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ABSTRACT

Growth and mortality parameters of the bigeye grunt populations in Ghana were estimated from
length-frequency data collected between November 1993 and October 1995. The von Bertalan{(y growth
parameters, L., K and t,, were estimated as 23.0 cm TL, 1.20 yr' and - 0.14 yr, respectively, for the
inshore population, and 22.7 cm TL, 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 offshore
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 (E = 0.67) were obtained for the two populations. This value
exceeds the optimum (E,,) 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 B. auritus

populations.

1. Introduction

The bigeye grunt, Brachydeuterus auritus
(Valenciennes, 1831), is a semi-pelagic fish
found in the Tropical Eastern Atlantic. Its
distribution extends from Mauritania to An-
gola (Schneider, 1990) with thc highest con-
centration occurring off La Cote d'lvoire
(FAO, 1991). It is the commonest haemulid in
the Ghanaian marine 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 ulility as a fish-meal and pro-
tein concentrate (Afolabi et al., 1984).
Exploitation of the specics in Ghana
waters has been on the ascendancy with the
composition of the calches increasing from
about3.0% in 1981 t0 8.2% in 1986 (Mensah
and Koranteng, 1988), and recently its contri-

bution has increased to about 10.0% ol ma-
rine fish landings (MOFA, 1995).

There is no known study on the dynamics
of B. auritus populalions in the Gulf of
Guinea. However, some information is avail-
able on the growth of related spccies else-
where, for cxample, Pomadasys
commersonni, from southern Africa (Torres
and Pauly, 1991), P. kaakan occurring off the
coast of Pakistan (Majid and Imad, 1991) and
P.macu.atus from the Gulf of Aden (Edwards
and Shaher, 1991). This work was undertaken
to determinc the population parameters of
growth and mortality of B. auritus in the
inshore and offshore waters off Capc Coast,
Ghana, to provide the necessary baseline
information, which could be used (o formu-
lalc management stratcgies for the sustained
exploitation of the species in this region.

2. Materials and methods

Monthly samples of the bigeye grunt
were obuined from commercial catches at the
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fish landing quay at Elmina ncar Cape Coasl,
Ghana (5°06'N; 1°23' W), between Novem-
ber 1993 and October 1995. Samples were
also obtained from beach seine operations at
Elmina between January 1994 and October
1995. These were, however, treated separately
from the commercial catches fished offshore.
For each fish, the total length (TL) was mea-
sured to the nearest 0.1 cm, and the body
weight (BW) 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
ELEFAN computer programme (Gayanilo er
al., 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 Pauly's (1983) formula:

log,o(=1y) = -03922 - 02752 log,, L.
The growth activity of the specics in the

inshore and offshore regions was evaluated,
based on Pauly and Munro's (1984) equation:

¢ = log,, K+ 2log,, L (2)

e

(1960) as modilied by Pauly and Soriano
(1980).

3. Results
3.0 Growth paramerers

A total of 612 specimens of B. auritus
were sampled from the beach seine catches at

- Elmina. These measurcd between 2.5 and

17.9 cm TL, 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 em TL. Samples from the offshore com-
mercial catches numbered 2,055 and ranged
from 5.8 to 20.5 cm TL. These weighed
between 2.22 and 116.73 g. The overall
length-frequency distribution of the samples
showed a modal group of 10.0-10.9cm TL
(Fig.1).

- 1038 log,, K ()

Length-weight regressions were com-
puted for the samples. In both the inshore and
offshore samples, an exponential relationship
cxisted between the length and weight of the
fish. The equations describing the relation-
ships are:

where @' is the growth performance index. BYW = 0.031TL> % (1 = 0.894; p < 0001) )

The instantaneous coefficient of total

mortality (Z) was derived from length-con- BW = 0.37LY"* % =

verted catch curve generated from the growth
data, and the coefficient of natural mortality
(M) calculated from Pauly’s (1980) formula:

log,y, M = 00066 — 0.2790 log,, L.

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 relationship (Ricker, 1975),

F=2-M i
and the estimates of the optimum level of

exploitation based on the relative yield-per-
recruit (Y'/R) model of Beverton and Holt

and
0.980; p < 0001y (0)

for the inshore and offshore populations,
respectively. Curves for these relationships
are presented in Fig. 2.

+ 00453 log,, K + 04634 log,, T (3)

Monthly length frequency distributions of
B. auritus from which the von Bertalan{fy
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. aurities in the
inshore region grew by 8 cm and by July fish
of size 15.0 cm TL and above were 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,
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Fig. 2. Length-weight relationships for B. auritus populations in
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ASABERE-AMEYAW et al. / DYNAMICS OF B.AURITUS IN GHANA

Frequency (each division

£ Dac., 1994
- ne3s

Jan., 199!
nNs 63

L1 P‘(lj-lk

lll'lllllllllllll

Fab.
nn 3%

lllllllujnllll

Mar.
A =52

= XTOO’/.)

r‘lllllllllllllll

Apr,
ns 4O

Ll 0

" May
E A= 3S

Jun.
s n a3

Jul.
nso

LN B

LA AL L) lllllll!]]L}l!ll

lel'lll]]][llJllllllJ]f!l'

Sap.
neal
IR llllll!!lll.lllllll!llxj
Oct.
n=30
) 1111111111111(111

Aug.
nx0

Fig. 3a. Monthly length—frequency distribution of (a) inshore B. auritus sampled off

116
E Jon., 994
L n =29
N r-llll !llllll|||[||||||l
Fab., 1990¢
fm 60
l bt L L L8 L1 1 g1
‘ Mar.
n =S84
;:; n'!»-.lllllnluxl
8 Apr.
;; n=37
g ﬂ_;utnnnlul
o L
B[ May
= [ A
4 Aoa
% 8 Ll r-rllr-nnnu.nn.
{ 8 F Jun.
) il o GRERE |
g g SRR E T NN RN
g & Jul.,
VI n=23
K J IR J_Llllllllllll
: F Avg,
' i ne
‘ 3_1_11 Lt bebdded L L Ly gy
' . Sap.
0 n=0
! ..1_1]!'1 L1l WAL AL L) s 109y
‘ . Oct.
| A=0
;_L”ljlllllllll l]lllllll]llll
- Nov.
3 A x58
= I—LlJ]llLlll’l Ill'ljl]lllll
10 20 30
Langth of fish lem)
Cape Coast.
‘L absent from the fishery. Specimens of the fish

were absent from the fishery from August-

October 1994, The fish, howcver, reappeared
in the fishery in November with a primary
mode at 3.0 -3.9 ¢cm TL, This mode also

shifted by 8 cm hv Tine 1008 ...c1.

mens were absent from the inshore fishery i
July-September 1995 and reappeared in th
October catches.

The growth parameter estimates derjvec
from the samples werc L. =23 0 ~m 71 17



Journal of the Ghang Science A ssoctaron,

Capc Coast.

Vol. 2 N, 3, 200

gth-ﬂ'cquency distribution of offshor

Hov 199y Nov., 1884
na3 40 noE 136
m ( lll l :‘]u Ll
Dee. Dee
n=x83 nsx8s
hg Liaaiyg g (2 Ll
Jan 1994 Jon  1pgg
noa7? n oz 130
Ll gy el
Fab, Fab
nMuo120 n x 88
5 LL L L .:Ju_u_u__u__,_,_
Mar Mar,
= 1
'\5 Nz nx
o
o BEETETTTTINOON SN
2 Apr, Apr.
g B noa g7 LY 1
o2
2 :LJ Lligg SNTETURTIER
£
é’ May May
~ nsz 021 n s 98
Lot gy LLLg). S WSS R
Jun dun
G
[ nax Py n a1y}
L1 -J—LJ-J.J&J_L.L_L
Jul, Jul.
3 j nzr7y nsy
LLy, ML L Ly L,
Aug [ Aug
n s N 100
N SR
Sap. Sep,
nx 137 j‘ n x4y
- _LA_th.g
Oct. Oct.
i N7y H l nxyas
10 10 0.
Langth o fieh (¢ m)
Fig. 3b,. Monthly Jep

C B auriny sampled off

lo=-0.15 yr, By subst;
8rowth parame(crs in
growth function,

tuting the estimated L[
the von Dcrta]anf"fy

the foHowing cquations are
obtained for the inshore

and offshore B,

anritus Populations, respectively:

L

and

r = 23001 - exp- 1201 4 014 ) ()

= 22 7(—exp(—].]6(f + 0.15)) e b 8

The corresponding

cquations by subs(jt
shown in Fig. 4,

The growl() performance index (D’
which gives 5 reliable cvaluatio

growth curves for these
uting arbitrary valyes are

n of growth



118 ASABERE-AMEYAW ef al. / DYNAMICS OF B. AURITUS IN GHANA

25’——-

20 |~

Total length (cm)

//”:::':’
//
o
//
1 |
i pi 3

Age (years)

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

in the inshore (-----

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:

oo, = 30 K 9)

the maximum attainable age (l,,) 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

vl Mha mainte calantad foar sctimatino 7. hv

) and offshore (

) marine

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

The coefficient of natural mortality (
in the inshore and offshore regions w
estimated as 2.14 and 2.10 yr', respectiv:
Hence, the fishing mortality coefficient (F
the populations were respectively, 4.26
430 yr'".

3.3 Mean length at first capture (Lesg)

Curves illustrating the proportion o
auritus missing at cvery length, as a resu
gear selection, were generated from the
cending part of the length-converted ¢
curves. The mean length at first capture (I
for the inshore B. #ritus population was
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Fig. 5. Length-converted catch curves for B. auritus (a) inshore and (b)

offshore populations in the Cape Coast area based on length-frequency
data presented in Fig. 3 (Points used for regression analysis (¢): points
not used for regression analysis ( © ); points projected backward to
cstimate probability of capture (©).

estimate was 12.4 cm TL (Fig. 6). Thesc
lengths were, however, lower than the length
at which fifty percent of the B. auritus popu-
lations matured (15.3 and 15.0 cm TL, for

males and fcmales, respectively (Asabere-
Ameyaw, 1998).

3.4 Exploitation rate and relative yield-per-
recruit

The exploitation rate (E = F/Z) was

calculated as 0.67 for both the inshore and
offshore B. auritus populations. However,
based on the yield-pcr-recruit analysis the
exploitation rate which can sustain the yield
for the inshore and offshore 3. anrites fishery
was estimated at 0.46 und 0.57 (Fig. 7). These
revelations arc indications of over exploita-

tion of the B. auritus populations.

et s SRR T
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4. Discussion

The length-weight relationships for g,
auritus in the marine waters off Cape Coast,
Ghana, were exponential. The ex ponents were
2.59 and 3.01, for the inshore and offshore
populations, respectively. For the inshore
population, the €xponent wag Statistically
different from 3.( (b=259+ 0.01;

P <0.001), indicating a negative allometric
growth form in that population, However, the
offshore population had an exponent, which
Was statistically similar to 3010b =30 +
0.08;, P > 0.05) Suggesting an isometric

range of ecological factors (Ofori-Ady 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. Presum ably,
growth in B. aurinyy i not signiﬁcamly af-
fected by ecological divergences. This, cou-
pled with the fact that B. auritus is 4 short-
lived and a fagt growing species in the waters
of Ghana might present the Species as a good
candidate for fish culture.

B. auritus appeared (0 use the shallow
marine waters as g nursery, where within gz
period of five monthg (January-June), it in-
creased in tota] length by about § 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 nuIsery grounds into the adujt popu-
lation in deeper waters offshore. These
months incidenta]ly coincided with the major
upwelling period in Ghanaian coasta] waters,
when food for the migrated sub-adults would
be expected to be abundant in their new
habitat, The motivating factor for the onsct of

ambient temperature during the upwelling
Season could be the determinant environmen-
tal cue for the initiation of the migratory
process.

The present exploitation rate of 3. auritus
Populations in the Cape Coast area, Ghana,
(E =0.7) far exceeds the optimum generated
by the yield-per-recrujt analysis for the in-
shore (= 0.46) and offshore CE iy = 0.57)
Populations. These observations might sug-
gestover-exploitation of the stocks. The large
proportions of small sized . auritus landed at

Journal of the Ghana Science Association,
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the beaches of Ghary (personal obscrvation)
are attributable to (e high exploitation rate
and the smaller mean lengths at firgt capture.
In the blackchin llapia,  Sarotherodon
melazzoz/mron, in the Fosy Lagoon, Ghana, an
exploitation rate of (.62 suggested an over-
exploitation of the stock (Blay and Asabere-
Ameyaw, 1993): however, the population was
able to maintain 3 high annual yield despite
its high fishery probably because of the high
reproductive resilience of tilapia specics, B,
auritus has a high reproductive capability
(Asaberc—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 that the populations could sustain the
high exploitation.

Though it has been speculated that the
high exploitation of B. auritus stocks iy
Ghana might represent an actiye exploitation,
rather than their oyey cxploitation, thig might

Seem true only for the offshore fishery. The

auritus stock (E = 0.67) is far in excess of the
0.46 optimum generated by the yield-per-
recruit analysis, and also greater than (he
maximum of (.50 suggested by Gulland
(1971) for a sustained yield,

A high tota] mortality coefficient ob.-
served in the carangid fish, Selar boops, in the
Davao Gulf (Philippines) was attributed to
high fishing mortality and probably migration
of the sub-adults into deeper waters (Dy-Alj,
1988). In the inshore population of B. aurirys
the high tota] mortality could be the combined
cffect of high fishing mortality and migration
of the sub-adults into deeper waters. The
same, however, cannot be said for (he off-
shore population, where there is no evidence
of adult migrations. High exploitation rate,
therefore, might have been (he major causc of
the high tota] mortality of the offshore popu-
lation.

S. Conclusion

The yield-per-recrujt analysis and the
mean length at first-capture (Leso) estimates
suggest that the current exploitation of 3,
auritus in Ghanajan waters is above the sys-
tainable leve]. Presently, the use of 1.0to 1.5
¢mmesh 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. The species though appears capa-
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

TL) might improve the yield of the stocks in
Ghana.
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