
CLIMPROO: fl FULLY INTERRCTIVE EXPERT-SYSTEM SOFTWRE 
FOR CHOOSIN5 FINO FIOJUSTIN6 CI 6LOBFIL PROOUCTION MODEL 

WHICH FICCOUNTS FOR CHFINGES I N  ENVIRONHENTFIL FRCTORS 

P. FREONC*II, C.,MULLON(*2) and G. PICHONC*ZI 

C l * >  ORSTOM, P ô l e  Cara ïbe ,  BP 81, 97256 For t -de-France 
Chdex, M a r t i n i q u e ,  F rench  W . I . ,  France.  C2*> ORSTOM, 
70-74 Route d 'Ru lnay ,  93149 Bondy, France.  

CIBSTRCICT 

Var ious  equa t ions  a l l o w i n g  f o r  t h e  i n t r o d u c t i o n  o f  an env i ronmen ta l  v a r i a -  
b l e  i n t o  d i f f e r e n t  s u r p l u s  p r o d u c t i o n  mode ls  were proposed by  t h e  f i r s t  au- 
t h o r  (1). CLIMPROD i s  an e x p e r i m e n t a l  exper t - sys tem,  u s i n g  a r t i f i c i a l  i n -  
t e l l i g e n c e ,  wh ich  p r o v i d e s  a s t a t i s t i c a l  and g r a p h i c a l  d e s c r i p t i o n  o f  t h e  , 

i d a t a  se t  and h e l p s  t h e  u s e r  t o  s e l e c t  t h e  model  co r respond ing  t o  h i s  case 
a c c o r d i n g  t o  o b j e c t i v e  c r i t e r i a .  The s o f t w a r e  f i t s  t h e  model t o  t-he d a t a  

r.; s e t  u s i n g  a n o n - l i n e a r  r e g r e s s i o n  r o u t i n e ,  and assesses t h e  f i t  w i t h  pa ra -  
m e t r i c  and non-paramet r ic  t e s t s ,  and p r o v i d e s  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  ( k; 

. * t h e  r e s u l t s .  Cln example i s  p r o v i d e d  on  a p e l a g i c  s t o c k ,  showing t h e  s t r o n g  
i e f f e c t  o f  env i ronment  on Long- term v a r i a b i l i t y .  

(1 IF reon  P., 1983. In :  I n t .  Symp. Lona Term Chanqes Mar. F i s h  Pop., V iao.  
.. ' ( T .  Wyat t  and M.G. L a r r a f l e t a  Eds.1, pp. 481-528. 
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INTROOUCTION 
' 

Conven t iona l  s u r p l u s  p r o d u c t i o n  models  a r e  n o t  s u i t a b l e  f o r  c e r t a i n  s t o c k s  
because f i s h i n g  e f f o r t  CE) v a r i a t i o n s  e x p l a i n  o n l y  a s m a l l  p a r t  of t h e  t o -  

: t a l  v a r i a b i l i t y  o f  annua l  p r o d u c t i o n .  O f t e n  t h e  r e s i d u a l  v a r i a b i l i t y  o r i g i -  
: n a t e s  f r o m  t h e  i n f l u e n c e  o f  e n v i r o n m e n t a l  phenomena, wh ich  a f f e c t s  e i t h e r  
*I t h e  abundance o r  t h e  c a t c h a b i l i t y  o f  a s t o c k  f r o m  one yea r  t o  t h e  n e x t .  

P r e v i o u s  a t t e m p t s  t o  i n c o r p o r a t e  e n v i r o n m e n t a l  d a t a  i n  these  models were 
: p u r e l y  s t a t i s t i c a l ,  and e m p i r i c a l l y  used m u l t i v a r i a t e  r e g r e s s i o n  a n a l y s i s ,  

wh ich  was u n s a t i s f a c t o r y  s i n c e  i t  d i d  n o t  r e p r e s e n t  a r e a l  mode l i ng  ap- 
proach.  
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During the Vigo Symposium on Long Term Changes in Marine Fish Populations, 
various equations allowing the introduction of an environmental variable 
into different surplus production models were presented (Freon, 1988) .  One 
(sometimes two) additional environmental variable CU) has been inserted 
into the conventional models in order 'to improve their accuracy. These va- 
riables appear in simple formulae, either -at the Level of stock abundance, 
or at the level of the catchability coefficient, o r  at both levels. 

The limitations of this kind of model have been considered. Rmong various 
difficulties of application , the risk of obtaining spurious correlations 
was underlined, as well as the importance of an objective choice of the 
suitable model. CLIMPROD is an experience in artificial intelligence for 
choosing the model adapted to each situation, and for assessing the fit. It 
is designed as an expert-system. Its conception was aided by FRO grants. 

I '  

tlETHOO 

General presentation 

The software is written for PCIXTIRT compatible micro computer using MS-DOS 
version 3 . 0  (at least). It is fully interactive and has two main objecti- 
ves: firstly a normal data management function, whose statistical and gra- 
phical secondly a guided selection o f  the 
appropriate model, showing information path. This part of the model uses an 
inference motor, written in TURBO PROLOG. It applies about one hundred ru- 
les which are interactive with information provided by: 

utilities use TURBO C language; 

-questions to the user on the stock, independently from the data set (exam- 
ple: life-span of the species?), 

-statistics on the data s e t  Cexample: ratio of effort range on minimum ef- 
fort value), 

-graphical deduction from the data set (examples: does this time series 
look unstable? Do you see a decreasing relationship on this plot?) 

Fls can be seen in the previous exemple, some questions are asked even when 
the answer could be obtained from a simple statistical data analysis. In 
such cases, graphical andlor statistical help is provided but, in order to 
make the program more clear and pedagogical, give 
an answer. Rnswering "I don't know" is allowed. 

the user is required to 

The program is structured and does not necessarily uses the whole set of 
questions. Rn exemple of  order in the application of the rules is presented 
in Figure I. 

From the main menu, the user is allowed to open or to select a data file; 
to update it with a full screen editor; to search for the most suitable mo- 
del, or to choose one directly; to validate the modei, and finally to see 
the path o f  the expert decisions. 

It must be noted that in order to choose among 30 multivariate models (see 
appendix I), the program first performs a regression using the catch per 
unit of effort (c.p.u.e.1 as dependent variable and the effort Cor the en- 
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-- -vironment in some cases) as independant variable. From the graphic display 
of the residuals of this regression against the environmental variable, the 
user may determine which kind of relationship will Link environment and 
c.p.u.e. T h i s  procedure provides an easy 
interpretation and visualisation of the process for the model choice, and 
allows for interactive dialogue with the user which can introduce additio- 
nal information. Nevertheless, recent statistical techniques of optimal 
transformation for multiple regression (Breiman and Friedman, 1985; Cury 

in the final multivariate model. 

- 

and ROY, 19891, could be more powerful and optimal for choosing the model 
from a strictly statistical point o f  view-,-but Ü s i n g  noth-ing other than the 
multivariate data set (which is often too small for this technique]. 

Questions -on the relationship- _ _  - Questions on the relationship 
between U and F-from graphic -between 'U-and-V'-from graphic - 

U=f ( € 1  U=f ( V I  

I most important: influencel? I 
I 

I I I I 
I I 

Questions related to the stock 1 and to the species biology I 
I I 

I 

1 

,inf luence 
I 

Model U=f(El fitting 

Questions on the environment 

Questions on the relationshi 
between U=fCEl residual and 

Model U=fCE,VI fitting 
I 

uestions o? I mo!el validation I 
I 

Summary o f  statistical results 
I I Summary of expert decisions 

Fig. I. Partial and simplified f l o w  diagram o f  CLIMPROD. 

.. 
-6 Data entry and update " 4 1  

91 T h e  basic set of data used by CLIMPROD include time series of catch ( Y I ,  
%.I fishing effort ( E I ,  c.p.u.e. (U = Y I E I ,  and one o r  two environmental varia- 
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U n i v a r i a t e  s t a t i s t i c s  and q r a p h i c s  

The f o l l o w i n g  s t a t i s t i c s  a r e  computed f o r  each v a r i a b l e :  sample s i z e ,  ave- 
rage,  v a r i a n c e ,  s tandard  d e v i a t i o n ,  q o e f f i c i e n t  o f  v a r i a t i o n ,  c o e f f i c i e n t  
o f  skewness and k u r t o s i s ,  minimum and maximum va lues ,  range,  median. The 
d i s t r i b u t i o n  o f  t h e  i n d i v i d u a l  v a l u e s  a r e  p l ' b t t e d  a l o n g  a L i n e  i n  o r d e r  t o  
show e v e n t u a l  o u t l i e r s .  R l t h o u g h  no f i s h e r y  d a t a  c o u l d  be used i f  n o r m a l i t y  
were s t r i c t l y  r e q u i r e d  f o r  m o d e l l i n g ,  t hese  r e s u l t s  may g i v e  an i d e a  o f  t h e  
d a t a  s t r u c t u r e .  CLIMPROD s t o p s  t h e  a n a l y s i s ,  a n d l o r  d i s p l a y s  adv i ce  o r  war- 
n i n g s ,  a c c o r d i n g  t o  t h e  d i s t r i b u t i o n  o f  t h e  v a l u e s  i n  t h e  d i f f e r e n t  v a r i a -  
b l e s .  

B i v a r i a t e  q r a p h i c s  

F i r s t  each v a r i a b l e  i s  p l o t t e d  a g a i n s t  t i m e  ( y e a r s )  i n  o r d e r  t o  d e t e c t  any 
s t r o n g  i n s t a b i l i t y  i n  t h e  s e r i e s  wh ich  wou ld  h i n d e r  t h e  i n t e r p r e t a t i o n  o f  
t h e  r e s u l t s  i n  some cases C i n f l u e n c e  o f  E o r  V o v e r  s e v e r a l  years ) .  Then, 
l a t e r  i n  t h e  program, t h e  f o l l o w i n g  r e l a t i o n s  a r e  p l o t t e d :  U a g a i n s t  E and 
U a g a i n s t  V. Rccord ing  t o  t h e  apparen t  t y p e  o f  r e l a t i o n  between these va- 
r i a b l e s ,  i t  w i l l  be dec ided  t o  a d j u s t  f i r s t  a b i v a r i a t e  model f r o m  t h e  
f u n c t i o n  U=f(E) o r  t h e  f u n c t i o n  U=f (V) .  

Q u e s t i o n s  q u i d i n o  c h o i c e  o f  model  

Q u e s t i o n s  on b a s i c  assumpt ions  o f  s u r p l u s  p r o d u c t i o n  models  Csee append ix  

5 2)  a r e  s y s t e m a t i c a l l y  asked; a l s o  t h e  f o i l o w i n g  ques t i ons :  

y -do you t h i n k  ' t h a t  t h e  e f f o r t  i n f l u e n c e  on c.p.u.e i s  more i m p o r t a n t  t h a n  
r t h e  env i ronmen ta l  one (if unknown, yes  i s  assumed)? The answer, gu ided  by 

s t a t i s t i c a l  and g r a p h i c a l  h e l p s ,  o r i e n t s  f i r s t  t h e  program e i t h e r  t o  U=f (E)  
3 o r  t o  U=f(V3 models; 

< 

-does t h e  env i ronment  i n f l u e n c e  t h e  abundance, t h e  c a t c h a b i l i t y  o r  b o t h ?  A t  
t h a t  moment t h e  program does n o t  p r o v i d e  any h e l p  t o  answer t h i s  q u e s t i o n .  
I t  i s  supposed t h a t  t h e  u s e r  knows t h e  mecanism o f  a c t i o n  o f  the e n v i r o n -  

' ment on the s t o c k ,  o r  has a l r e a d y  p e r f o r m e d  t i m e  s e r i e s  ana lyses  u s i n g  a 
m o n t h l y  o r  week ly  t i m e  i n t e r v a l  CFrCon, 1986; 1988) t o  de te rm ine  i f  t h e  en- 

' v i ronmen t  p r e s e n t  a un lagged o r  s h o r t - l a g g e d  [ i n f l u e n c e  on c a t c h a b i l i t y )  o r  
a lagged r e l a t i o n s h i p  w i t h  c.p.u.e. 

: Between these  two ques t i ons ,  t h e  program w i l l  ask one o r  s e v e r a l  q u e s t i o n s  
i n  o r d e r  t o  de te rm ine  wh ich  r e l a t i o n s h i p  i s  more s u i t a b l e  between U and F 
(Schaefer 's  l i n e a r  model, Fox and G a r r o d ' s  e x p o n e n t i a l  model o r  P e l l a  and ' 

' Toml inson 's  g e n e r a l i z e d  model ) ,  and between U and V C l i n e a r ,  e x p o n e n t i a l ,  
g e n e r a l  o r  q u a d r a t i c ) .  Formulae a r e  p r e s e n t e d  i n  append ix  1 and t h e  who le  
s e t  o f  q u e s t i o n s  appears i n  append ix  2. 

Model f i t t i n q  

i I n  case o f  n o n - e q u i l i b r i u m  c o n d i t i o n s  C t r a n s i t i o n a l  cases) ,  t h e  e q u i l i b r i u m  
approx ima t ion  approach i s  used CFOX, 1975):  a w e i g h t e d  average o f  E a n d i o r  
V i s  computed. I n  case o f  d e l a y e d  i n f l u e n c e  o f  t h e  env i ronment  on abundan- 
ce,  a Lag i s  i n s e r t e d  between t h e  w e i g h t e d  average o f  V and U Csee Freon,  



1988, f o r  f u r t h e r  d e t a i l s ) .  The t. larquardt-"s a l g o r i t h m  i s  used f o r  l e a s t -  
square e s t i m a t i o n  o f  n o n l i n e a r  parameters .  R c c o r d i n g  t o  t h e  model, t h e  pa- 
rameter  i n i t i a l  va lues  a r e  l, O o r  computed f r o m  t h e  o r i g i n a l  d a t a  s e t  be- 
f o r e  r u n n i n g  t h e  a l g o r i t h m .  F-s a f i r s t  r e s u l t ,  the percentage o f  v a r i a t i o n  
e x p l a i n e d  by t h e  model CR21 i s  g i ven .  The f o l l o w i n g  s t e p s  depend on t h e  
q u a l i t y  o f  t h e  f i t ,  t h a t  i s :  

- a f t e r  t h e  s t e p  o f  b i v a r i a t e  model e s t i m a t i o n ,  i f  R2<40% , t h e  program 
s t o p s  o r  i n v i t e  t h e  use r  t o  g i v e  new answers t o  t h e  p r e v i o u s l y  unanswered 
ques t i ons .  I f  R2>90% a v a l i d a t i u n  o f  t h e  b i v a r i a t e  model can be t r i e d .  If 
40<R2<90%, t h e  program w i l l  t r y  t o  f i n d  a m u l t i v a r i a t e  U=f(E,V1 model p r o -  
v i d i n g  a b e t t e r  c o r r e l a t i o n  t h a n  t h e  b i v a r i a t e  one; 

- a f t e r  a m u l t i v a r i a t e  model e s t i m a t i o n  , v a l i d a t i o n  i n t e n t  i s  p o s s i b l e  i f  
R2>70%. 

F i t  assessment 

The f i t  assessment i s  m a i n l y  based on a j a c k k n i f e  e s t i m a t i o n  o f  t h e  parame- 
t e r s  and o f  R2 (Ducan, 1978; E f r o n  and Gong, 19831, b u t  a l s o  on t h e  r e s i -  
d u a l  a n a l y s i s  and on t h e  d a t a  s e t  c h a r a c t e r i s t i c s .  
t e d  v a l u e s  o f  t h e  model and o f  i t s  r e s i d u a l s  a r e  d i s p l a y e d .  

Graph ics  o f  t h e  p r e d i c - ,  

3 
\ 

( Summary o f  e x p e r t  d e c i s i o n  

Flt t h e  end o f  e v e r y  s t e p  o f  t h e  main  menu, t h e  u s e r  may d i s p l a y  t h e  p a t h  
f o l l o w e d  by  t h e  program a t  each l e v e l  o f  d e c i s i o n ,  w i t h  t h e  co r respond ing  
r u l e  number. 

RESULTS 

F-n example o f  a p p l i c a t i o n  i s  p r e s e n t e d  w h i c h  co r responds  t o  t h e  Senegalese 
s a r d i n e  f i s h e r y  (Freon, 1983; 19881. Fl t e n t a t i v e  new abundance i n d e x  has  
been used i .e .  t h e  mean annua l  w e i g h t  p e r  s e t  when a s i n g l e  s u c c e s s f u l  s e t  
i s  per fo rmed p e r  t r i p  (Freon,  t h i s  m e e t i n g ) .  The env i ronmen ta l  v a r i a b l e  i n -  
f l u e n c i n g  t h e  s t o c k  abundance is t h e  mean w i n d  speed d u r i n g  t h e  u p w e l l i n g  
season. 

F lccord ing t o  s t o c k  and s p e c i e s  knowledge, CLIMPROO chooses f i r s t  t o  f i t  t h e  
e x p o n e n t i a l  model f o r  t h e  f u n c t i o n  U=fCF1 and f i n d  R2 = 86%. The r e l a t i o n s -  

' h i p  between t h e  r e s i d u a l s  o f  t h i s  modeC and V i s  l i n e a r  (F ig .  21 and t h e r e -  
f o r e  t h e  l i n e a r - e x p o n e n t i a l  model  i s  f i t t e d  and p r o v i d e s  an RZ v a l u e  e q u a l  
t o  95% (F ig .  31.  The j a c k - k n i f e  v a l i d a t i o n  i n d i c a t e s  t h a t  a l l  parameters  
are s i g n i f i c a n t  a t  a 5% l e v e l ,  and t h a t  no s i n g l e  y e a r  c o n t r i b u t e s  t o  more 
t h a n  35% o f  any c o e f f i c i e n t  e s t i m a t i o n ,  which i s  r e l a t i v e l y  s a t i s f a c t o r y .  
The r e s i d u a l s  o f  t h e  model a r e  n o t  a u t o c o r r e l a t e d .  

OISCUSSION 

Fl l thaugh t h e  r e s u l t s  , o b t a i n e d  on  t h e  Senegalese s t o c k  seem s a t i s f a c t o r y ,  
f u r t h e r  s t u d i e s  a r e  necessary  b e f o r e  a c c e p t i n g  t h e  c a t c h  p e r  s e t  as a r e -  
p r e s e n t a t i v e  i n d e x  o f  abundance. T h e r e f o r e  t h i s  p a r t i c u l a r  example - g i v e n  
o n l y  as an i l l u s t r a t i o n  o f  t h e  program c a p a b i l i t i e s -  w i l l  no more be d i s -  
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O f  most i n t e r e s t  i s  t h e  d i s c u s s i o n  on t h e  improvements,  l i m i t a t i o n s  and 
r i s k s  b r o u g h t  by  t h e  exper t -sys tem approach. S imp le  s u r p l u s  p r o d u c t i o n  mo- 
d e l s  have been c r i t i c i z e d  because t h e y  s u f f e r  f r o m  l a c k  o f  b i o l o g i c a l  r e a -  
l i s m .  N e v e r t h e l e s s ,  i n  many i n s t a n c e s  more s o f i s t i c a t e d  a g e - s t r u c t u r e d  mo- 
d e l s ,  do n o t  p e r f o r m  b e t t e r  owing t o  d i f f i -  
c u l t i e s  i n  a d d i t i o n n a l  parameters estimation (Ludwig and W a l t e r s ,  1985). 
CLIMPROD use o n l y  one a d d i t i o n n a l  v a r i a b l e  and zero t o  t h r e e  ( b u t  more o f -  
t e n  one) a d d i t i o n n a l  parameter  t o  t h e  c o n v e n t i o n a l  s u r p l u s  p r o d u c t i o n  mo- 
d e l s .  Moreover,  t h e  a r t i f i c i a l  i n t e l l i g e n c e  a l l o w s  f o r  u s i n g  a d d i t i o n a l  
q u a n t i t a t i v e  or q u a l i t a t i v e  d a t a  wh ich  a r e  n o t  i n c l u d e d  i n  t h e  model as va- 
r i a b l e s ,  b u t  h e l p  t h e  u s e r  t o  choose t h e  b e s t  model e q u a t i o n  a c c o r d i n g  t o  
t h e  s t o c k  c h a r a c t e r i s t i c s ,  and n o t  o n l y  t o  t h e  c r i t e r i u m  o f  t h e  b e s t  f i t .  
T h i s  l a s t  c r i t e r i u m  has been demonstrated t o  n o t  n e c e s s a r i l y  p r o v i d e  t h e  
more r e a l i s t i c  p o l i c y  p r e s c r i p t i o n  CUhler,  19801. The p r e s e n t  approach can 
p r o v i d e  b e t t e r  assessment and mah'agment o f  t h e  s t o c k  by t a k i n g  i n t o  account  
t h e  u s e r ' s  knowledge of  t h e  s t o c k  b i o l o g y  o r  s t r u c t u r e ,  and t h e  e x p e r t s '  
e x p e r i e n c e  on o t h e r  s t o c k s .  

as proposed by  D e r i s o  (19801, 

Some n e g a t i v e  a s p e c t s  o f  CLIMPROO must a l s o  be u n d e r l i n e d .  T h i s  t o o l  w i l l  
be made a v a i l a b l e  t o  f i s h e r y  b i o l o g i s t s  or f i s h e r y  managers, and can be 
used t o  f i t  any model  w i t h o u t  s p e c i a l  knowledge o f  p o p u l a t i o n  dynamics.  
Even though, b y  way o f  p r e c a u t i o n ,  some q u e s t i o n s  c o n c e r n i n g  t h e  b a s i c  as- 
sumpt ions a r e  i n c l u d e d ,  t h e  u s e r  remains f r e e  and r e s p o n s i b l e  f o r  e r r o r s .  
Moreover, t h e  c h o i c e  o f  t h e  e n v i r o n m e n t a l  v a r i a b l e  i s  o f t e n  t h e  key  f a c t o r  
t o  a v o i d  s p u r i o u s  c o r r e l a t i o n s .  I n  g e n e r a l ,  even i n  t h e  case o f  s u r p l u s  
p r o d u c t i o n  models, a minimum knowledge o f  t h e  s t o c k  and o f  t h e  s p e c i e s  b i o -  
l o g y  i s  r e q u i r e d .  

CONCLUSION 

T h i s  e x p e r i e n c e  on  a r t i f i c i a l  i n t e l l i g e n c e ,  t h r o u g h  t h e  necessary  d i a l o g  
between computer and b i o l o g y  sc iences ,  l e a d s  t o  t h e  f o r m u l a t i o n  o f  model- 
l i n g  r u l e s ,  w h i c h  a r e  o f t e n  e m p i r i c a l  and crude.  Such a s i m p l i f i c a t i o n  o f  
t h e  b i o l o g i s t ' s  way o f  t h i n k i n g  i s  n o t  devo ided o f  i n t e r e s t ,  I t  a l l o w s  f o r  

. t h e  exchange o f  i d e a s  between e x p e r t s .  Moreover,  t h e  s o f t w a r e  i t s e l f  c o u l d  
be an i n t e r e s t i n g  pedagogic  t o o l ,  e i t h e r  when used w i t h  r e a l  d a t a  s e t s  o r  

. w i th  s i m u l a t e d  ones, I n  t h i s  l a t t e r  case, t h e  l i m i t s  and i n t e r e s t  o f  t h e  . 
s u r p l u s  p r o d u c t i o n  models -wi th o r  w i t h o u t  i n t r o d u c i n g  an e n v i r o n m e n t a l  va- 
r i a b l e -  can  be t e s t e d  ( i n  p r e p a r a t i o n ) .  I t  wou ld  t h e n  appear  t h a t  t h e  mo- 
d e l s  p r o v i d e  a g r e a t e r  i n t e r e s t  where t h e  e n v i r o n m e n t a l  i n f l u e n c e  a f f e c t s  
c a t c h a b i l i t y  C f o r  any s p e c i e s ) ,  or i n  t h e  case o f  s h o r t - l i v e d  spec ies ,  whe- 
r e  i t  a f f e c t s  abundance. 

Examples o f  a p p l i c a t i o n  were p r e s e n t e d  i n  u p w e l l i n g  a r e a s  CFreon, 19881 
showing t h a t  t h e  CLIMPROO models can p r o v i d e  a f a i r l y  i n t e r p r e t a t i o n  
o f  f i s h e r y  h i s t o r y ,  p a r t i c u L a r L y  when a s t o c k  c o l l a p s e s  u n e x p e c t e d l y  w i -  
t h o u t  any a p p r e c i a b l e  i n c r e a s e  i n  t h e  nomina l  f i s h i n g  e f f o r t .  These models 
can a l s o  p r o v i d e  a u s e f u l  t o o l  f o r  the e f f i c i e n t  management o f  a f i s h e r y ,  
p a r t i c u l a r l y  i n  cases where c l i m a t i c  phenomena can be f o r e c a s t ,  o r  when 
t h e i r  i n f l u e n c e  i s  r e s t r i c t e d  t o  t h e  p r e c e d i n g  y e a r c s 1  r e c r u i t m e n t .  Never-  
t h e l e s s  t h e  use o f  CLIMPROO is n o t  d e v o i d  o f  r i s k s ,  and c a r e f u l  use must be 
made by  p e r s o n s  h a v i n g  a g e n e r a l  knowledge o f  p o p u l a t i o n  dynamics and p a r -  
t i c u l a r  knowledge o f  t h e  s t o c k  and o f  t h o s e  s p e c i e s  concerned by  t h e s e  mo- 
d e l s .  

good 
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RPPENOIX 1: CLIWROO available models 
3 

PUE = fCE1 models 

PUE=a+b .E (linear) 
PUE=a.exp(b.E) Cexponential) 
PUE=Ca+b.E>*Cl/c-1) (generalized) 

PUE = f C V 1  models 
PUE=a+b.V Clinearl 
PUE=a.V*b. (exponential) 

. PUE=atb .VAC (exponential) 
PUE=a.V+b.VA2 (quadratic) 

PUE = fCE,V)  models; influence o f  V on abundance 

PUE=a.Vtb.E C ïnear-linear) 
PUE=atb.V+c.E C ïnear-linear) 
PUE=a.V*b+c.E C ïnear-exponential) 
PUE=a.V+b.VA2+c.E ( inear-quadratic1 
PUE=Ea+b.V).expCc.E) (exponential-linear) 
PUE=a.V.expCb.E>") (exponential-linear) 
PUE=a.expCb.E>+c.Utd (exponential-linear) 
PUE=a.V"b.exp(c.El (exponential-exponential) 
PUE=a.V"b.exp(c.V^d.E) without constraints (exponential-exponential) 
PUE=a.V+b.V"Z.exp(c.E) Cexponential-quadratic) 
PUE=C(a.Vnbltc,E)A(l/(d-l)l (generalized-exponential) 



PUE=(a+b.VA2)A(d-l)tc.E)A(l/d-l)) (generalized-quadratic) 

i 

O - PUE = fCE,V) models; influence of V on catchability 
. .- PUE=a.V+b.Vn2.E (linear-linear) 

PUE=a+b.VtCc+d.V)"2.E (linear-linear) 
PUE=a.VAb+c.VA(2.b>.E (linear-exponential) 
PUE=a.V.exp(b.V.El (exponential-linear) 
PUE=(a+b.V).exp(c.V.E) (exponential-linear) 
PUE=a.V"b.exp(c.E.V"b) (exponential-exponential) 
PUE=a.V.~btc.V~+~bA2.d.VA2t2.b.c.d.Vn3+cnZ.d.Vn4~~E (Linear-quadratic) 
PUE=a.V.Cb+c.V)+exp((b.d.V - c.d.VA2).E1 (exponential-quadratic) 

,'* 

E - PUE = fCE,V) models; influence of V on both abundance and catchabilitv 

PUE=a.VACb+cl+d.Vn(2,b).E (Linear-exponential) 
PUE=a.VnCl+b3+c.Vn(2+b)+d.Vn~2.b).E (linear-quadratic) 
PUE=a.V"b.exp(c.V"d.EI with sign constraint (exponential-exponential) 
P U E = ~ a . V A ( l + b ) + c . V " ( 2 t b l ~ . e x p ~ d . V n b . E ~  (exponential-quadratic) 

QPPENDIX 2: questions asked by CLIflPROD 

The fol'lowing questions are asked by CLIMPROO, except the 11 last ones 
which are not yet incorporated in this experimental version of the soft- 
ware. 

-Do you see any abnormal statistics in this table? 1 

-Do you see outlier points on the graphic CE, U and V distribution)? 
-00 you see instability on time series graphic CE, U, VI? 
-Does the data apply to a single stock? 
-Rre there sub-stocks? 
-Is the considered sub-stock well isolated {with few exchanges) from 
others? 
-May external fisheries considerably affect the stock production? 
-Did the exploitation pattern remain the same during the years of observa- 
tion? 
-Is the fishing effort unit standardized, and is the c.p.u.e. proportional 
to abundance? 
- W e  you sure that the increasing c.p.u.e. during the first years of ex- 
ploitation is not due to fishermen Learning, to changes in the fleet compo- 
sition or to technological improvements? 
-Were there some important management decisions during the observation pe- 
riod (quota, effort regulation, mesh-size reglementation ... l?  
-Haue the time lags in processes associated with effort and population 
changes, and deviations from the stable age structure at any population Le- 
vel, produced negligible effects on production rate? 
-Is the influence of effort on c.p.u.e. more important than the environmen- 
tal influence? 
-Does the relationship between effort and c.p.u.e. seem to be decreasing on 
the graphic? 
-Does the relationship between effort and c.p.u.e. seem obviously linear or 
exponential on the graphic? 
-0oes the relationship between environment and c.p.u.e. seem monotonic on 
the graphic? 
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-0oes the r e l a t i o n s h i p  between env i ronment  and c-p.u.e. seem L i n e a r  on t h e  
g r a p h i c ?  (The t w o  p r e v i o u s  q u e s t i o n s  a r e  t h e  same f o r  t h e  r e l a t i o n s h i p  b e t -  
ween env i ronment  and t h e  r e s i d u a l s  o f  t h e  model U = f ( E > >  
-Do you t h i n k  t h a t  t h e  s t o c k - r e c r u i t m e n t  r e l a t i o n s h i p  has a s t r o n g  i n f l u e n -  
ce? 
-00 you t h i n k  t h e r e  i s  a s t r o n g  p a r e n t a l  i r e d a t i o n  on l a r v a e  a n d l o r  j u v e n i -  
l e s ?  
-1s t h e  f i s h i n g  e f f o r t  o r i e n t e d  toward  a s i n g l e  t a r g e t  spec ies?  
-Is t h e  f i s h i n g  e f f o r t  dynamics a b l e  t o  p r o v i d e  sha rp  i n c r e a s e s ?  
- a i d  s t o c k  a l r e a d y  c o l l a p s e  o r  e x h i b i t  d r a s t i c  c a t c h  decrease? 
-What is t h e  l i f e - s p a n  o f  the s p e c i e s  C0,1,2,3,4,5,6,7,8,9,10,,70 years )?  
-Which year  c l a s s e s  a r e  s i g n i f i c a n t l y  e x p l o i t e d ?  
-Is t h e  r a t i o  l i f e - s p a n l n u m b e r  o f  e x p l o i t e d  yea r -c lasses  l o w e r  t h a n  t w o ?  
-We t h e r e  n a t u r a l  p r o t e c t e d  a rgbs  f o r  t h e  s t o c k ,  o r  i n a c c e s s i b l e  b iomass? 
-f ire t h e r e  one o r  s e v e r a l  n o n - n e g l i g i b l e  spawning b e f o r e  r e c r u i t e m e n t ?  
-Is t h e  f e c u n d i t y  o f  t h e  s p e c i e s  v e r y  l o w  (sha rks ,  mammals)? 
-00 you have any a d d i t i o n a l  reason  s u g g e s t i n g  a p e s s i m i s t i c  m o d e l i s a t i o n  o f  
p r o d u c t i o n ?  
-floes t h e  env i ronment  i n f l u e n c e  abundance, c a t c h a b i l i t y  o r  b o t h ?  
-Does the s t o c k  e x h i b i t  c o l l a p s e  d u r i n g  some years  and mass ive  o v e r -  
p r o d u c t i o n  d u r i n g  o t h e r s ?  
-Does env i ronment  i n f l u e n c e  t a k e  p l a c e  b e f o r e  o r  a f t e r  t h e  r e c r u i t e m e n t ?  
- R t  wh ich  age does t h e  env i ronmen t  i n f l u e n c e  s t a r t ?  
-How l o n g  does t h e  env i ronment  i n f l u e n c e  l a s t ?  
-00 you see any t r e n d  i n  t h e  model r e s i d u a l s ?  
-Is ZERO i n c l u d e d  i n  t h e  c o n f i d e n c e  i n t e r v a l  o f  t h e  c o n s t a n t  o f  you r  mode l?  
-Is ONE i n c l u d e d  i n  t h e  c o n f i d e n c e  i n t e r v a l  o f  any m u l t i p l i c a t i v e  o r  expo- 
n e n t i a l  parameter?  
- I n  t h e  j a c k k n i f e  t a b l e s ,  a r e  t h e r e  some y e a r s  whose c o n t r i b u t i o n  accoun ts  
f o r  more t h a n  40% i n  t h e  model? 
-Do you th ink t h a t  d u r i n g  t h e  observed p e r i o d  t h e  s t o c k  has been a lways  
under -exp lo i t ed ,  has a t  some t i m e  reached t h e  o p t i m a l  e x p l o i t a t i o n ,  o r  has  
been sometimes o v e r - e x p l o i t e d ?  
-Does t h e  e f f o r t  t i m e  s e r i e s  e x h i b i t  a r a t h e r  c o n s t a n t  i n c r e a s e ?  
-Does t h e  e f f o r t  t i m e  s e r i e s  e x h i b i t  an i n c r e a s i n g  phase f o l l o w e d  b y  a de- 
c r e a s i n g  one? 
-On t h e  U=fCE) g r a p h i c ,  a r e  t h e  d e c r e a s i n g  e f f o r t  p o i n t s  above, under ,  o r  
superimposed, t o  t h e  i n c r e a s i n g  e f f o r t  p o i n t s ?  
- W i l l  t h e  e x p l o i t a t i o n  p a t t e r n  rema in  t h e  same during t h e  p e r i o d  o f  p r e d i c -  
t i o n ?  
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