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A B S T R A C T 

Growth and mortality parameters of the bigeye grunt populations in Ghana were estimated from 
length-frequency data collected between November 1993 and October 1995. Tlie von Bertalanffy growlli 
parameters, L„, K and t̂ , were estimated as 23.0 cm T L , 1.20 yr"' and - 0.14 yr, respectively, lor tiie 
inshore population, and 22.7 cmTL, 1.16 yr"' and -0.15 yr, respectively, for the offshore population. The 
growth performance index was calculated as 2.80 for the inshore population and 2.78 for the offsiiore 
population. Estimates of the mortality coefficients were: Z = 6.40 yr"', M = 2.14 yr"' and F = 4,26 yr"' for 
the inshore population, and Z = 6.40 yr"', M - 2.10 yr ' and F = 4.30 yr"' for the offshore population. 
Similar estimates of the exploitation rate ( F = 0.67) were obtained for the two populations. This value 
exceeds the optimum (E„p,) of 0.46 and 0.57 derived by the yield-per-recruit analysis for the inshore and 
offshore populations, respectively. These observations suggest the over-exploitation of the D. auritus 
populations. 

1. Introduction 

The bigeyc grunt, Brachydeuterus aitritus 
(Valenciennes, 1831), is a semi-pelagic fish 
found in the Tropical Eastern Atlantic. Its 
distribution extends from Mauritania to An
gola (Schneider, 1990) with the highest con
centration occurring off L a Cote d'lvoire 
(FAO, 1991). It is the commonest haemulid in 
the Ghanaian i"narine fishery, forming a sub
stantial portion of the beach seine catches as 
well as in the landings of the industrial and 
semi-industrial fishing activities. It is an 
important and cheap source of protein to 
many coastal dwellers in Ghana. It is mar
keted cither fresh, smoked or salted and sun-
dried. In Nigeria, it has been shown that it has 
high potential utility as a fish-meal and pro
tein concentrate (Afolabi eta!., 1984). 

Exploitation of the species in Ghana 
waters has been on the ascendancy witii die 
composition of the catches increasing from 
about 3.0% in 1981 to 8.2% in 1986(Mensah 
and Koranteng, 1988), and recently its contri

bution has increased to about 10.0% of ma
rine fish landings ( M O F A , 1995). 

There is no known study on the dynamics 
of B. auritus populations in the Gulf of 
Guinea. However, some infoiTnation is avail
able on the growth of related species else
whe re , for e x a m p l e , Potuadasys 
commersonni, from southern Africa (Toires 
and Pauiy, 1991), P. kaakan occumng off the 
coast of Pakistan (Majidand Imad, 1991) and 
P. macu. atus from the Gul f of Aden (Edwards 
and Shaher, 1991). This work was undertaken 
to detenninc the population parameters of 
growth and mortality of B. aurilits in the 
inshore and offshore waters off Cape Coast, 
Ghana, to provide tiic necessary baseline 
information, which could be used to formu
laic management strategies for Ihe sustained 
exploitation of the species in tiiis region. 

2. Materials and methods 

Monthly samples of the bigeye gi'unt 
were obtained from commercial catches at the 



114 A S A B E R E - A M F Y A W ri al. I D Y N A M I C S 01- li .•MIHITii-S IN G H A N A 

fish landing quay al Einhna near Cape Coasl, 
Ghana (5° 06' N ; T 23' W) , between Novem
ber 1993 and October 1995. Samples were 
also obtained from beach seine operations al 
Elmina between January 1994 and October 
1995. These were, however, treated separately 
from the commercial catches fished offshore. 
For each fish, the total length ( T L ) was mea
sured to the nearest 0.1 cm, and the body 
weight ( B W ) determined to the nearest 0.01 g. 

The von Bertalanffy growth function 
parameters L„ (asymptotic length) and K 
(curvature constant) were derived from the 
monthly length frequency data, using the 
E L E F A N computer programme (Gayanilo et 
ai, 1989). The third von Bertalanffy growth 
function parameter t„ (i.e., the theoretical age 
at which the length of fish is zero) was de
rived from Pauiy's (1983) formula: 

(1966) as modified liy idiuly and Soriano 
(1986). 

3. Results 

.0/ Growth paranu'icr.s 

A total of 612 specimens of B. aurilii.s 
were sampled from the beach seine catches at 
Elmina. These measured between 2.5 and 
17.9 cm T L , and weighed 0.33-69.43 g body 
weight, and showed a bimodal length distri
bution. The modes were at 3.0-3.9 and 10.0-
10.9 cm T L . Samples from the offshore com
mercial catches numbered 2,055 and ranged 
from 5.8 to 20.5 cm T L . These weighed 
between 2.22 and 116.73 g. The overall 
length-frequency dislribution of the samples 
showed a modal gioup of 10.0-10.9cm T L 

( F i g . l ) . ' 

log,o(-G) = -0.3922 - 0.2752 log,,, /.,„ - 1.038 iog|o K (1) 

The growth activity of the species in the 
inshore and offshore regions was evaluated, 
based on Pauly and Munro's (1984) equation: 

logic K + 2 logic B. 

Length-weight regressions were com
puted for the samples. In both the inshore and 
offshore samples, an exponential relationship 
existed between the length and weight of the 

(2) fish. The equations describing the relation
ships arc: 

where 0 ' i s the growth performance index. ZBV = 0.0.1 ITlJ-"*""'(r - 0.894; p < 0.001) (•'^) 
The instantaneous coefficient of total 

mortality (Z) was derived from Icnglh-con- mv = O./PTL'"""'(R = o.vso: p < o.ooi) (6) 
verted catch curve generated from the growth 
data, and the coefficient of natural mortality for the inshore and offshore populations, 
(M) calculated from Pauly's (1980) formula: respectively. Curves for these relationships 

ai'e presented in Fig, 2. 
logic ^1 = -0.0066 - 0.2790 logic G , t- 0.6458 logn, K + 0.4634 logm T (3) 

where T is the mean annual sea surface tem
perature (27.3"C), and obtained from the 
Fishery Department of the Ministry of Food 
and Agriculture, Ghana. Estimates of the 
fishing mortality coefficient (F) were there
fore based on the reiationship (Ricker, 1975), 

F^Z-M 

and the estimates of the optimum level of 
exploitation based on the relative yield-per-
recruit ( Y 7 R ) model of Beverton and Holt 

Monthly length frequency distributions of 
B. (itiritii.s from which the von Bcitalanffy 
growth parameters L„, and K were derived and 
the resultant growth curves derived from the 
growth parameters are presented in Fig. 3. 
From January to July 1994, B. auritiis in the 
inshore region grew by 8 cm and by July fish 
of size 15.0 cm T L and above weie absent 
from the fishery. Specimens of the fish were 
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Fig. 1. Length-frequency distributions of B. auritus samples from 

(a) inshore (b) offshore commercial catches between 
November 1993 and October 1995. 

120 -

5 I D 15 20 

T o t a l U»ngth ( c m ) 

Fig. 2. Length-weight relationships for B. auritus populations in 
( ) inshore and ( ) offshore marine waters in Ghana. 
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Fig. 3a. Monthly lenglh-frequency distribution of (a) inshore B. nuritus sampled off 
Cape Coast. 

absent from the fishery. Specimens of the fish mens were absent from the inshore fishery ii 
were absent from the fishery from August- July-September 1995 and reappeared in th( 
October 1994. The fish, however, reappeared October catches. 
in the fisheiy in November with a piimary The growth parameter estimates deiivec 
mode at 3.0 -3.9 cm T L . This mode also from the samples were L =:73 0 r n - . ' r T T / ^ -

shifted by 8 cm h v T n n o l o o c -
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Fig. 3b. Monthly length-frequency distribution of offshore U. auritns sampled off 
Cape Coast. 

t„ =-0.15 yr. B y substituting the estimated G 22.7(-exp(-1.16(t + 0.15))) cm TL 
growth parameters in (he von Ccrtalanffy 
growth function, the following equations arc The coiTesponding growth curves for these 
obtained for the inshore and offshore B. equations by substituting arbitrary values are 
auritus populations, respectively: shown in Fig. 4. 

L , = 23.0(1 - exp- 1.20(t + 0.14))) (7) ^'^^ g'"Owlh performance index ( T ' ) , 
which gives a reliable evaluation of growth 

and 
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Fig. 4. Derived growth curves of B. auritus populations 

in the inshore ( ) and offshore ( ) marine. 
waters. 

characteristics of fish of the same species 
inhabiting different ecological zones, was 
calculated as 2.80 for the inshore population 
and 2.78 for the offshore population. 

Based on Pauly's (1983) equation: 

bruu = 3 / K (9) 

the maximum attainable age (t,̂ ,̂;) of B. 
auritus in the two ecological zones was ap
proximately 3 years. 

3.2 Mortality parameters 

The coefficient of instantaneous total 
mortality (Z) of B. auritus was derived from 
the descending right arm of the length-con
verted catch curve (Fig. 5). For both the 
inshore and offshore populations, Z was 6.40 
. . . . - I ori-r, r\r^i,.itct cr^\rir^tr>r\ p.,?) 11 n n t i n a '7. F)V 

the relative ages at which B. auritus is 
lieved to be fully recruited into the fisheri 
and vulnerable to the fishing gears used in 
fisheries. 

The coefficient of natural mortality ( 
in the inshore and offshore regions vv 
estimated as 2.14 and 2.10 yr"', respective 
Hence, the fishing mortality coefficient (F 
the populations were respectively, 4.26 
4.30 yi-''. 

3.3 Mean length at first capture (L(.<;„) 

Curves illustrating the proportion o 
auritus missing at every length, as a resu! 
gear selection, were generated from the 
cending part of the length-converted c; 
curves. The mean length at first capture (I 
f n r i h r in.shore B. '''"/ricv population was 
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Fig. 5. Length-converted catch curves for D. auritus (a) inshore and (b) 
offshore populations in tiie Cape Coast area based on icngtii-frcquency 
data presented in Fig. 3 (Points used for regression analysis (•); points 
not used for regression analysis ( o ) ; points projected backward to 
estimate probability of capture ( ° ). 

estimate was 12.4 cm T L (Fig. 6). These 
lengths were, however, lower than the length 
at which fifty percent of the B. auritus popu
lations matured (15.3 and 15.0 cm T L , for 
males and females, respectively (Asabcre-
Ameyaw, 1998). 

3.4 Exploitation rate and relative yield-per-
recruit 

calculated as 0.67 for both the inshore and 

offshore B. auritus populations. However, 

based on the yield-pcr-recruit tmaiysis I h e 
exploitation rate which can sustain the yield 

for the inshore and offshore B. atiritu.s fishery 

was estimated at 0.46 and 0,57 (Fig. 7). These 

revelations arc indications of over exploita

tion of the D. auritiLs populations. 

The exploitation rate ( E = VIZ) was 
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Fig. 6. Selection curves for B. auritus populations in the 
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4. Discussion 

The length-weight relationships for B . 
auritus in the marine waters off Cape Coast, 
Ghana, were exponential. The exponents were 
2.59 and 3.01, for the inshore and offshore 
populations, respectively. For the inshore 
population, the exponent was statistically 
different from 3.0 (b = 2.59 ± 0.01; 
P < 0.001), indicating a negative ailometric 
growth form in that population. However, the 
offshore population had an exponent, which 
was statistically similar to 3.p (b = 3.01 ± 
0.08; P > 0.05), suggesting an isometric 
growth. B . auritus is known to tolerate a wide 
range of ecological factors (Ofori-Adu and 
Koranteng, 1993). This is attested to by the 
similarity in the growth parameters and the 
growth performance indices of the species in 
the inshore and offshore regions. Presumably, 
growth in B . auritus is not significantly af
fected by ecological divergences. This, cou
pled with the fact that B . auritus is a short
lived and a fast growing species in the waters 
of Ghana might present the species as a good 
candidate for fish culture. 

B . auritus appeared to use the shallow 
marine waters as a nursery, where within a 
period of five months (January-June), it in
creased in total length by about 8 cm. The 
absence of the species from the beach seine 
catches (inshore catches) from August-Octo
ber 1994 and July-September 1995 could be 
attributed to the migration of the sub-adults 
from the nursery grounds into the adult popu
lation in deeper waters offshore. These 
months incidentally coincided with the major 
upwelling period in Ghanaian coastal waters, 
when food for the migrated sub-adults would 
be expected to be abundant in their new 
habitat. The motivating factor for the onset of 
the migration could be intrinsic, however, low 
ambient temperature during the upwelling 
season could be the detenninant environmen
tal cue for the initiation of the migratory 
process. 

The present exploitation rate of S. auritus 
populations in the Cape Coast area, Ghana, 
(.E ~ 0.7) far exceeds the optimum generated 
by the yield-per-recruit analysis for tiie in
shore (E,„„ = 0.46) and offshore (£,„„,, = 0.57) 
populations. These observations might sug
gest over-exploitation of the stocks. Tlie large 
proportions of small sized B . auritus landed at 

the beaches of Giiami (personal observation) 
are attributable to the high exploitation rate 
and the smaller mean lengths at first capture. 
In the blackchin tiiapia, Sarothcrodon 
inelanotheron, in the Fosu Lagoon, Ghami, an 
exploitation rate of 0.62 suggested an over-
exploitation of the stock (Blay and Asabere-
Ameyaw, 1993); however, the population was 
able to maintain a high annual yield despite 
its high fishery probably because of (he high 
reproductive resiiiencc of tiiapia species. B. 
auritus has a high reproductive capability 
(Asabere-Ameyaw, 1998). This coupled with 
the fact that the species is a short-lived one in 
the area, and having a fast growth rate, sug
gests tluit the popuhilions could sustain the 
high exploitation. 

Though it has been speculated (hat the 
high exploitation of B . auritus stocks in 
Ghana might represent an active exploitation, 
ratlicr than their over exploitation, this miglit 
seem true only for the offshore fishery. The 
current exploitation rate of the inshore B . 
auritus stock ( E = 0.67) is far in excess of the 
0.46 optimum generated by the yicld-pcr-
recruit analysis, and also greater than the 
maximum of 0,50 suggested by Gulland 
(1971) for a sustained yield. 

A high total mortality coefficient ob
served in thecarangid fish, ie/a/GoopA, in the 
Davao Gulf (Philippines) was attributed to 
high fishing mortality and probably migration 
of the sub-adults into deeper waters (Dy-Al i , 
1988). In the inshore population of B . auritus 
the high total mortality could be the combined 
effect of high fishing mortality and migration 
of the sub-adults into deeper waters. The 
same, however, cannot be said for the off
shore population, where there is no evidence 
of adult migrations. High exploitation late, 
tliereforc, might have been the major cause of 
the high total mortality of the offshore popu
lation. 

5. Conclusion 

The yield-per-recruit analysis and the 
mean length at first-capture (LQSO) estimates 
suggest that the cun-ent exploitation of B . 
auritus in Ghanaian waters is above (lie sus
tainable level. Presently, the use of 1.0 to 1.5 
cm mesh nets in the codend of beach seines in 
the coastal fisheries of Ghana is proving 
detrimental to the optimum development of 
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the Stocks. Tlic s[)ccics though appears ctipti-
ble of sustaining the high exploitation rates, 
because of its high reproductive capability 
and accelerated growth, the use of fishing 
gears which would select fish larger than the 
length at fifty percent maturity (about 15.0 cm 
T L ) might improve the yield of the stocks in 
Ghana. 
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