of magnitude, 
except fo r  1975 where the index 
was strongly under-estimated on 
account of the target-species change. 
Curves obtained from other  pel agi c ' 

species (Cushing, 1978) show important 
vari a t i  ons i n  recruitment only from 
three t o  fou r  orders of magnitude 
i n  stock abundance var ia t ions , over 
a c r i t i c a l  level of stock s i ze .  

So, we have retained as a basic 
hypothesis t ha t  d u r i n g  the period 
studied, f i s h i n g  outside Pe t i t e  Cote 
d i d  n o t  have any impact on thg  
abundance inside the Pe t i t e  Cote - 
nursery (Freon -- e t  a l .  , 1979). 

For SardineZZa maderensis the 
s i tua t ion  i s  much more simple s ince 
recruitment on Pe t i t e  Cote .seems t o  be 
from spawni ngs by young f i s h  only. 
In f a c t  the l a t t e r  leave the nursery 
from 24 cm of fork-length (probably 
1.5 years old)  and adul ts  are  found 
i n  abundance only i n  Mauritania and 
nor th  of Senegal. 
Pe t i t e  Cote i s  probably n o t  re la ted 
t o  t h e i r  spawning. 

Under t h i s  hypothesis i t  can be 
considered tha t  CPUE i n  Pe t i t e  Côte 
nursery depends essent ia l ly  on local 
f ishing e f f o r t  and eventually on 
envi ronmental conditions i nfl uenci ng 
on recruitment y young f i  shes growth 
and/or mortal i t y  . 

. 

So recruitment on 
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Table 1 : SardineZZa auri ta;  catches (metric tons)  , f i s h i n g  e f f o r t  (10 hours' f ishing 
of a standard semi-industrial purse-seiner),  and catch per u n i s  of e f f o r t  
(c.p.u.e.)  of fisheries i n  t h e  Peti te Côte. 
the t r ade  wind  season of  years n and n-1 (m/s). 

Mean w i n d  speed ( V )  during 

Years Indust. Indust. Indust. Artis. P.rtis. Total Total Total Wind 
Catches CP.U.€ Effor ts  Catches Effor ts  Catches Effor ts  CP.U.E Speed 

(EV-n%\Jn-i) 

1966 4 250 
1967 4 240 
1968 7 060 
1969 9 700 
1970 8 390 
1971 9 440 
1972 17 250 
1973 17 590 
1974 17 790 
1975 12 430 
1976 14 800 
1977 13 150 
1978 12 660 
1979 13 600 
1980 14 860 

13,54 
11,62 
12,70 

9,86 
7,56 

1 O ,68 
16,32 
11.38 

9,78 
7,22 
8,06 
8,61 
9,15 
6,68 
7 ,O1 

314 3 970* 
365 3 580* 
556 4 110" 
984 3 360* 

1 110 2 710* 
884 4 037* 

1 057 6 500 
1 546 11 880" 
1 819 16 530" 
1 722 16 900* 
1 836 24 050* 
1 527 31 280 
1 384 32 280 
2 035 26 340 
2 120 28 620 

293* 
308* 
324* 
341 * 
359* 
378" 
398 

1 044* 
1 690* 
2 337* 
2 984* 
3 630 
3 356 
4 577 
3 837 

8 220 
7 820 

11 180 
13 060 
11 100 
13 480 
23 750 
29 470 
34 320 
29 330 
38 850 
44 430 
44 940 
39 940 
43 480 

607 
673 
880 

1 325 
1 469 
1 262 
1 455 
2 599 
3 509 
4 059 
4 820 
5 157 
4 740 
6 612 
5 957 

13.54 4,93 
11,62 4,74 
12,70 4,53 

9,86 4.40 
7,56 4,32 

10.68 4,70 
16,32 5.63 
11,38 5,53 
9,78 5.76 
7,22 5,66 
8,06 5,79 
8,61 5,72 
9.48 5,21 
6,04 4,68 
7,29 4,98 

* P a r t i a l l y  estimated data 

Table 2: SnrdineZZa s p p . ;  catches (metric t ons ) ,  f i sh ing  e f f o r t  (10 hours' f i sh ing  
of a standard semi-industrial purse-seiner), and catch per u n i t  of e f f o r t  
(c.p.u.e.)  of fisheries i n  the Peti te Côte. 

Years ' Indust .  Indust. Indust. Artis. Artis. Total Total Total 
Catches CP.U.E Efforts  Catches Ef fo r t s  Catches Effor ts  CP.U.€ 

1966 6 450 20,3 318 22 840" 1 125* 29 290 1 443 20,3 
1967 5 410 17,7 306 20 960* 1 184* 26 370 1 490 17,7 
1968 8 860 15,8 561 19 690* 1 246* 28 550 1 808 15,8 
1969 14 480 14,3 1 O12 18 760* 1 312* 33 240 2 324 14,3 
1970 12 640 11,3 1 117 15 610* 1 381" 28 250 2 498 11,3 
1971 11 480 13,2 870 19 190* 1 454* 30 670 2 324 13,2 
1972 21 720 20,9 1 039 32 O00 1 531 53 720 2 570 20,9 
1973 26 200 16,3 1 608 33 740" 2 070* 59 940 3 678 16,3 
1974 27 770 15,9 1 747 41 480* 2 609* 69 250 4 356 15,9 
1975 21 930 12,5 1 754 39 360* 3 149* 61 290 4 903 12,5 
1976 26 730 14,7 1 818 54 210* 3 688* 80 940 5 506 14.7 
1977 22 400 14,8 1 513 55 200 4 227 77 600 5 740 13,5 
1978 17 970 12,7 1 415 58 430 3 767 76 400 5 182 14.7 
1979 22 310 10,7 2 085 47 160 4 415 69 470 6 500 10,7 
1980 23 800 11,7 2 034 46 440 4 319 70 240 6 353 11 ,l 

P a r t i a l l y  estimated data' 
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AVAILBBLE DATA 

Detailed data on semi-industrial f i she r i e s  have been avai lable  since the beginning 
of exploi ta t ion (1961), b u t  catches per un i t  of e f f o r t  have been representative of 
abundance only since 1966. 
Chabanne, 1975). Fishing time ( to t a l  time outside of po r t  minus t rave l l ing  time) was 
used as u n i t  of e f fo r t  (Freon, 1980). Considering the small s i z e  of the f ishing area 
and the s t a b i l i t y  of the exploi ta t ion scheme, s t r a t i f i c a t i o n  by zone was n o t  used. 
return,  unweighted mean of monthly CPUE was computed t o  ge t  an annual index of abundance. 

f i r s t  observations were done i n  1972, then i n t e r r p t e d  from 1973 t o  1976 and a g a i n  have 
been avai lable  s ince 1977.  
semi-industrial CPUE f luctuat ions are  representative of the a r t i sana l  ones. 
hypothesis i s  based on s imi la r i ty  of f i s h  length composition of the catches i n  bo th  
f i she r i e s .  

The previous period i s  considered as experimental (Boely and 

In 

Artisanal f i sher ies  data is much more incomplete f o r  t h i s  very old a c t i v i t y .  

This 

The 

Estimations were obtained under the hypothesis supposing t h a t  

This is  confirmed by the analysis  of the ava i lab le  data d u r i n g  the l a s t  years .  

However, when real ized fo r  Sardinella maderensis the  estimations lead t o  a global 
data tab le  where the propor t ion  of estimated catches and e f fo r t s  i s  very high, special ly  
before 1972 due t o  the predominance of qi 11  -nets over a r t i s ana l  purse-sei ne. 
species i s  n o t  as sough t  a f t e r  as Sardinella auritn by semi-industrial  purse-seiners and 
consequently the derived abundance index can be biased by target-species changes. 
t h i s  reason only two data se t s  were considered: one concerning Sardinella aurita and the 
other regrouping the two species o f  Sardinella and named now: Sardinella s p p .  (Tables 1 
and 2 ) .  The 1 a t t e r  presents the advantage of minimizing target-speci es chanoe w i t h o u t  
d i f fer ing t o o  much from the basic hyoothesis re la t ive  t o  production models because the 
two species have the same biotope. 

Moreover, t h i s  

For 

Anyway, usual reserves must be done about the representat ivi ty  of CPUE as  abundance, 
index, spec ia l ly  on an eventual change of the catchabili  t y  coef f ic ien t  re la ted t o  abundance 
(Ulltang, 1976; Freon, 1980; Savi l le ,  1580).  

MODELLING SARDINE PRODUCTIOY 

Apparent re la t ions  between CPUE, f i sh ing  e f f o r t ,  and wind  in tens i ty  - 

show a negative correlat ion between CPUE and f ishing e f f o r t ,  b u t  the adjustment i s  very 
poor when applied t o  the whole period. 
separated by January I s t ,  two decreasing l i nes  (or curves) of regression c lear ly  appear 
(Figures 3 and 4 ) .  
changed i n  1972. 

The f igure  obtained from the 1966-1980 data for  Sardinella amita and Sardine7.Za s p p .  

In re turn,  when d a t a  is  subdivided i n  two periods, 

T h i s  suggests the influence of a second f ac to r  on CPUE which strongly 

Both sardine species belong t o  the f i r s t  level of  the  t rophic  web because they e a t  
phytoplankton d u r i n g  their f i r s t  s tages  of  l i f e  and afterwards they will  consume zoo- 
plankton. On Pe t i t e  Cote, eutrophication i s  assumed by a coastal  upwelling (Rossignol, 
1973) which is  probably responsible f o r  the  var ia t ions i n  primary production as shown 
by various authors,  of whom Sedykh e t  a l .  (1978) i n  Mauritania. A time plot  d u r i n g  the 
t rade winds  season (November t o  Mayrshows low values of mean wind in tens i ty  (expressed 
i n  speed) from 1966 t o  1971 and h i g h  values thereaf te r ,  w i t h  an exception i n  1979 
(Figure 5 ) .  

lag (r=8.57) i t  i s  d i f f i c u l t  t o  know i f  the  abundance i n  one year  i s  re lated only t o  
wind  speed d u r i n g  the same year or a l so  d u r i n g  the previous year .  
be supposed because most of the f i s h  caught are  between 1 and 1.5 years old.  We wi l l  
see tha t  s t a t i s t i c a l  analysis  i s  of l i t t l e  u t i l i t y  f a r  solving this problem w i t h  the  
avai 1 ab1 e data .  

On account o f  an autocorrelation observed i n  the seasonal w i n d  speed w i t h  one year 

The l a t t e r  case can 
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Fig .  3. SardineZZa aurita; apparent re la t ionship between f ishing e f fo r t  
and catches per u n i t  of e f f o r t  (c .p .u .e . )  i n  the Pe t i te  Cote 
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F i g .  4 .  SardineZZa s p p . ;  apparent re la t ionship between f ishing e f f o r t  
and catches per u n i t  of e f f o r t  (c .p .u .e . )  i n  the Pe t i t e  Cote 
from 1966 t o  1980. 
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Fig. 5 .  Time plot of t rade w i n d  intensi ty  (from November of  year n-1 
t o  May of year n )  from 1966 t o  1980. 

Model 1 i ng 

Let us suppose tha t  mean CPUE observed during one year  would be dependant, f i r s t ,  
on fishing e f f o r t  d u r i n g  the same year ,  second on mean wind  in tens i ty  d u r i n g  the trade 
w i n d  season of the same year and of the previous one. 
between the three variables were t r i e d ,  based on d i f fe ren t  hypothesis about the possible 
relationship between each variable. 

i t  supposes tha t  over a cer ta in  l imi t  of e f f o r t ,  the CPUE can reach zero, which i s  in 
contradiction w i t h  our hypothesis f o r  SardineZZa aurita which s t a t e s  t h a t  par t  of  the 
recruitment i s  independant of the exploi ta t ion on Pe t i t e  Côte. 
t o o  pessimistic and we have retained the negative exponential model (Fox,  1970) , where 
the increase of e f f o r t  assures a more progressive decline i n  y ie lds .  
1 i near re1 a t i  on (discussed 1 a t e r )  between wind i ntensi t y  and yi el d , we combi ned the 
fol lowing equations : 

Various mult iple-regressions 

The l i nea r  re la t ion  between CPUE and e f fo r t  (Schaefer, 1957) was n o t  used because 

So,  t h i s  model seems 

Suppos ing  a 

log CPUE = - a l  f + bl t r l  (1 1 
CPUE = a2 ii t b2 t r2 ( 2 )  

where CPUE is  the catch per u n i t  of e f f o r t  during the y e a r  n ;  f is the f ishing e f f o r t  
d u r i n g  the same year;  V is  the mean speed of t rade winds (various combinations between 
season of year n and n-1 were used); a ,  b ,  c are  parameters obtained by adjustment, 
and r i s  the residual .  From (1)  and (2)  we obtain: 

CPUE = a EXP-a-f t b ii + c t r ( 3 )  

F i t t i n g  the observed values t o  the theoret ical  curve must be done by i t e r a t i v e  
computation. 
l inear  regression, w i t h  EXP-a-f considered as a var iable ,  and searching the value of a- 
which mi n imi  zes the mu1 t i  -coeff ic ient  of corre1 ation. 
a desk computer u s i n g  Marquardt's algorithms (1963). 
t h a t  introduction of year n-1 wind  speed d i d  n o t  improve very much the f i t  for SardineZZa 
aurita, b u t  was of some in t e re s t  when used for SardineZZa s p p .  model. 
obtained w i t h  the following weighted mean: 

The data was processed f i r s t  w i t h  a hand calculator  using a multiple 

Then the data was processed on 
In both cases the resu l t s  showed 

The  best f i t  was 

ii = ( 2  Vn t Vn-I) / 3 (4) 

Anyway, this does not mean tha t  equation (4)  represents the real  influence of wind 
on production. 
much according t o  a-. 

I n  the same way, i t e r a t i v e  computations show tha t  f i t  does n o t  change very 
However, this parameter value is  strongly related t o  the curve 



t 
f t t.: 

I 6 
- 1056 - 

shape over the  observed e f f o r t  values. 
of view has no biological meaning. 
equation (3))between catches ( C ) ,  f i s h i n g  e f f o r t  and wind speed, i t  provides a figure 
where catches lead t o  i n f i n i t e  when e f fo r t  increase under a constant wind speed: 

The optimal value of a- from a s t a t i s t i c a l  point 
T h i s  i s  so when applied t o  re la t ionship (derived from 

C = ( a  EXP-a-f + b + c )  f + r- (5)  

. .  Being one of the main problems of generalized production models, the non-independence 
between the two var iables  CPUE and e f f o r t  (Sissenwine, 1978; Roff and Fairbairn,  1980), we 
have applied equation (5) f o r  data  f i t t i n g ,  using the non-linear regression analysis .  
T h i s  presents the advantage of a l  lowing computation of the parameters confidence 1 imi t s .  
None was s ign i f i can t ,  even w i t h  a 90%confidence i n t e r v a l ,  on account o f ,  f i r s t  the high 
number of parameters (4)  in-comparison w i t h  the low number o r  observations (1 5) .  
the uncertainty about the a value previously mentioned. 
t o  note t h a t  when a 
regression provides f o r  the three  remaining parameters ( a ,  b, and c)  values which a re  
s ign i f icant ly  d i f f e ren t  from zero using the  95% confident i n t e rva l s .  This means t h a t  
f ishing e f f o r t  and wind speed s t a t i s t i c a l l y  have an inf luence on catches,  although the 
shape of the curve i s  uncertain over observed e f f o r t  values. 

Second, 
Nevertheless, i t  i s  sa t i s fac tory  

i s  fixed a t  i t s  optimal value i n  equation ( 5 ) ,  the  non-linear 

The problem w i t h  the a- parameter shows t h a t  the bes t  s t a t i s t i c a l  f i t  i s  not 
necessarily the most su i t ab le  and t h a t  the choice of parameters values must a l so  consider 
the basic  hypothesis especial ly  when the stock has not already suffered over-fishing 
( th i s  problem can be compared with the choice of parameter m i n  Fox's generalized produc- 
t ion  model 11975) ) .  
Table 3: Parameters values 

Sardinella aurita 

Regression type I and equation 
I 

LINEAR 
cpue = a EXP-a-f + bV 

NONLINEAR 

NONLINEAR 
C = ( a  EXP-a-f tbV + 

c l f + r  

and confidence in te rva ls  got  from various regressions on 
and Sardinella spp. data  ( t a b l e s  1 and 2 ) .  

S A R D Z N E L L A  A , U R I T A  
Par. Value Lower Upper % 

1 imi t 1 imi t confi d. 
a 14.60 -9.00 * 20.2 * 95 % 
a .O0013 B 
b 2.49 .609 4.37 95 % 
C -12.89 -24.85 * - .935* 95 % 

a .O0013 B 
b .911 -. 534 2.36 95 % 
C -2.946 -10.14 4.254 95 % 

a .O0024 bl - .O007 .o01 1 90 % 
b 1.16 -1 . l l  3.44 90 % 
C -1 .o1 -8.10 6 .O0 90 % 

- - - 

a - 11.75 5.31 18.21 95 % - - - 

a- 9.42 2.23 16.61 90 % 

S A R D I N E L L A  S P P .  
a 23.55 16.70 30.40 90 % 

cpue = a EXP-a-f t bV b 4.13 2.55 * 5.72 * 90 % 
+ c + r  ( 1 )  C -22.63 -33.91 * -11.36 * 90 % 

a - 14.63 2.58 26.67 90 % 
NONLI NEAR a .O0035 M - .O004 . O001 90 % 

C = ( a  EXP-a-f + bV + b 3.230 1.428 5.033 90 % 
c ) f + r  C -6.271 -13.88 1.342 90 % 

a- 19.86 10.51 29.21 95 % 

C = (a  EXP-a-f + bV t b 3.84 .849 6.83 95 % 
d W + c )  f t r C -12.44 -22.79 -2.098 95 x 

d -1.646 -5.597 2.306 95 % 

LINE4R a .O0010 B - - - 

NONLINEAR a .O0010 B - - - 

B: Optimal biological value of a- (fixed before computation) 
M: Optimal s t a t i s t i c a l  value o f  a-(determined by the regression)  
W: Wind speed d u r i n g  the summer (from June t o  October) 
*: No s t r i c t l y  val id  limits (due t o  the cor re la t ion  between cpue and f) 

( 1 ) :  Presented resu 
on the figures 

ts 
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Arbitrar i ly ,  we considered as best value fo r  a- one which provided a s tab i l iza t ion  
of catches when the e f fo r t  increases,  inside a r e a l i s t i c  in te rva l ,  and when wind  speed 
i s  h igh  and s t ab le  (Table 3 ) .  

We also present 
two dimensional f igures ,  eas ie r  t o  use, from which four  curves have been drawn correspon- 
d ing  t o  charac te r i s t ic  w i n d  speeds: 4.55 and 5.55 m/s which are  the two means of the 
respective two observed periods (1966-1971 and 1972-1980), 4.0 and 6.0 the extreme mean 
speed which have been observed since 1951 (Figure 7) .  Time-plots of observed and 
computed val ues have also been presented (Figures 8 and 9 ) .  

Equations (3 )  and ( 5 )  lead t o  tridimensional f igures (Figure 6 ) .  

c. p.u .m. 
(Ru.0 (t. /diz, h.)) 

O 5 ÒO0 10000 (diz.h.1 

Catchet 
( R i s e s  ( t .  )) 

O 5 O00 to000 Effort  
. (di2.h) 

F i g .  6. Tridimensional graphics of the relat ionship between f ishing e f f o r t ,  
wind  speed and catch per u n i t  of e f f o r t  (c.p.u.e.) i n  f igure  6A or 
to ta l  catches ( C ) i n  f igure 6B of SardineZZa aurita on the 'Pe t i te  Cote. 
SardineZZa s p p .  f igures  present t h e  same shape and are  n o t  included 
i n  this paper. 
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Fig. 7.  Two dimentional graphics of the relat ionship between f ishing e f fo r t ,  
selected wind speeds and catch per u n i t  of e f f o r t  (c.p.u.e. i n  f igure 
7A) or to ta l  catcbes ( C  in f igure 7B) of SardineZZa aurita on the 
Pe t i t e  Cote. 
are  not included i n  this paper. 

Sardinella s p p .  f igures  present the same shape and 

20 i comparison between observed ----- (Voleur8 thioriqurr) Predicted and Dredicted values of 
catch per u n i t  o f  e f fo r t  
(c :p .u .e . )  on the Pe t i te  
Côte. 

I Year 8 

1966 68 70 72 74 76 7 1  80 A n n é e  
I I I I t I 
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*- - - - -o( ia leurs  théoriques) Predicted F i g .  9. SardineZZa 6pP.  : 

compari son between observ 
and predicted values of 
catch per u n i t  of e f fo r t  
(2.p.u.e.) on the Pe t i te  
Cote. 
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INTERPRETATION OF THE RESULTS 

The considered parameters provide a sa t i s fac tory  f i t  for the observed points as a 

Two 
whole to  the theoret ical  curve. 
negligible f o r  bo th  models (although they never exceded two standard deviat ions) .  
main reasons could explain t h i s  f ac t .  F i r s t ,  the precision of da ta ,  pa r t i a l ly  estimated 
i s  probably no t  very good and therefore responsible fo r  a cer ta in  amount of the observed 
var iab i l i ty .  
influencing CPUE,  and some par t  of the residual variance comes from numerous other 
variables.  

Among these reasons, some could be i n  contradiction with our basic  hypothesis 
( re la t ion  between adult  sub-stock; immigration from other sub-stocks, e t c . .  . ) .  
will be fur ther  analysed. Other sources of var ia t ion could take place a t  the level of 
recruitment f luctuat ions,  independently of eutrophication and o f  parental stock. 
recent works (IOC No. 28) suggest t ha t  the superf ic ia l  wind-related turbulence could 
cause a negative e f f ec t  on larval  survival .  
d u r i n g  the period following the main spawning (June t o  October). 
the f i t  fo r  the SardineZZa s p p .  model showing a negative corresponding regression 
coeff ic ient  (Table 3 ) ,  b u t  i t s  value was n o t  s ign i f icant ly  d i f f e ren t  from zero even using 
a 90% confidence interval when calculated with the previously presented method. However, 
t h i s  resu l t  i s  notable because t h i s  re la t ionship could be minimized by the posi t ive 
correlation between the w i n d  speeds d u r i n g  the two described periods o f  the year .  

In the same way, i t  i s  evidence tha t  the wind  has a negative instantaneous influence 
on capturabi l i ty  re la ted t o  school detection and working w i t h  purse-seines on rou2h seas .  
However, i t  seems t h a t  the  favourable e f f ec t  i s  dominant here ,  a t  l e a s t  on CPUE expressed 
i n  catch per e f fec t ive  f i sh ing  time. Last of a l l ,  i n  order t o  close t h i s  non exhaustive 
l i s t  of additional f ac to r s ,  we looked a t  the influence of other  species ,  considering the 
mu1 t i - spec i f i c  aspect of the f i she r i e s .  This allows predator-prey relat ionships ,  b u t  
above a l l  i n  our case, target-species changes related t o  the r e l a t ive  abundance and t o  
market conditions are a l so  allowed (Boely and Chabanne, 1975). 
(Freon, i n  press)  which shows tha t  during the l a s t  years the fishermen balanced t h e i r  
f ishing a c t i v i t i e s  i n  response t o  the sardine abundance f luc tua t ions  by searching fo r  
secondary species.  

Anyway, fo r  some years the residuals  have n o t  been 

Second, obviously fishing e f f o r t  and wind speed are  n o t  the only factors  

These 

Thus, 

We added i n  the  models the mean w i n d  speed 
This improved s l igh t ly  

In f a c t ,  a s t u d y  was done 

TESTING THE BASIC HYPOTHESIS AND MODEL REVIEW 

Testing the hypothesis on the Pe t i te  Côte sub-stock independance 

Comparison of the f i sh ing  e f f o r t  var ia t ions on Pe t i t e  Côte w i t h  the e f f o r t  on the 
whole area of the stock d i s t r i b u t i o n  indicates a lack of cor re la t ion  which provides an 
insurance against  a possible confusion between the two variable  e f f e c t s .  Moreover, i t  
appears c lear ly  tha t  d u r i n g  the period studied the important f luctuat ions observed i n  
CPUE on Pe t i t e  Cote a re  n o t  explained by changes of the f i sh ing  e f f o r t  w i t h i n  the whole 
area.  The best  CPUE obtained by semi-industrial purse-seiners on Peti t e  Côte occurred 
a t  the same time w i t h  maximum fishing e f f o r t  on the whole area.  

e f f o r t  was ins igni f icant  from 1973 t o  1976. 
g o t  l icences and caught ~ / p  t o  70,000 metric t o n s  per year  w i t h o u t  any sensible  e f f ec t  on 
yields  from the Pe t i te  Cote. 

These observations do n o t  mean t h a t  independance of recruitment i n  regard t o  the 
adult  sub-stock will  remain t rue  i n  the future .  I t  i s  evident t h a t  above a cer ta in  level 
of exploi ta t ion on the whole s tock,  the spawners biomass would be too small t o  assume 
equilibrium and a collapse could happen unexpectedly, as observed i n  other small Pelagic 
stocks (Savi l le ,  1980). 

In more de t a i l s ,  i n  the south of Senegal (Casamance, neighbouring Pe t i t e  CÕte),fishing 
From 1977 t o  1980 Polish pelagic trawlers 
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Based on the b i  o1 og i  cal references concerni ng SardineZZa aurita , two opposed and 

The 

extreme theoret i  cal cases could be considered. 
depends, on  a short-termed bas is ,  on i t s  exploi ta t ion in  the whole area,  and on mean-terms 
on the exploi ta t ion of the two nursery sub-stocks which provide i t s  recruitment. 
same reasoning can be applied t o  the Pe t i te  Côte recruitment i f  i t s  main contents would be 
provided by the adul t sub-stock, par t i  cul a r ly  i f  the stock-recrui tment re1 ationshi p Wou1 d 
be dome-shaped. Under these conditions our  model would require s t a b i l e  f i sh ing  e f f o r t  and 
absence of over-fishing outside o f  the described Pe t i te  Côte area.  This would provide 
a re la t ive ly  s tab le  recruitment (having a s t ab le  wind i n t ens i ty )  and an important resistance 
t o  local .over-fishing in  Pe t i t e  Cote. 

Obviously, the adult  sub-stock abundance 

The second theoret ical  case supposes t h a t  the spawning of the young spawners i n  the 
Pe t i te  Côte nursery would assume the greatest  par t  of the nursery recruitment. Although 
no t  being very r e a l i s t i c ,  th is  hypothesis would allow us t o  consider t h i s  stock fract ion 
as completely independant from the other ones regarding i t s  abundance. 
would be s imilar  t o  a s ing le  stock with a sho r t - l i f e  species affording i n f i n i t e  mortality 
( t o t a l  emigration) d u r i n g  the  second year of l i f e .  Under these conditions the sub-stock 
would be very dependant on f i sh ing  e f f o r t  on Pe t i te  Cote, a l so  because an important 
proportion o f  the catches a re  supported by immature f i shes .  This case would probably 
ju s t i fy  the use of a l i nea r  regression between CPUE and f i sh ing  e f f o r t ,  whereas i n  the 
former case, a negative exponential regression corresDonding t o  a low production sen- 
s i t iveness  t o  f ishing e f f o r t  ( type m=8.5 i n  the Fox's generalized production model (1975)) 
Wou1 d be sui tab1 e .  

The s i tua t ion  

Real i ty  i s  probably w i  th i  n these two extremes , since a quasi -constant recruitment i s  
observed a l l  year long on Pe t i t e  Cote. 
f i sh  spawning provide' s ign i f i can t  recruitment. 
t o  i t s  three components d i s t r i b u t e d  i n  d i f f e ren t  countries,  probably presents a cer ta in  
resistance to  local over-fishing, and  complex regulation mechanisms must e x i s t .  So the 
established model fo r  t h i s  species seems to le ran t  enough i n  regard t o  the basic  hypothesis 
concerning the s t a b i l i t y  of the exploi ta t ion r a t e  around Pe t i t e  Cote. 
never supported heavy exploi ta t ion on i t s  three sub-stocks a t  the same time due t o  the 
random dis t r ibu t ion  of  f i sh ing  licences between coastal and foreign countries.  
s i tua t ion  should occur then our  present knowledge would n o t  allow a forecast  of y ie ld .  
Nevertheless, a collapse must be feared. 

This f a c t  l e t s  us suppose t h a t  adul t  and young 
Finally,  SardineZZa aurita stock,  thanks 

However, the stock 

I f  t h i s  

SardineZZa maderensis sub-stock of Pe t i t e  Cote (which was no t  studied individually) 
presents d i s t i n c t  cha rac t e r i s t i c s  since we are  almost sure  t h a t  the adul t  sub-stock does 
not  spawn in this nursery. 
model allows us t o  be more independent of the main basic hypothesis. 
SardinelZa maderensis sub-stock offers  more sensi t i v i  t y  t o  local over-fishing. 

Associating bo th  species of sardine in a s ing le  production 
In return the 

I t  should be pointed o u t  tha t  fo r  b o t h  species the coastal  Pe t i t e  Côte area i s  n o t  
the perfect nursery where a l l  sardines from the Seneo_alese region are  growing. 
obviously some exchanges of young f ishes  with the adjacent areas .  

There are 

Testing hypothesis concerning the wind in tens i ty  e f f ec t  on production 

I t  i s  e s sen t i a l ly  the important increase of CPUE between 1970 and 1972 which lead 
me t o  include the wind speed variable i n  the production models. I t  could be supposed 
tha t  this increment represents no more than the natural var iabi l  i t y  expression, indepen- 
dently from the upwelling, o r  also tha t  the increase or iginated from a data bias as a 
change of f i s h i n g  power. T h i s  last event was tes ted ,  computing separately the annual 
CPUE of three vessels which have been working since the ear ly  years ,  always w i t h  the same 
k i n d  of equipment. The figures obtained from these three boats are  very s imi la r  and 
correspond exactly t o  the global data f igure.  Moreover, i t  i s  important t o  notice tha t  
d u r i n g  the year  1972 other anomalies occurred i n  various eastern Atlant ic  areas.  Sardina 
pilchardus concentrations appearance i n  Mauritania (Sedykh e t  a l .  
Stequert ,  1979), a demographic ,bloom o f  SardineZZa aurita ozu'i;Fed b o t h  i n  the Ivory 
Coast and i n  Ghana followed up by a Balistes caroZinensis bloom (QRSTOM, 1976; FAO, 1980). 

1978; Freon and 
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The d a t a  suggest a l i nea r  re la t ionship between CPUE and wind speed. However, various 

This forces one t o  use careful ly  forecasts  fo r  extreme 

f i t t i n g  t r i a l  s w i t h  o ther  types of re1 a t i  onshi ps ( logari  thni c ,  square , e tc .  . . ) provi de 
very similar resu l t s  and i t  is  n o t  obvious tha t  outside the observed range of var ia t ion 
the relat ion should remain l i nea r .  
wind speed (grea te r  than 6 m/s or lower than 4.5 m/s) . 

Furthermore, i t  could be considered t h a t  the expl icat ive variable i s  no t  the wind  
intensity and  the corresponding upwelling b u t  another correlated f ac to r ,  i .e.  , surface 
temperature. 
surface temperature. The fundamental question i s  now 
t o  know i f  CPUE increase was provided only by the envi ronmental ly induced f e r t i  1 i zat i  on 
or also by a cer ta in  increase of the sardine ava i l ab i l i t y .  
al t h o u g h  di f f i  cul t t o  i n t e rp re t  , showed the apparent predominance of  the w i  nd speed d u r i n g  
the year n (comparatively t o  year n-1) on  CPUE. 
on sardine ava i l ab i l i t y .  
f i r s t ,  the year n season of t rade winds i s  considered between November of year n-1 and 
May o f  year n ,  second the f i s h  caught i s  often l e s s  than one year old.  
studied monthly var ia t ions o f  sardine productivity i n  re la t ion  w i t h  w i n d  anonalies and  
did n o t  f ind small scale re la t ions .  
wind  speed ( o n  productivity and  on ava i l ab i l ï t y )  a t  the year scale  i s  n o t  easy t o  
eliminate. 
model I' or "catch model I'. 

. 

Similar models t o  those presented were t r i e d ,  replacing wind speed by 
They provided analogous resu l t s  . 

The s t a t i s t i c a l  analyses, 

T h i s  suggests a d i r e c t  influence of w i n d  
Even though, an ind i rec t  lag action remains possible because, 

Rebert (1979) 

Anyway the poss ib i l i ty  of a combined action o f  the 

In such a case the expression "production model'' shou ld  be replaced by "CPUE 

APPLICATIONS TO SUB-STOCK MANAGEMENT 

The previous analysis attempted t o  prove t h a t  the  maximum sustainable catch (which 
i s  perhaps no t  exactly comparable t o  a maximum sustainable  y i e ld ,  MSY) depends on wind 
intensi ty .  
catches : 

For V variat ions between 4.50 and 5.55 m/s we get the following maximum 

SardineZZa aurita: 
Sardine 2 Za s p p  : 

31,000 t o  49,000 metric tons 
56,000 t o  90,000 metric tons 

Anyway, i t  must be pointed o u t  t ha t  these r e su l t s  are  strongly related t o  a- parameter 
values, which were a r b i t r a r i l y  defined. 
obtained by using a mult iple- l inear  re la t ionship between e f f o r t ,  w i n d  speed and CPUE,  i . e .  , 
a family of Schaefer 's  model (1957). However, they t u r n  o u t  t o  be only indicat ive.  Never- 
theless ,  the models allow a look a t  th ree  main eventua l i t i es ,  from the present s i tua t ion .  

change the to ta l  catches b u t  would reduce the CPUE. 

increase, the exploi ta t ion r a t e  (f/fMSY) would decline and p ro f i t s  will  r i s e ,  even i f  the 
f i s h i n g  e f f o r t  s l i gh t ly  increases.  

meanwhile f/fMSY would increase without any f variat ion,  from which a strong overfishing 
hazard may be produced. 

biological terms , according t o  present environmental conditions . 
economical s tudies  pointed out t h a t  a r t i sana l  fishermen u s i n g  purse-seine (which assumes 
most of the catches) have very low p ro f i t s  due t o  existing commercial conditions. 
sp i t e  of t h i s  s i t ua t ion ,  the number of f ishing canoes shows a tendency t o  increase because 
the t radi  t i  onal d i s t r ibu t ion  of gains pri v i  1 eges the owners of production materi al  s and 
S o ,  favours the increase i n  f ishing units (Weber and Freon, i n  p ress ) .  In consequence, 
ar t isanal  f ishing e f fo r t  does n o t  have a self-regulat ion mechanism and a new in tens i f ica-  
t i o n  of f ishing e f f o r t  on Pe t i t e  Côte should be feared i f  wind in tens i ty  would decrease. 
This would lead t o  the catastrophic  case where overfishing is  l i ke ly .  
appearance i n  1981 of a new tendency toward catching very small fish i s  a l so  alarming. 

They are  i n  the  same range of maximurr! catches 

( i )  

( i i )  

I f  wind  in tens i ty  remains constant,  any increase of f i sh ing  e f f o r t  would n o t  

If  wind in tens i ty  increases (which seems hardly l i k e l y ) ,  CPUE and catches would 

( i i i )  If  wind  in tens i ty  lowers s ign i f icant ly ,  then CPUE, and y i e l d  would decrease, 

Final ly ,  i t  seems t h a t  f ishing e f f o r t  on Pe t i t e  Cote has reached a c r i t i c a l  level i n  
On the other hand, 

In 

Moreover, the 



I t  appears imperative t o  develop management decisions i n  order t o  l imi t  the f i s h i n g  . 

The modification of t rad i t iona l  habits which favour 
effort  growth on Pe t i te  Cote which could be done th rough  a l imi ta t ion  of subsidies given 
for buying equipment and motor-fuel. 
the owner-minority seems d i f f i c u l t  t o  rea l ize .  
of the f i sh ing  grounds which are  presently l imited by the boat equipment and by the 
local izat ion of landing s i t e s .  
social  habi ts ,  i s  very open t o  technology innovations as demonstrated a few years ago by 
the successful introduction of outboard engines and afterwards by smal 1 purse-sei nes . 
f ac t  other areas of the Senegalese shelf  are  a l so  very productive a l l  year long (Casamance), 
or otherwise seasonal (nor th  coast) ,  b u t  the absence of landing p o i n t s  and of commer- 
c i a l i s a t ion  channels l imi t s  t h e i r  f u l l  exploi ta t ion.  
increase the range of canoes (diesel  engines, f i s h  preservation);  second, improve f ish 
d is t r ibu t ion  inside the country; t h i r d ,  renovate the old seni- industr ia l  f l e e t ;  and 
fourth,  provide small ports adapted t o  those boats.  

conditions, i t  i s  desirable  t o  maintain f l ex ib l e  types of exploi ta t ion i n  order t o  allow 
quick adjustments t o  production f luctuat ions.  So, the dual i ty  of the f ishery (ar t isanal  
and  semi - industr i  al ) i s  of m a i n  i nterest .  

Final ly ,  i t  must be kept in mind t ha t  o u r  models are  based on a hypothesis which will 
no t  remain indef in i te ly  t rue .  
remain e f fec t ive  as long as the peripheral areas will  no t  support overfishing. Otherwise, 
i t  would be inevi table  t h a t  a t  a cer ta in  level the relat ionship between the adul t  sub-stock 
abundance and the Pe t i t e  Cote recruitment will  have a depressive e f f ec t  on the l a t t e r .  
This s i t ua t ion  will make obsolete o u r  re la t ive ly  opt imist ic  models. 
management must be decided i n  concert with tha t  of adjacent countries.  

' 

A more r e a l i s t i c  solution lays  i n  extension 

The Senegalese a r t i sana l  f i shery ,  even enclosed i n  i t s  

In 

Then i t  would be desirable  t o  f i r s t ,  

On account of the important vari abi 1 i t y  of the maximum catches re1 ated t o  envi ronmental 

The re la t ive  independance of the Pe t i te  Cote nursery will 

Senegalese fishery 

CONCLUSION 

Modelling the whole sardine stock of the described West Africa area seems d i f f i cu l t  
presently due t o  the complexity o f  the population s t ruc ture  and t o  the data inadequacy 
in the Senegal adjacent countries.  
possible t o  es tab l i sh  Froduction models fo r  the Pe t i te  Cote sub-stock which i s  intensively 
expl oi ted.  

The model parameters obiained provide a sa t i s fac tory  description of the f i sher ies  
evolution d u r i n g  the l a s t  15 years which was mainly related t o  the f i sh ing  e f f o r t  and  t o  
the upwelling in tens i ty  var ia t ions.  
the relat ive shortness of the observed period induce us t o  use only w i t h  care these models 
fo r  forecast ing purposes. 

Presently,  the sub-stock y ie ld  seems t o  be close t o  the maximum catch corresponding 
t o  the present wind in tens i ty  which is  r e l a t ive ly  h i g h .  In t h i s  s i t ua t ion ,  any fishing 
e f f o r t  increase i s  unproductive and the only e f f e c t  i s  a CPUE decrease. 
will decrease, the production would lower subs tan t ia l ly ,  spec ia l ly  f o r  sardine species. 
Of course, a wind in tens i ty  increase would be beneficial  and would allow an e f f o r t  
increase w i t h o u t  an overfishing hazard. Although i t  i s  d i f f i c u l t  t o  forecast  the wind  
speed, the avai lable  data from 1951 seems t o  indicate  t h a t  t h i s  eventuali ty is more 
un1 i kely than the former one (Figure 10) .  

f i sh ing  uni ts  on Pe t i t e  Côte, especially a r t i sana l  ones. 
on short  term by enlarging the f ishery area i n  l a t i t ude  and toward the open sea.  And 
f i n a l l y ,  Senegalese management must  be conducted i n  collaboration w i t h  adjacent 
countries.  
equation ( P e t i t e  Cote f i sh ing  e f f o r t  and w i n d  i n t ens i ty ) .  
l e a s t ,  is  unfortunately hidden i n  our b a s k  hypothesis (absence o f  overfishing i n  the 
adjacent a reas) .  

Anyway, under a cer ta in  hypothesis, i t  appears 

However, the va l id i ty  of the avai lable  d a t a  and  

I f  wind intensi ty  

Fishery management act ions should attempt t o  l imi t  the present prol i ferat ion o f  
T h i s  objective can be re?ched 

Only two of the three greatest  dangers of collapse appears in  the model 
The l a s t  one, b u t  not the 
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Wind speed 
(Intensité moyenne 

a ,  du vent (m/s ) )  
A p p a r e n t  t e n d e n c y  

-.(tendance apparente) - 
- _ _  (périodicité apparente) 

A p p a  r e n t  p 8  r iod ie i t  y 

Years 
 aiso sona 

F i g .  10. Time plot  o f  t rade w i n d  speed (meters per second) from 1947-1948 
t o  1980-1981 (data provided by ASECNA of Senegal and compiled by 
C. Teisson). 
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