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’1 
Commencing i n  1975, under the  auspices o f  W.H.O., weekly a p p l i c a t i o n s  o f  i n s e c t i c i d e s  

have been employed t o  c o n t r o l  t he  b l a c k f l y  which t r a n s m i t s  human r i v e r  b l indness  i n  West 

A f r i c a .  The r e s u l t s  p rov ided i n  t h i s  paper do n o t  show, as a whole,  any c l e a r  impact o f  

OCP-applied p e s t i c i d e s  on f i s h  popu la t ions .  The t o t a l  catch,  the  number o f  species caught 

i n  each sample and c o e f f i c i e n t  o f  c o n d i t i o n ,  appeared t o  f l u c t u a t e  around a mean value, and 

no long- term drop was observed over the  p e r i o d  in:estigated. The seasonal p a t t e r n  i s  

g e n e r a l l y  c l e a r .  I n  some cases longer  term d e c l i n e s  occur, g e n e r a l l y  be ing  fo l lowed by a 

r i s e  c o r r e l a t i n g  with changing h y d r o l o g i c a l  c o n d i t i o n s .  

r 4  JU!L, 1988 
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INTRODUCTION 

Human Onchocerc ias is  i s  a dermal f i l a r i a s i s  p a r t i c u l a r l y  ser ious  i n  Guinean and 

Sudanian A f r i c a n  savannas where i t  causes i r r e v e r s i b l e  b l i n d n e s s  among exposed popu la t ions .  

The f i l a r i a  Onchocerca v o l v u l u s  i s  t r a n s m i t t e d  t o  man by female b l a c k f l y  o f  t he  Simulium 

damnosum complex (Ph i l ippon,  1977). The l a r v a e  o f  these f l i e s  a re  aquat ic  and occur on ly  

i n  f a s t - f l o w i n g  p a r t s  o f  r i v e r s .  Thus the  disease i s  most p r e v a l e n t  near water courses. 

I n  the  absence o f  any e f f e c t i v e  cure s u i t a b l e  f o r  l a r g e - s c a l e  use, vec tor  control .  was 

t h e  most e f f e c t i v e  way t o  prevent the  spread o f  t h i s  disease. A d u l t  c o n t r o l  be ing  

d i f f i c u l t ,  chemical  t rea tment  o f  l a r v a l  stages i n  the  r i v e r s  was considered the  on ly  

f e a s i b l e  method (Anon., 1985). 

The Onchocerc ias is  C o n t r o l  Programme ( O C P )  commenced i n  December 1974 under the  

auspices o f  t h e  World H e a l t h  Organ isa t ion  (WHO) and was planned f o r  a twenty year i n t e n s i v e  

implementat ion (Davies e t  a l . ,  1978). The i n i t i a l  c o n t r o l  area o f  764,000 km2 i n c l u d e d  

Burk ina  Faso and p a r t s  o f  I v o r y  Coast, Ghana, Togo, Benin, Niger and M a l i  (F igure  1). The 

f i r s t  r o u t i n e  i n s e c t i c i d e  t reatments were i n  February 1975 i n  the  c e n t r a l  p a r t  o f  t he  OCP 

area, and have been p r o g r e s s i v e l y  extended. Up t o  18,000 km o f  r i v e r s  have been monitored, 

and t r e a t e d  when necessary i n  the  weekly spray ing  programme. 

Prolonged and ex tens ive  use o f  i n s e c t i c i d e s  cou ld  have impor tan t  env i ronmenta l  r i s k s ,  

and t h e r e f o r e  i t  was necessary t o  eva lua te  t h e  p o s s i b l e  shor t - ,  medium- and long- term 

e f f e c t s  o f  i n s e c t i c i d e s  on the  non-target fauna (Leveque u., 1979) .  

The aquat ic  m o n i t o r i n g  programme i s  performed by n a t i o n a l  teams o f  s c i e n t i s t s  i n  the  

c o u n t r i e s  i n  the  OCP area, a ided by o u t s i d e  s p e c i a l i s t s .  Th is  support  was e s s e n t i a l  because 

l i t t l e  i n f o r m a t i o n  on t h e  a q u a t i c  fauna was a v a i l a b l e .  The s u r v e i l l a n c e  has been p r i m a r i l y  

concerned wi th two major c a t e g o r i e s  o f  organisms: the  f i s h ,  by v i r t u e  o f  t h e i r  economic 

importance, and the  b e n t h i c  i n v e r t e b r a t e s ,  which may more q u i c k l y  respond t o  i n s e c t i c i d e s .  

An c o n s i d e r a t i o n  f o r  OCP i s  the  demonstrat ion t o  t h e  l o c a l  human p o p u l a t i o n  t h a t  

care  i s  be ing  taken i n  reduc ing  the  r i s k s  o f  p o l l u t i o n .  

impor tan t  

An independent E c o l o g i c a l  Group, c o n s i s t i n g  o f  exper ts  o f  i n t e r n a t i o n a l  repute,  meets 

year and i s  i n  charge o f  the  e v a l u a t i o n  o f  t h e  c o l l e c t e d  data which has been analysed 

The group advises OCP on sa fe  i n s e c t i c i d e  use and 

every 

by  o u t s i d e  s p e c i a l i s t s  (Cummins, 1985). 

new m o n i t o r i n g  procedures. 

AIMS AND PROTOCOL 

A l l  i n s e c t i c i d e s  used by OCP have t o  f o l l o w  an i n t e n s i v e  screen ing  procedure i n  order  

t o  prove t h e i r  h i g h  t o x i c i t y  aga ins t  the  S .  damnosum l a r v a e ,  and t h e i r  low t o x i c i t y  f o r  

non- ta rge t  fauna (Leveque, 1987). The c r i t e r i a  a re  t h a t  t he  p e s t i c i d e s  should have n e i t h e r  

any d i r e c t  impact on f i s h  nor any e f f e c t  on t h e i r  l i f e  cyc les .  Among hundreds o f  

i n s e c t i c i d e  f o r m u l a t i o n s  t e s t e d  by OCP, few are  se lec ted  a f t e r  o p e r a t i o n a l  f i e l d  t r i a l s .  

The f i s h  monitb?ing_programme was based on two fundamental ideas:-  
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FIGURE 1 - Map o f  OCP a r e a .  

FIGURE 2 - - o c a t i o n  o f  Major F i s h  Moni tor ing  S t a t i o n s  i n  Ivory Coas t  and Ghana. 

1. Leraba  - Pont F r o n t i e r e  2. Comoe - Ganse 
3 .  Bandama - Niakaramandougou 4.  Bandama - Marabadiassa  
5. Nzi - b r i d g e  o f  Dabakala Road 6 .  Black Vo l t a  - Bamboi 
7. White Vo l t a  - Daboya 8. Bagoe - Kouto 
9 .  O t i  - S a b a r i  10.  Maraoue - Plankono 
11. Sassandra  - Semien 1 2 .  P r u  - Asubende 
13. Wawa - Dodo Papasse 
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a )  repeated long-term treatments c o u l d  change the r e p r o d u c t i v e  c y c l e  o f  f i s l ies ,  e i t h e r  by 

a f f e c t i n g  the  phys io logy  o r  by d i r e c t  e f f e c t  on eggs or j u v e n i l e s .  I f  so, t h e r e  c o u l d  be 

changes i n  f i s h  r e c r u i t m e n t  and, on a long- term basis,  a decrease i n  f i s h  abundance. This 

would t o  the  f i s h  community as a whole, o r  t o  p a r t i c u l a r  species which cou ld  be more 

s e n s i t i v e  t o  i n s e c t i c i d e s .  

b )  

app ly  

I n s e c t i c i d e s  cou ld  a f f e c t  t h e  food c h a i n  l e a d i n g  t o  a s e r i o u s  r e d u c t i o n  i n  d i e t .  

I t  should be noted t h a t  such i n v e s t i g a t i o n s  c o u l d  h a r d l y  be conducted i n  the  

l a b o r a t o r y  because o f  the  number and d i v e r s i t y  o f  f i s h  species invo lved,  and the  

d i f f i c u l t i e s  o f  m a i n t a i n i n g  most o f  the  species i n  r e a r i n g  c o n d i t i o n s  t o  complete t h e i r  l i f e  

cyc le .  

The m o n i t o r i n g  s t a t i o n s  (F igure  2)  were chosen on the b a s i s  o f  a c c e s s i b i l i t y  a t  a l l  

seasons, s u i t a b i l i t y  f o r  sampling, a v a i l a b i l i t y  o f  h y d r o l o g i c a l  data and abundance o f  f i s h  

stocks.  

I n  e s t a b l i s h i n g  the  m o n i t o r i n g  programme, the  terms o f  re fe rence i n c l u d e d  the  

i n t r o d u c t i o n  o f  s imp le  s tandard ized sampling techniques f o r  use by d i f f e r e n t  teams and under 

v a r i o u s  env i ronmenta l  c o n d i t i o n s  (Leweque u., 1979) .  Exper imenta l  f i s h i n g  i s  t h e r e f o r e  

c a r r i e d  o u t  u s i n g  s e t s  o f  g i l l  n e t s  25 metres l o n g  and two metres deep with v a r i o u s  mesh 

s i z e s  (15,20,25,30 and 40 mm). 

Usua l ly  each c o l l e c t i o n  i s  t he  r e s u l t  o f  two s e t s  o f  g i l l  n e t s  f i s h i n g  on two 

consecut ive  n i g h t s ,  b u t  some p r o t o c o l  v a r i a t i o n s  have taken place, p a r t i c u l a r l y  i n  t h e  e a r l y  

years o f  t h e  programme. Data sheets f o r  each sample r e c o r d  t h e  number and t o t a l  we igh t  o f  

i n d i v i d u a l  species caught i n  the  d i f f e r e n t  mesh s izes .  For comparison and s t a n d a r d i z a t i o n ,  

r e s u l t s  a re  expressed as c a t c h  per  u n i t  e f f o r t  (CPUE) which i s  t he  number o r  weight o f  f i s h  

caught i n  100 m 2  o f  n e t  per n i g h t .  Most o f  t he  m o n i t o r i n g  s t a t i o n s  were i n v e s t i g a t e d  every 

t h r e e  months, b u t  aga in  t h e r e  were some p r o t o c o l  v a r i a t i o n s  d u r i n g  the ten years, ma in ly  due 

t o  t h e  a c c e s s i b i l i t y  o f  s t a t i o n s  and a v a i l a b i l i t y  o f  teams. 

From t h e  r e s u l t s  obta ined i n  sampling t h e  d i f f e r e n t  s t a t i o n s ,  i t  was t h e r e f o r e  p o s s i b l e  t o  

f o l l o w  long- term changes i n : -  

a)  t o t a l  ca tch  f o r  t he  s e t  o f  g i l l  n e t s  w i t h  d i f f e r e n t  mesh s i z e s  o r  combinat ions o f  mesh 

s izes .  

t he  number o f  species caught. 

t he  q u a n t i t y  o f  each species caught. 

t he  s t r u c t u r e  o f  t he  f i s h  c a t c h  i . e .  r e l a t i v e  abundance o f  species i n  each mesh s i ze .  

b )  

c )  

d)  

C o e f f i c i e n t  o f  c o n d i t i o n ,  i s  a s tandard express ion of the h e a l t h  o f  f i s h e s  which prov ides  an 

assessment of feed ing  and e c o l o g i c a l  c o n d i t i o n s .  F i s h  were i n d i v i d u a l l y  measured and 

weighed, t o  es t imate  the c o e f f i c i e n t  o f  c o n d i t i o n  ( K )  d e r i v e d  from the  formula:- K W x 

10 5 /L3. where W i s  the  weight i n  grammes and L i s  the  s tandard l e n g t h  i n  mm. 
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Before t h e  moni tor ing programme there were very few d e t a i l e d  s tud ies  on the b io logy  and 

ecology o f  West A f r i can  f ishes.  I t was soon apparent t h a t  a d d i t i o n a l  research was essent ia l  i f  

the  r e s u l t s  O F  the moni tor ing programme were t o  be c o r r e c t l y  in te rpre ted .  Various s tud ies  have 

s ince prov ided a b e t t e r  knowledge o f  the b io logy  o f  the main species: Alestes baremoze, Brycinus 

nurse, B. imberi,  8. macrolepidotus, 8 .  l o n q i p i n n i s  (Paugy, 1978, 1980a, 1980b, 1982a, 1982b), 

Petrocephalus bovei  (Merona, 1980), Schi lbe mystus and Eutrop ius menta l is  (Leveque & I ierb inet ,  

1980, 1982). 

A study o f  the Bandama bas in  (Merona, 1981) prov ided in fo rmat ion  on the ecology o f  the f i s h  

species and confirmed the representa t ive  nature o f  moni tor ing s ta t ions .  E l e c t r o - f i s h i n g  has a lso 

been out  i n  the rap ids  o f  some r i v e r s  t o  g ive  a b e t t e r  understanding o f  f i s h  populat ions 

o f  these h a b i t a t s  which cannot be sampled by g i l l  nets, and o f  t h e i r  changes over time. I n  order 

t o  he lp  the  d i f f e r e n t  teams i n  i d e n t i f i c a t i o n  o f  species, a catalogue o f  f i shes  was produced 

(Leveque & Paugy, 1984). 

c a r r i e d  

*- 

A l l  t h i s  in fo rmat ion  w i l l  be developed f u r t h e r  i n  other  pub l i ca t ions .  
.i 

INSECTICIDE TREATMENTS 

Temephos ("Abate") i s  an organophosphorus l a r v i c i d e  which was used exc lus ive ly  from 1975 t o  

A 20% emulsion concentrate was app l ied  a t  a dosage o f  0.05 mgl- l  per  10 mn dur ing the wet 1980. 

season, and a t  0.1 mgl-I  per 10 mn i n  dry  seasons. 

I n  December 1979 temephos res is tance developed i n  la rvae o f  some cytospecies o f  the 

S. damnosum complex ( G u i l l e t  e t  a l . ,  1980; Kurtak, 1986) and spread r a p i d l y  t o  the southern 

f o r e s t  This  s i t u a t i o n  l e d  t o  a large-scale a p p l i c a t i o n  

o f  B a c i l l u s  thur inq iens is  H14 ("Teknar") dur ing the dry  season (dose r a t e  1.2 mgl- I  per 10 mn) i n  

these areas of res is tance,  together  with "Chlorphoxim", another organophosphate, dur ing  the wet 

season (0.025 mgl- l  per 10 mn). However, a res is tance t o  Chlorphoxim was discovered i n  Ju ly  1981 

i n  This necess i ta ted an 

acce le ra t ion  o f  screening o f  o ther  a l t e r n a t i v e  insec t ic ides ,  and "Permethrin" and "Carbosulfan" 

appeared t o  be promising. These had on ly  been used i n  the  f i e l d  dur ing  the r a i n y  season (0.015 

mgl- l  per 10 mn) where res is tance t o  organophosphates was observed. No d i r e c t  e f f e c t  on f ishes 

was apparent. 

zone and p a r t  o f  the humid savanna zone. 

the  f o r e s t  species a l ready r e s i s t a n t  t o  temeplios (Kurtak u., 1982). 

r. By the  end o f  1985 the  treatment s i t u a t i o n  could be summarised as fo l lows.  Temephos was 
s t i l l  used i n  those reg ions o f  , the  OCP area where no res is tance had developed among Simulium 

populat ions;  i n  the south-west, where s t r a i n s  r e s i s t a n t  t o  t h i s  l a r v i c i d e  had appeared, Teknar 

was used where r i v e r  discharge was below 75 m3s-l. Above t h i s  l e v e l ,  the s t ra tegy  was t o  

a l t e r n a t e  other  l a r v i c i d e s  such as temephos, Chlorphoxim and, when necessary, Permethrin (WHO, 

1986). As a r e s u l t ,  i n s e c t i c i d e  treatment var ied  between r i v e r s .  F igure 3 i l l u s t r a t e s  the 

treatment regime fo r  the  main f i s h  moni tor ing s t a t i o n s  s ince the s t a r t  o f  observations. More 

d e t a i l s  o f  i n s e c t i c i d e s  and treatment s t r a t e g i e s  w i l l  be found i n  Anon (1985). 

I t  must be remembered t h a t  o ther  i n s e c t i c i d e s  may a lso  a f f e c t  the r i v e r s  i n  Ghana and I v o r y  

Coast. Large amounts o f  a g r i c u l t u r a l  pest ic ides,  which are d i f f i c u l t  t o  evaluate, may reach the 

water courses. According t o  Calamari (19851, 300 t o f  DDT, 600 t o f  Lindane, 100 t o f  

methylparathion and 30 t o f  o ther  compounds were used i n  1976 i n  I v o r y  Coast. Since 1979 DOT has 

been rep laced by organophosphates, carbamates and pyrethro ids.  S i m i l a r  values  are g iven f o r  
I v o r y  Coast by Balk and Koeman (1984) and are  expected t o  increase two t o  three f o l d  by the end of 

the  century. 
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f i s h  m o r t a l i t y  was observed, except i n  N i g e r i a  where a mass 

endosulfan spray ing (Koeman u., 1978) as w e l l  as i n  I v o r y  

Another source o f  p o l l u t i o n  i s  the sugar and F r u i t  

r i v e r s .  The residues from t h i s  organic p o l l u t i o n  could 

I I I I I I I l l l 
tes I 1975 I 1976 I 1977 I 1978 I 1979 I 1980 I 1981 I 1982 I 1983 I 1984 I 1985 

m o r t a l i t y  o f  f i s h  occurred fo l low ing  

Coast (Ever ts  u., 198313). 

f a c t o r i e s  o f t e n  s i t u a t e d  along the 

cause f i s h  m o r t a l i t i e s ,  such as those 

I‘ I 

course i s  sometimes reduced t o  a ser ies  o f  pools. There 

i n  f low which r e s u l t  i n  major eco log ica l  changes f o r  the 

o f  the f l o o d  per iod  i s  a lso  d i r e c t l y  r e l a t e d  t o  the  abundance 

c l i m a t i c  f luc tua t ions ,  the  water discharge o f  r i v e r s  

Abate Bt Chlorphoxin Carbosulfan m Permethrine 

re thererore  severa l  seasonal changes 

f i s h  species. However, the importance 

o f  seasonal r a i n s  and as a r e s u l t  o f  

e x t i b i t s  l a r g e  changes from year t o  year 

FIGURE 3 - I n s e c t i c i d e  Treatment a t  the  Major Aquat ic  M o n i t o r i n g  S t a t i o n s  



427  

I n  t r o p i c a l  r i v e r s  f i s h  b i o l o g i s t s  recognise  t h a t  hydrology p l ays  a major ro le  i n  f i s h  
behaviour.  F i sh  reproduct ion  t ends  t o  be h igh ly  seasona l  and c o r r e l a t e d  p r imar i ly  wi th  flow 

(Welcomme, 1985).  This  is  t h e  case  f o r  many West African s p e c i e s  which spawn dur ing  t h e  e a r l i e r  
p a r t  o f  t h e  f lood:  A les t e s  baremoze, Brycinus nurse ,  Pe t rocephalus  bovei ,  Marcusenius fu rc idens ,  
M. u s s h e r i ,  Labeo seneqa lens i s ,  L. coubie,  Sch i lbe  mystus, Eut ropius  mandibular i s  e t c .  (A lba re t ,  

1982; Leveque & Herbine t ,  1980, 1982; Paugy, 1978, 1980) .  However, some s p e c i e s  a r e  known t o  
breed throughout t h e  year :  8. imber i ,  E. macrolepidotus,  Nydrocynus f o r s k a l i i ,  T i l a p i a  z i l l i i ,  

Hemichromis f a s c i a t u s  (Alba re t ,  1982; Paugy, 1980 , 1982 ). 

I t  is a l s o  assumed t h a t  breeding  success  and s u r v i v a l  o f  f r y  o f  many s p e c i e s  could be 

r e l a t e d  t o  t h e  du ra t jon  and water l e v e l  o f  t h e  f lood  per iod  ( f o r  review see Welcomme, 1979, 1985).  
In yea r s  when t h e r e  is i n s u f f i c i e n t  water ,  t h e  young f i s h  have fewer r e fuges ,  a r e  more vu lne rab le  

t o  p reda to r s  and have fewer sou rces  of  food. Dansoko u (1976) have shown t h a t  t h e  r educ t ion  

i n  commercial ca t ches  o f  Hydrocynus b r e v i s  and H. r o r s l t a l i i  i n  1972 and 1973 was a consequence of  

inadequate  l eve ls  dur ing  t h e  f lood  pe r iods ,  and r e s u l t e d  i n  a poor cond i t ion  f a c t o r ,  l i m i t e d  
growth and weak r ec ru i tmen t  t o  t h e  f i s h  s tocks .  

f 

discharge [ m3/s ) 

Sassandra 
500- 

4 r 

Oti 

FIGURE 4 - Discharge  (m3 s-l) per  month f o r  Some Moni tor ing  S t a t i o n s  i n  t h e  DCP a r e a .  



I n  a d e t a i l e d  study o f  f i s h  populat ions from the Logone f l o o d  p l a i n ,  Benech and Quensiere 

(1983) were a lso able t o  demonstrate over t e n  years the existence o f  a p o s i t i v e  c o r r e l a t i o n  

between f i s h  product ion and f l o o d  volume, as w e l l  as changes i n  species composit ion and community 

s t r u c t u r e  r e l a t e d  t o  drought periods. Many f i s h  species migrate long d is tances upstream a t  the 

beginning o f  the  f l o o d  i n  order  t o  spawn and f i n d  good cond i t ions  favour ing the  development o f  

f r y .  This j s  the  case i n  the  r i v e r s  considered here f o r  A. baremose, B. leuc iscus,  Mormyrus 

-, Mormyrops de l i c iosus ,  Dis t ichodus r o s t r a t u s ,  Eutrop ius n i l o t i c u s ,  E. mandibularis, Labeo 
seneqalen&, etc .  These migra t ion  pa t te rns  could be modi f ied as a r e s u l t  o f  water management 

schemes such as dams and impoundments, whose numbers and surface area are expected t o  increase 

g r e a t l y  by the  end o f  the century  (Clay, 1984). These dams could a c t  as b a r r i e r s  i n t e r r u p t i n g  

upstream migrat ions,  bu t  could a l s o  favour species which develop i n  the lakes  where they f i n d  good 

eco log ica l  cond i t ions  and migrate upstream dur ing  f l o o d  (See Bernaczek, 1984, f o r  review). Such 

examples are the  Vo l ta  and K a i n j i  lakes (Kapetsky & Petr ,  1984) as w e l l  as the Kossou l a k e  on the 

Bandama. Since the  beginning o f  the mon i to r ing  programme other  dams have been b u i l t ,  such as the 

Taabo on the Bandama, Buyo on the Sassandra and numerous smal ler  i r r i g a t i o n  r e s e r v o i r s  on the  

upper reaches o f  the r i v e r s .  Other p r o j e c t s  are planned f o r  the  f u t u r e  i n  I v o r y  Coast and Ghana. 

As r e s u l t  o f  t h i s  management, changes i n  f i s h  community s t ruc tu res  are expected i n  many r i v e r s  

b o t h  upstream and downstream o f  t h e  dams (Bernaczek, 1984). 

a 

I n  conclusion, the  composit ion of experimental f i s h  catches could be sub jec t  t o :  a )  

seasonal changes as a r e s u l t  o f  migrat ions;  b )  year t o  year changes as a r e s u l t  o f  c l i m a t i c  

f luc tua t ions ;  c )  long-term changes fa l low ing  e f f e c t s  o f  impoundments; d )  poss ib le  l a r v i c i d e  

impacts. 

ECOTOXICOLOGICAL STUDIES 

The ef fects  o f  organophosphates (temephos and Chlorphoxim) i n  labora tory  experiments showed 

t h a t  f i s h  were able t o  accumulate temephos (Mi les ehal., 1976; Matthiessen & Johnson, 1978), b u t  

t h i s  accumulation seems t o  be l i m i t e d  and does n o t  increase i n d e f i n i t e l y ,  as was observed with DDT 

f o r  instance. As an example, Sarotherodon mossambicus exposed weekly t o  opera t iona l  doses (0.05 

mg 1-1 They could a lso  accumulate 

res idues by ea t ing  contaminated food. An a f f i n i t y  o f  temephos f o r  f a t t y  t i ssues  has been 

observed, b u t  i n  cont ras t  t o  organochlorides there  i s  no accumulation i n  the l i v e r .  

f o r  10 minutes) accumulated 3-4 mg kg- l  by d i r e c t  absorption. 

According t o  r e s u l t s  obta ined i n  f i e l d  cond i t ions  (Quelennec et, 1977) f i s h  captured 

dur ing  the dry season j u s t  below the spray ing p o i n t  e x h i b i t e d  t races o f  temephos (between 1.3 and 

14.3 mg 1-1 according t o  species) one day a f t e r  treatment. S i x  days l a t e r  contamination was 

lower (between 1 and 7 mg 1-l). A t  a d is tance o f  1 km below the  spray ing po in t ,  f i s h  were weakly 

contaminated I n  the  r a i n y  season, accumulation o f  temephos i s  much 
1 

lower; 

f i v e  days l a t e r .  I t  should be mentioned t h a t  DOT res idues were a lso  found (0.01-0.35 mg 1-l) i n  

the  f i s h  studied, probably as a r e s u l t  o f  the  use o f  t h i s  p e s t i c i d e  i n  a g r i c u l t u r e .  

(between O and 0.25 mg 1 - l ) .  

0-0.4 mg 1-l f i v e  hours a f t e r  spraying, j u s t  below the spray ing po in t ,  and 0-0.03 mg 1- 

..- 

#i 



The i n h i b i t i o n  of ace ty l . cho l ines t e ra se  a c t i v i t y  due t o  organophosphates was a l s o  s t u d i e d  i n  

l a b o r a t o r y  and f i e l d  cond i t ions .  I n  t h e  l a b o r a t o r y  (Gras u., 1982; P e l i s s i e r  u., 1982, 
1983),  where o p e r a t i o n a l  doses  were t e s t e d  (0.05 mg 1-1 f o r  10  minutes)  i n h i b i t i o n  by temephos Was 

about  25% f o r  T i l a p i a  qu ineens i s ,  b u t  no f i s h  i n t o x i c a t i o n  was noted a f t e r  r epea ted  weekly 

exposures.  When f i s h  were exposed t o  t h e  o p e r a t i o n a l  dose f o r  24 hours ,  t h e  i n h i b i t o r y  e f f e c t  is 

much h ighe r ;  38% a f t e r  one exposure ad 69% a f t e r  t h r e e  weekly exposures.  I n  t h e  l a t t e r  c a s e  t h e  

f i s h  d i d  no t  su rv ive .  The i n h i b i t i o n  o f  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  appea r s  more important  

w i th  Chlorphoxim. 

In  f i e l d  c o n d i t i o n s ,  t h e  a c e t y c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  f i s h  b r a i n  does no t  seem t o  be 

s i g n i f i c a n t l y  d i f f e r e n t  i n  r i v e r s  t r e a t e d  wi th  temephos or u n t r e a t e d  (Alitwi, 1983, 1984; 
*,, Scheringa et, 1981).  When Chlorphoxim is used, f i s h  cap tu red  beluw sp ray ing  p o i n t s  e x h i b i t e d  

a 20% reduc t ion  i n  enzymatic a c t i v i t y ,  b u t  t h i s  i n h i b i t i o n  was shown t o  be r e v e r s i b l e  (Antui ,  
1983, ,1985). 
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RESULTS OF ECULUGICAL M O N I T U R I N G  
1. Species  Composition 

The monitoring s t a t i o n s  a r e  s i t u a t e d  i n  d i f f e r e n t  river bas ins  and a t  d i f f e r e n t  l e v e l s  o f  

t h e  water course .  I t  is  t h e r e f o r e  no t  s u r p r i s i n g  t o  observe d i f f e r e n c e s  between s t a t i o n s  i n  t h e  
r e l a t i v e  abundance between s p e c i e s  (F igure  5 ) .  Ales t e s  baremoze is the  dominant s p e c i e s  i n  t h e  

south-flowing Ivory Coast r i v e r s  except i n  t he  Leraba-Comoe bas in  where Sch i lbe  mystus is 

Co-dominant. The Sassandra demonstrates a spectrum s i m i l a r  t o  t h e  Maraoue. The ßagoe (Niger 

b a s i n )  and Volta e x h i b i t  a somewhat d i f f e r e n t  f i s h  fauna: A les t e s  l e u c i s c u s ,  Eut ropius  n i l o t i c u s  
and Chrys ich thys  a u r a t u s  i n s t e a d  of  B r y c i n u s  imber i ,  Eut ropius  mandibular i s  and Chrysichthys 

v e l i f e r  r e s p e c t i v e l y .  

2. Number of  F i sh  Spec ies  

The number o f  f i s h  s p e c i e s  caught a t  s e l e c t e d  s t a t i o n s  ( r i g u r e  6 )  e x h i b i t s  a s easona l  change 

wi th  a maximum a t  low water.  This r e p r e s e n t s  t h e  g r e a t e s t  e f f i c i e n c y  of t h e  g i l l  n e t s .  There Y* 

a r e  d i f f e r e n t  long-term t r ends  i n  each r i v e r ,  bu t  o v e r a l l  t h e r e  is  no evidence of  a reduct ion  i n  

s p e c i e s  r i c h n e s s  over  t h e  t e n  year  pe r iod .  For Ivory Coas t ,  t h e r e  is a decrease  i n  t h e  number o f  
f i s h  s p e c i e s  between 1981 and 1984 which could be r e l a t e d  t o  t h e  poor r i v e r  d i scha rges  dur ing  t h a t  

per iod  (F igure  4) .  The recovery observed i n  1985 fo l lows  

The t o t a l  number of  s p e c i e s  could mask changes i n  

rep laced .  However, t he  r e s u l t s  d i d  not  show evidence 
exper imenta l  ca t ches .  

a season  of  p a r t i c u l a r l y  heavy r a i n .  

s p e c i e s  composition, some s p e c i e s  being 

o f  disappearance  of  f i s h  s p e c i e s  i n  the 

l ,  , , , , , , , I 

1 ' .  , , , , , , , , , , , 

FIGURE 6 - Changes i n  Number o f  IFish S p e c i e s  per Sample a t  Various S t a t i o n s  Based on 
e x p e c t a t i o n  o f  2 sets o f  Gills nets on 2 c o n s e c u t i v e  n i g h t s .  
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3 .  Chanqes i n  Tota l  Experimental Catches 

When consider ing changes i n  the f i s h  catches, expressed as the  mean CPUE f o r  the 

standardized s e t  o f  g i l l  ne ts  (F igure 71, a seasonal p a t t e r n  i s  genera l l y  observed, wi th  h igher  

catches a t  the  end o f  the h i g h  water per iod  (November t o  January) and lower catches dur ing  the  

more e f f i c i e n t  i n  low water condi t ions.  The h i g h  CPUE values observed i n  the Sassandra i n  19ßO 

appear t o  be due t o  an increase i n  Alestes/Brycinus species (Alestes baremoze, Brycinus nurse, & 
imber i ) .  A s i m i l a r  phenomenon was observed i n  1980-1981 i n  the Leraba due t o  increased catches 

o f  Alestes baremoze, Eutrop ius mandibularis, Schi lbe mystus and Lates n i l o t i c u s .  Over the  t e n  

year per iod  no long-term reduct ions i n  mean catch can be discerned. 

c 

# f l o o d  (August t o  September). Again t h i s  p a t t e r n  i s  p a r t l y  the r e s u l t  o f  the f i s h i n g  gear be ing 

When consider ing d i f f e r e n t  mesh s izes  (F igure 81, and p a r t i c u l a r l y  the  smal ler  ones 

e f f i c i e n t  f o r  juven i les ,  there  i s  a more obvious c o r r e l a t i o n  with year-to-year changes i n  

hydrology. A t  Niaka on the Bandama, f o r  instance, catches i n  the 15 mm mesh s i z e  are lower i n  

1976-1977 The catch was b e t t e r  wi th  

more favourable hydrology between 1979 and 1981. A s i m i l a r  s i t u a t i o n  occurred on the  Leraba 

(F igure ab). 

and 1982-1984 which correspond t o  a poor f l o o d  (F igure 4 ) .  
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Catch (C.P.U.E.) f o r  D i f f e r e n t  Mesh S i z e s  a t  Two Monitor ing S t a t i o n s  

4.  Chanqes i n  t h e  S t r u c t u r e  o f  t h e  F i sh  c a t c h e s  
I t  is d i f f i c u l t  t o  compare many graphs o f  s p e c i e s  abundance a g a i n s t  time and ove r l ay  t h e s e  

with a b i o t i c  f a c t o r s .  Therefore  m u l t i v a r i a t e  ana lyses  a r e  a p p r o p r i a t e  and t h e  method used h e r e  is  

t h e  f a c t o r i a l  a n a l y s i s  of correspondence, t h e  s a l i e n t  p o i n t s  o f  which a r e  amply desc r ibed  
elsewhere (Benzecri ,  1973: Lebard & Fenelon, 1973: H i l l ,  1974) .  This  method is p a r t i c u l a r l y  

in fo rma t ive  a s  i t  pe rmi t s  s imultaneous 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  s p e c i e s  and samples. 
Two examples a r e  given he re ,  t h e  f i r s t  being t h e  r i v e r  O t i  a t  Saba r i  with only Abate 

t r ea tmen t  being app l i ed .  Although t r ea tmen t s  have been less f r equen t  i n  r e c e n t  y e a r s ,  t h e  r i v e r  

Mo has  r ece ived  heavy i n s e c t i c i d e  a p p l i c a t i o n s .  This  t r i b u t a r y  j o i n s  t h e  O t i  be fo re  t h e  Volta  

Lake so a l l  migratory f i s h  would be exposed t o  Abate a t  some time. 

In  t h e  o r d i n a t i o n  p resen ted  i n  Figure 9a.  t h e  f i r s t  a x i s  s e p a r a t e s  t h e  samples i n t o  low and 

high water  pe r iods .  Dry pe r iod  c o l l e c t i o n s  a r e  c h a r a c t e r i s e d  by Ales t e s ,  Labeo and Chrysichthys 

s p e c i e s ,  a s  well a s  Synodontis f i lamentosus and Sch i lbe  m y s t u s .  The second a x i s  has  a group o f  

h igh  water  samples i n  t h e  middle,  w i th  r i s i n g  and f a l l i n g  water  p e r i o d s  being more d i f f u s e .  
Comparison with F igu re  10  g i v e s  some reasons f o r  t h i s  p a t t e r n ,  a s  t h e  Petrocephalus  spp. a r e  n o t  

common a f t e r  1979, while  Eu t rop ius  n i l o t i c u s  con t inues  t o  be abundant throughout  t h e  sampling 
per iod.  Apparent r educ t ions  i n  abundance can a l s o  be c o r r e l a t e d  wi th  a r educ t ion  i n  frequency of 
monitor ing from monthly t o  q u a r t e r l y .  Therefore  s p e c i e s  such a s  E. n i l o t i c u s  may be 

under-represented a s  t h e  main mig ra t ion  pe r iod  is more l i k e l y  t o  be missed. 
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PS 

FIGURE 9 - Correspondence Ana lys i s  of expe r imen ta l  c a t c h e s  ( i n  Fish numbers) a t :  

a )  O t i  a t  S a b a r i  
b )  Bandama a t  Niakaramandougou 
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I n  conclusion, the major pa t te rns  o f  community change r e f l e c t  seasonal in f luences  r a t h e r  

than year-to-year d i f ferences.  Changes i n  abundance o f  j n d i v i d u a l  species over t ime have a 

p a r t i a l  exp lanat ion i n  reduc t ion  o f  sampling frequency, bu t  species such as Petrocephalus bovei  

and P. simus appear t o  become r a r e r ,  a t rend which i s  more d i f f i c u l t  t o  e x p l a i n  i n  terms o f  

hydrology. 

The second example i s  the  r i v e r  Bandama a t  Niakaramandougou. The r i v e r  feeds i n t o  the  

Kossou Dam, and e a r l y  treatments were wi th Abate, o ther  i n s e c t i c i d e s  being employed from the  end 

o f  1980. The o r d i n a t i o n  (F igure 9b) appears t o  separate Abate treatments from the  res t ,  bu t  

c loser  examination reveals  a d i s t i n c t  community change a t  the end o f  1976, with A. nurse 

becoming more r a r e  and species such as A. imber i ,  C. v e l i f e r  and tlydrocynus f o r s k a l i i  inc reas ing  

i n  abundance. The second a x i s  i s  dominated by Labeo seneqalensis, Schi lbe mystus and T i l a p i a  

qa l i laea ,  i n d i c a t i v e  o f  another change a t  the  beginning o f  1982 when these species became a 

smal ler  p ropor t ion  o f  the  catch (F igure 16) .  I n  the centre o f  the o r d i n a t i o n  l i e s  Eutrop ius 

mandibularis which has maintained a r e l a t i v e l y  constant p ropor t ion  o f  t h e  catch throughout the 

sampling period. The reason f o r  the changes could l i e  i n  a combination o f  a l a g  e f f e c t  o f  the  

f i l l i n g  o f  the Kossou Lake and the  wet years o f  1979 and 1980. Therefore, e f f e c t s  o f  treatment 

are again n o t  obvious, and t h i s  conclr ision i s  reached f o r  other  sampling s ta t ions .  

5. C o e f f i c i e n t  o f  Condi t ion 

Long-term changes i n  the  mean c o e f f i c i e n t  o f  c o n d i t i o n  ( K )  were s tud ied  f o r  the most 

abundant species a t  the d i f f e r e n t  moni tor ing s i t e s .  Selected examples are g iven i n  F igure  10 f o r  

species The values of the c o e f f i c i e n t  o f  

c o n d i t i o n  are  r e l a t i v e l y  random, f l u c t u a t i n g  around a mean which does no t  seem apprec iab ly  a l t e r e d  

over the  ten year per iod  o f  treatment. There i s  no evidence o f  a long-term decrease o r  

i r r e v e r s i b l e  mod i f i ca t ion  i n  K. Nevertheless, when examined i n  d e t a i l ,  s i g n i f i c a n t  short-term 

decreases were observed f o r  a few species. This  i s  the case f o r  Alestes baremoze and t o  a lesser  

ex ten t  f o r  Eutrop ius mandibular is  i n  the Bandama r i v e r  i n  1976-1977. A s i m i l a r  phenomenon 

occurred f o r  Brycinus nurse i n  the Sassandra and Leraba r i v e r s  between 1981 and 1983. Such 

decreases, do n o t  a f f e c t  a l l  species i n  the same r i v e r ,  or the same species a t  

every s i t e ,  seem d i f f i c u l t  t o  expla in .  However, the drop i n  K f o r  A. baremoze i n  1976-1977 was 

r e s t r i c t e d  t o  the  course o f  the  Bandama between the Kossou and Ferkessedougou dams (Paugy, 1978) 

and co inc ided wi th  a per iod  o f  poor f loods (Figure. 4) .  The f a l l  i n  value o f  K f o r  A. nurse between 

1981-1983 co inc ided wi th  severe drought i n  the Sassandra and Leraba. For some species, therefore,  

there should be a r e l a t i o n s h i p  between K and changes i n  hydrology. Minor f l u c t u a t i o n s  i n  K 

r e l a t e  t o  the l i f e  cyc le  and the  seasons (Paugy, 1978, 1980 ; I t  was 

a lso  observed t h a t  f o r  the  same species there could be d i f fe rences  i n  K f o r  t h e  d i f f e r e n t  r i v e r  

basins. 

whose food i s  p r i m a r i l y  based on aquat ic  inver tebrates.  

which apparently 

Leveque & Herbinet, 1980). 

The r e l a t i v e  s t a b i l i t y  o f  c o e f f i c i e n t  o f  c o n d i t i o n  i n d i c a t e s  t h a t  f i s h  are able t o  feed 

normally i n  t rea ted  r i v e r s .  I n  fact ,  stomach content  ana lys is  c a r r i e d  out i n  1975, j u s t  a f t e r  the  

s t a r t  o f  treatment (Vidy, 19781, and i n  1976-1977, d i d  n o t  revea l  s i g n i f i c a n t  changes i n  the d i e t  

of f i s h  species feeding e n t i r e l y  (Petrocephalus bove i )  o r  p a r t i a l l y  ( A .  barernoze, B. imber i ,  & 
nurse, E .  menta l is )  on the  aquat ic  inver tebra te  fauna. I t  has been observed t h a t  temephos 

treatment resu l ted  i n  a temporary reduc t ion  o f  aquat ic  insec ts  by on ly  30-40:; (Dejoux, 19831, arid 

i t  does no t  seem t h a t  treatment could lower food s tocks t o  a c r i t i c a l  threshold.  Moreover, the 

a d a p t a b i l i t y  o f  many freshwater Fishes t o  var ious types o f  food has been demonstrated a number o f  
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t imes (Lauzanne, 1976; Welcomme, 1985). Nevertheless, Corbet (1956) observed a change i n  the 

d i e t  o f  some f i s h ,  p a r t i c u l a r l y  Mormyridae. Some species with a spec ia l i zed  d i e t ,  such as 

Mastacembelus v i c t o r i a e  apparently su f fe red  from m a l n u t r i t i o n  o r  migrated. 

CONCLUSIONS 

Experimental f i s h  sampling has been c a r r i e d  out  f o r  ten years i n  West A f r i can  r i v e r s  t rea ted  

weekly w i t h  i n s e c t i c i d e s  by OCP us ing the  standard pro toco l .  The moni tor ing s t a t i o n s  

inves t iga ted  d i f f e r e d  i n  many ways, with:- 

a )  t h e i r  l o c a t i o n  on d i f f e r e n t  r i v e r  bas ins 

b )  the  r e l a t i v e  abundance o f  f i s h  species, despi te  many species being common t o  d i f f e r e n t  

basins 

c )  the  i n s e c t i c i d e s  used, some s t a t i o n s  always being t r e a t e d  with temephos, o thers  with 

temephos up t o  1980 and l a t e r  with an a l t e r n a t i o n  o f  i n s e c t i c i d e s  (F igure 3). 

For the i n t e r p r e t a t i o n  o f  data co l lec ted ,  we were faced w i t h  d i f f e r e n t  sources o f  bias:- 

the  f a c t o r ,  i n  t h a t  data were c o l l e c t e d  by d i f f e r e n t  teams and there were changes i n  

the  personnel responsib le  f o r  f i s h  moni tor ing i n  I v o r y  Coast and Ghana. This could lead t o  

some d i f fe rences  which on occasion could be recognised by d e t a i l e d  s t a t i s t i c a l  analys is .  

This source o f  b i a s  d i d  no t  appear t o  change the o v e r a l l  p i c t u r e .  

l a c k  o f  knowledge concerning the changes i n  f i s h  community s t r u c t u r e  as the  r e s u l t  o f  

changes i n  n a t u r a l  environmental fac to rs .  This i s  the  case f o r  instance f o r  r i v e r  discharge, 

which vary g r e a t l y  between years, and i s  known t o  a f f e c t  the reproduct ive success o f  

fishes. 

l a c k  o f  knowledge concerning the  uses and abuses o f  i n s e c t i c i d e s  other  than those app l ied  by 

OCP. I t  i s  known (Calamari, 1985; Balk & Koeman, 1984) t h a t  l a r g e  amounts o f  a g r i c u l t u r a l  

pes t ic ides  are used i n  the OCP area, b u t  the questions are: what reaches the r i v e r  beds, and 

what i s  the  impact on the aquat ic  fauna? A few d i r e c t ,  observations a lso  showed t h a t  

i n s e c t i c i d e s  are sometimes used as poison when f i s h i n g  i n  r i v e r s .  However, the ex ten t  o f  

t h i s  in f luence i s  n o t  known. 

human 

could 
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