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A B S T R A C T 

B l a y , J . , J r . , 1 9 8 5 . Observat ions o n the balance in f i sh popu la t i ons in a smal l reservoir in 
G h a n a . Fish. Res., 3 : 1 — 1 1 . 

T h i s paper examines the fish populat ions in a smal l reservo ir located in the coastal sa
vanna to the east of A c c r a , G h a n a , to evaluate their balance . T h e main forage ::shes were 
the c i c h l i d . Sarotherodon galilaeus (E value 8 8 . 2 % ) , and the p r a w n . .Macrohrachium 
vollenhovenii (E value 7 .8%) . T h e carnivores were represented by the cat f ish, Glorias 
senegalensis, and the c i c h l i d , Hemichromis bimaculatus, w i t h E values of 2.6 and 0 .2%, 
respect ive ly . T h e F/C and Y / C rat ios were 3 4 . 9 2 and 1.79, respect ive ly , wh i ch suggests 
unbalanced populat ions , p r e s u m a b l y due to o v e r c r o w d i n g by stunted forage fi.,h, m a i n l y 
S. galilaeus. T h e A^p value of 5 0 . 8 1 % , however , might suggest balanced popui .uions, but 
this index m a y have been over -est imated and the popu la t i ons m a y be incapa'sie of pro
ducing harvestable crops. 

I N T R O D U C T I O N 

T h e u t i l i z a t i o n of i m p o u n d m e n t s for the p r o d u c t i o n o f f i sh , besides o ther 
p r i m a r y uses, has become a c o m m o n p r a c t i c e i n m a n y countr i es , especial ly 
the i n d u s t r i a l i z e d ones , w h e r e a n u m b e r o f i m p o u n d m e n t s are ma-taged for 
t h e p r o d u c t i o n o f a n n u a l harves tab le f ish c rops ( B y r d and Moss. 1 9 5 7 ; 
D a v i e s , 1 9 7 3 ) . 

T h e recent s i gn i f i cant increase in the sur face area of iniand v .aters in 
G h a n a , p r i m a r i l y for the generat ion of e l e c t r i c i t y , domest i c water supp ly and 
irrigation, promises to be o f great advantage in fish p r o d u c t i o n . T h e s e new 
m a n - m a d e lakes c o n t a i n f ish p o p u l a t i o n s t i i a t are a l ready exp lo i t ed by f i sh 
ing c o m m u n i t i e s a t t r a c t e d by the i n i t i a l increase i n f ish p r o d u c u o n . I n 
creased and u n c o n t r o l l e d f i sh ing pres.Aire o f ten leads to over -exp lo i ta t i on o f 
the f ish s tocks . 

V a r i o u s m a n a g e m e n t prac t i ces have been suggested ( S w i n g l e . 1 9 6 4 ) for 
use in i m p o u n d e d waters w i t h the v i ew to i n c r e a s i n g f i sh p r o d u c t i o n . T h e s e 
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i n c l u d e the e l i m i n a t i o n o f u n d e s i r a b l e species a n d s t o c k i n g w i t h des irable 
f i s h , f e r t i l i z a t i o n a n d l i m i n g , c o m b i n e d feed ing a n d se lec t ive f eed ing o f f i s h . 
S t u d i e s on the exi .st ing species c o m p o s i t i o n a n d the state o f ba lance b e t w e e n 
f ish p o p u l a t i o n s in a w a t e r b o d y are essent ia l i n p r e d i c t i n g the p o s s i b i l i t y or 
o t h e r w i s e o f the p o p u l a t i o n s y i e l d i n g a n n u a l h a r v e s t a b l e c rops ( S w i n g l e , 
1 9 5 0 ) . S u c h p r e d i c t i o n s p r o v i d e the necessary basis for i m p r o v e d manage 
m e n t o f i m p o u n d m e n t s ( T a n g , 1 9 7 0 ) . 

T h i s w o r k e x a m i n e s the i n t e r a c t i o n s b e t w e e n f i sh p o p u l a t i o n s in D a w -
h e n y a R e s e r v o i r i n G h a n a , e s p e c i a l l y t h e i r p r o b a b l e s tate o f ba lance a n d t h e 
eco log i ca l s ta tus o f the m a j o r forage a n d c a r n i v o r o u s spec ies . I t is envisaged 
t h a t th i s i n v e s t i g a t i o n w o u l d a id f u t u r e a t t e m p t s at a c h i e v i n g a n d m a i n t a i n 
ing harves tab le y i e l d s of f ish in the r e s e r v o i r . 

T H E S T U D Y S I T E 

D a w h e n y a R e s e r v o i r o c c u r s i n t h e c o a s t a l s a v a n n a a b o u t 3 5 k m east o f 
A c c r a , the c a p i t a l c i t y o f G h a n a . I t is a s h a l l o w l a k e o f a b o u t 4 8 h a sur face 
a r e a , c r e a t e d i n 1 9 7 4 to i r r igate the s u r r o u n d i n g p la ins for a g r i c u l t u r e . S u r 
face w a t e r t e m p e r a t u r e s v a r y f r o m 2 5 . 0 t o 3 1 . 0 ° C t h r o u g h o u t the y e a r , a n d 
t r a n s p a r e n c y ranges b e t w e e n 2 0 . 0 a n d 3 0 . 0 c m . O x y g e n c o n c e n t r a t i o n s i n 
the s u r f a c e w a t e r s m e a s u r e 7 .0—10 .0 p . p . m . , w h i l e t h e p H ranges f r o m 7.2 to 
8 .0 . T h e l o c a l i t y experience- - seasona l r a i n f a l l p a t t e r n s . P r e c i p i t a t i o n i n 1 9 7 9 
-was 0—8.73 m m , w i t h peaks i n J u n e ( 8 . 7 3 m m ) a n d O c t o b e r ( 8 . 3 2 m m ) , b u t 
h igh w a t e r levels o c c u r r e d I 'rom J u l y t o D e c e m b e r a n d l o w levels f r o m 
J a n u a r y to J u n e . 

M A T E R I A L S A N D M E T H O D S 

F i s h haul.'^ w e r e o b t a i n e d at 3 - m o n t h i n t e r v a l s b e t w e e n F e b r u a r y 1 9 7 9 
a n d M a r c h 1 9 8 0 w i t h a h a n d d r a w n drag n e t ( 5.5 m l ong , 5 4 . 8 m w i d e and 
1.5 m deep b e t w e e n the heao a n d f o o t ropes 1. T h e n e t c o m p r i s e d 3 meshes-
o f 7 0 , 4 0 a n d 12 m m at the as i ter ior , m i d d l e a n d p o c k e t , r e s p e c t i v e l y . A few-
samples w e r e o b t a i n e d f r o m gi l l -nets a n d w i r e - m e s h t r a p s . 

T h e t o t a l w e i g h t o f e a c h s a m p l e w a s m e a s u r e d a n d i t w a s t h e n s o r t e d i n t o 
v a r i o u s species groups . E a c h group w a s w e i g h e d s e p a r a t e l y . O n t h e basis o f 
t h e i r f o o d h a b i t s , f i sh w e r e c l a s s i f i e d as forage ( F ) spec ies , i n t h i s ins tance 
p l a n k t i v o r o u s , d e t r i t i v o r o u s a n d m a c r o p h y t o p h a g o u s feeders , a n d c a r n i v o 
rous ( C ) spec ies , w h i c h re fers to piscivo]-es. L e n g t h s o f f i sh ingested b y 
predators w e r e m e a s u r e d to d e t e r m i n e the m a x i m u m size o f p r e y f i s h . T h e 
t o t a l l ength ( T L ) , s t a n d a r d l e n g t h ( S L ) a n d w e i g h t ( W ) o f f i sh w e r e m e a 
sured . P r a w n s w e r e m e a s u r e d for l ength ( I ) , f r o m the o r b i t to t h e t i p o f the 
l e l s o n , a n d t )ody w e i g h t ( I T ) . L e n g t h s ar .d w e i g h t s w e r e m e a s u r e d to t h e 
nearest 0 . 1 c m a n d 0 . 1 g, r e s p e c t i v e l y . G o n a d s w e r e e x a m i n e d i n Sarotherod
on galilaeus to e s t i m a t e f e c u n d i t y a n d m a t u r i t y s i z e , b u t i n Macrobrachium 
I ollenhovenii, o n l y m a t u r i t y s ize w a s d e t e r m i n e d . 
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T h e E v a l u e , FjC a n d Y/C r a t i o s , a n d A T v a l u e d e r i v e d b y S w i n g l e ( 1 9 5 0 ) , 
w e r e c a l c u l a t e d for the c o m b i n e d samples d u r i n g t h e s t u d y p e r i o d . T h e s e 
i n d i c e s are de f ined be low . 

R E S U L T S 

Species composition and E values 

" ' ' T h e E va lue o f a species is d e f i n e d as the percentage b y w e i g h t of the 
spec ies r e l a t i v e t o the w e i g h t o f t h e e n t i r e f i s h p o p u l a t i o n . 

N i n e fish species a n d 3 species o f p r a w n s w e r e s a m p l e d i n the reservo i r . 
T h e E v a l u e o f the p r i n c i p a l species are g iven i n T a b l e I . T h e c i c h l i d , S. 
gaiiiaeus, c o m p r i s e d a v e r y h i g h p r o p o r t i o n o f t h e t o t a l fish b iomass {E 
v a l u e = 8 8 . 2 % ) . T h e n e x t i m p o r t a n t species w a s M. voiienhovenii, b u t th i s 
h a d a n E va lue o f o n l y 7 .8%. A U o t h e r species h a d r e l a t i v e l y l o w percentages . 

T A B L E I 

P e r c e n t a g e c o m p o s i t i o n b y w e i g h t {E v a l u e s ) o f p r i n c i p a l f i sh s p e c i e s in D a w h e n y a R e s e r v o i r 

T o t a l w e i g h t 
o f f i s h ( k g ) 

E v a l u e s T o t a l w e i g h t 
o f f i s h ( k g ) 

Saro therodon 
galilaeus 

Tilapia 
zillii 

Hemichromis 
bimacuiatus 

Marcusenius 
brachystius 

Ciarias Meterotis 
senegaiensis niioticus 

Macrobrachium 
voiienhovenii 

3 9 . 5 2 8 8 8 . 2 0 .4 0 . 2 0 . 2 2.6 0 .7 7 .8 

F / C ratio 

T h i s is de f ined as the r a t i o o f the t o t a l w e i g h t s o f forage (F) species to 
c a r n i v o r o u s ( C ) species. O n t h e basis o f t h e i r f o od h a b i t s , 1 0 spec ies w e r e 

T A B L E I I , -

T h e food of forage (F) and carnivorous ( C ) species in D a w h e n y a Reservoir 

Species S t o m a c h contents 

Foragers 
Sarotherodon galilaeus Diatoms, green algae, blue-green algae, flagellates 
Sarotherodon heudeloti Diatoms, green algae, flagellates 
Tilapia zillii Macrophytes , filamentous algae, diatoms 
Heterotis niioticus Copepods , Nemata, Foramini fera , macrophytes , algae 
Marcusenius brachystius Detritus 
Barbus senegalensis Macrophytes , detritus, algae 
Pellonula miri Copepods , cladocera 
Macrobrachium vollenhovenii Detritus , diatoms, desmids, blue-green algae 
M. felicinum Detr i tus , diatoms, desmids 
M. macrobrachion Detritus , diatoms, zooplankton 

Carnivores 
Ciarias senegalensis Sarotherodon, Tilapia, shr imp, snails, bivalves, - insect 

larvae 
Hemichromis bimaculatus Insects, fish scales " 



c lass i f i ed as forage a n d 2 as c a r n i v o r o u s f ishes ( T a b l e I I ) . T h e r a t i o w a s 
e s t i m a t e d as 3 4 . 9 2 ( T a b l e I I I ) , a n d is outs ide t h e range o f 1 .4—10.0 observed 
for b a l a n c e d p o p u l a t i o n s ( S w i n g l e , 1 9 5 0 ) . 

T A B L E I I I 

/•7C r a t i o , YjC r a t i o a n d Ai v a l u e o f f ish p o p u l a t i o n s i n D a w h e n y a R e s e r v o i r 

T o t a l w e i g h t W e i g h t o f W e i g h t o f W e i g h t o f W e i g h t o f h a r v e s t a b i e — A 
o f f ish ( k g ) s p e c i e s ( k g ) C s p e c i e s ( k g ) V g r o u p ( k g ) f i sh ( k g ) 

. 3 9 . 5 2 8 3 8 . 4 1 0 1 . 1 0 0 1 . 9 7 1 2 0 . 0 8 3 3 4 . 9 2 1 . 7 9 5 0 . 8 1 

Y/C ratio 

T h i s is the r a t i o o f the t o t a l w e i g h t o f a l l p r e y - s i z e forage f i s h (Y" ) t o t h e 
t o t a l w e i g h t o f t h e average-s ize c a r n i v o r e ( C ) . E x a m i n a t i o n o f s t o m a c h c o n 
t e n t s o f t h e c a r n i v o r o u s c a t f i s h , Ciarias senegalensis, s h o w e d t h a t forage 
spec ies i n the 4 - c m group a n d s m a l l e r r e p r e s e n t e d p r e y - s i z e f i s h a n d w e r e 
t h e r e f o r e in the 7 -group . T h e r a t i o w a s e s t i m a t e d to be 1 .79 ( T a b l e I I I ) . 

A y value 

T h i s re fers to t h e percentage o f the t o t a l w e i g h t o f a f i s h p o p u l a t i o n c o m 
p o s e d o f i n d i v i d u a l s w h i c h have a t t a i n e d h a r v e s t a b l e s i ze . T h e v a l u e i n t h i s 
p o p u l a t i o n w a s e s t i m a t e d as 5 0 . 8 1 ( T a b l e I I I ) , w h i c h is w i t h i n t h e b a l a n c e d 
range o f 3 3 - 1 0 0 % ( S w i n g l e , 1 9 5 0 ) . 

T A B L E I V 

Length and weight ranges of fish species in D a w h e n y a Reservoir 

Species N T L Modal 
range length range 
(cm) (cm) (g) 

Foragers 
Sarotherodcn galilaeus 758 2 . 7 - -20.0 6.0 0 . 3 - -175.0 
S. heudeloti * — — — 
Tilapia zillii 25 4 . 5 - -13.4 7.0 1 . 9 - - 49.5 
Heterotis niioticus 4 2 6 . 5 - -31.0 — 1 7 0 . 9 - -280.0 
Marcusenius brachystius 14 9 . 7 - -12.8 11.0 1 0 . 6 - - 20.5 
Barbus senegalensis 4 3 . 9 - - 5.7 — 0 . 7 - - 1.8 
Pellonula miri 7 5 . 1 - - 6.4 — 0 . 9 - - 2.4 
Macrobrachium vollenhovenii 222 3 . 3 - -11 .2 6.0 0 . 6 - - 65.0 
M. felicinum * — — — 
M. macrobrachion * — — — 
Carnivores 
Ciarias senegalensis 21 1 2 . 2 - - 2 8 . 1 19.0 2 0 . 0 - -160.0 
Hemichromis bimaculatus 26 4 . 3 - - 9.0 3 . 0 - - 15.0 

N = number of f ish ; T L = total length; VF = body weight. * L e s s than 4 specimens. 
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T A B L E V 

T h e monthly percentage composition (by weight) of fish in D a w h e n y a Reservoir ' 

Date T o t a l weight Composition (%) 
of fish (kg) — 

Sarotherodon Sarotherodon Tilapia Heterotis Ciarias 
galilaeus heudeloti zillii niioticus senegalensis 

1978 J a n . 75 .870 97.03 — 2.02 0.94 — 
F e b . 81 .810 99.50 — 0.50 — — 
Mar. 57 .825 99.14 — 0.54 0 .31 — 
Apr . 52 .965 98.05 0.59 0.85 0.34 0.17 
May 28 .270 92.20 0.64 1.27 — 5.89 
June 3 .915 77 .01 — — — 22.99 
J u l y 21 .060 93.80 — 1.49 — 4.70 
Aug. 16 .290 97.79 — 0.28 1.93 
Sep. 21 .420 100.00 — — — 
Oct . 36 .765 93.15 — 4.04 0.24 2.57 
Nov. 28 .485 93 .52 — 6.48 — — 
Dec . 15 .300 82.65 — 17.35 — — 

1979 Jan. 34 .200 93.03 — 3.68 1.58 1.71 
F e b . 49 .365 93 .71 — — 3.10 3.19 
Mar. 40 .230 91.83 — — 3.02 5.15 
A p r . 23 .805 86.39 — 1.89 6.99 4.73 
May — — — — — — 
June 19 .620 61 .01 — — 28.67 10 .32 
J u l y 35 .910 75.44 — 1.25 19.05 4.26 
Aug . 30 .330 83.09 — 0.15 16.02 0.74 
Sep. 38 .340 86.50 — 0.47 7.16 5.87 
Oct . 27 .180 89.74 — — 1.49 8.77 
Nov. 48 .195 94.49 — — 1.68 3.83 
D e c . 47 .590 92.83 — — 4.63 2.53 

' Commercia l fishery. 

T a b l e s I V a n d V s u m m a r i z e the lengths a n d we ights o f f i s h species a n d 
the m o n t h l y c o m p o s i t i o n s of species i n c o m m e r c i a l ca t ches i n t h e reservo i r , 
r e s p e c t i v e l y . 

Observations on the biology of the major foragers 

Sarotherodon galilaeus 

T h e l e n g t h — f r e q u e n c y d i s t r i b u t i o n , l e n g t h — w e i g h t r e l a t i o n s h i p , f ood , 
f e c u n d i t y a n d l e n g t h a t f i r s t m a t u r i t y w e r e s t u d i e d . T h e r e l a t i o n s h i p be
t w e e n l e n g t h a n d w e i g h t ( F i g . l a ) is r epresented b y the e q u a t i o n 

IT = 0 . 0 2 0 6 L ^ - ' " ^ ( r = 0 . 9 8 ) 

w h e r e W is t h e b o d y we ight i n grams, a n d L is the t o t a l l ength i n c e n t i m e 
ters . 

T h e l e n g t h d i s t r i b u t i o n i n 7 5 8 spec imens ( F i g . l b ) s h o w e d a m o d a l l ength 
i n the 6 . 0 — 6 . 9 - c m group . T h e spec imens m e a s u r e d 2 .7—20 .0 c m . 
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F i g . 1 . (a) Relat ionship between weight and length, (b) Length frequency distribution in 
S. galilaeus. N = number of f i s h ; r = correlation coefficient. 

T h e Species f ed m a i n l y o n p l a n k t o n i c algae a n d p r o t o z o a n f lage l lates . T h e 
f o o d organ isms a n d t h e i r percentage c o m p o s i t i o n s are i l l u s t r a t e d i n F i g . 2 . 
T h e m o s t e x p l o i t e d alga w a s t h e d i a t o m Melosira granulata, w h i c h c o m 
p r i s e d 6 2 . 3 % o f the t o t a l f o o d c o n s u m e d . M. granulata s i m i l a r l y a c c o u n t e d 
f o r 6 5 . 0 % o f t h e t o t a l p l a n k t o n c o u n t s i n w a t e r s a m p l e s . T h i s m i g h t suggest 
c o n s i d e r a b l e s t e n o p h a g i s m for t h i s a lga b y S. galilaeus. 

% COMPOSIT ION 

LYNGBYA 

MERISMOPEDIA 
MICROCYSTIS 
£.YANARCUS.. _ _ 
SCENEDESMUS 

ANKISTRODESMUS 
CHLORELLA 

PEDIASTRUV 
CENTRITRACTUS 
VOLVOX 
TETRAEDRON 

LAGERHEIMIA 
SEL_ENASTRyM 
MELOSIRA 
DIATOMA 

NAVICULA 
NITZCHIA 
ANOMOEONELS 
C.YMBEXLA 
CHLAMYDOMONAS 
PERIDINIUM 
PHACUS 

M .p CT) 
O O O O 

1 1 1 1 1— 

BLUE-GREEN ALGAE 

GREEN ALGAE 

DIATOMS 

F L A G E L L A T E S 

F i g . 2. T h e percentage composit ion of food items in the stomachs of S. galilaeus. 
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F e c u n d i t y w a s d e t e r m i n e d b y c o u n t i n g a l l m a t u r e eggs i n the o v a r y . 
C o u n t s o f 1 4 3 — 4 1 1 ( m e a n = 2 4 7 ) w e r e made i n 3 2 spec imens o f l engths 
f r o m 9.6 t o 1 5 . 0 c m a n d w e i g h t s f r o m 1 7 . 1 to 6 0 . 0 g. T h e re la t i onsh ips be
t w e e n f e c u n d i t y a n d t o t a l l e n g t h , a n d f e c u n d i t y a n d body w e i g h t ( F i g . 3 a , b ) 
are desc r ibed b y t h e e q u a t i o n s 

FEC = 4 7 . 3 2 6 5 T L - 3 1 4 . 0 3 9 0 

a n d 

F F C = 5 .41361T + 7 7 . 9 9 4 2 

w h e r e FEC is f e c u n d i t y , T L is t o t a l b o d y length i n c e n t i m e t e r s , a n d W is the 
body w e i g h t i n g r a m s . 

TOTAL LENGTH (cm) BODY WEIGHT(g ) 
F i g . 3. Scatter diagrams showing relationships between (a) fecundity and total length, and 
(b) fecundity and body weight in S. galilaeus. n = number of fish. 

I n the m a l e s , t h e s m a l l e s t m a t u r e i n d i v i d u a l w a s 9.0 c m , w h i l e the m a j o r i 
t y w e r e m a t u r e a t 1 0 . 5 c m . T h e s m a l l e s t m a t u r e f emale m e a s u r e d 9.6 c m , 
but 5 0 % w e r e m a t u r e w h e n t h e y a t t a i n e d a length o f 1 1 . 5 c m . 

Macrobrachium vollenhovenii 
A s p e c t s o f the b i o l o g y inves t i ga ted w e r e the r e l a t i o n s h i p be tween l ength 

a n d w e i g h t , l e n g t h d i s t r i b u t i o n , m a t u r i t y s ize a n d f o o d h a b i t s . 
T h e l e n g t h — w e i g h t r e l a t i o n s h i p i n a l l s p e c i m e n s , i n c l u d i n g berr ied f emales 

( F i g . 4 a ) , is d e s c r i b e d b y t h e e q u a t i o n 

IT = 0 . 0 3 3 6 L 3 ° 

w h e r e W is the b o d y w e i g h t i n grams and L is the b o d y length i n c e n t i m e t e r s . 
T h e m o d a l l e n g t h o f 2 2 2 p r a w n s , ranging in length f r o m 3.3 to 1 1 . 2 c m , 

was i n the 6 . 0 — 6 . 9 - c m group ( F i g . 4 b ) . T h e s m a l l e s t berr ied f emale w a s 6 .2 
c m i n l ength , b u t m o s t w e r e m a t u r e a t a size o f 8.0 c m . 

T h e f ood o rgan i sms f o u n d i n t h e s t o m a c h s o f t h e p r a w n s w e r e d i a t o m s . 
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F i g . 4. (a) Relationship between weight and length, (b) Length frequency distribution in 
Macrobrachium vollenhovenii. N = number of prawns. 

desmids a n d blue-green algae, b u t d e t r i t u s f o r m e d 6 0 % o f t h e t o t a l f o o d 
c o n s u m e c . T h e c o m p o s i t i o n o f d i a t o m s w a s as f o l l o w s : Melosira granulata, 
1 5 % ; Synedra fasciculata, 1 0 % ; Diatoma vulgaris, 2 % . T h e d e s m i d s , Clos-
terium spp . , f o r m e d 3 % o f t h e f o o d , w h i l e b lue-green algae h a d a c o m p o s i 
t i o n o f 1 0 % . T h e s i g n i f i c a n t r e p r e s e n t a t i o n o f d e t r i t u s i n t h e f o o d o f t h e 
p r a w n s is p r o b a b l y r e l a t e d t o t h e i r b e n t h i c l i f e . 

D I S C U S S I O N 

S t u d i e s on the f i sh p o p u l a t i o n s i n reservo i r s a n d n a t u r a l w a t e r s to eva lua te 
t h e i r b a l a n c e are o f great i m p o r t a n c e i n f i s h e r y m a n a g e m e n t p r a c t i c e s 
( S w i n g l e , 1 9 5 0 ; B y r d a n d M o s s , 1 9 5 7 ; T a n g , 1 9 7 0 ; D a v i e s , 1 9 7 3 ) . A c c o r d i n g 
to S w i n g l e ( 1 9 5 0 ) , f i s h p o p u l a t i o n s m a y be b a l a n c e d or u n b a l a n c e d de
p e n d i n g on w h e t h e r t h e y are capab le o f p r o d u c i n g y e a r l y h a r v e s t a b l e c r o p s 
or n o t . E a r l i e r i n v e s t i g a t i o n s , u s i n g the F/C a n d Y/C r a t i o s , t h e A T v a l u e a n d 
o t h e r r e l a t i o n s h i p s i n e s t i m a t i n g the b a l a n c e b e t w e e n f i s h p o p u l a t i o n s , w e r e 
c a r r i e d o u t i n t h e U n i t e d S t a t e s o f A m e r i c a a n d C h i n a ( S w i n g l e , 1 9 5 0 , 1 9 5 4 ; 
S w i n g l e a n d S w i n g l e , 1 9 6 7 ; H a y n e et a h , 1 9 6 7 ; T a n g , 1 9 7 0 ) . 

I n D a w h e n y a R e s e r v o i r , t h e species r e p r e s e n t a t i o n o f f i s h s h o w s t h a t 
foragers are m o r e a b u n d a n t t h a n c a r n i v o r e s . A l t h o u g h forage f i s h are repre 
s e n t e d b y 1 0 spec i es , t h e c i c h l i d , Sarotherodon galilaeus, a n d to a lesser 
e x t e n t the p a l a e m o n i d p r a w n , Macrobrachium vollenhovenii, -were the m o s t 
s i g n i f i c a n t , as suggested b y t h e i r r espec t ive E v a l u e s , u 'he E v a l u e o f a species 
is i n f l u e n c e d b y i t s r e p r o d u c t i v e p o t e n t i a l , f o od h a b i t s , g r o w t h a n d a d a p t a 
t i o n t o t h e e n v i r o n m e n t ( S w i n g l e , 1 9 5 0 ) . T h e v e r y h i g h E v a l u e ( 8 8 . 2 % ) ob
s e r v e d i n S. galilaeus suggests t h a t i t has the a b i l i t y to m a i n t a i n a h igh 
a b u n d a n c e u n d e r the p r e v a i l i n g c o n d i t i o n s i n t h e l a k e . T h i s m a y be the r e s u l t 
o f i t s h i g h r e p r o d u c t i v e c a p a c i t y . Sarotherodon a n d Tilapia species are 
k n o w n to be p r o t r a c t e d breeders , s p a w n i n g a b o u t 3—4 t i m e s a y e a r ( F r y e r 
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a n d l i e s , 1 9 7 2 ; P a y n e , 1 9 7 5 ) . T h i s i n d e x , h o w e v e r , is o f s igni f i cance o n l y i f a 
large p r o p o r t i o n o f s u r v i v i n g i n d i v i d u a l s a t t a i n harvestab le s ize y e a r l y 
( S w i n g l e , 1 9 5 0 ) . 

T h e A T va lue w h i c h deals w i t h t h e percentage o f the f i sh p o p u l a t i o n c o m 
posed o f h a r v e s t a b l e i n d i v i d u a l s w a s e s t i m a t e d t o be 5 0 . 8 1 , suggesting a 
b a l a n c e d p o p u l a t i o n . T h e i n d e x i n t h i s s t u d y m a y h a v e been over - e s t imated 
because the m i n i m u m harves tab le s ize o f f i s h a n d p r a w n s w e r e based on t h e 

, s i ze a t w h i c h t h e y f i r s t m a t u r e . I f t h i s i n d e x w a s d e t e r m i n e d o n t h e basis o f 
t h e s ize a t w h i c h 5 0 % o f the f i s h a n d p r a w n s m a t u r e , i t w o u l d be less t h a n 
the e s t i m a t e d v a l u e o f 5 0 . 8 1 . T h i s is because t h e r e w o u l d be f e w e r n u m b e r s 
a n d r e d u c e d t o t a l w e i g h t s o f f i s h c o n s i d e r e d t o be harves tab le . A s a resu l t o f 
t h e i r h igh E va lues i n t h e p o p u l a t i o n , S. galilaeus a n d M. vollenhovenii w e r e 
large ly respons ib le f o r the observed A T v a l u e . T h e i r respect ive m a t u r i t y s izes 
w e r e 1 0 . 5 a n d 8 .0 c m . S. galilaeus has been r e p o r t e d t o m a t u r e at 19 .8 c m 
( P e t r , 1 9 6 8 ) a n d 1 8 . 0 c m ( f les a n d H o l d e n , 1 9 6 9 ) i n some w a t e r bodies. T h e 
v a r i a t i o n s i n m a t u r i t y s ize i n the d i f f e r e n t h a b i t a t s is a t t r i b u t e d t o the pre 
v a i l i n g e n v i r o n m e n t a l c o n d i t i o n s , a n d h e n c e e c o l o g i c a l l y d e t e r m i n e d . A l 
t h o u g h M. vollenhovenii i n D a w h e n y a R e s e r v o i r m a t u r e d a b o u t 2.0 c m 
longer t h a n the e c o n o m i c a l l y e x p l o i t e d s p e c i m e n s i n L i b e r i a ( M i l l e r , 1 9 7 1 ) , 
i t s m o d a l a n d m a x i m u m lengths w e r e s m a l l e r , a n d o n l y 3 4 % o f the sample 
c o u l d be c o n s i d e r e d harves tab le . 

I t c a n t h e r e f o r e be i n f e r r e d t h a t t h e h igh E v a l u e s o f S. galilaeus a n d M. 
vollenhovenii do n o t r e f l e c t t h e i r t r u e i m p o r t a n c e i n the f i s h e r y , as t h e i r 
lengths do n o t suggest e c o n o m i c s i zes . I n the V o l t a L a k e i n G h a n a , m a r k e t 
ab le s izes o f S. galilaeus range f r o m a b o u t 1 9 . 0 t o 3 4 . 0 c m ( L e i e k a n d 
W u d d a h , 1 9 6 8 ) . I n sp i te of t h e i r s m a l l l engths ( m o d e 6 .0—6.9 c m ; m a x i m u m 
length 2 0 . 0 c m ) , t h i s f i sh is the m a i n s t a y o f t h e f i s h e r y i n D a w h e n y a R e s e r 
v o i r , w i t h a m o n t h l y c o m p o s i t i o n o f 6 1 — 1 0 0 % o f the t o t a l c a t c h o f l o c a l 
f i s h e r m e n ( T a b l e V ) . 

T h e F/C r a t i o o f 3 4 . 9 2 suggests a n u n b a l a n c e d f i sh p o p u l a t i o n i n the 
reservo i r , p r o b a b l y due to l o w p r e d a t i o n b y t h e e x i s t i n g c a r n i v o r o u s f ishes. 
T h i s c o u l d l ead t o o v e r c r o w d i n g b y forage f i s h a n d s t u n t e d g r o w t h . T h i s 
a s s u m p t i o n is i l l u s t r a t e d by S. galilaeus, w h i c h c o m p r i s e d 8 8 . 2 % o f the f i sh 
p o p u l a t i o n b y w e i g h t . S t u n t i n g is a c o m m o n p h e n o m e n o n i n Tilapia a n d 
Sarotherodon spec ies , i n w h i c h t h e y a t t a i n s e x u a l m a t u r i t y at a sma l l e r s ize 
w h e n o v e r c r o w d e d i n s m a l l e n v i r o n m e n t s ( H i c k l i n g , 1 9 6 2 ; F r y e r and l i e s , 
1 9 7 2 ; F y e s o n , 1 9 8 3 ) , b u t m a t u r e at a larger s ize i n larger w a t e r bodies . T h e 
m a t u r i t y s izes o f S. galilaeus i n the reservo i r are s i m i l a r to those a t t a i n e d b y 
spec imens i n c a p t i v i t y w i t h o u t i n t e n s i v e m a n a g e m e n t ( l i e s a n d H o l d e n , 
1 9 6 9 ; B l a y , 1 9 8 1 ) . 

U n d e r p r e d a t i o n o f forage spec ies b y t h e c a r n i v o r o u s f i shes , Ciarias 
senegalensis a n d Hemichromis bimaculatus, m a y be due to the o c c u r r e n c e o f 
a l t e rnat ive f ood sources . T h e f o r m e r do n o t f eed e x c l u s i v e l y on forage f i s h , 
bu t also on s m a l l gastropods {Gyraulus s p . ) , b i va lves and insect l a rvae . A l 
though f i sh scales w e r e o c c a s i o n a l l y observed i n s t o m a c h s o f the l a t t e r , the 
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s m a l l s izes o f t h i s f i sh ( 4 . 3 - 9 . 0 c m ) m i g h t suggest i t s i n e f f e c t i v e n e s s as a 
p r e d a t o r i n the l a k e . I t is a lso poss ib le t h a t l o w p r e d a t i o n b y these c a r n i v o r e s 
w a s the r e s u l t o f t h e i r l o w E v a l u e s , w h i c h r e n d e r e d a n y p r e d a t i o n o n forage 
f i sh i n s i g n i f i c a n t . 

T h e r a t i o o f the w e i g h t s o f p r e y - s i z e to c a r n i v o r o u s f i sh {Y/C r a t i o ) oc
c u r r e d in the range ( 1 . 0 — 3 . 0 ) , w h i c h is observed t o be the best f o r b a l a n c e d 
p o p u l a t i o n s ( S w i n g l e , 1 9 5 0 ) , a l t h o u g h i n s o m e i n s t a n c e s , a r a t i o i n t h e range 
0 . 0 6 — 3 . 0 dep i c t s u n b a l a n c e d p o p u l a t i o n s because o f t h e presence o f large 
w e i g h t s o f s t u n t e d forage f ishes due to u n d e r p r e d a t i o n . A s s h o w n e a r l i e r , 
the F/C r a t i o i n d i c a t e s l o w p r e d a t i o n b y c a r n i v o r o u s f i shes o n foragers , a n d 
t h i s m i g h t t h e r e f o r e be the p a r a m o u n t r e a s o n f o r o v e r c r o w d i n g i n forage 
f i shes . 

I t w o u l d appear f r o m the forego ing t h a t the f i sh p o p u l a t i o n s i n D a w h e n y a 
R e s e r v o i r are in an u n b a l a n c e d c o n d i t i o n a n d c o r r e c t i v e m e a s u r e s m i g h t be 
necessai-y to e f f e c t a n i m p r o v e m e n t i n t h e f i sh y i e l d s . T h e F/C r a t i o c o u l d be 
r e d u c e d to the d e s i r e d range o f 3 .0—6.0 ( S w i n g l e , 1 9 5 0 ) to e s tab l i sh the best 
ba lance b e t w e e n forage a n d c a r n i v o r o u s f i sh i n m i x e d p o p u l a t i o n s . T h i s m a y 
be a c h i e v e d t h r o u g h i n t e n s i v e m a n u a l c r o p p i n g o f forage f i s h , m a i n l y S . 
galilaeus, or b y c o n t r o l l i n g t h e i r r e p r o d u c t i o n t h r o u g h the i n t r o d u c t i o n o f 
s u i t a b l e s izes a n d b i o m a s s o f the e x i s t i n g c a r n i v o r e s . I n v i e w o f the c u r r e n t 
o b s e r / a t i o n s on the ro le o f the e x i s t i n g c a r n i v o r e s , the i n t r o d u c t i o n o f m o r e 
v o r a c i o u s c a r n i v o r e s s u c h as Fates niioticus, Hydrocynus spp . , Hepsetus odoe 
a n d Hemichromis fasciatus, e i t h e r s i n g l y or i n c o m b i n a t i o n , m a y be c o n 
s idered for the c o n t r o l o f p o p u l a t i o n s o f S . galilaeus. 

S U M M A R Y 

T h e c o n d i t i o n of b a l a n c e i n the f i s h p o p u l a t i o n s o f D a w h e n y a R e s e r v o i r 
in G h a n a has been i n v e s t i g a t e d . T e n forage species a n d 2 c a r n i v o r e s w e r e 
recogn i sed on t h e basis o f t h e i r f o od h a b i t s . Sarotherodon galilaeus, a n d t o a 
lesser e x t e n t , Macrobrachium vollenhovenii, w e r e t h e best r e p r e s e n t e d 
groups , as e v i d e n c e d b y t h e i r r espec t ive percentage c o m p o s i t i o n s i n the t o t a l 
f i s h h i o m a s s . T h e c a r n i v o r o u s c a t f i s h , Ciarias senegalensis, a n d t h e c i c h l i d , 
Hemichromis bimaculatus, w e r e less i m p o r t a n t . T h e F/C a n d Y/C r a t i o s , a n d 
the Ay va lue w e r e the i n d i c e s u s e d to d e t e r m i n e t h e s ta te o f ba lance be
t w e e n the f i s h spec ies . U n d e r p r e d a t i o n , o v e r c r o w d i n g , a n d s t u n t e d g r o w t h i n 
forage f i s h , e x e m p l i f i e d by S. galilaeus, seem t h e m o s t p l a u s i b l e reasons 
f o r t h e u n b a l a n c e d c o n d i t i o n o b s e r v e d i n t h e p o p u l a t i o n s . A s p e c t s o f t h e 
b i o l ogy o f the p r i n c i p a l forage f ishes necessary f o r e x p l a i n i n g t h e i r ro les 
i n t h e l eve l o f ba lance o f the f i sh p o p u l a t i o n s w e r e s t u d i e d . Suggest ions 
have been m a d e on m e t h o d s for i m p r o v i n g the ba lance i n the p o p u l a t i o n s . 

A C K N O W L E D G E M E N T S 

1 a m great ly i n d e b t e d to the I n s t i t u t e o f A q u a t i c B i o l o g y o f the C o u n c i l 
for S c i e n t i f i c a n d I n d u s t r i a l R e s e a r c h , G h a n a , for the f a c i l i t i e s u t i l i z e d in 
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th is research . M y spec ia l t h a n k s are due to the D i r e c t o r , D r . M . A . O d e i , a n d 
the ent ire s t a f f o f the F i s h e r i e s S e c t i o n o f the I n s t i t u t e f o r t h e i r he lp a n d 
encouragement d u r i n g th i s s t u d y . 
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