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ABSTRACT

Aspects of the biology of grey mullets were studied between

Fchnwry 1997 and July 1998 in the Volta and Pra River estuaries in

(;h~llllJ and their potential for culture in brackish and fresh water ponds

\\'3S evaluated. Six species of grey mullets were identified during the

study. These were: sickle fin mullet, Liza falcipinnis (Valenciennes,

1836), large-seal ed mullet, Liza grandisquamis (Valenciennes, 1836),

grooved mullet, LizCI dumerilii (Steindachner, 1870) white mullet, MugU

curema Valenciennes (1836), banana mullet, MugU bananensis

(Pellegrin, 1928), and striped muliet, Mugil cephalus Linnaeus (1758).

With the exception of L. grandisquamis, which was found only in the Pra

eSlu3ry. all the other species were common to both estuaries. M curema

an i _. J~]!cipinnis were the most abundant species in the Volta and Pra

es~uJ:':';:s respectively, while M cephalliS was the least abundant species

in IX. places. Specimens of all the species from the Volta estuary were

re!a.i 'elv larger than their counterparts in the Pra estuary. With the

exception of L. grandisquamis, whose grovv1h \Vas isometric, the other

species from both estuaries exhibited ailometric growth. Monthly

changes in gonadosomatic index, occurrence of mature and spent fish in

samples as well as oocyte size distribution, suggest that the populations in

both estuaries were multiple spawners; those f'om the Volta estuary

spawned between February and August while those from the Pra estuary

spawned between March and November. i\bles of all the species matured

at a smaller size than the females in both eSlu~lries but species in the Pra

estuary matured at a I1l11C h smellier si ze 1h~m thei r counterparts in the

Volta estuary. Stomach (.'(l111 ..:nI5 0'" ;2. I"".'V mullets in the two estuaries-' ~ .

were quit\:' simiLll' cOllsislill!:'. 111;linly of di~toms, detrital material and

sand particks. Their di'l did 110t show any substantial seasonality neither

XXII
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did it change with the size of fish. All the species showed a strong diurnal

feeding habit, with the main feeding period occurring between 08.00 h

and 12.00 h. Growth performance of fish that were given

~lIrplcl1lentary feed was better than those cultured under natural pond

cOl1ditions; that of fish fed on wheat bran was also better than those fed

on rice bran. The differences in growth of fish in both treatments were

however, not statistically significant. Food conversion ratios between 3.6

and 7.7 and survival rates ranging from 43.4 to 68.8 % were recorded

during the culture trial. Within a nO-day culture period, fish production

of 336.5 kg ha'i and 287.0 kg ha'i were achieved in ponds with and

without feed respectively. The mean final weight of M curema was the

highest among the species during the nO-day culture period. Results

obtair.c· in this study compare favourably with other published works

and' . ';,j-:lte a good potential for the culture of grey mullets in Ghana.

xxiii
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INTRODUCTION

Grey mullets are a group f fi lb'o IS 1 elonglng to the family Mugilidae,
whi(h coJ11rrises a relativel)' I ' ,alge number of closely related species

(Stephens ,m<.! I3laber, 1976) They are Sl Co I I fi h h' h k. lcceSSlU te eost IS es w IC ma e

u an important and probably the t 'd I d' 'b d ' I' mos WI e y IStl"l ute commercia

ii_hery in the coastal waters of tropical and subtropical regions of the world

(Wijeyaratne and Costa, 1986; Koutrakis ef ai" 1994), Grey mullets are a

major source of subsistence protein requirements of the peoples of many

countries, especially so for the Pacific Basin, Southeast Asia, India, the

Mediterr,1I1ean and Eastern European countries and in many parts of Central

and So h /-\merica (ICLARM Report, Ino).

G-'c.· llUliets tolerate a wide range of salinity, temperature and

d . -
ISS t\~- .'ygen concentrations, These characteristics, together with their

abilit-, w grow to a large size, ready availability, acceptance of

supple!. enwry feed and the excellent texture ,lnd taste of their flesh make

the group an excellent choice for culture (Bardach ef al., 1972), For a

successful culture operation of any species however. a good understanding

of the biology of the species is an important pre-requisite. However, a major

set-back to successful culture of a number of marine species, including grey'

lllullets' has been the difficulty in dcveloring suitahle feed for early

developmental stages (Shirota, 1970). Larval C1nd ju\enile food and feeding

habits have therefore, been a major research are~1 of most fishery scientists

(Thomson, 1966; OclUIll, 1970; Zismann e/ ill .. I()75: Chan and Chua, 1979;

Ferrari and Chieregato, 1981). In :dl [hc~,-' studies, the importance of

ZOoplankton, especially cop 'pClc!S, in the di 't PI' brval and juvenile mullets
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was emphasised. According to Zismann et al. (1975), Blaber and Whitfield

(1977), Chan and Chua (1979), De Silva (1980), Marais (1980), Ferrari and

eh iercgato (1981) and Blaber (1987), as mullets grow, their feeding habits

gradually change from a planktonic filter feeding habit to primarily, benthic

grazing. They consume a mixed diet consisting of algae, vegetable detritus,

sand. silt, zoobenthos and zooplankton organisms.

Food and feeding habits of grey mullets have also been the subject for

studies by fishery scientists from West Africa. From the Elmina lagoon in

Ghana, Blay (] 995a) reported a simi lar diet for juveniles of four mullet

species comprISing mainly bacteria, diatoms, blue-green/green algae,

protozoans, detritus and particulate organic matter. Blay (1995a,b) also

repone t at juvenile grey mullets from the Elmina lagoon as well as L.

falc(c.:;;;:.:s in the Cape Coast lagoon showed a strong diurnal feeding habit.

_:'-: species of mullets in the Lagos lagoon in Nigeria were found to

feed .L:.in.y on organic detritus, diatoms and green algae (Fagade and

OlaniyaJ , 1973). According to King (1988), fine particulate organic matter,

mud and diatoms were the most important food items of Liza grandisquamis

in the Bonny River (Niger Delta). Mugil cephaius in the Kulama Creek

(Niger Delta) was reported to feed primarily on algae and detritus and did

not show any substantial seasonality in the diet (Ikomi, 1990) while on the

Mauritanian coast, diatoms constituted the major food itelTi (Bruhlet, 1975)

The diet of all the grey mullet species from the Johnson estuary in

Sierra Leone (Payne, 1976) and the Ebrie lagoon in Cote d'Ivoire (Albaret

and Legendre, J 985) was simi lar comprising. mainly diatoms, organic

detritus and materials associated with sand grnins. Species in the Johnson

estuary however, sho\\'ed S(',\SOIlC1! vari,H ions in the composition of their

food.

2
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Apart from food and feeding habits, studies have also been conducted

on the relative abundance and distribution, reproduction, age and growth of

grey mullets. From the West African coast, the relative abundance of grey

Illullets have been reported from Sierra Leone (Payne, 1976), Nigeria

(Siv~dingnl11, 1975; King, J 988 and Ikomi, 1990) and from Cote d'Ivoire

(Albcret and Lengendere, J985). In all these studies it was concluded that

the various species of grey mullets have different temporal distribution

patterns in Iluenced, among other factors, by temperature and sal inity

gradients.

M. cephailis occurred throughout the year on the southern Texas coast

(Moore, 1974) while the seasonal eli ·tribution of M CUI'emC1 in the Gul f of

Mexico was influenced by temperature and salinity (Aguirre, 1993). Studies

on the temporal distribution, abundance and size composition of grey mullet

pop\..·:.1:: ,"";5 in the Severn estuary and Bristol Channel was conducted by

Clar:"':~e ..:'.d Potter (1985) while Vieira (1991) studied the occurrence of

juveni:= :~::. Pets in a Brazilian estuary.

~o· many studies have been conducted with respect to growth

parameters of grey mullets. Koutrakis and Sinis (j 994) reported on the

growth parameters of three grey mullet species from two Northeastern Greek

wetlands while Wijeyaratne and Costa (1987) determined the growth

parameters of six species from the Negombo lagoon in Sri Lanka.

The reproductive biology of some mullet species especially, Mugil

cephalus, has been studied by various workers (Thomson, J966; Brulhet,

1975; Bok, 1979; Wijeyaratne and Costa, 1986: Aguirre, 1993; Render et

aI., 1995). The species studied \·vere found to h~1Ve different spawning

periods with most of th('m Sp,l\Vllll1g during pl.'ril.X1S of low or declining

water temperatures.

...
-'

University of Cape Coast       https://ir.ucc.edu.gh/xmlui 

Digitized by Sam Jonah Library



In Ghana, grey mullets are important in the lagoon, estuarine and

inshore fisheries (Mensah, 1979). Fish provides more than 60% of the

animal protein needed in Ghana (FSCBP, 1995). The bulk of this demand is

provided by marine fisheries resources which are already being over

exploiteJ ()uaatc.;y, 1994). Given the present rate of human population

growth in Ghana (3.0%) and the cost involved in importing about 30% of

local fish requirement, there is an urgent need to increase fish production to

meet the increasing demand.

Fish culture has been identified world-wide as an important option for

increasing fish production (Bardach ef al., 1972). The impact of fish culture

on the total fish output of Ghana is however, negligible. As at 1999, fish

culture contributed just about 500 tonnes out of the national fish production

of ab t -+00,000 tonnes a year (Fishery Dept. unpub!. data). Efforts at

increa::;:;g .lsh production in the country through fish culture have so far

co: -'':::::'3:-:-d on freshwater environments even though the coastline of

Gha 2. :.JS numerous lagoons and estuaries most of which have the potential

for brackish water fish culture (Pillay, 1962; Pauly, 1976). However,

traditional fish culture known as 'acadja', a form of brush-park culture

system, is practised on a small scale in some of the lagoons (Mensah, 1979).

The culture of mullets in brackish and fresh water ponds has been

practised for many years in the lndo-Paci tic region and Mediterranean

countries (Bardach et al., 1972; ICLARM Report, 1980). A number of

countries have increased the fisheries potential of their inland waters through

large-scale mullet stocking (EI-Zarka and Kamel, 1965; Bar-llan, 1975; Bok,

1984) and mullets now form an import<lm component of the extensive

fisheries in these \·v;llcrs.

4
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Trials of intensive grey mullet culture aimed at determining

conditions for optimising production are more recent, and the approaches

differ frolll region to region because of traditional needs and practices

(ICLi\RM Report, 1980). As techniques for the large-scale propagation of

grey Jllullets have not been perfected (Nash and Kuo, 1975; Nash and

Koningsbergcr, 1981), the culture of these species has relied, to a large

'xtent. on the capture of wi Id fry for stocking (Bardach et 01.; 1972; Chen,

1976; 8cn- Yami, 1981). Oi ITercnt mullet species, tv! Cliremo, M. cephcilus,

L. cl/rata. L. fJarvus. and 1.. lade. have been cultured elsewhere (Yashouv,

1966, 1972; Chervinski, 1975, 1976; Alves de AraLljo et al., 1980; Pillai et

01.,1984 and Philips e/ al., 1987).

In recent times, research and de lelopment efforts in the culture of

grey 1. . e.s have focuscd on induced spawning and rearing of the larvae

(A \,~:'e_- 3jonchere et 01., 1988; Rajyalakshmi et 01., 1991; Kuo, 1995).

At' i!~,2~~:: spawning has, however, been fraught with problems such as

frJgiit[~ 01' -he species during handling, di rficulties in obtaining ripe females

as we as developing suitable feed for early developmental stages. Early

developmental stages depend on live zooplankton foods, which are difficult·

to provide (Tucker, 1998).

Mullet culture has not been seriously developed in West Africa.

Bardach et 01. (1972) reported that experiments in brackish water fish

culture, which started in 1962 on the Island of Bugul11a in the Niger river

delta (Nigeria), included among other fishes, 1.. fulcipinnis and L.

grandisquClmis. Pol yculture trials of Illullet species were conducted 111

brackish water ponels in L.agos (Nigeria) by Si\aling::ll11 (1975). Albaret and

Legendre (1985) reported lhal L julcill/'lIlIis ,1I\d Mugil cefJhallis showed the

. highest potential for aCjwll'ulllll'c' in (\')(c d'!\oirl' and suggested polyculture

5
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In association with Chlysichthys nigrodigitatus uSing the 'a~adja' (brush

park) system. After iclenti fying areas along the Mauritanian coast where

culture could be unclcrtakL'n, f3rulhet (1975), recommended M. cephalus

(ls!lcl1feensis as the best species for culture.

Frl m the foregoing, it is evident that information on the biology and

, dtme of grey Inullets in the West African sub-region is inadequate. In

GllJna. the only known studies on mullets are those reported by Blay (1995

a.b) on their food and feeding habits in the Elmina and Cape Coast lagoons.

The present stucly is therefore aimed at enhancing knowledge on the biology

of the lllullets and evaluating their potential for culture in brackish and fresh

water systems in Ghana. It is apparent frolll the experiences of other

countries referred to above that successful intensive and extensive culture of.

grey l~ u eiS in Ghana could enhance fish production in the country.
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MATERIALS AND METHODS

Study areas

The study was conducted at the estuaries of River Pra and River

Voitel. both or which c1isch~rge into the Atlantic Ocean in the Gulf of

Guinea. The two estuaries were chosen because of their location and the

different ecological scenarios they offer (Fig. I).

Rh'er Volta estuary

T c Djwr Volta estuary is located between latitudes 5° 30' and 6° N

alld .. ~, ., es 0° 30' and 1° 0' E and lies within a Coastal Savannah zone

th" t l:3.5 u. annual rainfall of between 750 and 1,250 mm (Dickson and

Benne'.. 977). The estuary is about 1,200 m wiele at the mouth. Beyond the

mouth ofthe estuary, the water body covers an extensive area with a number

of islands most of which have human settlements,

Two townships, Ada Foah and I3ig Ada. arc situatcd on the western

bank of the estuary. The eastern bank is covered with Cyperus articu/atus

(mat reed), Po/ygonum senega/ense (knotweed) and T.ljJha domingensis

(cattail), except in some few places where Rhi::op/w/"o spp. (red mangroves)

and Avecinnia sp. (white/olive mangroves) OCCLlr in small patches.

Submerged aquatic vegetation, predomincultly t'o/lisneria aethiopica

(eelgrass) and Cer%phy//uJII delllc/,sulIl \cot)ntail). are common in the

estuary.

7
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The major tributaries of the Volta River are the White Volta, the

Black Volta, the Oti River and the Pru River. Together they drain an area of

about 158,000 km2 (WRRI Technical Report, 1978). Two dams have been

built on the Volta river at Akosombo (to provide hydroelectric power) and

furth~r downstream at Kpong (to provide hydroelectric power, potable water

aml \V~lln for irrigation). These clams, to a large extent, influence the quality

<ll d quantity of' water at the Volta River estuary. In addition to serving as a

landing area for catches by local fishermen, the estuary is used for boating.

Ril'cr Prll eSluaJ)'

The Riwr Pra estuary is located bet ween latitudes 5° and 5° 3' Nand

10nfZi u :es 0 30' and 2° W. The banks of the estuary are fringed by red

l11al'C!'~ e5. (Rhizophora spp.) up to about 10 km inland (Obodai el 01.,

19<;Y I. :-:e estuary is approximately J 00 In wiele at the point of entry into the

sea. T~:e n Jjor tributaries of the River Pra are the Rivers Birim and Offin;

these [ 1ree rivers together form a basin that drains an area of about 22,960

km2 (elFA Report, 1991). The basin lies in the Moist Evergreen Forest zone

of Ghana, with an annual rainfall of between 1JOO and 1,750 mm (Dickson

and Benneh, 1977). The two tributaries are subjected to impacts of mining

activities within their basins.

Apart from the effects of mining activities on the Pra estuary and the

effects of the two dams on the Volta estuary, the dry and rainy seasons also

affect water quality and quantity in both estuaries tl) a large extent.
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Hydrographic factors

r:rom February 1997 to July 1998 data on transparency, turbidity,

salinity. dissolved oxygen, temperature and hydrogen ion concentration (pH)

of the sllrl'~lce waters of the two estuaries were collected monthly to

dt;tcnninc their influence on the occurrence, abundance and biology of grey

mullets,

Tr~lI)sparency was mC:1sured with a 20-cm diameter Secchi disc, and

surface water temperature with a hand-held mercury-in-glass thermometer;

pH was me:1sured with n por1.<lblc pH-meter (Ell 7055) and turbidity by

21 OOP Turbidimeter. Dissolved oxygen was measured by a modification of

the \\/ink!er method (F AO, 1(75) while scllinity wns estimated by first

determ', 'i h he chloride concentration by titration with silver nitrate

solutil) ·:~ing. potassium dichrol1l~lte end point. S,dinity was estimated from

h " .I .t I 1~ _.3.

S%o = 0.03 + 1.805 (gIl cl x 1.00045) (WHO, 1987)

The relationship between the hydrographic factors and abundance of

mullet species at the two estuaries was established using Spearman's rank

order correlation analysis.

Fish sampling and identification

Grey mullets were sampled about the midd.e of each month from

February 1997 in the River Volta estuary ~l11d :\ br.:-h 1997 in the River Pra

estuary lor studies on their hiology, Sampling 1,1SICd until July 1998 in both

estuaries. The fish wnc c:H1ght \vilh ~l Clsl n'1. ;) drag net and a battery of

]0
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mono- and multi-filament gill nets in order to obtain a wide spectrum of

sizes of mullet populations in the study area. Three monofilament nets were

used each of which measured 50.0 x 2.0 m and consisted of mesh sizes of

50.0, 65.0 and 80.0 mm (stretched mesh). The multifilament nets consisted

of l'igl1t mesh sizes of 12.5, 15.0, 17.5, 20.0, 22.5, 25.0, 30.0 and 40.0 mm

(stretched mesh). Each mesh size was represented by two nets each

measuring 25.0 x 2.0 m. The nets were set for one night each month in both

estuaries. Samples of grey mullets were also bought from local fishermen to'

augment those caught from the experimental fishing since the net mesh sizes

of local fishermen covered a wider range; they ranged from 15 mm to I 15

mm (stretched mesh). This was to ensure that the samples reflected, as much

as possible. the population structure of grey mullets in the estuaries.

T\\o 2.:l-hour samplings were undertaken during the periods 11 th - l2'h

No IT:~c_- 998 and 91h
_ IOlh June 1999, in the Volta estuary to determine

the dad.' !~eding periodicity of the grey mullets. Sampling was done at four­

hour' y .,;crvals with a seine net measuring 120 m long with IS mm and 10

mm mesh sizes (stretched mesh) for the f1anks and bag respectively. Two

hauls \V'ere made at each sampling time, both of which lasted about I h 20

111111.

Mullet samples were kept in 10% formalin and taken to the

laboratory for further studies. Other samples were kept on ice. In the

laboratory, the mullets were sorted out into the various species using the

identification keys of Schneider (1990) and Leveque et 01. (1992).

I I
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Morphometric data

The total length (TL) and standard length (SL) of individuals of the

di ITerent species of fish were measured to the nearest 1.0 mm and the weight

d\.'\\.Tlllilll'd to the nearest 0.1 g. Monthly length frequency data were

cOlllpi Icel with distribution at 10 mm SL intervals.

Stomach content analysis

The stomach contents of each individual were weighed to the nearest

0.0 I g Clnd the total length or the intestine, measured to the nearest 1.0 mm.

Analysis of the stomach contents was carried out using the frequency

of occurrence and the 'points' metl ods (Hynes, 1950). The points method

gives tl c ."ercentage composition or bulk contribution of each food item to

the Il''; (ad composition while the li-ecjuency of occurrence method

e\: 11"'''-'::;5;;:'' ~! e number of individual stomachs in which each food item occurs

as;) ;'::'I,,'C:'lage of all the stomachs examinee!.

T!e stomach contents of between fi\e and ten stomachs of each

species ll1 each month were each preserved in 5% formalin. Points were

awarded each stomach according to its degree of fullness llsing an arbitrary

4-point scale (20, 15, 10 and 5 points for full, 3/4 , 1/2 and '!4 tilled stomach,

respectively). Some distilled water was added to the sample in each

container and shaken vigoroLlsly. Two sub-samples were taken and

examined under the microscope to identify the items.

The total number of points allotted each stomach was subdivided'

among the stomach contents prescnt ~lCcordin~ to tht'ir relative contribution

to the total stomach conten!. Tile poinls g~lin,,'d by each item were summed

LIp and expressed as <I p('rl'C'nt~lgL or Ihe loul points gained by all the

12
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stomachs. The stomach contents were broadly grouped into polychaetes,

zooplankton, diatoms, green algae, blue-green algae, detritus and sand

particles. For the purpose of this study, protozoans, dinoflagellates and

anllcl id larvae were grouped under zooplankton. Bacteria, nematodes, fish

scales ;)nd reel algae whose composition in the diet was less 1.0% were not

included in the analysis. Benthic organisms were therefore made up of only

polychaetes,

Using a calibrated eyepiece micrometer, random measurements were

made on the longest axis of sand particles in a number of stomachs of all the

grey mullet species to compare pal1icle size preference among species and

between sites.

The stomach Fullness Index (1-1) was used as an indicator of feeding

intensi-\ a evaluate seasonal feeding activities as well as diel feeding

perioo',-':,: a"the various species. It was calculated using the equation:'

FI = (Weight of stomach contents x 100) I Fish weight

(Hureau, 1966).

Samples used for the calculation of FI were those captured between 8.00 h.

and 11.00 h since that was the most active period for feeding.

In order to determine the relationship among the eli fferent species, the.
degree of food niche overlap among the species and di fferent sizerlasses of

a given species was calculated using the general (G6) and the specific (So)

overlap indices of Petraitis (1979) (quoted in Lud\\ig and Reynolds, 1988).

Both indices \A,lcrc calculated uSing til' computer programme,

SPOVRLAP.BAS (Ludwig and Reynolds I()~~), The index ranges between

oand I and the closer it is to I, till." i!.rc~lkr til' ()\'crbp.

13
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A cluster analysis was also performed to illustrate similarities among

the species based on the frequency of stomach contents. This is an

agglomerative type or analysis using group average sorting with the

Luclidean measure or distance. The Euclidean linkage distance is simply the·

geol1ll'tric dist;lncc between the various clusters that is denoted on the

horizontal ;lxis.

Calculation of Condition Factor

The Condition Factor (K) of'the fish was calculated using the formula:

K = W x 100/ L:1 (Tesch, 1971)

\\here \V = body weight in grams

L = standard length in centimetres

.-l? 1 t?an monthly Condition Factor ot" each species was calculated

and .::t?r1 to illustrate the fluctuations in the relative 'well-being' or

'fatness' of the species during the study period. Oi rrerences in Condition

factor of the same species from the different estuaries were determined by

Student's {-test.

Determination of growth paramctcrs

The growth of all the mullet species li'o!ll the t\\O estuaries was assumed

to conform to the von BertalanlTy growth function lVBGF) \vhich has the

basic form:

I_I = I.>' II-c:,;p(-I-:(I- In))1

I -~
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where L, is the length at age I, Lco is the asymptotic length, K the growth

constant and 10 the theoretical age at length zero.

The ELEFAN I programme, as incorporated in the FISAT software

(Gay;tnilo cl 01., 1995), was L1sed to fit growth curves to the restructured

klH..'.th frequency data. This was based on preliminary estimates of the

a:;yrnplol ic length (I/£» obtained lIsing the method of Wctherall (1986),

\vhich is also incorporated in the FISAT programme. The value of the

growth U1I1st,lIlt (Aj was obtained from the scanning routine in ELEFAN I.

In this routine, values of K ranging from 0.1 to 10.0 were scanned in small

steps, and the value of K that gave the best 'goodness of fit' was selected.

The theoretical age at length zero (1 0 ) was obtained from Pauly's (1979)

equUlJon:

T le ~r \th performance index ((jJ") was computed from the equation

(Pau y a 1d Munro, 1984):

¢' = Log ro K + 2 LogloLco

Reprod uctive activi tics

Each fish was dissected, sexed and the maturity stage determined by

visual inspection of the gonads, and whether milt or roe was released upon

stripping. A four-point scale was L1sed for the c1assi fication of testes while

ovaries were assigned on the basis of a five-p0jnr scale. Gonads of mature

specimens were weighed to the nearest 0.0 I Q.

15
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Calculation of!:onadosomatic index reSI)

To determine changes in reproductive activities of the mullet species,

monthly mean gonadosom3tic index was calculated for mature male and

f<:lllal<: fish. This index is given by I-!tun-Han (1978) as:

(iSI "= (GW x 100) / (BW - GW)

where, G W = gonad weight in grams

BW =: body weight in grams.

Histological preparation (~/j;()I1(fds

Histological prepJmlions of gon,:lCls of each maturity stage were mad~

to elucicbte the microscopic structure of the different gonadal stages.

Portions of gonads were stored in 10% formalin and later dehydrated in

grJdc. 3.e ")'101. cleared in xylene and embedded in paraftin wax. Sections

\vere ~:..:: :-- :-. pm and stained in iron haematoxylin and eosin.

Oocyte diamcter measurements

In order to gam further insight into the spawnmg patterns of the

species, oocyte diameters of the di fferent ovarian stages were measured from

histological preparations using a compound microscope fitted with a

calibrated eye-piece micrometer. Only oocytes "vith nuclei were considered

to ensure that the maximum diameter of the oocytes were measllred. The

fi'equency distrihution of oocytes was used to cktenn ine spawn ing patterns.

/6
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Estimatioll offec11ndi(v

recundity was estimated using the sub-sampling by weight method

(Bagenal and Braum, 1971) because of the large number of eggs in the

nv;trics. Suh-samples of ripe ovaries were weighed after removing excess

W:lter on jiller papers. Each sub-sample was preserved in Gilson's fluid in

labelled sample nottles for one month to ensure that the eggs were hardened

enough. Each bottle was vigorously agitated periodically to facilitate

separation of the eggs from the ovarian tissues and enhance the hardening

process (Bagenal and Braum, 1971). The contents of the bottles were poured

into a petri dish and the oocytcs separated frol11 the ovarian tissue with a

dissecting pin prior to counting. The absolute fecundity of each fish was

estimate' y multiplying the number of eggs in the sub-sample by the ratio

of tOL ·3.ry weight to the weight of sub-sample of ovary. Relative

fec f,n!:' ,'as calculated as the number of eggs per gram of fish body

we.g..:.

Culture trials in ponds

Preparation ofponds

Mullet culture trials were undertaken in four brackish water and fresh

water eal1hen ponds. The freshwater ponds, each measuring 5.0 m x 10.0 m

x 1.0 m were located at the Aquaculture Research and Development Center

. (ARDEC) of the Water Research Institute (WRf). Akosombo (approximately

160 km from the Volta estuary). The brackish \\att:'r ponds were located

about 400 111 frol11 the moulh, and on the eastern shore of the River Volta

estuary. They measured 5.7 rn x 14.0 m x 0.8m, 5.4 m x 14.0 m x 0.8 m, 5.4

17
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m x 14.0 m x 0.8 m and 5.4 m x I ].5 m x 0.8 m (Plate I). Different sizes of

ponds were constructed because of limited space and uneven terrain. The

ponds were fertilised with super phosphate at the rate of JOg m,2 and li;ned

~It llJ~' 1':1[(' of' 100 g m'".

In addition to the earthen ponds, two concrete ponds (3.5 m x 7.0 m x.

'.0 111 each) (Plate I) at the premises of WRI in Accra were used to evaluate

I e effect of rice bran and wheat bran feed on growth. Each concrete pond

was divided into two compartments with a mosquito proof net, and a thin

layer of sand spread at the bottom before filling with tap water. Brackish

water condition, close to what prevailed in the Volta estuary, was simulated

in the concrete ponds by dissolving commercial salt in the water. The ponds

were allowed to stay for one week to allow for algal growth before stocking

with n. ge'" us.

Coli' > ion offingerlings

Fi .gerlings of grey mullet species were collected at the Volta River

estuary with a drag net. The mesh size (stretched mesh) at the wings and

pocket of the net were 15.0 and 10.0 ITIm respectively. With the bag of the

net still in the water, a small hand net was used to collect the fish into water­

filled containers before transferring them into hapas erected in ponds where

they were kept overnight. The fingerlings could not be sorted out into the

different species because of their small sizes. Mixed species were therefore

stocked in all the ponds. It was however, ensured that sizes of fingerlings·

stocked were similar.

18
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Plate 1

Top: Brackish water pon .. t t
Bottom: A concrete po. d

bratl and r:c ' .
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Tra/lsportation, acclimatisation offingerlings and stocking ofponds

,,"illgcrlings were transported from the estuary to Akosombo and

Accra ill pl~lstic bags each having a volume of 0.55 m3
. Fifty fingerlings,

'ach v.:eighing 6,0 g on the average, were placed in a bag filled up to about

1/-, of its volume with water from the estuary. Oxygen was bubbled through

the water and the bag closed; it was then put into a second bag of similar

size and some water containing iced cubes poured in the space between the

two b~gs to keep the temperature low, The bags were then packed in bigger

and tougher nylon bags (Plate 2) and transported to the ponds at Akosombo

and in Accra,

o a1T'\al at the experimental site, the plastic bags containing the fish

were '_0.•.:;:,' in the ponds for 30 minutes for the fingerlings to acclimatise to

cor.cil :(,:~3 :--revailing in the ponds. This was enhanced by slowly mixing the

Vi~Her : e bags with that from the ponds. They were then released

gradl.al'y into the ponds. The ponds were flushed daily for a period of one

week, until fresh water conditions prevailed, Fingerlings from the tanks at

Akosombo were then stocked into the earthen freshwater ponds. The mullets

were stocked at a rate of 2 fingerlings m-2
. Handling of fish was avoided as

much as possible because of their fragility.

20
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Plate 2

Top: Initial size of grey mullets used in stocking p nds.
Middle: Average size of grey mullet after 270 days of culture.
Bottom: Bagging procedure used m transporting IiVI;' juvenile mullets.
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Plate 2

Top: Initial size of grey mullets used in 'l ' in~ p nds.
Middle: Average size of gr~y mul t ~r 7 . ~' f culture.
Bottom: Bagging proced e ., d . Ins ortin li\ juvenile mullets.

21

University of Cape Coast       https://ir.ucc.edu.gh/xmlui 

Digitized by Sam Jonah Library



Mal1agement (~fponds

fish in two of the ponds at the Volta estuary, and at Akosombo were

kd once a day in the morning between 9.30 hand 10.00 h at 5% body

weight. The reed consisted of a mixture of peanut and rice bran, giving a

~ rotein level or 9°;;). fish in the other two ponds were not fed but depended

on the natural productivity of the ponds. In Accra, fish in one of the

compartments were fed with rice bran containing 5% protein and those in

the other compartment were fed I"vith wheat bran containing 17% protein.

The ponds were occasionally lcniliscdl;vith super phosphate at the rate of 10

8iweek!y measurcmcnts or water temperature, salinity, dissolved

oxyg~ 1. 1""' 31 d transparency were made, usually between 10.0 and 11.0 h.

Wale. ~;::':~l~' es were taken monthly from the ponds at Ada for algal counts.

Algae \-"Te counted after sedimentation ror 4 hours with an inverted

I1l!COs(.... :_e. The average number of cells per filament or colony was

determined for 50 individuals and multipl ied by' the number of filaments and

colonies counted to derive an estimate of the eel! numbers (Lund et al.,

1958).

Growtl1l1leasurements

A minimum of 50 fish from each pond at Akosombo and the Volta

cstuary, alld 10 f1'01l1 the ponds ill .!\CC1'<l, Wl'I'C s~lillpled at 30-day intervals.

The average weight recorded was used to monitor grol;vth and to determine

the specific growth rate (SejR) using. the !()f'Il1l1Ll of Rid.er (1975) (quoted in

Watanabe et o!., 19(0):
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SGR = [lOO(\n Wf - In Wi)] / t

where Wf= mean weight at the end of the period

Wi = mean weight at the beginning of the period·

t = growth period in days.

The Mean daily weight gain (MDWG, g/day) was calculated from

MDWG = (Wf - Wi) / t

Differences in the growth performance of fish that received feed and those

that did not received feed in the various ponds were evaluated using

Analysis of Variance (ANOVA). ANOV A was also used to evaluate

differences in growth performance of fish raised during the first and second

experil .ems in brackish water ponds and in freshwater ponds for the first

150 d3.\s.

Fee' conversion values were determined as the ratio of dry weight (g)

of feed gi\en to the fish to the weight gained (g) by the fish at the end of the

experiment (Linder et al., 1975)

Fish production in the ponds was calculated using the formula of

Linder et al. (1975):

Production = Number of fish surviving x (Mean final weight - Mean initial

Weight) / Surface area of pond

Survival rate of mullets in each pond was calculated as a percentage

of the number of mullets surviving at the end of the experiment to the

number of mullets initially stocked.

"
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RESULTS

Fluduations in hydrographic factors

Fluctuations III hydrographic factors at the two estuaries during the

study period (lrc indicated in Fig. 2. The data are based on measurements

taken once every month.

Temperature

Temperature variation In the two estuaries showed a similar pattern

and ranged from 25.0 to 30.5°C (Fig. 2a). Low temperatures were recorded

from June to September and during the dry harmattan season from

Nove <_ January while high temperatures were recorded from March to

May. T: .J: p in temperature in the Pra estuary in March 1997 was due to

rainL1H it a: occurred in the night prior to sampling and an overcast weather

on the day of sampling.

Dissolved OXJgen Concentration (DO)

Concentration of dissolved oxygen III the Volta estuary decreased

from a maximum of 9.2 mg r l in April 1997 to a minimum of 5.0 mg r l in

December 1997 after which there was an increase until June 1998 (Fig. 2b).

In the Pra estuary, DO ranged from a minimum of 4.8 mg r' to a maximum

of 8.8 mg"]"' in May 1998 and April 1997, respectively. From May 1997 to

January 1998, dissolved oxygen concentration remained consistently higher

in the Pra estuary than in the Voila.
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pH

The pH values ranged from 6.8 to 8.8 and 6.6 to 8.0 in the Pra and the

Volta estuaries respectively, with a peak in April in both estuaries (Fig. 2c).

The pattern of variations in pH in both estuaries was similar with higher pH

v~lilll':-: pre\'tliling from April to October and lower values from November to

1'..,1" rc h.

"Iillify

Sal inities of 0.5-20.0 %0 and 0.05-8.2 %0 were recorded in the Pra and

Volta estuaries respectively (Fig. 2e1). During the study period, the

fluctuation in salinity, more or less, followed a similar pattern in both

estuaries, with high salinity in i\!lZlrch or April and August or September,

. while 10\\ salinities were recorded for the rest of the year.

TrOJ1SparClic,"

Sc:.:-:-hi isk readings (Fig. 2e) indicated that transparency was higher

in the \'~ 1: estuary than in the Pra estuary. In the Volta estuary transparency

ranQed '-'('Ill1 114 to 306 cm while that in the Pra estuarv was from IOta 152
~ -

. em. Generally, transparency was high from January to April when rainfall

was low \vhile transparency was low during the rainy season from May to

July.

Occurrence and relative abundance of mullets in the estuaries

Six species of grey mullets, comprising three each of the genera Liza

and Mugil. were identilied during the study period, 1'111.':-:(' were: the sickle

fin mullet, Li::o ji.i1cijJilil1i.l' (V<lkncienncs. 183(,), lk brgc-scaled mullet,

Lizo grandisquomis (Valenciennes. 1836), !l.l' n\" i mullet, Liza dumerilii

(Steindachner, 1870), th while 111111!<.'l, t\fllgi! 'l/f"IIW \ alenciennes (1836),
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the flathead mullet, Mugi! cepha!us Linnaeus (1758) and the banana mullet,

Mugi! /Jananensis (Pellegrin, 1928). With the exception of L.

gf'ondisql/mnis. which was found only in the Pra estuary, all the other

sp~·(.:i(:s occulTed in both estuaries.

ilonlhly clwnges in relative abundance of the different mullet species

from the estuaries arc illustrated in Fig. 3.

r. ((/!ci/Jinnis: This srecies was the second most abundant forming

20.7% or the samples in the Volta estuary and was the most abundant

species in the Pra estuary \"here it constituted 56.1 % of the samples (Fig.

3a). It \\'~lS most abullcbnl in the Volta estuary l1'om April to June with a

peak in r-..13y 1997 while in 1998 the highest peak occurred in March. It

domin<Hcd samples, for Illost part of the study period, in the Pra estuary

except -l c ~_criod between December 1997 and April 1998. L. ja!cipinnis

was , ~c3c. t in both estuaries throughout the study period .

., JilIu?rilii: It constituted 18.7% and 7.8% of grey mullets caught

during :.c study period in the Volta ane! the Pra estuaries respectively. In

both estuJries it \·vas the last but one species in terms of abundance. It was

present throughout the study period in the Voita estuary with the highest

peak of abundance occurring in November 1997 where it formed 71.6% of

the catch for that month (Fig. 3b) whereas in 1998 the highest peak occurred

in April. Contrary to the pattern shown in the Volta estuary, the highest peak

of abundance in 1997 in the Pm estuary was in t\'h1y where it constituted

51.3% of the catch for that month. Apart from the p ':1' in rv1ay 1997 catches

were, generally low in both years with the sp ci s bing completely absent

from the estuary in March and April 1997.

7.7
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L. gmnd;sqlf{/lI1;s: This species was found in the Pra estuary only and

constituted 9.5% of samples during the study period. It showed an increase

in abundance from March and peaked in May 1997 (Fig. 3c). After the peak

in M~lY I l)97 it completely disappeared from samples in June and again in

August 1097. It was most abundant in the estuary between October and

D'cemht:r J 997 with the highest peak occurring in the latter month. In the

hllowing year it occurred in low numbers and was present in June unlike the

prevIous year.

AI hananens;s: It constituted 19.0% and 14.3% of the grey mullets

sampled from the Volta and Pra estuaries, respectively. The species occurred

throughout the study period in the t\.-I/O estuaries, except in May 1997 when it

was absent ti'om the Pra estuary (fig. 3d). The species was the most

abundan in the Volta estuary in January, february and July 1998 when it

forme: :':.-0'0.49.2% and 63.4% of" the samples in the respective moiiths. In

the Pt-c es:' Rry it dominated from January to March 1998, constituting

betwe"' . .1:.-+% and 78.0% of the samples, with the highest peak occurring in

January 1998.

M. clIrema: It was the most abundant species 1I1 the Volta estuary

forming 36.8% of the samples and the tl1ird most abundant species

constituting 11.8% in the Pra estuary. It occurred throughout the study

period in the Volta estuary and dominated catches in 12 out of the 18

samples (Fig. 3e). 1n 1997 it was most abundant from February to'June and

September to October while in 1998 it rea('h~d lh~ highest peak in May

when it constituted 88.6%. In the Pra estuary. the p~ak abundance of M,

CIIJ't'IJW occurred in April 19 l)S wlll'(1 it l'l'lblilU ,-' i 52.5% or the mullets

sampled; in J 997, the peak was in AlIgll::;l. L\~11 [11 ugh catches in all the
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other months, apart from August 1997 and April 1998, remained very low it

was always present in samples in the Pra estuary.

M. cephalus: This was the least abundant species in the two estuaries

forming only 4.7% and 0.5% of samples in the Volta and the Pra, estuaries

rl;:.·pl'Cti\'cly. !\II. cC!phalllS was present for most pa11 of the study period in the.

Volta l'stll~lry, even though it occurred in very low numbers (Fig. 3f). It was

I l\.'.t abundant between June and August with a peak in July in 1997. They

were absent from samples in May and November 1997 and January,

February, and May 1998. It IA'<lS mostly caught in the Pra estuary between

March and July 1997 <Inc! were completely absent from September to

December 1997 and ti'om February to M<lY 1998.

Hydrographic factors and relative ahundance of grey mullets.

T2~:~ 1 shows the correlation between hydrographic factors and

relati 'c _~ :~: d::mce of the various species in the two estuaries.

L. .'ol 'ipinnis: Temperature, salinity and transparency correlated

negativcly \\'ith relative abundance of L. falcipinnis \vhile pH showed

positive correlation with abundance in the two estuaries. The correlation in

all cases was not significant.

L. dUl17erilii: There was no significant correlation between any of the

hydrographic factors and abundance of this speci '5 in the t\VO estuaries.

With the exception of pI-I, which sho\ved negative correlation with relative

. abundance in both estuaries. all the other hydrographic factors showed

different relationships in the two estuaries.
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Table I Coefficient of correlation between monthly relative abundance of
each ~rey mullet species and some hydrographic factors in the Volta and Pra
estuanes.

Spl'cics Water Dissolved pI-[ Salinity Transparency
~ ~ . _T~~PC'~~'!'C Oxygen
VOLTA VST.

L I(/(Ujlillll;s -0.2063 -0.0514 0.0707 -0.1817 -0.4437

L ill/mail; i -O.()()S7 -0.2677 -0.0935 0.1186 0.3614

AI. cl/l"el/w 0.7302* 0.01939 0.1108 0.2500 0.0966

,\1. hwulI1(,11.1" is -OAIOX ()J)R78 -0.2770 -0.1281 0.2101

M. ('(p/wll/s -U..:I-IX2 -OJ) 114 0.-1-179 -0.1872 -0.5169*

PRA EST.

L t,tll'ipiIP:i, -0.4067 0./129 (U773 -0.1076 -0.4266

L dllllar:: 0.1316 0.0076 -0.2015 -0.4689 -0.3588

L. gr(//"d~;' ./' .unj\j 0.2433 0.0694 o.no 16 -0.0953 -0.2271

i\!. C/irem I 0.3664 -0.3317 -0. ! 5_2 0.4495 0.5698*

AI. hOlloJ1('lIsis 0.16 J 3 -0.0424 -0.193-1 0.2220 0.5830*

lv!. ceplwllls -0.2515 0.4637 OJ698 -O.O! 65 -0.1990

* Values in asterisks are signi ficant at the 5% level of probJ.bi Iity.
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L. grandisquomis: The relative abundance' of L. grandisquamis

correlated negatively with salinity and transparency in contrast to the

positive correlation shown with pH, dissolved oxygen concentration and

,'II. Cllrel71a: Transparency tn the Pra estuary was the only

I ydrographic factor that showed positive significant correlation with'

a undance of M. curcmC/ (r=0.5698, p<O.05). Unlike pH and dissolved

oxygen concentration which showed cont1icting relationship in the two

estuaries, temperature anel salinity showed positive correlation with relative

abund:mce in both estuaries even though, the correlation was not significant.

1'v1. bononensis: With the exception of transparency which varied

signitiG1l1t!y with abundance (1'=0.5830, p<O.05) in the Pra estuary, there

was no 51£. . iicant correlation between the other hydrographic factors and

abun ,':) ';C f ,M. bononcnsis in both estuaries. The negative correlation

betw e :e:: perature and abundance as well as salinity and abundance in the

VoID S:J ry was in contrast to what pertained in the Pra estuary where

there \\'as positive correlation. Dissolved oxygen concentration also showed

different relationships with relative abundance in the two estuaries.

Correlation with pH was, however, negative in both estuaries.

Af. ce/J!w!lIs: The relative abundance ()f AI. CC!J!w!IIS correlated

negatively with temperature, salinity and transparency in both estuaries. The

correlation with transparency in the Volta estuary \\as significant (r=­

0.5169, p<0.05). On the contrary, the correlation of a' unclance with pH was

positive in both estuaries while that \.vith e1issolv':i o.'\ygen concentration

showed different correlation in the two estu'lI-i,,'s.
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Size frequency distribution of grey mullets in the two estuaries

The size range of the di fferent species in the two estuaries is presented

111 Table 2. Bigger specimens of each species were caught in the Volta

e..:llJary tlwn in the Pra estuary. Figures 4 and 5 show the composite length

frequency distribution and their various component cohorts for each species

ill the Volta and Pra estuaries respectively. The components were separated

using the Bhattacharya method in the FISAT programme (Gayanilo et al.,

19(5). The length frequency distribution for the various species consisted of

di fferent cohorts in each estuary.

The length frequency distrihution of L. jo/cipinnis from the Volta

estuary (Fig. 4a) showed three COhOl1s with mean lengths of72.9, 142.5 and

169.3 111 " (SL) while those from the Pra estuary (Fig. Sa) showed one cohort

with n e' length of 82.0 mm (SL). Three COhOl1s were depicted by the

lengrt. i'c~t.:C'·lCY distribution of L. dumeri/ii from each estuary. The mean

lengths' . ··.e Volta estuary (Fig. 4b) were 65.6, 94.9 and 130.9 mm (SL). In

the Pra es uary (Fig. 5b), the mean lengths were 58.9, 95.3 and 126.8 mm

(SL). Only one cohort with a mean length of 115.0 mm (SL) was shown by

the length frequency distribution of L. gr(mdi.<;qll{{l17is (Fig. 5c).

M. bononensis showed one cohort for the length frequency distribution

in each of the estuaries with mean length of III.S mill (SL) in the Volta

estuary (rig. 4c) and 87.8 111m (SL) in the Pra estu~1ry (Fig. Sd). The length

frequency distribution of M. curemo in the Volta estu. ry (Fig. 4d) showed

two cohorts with 89.0 and 140.4 111111 (SL) b'i g til l11ean lengths. It

however, showed one cohort in the Pr:l cstu,ll") Fit.: 5c) with mean length

of 86.3 mm (SL).
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Table 2 Size range of grey mullets caught in the Volta and Pra estuaries.

Species Volta estuary Pra estuary

SL(mm) Wt (g) SL(mm) Wt (g)
---

L !i IIcij1i17/1is 38-239 1.1-262.3 42-217 1.3-205.6

L. dlllllcn1ii 45-233 1.6-216.3 47-230 2.3-238.7

L. grondisq/lol71is 70-163 7.9-104.8

M bal1oJ1C'l1sis 54-195 3.6-174.5 47-193 2.1-153.2

M. clirema 54-270 3.6-444.1 50-158 3.4-78.4

1\1 cepho liS 77-570 10.2-3300 115-355 34.8-1250
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Fig.4 Length frequency distriuution of grey mullets from the
Volta estuary. n = sample SI'/C. Sf := scparation index.
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In the Volta estuary, the length frequency distribution of M cephalus

showed six cohorts (Fig. 4e). The mean lengths were 90.0, 141.4, 217.5,

285.4,336.8 and 415.0 mm (SL). No composite cohort could be separated

f"orn the length frequency distribution of the species in the Pra estuary

bccause of" low sample size (Fig. Sf).

The l1lollthly length frequency distributions for each of the species are

illll.lralcc! in Figures 6-11 except, M. cephallls in the Pra estuary because of

small ~al1lplc size.

L. lalcipinnis: The size class corresponding to the smallest individuals

(30-39 mm SL) occurred in the Volta estuary in March 1997 while in 1998

the smallest size class (50-59 mm Sf.) was caught in February (Fig. 6). In

1997, adult fishes in the size class of 230-239 mm (SL) were present in the

estuary only in April. On the contrary, in 1998 fishes of similar size,

occurr~d i 1 February and June. Progression in the modal class from October

to Dec' r~-.~'er 1997 indicates an increase in standard length of 80 mm within

the the '-l,10nth period.

In he Pra estuary the smallest size class of 40-49 mm (SL) was found in

July, August and September 1997 whereas in 1998 the smallest size class

(50-59 mm SL) occurred in June. The m3:\imul1l size class recorded was

210-219 ITIm (SL) in March 1998, compared to the maximum size class of

230-239 mm (SL) found in the Volta estu3ry. Shifts in modes in the Pra

estuary were not apparent and therefore not e3SY to follow the growth

pattern.

L. dlll11erilii: The sizes caught in the Volta and Pra estuaries measured

45-233 and 47-230 mm (Sl) respectively (Fig. 7). Th~ smallest individuals

belonging to the size class of 40-49 l11ill (SI. itil"[ 3ppeared in the Volta

estuary in March 1997. 111 19)8 ho v..:-vcr, [11' ~i/C' cbss of 60-69 mm (SL)'

,
-'
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corresponding to the smallest individuals were caught in January. Between

October and December 1997 where the progression in modal class was

discernible, a growth increment ono mm (SL) was achieved.

Thc smallest size class of 40-49 mm (SL) occurred in the Pra estuary in

July 19<)7 while in the following year individuals in the smallest size class

(70-79 mill SL) appeared in May and June. There was no clear-cut

progr ssion in modal class to determine growth in the Pra estuary.

L. gml1disquamis: The size of the species ranged from 79 to 163 mm

(SL). The size class corres[)oncling to the smallest individuals of 70-79 mm

(SL) :Jppearcd in the fll"a eSlll~II,!' in May, July, September, October and

Deccmber for 1997 \Nhilc in 10C)R the smallest individuals (80-89 mm SL)

were found in January, May, June and July (Fig. 8). Between September and

No\,em' e: 997 where there were clear shi fts in modal class, there was a

shift r l a size of 90-99 to 120-29 mm (SL) - an increase of 30 mm in a

:\f. .11 717c!l7sis: The size of the species ranged [i'om 54 to 195 mm (SL)

in the \'0 i3 estuary and 47 to 193 mm (SL) in the ha estuary. Individuals in

the smallest size class (50-59 mm SL) were caught in the Volta estuary in

March, May and August 1997 while in 1998 the smallest size class of 60-69

mm (SL) occurred in June and July (Fig. 9). Between September and

December 1997 where there was an apP~lrel1l shi n in modal class, an

increment 01'20 mm SL \vas made over the three-month period.

In the Pra estuary the smallest individuals of 40-49 111m (SL) were

caught in July 1997. In 1998 the smallest indi\ iduJls (60-69 mm SL)

appeared in February, March, rVIay and June Fn:Hl1 ugust 1997 the modal

class shifted from 60-69 to 110··119 mm (St. illl\: \·'l11ber 1998, registering

an increment of 50 111!l1 in a p~rjod (.'1' (iiI' 'L' 1111H1t!C
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M. curcl71a: The size of the species caught in the Volta and Pra estuaries

ranged from 54 to 270 mm (SL) and 50 to 158 mm (SL) respectively. In

1997, the size class corresponding to the group of smallest individuals (50­

59 rnm SL) in the Volta estuary appeared for the first time in May. In 1998

the ~1ll;Jiksl individuals (60-69 mm SL) was present in January' and

February and again in June and July (Fig. 10). Between August and

:\0\ cln/)er I ()97, where there was a clear shift in modal class, an increment

of 50 mm ill size was attained.

In the Pra estuary, the smallest individuals (50-59 mm SL) were caught

in July 1997 while in 1998 they first appeared in February and were present

in June and July. There were no clear shifts in modal class in the Pra estuary

for gro\\th estimation.

AI cCf.- iOlus: The size of the species ranged from 77 to 570 mm SL in

the Vc~, est Jary and 115 to 355 in the Pra estuary. Length frequency

n monthly basis is illustrated in Figure 11 for the species from

the V !~- .~ uary only since the number of specimens from the Pra estuary

was lov,,·. T 1e smallest individuals in the size class 60-79 111m (SL) appeared

for the first time in the estuary in March 1997. In 1998 the smallest size

class, which measured 120-139 mm SL, was caught in June and July. A size

increase of 40 mm was attained within three months from February to April

1997 when the modal class shifted from 220-239 tn the former month to

260-279 in the latter.

, ()
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Length-weight relationship

Tbe relationships between length and weight for the different mullet

species from the two estuaries are illustrated in Figure 12. For all the

species, a relationship of the form W = aLb was found between body weight

and standard length. For each species, the parameters a (intercept) and b

(exponent) of the regression were estimated through base-l0 logarithm

transformation of length-weight data Llsing least-squares linear regression

VIZ:

log W = log a + b log L

Differe-.ces in the slopes of regressions between same species from the

two s:-es ,,"ere evaluated using Student's [-test (see Appendix 16). The

values I'f tne intercept a and exponent or regression coefficient b in the

regressi n equations, as well as the coefficient of determination (R2
) for the

different species are shown in Table 3.

With the exception of M cephalus the regression coefficient, b, for a

given species from the two estuaries were statistically different (Table 3).

The regression coefficient b, for 1. grandisquamis, was not significantly

different from 3.0 (p>0.05), indicating isometric gro\vth \vhile in the other

species the exponent was either significantly higher or lower than 3.0

(p<O.O 1) suggesting allometric growth.
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Table 3 Parameters of length-w . I .
• . ' 2 elg 1t relation h' .

detenTIlllatlO1l (R ) for grey mull t . s Ip and coefficient of
estuaries. e species from the Volta and Pra

::;pCCil':-; I.ocatioll a±se b±se R2

Volta 0.0158±0.002 3.0561±0.02L. jilin/Jillni, 0.9928

Pm ---.Q:SJ255±O.OOS 2.8507±0.05 0.9500

Vl)lta 0.00<>& Hi.OO3 3.2356±0.03
L. dlllJll!I"i/ii

0.9833

Pra O.0223t(I.(jO] 2.9175±0.03 0.977\

Volta
L grundi.\·( II IfI is

Pm 0.0204±0.004 3.0113.~0.03 0.9750

Volta 0.019l-W.002 :; .02%r.0.02 0.9&94

1\1 h(/lIW!eil,j.·
Pra 0.0175±0.003 3.1 042~O.O3 0.9771

M clIrema

M cepha/lls

Volta

Pra

Volta

Pra

0.0311±0.002

0.0247±0.004

0.0142±0.002

0.0 I34±0.004

2.8456±0.03

2.9472±O.04

3.1387±0.02*

J.1708±0.05*

0.9728

0.965\

0.9944

0.9944

*No signi ficant di fference between slopes at the 5% probability level
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Growth parameters

rigllrc 13<1 shows a sample of the Wetherall plot for M. hananensis

fmill the Volta estuary, providing estimate of Lff) as 206.4 mm SL. The

corn.::..;pnnding cstim;llc of K was 0.78 yca(1 from the scan plot (Fig. 13b),

and the growth curve superimposed on the restructured length-frequency

'ata is shown in Fig. 13c. A summary of the growth parameters (K, Lff) and

U and gn)\\th pcrfonnancc (rj/) is provided in Table 4 for all the species.

Apart l"i'om L. cI/lllierilii whose Lv,. was similar in both estuaries, the

Lff) and K for the other species from each estuary were di fferent. Growth

performnnce (¢') for the same species from both estuaries was however

similar. The highest Lif.. in the Volta estuary was estimated for M. cephalus,

while in he Pra estuary L. dlllnerilii had the highest estimate. It must be

noted til:!" n estimate was made for AI. cephalll.\' in the Pra estuary because
" I .. I'..J. ,"'" ~ .::.., _01 1.1~ ' J,lp e sIze .
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Fig. 13 Estimation of growth parameters for M. bal/ul/ellsis from the
Volta estuary. (a) {,cofJ'OIll Wethcrall plot. (b) K from the scan
routine showing the location of 'best' ,'stimatc of K = 0.78
year-l (see tP' scale below).
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..

Length (mm)

o

Fig Be Restructured Icngth-frequelH'y (hta wilh superimposed growth
CUn'e for Ill. hUI1fl/lensis from the Volia ,·slllary. Loo =20~.75 mm SL,
K=O.78 year-I, to =- 0.07 and Iln = 0.1 :'\\).
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Table 4 Growth parameters (LCfJ, K, to ) and growth performance index (til)

of grey mullets from the Volta and Pra estuaries.

Species La:> (SL, mill) K (year") to (years) til---- - -

Volta estuary

Li::a f(dcipinnis 247.8 0.41 -0.225 4.41

Li::o dlll1lcrilii 232.7 0.55 -0.169 4.50

Mugil ClIrcma 273.3 0.40 -0.224 4.48

Mugil bananensis 204.8 0.78 -0.122 4.51 IMugil cephailis 565.5 0.31 -0.239 4.99

Pra estuary

LizaJa
., .

220.4 0.42 -0.227 4.31'.. :i:ns

Li-"a C 1If"' 7/":,';; 233.4 0.42 -0.223 4.60.:.. • 'Ho':, 4. J.L

Liza <;[roci.:sQ J.omis 173.9 0.27 -0.382 4.66(..:. oJ

. Mllgi!l.'l1 ema 195.8 0.62 -0.156 4.38

Mligil hanancnsis 201.4 o~) -0.308 4.09.J_

I
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Food and feeding habits

Composition andfrequency ofoccurrence ofstomach contents

The list of stomach contents of grey mullets from the two estuaries is

prt'::.ented in 'Table 5. Fish scales and eggs were found in the stomachs of L.

.I,d 'ipil7l1is and an unidenti lied species of red alga was found in a few

stomachs of L. granclisq/lamis <mel M. bananensis from the Pra estuary.

Apart from these, all the other itcms wcre comlllon in the stomachs of all the

species from the two estuaries. Twelve species of diatoms, twelve of green

algae and 10 species or blLlc-green algae wcre ielcntilied in the stomachs of

the grev mullets. The most common diatoms found in the stomachs were
~ .

I'

~.I'
I
I·
I
\.

speCies f Navicula, SlIrirella, Synedro, Cyrosigma, Nitzschia, and

t \"pc" ~-./ oS ..... :.=.,

he blue-green algae consumed consisted mainly of filamentous

Lyngbya spp., Oscillatoria spp. and Anabaena spp., and

unicellula . arms e.g., Merismopedia sp. while the green algae were mostly

species o~ desmids and filamentous types e.g., Clwetophora, and Ulothrix.

Protozoans were mainly made up of foral1li ni krans.
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i'•

- -- '---------'--------------------------

I
I

,~i}ir()glnl sp

Ufolliri.\' sp

Unidclllilicd Irlaf1lC!HIJlIS green algae

C!Jaeluplio/'a sp

Sc!Ji::o/ileril' sp

Slu/lrOSlr/l1ll sp

Allki.I'lrN/(!SiJ//lS sp

I'/,{I\'iul,/

il/icr(),'pour sp

Blue-green algae

,~i)irlllillusp

C!JroOCOCCIIS sp

LYlIghY(f sp

AlIabae/la sp

Oscilla/oria sp

CIOSleri1l1ll sp

Pediu<,lf'IIlII sp

Stomach contents

Meri,l'Il1epodia sp

/llic/'()CI'SI i,l' sp

('lIlolhri\' sp

,-/;:II/('Ihllll sp

(illlllplmspi/(/eria sp

Cn-t'n all:ac

SI ic!Joco('c/ls sp

SCC'/ledC'slII/ls sp

Red algae

Fish sca!t's

Fish eggs

Table 5 List of stomach COntents of grey mullets from the Volta and Pra
estuaries.

OJ no fla~e ll,lll's

('OPCPl1l!S

Protozoans

OSlnlcl1l!s

CrtlSl3Ce<ln larl'ae

Zuophllll.ton

Aline Iid larv<le

Stomach contents

f-\ll~,l'haCIl'S

'\l'11l3t0dcs

CladocerJilS

Rot ireI's

Nil::schia sp

Bactl'l'ia

DiarOliS

SYlIl!dru sp

S/ephallOdisc/I,I' sp

e\'ciolelill sp

GOlI/phO/ll'lIliI sp

Pi/l/l/lluriu sp

Dia/olli'a sp

Melosira sp

(')'l1/hellll sp

Sand particles

Detl"itlls

University of Cape Coast       https://ir.ucc.edu.gh/xmlui 

Digitized by Sam Jonah Library



Merisll/ejilidia sp

Mic/'(}cys/is sp

('II/fllhr;\" sp

//:,'11/1'/11111/ sp

{ ilJlll/'/lOsjI!taeria sp

Stomach contents

Blue-green algae

S/Jirll/illa sp

ChroococclIs sp

LYlIghya sp

Anabaena sp

Osci//a/oria sp

C/osierillll/ sp

f'edi(/\Irl/II/ sp

S/al/ros/rllll/ sp

Al/ki\lrode.\lI/l/s sp

LJ n idcmi lied Ii lanlCIlt,)llS green algae

Schi::!JII/C:!'i,\ sp

Chaelophora sp

.~/}irogyru "p

Vlo/hrix sp

!\/ic!'fls/}()ra sp

/'rlllifl/"

Slic//()cOCClIS sp

Sc1'l/ed1'slI/IIs sp

Red algae

Fish scalesIFish eggs

I_1. .

Table 5 List or stomach Contents of grey mullets from the Volta and Pra
estuaries.

Rotifers

Cladocer:1I1~

Cnlslaceiln larvae

Ni/::schia sp

PI) 1.\ (hactcs

'<l'lIlaludc,\

IJl'/llhic ort::"'i.\IIIS

Protozoans

Dinof1a~cllales

Copcpuds

Ostrac0ds

Stomach contents

Bacln;a

Zooplankton

Annl'!id larvae

.~medru sp

SlephwlOdiscl/s sp

e\'c/ole//" sp

Camp/wl/ema sp

Pinl/ll/aria sp

Dia/Ollicl 5p

Diatoms

Me/osiru 5p

(l'mIJe//a sp

Sand particles

Oct ritus
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Data on stomach contents from the monthly samples were pooled to

assess their overall composition in the various species (Fig. 14). This was

done a Iter it had been ascertained that there was no appreciable change in

the slolll:1Ch contents throughout the seasons and also among the various size

1:.2-roll P: or :1 given species. This is illustrated in Figures 15-17 while the

g.' H.:r~Ji nichc overlap indices (Go) among the size groups (Appendices 6 and

7) of the species investigated are shown in Table 6. The general niche

overlap indices (Go) among the size groups of the species investigated

ranged from 0.785 to 0.978 in the Volta estuary and 0.955 to 0.984 in the Pra

estuary. There was a high degree of m'erlap in the stomach contents among

the size groups or I.. !illo/lillllis, L. Xrolldis(jllwnis and M. bananensis

investigated in the Pra estuary. In the Volta estuary only L. dumerilii showed

a high dcg -ec of overlap in the stomach contents among the size groups. The

percem:,;.~ ::-;:' ,uency of occurrence of the various items is presented in

Tables - ~:: - S for the Votta and Pra estuaries respectively. The main

compo. C':-'-:: f' he stomach contents are described for each species from the

two eS1L ar' es.

L. jalcipiJ7nis: The percentage frequency of ire'l.S shows that sand

panicles, diatoms, detritus and green alg:le in both est aries. as well as blue­

green algae in the Pra estuary, occurred Illost rrequenti_ l50-100 %) in the

stomachs of the species. These items, together with dia,ous, were also the

most important on the basis or their percentage composition in the stomach

contents from both estuaries (Fig. 14). Filamentous ll.le-==r~~n algae in the

Volta estuary and copepods in hoth estuaries "'l"C t~ irl_ ('~qucnt (10-45%)

items in the stomachs of the fish. Protozoans. rOJ.ifl'·S cud ostracods, were

also fairly frequent in stomachs or Ii:h 110m the \ .... I.~I ''-;·U: .-V.

I
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Table 6 General niche overlap indices (Go) among size groups of grey

ll1ullets from the Volta and Pra estuaries.

**

Go

0.955

0.957

0.971 *

0.971 *

0.984*

Pra estuary

Go

0.785

Cl. S5 I

0.930

0.887

0.978*

Volta estuary

M Cl/renlO

L. rllI/ncriIii

Specit·s

M. bonunensis

L. granrlisqllomis

.;:gree of niche overlap

** No es i arion made because of few specimens

M c on!·.. ··' .. t:::.t" ;\,.~" •• _'
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M. bonon.n.is M. Ctpholus
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Fig. 14 Composition of slomadl contents of gn'Y mullets from the Volta
and Pr:l estuaries
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Lower frequency values « 10 %) were recorded for crustacean larvae,

fish scales and eggs, which were found only in fish from the Pra estuary.

Low v81ues were also recorded for Dinoflagellates and polychaetes which

were rrcsl'nt in the stomachs of fish from the Volta estuary only. No

• C'~1"0I1:11 changes occurred in the stomach contents of the species in both

t?:.'t lane (Fig. IS). The intake of green and blue-green algae as well as

/ooplankloll during {he r:liny seasoll was however, low.

L. c!/lmerilii: Sand particles constituted about 60% of the stomach

contents of L dlll11eri/ii from both r1aces (Fig. 14). Detritus, diatoms, green

algae and zooplankton were the other important components of the items in

the stomachs. Sand p8rlicles occurred in all stomachs while detritus and

diatoms occurred in more than 50% of the stomachs examined. In both

estuarie::. ..~e-green algae, ostracods, copepods and protozoans were fairly

fre lUC:.t ~: )-50%). Items occurring in less than 10% of the stomachs

:- ;. 'chaetes, annelid larvae, cladocerans and bacteria. Nematodes

were abo ~!. from the stomachs of L. d/ll1leri/ii from the Volta estuary \vhile

crustacean brv3e were not found in those from the Pra estuary.· The

composition of items in the stomachs remained fairy the same throughout

the seasons in the two estuaries except that the intake of green and blue­

green algae by the species in both estuaries decreased remarkably during the

rainy season (Fig. IS). Some polychaetes were eaten by the species from the

Pra estuary during the rainy season.

L. grandisquamis: The most important items In he stomachs of this

species were sand particles, detritus and diatoms (Fig. 14). These items

including green and blue-green algae Cfable 8) occulT'd in more than 50%

of stomachs examined. Ostracods. protO/.cI ,ll1S ,1I1d cbdocerans occurred

between 10.5-34.2% ofSlomarhs (,\,II11incc! whik annelid larvae, nematodes,
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roti fers and fish scales were noted 1·'1 Ie tl 10°/ f . h .. Allss lan /0 0 stomac s.

unidcnti lied red alga was found in one of the stomachs. The composition of

stomach contents did not change over the seasons except an increased in the

int<lke of diatoms and a decrease in the amount of sand particles ingested

during till' r<lillY season (Fig. 16).

M. h(fI7CfI7Cnsis: Diatoms, sand particles, green algae and detritus

0\:(" rred in over 50% of stomachs examined in both estuaries. Items that had

a fair percentZlge occurrence (10-50%) in the stomachs of fish from both

estuaries \vere copepods, protozoans and blue-green algae. Included in this

group are polychaetes foune! in the stomachs of species in the Volta estuary

and green algae and bacteria found in the stomachs of fish in the Pra estuary.

Red alg~le occurred in a few « 10%) stomachs in the Pra estuary but were

absent froll the diet of the species in the Volta estuary. Other items for

\vhich 10 \('1" :l-equency values were also recorded in both places, were

anile 1" 1~1:"'d~. roti fers and nematodes.

I . l..c Volta estuary polychaetes formed an important component of

the stoma h contents during the dry seZlson while rnme zooplankton were

consumed during the rainy season. The composition of stomach contents of

the species in the Pra estuary was fairly the same dUI·ing the dry and rainy

seasons (Fig. J 6).

M curema: The most important stomach contents in terms of their

percentage composition were s:lIld p:lrlicks, dL'lrillls, di~ltLlI1lS ami green

algae (Fig. 14). Except lor green algae ill the Volt:l estuary, these items were

found in over 70.5% of stomachs examined. Even though polychaetes were

fairly important forming about 12.2% 01" the stomach coments of the species

in the Volta estuary it constituted a Slllllll fl"d\.'til)l1 \3 ..+ l
)/0) of the stomach

contents of the species in the PI',l csllury, CltllCI" items that were fairly
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frequently found (10-50%) in the stomachs of M. curema from the two

places included, protozoans, copepods, and blue-green algae with green

al~ac also being fairly lI'equent in the stomachs oftish in the Pra estllary~ All

tile otll'r itl'll1s e.g., bacteria, rotifers, cladocerans and nematodes were

fn:qm'nlly low « I0%) in the stomachs offish in both estuaries.

During the dry and rainy seasons, polychaetes constituted' an

im~ orwnt component of the items in the stomachs of the species in the Volta

estuary. Comparatively, more diatoms ancl zooplankton were found in the

stomachs of fish in the Volta estuary during the rainy season (Fig. 17).

Except for the presence or polychaetes in the stomachs of the species in the

Pra estuary during the dry season, there were no changes in the stomach

contents in the \\'0 seasons in that estuary.

,tt L'Ll hul!!s: S~llld particles, detritus, green algae, blue-green algae

and dlat :~~~ere the most frequent items in the stomachs of this species in

the V,lU ':O::iary \\!hile in the Pra estuary poiychaetes, diatoms, detritus and

sand pani(''''s were the most frequent items. These items were also the most

importan', in terms of percentage composition, in the respective estuaries

(Fig. 14). Copepods, rotifers and protozoans occurred fairly frequently in the

stomachs of fish from the two estuaries. Polych:1l,t('s constituted the major

item during the dry season while diatoms and gl'een aigae were the major

items during the rainy season in the Volta estuary (Fig, 17),

•
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Table 7 Frequency of occurrence of items in the stomachs of eli fferent
Illullet species from the Volta estuary

I'rcqucncy of occurrence (%)
Stomach
COIlI,'IlI, I.i:(f I.i:(f Mugi/ Mugil Mugil

fir/cifJinnis dUfllerilii curema !Jananensis cephalIls
(n=60) (n=70) (n=65) (n=75) (n=51)

Ba 'h.'l'i;l 11.8 9.4 7.4 2,0
Dinaf}; gl..'i1a!es 2.9 5.6 3.9
Diatollls 79.4 71.7 81.5 70.5 88.2
B1ue-12rl','n ;dgae 41.2 1(,. <) :> I .5 -. -. , 76.5.lJ ..'

(,recn ,l!g,lC 7(J.h 4:> .4 68.5 76.5 100
Red algae

Polychactl's 5.9 1.9 20A 11.8 29.4

Annelid .an Jl..' 2.9 3.S

NcmClt,l k::-:. 2.9 S.C) 2.0 7.8

Proto?o;) ,::' 7' - 22.6 13.0 17.6 3.9--'.)

ROli I\:I'S 11.8 18.9 .-.6 S.9 13.7

Os!racoJs 17.6 22.6 9.3 13.7 7.8

Capepads 14.7 41.5 29.6 ! 3.7 15.7

Claclaccrans 2.9 9.4 1.9 3.9 15.7

Fish scales

Fish eggs

Crustacean larvae 3.8

Sand particles 100 100 100 100 100

Detritus 100 100 l)6) 100 76.5

- _.- ._- -- --
11 '-c nUll/her o(.,·/O/l/(/c!ls e.HII/lil1l:d
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Table 8 r~'eql~ency of occurrence of items in the stomachs of different
mullet species Irom the Pra estuary .

_.---_.- .. - _._. __._.~-----'-------------
frequency of occurrence (%)

~-- -~--_.---- --0_- • _
Stolllach
CP!11l'l1t:-

U:a
lii/cipinnis
(11 (,7)

U:II
dllllleri!ii
(11 75)

Li:1I Mllgil
?,randiS'l1l1l1ll i.l· ClireIIIa
(11 60) (11'· 72)

Mllgil Mllgil
hananensis cephall/s
(0;69) (0= 15)

- .._----------------

Dinonagcllall's

Diatoms

Blue-nrecn alL:acb ~

Green algae

Red algae

Poh-cha.: ,:,;

Anneiid :il\~,'"

Rotifers

Ostracods

Copepods

Cladocerans

Fish scales

Fish eggs

Crustacean larvae

Sand particles

Detri tus

6.1

93.9

53.0

55.0

12.2

6.1

6.1

6.1

3'2.7

2.0

2.0

2.0

2.0

100

85.7

3.5

71.9

33.3

47.4

1.8

3.5

36.~

7.0

24.6

"" ".J.) .•l

3.5

1.8

100

96.5

8.0

97.0

56.2

6(1,)

5__,

7.9

5.~

34.2

5.3

15.8

18.4

10.5

2.6

100

100

5.2

96.6

44.8

34.5

3.4

3,-1

328

8.6

15.5

31.0

17

94.8

87.9

10.0

90.0

23.0

50.0

3.0

J.O

'20.0

17.0

iOO

97.0

50.0

17.0

33.0

50.0

17.0

17.0

17.0

17.0

83.0

50.0

n = /lilli/he!' II(.\·/ollwch.l' exulI/iller!
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Fig. 15 Seasonal composition of stomal'll contents of L ja/cipillnis
and L. dumerilii from the Vlllta (fJ) and Pra (0) estuaries.
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L. grandisquamis
M. bnnanensis
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Fig. 17 Seasonal composition of stOll1adl fOllh'nls of M. curema
and /1'1. cepira/lls from the Volta (f.J) and Pra (0) estuaries.
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Among the species themselves, there was a high overlap in the

selection of items in each estuary. Even though the overlap was very high in

each case, it was higher in the Volta estuary (Go = 0.947) than in the Pra

eSluary ((jrJ = 0.904). The cluster dendograms (Fig. 18) based on frequency

at" ill'lll: consumed by the different species in each estuary show that L.

/(//cirinnis ancl M. bananensis frequently consumed similar items in both

'5tu3ries. AIso, L. c!umerilii and L. grandisquamis in the Pra estuary

preferred similar items. The ilems found in the stomachs of M. curema in the

two eSlLl<lrlCS "vere more reldled to thM fOllnd in L. fa/cipinnis and /'vf

bal1{/l1cl7sis in both pldces and also to Ilwt found in the stomachs of L.

dUlJ1eri/ii and L. gl"Ol7c1isql/Olilis in the Pra estllClrY. !vI. cepha/us in the two

estuaries had little intemction with the other species with respect to the items

found in their s·o.mlChs. This is, most probably, clue to the presence of more

polycl1Jcl '$ :; ucir stomachs compared to the other species. The low

. t ~ 'to : - , r.'oborated by the specific overlaID index (So), of M. cepha/usIn "erel\.- ll ... :> ~ ,

on the Olhe,' ~,-'e'ies which was below 0.5.
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Particle size selection

Table 9 shows the size of sa d .' I . "(n pal tiC es II1gested while theIr frequency

distribution in the different mullet species in both places is illustrated in

Figure 19. The species from the Volta estuary generally ingested larger sand

partil..'k~ tklll their coullterparts from the Pra estuary.

In each estuary, L. dumerilii ingested the widest range of sand

parti 'k~ "mill 41.::: to II 95.K pill with a Illean size or 248.8 pm in the v~lta

estuary and from :n.o to 1049 pm with a mean size of 194.6 pm in the Pra

estuary. The most frequently ingested sand patticles by L. dumerilii, M

curema and 1'.11. ccphallts in the Volta estuary measured 120-139 pin. In the

Pra estuary. the most preferred panicle size by L. dUl71crilii was 80-99 pin,

similar to he cO'"'11nonest size ingested by L. grandisquamis in the same

estuary. T c size of sand particles filtered by the latter species, however,

ranged f:0,~~ 3,.-t to 270.4l'm. The smallest size range of 16.5 - 255.7 pm

was inQ.~s:=': ~ \" .\1. bananensis in the Pra estuary while in the Volta estuary- . .
L. falcipi!ii:is 'i.tered the smallest size range, 33.0 - 479.4 pm. The most

ingested ranicie size nll1ged from 40 to 59 pm I"or .\1 hOllol/C'l1sis. and from

80 to 99 pm for L. falcipinnis.
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Table C) Size of sand particles ingested by grey mullets from the Volta and

Pra estuaries.

- Estuary Particle size Modal class Mean particle
Species

range (pm) (pm) diameter (pm)
---

Volta 33.0 - 479.4
--

60-79 126.7
L. /eJlcipinnis

Pra 31.2 - 479.4 118.340-59

Volta 41.2-1195.8 120-139 248.8
. L. dumeriiii

194.6Pra 33.0 - 1649.4 80-99

Volta
L. grandisquamis

31.2 - 270.4 80-99 99.7Pra

Volta 41.2 - 494.8 80-99 132.9
M. bananc 75 i _-

40-59 71.9Pra 16.5 - 255.7

Volta 33.0-618.6 ! 20-139 156.5
M ClirelllC

60-79 123.1Pra 31.2 - 527.8

Volta 41.2 -783.5 120-139 213.3

M cephailis
31.2 - 675.4 100-1 19 187.3Pra
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M0l1t"~)1 feeding activity

Changes in monthly feeding activity, measured as changes in the

index of stomach fullness (FI) are illustt-ated' F' 20 C b I .
, '111 Igure lor at 1 estuanes.

Fe<.:dilll!. activity in both estuaries was erratic during the study period.

h'<.:11 though erratic, feeding activity was generally low for most of

th'" species in July during the first year in the Volta estuary. This· was

imm diately aner the peak of the major rainy season that occurred in June

(Appendix I). !\g.ain there \\'<lS (l drop in feeding activity in October for all

the species except .lvl ('('I)/wllls anu I.. dlllJlerilii. The drop in Oct·ober

corresponded with the peak in the minor rainy season. Feeding activity was

high in either Mayor June (major rainy season) and during the low rainfall

periods in Augl s'. September, November and December 1997. In 1998 the

peak of l.~ n :...·or rainfall, which occurred in f'v!ay, corresponded with low

feedin= J(:L:r\ i:.· "or most of the species.

F~e ::::.; ~cti\'ity of mullets in the Pra estuary was more continuous

and hig! C" :.--:'< '·een Mmch and July 1998 than in the VoiLa estumy. The high

feeding ac :ity during this period coincided v,ilh the rainy season.

Similarly, in 1997, the feeding activity of M. banonensis and M curema was

hioher between March and June. Higher peaks also oc 'UITed during the low
b

rainfall month of January 1998 for most of the species. \Viih the exception

of L. grandisquamis, the feeding activity of all the species in the Pm estuary

was lower during the low rainfall period in AugustSeptember and

December 1997, and in Februnry 1998.

,. ,
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..

The species that consumed tl I' h .
le llg est quantity of food with respect to

body weight in the Volta estuary . M ., weI e . cepha/lis followed by L. dumerilii.

The quantity of food conslimed varied from 0.0 to 3.6% and 0.0 to 2.2% of

their total body weight respectively In tile PI'a est L /' / .. . d L. ,uary . Ja Clpll1n1S an .

dl/II/crilii were the species which consumed the most food. The FT recorded

tt)' thc:;c species ranged from 00 to 340 /0 alld 0 0 to 2 50 / t' I. . . /(, . . /0 respec lve y.

Dailrfieedil10 cvcle. ~ .

Changes in the mean index of stomach fullness of the mullets in the

Volt~l l.'stll~lry OWl' two 2.:1-h pLTiods an.: iillistrali.:d in Figure 2\ while the

Auctuations in environmental paramders rneasurcd during the same periods

are sho\\! ' .. Fi;::.l:e 22. Conditions in the Pra estuary precluded the use of

dragnet. \\ I j.J \'\o.s the only means of getting enough specimens during each

samplin~ .. ?:-: d to follow the daily feeding cycle. The main feeding period

in the V :[2. "s:uary was during the day between 08.00 and 12.00 h for all the

species. Tf ere was little or no feeding during the night till dawn, between

20.00 and 04.00 h. The peak in feeding activity for L. dumerilii and L.

falcipinnis occurred at 08.00 h while the peak for M. bananensis and M.

curema occurred at 12.00 h on both sampling occasions. The feeding activity

of M cephalus peaked at 20.00 for the first 24-h sampling and at 08.00 h for

the second sampling. The highest feeding activity, on both occasions, was

shown by L. dllmeri/ii, conslIming 2.3 and 2.6% 01' its body \\-eight while Iv!.

cepha/us was the least active feeder.

7-1
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The pattern shown by d' I
ISSO ved oxygen concentration, pH and

temperature during the 24-h study closely r ltd t h Co d' . 't . fe a e 0 t e lee mg actlvl y 0

M. hal1ol1ensis and M. clIrema and to sOlne e t t th f L 1 '1" d' x en, at 0 . (, limen /l an

L ji,lcijJinnis. Higher feeding activity occurred with increasing pH,

temperatllre <lncl dissolved oxygen concentration. The peak of feeding

al'ti\'ity of L. IClIc:ipinnis, L. clumerilii and M. cephalus coincided with low

(des ",'hile that of M hananel1sis and M. curema occurred during both

periods of low and high tides in the study area.

There was a signi !Icant correlation between pH and feeding activity of

M. bOl7ol1cl7sis (1'=0,81, P < 0.05) and L. fitlc:ipil7nis (r=0.82, p < 0.05)

during the first 24-h sampling (Aprendix lOa). During the second 24-h

sampling. significant correlation was found between dissolved oxygen

conce itr;}:! .... 1. <:md feeding activity of lv!. hanClnensis (1=0.831, P < 0.05) and

M. cur -;':'7 U=0.767, P < 0.05) (Appendix ]Ob). Apart from dissolved

OXyg~L I: ~·:.:cntration, the feeding activity of .\!t. hClnCll7ensis significantly

cOITeL.:e . \\'th surface water temperature (r=0.85, p < 0.05) and again with

pH (r=0.7740, p < 0.05) during the second 24-11 sampling.

A positive correlation was found between pH and feeding activity of

all the species while salinity showed positive correlation with the feeding

activity of L. dumerilii and M. banancnsis.

Intestine lengtlt to standard lengtlt ratio (Relative Gut Lengrlt)

The shortest mean relative gut length, i.e. [he r<1lio bct\veen intestine

I I d d d length 0 f I 8' and In\\" 'I"' clkubtcd for L. dwneriliiengt 1 an stan ar " - .

. I V I I I)' '[LI'II'I' '''; 1',·SI)(·CliVi.:ly. Ih.: !i.lll~i..'sl mean relative gutlI1tlc olaalll I<lC:; \ L .• ~'~. ~

I I f 4 56 . I 'Llh!~cl for M {"(rh(//lls in the Volta estuary while inengt 1 0 . was ca c ,L . .
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the Pra estuary the longest relative g t I I
u engt 1 of 4.33 was calculated for L.

(a/cijJil7l1is (Table 10). The relative g t I h f . ., , .u engt 0 M. cepha/lls In the Pra

estllary was not determined because only J': • d"d I '1 bla lew In IVl ua s were aval a e.
To CPlnp;lIC the relative gut lengths of a . . fl'given species rom t le two sites,

StUlknt's {-lest W<lS performed The relatl've gut I tl f L fi / .. : d. ( eng 1 a . a ClptnnlS an

I. c!/!/}!crilii in till: Voila i:stu,lry was significantly different (P < 0.05) from

the same species in the Pra cSILl<lry. However, those of M. bananensis and M

curemo in the Volta estuary were fairly similar to their counterparts in the

Pra estuary.

The relationship between relative gut length and standard length was

established by calculating regression lines using the method of least squares.

Figure ::~ il lstro.tes the relationship for all the species with the regression

equatic :15 ::-l";75cnted in Table II .

.-\H :>-: species from the Volta estuary showed a positive relationship

betwee, c i ti\'e gut length and standard length with that of j\{ curema, M.

banancnsis and }V!. cepha/us being significant (p < 0.05). The relationship

lor L. .f{.dCljJinnis. M. !Jwwnensis and L. gmnclisql/Oillis. in lhe Pra estuary

was however, negative. L. fa/cipil1nis and M. c!ll'ema in the Pra estuary

showed significant relationship between gut length :lna standard length.

Considering the same species, it was only M. C'/II'l.:IIICl and L d/lll1erilii whose

gut length and standard length showed si 111 i!ar n..'bliol1sh ip with their

counterparts from each estuary. The relationship of gut length and standard

length of the other species was different from their counterparts in each

estuary.

7S
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Table 10 Relative gut letlCTth and t d d . .
b san ar length of grey mullets from the

Voila nlld Pra estuaries.

NUlllbl:r or Range or Range or Relative gut length
Sp'," i('~ SPl:l: imens standard gut

J\ Iia IySl:d Il:ngth Il:nglh
Range Mean ± SD.

(Ill III ) (Ill III )---
"011;\ l'~luan'

L. falcipil1nis 106 125-232 270-1054 2.00-4.59 3.89±0.68

L. dlllllc:rilii 102 65-200 i 20-415 1.18-2.57 1.82±0.31

M. bal1ol7(!l].lis 78 62-190 162-X20 2.61-5.07 3.76±0.72

M. Cllrel;llI 124 in-235 }iJ: -1475 2.4S- 5.59 3.96-1:0.61

i\ [ (",ph,,! liS ''"l 113-375 3RO-1565 3.36-5.27 4.56±0.54.'-

Pra csma"

L. .t'l!,·il'.;'" -.' \ 143 70-120 230-580 2.95-5.92 4.33±0.66

L. dllJl7l!ril"i 92 60-168 88-370 1.36-2.50 1.72±0.27

L. gW/1(lisij/(i/lilis 63 80-160 105-390 1.08-2.56 2.00:~0.46

IV[ b{(I1{(l1ensis 88 75-170 160-600 2.67-·+"58 3.81±0.43

lvl. clire1110 104 70-1 J3 170-505 2.-1-6-5.05 4.01±0.48
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Tabl~ 11. R.el~tive gut I~ngth (RGL) and standard length CSL mm)
relatIOnship 01 gley mullets frOIn the Volta and Pra estuaries.

Volta Pra

IUil. =: 3.1/60 + 0.0053 SL RGL = 6.5154 _ 0.0230 SL

r ~ O.17<J3
r = -0.2582 *

L. dllmerilii
RGr. == 1.9824 + 0.0013 SL RGL =: 1.6034 -/- 0.0024 SL

L. gra/1r1i.I·(jllolllis

r =O.ocJ94 r =: 0.1435

RCil. =: 2.]818 - 0.0027 Sf.

r = -0.1574

AI CIII'I!! 1(1 RGL = 3.5057 -/- 0.0034 Sl. RGL'= 3.0600 + 0.0108 SL

r = O. I855* r = 0.2M~4*

AI. /)UI/l/IIC!I.li., IWI. ". :U.I2:\ I O.O()(i5 SI. IUiI. 4.n]~() I 0.0021 SI.

*Sigl1[!ical1/ correla/io/1 a/ 5% prohabili/y level.

M. cephal/l.l'

r = 0.2748*

RGL = 3.0415 -I- 0.0055 51.

r = 0.5324*

r = -0.0882
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Changes in Condition Factor (K)

Table 12 presents the overall C d" .-
'on Itlon Factor of the six species from

the two estuaries considerinG individuals Inea .' b 90 d 150
b SUllllg etween an mm

(SL). The eli ffcrcnces in the Condition Factor of the species from the Pra

:11 d tilt' Volta estuaries were not significant (p>O.05) except that of L.

. ~;/CljJil1!1is and M. hananensis in the fanner which was significantly higher

t!l:lll in t.he latter estuary. Monthly fluctuations in Condition Factor of the

different species are illustrated in Fig. 24. The figure depicts that for all

species; higher values or Condition FactOr were recorded in the Pra estuary

than in the Volta estuary I"or greater pan of the study period.

L. .fhlcipil1J7is: Generally, similar paltern of fluctuations in Condition

Factor w s s own by the species in both estuaries except in August and

O ' ,ctoner I

"

"110,(J f- ",,'­c.l.:::-c .. t.. 11:..

-: - nd in April 1998 (Fig. 24a). The condition Factor in the Pra

.60 to 2.04 and that in the Volta ranged from 1.62 to 1.99.

Lowe' \~:~,-"s were recorded in October 1997 and April 1998 in the Volta

estuary i contrast to the higher values recorded in the Pra estuary during the

same period. Similarly, in August 1997 the lower value recorded in the Pra

estuary was in contrast to \-vhat was recorded in the Volta estuary.

L. ell/merilii: The Condition Factor of L. ell/merilii in the Volta estuary

was l~\irly st~lhk r~ll1gillg bdwl'CIl 1.70 and I.l)() l'.\~-:pl ill April 1997 and

March 1998 \vhcn it dropped to abollt 1.6 (Fig. 2..J.b). Flucluations in the

Condition Factor or thc spl'~il's in thc Pra estuary \V,IS ~l,)l11p,lr~ti\'ely,erratic

ranging between 1.6 and 2.1 with lower values in June and December 1997

and February 1998.
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Table 12 Comparison of Condition Facto (K) f .
r 0 grey mullets from the

Volta and Pra estuaries.

Species Pra estuary
(K ± sd)

Volta estuary
(K ± sd)

t

L .t~J!(if) inII is 1.8760±0.13 I.7407±0.12 4.0611*
(n=300) (n=300)

L. dllll1erilii 1.7856:1:.0.22 1.7407±O.14 1.8354
(n=300) (n=300)

L. grandisqllamis 2.1120+-0./5
(n=350)

AI bananens is 2.265 I±0.l7 2.1230±0.13 7.0301*
(n=300) (n=300)

/v!. C/I/'CIJh1 2. 1984±0.23 2.1745:::0.16 0.8987
(n=300) (n=300)

Iv! ceph( I. is 2.2221±O.25 2.2092±0.19 0.2902
(n=15) (n=130)

- L. grandisquamis did not occur in the Volta estuary
n = number of individuals used in analysis
* Difference is significant at the 5% probability level
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L. grnndisq/lCT/nis: The sl)ecie I . . . .
s s lowed a faIrly stable Conelttlon Factor

ranging bel ween 2.00 and 2.17 from M . I 199 .
alc 1 7 to February 1998 (FIg

24c). There was a sl ight improvement 'In th C I"
e one Itlon Factor from March to

July 190R.

AI. hOI/(///cl1sis: There was . d I' . . . .,. a gla ua lllcrease 111 ConditIon Factor of

the species in the Yalta estuary from February till August 1997 (Fig. 24d).

Durin!:, the same period, a declining trend was shown by the species in the

Pra estuary. Between Fehruary and July 1998 while the Condition Factor

remained l:lirl: stahle in the ronner estuary it gellerally, kept increasing in

the latter during the sallle period. The least values occurred in October and

December in the Volta and Pra estuaries, respectively. The range of

Condition Factor was 1.82-2.21 in the Yolta estuary and 1.85-2.48 in the Pra

estuary.

.\f c~!r,,-'/1Ja: Apart from the values recorded in June and October 1997,

the t uc:!~;::~ ;~~ in the Condition ractor or this srccies were quite similar in

both es~"&.r:e5 (Fig. 24e). It ranged from 1.74 to 2.42 in the Yalta estuary and

from 1.8::; to 2.71 III the Pra estuary. Like the previolls four spe'cies, the

values calculated Il1 October 1997 followed the same pattern of low

Condition ractor in the Volta estuary and high Condition Factor in thePra

estual'y. The Condition Factor between March alld July IC)9S was l~\irly high

in both estuaries.

M cepha/us: The Condition Factor of the species f1uctuated between

1.86 and 2.50 in the Volta estuary. In the Pra estuary. it ranged from 2.28 to

2.06. From April to June 1997, September to October I~)97 and March to

April 1998, the Condition Factor was high while low "alues occurred from

July to August 1907. December lO J,1I1U<\I')' 1997 nnd ill June I90S (Fig. 24[).

Th C d·· r. t· /'ll'le 1~~\V C;!, 'CiJlll'I1S tlut \\'l're :l\:lilahk from the Prae on Ilion I'JC or a -' .
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estuary showed a similar fluctuation as' tl V ' . '
, . In le alta estuary for the penods

they \vcrc nV;lJl;lbk.

H('prodllctivc Biology

Chal/ges in GO/'ladosol1U1tic Index (GS!)

Gonndosom:ltic index of M. cephalus frolll the Volta estuary and for

all the species in the Pra estuary, with the exception of L. grandisquamis,

were not calculated because only a few or no mature individuals were

encountered in the samples. [n the Volta estuary, the maximum GSI of all

the species occurred between Febnlary and August for both sexes. M

bonol7c.:nsis. hom.?\;.? '. showed another reak in October (Fig. 25), Two peaks

I, were reeo!''-....' !{)r L. grundi,I·(lllUm;.\' li'om the Pra estuary; nne in April and

the other: . , -"\\;;?nber 1997 lor both sexes. In 1998 however, the peak for

males OC-':~ir_ C'.:: '1 February while that for femaies occurred in April. The

occurrence o'-! ore than one peak in the OSI for all the species investigated

suggest that .l ey are multiple spawners, spawning more than once during the

spawning season.

Individually, the highest gonadosomatic indc'( of 18.16% was

recorded for both /\If bananensis and L. dumeri/ii in the Volta estuary, while

in the Pra estuary, the highest value of20.58% was recorded for L. dumerilii.

Maximum values obtained lor the other species in the Voila estuary are: M.

curema, 12.43%, L. .!cllcijJ;nnis, 10.32%. In the PrJ C~lti~11'\ a maXlIl1Ulll

value of9.71% was recorded tor L. grandisql/amis.
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Description o/gonadal stages

The morphological and hist ,. I' . . . ' .
o oglca teatLlI es L1sed to de fIne each of the

st;1ges recognised in males and females are prese t d b I A .c . tnee ow. lour-pom ' .
::;l'~t1i.' \\':I~ used for the classi ficatio f . ., (n 0 testes while ovanes were assigned a

five-point scale. Ilistologically distinction bet . h' ween maturatIon p ases was
b'l..;cd on the Ilrcscnce or "'1)," I' .

'< • '" sence 0 particular spermatogenic or oogenic

cells. fmr"ature specimens whose sex could not be determined were assigned

Stage O.

lv/ale

Stage 1 (Developing) - Testes were pale rose in colour. Histological

sections s. owed compact seminiferous tubules with a small lumen and

cont~linc {)"I. groups or spermatogonia and primary spermatocytes (Fig.

16 \_ a).

(\faturing) - Testes were white and swollen with milt but no

mi It \\a5 ;eJsed \\"hen pressure was appl ied on the sides of the belly of the

fish. Testes were clearly organised as tubules \\ith germinal material (Fig.

26b).

Stage III (Mature) - Milt oozed from the genital tract of the fish when

sides of the body were pressed. Tubules of testes sho\\ predominance of

spermatozoa (Fig. 26c).

Stage IV (Spent) - Testes appeared reddish in colour. \inually empty

and flabby with some residual sperm. Hislologicaily, IUlllen of tubules

showed virtually empty spaces with gennimtl mateI'd (fig, :6c1).
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Female

Stage I (Developing or . '. II .
pI e-vlte ogemc stage) - Ovaries were

translucent, grey-red and round or teardrop sha d P'
pe. nmary oocytes were

lhl..· 11l:1ill hi.-I(\I()l..!-ical cell tvpes (Fig 27a) Tile t I j' I I d
~ • . c. cy op asm 0 t le oocytes 1a

no f;r:Ulllics. Oocytcs hacl large nuclei. The size of oocytes ranged from 21 to

L:~ pi with oocytes measuring 78 I'm being the most abundant.

Stage II (Maturing or yolk vesicle stage) - Ovaries were yellowish

vvith small :1l1d opaquc oocytcs th"t were visible to the naked eye (Fig. 276).

Oocytes were characterised by granular cytoplasm. The size range of.

oocytes was fl'ol11 21 to 281 1'111 with the predominant size being 182 I'm.

Stage III (M:lture or early vitellogcnic stage) - Ovaries were yellowish

and filled \\. yo ky oocytes \'I'ith large cytoplasmic vacuoles (Fig. 27c).

Diameter t' P:';;::! mi nant oocyte type was 286 pill but oocytes ranged from

21 to 3~5 :71.

S',.g.-.: i .' (I unning or late vitellogenic stage) - Ovaries were orange­

yellowis •. E:;gs tlo\ved freely upon pressure on the sides of the belly of the

fish. The large yolky oocytes had cytoplasm interspersed with cytoplasmic

vacuoles (Fig. 27d). Membrane enclosing the egg rropcr \\as comparatively

thick and oocyte diameter ranged from 21 to 593 pm with oocytes

measuring 338 JlI11 being the predominant type.

Stage V (Spent) - Ovaries were wine red in colour and tlaccid \vith

SOlne 'd J t Atl'etie oocytes were present with irreQular shapesresl un ooey es. ~

with detached outer membrane (Fig. 27e).
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i· ig. 26 Photomicrographs of grey mul let test 5 i ,1' :: ~a~: ; re~tC$ showing
spermatogonia SPG, and spem1atocytes SPT '\ i fi(' I bI '':It_ H testes
showing distinct tubules, TW with germinulmateriai G\I.~. '<c/'.1 \_.\ Stage 1Il
testes showing spemlatozoa SPZ x250. (d) Stage V lestc~ "h'm illg lUhules
with germinal material, GM (ET empty tuble. X'! lpl ,JO:-joo5 of tubules,
T\V tubular wall) x 100.
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ho 77 1)1' , . f' )' . .
0' ~ I 10tol1l1crogrnphs of cross sectIons O' grc:-.- 11 lilk'l \) ~ ri-.':'. I:!) ~l<1gc

I ovaries showing primary oocyle. PO. X~). (h) :-;wg<: II \'\ ~l~'~ showing.
yolk vesicle staQC with IlUCleUS N. .\25. (l:) S(d~c [I ,1 :i,i~':, :i! G\\ illQ volk
granules VCi, 1ll7ckllS N, "Irgl.~ C)!ppLISl11ir \~!cl;\)ic'''; ,\' :5. J) St;g~ IV
~I,1(l\ving. cytopl<lsmic v:lcuoks .V U.II.!-\ ,',',' 1111,'11:('.< \. \25. Ie) Stage

I showing atretic OUL} ll.'S'\( ) h.
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Size.freQU{!/1C:1' distribution ofOocytes

The size frequency distribution of oocytes from the various stages of

o\'Jrics is shown in Figure 28. Stage I and II ovaries showed unimodal

di:-trihlltinl1 of oocyles. The size of Stage r oocytes ranged from 20.8 to

12J .8 pm with a modal class of 52-104 I'm while that of Stage II ranged

li'on :20.8 to 2RO.R ,Ifill with lllocl~d classes of 156-208 I'm. Two modes were

exhibited by Stnges III and IV oocytes. Oocytes in Stage III ovaries ranged

from 20.8 to 384. 8 pm with the first modal class of 52-104 ,um and the

second olle of 260-312 /l1ll. The size range of oocytes in Stage IV ovaries

was from 20.8 to 592.8 pill with 78-130 pill and 312-364 pm as the rnodal

classes.

Th 'lode· 11 St~lgc I ovaries changed ('rolll 52- J 04 ,11111 to 312-364 1'111

in Stage - O\J. 'ies \vith the first mode always present in the Stages III and

IV. T', c-.:::c;ce of two distinct modes in Stages [II and IV was an

inclic3 '0 .. :::~: .he species were multiple spawners with distinct spawning

periods.

I

I
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jJ,1(}l1tll~1' variations in tile OCCur'
I ence ofgonadal stages

figures 29-32 show monthl v '. .
. Y anatlons In the percentage of fish with

l'.on;lds at dl fferent stages of maturaf I h
~ , Ion. n t e Pra estuary, L. dumerilii, M
hUt!(/t/('II.\is and L. grandisqllamis we tl' .

- re le specIes that had some mature
ifllf\·jduals unlike the Volta estuary wh " " .

el e mature indivIduals were found
f(1r Jllthc species.

1.. ftilcipil1nis

Volta estuarv: Between October 1997 and January 1998 individuals in Stage

I for both sexes were absent from the estuary (Fig. 29). Both sexes in Stage

" were present in the estuary for most rart 0 r the study period. In contrast to

the Stage I co.!! terparts, they predominated from February to July 1997 as

well as i ~- vember and December 1997. Each of the sexes in that Stage

cons itL:: ~ j ';er 20% of all the gonadal stages, for the months in which they

occurred. :'\0 females in Stage III appeared in the estuary in the first year.

They ho \eer. occurred in the second year in February, March and June but

were less than 20% in each month. Males in Stage III dominated in

November J997 and in April and May 1998 constituting 50% of all the

males sexed in each Illonth. Ripe females (Stage IV) were caught in April

1997 and March 1998 and constituted 37.5% and 7.7% of all the females

sexed in each month respectively. Both spent males (StJge IV) and females

(Stage V) \-vere absent from samples.

L. grandisqllamis

Pra estuary: Males in Stage r were present in most of the samples unlike

tl . r I ···t \vhich were not C'l1I:,HlIllL'I'(' I ;ll ;111 in 1998 (Figlen" rema e counlel pal s,
/9) TI I I .. f OCC'lrrel1ce was hirl)' th.: S~lll1C for both males- .1e mont 1 y patte! n 0 l

(J4

,....

l'

j
!

, .

i,
"

i

.j
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and females in Stage II. Both sexesw' .
. ere also present for most pali of the

study penod. Stage III individuals f b h
a at sexes were found in April and

frol1l Octoher to Dcccmher 1997 whil' . .
c In 199R they Occurred from rcbruary

to May. Rire females (Stage IV) were ~ d' N . .
Oun III ovember 1997 and AprIl

I<)();:\ \\kll th(:y conslituted \6 and 66 6O/C., . . .
. 0 Icspectlvely. Spent females (Stage

V) co l:-tituting 33.3 (Yo were caught in May \998· 1'\ I (IV·)( w 11 e spent ma es

\\ caught in November and December 1997 and in March and May 1998.

ThL'ir proportion in M<lY was 28.6% and below \2% for the other months.

L. dum(!/" iIii

Volta estua:v: Like the two species discussed previously, males and females·

in Stage I were present in the estuary for greater part of the study period in

proportions ranging between 40 and 100% (Fig. 30). Stage II males appeared

in samples it October and December forming 50 and 43% respectively

during th ... °i:-:;;' year. They were, however, rrescnt frolll the beginningof the

follc)\\ in; _~,,:- and attained the highest percentage (60%) in June. Stage II

females" '=-~Jred much earlier than the males from July and appeared again. ,

in August, \;ovember and December 1997 with the highest proportion of

50% being recorded in July. In 1998 they were found only in February and

April and constituted 43 and 33.3% respectively.

No females in Stage III were caught in both years. Their male

counterparts were however, present in March, October and November 1997

while in 1998 they appeared in January and June. Ripe females (Stage IV)

f' d I . tl second year in February :md June. Both spentwere oun on y III le .

!' I (!) I J (IV) wel'e present in samrles during the second yearlema es \ ane ma es

in July and June respectively.
. - . ,.' S' f1' I individLials ~lppl'~lrl'd in the samplesPia estuary: In the fllst yCdl ,1.1::;>(,

!:. ., ..,. I IL'(\r tlll'v 'lppL'ur..:d from february. TheIrOm May while III the Sl,;lOllC ) .

. 7·
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proportions of both sexes ranged b
etween 20% and 100% (Fig. 30). Both

sexes in Stage 11 were also caught in h
t e estuary between May and

November 1997. In 1998 only mal
es were caught. This was in March and

rVlay ,1Ild tlJcy constituted 50% in each h' .
mont . Like their counterparts in the

Volta c.-tuary, they were absent from th
e estuary, at least, for the first three

tn() 1tl1S of the first year. Males in Stage III d
c ( occurre only in February 1998

vvhen they constituted 50%) while females " d' M .
( OCCUII e In arch and November

1997 with pcrcelltage composition of 40 and 33 3 . . I . '( . respectIve y. Ripe females

(Stage IV) were found only in November 1977 constituting 33.3%. No spent

males or females of L. d/i/JIcrilii were caught in the Pra estuary during the

study.

Volta estu:!;"\": S;cge I males occurred in only a few 5,1I11r1e5, March, August

and De en:~ ~ 97 and February 1998 while Stage! females occurred in all

and in August 1997 (Fig. 31). Like the Stage I males in

1997, St3g'~ '11Jles occurred only in March 1997 whi Ie in 1998 they were

present in most of the samples. Females in Stage II in the first year were

confined between February and May. They oCCUIT('d in the second year in

January, April and July. In 1997 Stage III males were present only in

October. They were however, present during the early part of 1998 and were

predominant in March when they constituted 80% of all the males caught.

Their female counterparts were caught in February 1997 and April 1998

forming 33,3% and 20% respectively of the females caught. Ripe females

(Stage IV) were found in July and October in the first )(':11'. In the second

yea,· tl I 1'1 tllC M"y 50111111c COilS! itll!il1~ 5()')o. S[1cnt females( ley OCCUITCC on y II ". " ~

(Stage V) anclmaks (IV) Wl'I'C ,lbsenl ill SLll1lpks in both' 'al'S.

I',

<,

,,
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pra estuary: Both sexes in Stage I OCCur' d .
~ Ie In only a few samples and
Ppeared In the estuary as late as August' th fi. .

a . . In e list year. No Stage I females
vere found til the fallOWIng year (Fig. 3I)Fl·
\ , . ema es beyond Stage I were not
fOLJlld in the rest al the samples. Stages II dIll . .

an males constItuting 33.3% .
fpI" c;l\:h St:lgl' Wl'rC' found in August 1997.

,"./ curCillO

!0ta C5 liar\'; Stage I individuals of both sexes, like most of the other

species. was present in most of the samples constituting more than 20% in

most cases (Fig. 32). Individuals in Stage II, like the Stage I counterparts,

were found in most samples and were more frequent between February and

July each year. lndividu::lls in Stage III appeared in a few samples and,

comparatively, in low propoltions between 7.1 % and 23% for females and

4.5% and 37.5% for males. Ripe females (Stage IV) were present in the

estuary in F~' .. :.... <l.10 August 1997 and from February to March 1998 in

low prOt or:i( ':.' (:-- ..... lo\V 7.1 %) except in August 1997 \-"here the highest

proportion o' ~ 3.3% was attained. Spent females (Stage V) were

encountered 'n Fe ruary and April 1997 while spelll males (Stage IV) were

found between March and May in both years with the ,ighest proportion

occurring in November 1997.

M cephailis

Volta estuary: AII the matural ion stages for males were l()Lilld in the estuary

but they occurred mostly in July 1997 (Fig. 32). Unlike the males, only

females in Stages I and II were found in the estuary. Stag~ II females.
~

Occurred in June 1997 and April 1998 while females in SL1g' I \\ere present

f:. . b- . 1997 In 19()S theY ('Ie'ulTed in Aprilnom February to July and In Decem el· . ,

and May.

en

:1

I

"
'I

l
"...
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Generally, mature males and females in Stages III & lV, (i.e., those

d
I to spawn) occurred between March-May and again from Octobcr­

reel )

lb
er in the Pra estuary. They were found in the Volta estuary between

Decen
l .. rl\'V-!\\""lriI and July-August for most of the species.

fCllll1, .

,I,

.'

. ,
,J..

1

\
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M(1ll1ri~J' size of lite mlillels

Thl' ctll1lul:ltive Ix'rc:cnt"'gc ai' .". matur r'd . .e In( IVI uals 111 various length
<TrOUPS W<lS plotted to determine the mea I .\
c . n engt 1at first sexual maturity, LSD

,'. tk kllt!.tlJ ,1{ which "0% of tI .
(I.L,.' - 1e population mature, Fig. 33). With the
e\(' 'ptiOI1 or AI. (,cjI/w//lS, the L'in for all th . ". , ( e species rom the Volta estuary

ul.; \\" I :lS r. grol/clisq/l(//7]is from the Pra estllat'y I . d TI f- ( was (etermll1e. 1at a

the odler species was not determined because only a few or no mature

individuals were present in the samples.

The L:,o for the species from the Volta estuary are: L. jCtlcipinnis, 157

mm for males and 175 mm 1'01' females; L. di/meri/ii, 148 mm for males and

169 IllI1l lor females; AI. bunQnensis, 15~ mm for metles and 171 mrri for

females: ,\ I. (,/Ii'ell/a, j:, 1 llllll for males and i 61 mm for females, In the Pra

estuary ll1<llur:'. Sil(,S or L. grQm/isquolJlis \-vere 115 1111ll lor males and 125

mill for re! :::6. ,- ~!lerally, Illales matured at a smaller size than females.

The ~rl1«:\?Sl malure individuals of the c1ift'crenl species observed III

the samples (1"" l' resented in Table 13. Males or ail the species were also

found to mature at a smaller size than the females. L. dllmt'ri/ii \Vas the only

species that had mature individuals in both estuaries. 80th sexes of the

species matured at a smaller size in the Pra estuary than in the Volta estuary.

,I
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Females

Pra estuary

MalesFemales

Volta estuary

M;t1cs
------_._--------

Species

T 11k 13. The smallest size at maturity observed for grey mullets from thea .
I and Pr[\ estuaries.Vo t8 <

-------- SI11;dks[ mntllred fish CSL mm) Smallest mntllred fish CSL mm)

1~I () 167 * *
L. /1;/(';/J;IIII/S

no 170 118 168L. dlll11erilii

95 102L. grmu!isq IfaIII is

'" *M bOI1Gl7cl1S is I~O 152

* *130 150AI. ClIrelllG

375 *M. cepholli.

-.
idual present.* No matur~ (:,

10.:1
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Fig.33 Mean length at first maturity of grey mullets In the Volta and
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fi r/it)' estimatesfec ll .

Very few individuals with mature ovaries were available in samples

.. 1{J the study period for estimation of fecundity [n the Pra estuary only L.clll/"::- ,

/1
'\'(/11(/1111" had mature ovaries, Apal1 from M cepha/1Is mature ovaries(,!'(/II( . . '",'"

'C" "["lWiill'd Illr the other species in the Volta estual)' The fecunditywei ' ,

I~H' the v;lrious species are shown in (Table 14), The relative.-:.'1 ill1:ilCS

, clI' the sIxTies in terms or importance are, II;/. bananensis (J 183),kClIndlly

JIl curellw (712), L jcilCljJinnis (633), 1" grondisq/lal71is (457) and L.

/ . ('I,/'lii () 18), Thus, M. banoncnsis was the species with the highest(Illn . ,

reproductive capability,

!06
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·'
Table ,14 Estimates of fecundity of grey mUllet species from the Volta and

estuariespra----
Si/c range Absolule Mean Rclali\'~

Mean egg N
S lL'cics

leclIlldil)'

. I
(SI. mm) fecundity absolutc diameter

(~ggs g.1
range fecundity

hody (11111 )

w~ighl)----- --- -----
::nX·240 117.344-143.291 130.'118 638 309 8

I. !~II'(i!lill/iI'

;38.7RS-51742 45.263 318 305 6
L. dlllllL'rilii 168-230

J

24.935-6oJ87 41.125 457 285 12
L. gral/(!isqll(/IIIIS 148-\ G4

2(i6._~S 1.183 336 \0M. h{//liIlleII.\' i.l· 175- 209 112,45-1-282.024

132.777 712 273 12! -0-270 33.340-345,177Iv! c/II"e /11(/

I •. .. .;,.: • ".N = nIlIllIJt'i' {ii (I." I,
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C Jlture trials in ponds
, (

Groll'f!l lIlId producfion ill bl'(fcki,'/
\ . 1 wafer ponds

l\k~11l V;t!lIl'S ofwrltcr qUrllity par,. ,
. aInetel s measured dunng the first and

second c'\I'CrJI11ClllS arc shown in Tables 15. .
a and ISb lor both treatments

(il'" \\ illl ;IIHI "il!Joul recti). Statisticall)1 tl ,., ., '. . .....
, lell: \\I,IS no signilicant dttlerence

(p>O.05) betv\''Cen treatments with respect t ,.o water qua tty in both
experiments.

Algal counts made during the second experiment indicated that green

algae were the most dominant phytoplankton in all the ponds followed by

diatoms and blue-green algae. The most common green algae were the

desmids, 111 0Stty s!-,ecies of AnkistrodesJn/ls, C!osterillln, Pediastrum,

Stallrastl"ill i :11 ~ I:.e tlJgeliates £/lglena and Chlal11\'dnl11onas. The diatoms

'l,

.I

comprised Navicula, eye/ofelia, Cyrosigma. Pinnlllaria, and

Nitzschia spe~ies. ,'hile the blue-green algae were dominated by species of

MerislJlopedio. Oscil/atoria, Anabaena, and ,\zl'C'/'oc)'stis. No significant

eli fference was observed between treatments with respeG to concentration of

algae even though the mean algal concentration was comparatively higher in

those that received feed than in those that did not receive an;, reed Cfable

ISb). Comparatively, higher mean growth was recorded tor fish in ponds

that had higher concentration of algae than in those that had lower

Concentration of algae (fig. 34, second experiment).

iOl'
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.1

0.093147

0.050490
1./«lJ ().Sf) 1.82:1:0.97 0.037110

'R')")'IO-g 46.10:i:8.45 0.520558
J .__ '1: .)

20./< I ±7.2 17.22±5.5 0.153601

feed leed

-- -·-7·79;lO:ZO------7~72±0.30 ---.------­
0.283531

30.08±1.81 29.99±1.90

10.14±3.54 10.03±3.55

Salinity (000 )

Turbidity (l':TU)

Transparency (CI11)

Table 15a . Mcan valucs of water qual it a" .
. YP lameters In brackish water ponds

duri ng the fi rst ex pel"llllent.

\Gl~Ii;;~:lr:l1'~ll~L'I~L'~rs~' ----~Po~I~1d~s~'A~,it1hh:----~~---;--;---------
Ponds without 1(ll.O5!

_...----- -- -
I'll

Tl;] 'r.111lr·(''C)

1·1Dis:,\. h t"d t):,,:,"gcl1 (Illg )

Table 15b \ I'. i \J. les 01' water quality rarllll1ctcrs and algal concentration

in brackisl \\:l:C'·:."L nds during the second experiment.

\\/at"lll~I'I'\ r'C-""''''',,\ (. 1.::1 (. ~ll l. . ' :.. I :"

pH

Temperature (0(')

Dissolved oxygen (l11g ,-I)

Salinity (%0)

Transparency (CIll)

Turbidity (NTlJ)

Green algae (COlll1tS/1 Oml)

I3lue- green (counts/I Oml)

[)iatoms (counts/I Oml)
---------

Ponds with P"nds \\ illwlIl

feed ['~cd

7.77±0.45 7(iO.t1lJ, !

30.! 5±!.36 30.10.::1.35

8.07±1.53 7.97±1.67

1.95±0.78 2.03± 1.09

19.25±5.0 17.08:i:-U2

42.0:1: 15.7 ~(15(,1 12.<)~

213 150

44 2')

94 (, I

------

0.543716

0.431249

0.146334

0.193785

1.002133

O.59~4S2

0.799941

0.877079

(J.7ISI15

10)
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The growth performance of th . . . .
'. '. e Juvenile Jnullets during the first and

econd e:--:pcnments IS shown in F' 3' .
s Ig. 4 Fish I'. . " . supp led with supplementary
feed grew flam an IIlltlal mean wei h

. '. g t of 5.08±0.70 to 28.60±0.90 g while
Iho~c without feed glew from 4.58±0 55

. ,., . to 25.20±1.05 g during the I 50-day
f2row1ng IIl·nod. r hese represent gro th'
~ w tncrements of 463.0% and 450.2%
for li::.:Iws IhClt were fcd and those that weI' t ~ d .

e no Ie respectively. The growth

P:m'r!1 was quite similar durin" the first 120 d . b
IS ays In oth treatments, but

after the 120
lh

day higher growth increment was reco'd d ~ fi h l' d
I e lor IS es supp Ie

with supplementary feed than for those that were not fed.

For the second experiment, which lasted 270 days, the mean weight of

fish that were fed increase from 7.25±fJ.10 to 41.85±1.06 g (476.7%

increment) whi Ie those that were not fed rose from 7.17±0.38 to 32.1 0±0.44

g (347.7%) inc 'C'll em). Growth within the first 150 days was similar in both

treatments I' _;1.: the 150lh day higher growth was also recorded for fishes

that rece\'~' :-":c 1 than those without feed. The difference in growth

performance .~·\\'een treatments in both experiments was not significant (p

> 0.05)

The mean daily weight gain and the specific growth rate, taking the

average from two replicate ponds, during the first experiment were higher

for fish that were fed (0.1568 g/day; 1.1521 %/day) than those without feed

(0.1375 g/day; 1.1368 %/day) respectively (Table 16a). An average feed

. d 'r! ' averaoc feed supplied in the twoconversion ratio or 3.6 was estimate. 1e < 0 .

. 13 733 I a The first experin:lent was terminatedponds that received feed was . (0'

ft . d' f the ponds. It was therefore not possible to
a er 150 days due to floo IIlg 0

estilnate production and survival rate.

110
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I

120 150

Days

III

1st experiment

2nd experiment

90 120 150 180 210 21.0 270

Days

/
/

/
/

/
/

/-1'"

6030o

5

o~O--~-+-~_-l_--LJ

SOI------------~

30r-----__

Fjo 34 Gb' _ rowth performance of mulld sj)l'rics in hn,,:I\ish water
ponds (_ feed, no ft'ed. \'l'rlirill har~ 0:; ±Isn).
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1.\52\ 3.6.

T lJle 16a MC~lI1 daily wcight ga', da n an Spe' fi
. , .' • CI IC growth rate of grey mullets

Itured 111 hlacklsh w~llcr ponds d .'
eU 1I11ng the til'st . .___. . expenment.
TrcallllL'nl No. of No. or Mean weight

Specific growth Feed conversion

rate (%/day) ratio
I)ays finpcrlinps

gainc .=-'

----._- daily (g)
.- _.

~-

Ft.'l' j 150 312 0.1568

No feed ISO 0.1375 1.1368
/

Table 16b bi I)' wcight gain, survival rate, production and feed

conversion r,.:: \.:' ;?rey Illullets cultured in brackish \\'aler ponds during the

Mean Specific Survival f'rodllcti'ln Feed

Ponds Weight growth conversion

days fingerlings gain/day rate ratio

(n) (g) (%/day)

No reed

No 1i.'l'cI

7.1

7.7

68.67 3-J.70.0936 0.5411

0.1306 0.6550

0.1256 0.6449

124

160

152

270

no
no

I (no reed)

3 (no feed)

2 (reed)

4 (reee!)
-~--------------------

II ~
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The second experiment Was
carried through to the end. The

daily weight gain, specific growth. t mean
. . . . I a e and production of ponds in which

feed was supplied wei e also higher (0 1/81
. . - g/day; 0.6500 %/day; 336.5·

k,,/Iw) tlwn t!Jose 111 which feed w· .
1:' as not supplied (0.0923 g/day; 0.5557

'!.\';d~lY: _,<,-7 kS/ll;l) respect ively (Table 16b).

lil1li~:: the lirst experiment the . r
, avel age leed conversion ratio was

high..: r 7.4. ;lIld suggests incfTicient utilisation f' f' d b - .
a ee y Iish dunng the

second e\perimcllt during which an averag f 346/9 I' eo. _ <g a f feed was
supplied. This m;lY explain the lower mean daily we'lgl t . d d 'fi

1 game an speci Ie

orowth rate comp<lred to that obtained in the t-Irst ex " t Th . Io ; pelll11en . e survlva

rate recorded in ponds ill which supplementary feed was supplied was lower

(48.49%) than those in which supplementary feed was not supplied

(60.28%). l\l(n~ n ld bigger predators were founel in the former ponds than in

the latter. 0 .1:;;; \\:, e. the average survival in all the ponds was 54.54 %.

;\t tl~' ::.;c e,;' the second experiment, M. cII!'ema and AI. hananel1sis·

were fOUll '0 >;;; t'le most common species in the ponds \vhereas, 1vI.

cephallis \\'25 I 0 ound in any of them. All the other species. L dlll11erilii, L.

jalcipinnis. AI. bOi7C1l1el1sis and M. Clirema, occurred in Ponds 2 and 3 while

the last three species occurred in Pond 4 with only the laner t\Wl occurring in

Pond I. Comparatively, higher final mean weights wel·e recorded for IV!.

Curema and M. bOl1onel1sis than the other species in all the panels. The final

mean weight of !vI. curel71a and M. bananensis in ponds that received feed

Were 49.50±1.34 and 41.80±1.60 while those of L dllmerilii and L.

{; I 10 / 15 'espective1v W"th respect to
JQ cipinnis were 42.64±2.54 and 34. ±_. I '~.

I' I .. 11 \VL' ill hI..; (1 I' lhi.' \'ari\)lIs spec ies
Ponds that did not receive ked the 111;\ l11l:d ' :=- • . .

, , , .. , -, I -t:'L.:"); L dUl11erilii,
were' At "7 "\! 1·4:.j I' M hOi/Ut/cm/.\, J .. '. C/lre/l/u, .J .•10··· , .

28.50±2.28 and L /il!c//Jilllli.l', 22,SCH i .~().

! I ~
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The composition of mullet spec' . h
les 111 t e v .''. ClIIOUS ponds at the end of

"\icrill1cnt IS shown In Table 17the e" .

Of hie 17 Numher of individuals of grey mull t '. .
a e specIes In the vanous ponds

;ll the end (ll:~hl' ~~C()J1(1 ex peri Illcnl in brackish water ponds.
----

COlllposition
-----

Sr 'ci 'S Pond 1 Pond 2 Pond 3 Pond 4

-L.7;;:i/Ji //;7is
- - _.- _._._---- . ---'---'---

() (0.0)* 17 (25.8) 19 (18.5) 20 (30.8) l"

L. dllll7erili i 0(0.0) 5 (7J)) 3 (2.9) o(0.0)

lvl. ClIrel1W 4(4.8) I ~ (11 7 36 (35.0) 19 (29.2)) _.... )

M. hal1al1C'l1sis 79 (95.2) 29 (43.9) 45 (43.7) 26 (40.0)

..__ .._---------
*Figurcs ill .:.r;;''t'i~:_:'sis represent percentages

I l-l
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G JlI't!, (Il1d productio/1 in ji-eshJllatr( er ponds
Water quality of ponds in wi' h .
. . , . 11C fish were provided with fe~dand

hose In which fish were not provided . h . .
t . . fi d Wit feed IS presented in Table 18.
There was no slgnllcant ifference in h

. . t e water quality of ponds that
Ceiwd ked and those that did not rec' rrc elve leed.

Aller the ISO-day growth period I' h
a 11g er final mean weight of

'S.c)~, 0.7, t- was rccorckd for fishes that we' r d .h
- I e let an those that were not
fed for which 25.56±O.34 g was recorded Th '" I .. e II1ltta weights were

8,34± 1.21 g and 7.82±O.88 for the former and latter fishes respectively (Fig.

35). Thus, a percentage increase of 243.5% was recorded for fish that

received surplementary feed and 226.8% for those that did not receive

supplementary feed. The di fference in growth performance between

treatments in thl.' rl.'s 1 water ponds was however, not significant (p>O.5).

Production ~lnd ST\·· 'al rates could not be calculated as a result of pr~mature

termination of ll:c c:\periment after 180 days due to predation by monitor

lizards.

Like tl e ,'ackish water ponds, the average mean daily weight gain

and speci fic growth rate were higher for fish that were fed (0.1 I28g/day;

O.6856%/day) than those that were not fed (0.0986g, day: 0.6579%/day)

(Table 19). The feed conversion ratios in ponds 3 and 4 were 6.2 and 7.2

'. I f 6 7 TI total feed suppl ied in pond 3 \vasrespectively, wIth a mean va ue 0 ., 1e

12.740 kg while pond 4 received 14.343 kg offeed.
.' d of 150 days the mean daily

Considering the same culture pello .

I (SGR) feed canvel's' on ratio and
weight gain (MDWG), specific grown rate, .

. . I' ahest for fish raised in brackish water
percentage increment in weight wele 11:;,

1 I ~

.~..../
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().o~).

d during the first experil1lent. Results for fish raised in brackish waterpons" .
d during the second expenl1lent and for those raised in freshwater pondspon s . .

". quite similar (Table 20). Growth of fish during the second expenmentwel e .

. I.. c"ish water ponds was significantly different from the others (p <111 01:1
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fi'esh water ponds
l,lc IBM C~lIl va lues 0 f WaleI' qu I'

Ta. . a Ity parameters in
d I'or cullure 01 mullets.use

Wn1cr q\~,,;JditiI~Yrp;;:;a~rn;-;:ll~lc;tl~CI;:S'S~---~POo;l~ldG"s-;W;iit111~1 -----n~;--~-----~~
Ponds without ( (0.05)

Feed
Feed

0.744302

0.437190

0.068164

29.19± 1.27

5.271:2.98

19.\3±6.9\

. ------::;-~::-:----
7.51 JO.l\O ---7.(,4·,T<lif··-·---' 0.690610

2X.75:10.87

6.IO±3,49

18.S3:i:7.02

-i~ I

Ic'l11l)l'!<Illllc' ("C)

1'\[): .. h,'d ll'\\t,:cn (!11!C )i:- ....l ... ... ...

Tral1~par 'l1ey ((111)

Table 19 !\.1e,m daily v,:eight gain, srecil~c growth rate and feed conversion

ratio of grey l11ulk' S cultured in rrcsh waleI' ponds.

Pond ~" No. or Mean weight Spc<.:ific growth Feed. ,

~,:\ ~ tish gain/day (g) Rate ("'u/day) conversIon

stocked ratio

I (No reed) >0 100 0.0973 0.63 !4

2 (No feed) 80 100 0.1000 0.6894

lOa 0.1147 o'7~"'x 6.23 (Feed) 180 • I -,Oe

4 (Feed) lOa 0.1221 0.640':+ 7.2180

117
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0.0820 g/day

Brackish water

Ponds

2nd experiment

0.1 :'i6S g/day

ponds

1
51

experiment

-
Brackish WaleI'

ponds

._- ~---- . --------

(h.:ed) 0.1020 g/day

1\ kan 1),1 i i;'

Weight g:lln

0.\375 g/day 0.0735 g/day
(No ked) 0.0926 giday

----
1.1 :'i21 %/day 0.6613 %l/day

(h'l'd) OJ1<}61 'Y.Jday

Speci fie Gre1\\( h

Rate

0.6807 %/day 1.1368 %/day 0.62\ 0 %/day(N(\ feed)

184.2 403.2 169.7(fct'd)

Table 20 Companson of mean daily weight gain, specific growth rate,
tane increment in weight and feed conversion ratio of fish raised III

ercen , 0

P . I ::lI1d frcsh- water ponds for 150 daysbrflCkls 1-, .

--- -- Fresh \Yakr
.. -

Percentage II 'reT ':~:

in \wighl

(No feed) 177.6 4:'i0.2 153.8

Feed Conversion 6.0 3.6 5.9

Ratio

II S
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£fJrrect of wheal and rice bran on g
:J' rowl/z ofmUllets

Evaluation of the effect of wh
eat and r' b

, • I " Ice ran on growth, which
Instt:d IRO d.l) s, was conCUl1 ently carried '.

. out with III two ponds each divided
'f11O t\\'() ('()ll1p<lrtments with mosquito . .
I . nettIng Wate \"

. . I' qua Ity In each pond
I\<lS ( c '('tore common to fishes in both

compartments. Each compartment
\\,3S stc c,'ed with 20 mixed species of II . ' .

InU ets and III each pond, one
compartment received wheat bran while the otl . '.

lei compartment received nee
bran. Water quality with resrcct to tempcrat· d' I d

( lit e, ISSO ve oxygen
concentration and pH ranged between, 26-28°C, 5.8-8.2 mg 1'1 and 6.71-8.75

respectively.

Specific gro\\o11 rate of the fish fed on wheat bran and rice bran was

investigated. F:s 1 • 13' received wheat bran grew from an initial mean weight

of 46.46± I .:::: I =- l: a final mean weight of 94.73±O.95 g representing a

percentage in·tc~:~c of 103. Those that were red on rice bran grew from an

initial mean \\' i;;;.- of 48.46±1.85 g to a final mean weight or 91.84± 1.1 0 g

representing a percentage increase of 89.5. On the average, 12.928 kg of rice

bran and 12.826 kg of wheat bran were supplied during the experiment.

Figure 36 illustrates the specific growth pattern with higher gro\vth recorded

for fish that received wheat bran than those fed on rice bran. Sreci fie growth

rates of 0.3958 %/day and 0.3552 %/day were attained by lish supplied with

wheat bran and rice bran respectively. The ditTerenee in gro\vth was not

significant (p>0.05).
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30 1 -:----- -----.

180150i2030o 90
Days

Fig. 35 Growth performance of mullet species in fresh water ponds
( feed. ------- no feed. Vertical bars = ± ISD)

0·9 ,..--------------------,

I
'q

0·8

.J::.
~

=­o
~0'6
u

.....

0'4

30 60
Days

p' owth pl.·rfOrllliJIH.'{' of mullet
Ig. 36 Effect of rice and whellt brlln on gr "'ut bran, -(1-- rkc hran)

. t· Dud, (--- \\ II
SPCCICS in fn:.~hwaterconcrc c P .

120

University of Cape Coast       https://ir.ucc.edu.gh/xmlui 

Digitized by Sam Jonah Library



DISCUSSION

, Species occurrence and abundance

Si:-: ~pcl'il's of grey mullets: L. ral'" ,
Jl Clpmms L d . 'I"

_ ' , limen Il, L. ~randisquamis
\f hal/onL'lI." IS , M, ClIre/J1(f and M hI'

I " ,,' cep a us were encountered during the
<;il!(h r ' lod. /\11 the SIX speCIes oCcurred' h
" , In t e Pra estuary while five of
them c.'\cludlllg L. gram/isqllwnis OCcurred' th V

III e olta estuary,
Occurrence and abundance patterns of t "fi ' '-

es ualille Ishes are lllfluenced
by various biotic ::md environmental helors su I I' ,

, C 1 as sa Illlty, temperature,

tides 8nd abullcbnce of rood ([3I~lber 'mel WI'ltfir,j" 1977' W" I
( I .... U, ,clstem el a "

1980; 8laber, 1987). It has been emphasised that the most important factor

innuencing th" I:' :'bution of mullets is high turbidity althe mouths orriver

ecosystems :;in e :m. ,ct fry are known to avoid briQht liuht and concentrate
~ b

in areas \\'111 !;:::c ,ight and high turbidity (Liao, 1975; Blaber, 1987), The

remarkable dif;"e:'e:l~es between the two estuaries sampled, were the high

salinity and tm' i "ty and the presence of dense mangrove vegetation in the

Pra estuai-y. The presence of L. grandisquClmis in the Pra estuary could

possibly be clue to their prcfCrcl1cc for high turbidity and i11~lngrove habitats

as indicated by King (1988) in the Bonny River (Niger Delta),

h~ the Ebrie lagoon in Cote d'Ivoire, M Clirema and L. grandisquQmis

I ' 'h h' h ' salinity unlike L f'alcipinnisSlOwed Increasing abundance Wit 19 el . "

h b ,I' t d to al1)' salinilv oradientsw Ose distribution did not seem to e Ie ae' .' :;,

(Albaret and Lencrendre 1985), Other studies on Iv! cwen" Sl ggest that
b ' , . ?QoC

. , . r d at tempermurl.'S aoo\ e -
Jllven IIes and adul ts are most 0 ften loun

, I ",. 't'es (I\/Ioor', 197-L \Veinstein,
(Moore, 1974; Vieira, 1991) nne! at hlgn sd \111 I ' " '

I . '.'viPlI-': 1IIllIill!2.:::, S:dllllty 111 the
979; Weinstein e/ (fl" ItJsO). COi1tl':liJ ((l !lll . - ~
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r

V Ita estuary where M. clirema
a was the Illost b .

!Led li'olll a.Oc, to 8.17%0 Th' . a undant grey niullet species
r{ln~ . IS specIes h.... s h .

" een re 'd d . .t or the Songor lagoon at r . . COl e In the northern
par a sa Inlty of 80 %0 (Sh k
. lj1IviJ1l!. tlwI II 1. ClIrel1lo can tole' en er et al., 1998)
111 < ~ late Illuch ·d. "

I WI el salJl1Ity range In the
. ,rrel1t study 1 1l: ahul1c!<tncc of M.. .
(l . c. IIrCl11a b I

. . III all eSluaries showed a
nOSili\t' COlT 'l,ltIUIl With water tClllperatur-' '.
r . e which was slgnl ficant in the
Voitt estuJry. Apart lrom tempcrature the ab

. ' undance of M. curema is likely
to be Inl ul'llced by transparency since th _ . '. .

el e was a sign Ificant correlation
between the two in the Pra estuary This wa I. ,s, lowever, not the case in the

Volta estuary v'>'llcre tluctuations in transparencv w' t h
J el e no strong enoug to

have made any impact on the abundance of Aif. ClIrefl7a.

The significant negative and positive correlation of turbidity with the

abundance of AI. cce/w /us and M. hClnClnensis in the Volta and Pra estuaries

respectively. ' nirms the assertion by fibber (I <)F;7) and Liao (1975) that

high turbidi.' r;) v tr~1I1sparency is a major factor that allracts juvenile

mullets into 1:?~-l;3:·ic5. The intensity of this factor in attracting the young of

the two species 1 ay differ as indicated by Koutrakis ef a1. (1994), hence the

different magnitude of correlation in the two estuaries.

lv!. cephalus was most abundant in the Kulama Creek at the Niger

Delta in Nigeria from November to January when salinity of the water was

27.5%0 (lkomi, 1990). This is in contrast with the current findings where the

relative abundance of M cephalus in both estuaries rather showed a negative

. . I !Z I a creel' \-"here til species wasCorrelation with salinity. Unlike t le u am, \.
r .. ." II in both estuaries for most part
Ollnd throughout the year, It was not plesel "

f . I' t \J CL'p/W/IlS has a ~ r('krcnce lor
o the current study. lie further notedtl'] I .

. I" tlll[ L'\)ll fun n to whal was
Ill(\llgl'OV . t \\,ll'll'l, ,)l-s'l'r\'~tIIOll l uc:-;e CllVlronlllcll S ' LJ

f .r Ai ('(!fJlnt/lls \\:IS ll)\\cr in the Pra
Ollnd in this study. The abul1cl:!nce 0 .
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estll~lry \\hi\'h r;ilil\-'r hd:~ il

e3tl!ary, \\'hi,," h:I'> \iiql:di:.'

t.. .. '" ~ ..\

(: ....., .,~" ... ' ..

.. - .. ' .. '..... ... ..... ,

i F.:c:.:,·~·

rr,. I d·· .• ·.· 'I'

\. \"1\,111. Iii!,

-'''I "l ~ .'j,..;: l"n "J"''''''';''. I '". '." \. _ _ . ., ,J 'i=\" if It .. !)

---_.---..

\" id spread and

a' .-~ \ 'st /\ fl'ican COcco

\ l.i..:h \\as th~ <:'~:'::::'. the least

ab .- -'.- -,-
5.L.'..-...

~'''' ··es I·I d . ,._~-" =_":',', , , ., ••
••• ci ..ll ,. ar.; \._,~ ... . __~._ ":: _.

cephni:. '

diffic)'

::;":eiy to enter

::.eir fingerlir gs _~~:::. • -j '""'\'- ~ \". .... '

110re

oses.

Lagoon in S~i Lanka (Wi.ie)'ar;l!n~ ,.1:~","""'--

Greece (Koutrakis el 01., 190..1).

ea m

The restricted c1islrihllli,'n ,\0, . \ , , 3:-":1 d:..n ~e

of L. dumerilii in the CUI'l\'111 Sllhi~ \ .:;.:- : :,,' ,:.y, ....: \ .1. from

Dahomey. L. f;rondis(/l1ll1l1is \\; :--. !'" ",',,'

of the most common sp ,,'ie, :11 1'. "

not record L. dll/11e/'ilii :111<1 \1 .'

all.

, \

.\

\,

-., . .
, .

\.)ne

_ . \. O:'} did

'l\ :"lire at
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The dilTerent grey mullet s e .
p Cles obtained peak abundance at different

times or the year during the study A'd'
. CCOI Ing to Mc Ilauohton and Wolf

(I ()79), seasonal changes in abundanc t' . . t;> .

e 0 sympat1'lc species could be oran
(ld(lptive vrdllc that may allow them t t'I' fi .

o U lise ully resources at dIfferent
li1l1cs. Illll~ I\.'ducing ovcrl"p lor required resou' TI' .

1ces. 11S strategy could have

bee! <If-plied by the grey Illullet species in the Volta and Pra estuaries to

3110w for their coexistence,

Gr·')" mullets in the Volta estuary were most abundant hom November

to May i.e .. dlIri ng the dry season and early part 0r the rainy season whi Ie in

the Pra estuary they \Alere most abunclant between September and November

- a period that coincided with the minor rainy season. Abundance of mullets

was low during the major rainy season period and just alter the rains (June­

Augllst) in hoth ':;; unrics. 1\ similar obscrvrllion or high rtbundrlnce was

made by P:iyn..: \ ~ (PC). during the period when the rains arc subsiding and as

the dry S<,:';]5 , :.c:s in, This was attributed to rising salinity. high organic

content in lh ' :::.? ~;, l.:nt and thc very turbulent conditions that prevailed. On

the contrary, em.: es of all grey l1lullets in the Negol11bo Lagoon (Sri Lanka)

were high in May, a rainy month (Wijeyaratne and Costa. 1987a), This was

attributed to the high efficiency of fishing gears as a resLJlt 01' high turbidity

during this period. The low catches during the rainy SC<1S0!l in this study is

attributed to the swift current, especially in the rra estuary, which made

fishing inefficient in spite of the high turbidity associated with such periods.

r. t and protection of the fish stlKks, 'nowkdge.. or proper lllanagelllcll ,
. . b d fa l,articulnl' sp~('i~'s especiallyof the seasonal occurrence and a un ance 0 .

. " '.',. It also indicates \\ h '11 jU\'eniles of
the JuvenIles 111 an area IS VCI YIl1lpOi tant.

. I I' ,. 'lll"'il1" ill lishl'ol1ds or lor slock
'11)' t' I ' I I l '\I)I(JllCl, I)' S "" ~,
l . dI' (Cli ar speclcs COLI l )C l. '

...
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d'fferent in terms or their impact 0 tl .
I. .( n lC shape of their tish populations It is
ol·tll noltng that the Pra estllat·y w ..

Ii\' ( as Illor ,.
, . . ~ .', e sa Ine and turbid than the Volta

estuary. The slgnll Icant dlflerence of the' . .
. leglcsSlon coefficient b from 3.0·

sllOwn by a II the species, except L - d' .
. . glan Isqllamls from the Pra estuary
indicates that, in general, grey mullets f· I

10m tle two estuaries exhibit
allometric g ·owth.

A similar observation orallomctric gro th .
w was made by Kmg (1996),

for M. ClIrCl7/o. M. ce!J!W!us and L fiilcipinnl's 0 th N' .. n e Igenan coast. M.

cephalus from both estuaries exhibited l)ositive all t . home nc growt , as

rep0l1ed for the species in the Niger Delta (Ikomi, 1990). Interpretation of

the relationship of M. cel)/W/lls n'om the Pra estuary should however, be

treated with caution in view of the small sample size.

All the spe~ies from the Volta estuary were comparatively, larger than

their cOllllte Tar:s .-'011 the Pra estuary. Fishinrr activities in and around the. 0

two estuaries 1;~re ~ served to be higher in the Pra than in the Volta estuary.

The preponder... i. '~ or small-sized individuals in the sampks from the Pra

estuary is an ir. iication of overfishing which has, probably led to substantial

reduction in the size of the species in that estuary. Apart from high fishing

pressure it is also possible that low transparency in the Pra estuary could

have adversely affected algal production and eventually growth of mullets.

Growth parameters

. . . determined for fish of the same01 [ferent growth parametel s wele
. Accordin rr to SpalTe \ t liS)), growth

species from the two estuanes.· 0

.. , '. '"lecies TO species but also among
parameters do not only clIIfer 110m sf· . ,

. . . )'.~i,,'s This rniu,hr \[1!:lil1 the c1dferent
different populations of the saillE' SI ~.. ' ~

1..:6

j
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values obtained for the same spec' .
. les In each estuary. Apart from L. dumerilii

frol11 both estuanes whose La:) was . '. .
qUite sllndar, estimates for the species

from the Volta estuary were relativel h'
Y Igher than those from the Pra

estuary. This could he 8ttributcd, 8S . ct . .
. pomte out earlier, to hIgher fishing

pressure 111 the Pra estuary than in th V I
e 0 ta estuary. The growth

Performance index (rj/) ror the same species fi· b I .
10m ot 1 estuanes and among.

Ihe \~lri\)1I5 species was quite similar except that ot' M hi·' L I
< , cep a us. ong lurst

and Pauly (1987) reported that the growth performance index (rp') is constant

for a given species and similar within related groups of species.

The Lx and K of M. ccphalus in the Negombo lagoon in Sri Lanka

was determined by Wijeyeratnc and Costa (1987) to be 897 mm and 0.094

year"1 respectively. There are no estimates of growth parameters for the other

species deal' wi h rOI11 previous studies, hence no comparisons with

populations ~, \1 1: er areas could be made. However, specimens measuring

297 I11Ill TL -: r '. grandisqZlamis, 410 mm TL for L. falcipinnis and 394

mm TL for.\I. :Ii' 'lila have been reported from the Ehrie lagoon in Cote

d' Ivoire (A beret and Legendre, 1985). The estimated theoretical maximum

sizes for these species in the current study suggest that the stocks in the

estuaries are relatively small.

The estimated growth parameters for the Illullets in the current study

h b d 'th caution and regarded as preliminary since themust owever, e treate WI

analysis involved predominantly juvenile fishes.

Food and feeding habits

. . h two estuaries \\-'IS similar: only slight
The diet of all the species 111 t e _..' . _d

, '~·c nOled I !1i.:' toad conslste. t' f'ld Items \HI - .vanations in proportions OO(

127
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1110stly of diatoms, algae, det ··t I '
II a matenals and sa .

and zooplankton were also .', nd particles. Polychaetes
PIOtnInent In the d' ,

, . let wIth polych t b'
1110re Important, especially in the die ae es emg

t of M. cephalus 0 t ,'t' ,
it pond source of vitamin 11 ~ . e II us IS considered
( ::;- 12 or mullets (Vallet ef ai, 1970 uotcd in
[(l('old ~llJd Motta, 1992) and also " I ' ,q
-,;:::t= (. llC I In bact 'I d

, . ' , erta an protozoa which may
be of some 'llItntloncd value (Brusle, 1981).

F\'ll though sane! particles OCCUlT I' I .
" ee In t Ie stomachs of all the species,

they \\\?'-C predollllnant In the stomachs f L I ' .. ,
• ,0 . (; II1nCI'lIIl forming 61 and 57 %

ortlle stomach contents in the Volta and p., .' ,',' .
I a estu311es I espectlvely. Ingested

silnd partil'!L's arc supposl'llly hcl!)l'ul in lh, """ ,'!' I ' .' .
C 6 1IJ1llJ1g a ooe particles 111 the

thick-walled pyloric stomach, which acts as a gizzard (Thomson, 1966),

Apart from the 'grinding' action, sand particles with the associated micro­

organisms serve as a source of nutrition (Hickling, 1970; Odul1l, 1970).

It has ~ t:'-"1 suggested that grey mullets ingest sand pmticles of a

selected ra--;g:;; (, O-;~:m. i 968), This was evident in this study where it was

found that 'he 'l~-:~!'ent species in each estuary selected different size ranges

of sand pal1ic' es with L. dumerilii selecting the widest range in both

estuaries. The panicle size consumed by each species varied according to

locality probably, clue to the difference in the substrates in each estuary.

Ingestion of larger particles by L. dllmerilii as comparc:d to other mugilids is

confirmed by Masson and Marais (1975) from the Zwartkops estuary in

Cape Province in South Africa, Payne (1976) li'OI11 the Black Johnson

estuary in Sierra Leone and Blay (1995a) from the Elmina 18goon.

Even though L. dllmerilii ingested the widest range of S::1l1C p::micles,

the" - I 'aest'd by M, ClII'CIiW :lnd \1. 'ephailis
Size It preferred most was a so Inc· l

iI, '. iI' in til..: Pril c~tLUi·Y· In the: former
n t lc Volt::l estuarv alld L. ."-'.'W,d,,\(jl/(ilil •

est . , ,', ",'"" ,., ((lr /.ClOpldl1ktt\ll aml di::1lorns whileumy L. dl/menlfl showed [l pi!.: I..!Cllll,;

I .':-:
-'
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tvf. cephalus and M Clfrel71a ingested I '
ess zooplankt b '

Igae und polychaetes. In the Pra on ut more of green
a estuary L. grandisqua . .
diatoJl1S while polychaetes and zoo I nus Ingested more of

p ankton Were . ,
'I" 'J"/' ,', prominent In the diet of L

dUJ77cr! II. HIS, speCIes that Il1gested the . , , ,

I ""'l' 'Ill' 'S' j'( .rJ't' same modal size of sand particles
shoW\.'( pll I. l l, )r u I erel1t food ite '"

. . Il1S, I hiS corroborates the findin s
of BI8bber (197G) who noted that L d 'I'" g

, . , . umen 1l and M cephalus selected sand
particles n the same range but showed . D

, pi e erences for di fferent food items,
It was also noted that species that ingested fi '

Iner particles consumed more
plant material and organic matter while th tl .

. ose 1at IIlgested coarser particles
showed preference for substrates rich in an'lmal " Imateria.

According to Nilsson (1967) when two closel' 'I t d ' ,:I I e a e species coexIst

II1 one environment, various mechanisms may oc,.. h' J 'h'"' ....ur w Ie 1 permIt t IS

coexistence, One I. f ,hese is partitioning of resources, The preference of each

grey mullet species: :he two estuaries for a particular particle size was a

way of pC1I1iti , i:lf 1:~le resource to avoid interspecific competition, thus

ensuri ng thei r coe\: isr nce.

Apart Crom detritus and sand particles, results on food habits Ii'om the

current study corroborate the findings of Blay (1995a) who reported on the

. diet of juveniles of four mullet species (L. falc ip il1l1 is , L dumerilii, M.

curema and M bananensis) from the Elmina lagoon in Ghana,

Comparatively, mullets in the Elmina lagoon utilize a wider range of food

items than was found in the current study, According to Blaber (1977) and

Brusle (1981), the composition of the diet of grey mullets from different

localities differs, depending on the abundance and types of food organisms

P ." ' .' f loilids h"vt' bCi.?n flOll-'ll by Cainresent. 1 he WIde range of looel Items a mL <:> ,
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and Dean (1976) who explained I .
t 1at such flexibili' ,

constant energy Source required fo' ty In feeding ensures the
I the Sustenance fl '

Results obtained by v " 0 t le population,
allOUS research '

, .' " els on the West Af' .
wcrc qUite 511111 <1r to the current' ncan coast

one.Larad·' '
• • ,0., 17 1,\(//101111,\' was r· 't d c: I

1
1n:doI11In:1I1tly on detritus algae d epol e to lece
. " ( an sand (K'. ( _ . ' II1g, 1988) while Fagade and
Olaniyal1 (1 ) 7.)) noted lhal l110st of the . ,

, mullet species found in the Lagos
la,:!,oor (\:'~~r'a) fed mall1ly on organ' d' ,
. ' IC etntus, dIatoms and green algae~

DlatolllS constituted the l11<tjor food it' .
em 111 the stomach contents of M.

cephailis ashcnlecnsis 011 the MaLII'itan' ." (Ian coast (Bruhlet, 1975) and all grey
mullets occurrlllg Il1 the Black JohnQon e-t ' ' S'

.L ::> uat y 111 , lerra L.eone were found

to feed principally, on detritus and algae (Payne, 1976), Albaret and

Legendre (1985) also reported that the diet of the nnlillet . 'd 'fi d '
J species I entl Ie 111

the Ebrie lagoon i Cote d'lvoire was basically the same. consisting mainly

of diatoms, ~~1.1:(, c:rriws and sand grains.

The im,~c,:',r..:e of sand particles, algae, and detritus in the diet of

Illullets !J~lS :!is\) b_'('!1 l.'lllph~lsizecl by other workers outside the West Ali'jean

sub-region, The redominant food item of adult IV!. cephullls was reported to

be diatoms (De Silva and Wijeyaratne, 1977; Whitfield and Blaber, 1978),

while serpulid polychaetes were the main food item of individuals above 10

em TL (Wijeyaratne and Costa, 1986), Polychaetes ""ere also an important

component of the diet of the species in the current study. Almeida et aI,

(1993) indicated that the stomach contents of L. ramada consisted, mostly of

BacilJariophyceae, The main items in the diet of Liza slIb\'iridis above 24

ml11 were algae, detritus and inorganic sediment (Chan and Chua, 1979),

From tl . l adult mullets are no d lubt hcrbi\'orous asle accounts given a )ove, (

has been noted by Blabcr(1977), M(lr~lis(1980):lnd f\,·lind.ky(10S2),

I~O
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The ecological importanc f
e a such d'

1970) I a let has been recognized by
OdUln ( w 10 considered IImu ets a .

, . s Important in 'd' I
J erbivore link IJ1 the food chain " prOVl 1I1g t 1e
1 111 estuanes d

" , an shallow coastal waters
'rl,cir low position 111 the food cha'i ' I '( n IS a so an .
. ' asset In pond culture because

their prckrrcd food Items cnn ensily b .' .
e lalsed 111 po d h . ,,",.. ' , . " n strough 1I1expenslve

,netl1C\ds o! kilill/.dtion. Information on th '
. e food and feed1l1g behaviour

~hould k llseful to aquacliiturists who 'h '
• . WIS to mclude mullets in ponds
when: lwlycuillin: With other herbivorous . " '" . , ._

, species IS practiced s1l1ce grey
mullets are maInly benthic feeders SUCl1 b" ,. a com matlon WIth other
herbivorous species that do not feed from the botto ftl d 'IImOle pan WI ensure
full utilization of the water column in the poneL

The niche overlap indices for all the species in each estuary indicated

that there was no :emarJ<able difference in the diet of all the species with

respect to size :1:3 we as Jl110ng the species, Similar observations of a lack

of variation . ci~('t \, '111 size were made by, Blaber (1977) for L. mClcro/epis

and AI cep/whs. \';jcyaratne and Costa (1986) for M. cepha/lIs, and Blay

(1995a) for L. fo.,:I;- innis. L. dllmeri/ii, M. bananensis and M curema. These

observations are, however, at variance with what was reported by Cain and

Dean (1976) for M, cephu/us and M. curema, De Siha and Wijeyaratne

(1977) Jar M. cepha/lfs, King (19RR) tor L. grandisq/l(/Illis. and fggold and

Motta (1992) for M. cepha/lIs,

Changes in diet with growth, apart from minimising possible

intraspecific competition between different cohorts, also afTer a \vieler

. , I . - t' b)' the species ~lI1d may be
spectrum of lood resources for exp alta IOn
. '., ' I' of di fferent col1i)["'s of the fish
Important \11 maintaining large popu atlOns

(K' , ' .' . OCCllrs when the re::;, ur.:e. among
lng, 1988), CompetItIon fOI a ICSOUI ce . '

oth . _ . " ,. ,'" to"~ t h,)t there W<1S (\ high niche overlap
el things, IS \11 short supply. I II\:: "c
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time on both occasions for each s e . .
P Cles. There We' h

C d' , Ie owe d'f'l:: 'the peak ICC mg time among tl' vel', I lerences In
1e Species, Marais

(1984) showed that different mu ilid ' (1980) and Drake et ai,
. , g species fed at d'm . ' .,

Blav (1995 a.h), Indicated that tl1 fi ' I Ctent times whIle
J e eedIng '.

actIVIty of grey II fi
E!Jllil1;l 1;1~()()ll :llld L f cl!c//Jinl1is f- mu ets rom the

, 10m the Cape Coast la oon
LlCclIrrl'd bl'!\\· Til sunnsl' (06.00 h) a d g in Ghana,
" .' ...... '. n sunset (18.00 h). He recorded no
Ic'cdlllg ddt\ I.' at night (22.00 h - 02.00 h .

), Studies by other researchers
e.!!., Blab ll'r ( 1976) 011 L. I1wcro/epi\' r- I '

~, • " . 10m 11e St. Lucia Lake system in
South Atnca, De Silva and Wijeyaratnc (1977)

on M. cepha/us from the
Negombo Lagoon in Sri Lanka and Collins (1981) all

!vI. cepha!us from
Florida showed that these species feci little at night.

Feeding activity or the mullets inI h' It IS Slue y was, most probably,

determined by p .0 operiodicity, as noted by Keast and Welsh (1968) for

many other fsl -:3. i jTerences in the peak feeding time among the grey

mullet species i , ::~~ \'olta estuary could be one of the prohable mechanisms

for avoid ing . 1:::: ;:'("Ion as suggested by Blaber (1976) for sympatric

mullets.

Apart 11'0111 photoperiodicity, other factors, e.g. tides J!1c1 salinity, have

been cited to influence feeding intensity in lTIugilids, The ft:eding intensity

of L. richardsoni and L. dllmerilii (Marais, 1980) and L. ramada (Almeida ef

al., 1993) have been found to vary according to the tide. It was concluded by

Odum (1 (70) that, in (lre(ls that (Ire tidally inllucncccl, ll)('I'<: is a dl,tinite

relationship between feeding intensity and stage or the ticle with intensity

being highest at high tide, No such relationship was, however. found for

species' tl EI' d C Coast la oool1s (Slay 1995 a.t ). According to111 1e : I11ma an ape , (='

Blay (I 995b), although variations in the daily ft't'diilg pJltern or L.

fa!." . ,il1iL'hl Il:lh' l1l'\.'n l'('ologically
CiP/l7l7/s from the C(tpe ('O:lS( IJg0011 ~,

I
., ,
.' .'

University of Cape Coast       https://ir.ucc.edu.gh/xmlui 

Digitized by Sam Jonah Library



time on both occasions for each species. There were however, differences in

the peak feed ing ti me among the species. Marais (1980) and Drake ef al.

(1984) showed that different mugilid species fed at different times while

HI"y (1995 n,h), indicated that the feeding activity of grey mullets from the

r: IIII i 11<\ b !:''<)(lll :llld I.. j(tlcipinnis tj'om the Cape Coast lagoon in Ghana,

occurrl.'d h.,t \\'l'l'n sunri sc (06.00 h) and sunset (18.00 h). He recorded no

feeding activity at nighl (22.00 h - 02.00 h). Studies by other researchers,

e.g., B abber (1976) on L. /11acm/epis from the St. Lucia Lake system in

South Africa, De Si Iva and Wijeyaratne (1977) on M. cepha/lIs from the

Negomho Lagoon in Sri Lanka and Collins (1981) on Iv! cephalus from

Florida showed that these species fed little at night.

Feeding activity of the mullets in this study \·vas, most probably,

determined by .' oto;Je iodicity, as noted by Keast and Welsh (1968) for

many other fishes. jj'j'erences in the peak feeding time among the grey

mullet species i:-. :'-:;;' ;olta estuary could be one of the prohable mechanisms

for avoil]"n:; " ::::~;:rilion as suggested by Blaber (1976) for sympatric

mullets.

Apart from photoperiodicity, other factors, e.g. tides and salinity, have

been cited to intluence feeding intensity in mugilids. The feeding intensity

of L. richardsoni and L. d/lmerilii (Marais, 1980) and L. ramada (Almeida ef

al., 1993) have been found to vary according to the tide. It was concluded by

Odum (1970) that, in areas that a!'e tidally innucncecl, til\.'!'\.' is a definite

relationship between feeding intensity and stage of the tide \\itl intensity

being highest at high tide. No such relationship was, however. found for

species in the Elmina and Cape Coast lagoons (Blay 1995 8.b)' According to

Blay (1995b), although variations in the daily fecc!il1!:- p~\ltern of L..

1,'\~.(1i\ll mi}.!.h\ il~l\"(.' k'\,.'11 l.'cologic".llyfolcipinnis frol11 the Cape CO~1:.;t - .
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determined. the lagoon was not tidall . f1
" " ' '" , YIn uenced at the time of the study. Inthe present stud), tides ,1part 11'0111 phot ,,' '.
" ,'. °PC1IOdICily, may havc ililluenced the

Iccdinl2. ,lellvlty 01 I,. /alel/lil1l1i,' L I, ...
~ '.,, . ( limen/" allcl 1\1 '

, ' , .' . ' . cephailis with high
1"ec!lnl2. IntC/lslty at low ticks. There \ I '
t: ~ \las 10wever I ,_ . . ,

, . . ' , no ce illite relationship
bd II'l'C I 1 ticks ,1I1d (he feedIng activity of 'vi I .

I . J([110l1ensls and M. clirema.
IlllTe,l:-:illg s,liillity Was found to de', I' . .

Clease ood IIltake In M. cephalus
!llt'a~urjl1; 10-50 I11Ill TL (Perera and De Silva 1978) 1'1 I

w 11 e t le reverse trend
\-vas 1'0 II 'i '11 L. .I'tlCl/Jinl1is (Dc Silva and Perera, 1976; 8lay, 1995a). In the

current study. a decrease in feeding activity \-vith increasing salinity was

observed for L. .!'tlCliJinnis and M. C/{I'etna. rood intake was also found to

increase significantly with incre:lsing pH for the former species and with

dissolved oxygen for the latter species. The fceding activity of M.

bononensis showc j a signilicant correlation with both rll. and surface water

temperature \\1 i!~ 't:- -iing activity of L dumerilii sho\-ved a high correlation

with both pH "r: ~ di5solved oxygen concentration. From the various

conOicting rq (t' S [; ':\..1uld be saiel that various factors, l:ilher acting on their

own or in conjL.i .;: i J with others, may be respollsible lor detcrlllining peak

feeding activi ty for the di fferent species of grey mullets.

Increase in relative gut length with size is reponed to be a

characteristic of herbivorous fishes (Blaber and Whitfield, 1977; De Silva,

1980; Marais, 1980; Minckley, 1982; Wijeyaratne and Costa, !987a,b). This

is fUlther supported by Hickling (1970), who observed that larger Cremugil

. . I l' I . lative gut IClloth while OelU111/ObrOSlfS Risso are herbIvorous WIt 1 a 11gl Ie, Cl

, . Ii I I nth (SL) I',llio of 3.2 in Mugil(/970) reported that the II1testi ne to IS 1 ell:;. .

.. ' acJeluate 1'01' assil11ii:lting dIatoms,cephallls L. from I-lawall (USA) IS ( 1

• ., . " ,CJ Illullets that consulllc more plantCollins ( 1981) also indicated that stllpe

I " "j tiC illlt'slinc knc;.th,i1laterial have IOlloer standard !engt 1- Sl'.:'.:
t:>

i 3-1

,,'
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In the current study, the relationshi b .
, . P etween relative gut length andtandard length 1'01 M Curel11a from b th .

5 0 estuanes and M. bananensis from
the Volta estuary was significantly positiv Th' . . . '

e. IS IS In agreement with what
hns been reported elsewhere (8laber and WI . 'fi ' ,
,. . " lit Icld, J<)77; Dc Silva, 1980;

iV!ar;lis, 19~(); MI/lCklcy, 1982; Wijeyaratne d C
I • an asta, 1987a,b). However,
th'lt of L. dlllJJCI'I/ii li'ol1l both estuaries M h . c: '

' " . al1aneI1St.\' I rom the Pra estuary
'1IJd L. (01 'tjJiu!lis fl'olll the Yolta estuary was n t "fi Add' . II
' . . '0 slgnl Icant. ItlOna y,
no significant change was {<)Lind in diet with size of all the species from both

estuaries as similarly observed for mullets from the Elmina lagoon (Blay,

1995a). There wns no 8ppreciable variation in the diet of M cephalus from

southeast Africa (8Iabcr, 1976) and Liza spp. from Sri Lanka (Wijeyaratne

and Costa, 1987a.b) even though, there was a significant change in relative

gut length with sizt? This is confirmed by the results of the current study for

M clfrema fro' 1 ,,'::1 c':[ Inries and M bal1ol1ensis from the Volta estuary.

Thus chan!2.\?- ': ,',-':;::1' \'C gut length with size may not be necessarily, ~

accompanied L.' h~;:::;es in diet.

Apart fran L dllll7erilii II'om both estuaries and L grondisquamis

. . ! Pt· lose I'e/ative (flit !el1"lh rangedwhich occurred only In t le ra es llaIY, W 1 , <=,. C

from 1.72 to 2.0, all the other species had high relative gut length of between

3.7 and 4.5 which was typical ofmugilids. Results of the present study show

. , " . I' t Jenoth tended to consume morethat popu18tIons WIth a hlghel Ie atlve gu :;:,

I ,. ., and M C/frUI/1{f. Hickiin£ (1970)plant material as shown by L.fa Ctpll1l1fs. ~

, f ·fi I that consume high proportion ofnoted that the relative gut length a IS 1 .

". ..' 1 er outs could be an adapration toII1dlgestlble matter IS fairly hIgh. LOI g t::r

. ., 8t slIch food items ar' properlyIncrease the digestive area and enSllle 11, .

, f"ll tll'Jll"h ,'\),lS11il1cd mOle
/ . , t" t" ,'\ l ~ t:" •dl' I / I I ,ar(ff/( t.I(flf(1I f • "I gestec. L. dlfllleri ii ane ,..... I

. ,. , el I11JV "\11 l:tlil ill.:'lr owZOoplankton compared to the othel" SP(~(llS dll •
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, ICltive gut length, diatoms were I '
Ie a so a major fo d '.
c: 'L dllll7(!}"ilii ~lIld L. I;I"Ul1h/l" , 0 Item, The current results
101 ' <, CfIlWIIIS COlltrad', .

I ' ' Ict the asse't' b Od
(1970) that a re atlve gut length of3 2 ' ./ Ion y UIll

, should be ade ' ,
d'atoll1S , Relative gut length of as I ' quate for assImIlating

I, , ow as 1.72 as calculated for L d .'/"
I Ill"l e"tlnry 'v\ d ' Umeil/lfroll1 t lC < ~ ( las a cC] uate for "1' . .

" , aSSlml atIng diatoms.
VJ1'I~ltIOI1S In the Stomach Full .

" • > " ness Index (FI) indicate that grey
ll1ulkts 11011 bOlh cstllanes clo not feed at tl "

1 _, • le same intensity throughout the
year, In til' \ ulia estuary, keding intcnsit f II I '

. " . y 0 a t lC specIes was generally,
low dUring or Immediately af'tcr the !)cak .1' 'r' r'll . .

, " • 0 Idllll<l and high dunngthe

Period ot low r<lll1fall. In the Pra estuary eve tl I I ., " n lOug 1 t le pattern of rain fall
was quite similar to that in the Volta CSluarv evcc t f' . . . d

. J' " P olltsmagnltu e,the

fluctuations in feeding intensity were generally, in contrast to those for the

Volta estuary, Feeding intensity was generally, 10\,[ during periods of low

rail1j~dl or the dry se~lS' 1 and high during periods of high rainfall.

It has be. 'i-; ';:c~1ted by Welcomme (1985) that there IS a rapid

increase in focd ~):-;]:~:Sl11S during the flood period, which favours intensive

feeding while faa esources become limited during the dry season and

therefore fish undergo fasting during this period. The Pra estuary has an

extensive mangrove cover and the rainfall in its catchmenr area is much

higher than that 111 the Volta estuary. A more extensi\'c flood plain is

therefore created within the mangrove cover at the Pra estuary allowing

fishes to be dispersed over an extensive biotope and making it easier {or

them to access food resources during the rainy period, feeding intc-ilsity is

. therefore likely to increase during the rainfall period,

O
' evtensive !load plains at th> Volta

n the contrary, there al e 110 A -

est . ('ollcd by the tWO d~lIllS upstream.
uary as the /low of water IS con I -

According to Welcomme (1985), in slich sitllmiol1s where th '1'(.' i~ little or no
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d plain the seasonality of feeding m b
floo '.., ay e reversed with more intensive

d inwke dUllIlg the dry season R I
faa . esu ts from the Volta t '

I " I·,,·· ~ . es ual y
"obornte t liS 0 1SCI vdtlon, l'ccdll1g intens't r .

COil, I Y 0 Illost ar the species was
I'() loW, C'slll'clnlly het ween March and July 1998 I' .

[l :; .,' . ' w llCh corresponded with

I 'Sr:l\\'llil1~ pcr,od, Sll1lilar observations wel'C I b
t 1L mac e y Odum (1970) from

j·I'IWJii (L;,S.,1\) :lIld Brulhl:t (1975) from Mauritan' r. I ', ( la, 101 ot leI' species of
,'reY !l1uli 'I::;.
C' '

Ch3ng. ~s III Condition Factor based on length-weight data which

estimates the general 'well-being' of the individual fish, according to

Weatherly ( 1972.) refl ect normal seasonal fluctuations in metabol ic balance,

patterns of m[ltllr~ltion, and state and fullness of the alimentary canal. Such

changes however. do not include information on nutritional status, In the Pra

estuary where 311 lhe S iccies except L grandisquo/JIis \-vcre mostly juveniles

changes in 'Cc 1';:;,1' could not have been iniluencc:d by maturation

processes, The!';: \ :-,~ : corresponding increase in 'Concli,ion' with feeding

intensity especi3 '!;.. :~-I..) 11 tvlarch to July 1988 in the Pra estuary. The low

'Condition' reco!'o" y most of the species from the Volta estuary during

the same period could be explained by the presence ofma{ure indi\iduals, In

Nigeria, Ikomi (1990) attributed the lower 'Condition' lor .\/ cephalus

during the dry season to breeding activities,

Reproductive biology

• , " '. " /: r stane were caught in the two
Very lew IIldlvlcluals In the spa\-\ 11J11g b

" " ' , . I ave been idclllilil'd ~,:; de 'p-wulcr
estuallcS dun no thIS study, (JrI.:Y Jl1ullets 1

Co • I ' t I. V· ··a !lJ91· K(\l(r~1\.lS ea.,
spawnei's (Major, 1978; Dc Silva, 1930: lell<,' ...

. .' . l \ il"·;\l(l\\: l't)~\SI:ll \\3tC1S,
1994) A' 'I' , tll"v 11 (l\'l' III l •., . Itel' sl1<\wn I ng t lei r y(lllll~. l. .

U7

.~.'
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ril11arily into 18goons 8nc! estuaries. Major (1978) .'
p . , al guecl that off: h '

ning probably ensures thatlry are not h' SOle
spaw su Jected to the .. I "

'I' . \VIC e vanatlons. nditions th8t preval 111 Inshore and estua "
mCO • b' . '" (line waters. This, in addition to

r~ct that maturc 01 Ig-slzed lI1dlvlduals could .
tile ,. ' ,. not be easIly caught due to
I ,ir lwbit ol .I l1l11 plllg out 01 nets, may explain wi fI . ' .

I lL • , ly ew mature Individuals
, " captured tn both estuanes. A similar obser t'

II ~I t va Ion was made by Lasiak
'Il)~(') f'n' I.. /'ic!/(/n/so/li frol1l the Algoa n'IY (S I "
l ~l, • • OUll Afnca), which he
,ttriblltcd 0 reduced proh;lhility or capturing mat ' r-.'I
a ~ • lIIe IIS1 as well as an
indication of spmvning further ofTshorc,

Males of nil the species investigated matured at a 5111all . I h< < ,er sIze tlan t e

females. This observation agrees with that reponed by Albaret and Legendre

(J985) for 1.. grol7disqllGJIli.l', L. firler/Jinnis and M, curel17a in the Ebrie

lagoon (Cote d'lvoir,;:), The early maturation of males than females of M,

cephaills was als( :'c~ )r!cd by Wijeyaratne and Costa (1986), in the

Negombo Llg ,( t \ ,>: _,,,nka) and by Collins (1981), in the Seahorse Key

and Crystal Ri'c!' :=-, f:orida. The difference was attributed to the fact that

males have a s· .01-cl' j'fe span than females due to differential growth rates

between the sexes or, the fact that large males may have a different habitat

preference than the rest of the population and so were not caught.

Species in the (hri0 lagoon however, malured al lal'ger sizes tlnn

those recorded in the present study. Differences in the l11ean size of

maturation of the two sexes of a species at di frercnt places has been

tt 'b . I II turit)' size at lowera n uted to difference in latitudes WIt 1 sma er ma .

It'd' . . 1970' WijC'y"lI"lli1C an i Cosla,a Ill! cs than at higher Irttitudcs (l-llckllllg, " .' ,
1986) '. ~',' I r'J1I'i0 IJC,()(,H l1uwred at. The current observation whcI e SjX;CICS In t 1(' -

la' . . " ,. "1I'1l0l lw ,,'.\rLlincd by<'gel' Sizes than in the Volta and Pra t'stU~1110 c. ,
diff . I Glnn'l 'Ir' \'irtuallv situated

erence in lati tudes since Cote d' [\,()Jl'C am, , " , .

, .....

.. ,~
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. . the same latitudes. It is most likely that d'F .
\\lJthll1 '. I lelent fishino. .

. fluence the mean size at which these s . to plesSUles
could 111. pecles mature in the d'. .

.. s High fishmg pressure results in shifts f. I Iffelent
!OcahtIe . '. '. lOIn arger to smaller fishes

Relative fecundity, which IS a way of st d . . . .
. . '. an aldlsrng fecundity with

,.t to si;.c, varied wIdely In thIs study; 638 D . L fi '.
r..:sp"'c 01 . alclPLnnis, 318 ~ . L

r L /. . 101
, ", .i/ii 457 .lor J. granc Isqual11lS, 1,183 for M b. .

,/iii!''';! . , ' ananens IS, and 7I2 for
.... 'p 11 ' I. ounallel1sis had the highest reprodu t' 'V (/II L I ", • c Ive potential, an asset

1 t eouid ,,~ lSc-:'ul in culture with respect to prod t' f .
t 13 lIC Ion 0 fingerlmgs

I 'ouah induce spawning. Not much has been rej)orted' I't11 1:> 111 Iterature on

fecundity for most of the species studied in this work except for M cephalus

(Thomson, 1966; Kuo et al., 1973; Wijeyaratne and Costa, 1986; Render et

at., 1995) which makes it difflcult for cO[ilparisons to be made. Differences

in fecundity can be exp13iLed by eli fferences in size as it has been shown for

several species tluL I~~L::~dilY increases with increasing size (Render et al.,

1995). It was, i:C'\\.::\~!·, not possible to find the relationship between

lengthhNeight :ll1C :o;::":'~::'l.city due to the few data obtained for the various

species.

Spawning activity on an annual basis could be identiflcc b.' \'ariatiol1s

in Gonadosomatic index while histological studies give 3 -::Ie?rer ddinition

of breeding cycle. Oocyte distribution of a fish with a shon and cieftnite

spawning period exhibits distinct modes while those of int,.:rmlttent

.). -! rz ·teI1Del'a 1936).spawners do not show any distinct modes (HIck II1g alll It. '~..

Variations in gonadosomatic index, frequency of occurrence of sp'1\vn~ng
• 3 '\, • .)"-··;\·11q1'~ad. ' a' 15 on~ !<;; 'l~"'" ,.::;

n Spent fish and presence of ova of two SIze oIOU! '
, " I'"de I . . . . . '1'111',;0 00:\ ce:; h.OlCa "

ve Opmg oogonia and the other correspollciing to I11(.l".~ 0 0

h .. 1'1 ri'e Voltat at go. ' ," It'pit' "11:\\\'!I,,'!;:'. c. cdley mullets IJ1 the t\\lO eSW8n.;;s (tIC' n,LI I ~
'I 1,1 JUl1e-estu 0 • ' r:,'b"" 1'·\-:\ll!'l. ; I c,

alY the spawning period O'~CUIT('d D~'i\\'l"ll "ll. ••

I ,~()
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1
1

A oust while in the Pra estuary s '
u:;;- ( pawning oCCurred b

october-November. Most l1lullet' etween March-May and
Species have been f

d
'in!:!. the sp<lwning season (K ollnd to spawn once

L11 ~ lI0 and Nash 197 '
. 1C 5, Grant and S!)ain 1975',yVijeyar8tne [Inc osta 1986),

r, gl'oIIcli,'(/ I/O /11 is has been I' '
epaIted to repr d .\

~, ,'; . , . ' " , , 0 lice t 1rollghout the year
"1 the l:blll: !&,oon In (ote d IVoII'e (Alb .
I! ~ . eret and L '

, , egendre, 1985) In contrast
ttl "kIt "as louncl III thc Pra estuary A "

_ ' ' ccoldlng to Van del' Horst and
Erasm<lllS (19/R). In South Africa L dum ''/'' ,

, . ell /I spawn dunng the summer
(warmer) penoel In the Swarlkops estuary \ '\ '

. '- W 11 e 111 thc Natal estuaries' it

spawns during the winter (colelcr) and carly summer period (Wallace, 1974),

[n the Volta cstu~lry. L. dl/Illailii spawned hC'wer'n N I d F b
L L 1 'ovcnwcr an e ruary

and ngain Ji'om June to Julv, both f)eriods b"I'!'(f C"·leI I)'/'j' 'tl
.' . \. 10 d . I erences In 1e

spawning time con !lmn to the suggestion by I3rllsle (19l-; I J. that spawning

period of grey mu ie',s is likely to differ from region to region,

Tempe!':,l ,re:- ~:;...s ~een found to play an important role In gonadal

development Jnd :3,::\':I'!lg (Avanesov, 1972), In grey mullets spawning is

reported to occur r J'!.ldlly, during the cold periods of the year (Wijeyaratne

and Costa, 1987b; )' uo, 1995), In this study spawning occurred under

various temperature regimes, This is in consonant with fll1dinss by Thomson

(1966) and Van e1er Horst and Erasmalls (1978),

Generally, most fish in tropical regions have b,:cl1 round to spawn

during the rainy season (Wc!comme, 1985), Species iI'om buth estuaries in

tl . 'b t··, ' clLlring the rail1)' sc~\son_ The1e Current study either spawn Just cOle 01

t'. , . ' 'd t'th the rainy season is to I:'lluble11l111lg ot the spawning penod to COlnCI e v, I

h . ,', > tal conditions. It is argued that
t e YOUlla fish to grow in optJl11l'd enVllonmen (

::> '-' 1'1d ,'." I. I- n are in abund~lIK(, ill\:' to llg 1
Ullng thIS pcnoel algnc and zoop <111 dO _

I · I w:IHI 'll"lioll lh,l! pr'\ ~\ll :It such
growth as a result of mixing causcd by 11g 11 .. , .

1-1 ()
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>riods, high temperature rc "
pc glnlc and the inll .

, d I "d ux 01 nt' .This peno a so COIl1Cl e with u' u nents (1'0111 runoffs,
o pwelltngcond't' , 0

, to d 'I ' I IOns In coa t I ,0's also assocln C WIt 1 high lood s a waters which
I ' ~ Stlpply It' ', , IS possibll
the twa estuarlcs took advantage of th " e t lat grey mullets in

e situation prev T '
s.:asOI1 to SP:l\\'11. al IIlg dunng the rainy

For eliltun: I)U rposcs, especial I I,'
Y wleI e IIlduced '.

cOIKen l'd. ~iJL)\\'kdge about the s . spawnll1g IS
pawning period

.. ., 0 , , •• , ' s as well as tecundity for
the vat 10 L ;:"jJCUlS will be useful TI·.

• I'" liS would not only allow for correct
timtng for the collection ol'spawners but I. ' ,

• • 0 wou d also help In estimating egg

Production capac ltv as well as proo('ny s ' I. ;::,~ . urvlva .

Culture trials in ponds

SIlfJlivaI

Mortai i-:e;; ·:-:::.:::!'.ed during transportation were usually hetween 6 and

10%, \vhich is h::;~cr than the 2% reported by Bok (1984), This was

attributed to phys:c !3mage incurred during collection, Most of the fishes

that died during transportation and acclimatisation and thos~ which died

later after introduction into ponds in the current study were obscl'\'cd to have

, lesions on their skin. Grey mullets are known to be fragile species that lose

their scales very easily even when touched with the hand. It is rnost likely

thai lost scales make them more prone to bacterial and fungal inCections that

Could cause mortalities even several days after stocking. Yn:;hollv (1972)

Concluded that the basic factor in Illullet survival in fishponds is their

treatlllent and handlin o at the time of stocking or when iranskrr'd from
:::>

pond.to pond.

I-II
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I
I

To minimise injuries it is d '
a Ylsable to handl '

. hand nets. The mesh size of tl' e them with small scoop
01 1e sell1e net d

, b I use for the collection of, vendes must e SUCl that debris .JU al e not trap d'- , pe m the net and at th .
',le prevent fish from being gilled Th e same

til . ese could I', resu t m the loss of scales
prl,krahly a ~11I;t11 seine net should be used to ' ,.' .

. avoid haulmg In too many fish
,11 " g.(l. Whldl cPlIl<.! rend!.:r them weak U· , .

. , ' slllg big ncts could catch a lot
nWrl' tiJ1. j ~ 1)' of whIch could be inJ'ured .,. d. ane I en ered weak.

Apart li'om il1juries other factors th t 'I ' .
. a illig 1t have anected survival

during transrortation, introduction into pond' d I' , ,s an acc Illlatlsatlon were

temperature, salinity and pH, Both Li7{( (0/ci/)iI111/'\' alld 1\1 . d
- jI . . ClI/'C'1I70 survIve

transfer from 32,5 %0 to freshwatcr with no mortality (Williams 1962,

quoted in Payne, 1976). Salinity in the Volta estuary where juvenile Illullets

were collected did 10' excecd 10 %0 at the time of coilcction. In spite of this

low salinity i .L.C'c:~He transfer of mullets from brackish water into

freshwater reslltC''': i:: ::1:n.ost 80% mortality even 'vvhen temperature and pH

were virtually tl 2 ~2:~lC with that in the receiving ponds, It was therefore

necessary, during ~,e current study, to acclimatise the lish for o\'er a week

before transferring them into freshwater ponds, Temperatures bct1xeen 26­

28°C were observed to be suitable during transportation o( ,iu\cniles. It is

possible that other water quality parameters possibly pH, as indicated by

Sivalingall1 (1975), could be equ<llly critical during the ~H:clirnatization

process and after they have been transferred into ponds, Mullets becarne

stre ~ I I H d d below 6 in ponds in stich situations lime was
5S! Ll W 1enever p roppe '

applied to raise the level to between 7 and 8.
, f ~4 ~% from all the pon s compares

The averaoe survival a ) ,),
b . I' f30k ( 198-1), SU1'\'i\',rl r:Hes of 62-

favourably with what has been rcpOI ted ) _
,I, ,I I 'I ,;i/~' \l,"(l Il t't a,;houv,

1000/ . I" I IllS ;;1()II'o',l ,I ' . . ~
/u were reported lor 1\ , I \/1 ,<I

......

..~.
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977 ) while survival rates orb"'t
1 - '- Ween 50-85% .
1975) for the sallle species stocked' Wele reported by Linder et al.

( at a much small-"- "
d 4.81 g. Mortalities were att .'b el Size 01 between 0.37

(1n II lIted to ha dl'

l
ei crabs. In the current study "p .t c:. n Ing and predation by birds

~II " al 110m handlin ..
. n result of pn:dalion h)1 lish f.'I'o g, mortalities also occurred

a:, ( " gs and mo' .
, _. _.,. . nltor lizards. The presence of

InrlIt'r ..lI1el mort' pi cclatol y fishes In and
- _ . P s that were supplied with feed than

t!Jose that \\I:.'r not supplied with feed a
. ccounts for the low survival rate in

the fOrlll"r r nels dUring the second expe . . .'. rJll1ent In brackish water ponds.

Growtl1 and production in ponds

The simi laritv in Ql"Owth Ilattc:rn of (j'n" I I' d' . I. ~ "I In pOJl( S supp Ie Wit 1

supplementary feed and those in ponds without supplementary feed during

the first few J .l! . h: 'Ille experiment could be due to adequate and ready

availability of t~E;[_i f~od. With time, food could become inadequate if

replenishment I.. f r';:':~lL.! food through fertilization was nor l~lsr enough. In

such a situation a1 'i~:on of supplementary feed could enhance the growth of

fish receiving such a treatment hence the divergence in gro\\th pattern after

acertain culture period with those receiving feed growing faster.

The initial and final weights of fish recorded in the lirst experiment in

brackish water ponds, which lasted for 150 days, were 5.1 ±O.70-28.6±O.90g

for ponds with feed and 4.6±0.55-25.2±1.50 g for ponds without feed

repres t' . t 'f'463 Oo/c and 450 7% respectivelv. In the seconden Il1g an Incremen a . 0'- •

experiment, which lasted for 270 days, initial ancl final weights 'ccorded
" o/c d 7 ""-·O~)<.-~'" 1±0 44

Were 7.3±0.1 0-41.9± 1.06 g an increment of 476.7 0 an .-...... u " -' .

g . I ith feed and withollt 1~'L'd i"sp-:,cti\·ely.
an Increment of347.7% for pones VI' .

W . . . ,- with reed inCT':ISl'd 1"1\)1\) nn initial
eights recorded 111 fresh walel pone ~

1-+3
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1 increments of 243.5% and 2268°
. . Yo respectivel T _

favourably with results of prevo . y. hese results compare
lOllS studIes I

_, . , . e seWhere.
Aftel a one-yeal culture .'pellod of M --

I . Clirema Alv d
(1980) reporte( mean weights of 45 0 l es e Arauja et al.

. g, 33.0 g, and 330 . . .-.
111

"'11'1 kn!2l hs IXl Wl'CIl ') 0 ") 5 ( . g with an Initial
~" - -- mm 2 0-2. .5 g) from thr d' f~

Thus, at the t'nd or the expcrim thee I erent ponds._
cn t e percenta .

I d f' ge IOcrement in terms of
\\'t:i£llt. '(1 'St rom 1367 to 1900 'rh '- . e same spe .cles was cultured in Costa
Rica witt an ini ial total length of 50 mm u .
. ..,. _ ,'.' slOg supplementary inorganic
fertilization and \\ Ithlll 5 months total I I -.

• ... .., " l engt lS 01 between I 15 and 145 mm
(an Increment OJ: 1-,0-190% respectiv,.j -) .e y were achieved (Philips et al.,
1987). Other mullet species lvlwJi! cer.h I ' l' .

l 6 - ,} a us, ~lza parSlQ, and Liza tade,

showed an increment from initial mean stock' . If'",mg welg ltS a L3.2 g, 9.0 g,

and 8.0 g to final mean \veiahts of 514 4 g 349 r' ~ d' 1J9 6 . I~ .,. 6 an . g respective y

in 374 dnys (PilL! -(i., 1984). These correspond to percentage increments

P117") ")--'-S~'-' '-',- . -o _ ._, ~b /. c1" _,l;r) respectively. The largest sizes reached by My(us

capensis aftc?r ll1.:'. \' and three years' growth in various dams in eastern

Cape were 31 g. 75 g, and 506 g (Bok, 1984).

Species that were found in the ponds after the second experiment in

the brackish water ponds were L. falcipinnis, L. dumeri/ii, M curema and M.

bananensis. ConspicLlously missing was M. cephaills. the species which is

acclaimed to be the fastest growing among the mullet species (Bardach et

al., 1972; Pruginin et al., 1975; Linder et al., 1975; Alves de AI'aLljO et al.,

1980; Bok, 1984). A characteristic, that has made it an obviolls choice for

culture' I F the monthly sampling in the t\Vo est mries it
111 most paces. ' rom

b . d ,I a 'ows bigocr lh~ln th..:- other species
ecamc evident that /vI. cephalus 111 ceC, 0

1
0

but . .' both estuaries. Gelti!lg lh 'it' fingerlings
was the least common speCies 111

~. - . _ - ., b" e1illieu!! [11 lh~ ~lb~~l1ce of tl'f.
10111 the wild for culture will (hercloll., L

!.:l4
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cepha1us, the highest mean weight .'
" Was Ieglstered for '

Mbananensls dunng the 270-d M Curema followed by
. ay CUlture period.

The other mullet Species I
. lave however, been sho '

Culture potential. Production of 2"'9 k _I \'-n to have great
-' g ha 1'-1 .

(' . Y Was achieved with t'upplelTlentary 'cdlllg in polycult . Oll any
~. J' , • ure tnals conducted in brackish water
pOllds In Lagos. NIgen3 (SivaJingam 1975) .

. . . '. From RIO Grand do Norte
(Br:Jsd), A 't S de AraUJO el al. (1980) h

: • • •• J > • ave reported production of 276 kg
lw lor JI t.lI uno anel one yetiI' of I'. ,

, cu ture In brackish water ponds, also
without supplement;:IlY feed and fcnilis't' N .

. a Ion. et mullet productIons of
217.74 kg ha·-

I
yr-

I
and 209.76 kg ha 1 yr II If b b'

1(\. e eell 0 lalIled by Pakrasi ef

al. (1975) while Linder el al. (1975) reported of production hetween 293 kg

ha-
I
and 804 kg ha-

I
for striped mullet from Texas, USA.

In the current study, where mixed species of grey mullets were

cultured for 270 d__ys, roduction of 336.5 kg ha- I (454.24 kg ha- I yr-') and

?87 k h -I ('"''''' ~ , -I -I .
- g a ~0(). .-g ,3' yr ) were achieved in ponds with and without

supplementa'y i=-c' :-espectively. These results compare favourably with

those of previo !s s:udies, even though production levels attained in those

studies were considered to be low. Production from ponds that were supplied

with feed was comparatively, higher and confirms the assertion by

Sivalingam (1975) that addition of supplementary feed increased both yield

and average size of fish.

TI ") d t' . tile current study is reflected in the low' dailyle ow pro lIC Ion 111 •

gro\\/tl' 'fi tl I'ates and feed conversion ratios. In a I the1 gaIn, speci IC grow 1 (

. . I . It· ponds the dailv gmwth gaininvestigations in fresh water and brac (1S 1 wa er , . ~ ~

r 8 It- IIda)' for fish supplied \\ith f'~d andanged from 0.1) 28 to 0.156 g IS 1 ,

fJ • '/' . fi h that were nor fed. The specific
rOIn 0.0923 to 0.1375 g/fJsh/day 01 IS' __ •

. I' ,,,,'7 j (~/o!da\' and fi'oITI O.)).L to 1.1368gOWth rate ran(red trom 0.649) to 1.1)- .
b

,.'

University of Cape Coast       https://ir.ucc.edu.gh/xmlui 

Digitized by Sam Jonah Library



1 o/</day for I~sh supplied with fI -d
o ee and for fish w' . "

These are low compared to other I' Ithout leed respectively.
esul ts reported fI .,-

Il els - or some species of grey
nl ll • . ,

For example, golden grey II
IllU et (L'

. lza a/lrafa) rais d . I
150 days (.Itt~lllled growth rate of 0.95 /fis c e In sa twater for.

( , _ g h/day (Chervinski, 1975). Growth
r:J1e of 0.()·O.)5 g/fish/day was recorded for

~ L. aura/a young of the year
\\'hil ' ().b~-l.O g/fish/day wns recorded for fi' .

, . -,. _ Ish In their second year of life
(Chen'lns'l. ! 9 I()). rhe daily growth n .

. • cl es registered by M, cephalus, Liza

P(lI'VI/S and Lca lode durlllg a culture rerine! f374 .
.J 0 days together With carps

ll1ilkfishes and prawns in a low snline none! \\"'I'e I ' " 00f.9 '
~ t:. J J g, . \) g, and 0.298

g respectively (Pillai e/ a/., 1984). Linder et al (1975)' t d d .\
. '- I cpOI' e mean aI y

weight of bet\veen 0.36 and 0.71 g from the six ponds they used for M.

cephalll,\'.

The low pnil ~t' n obtained by both Sivalingam (1975) and Alves de

Arat\jo el 01. (. ()~0) \'JS attributed to the fact that the experiment was

conducted Wi'l U[ :·.:.~j:lementaryfeed and fertilizers as we!1 as the presence

of predators. A JI-:: f 0111 the presence of predators, the current study \vas

faced with the problem of S. melana/heron and Oreachrnll1is nilnfiCllS being

introduced into the brackish and freshwater ponds r~specti\'c!y· through

periodic pumping of water. Both species are known herbivores and also

accept supplementary feed. There was the likelihood or' these species

competing with the grey Illullets for the same food resource and also for

aval'l bl I' I '1. 't' tlleir growth and ultill181cly fish p!'oductiona e space t 1L1S, In 1101 Ing

In ponds.

d I ' t- hinher lish density. 6pccially
'{"shollv (1972) argue 11,) ::>

. . " school. has 8 d('pr,-':;~ill~ effect on
cons1dcnng the tendency of mulkls to ,

. .t 11 0 r "I't')' 111l11! 'lS s,-'CI115 to be
grOwth. He also asserted that the gIO\\ . co·

....
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1 l'I1fluenced by its competition (~ .
01 food 'h

d 'I I", Wit other fi h· .Couple WIt 1 t lIS IS the fact that i IS glOlIps In ponds.
, n the Current stud .

also not have been easily available to y, feed supplied might
, the fish due t' ,

most of the time, blew away the feed' a WInd actIOn which,
Into the grassy ed f

\Vas 1!J..:n:I()rc possihle that th ges a the ponds. It
c supplementary feed

utilised in lh . currenl study, This' was grossly under
. IS confirmed b tl r , .

. '. , . y le leed converSIOn ratio
l){ bCOl\o\t: n 3,6 3nd 7.2 whIch W'IS I·'tl h' ., . a leI' Igh co d. mpare to the range of 2 24
to 3.3 I reported lor M. ('e!J!w!w (I I' nel . . ! .

.) ~ Ct e/ a " 1975),

Apart l'rol1l density, which mi'hl I r " • . •

, g 1dv(.; lesulted In competItion, the
lenoth of the grov,Iltlg season wilh re"pecl' . " I '

o :-; to InjUn size of fish stocked was

cited by Yashouv (1972) as ane Oflhe factors that . I'k I h. wei e 1 'e y to ave
affected growth of grey mullets during his experiment. He noted that as the

gro\ving period is increased or the larger the fish are allowed to grow the

higher the increase i d2ily yield. According to Hopkins (1992), small and

large fish h3\C' lu\" 2' solute growth rates while fish of intermediate sizes

have higher, so:L:: 61o\\lth rates. Thus, differences in initial stocking size

and the length or' 'dIme period could affect growlh and could make

comparison with other studies more difficult. If survival ra es could be

minimised perhaps, it will be advisable to use juveniles or' bigger size (e,g.,

20 g) as initial stocking material to achieve better yields,

According to Hora and Nair (1944) (quoted in Pillai et at.. 1984)

mullets grow faster in freshwaters. Considering a culture period of 1:50 days,

the mean daily weight gain, specific growth rate, percentage gro\vth

. . 'f·f! I raised in brackish wa er ponds
Increment and feeel converSIon ratio a IS 1 (

d .. - . , I'oh I' than those raised in r-'csh water
llllllg the first experiment wele 11 0 e

. I in brackish \\'<lII.'r p~ nds were,
Ponds. Results from the second expcrtl11cn ,. .

• 1 fl'.'shwatcr ponds. The hIgherho I e ('1'0111 (,'C L.wever, quite similar to tl0S' .

4
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row1h achieved in the first b· k'g lac Ish Wat .
, t b d ( er experiment th ' .

expenmcn may e lie to effj '. ' . an In the freshwater
. Clent utl!Jsation of fI

the feed conversion ratio of 3 6 eed by fish as indicated by
. . ' compared to 6.7 to' . .' .

P
onds, Additionally the frcsl1 I fish raised In freshwater

, Water pond
, s remained t 'b'd

lhe culture pl'r1od, As a result 1)1 I Ut I for most part of
~ an <ton produ t'

. c Ion was observed t b
loW irrc_pec{lvc of fertilization "floevery

, le pOor gro thw performance of lit'
the ti'cs! vueI' ponds may also be tt'b mu e s In

)" , a n uted to the low concentration of
natural food. I dial et al. (1984) assic, .d,' .

, b
ne SimIlar reason for the slow growth

of mullet speCIes they cultured in a ' II' .
. . coasta ow sa!Jne polyculture pond in

West Bengal, m spite of the fact that the fish' '
\\ere gIven supplementary feed.

The turbid nature of the freshwater ponds' Id h .cou ave adversely affected the
chances of lish to dctcct supplemclllarv ~'d' I' I I ..

J CC supp 1(:( lence the poor
utilisation oj' ked in such ponels.

Comp3ris\.., l f he effect of rice bran and wheat bran on growth

performance or grey .nullets revealed that fish fed on the latter feed attained

higher grO\\:th ':12.:-: t:,e former one. The different protein content of wheat

bran and rice raJ" \'.lich was 16.8 and 5,23% respectively. could account

for the difference in growth performance with the reed containing high

protein producing higher growth. Protein-rich food, within certain limits,

promotes growth as indicated by Wantanabe et aI, (1990). They reported of

a small but significant improvement in survival and growth tor Florida red

tilapia fed with 28% protein diet compared to 32% protein diet and

suggested that excess dietary protein inhibited growth.

D · I d .. 11ent in brackish water ronds where algallIl'1ng t 1C SCCOIl expel II
co. ~. d tl t ponels that recei vel! suppk'm" nl:1ry feed

lints were made It was note 1a
h d I . .' ., A Id'tionally, fish in lh~se f'\.)nds recorded
a llgher concentration 01 algde. ( I

" ,,' 'si\ion or une:l[CIl ic'd rould release
COll1paratIvely, hIgher growth, Dtcompo '
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. . into the ponds and thereby enhance algal growth, which in turntnellts

n
L1

- I tl A ..
. prove lis 1 grow ,. POSItive correlation has been fnllnd betweenuld 1111 .

CO . productivity and fish biomass (Garg and Bhatnager, 1996; Kriud-rinHlIY

P "nel Batterson, 1994).I l Scn (lI- al .

1-1'>
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A total of six species of
grey mullet .

estuarIes studied. These s Were Identified In the two
were, Liza falci in .

grcTJldis(jlWlllis, Mugi/ hananensis M . P I1IS, L. dumerilii, L.
. ' ,CWema andMI'

~Pl'CI('. were found In the . cep wlus. All the SIX
Pra estuary h'l, ' w I e five exclud' L

g,.all(/is(!W/IllIS, were encountered in the V I ,mg ,
, . 'J V 0 ta estuary. The most abundant

specl":s 111 I 1C alta estuary was Iv! . . . . .
. . (/1/ CInO whde In tl P'.,' h d . 1C Ia estuary L

falclfJlI1nlS was t e 0111111ant species. .

Specimens of all the species h '
. 0 Aamcd from the Volta estuary were

comparatively larger than their Count. c .
erpal1S from the Pra estuary. The

situation was attributed to greater fishin c . n,

~ 6 pI e:>sure exerted on the Pra fish
community and the low transparency at the Pr t 'rha es uary. e growth patterns

of the fishes ::s;;>j on length-weight relationships indicated that L.

grandisqllQl iis e. '~,:~:led isometric growth while the five other species

showed alia! let ': g:-owth pattern.

A study of L1e food habits of all the six grey mullets species indicated

that they were omnivorous with L. fa/cipinnis, M Cll/·clIla. ,If cepha/us and

Iv! bClnClI1Cl1sis having relatively higher proportion or riant material in their

diet. These species also had relatively longer guts in relation to standard

length of fish. Even though there were no substantial seasonal variations in

the diet of all the species, feeding intensity varied throughout the year.

Whereas feeding intensity of species fi'om the Pra estuary was high during

the peal fl' tl at of SIJecies from the Volta estuary \\'as low. <. a t le ral!1y season 1

during tl . d All tile Sj1ecies investigated from the Volta estuary1e same peno . . ~

show I' . I l't Altholloh the diet of th,' sp'ci's in eachc ear dIurnal feedmg la)1 . c

e . . ,y .~ "C5 in the'ir kl?dill~ P'riodicil)' as well
stualY was SImilar there were dlLe!dll
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S Preferences for different S'IZ
a es of sa d .
". n paltlcles 'th L ' ., ,stuary Illgestlllg the Widest siz . WI . dUl11ertlu In each

e e lange of sand '
I'obable strMeQies adopted to av partIcles. These were seen asP '- ert or mi . .

. . . n1mlse competitionJ~cprodllcllve aCllvities or .
111 UI!et spec' .

, (-. les studied showed that the]11(';111 SII'C ;ll Irs! rn;l[urlly of male
l s Was general! I

- -.. . . . ., ( y, sma IeI' compared to theirkrl1;lk lOllllll1 Pdlls. VarJ<lllons in 'onad '.
. '" g osomatlc Indices, the presence of

lllatU(:' ,11 j ::-.pcnt IlldlVlduals as well· I' , . .
. dS(lslnblt f' .

. " . I Ion a oocytes Sizes suggest
that spawning at grey mullets in the tw .

o eSluanes OCcurred twice in a year'
March-May and October-November in th p ,

, e ra estuary, February-April and
June-August III the Volta estuary. Amoro th. ,,' .

10 e Spc:CICS studied M. bananensis

had the highest fecundity, This could be a useful asset for the species with

respect to production of fish seed for culture,

A pre Ii111 illJry assessment of culture potential of mullets indicated that

supplementa:y ·~c·· e:l; anced their growth under culture conditions. Wheat

bran was al s ~- :.J:-;':: enhance their growth better than rice bran. The mean'

final weight 0 ' .' f - .lrelllG was the highest among the species during the

270-day cultm period. The potential for the culture of grey mullets in

Ghana has been demonstrated to be favourable in this study by using

inexpensive feed stuffs and even from natural food generated in ponds,

.. To increase the availability of grey mullets from both capture and

culture fisheries it is recommended that,

d t ' hould be controlled to• fishing pressure in lagoons an esuanes s

allow for their sustained fisheries

I I Id be encouraged; however, culture trials• culture of mul ets s 10U

, 'e more local research r suits.must be expanded to gene! at
. I' of' orey mullets [h~r' should be, f' at ura 1 :,toc ~S "",• for conservatIon O' 11, (

. ~ tll·j-·t S-'Cc1 t'lll' (ultllrc'.
d 'onotll1 ~-"efforts at hatchery pro L!Ct1 .
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I Appendix 2 Variations in hYdrogr h . [;; .
a PIC actors In the Volta estuaryI

pl-]~Months
DO Temperature

Salinity Transparency(l11g r')
°C (%0) (em)Feb 97 7.5

7.2
29.0 0.06 215M~lr 7.3 8.8 28.5 2.12 2077.5 9.2 28.5 1.49 199

!\pr

7.3 6.6 28.5 0.05 181
May

".
7.3 6.0 26.5 0.12 114

Jun

134
7.9 5.8 26.5 1.81

Jul

199
7.5 6.2 7"5 7.54-).

Aug

2.12 185
8.0 6.4 27.5Sep

1.08 2057.9 5.8 2X.8Oct

1.12 2066.9 5.6 28.0Nov

27.5 1.94 27473 5.0Dec

0.85 3066.6 6.0 26.0Jan 98

1.76 2207.0 29.0..., '"l

210

feb I ...:.

3.5230.06.9 6.4

230

Mar

8.176.8 30.5Apr 8.1

5.06 20031.07.2 6.4
190

May

29.0 ') 04
7.2 8.4

jYo r I -)

lun

26.0 .)8.07.3luI
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119
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26

31·

40

68

41

30

20

133

70

146

152

28

10

(%0)

7.5 8.0 25.5 20.008.8 8.8 28.5 0.507.7 8.0 30.0 0.50
7.4 (l.4 26.5 0.07
) I

8.0 26.5 3.50
( '-
7.9 8.0 26.0 2.20
8.0 6.6 26.4 1.40
7.8 6.2 29.0 6.10
7.6 7.4 27.8 4.00

6.8 n.s 1.30( ~. . \,.-

8.0 27.5 7.70
- 1
... -r

/9 ~ ') ~o5.8 - .) _ . .J
-: 1. ...,

15.806.4 29.06.8

30.0 16.006.67.7
o-/30.5 .)-7.5 4.8

o7 i29.0 . -8.07. J

4.0625.07.27.2

AjJpel1dix 3. Variations in hYdrograhp'lc f: t . h p
ac ors In t e ra estuary

---~--~~--=-:-:-:---~--:-=-==,;-
pH DO Tempe"""e Sal""y Tm",p","oy

(l1lg 1") 0('

------:;-;:;--------;:;-~--::-::-:;---~-:-::----:-;:;-::--~~
7.5 7.4 29.0 16.00 105

r;b97

I i'dar
I
I

Apri

:vl:iyI

I
I Jun
I

I JulI

Aug

Sep

Oct

Nov

Dec

Jan 98

Feb

Mar

Apr

May

Jun

Jul
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0.0

1.06

., -5oJ.)

0.0

1.31

11.29

8.10

28.35

7A5

21.14

25.27

10.78

19.17

52.66

49.15

7.63

21.57

63.40
----

14.96

53.66

46.70

13.73

37.97

21.7J

31.36

53.87

51.42

88.55

58.82

21.50

19.69

20.33

8.24

71.57

27.82

20.28

8.05

7.39

36. I7

0.76

5.88

1.08

21.57

2.44

22.12

63.96

6.0:

11.54

1.42

55.56

29.92

3.05

29.58

12.42

2.69

L /ideII',,,,,,., L d,m,,,d;; M <'"''''", Mba"a"",.,I., M "phaI""

'--':Ul0"------;1:-;:;9:-:.3;-::;7----=4::-9.-=-5::-5----=8:-.5:-:6---"9.4A"1:6-

24.65 40.34 7.28 6. I6

11.54 42.31 11.54 12.50

12.61 18.56 3.96 0.90

6.06 42.42 1.52 13.64

7.40 8.64 1.23 27.16

7.09

2.44

8.24

0.0

9.02

0.36

endix 4 Re Iat ive abundance (%) ofgrey Inu IIels in the Volta estuary.
ApP
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APpendix 5.
Reiat ive abundance (%) of grey mullets in the Pca estuary

L-.fidel/Jilll/is L. d/lllleri/i i
L.grandisqliallli.l'

M.Clirellla M. bananensis M.cephaills77.0'11. 0.0
10.42 3.13 3.13 6.2540.00 0.0
14.00 8.00 30.00 8.00

!\ pI'

5.13

2:; ox 51.21\ 17.95 2.56 0.0
I rvt <I:'

6.25

I 31.25 37.50 0.0 6.25 18.75
.lUll

0.48

I

6.07 8.79 0.64 3.04

I
80')l)J\I!

25.00 0.66
]('.18 14.4 7 0.0 23.68

!\ug

5.10 6.0 0.0
6800 8.25 I J .80Sep

1gUg .JAO l.3Y 0.0
7(1. 5 I () JJ:~Oct

8.10 2.60 . 0.0
63.00 12.80 13 A(jNov

6.30 19.69 0.0
12.60 24.41 3700Dec

78.00 0.618.50 3.70 5.50Jan 98 ~ 70

45.20 0.00.91 1()90R. 10 251\0

0.0

Feb

4.20 3LSO 53.906.Sll 3.60

0.0

Mar

52.80 24.800.90 6.80

0.0

1 ' (,,)

13.20

Apr "-t . \.. ~.

17.162.24 4.98

0.51

6=.~4

l.gO

May

1.30 7. gO9.60

2.44

!SIX)

9.80 4. iO

Jun

0.8075.60 7.30.lui
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DetritusSand
particles

0.0
63 31.3 14.8

0.0 3.1 25.0 12.5
(J,O

21.7 53.3 '13.3

(Lf) 0,0 51.5 30.3

(10
" ,5 64.6 4.2

(I,n U 25,5 26,5~---- - ..

:' <, () Ili.O 4,7

on 50,0 l).tI

6.7 50 0.0

x ... 98 f).0l .• ~,

S ' 94,J 2.1

Percent
age C0l11positioi f'.

10 stOmach contents
Diatoms Grccn 131

lie Polychaetes
algae green Zooplankton

- - ·----_~~gae

.--:----~~-

sl Ifill 1('

I:; I - 140 I 1

141 - 160 9

AIJpcndix 6a Percentage COIn '. .

f L I' I," " POSition of st
roU)S 0 . .fa CI )II7I1IS frOIl1 the V I olnach Contents ofd'f'" t'

o ta estuary . I leren size

Se'C, i SO

10! - I~O 10

161 - 180 I:: I~l_ .... ~0.1_ 6/,
N /lilli/he!' IJ(.\·(///lI'!es!lJ!' ('u('7,\;;(~::1'0;//; -...

---- Size N
~roliP

(111'IlL. _------

Appendix 6b Per.:~, :Jge composition of stomach contents of different size
groups of L. dU11:<;',..·..ii hom the Volta estuary

Percentage composition of stomach contents

Size N Di3~C:I·!3 (jrt'cl1 Blue Polychactcs /(\(11'1; 111 ~ I"Il S'i11t! lktrilus
group algae green panicles
(mm) algae

0.4 0.0 1-1 I 59.9 14.581 - 100 18 9.6 1.6

0.0 10,7 65 '7 14,6
101 - 120 11 4.5 4.5 0.0

0,0 116 61.6 130
121 140 16 10.9 1.9 OJ

0.0 4-1 667 19,5
141 .. 160 14 5.3 4,1 0.0

7,3 56-1 145
'jl 5.2 .09 0.0

180 10 15.7
N '.. /I/II/lhe!' oj's(l/II/J!esjiJr e(/ch ,I'i::e group
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APpendix 6c Percentage COl11p '.
f M OSItIon of st

arollPs 0 . curemQ frOI11 the V I OInach Contents of d' fC . .
~ ·---.:..:...:.:=--...:.~o~t~a~e~s~tu~a~r'LY I lelent size

Pereentnge eompos'c
I IOn of stomach Contents

s'izc-- --- N--'6i~t(~;~-;:~-'-Gr~~1 ~B~I~ue~IP~o)fIYyCcJ1h;;ae;te;s-~~~~~~-:- --,-_
,'roUP ;dgac green Zooplnnkton Sand Detritus
~1I11l! .-•. _-!!.~!2e partick:s

18.8

1'1.9

21.7

22.4

44.1

41.7

33.1

1.6

6.6

0.0

~O.6

86

0.0

13.8

1.1

5.0

0.6

2.8

3.9

15.0

10.19.3

II).X

,"), -

10(, I ~()

101- 1:0

1~1-140 10

141- 160 10 5.7 9.9 2.0 21.3 11.2 33.7 16.1

161-180 10 12.5 26.3 4.4
N- IlIIlI/her o(s([lI1jJ!es ill ('((ch si::1! groujJ

OJI 2.5 36.3 18.\

Appendix 6d D Ci',:-;;>nt3ge composition of stomach contents of di fferent size
groups of AI bO!~,:iJl-i7Sj5 from the Vo!!?~stLiary

.. - _______-0_-

Percentnge composition of s\0lllach C0nrents

Sizc N Dial(' 15 Green Blue Polychneles ZoopiJilktOil Sand Detri Ius
group algae green particles
(111m) algae

61 - 80 16.7 1.9 0.0 3.9 368 32.615 8. J

0.0 9. 1 -I' - 17.33.9 ' .81-100 10 10.6 17.3

12.5 5.7 4:.\ 21.1
101 - 120 14 11.3 5.9 1.4

3.4 8.1 .1(1. :: 1°.9
121- 140 8 11.2 6.7 4.5

0.0 11.3 -I! 1 25.8
141 - 160 16 7.3 13.2 1.3

9.8 -1H 10.3
161 180 9.2 2.7 0.0-- 12 23.4
tv' -IIl/ll1h('1' oj'.I'olllp/e.l' ill ('((ch si::e group

, --, I! ,
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APpendix 6e Percentage Com '.
M h POSItIon f

roU s of . cealus from the Volta 0 stomach Contents ofd'fD .
estua I erent SIze

Percentage
Diatoms

composition ofstom h
Size N Green ac Contents

Blue P I
orouP algae oychaetes Zooplankton011 {11L-.._.

green Sand Detritus
..-,.--- algae particles
61- 100 6 14.1 7.8 0.0

0.0
6.3 65.7 6.3101 .. 140 6 0.8 3.9 0.4 54.9 8.4 22.3 9.5141 - 180 6 !5.7 4.1 1.1 31.3 2.7 35.7 9.8181-220 6 6.8 19.9 5.3 34.4 7.9 16.8 16.8

221-260 6 7.3 42.6 9.1 20 1.2 24.4 13.4
261 - 300 6 28.6 24.5 6.9 0.0 1.4 21.4 13.9
301 - 340 6 336 18.1 5.6 14.5 5.9 14.8 , 11.5
341 - 380 6 17.9 106 11.5 0.0 4.1 29.4 26.6
381 > 8 20 lQ, 7.9 16.8 26

.... -'

34.7 15.3N number ojsampic:!s :'r 2,'cil si=e group

Appendix 7a Percentage composition of stomach contents of different size
groups of L. falcipinnis from the Pra estuary

Percentage composition of stomach contents

Size N Diatoms Green Blue Polychaetes Zooplankton Sand Detritus
.group algae green pal'ticles
~m) algae

61-80 9.6 0.0 13.7 24.4 10.318 28.0 14.0

81- 100 12.9 0.0 6.1 20.4 18.2
24 27.9 14.4

13.9 ""l1 ·1 13.6
~20 25 29.8 8.1 13.3 0.0 ~ J. ,-:-

number ojsamples in each Size group
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APIJendix 7b Percentage compo 't' .
f L d OJ "'/" • SI Ion of st

'OLI sO' Llmell II from the P, omach Contents ofd'fC' '
gl 1a estuary I lerent size

l'l:n:l:llt<ll.!.l: . .
, CllnlpllSllion of .

N Dialollls Green
Sllllll<tch Clllllcllis

size Blue Polychaetes
!!r<llql ,i1gae green Zooplankton Sand DetritusInUll) <tll.!.<tc particles--. u ...._____

(11 - ~() 10 LH 0.0 0.0 0.0 18.8 48.2 19.6
81 - 100 ! ' 8.6 3.n O.R.-

0.0 12.8 56.2 18.0
101 - 120

• 1 0.8 J.S 2.61-

1.6 8.4 48.0 24.5
121 - 140 8 66 2.4 1.0 0.0 5.6 70.2 14.3
14/ - 160 IS 12.7 1.4 1.4 00 8.0 73.2 32.9
161 - 180 13 173 3.7 3.7 (J (J 62 ]9.5 29.6N nUll/bel' ofsoll/pl!!s iI/each si::.e gmup

Appendix 7e P;;':'~-=::Lge composition of stomach contents of eli ITerent size
_~o~p~a fJ~gli:7!~'i~"Eq117is fl:<J1n th~Tra ~?tll~l)'_ . . _ __' ._

Pcrccntage composition of stomach Cc)ntenls

Size N Dicnoll1s Green Blue Polychaetes Zooplankton Sand Detritus
group algae green pnrticl s
(mm) algae

81 - 100 1.1 0.0 3.8 -:109 22.015 II 1 9.9-_."
0.0 1.9 ]£18 2 1.9101- 120 12 27.3 6.3 5.7

0.0 13.4 30.5 18.0
121- 140 18 20.4 4.8 3.9

0.0 13.8 4[.0 16.3J31 160 15 ?2.6 4.6 1.8

,11/ - /lillI/bel' o/.mll/ples ill each si::.!! group

17 1
.J
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Percentage composit'
Ion of stomach COlllents

---:-- N Dii~'llrt(~)J]~lS~.--G~J~rc~e~n-81;;-p~~~~7;::=;::;~_-::---: _",'l/e I3lue Pol II yc laeles Z I
!!fl>UP a gac green oop ankton Sand Detritus
111!!:!..L_------ .- algae particles

. f((1 :0 I ~.2 1.5 1.7 0.0(' I .- ~

10.7 43.5 27.4
~ I .' !(10 : (> 16.9 3.0 2,0 0.0 13.4 4\.9 23.8
IIlI - 12() ")'l J 1\ X ") ")

3.0 43 10.6 40.8 20.4
121 - 1.:10 14 16.6 1.6 4.1 124 15.5

'""7v - /lilli/bel' ofs({l/lples ill e({eh si::e Y,ro/lfl 33,2 17.6

Appendix 7e Pc -ecl 'nge composition of stomach contents of eli flerent size
groups of M. J:..7 ~_7!~~'nsis from the Pra estuary

Percentage composition of stomach C(\nknts
Size 1\ i:it : :i: 'S Green Blue Polychaetes Zooplankton Sand Detritus
group algae green panicles
(mm) algae

61- 80 13 9..:1 0.6 1.3 0.0 8.2 ~:.X 37.7

2.2 0.0 4.3 .j S <) 29.6
81- 100 10 9.4 5.6

0,0 3.5 -U-! 29.7
101 - 120 16 18.4 4.1 0,9

40.S
,') ..,

0.0 2.<i .>_.-
121 - 140 12 11.8 4.6 7.9

0.0 10.0 40.0 .'3.0
J41 160 14 13.0 3.0 1.0

N -/l/l/llher nfs(/}lIfJle.\' ill e({eh si::e group
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(n=8)

0.0

(n==O)

0.0

(11==0)

0.0

(n=O)

0.0

(n=O)

0.0

(n=O)

(Il'X)
(11~-O)

(11==32)
(11==114)() .()

0.0
0.0417±0.0 I

0.0( ]=14)
(wo)

(11"'57) (n==25)o i 600:i::O.14 0.0 O.fJ262:tO.0 I 0.0
(11<2) (n-I (J)

(n=7)

(11==]2)

0.40 13±0. I J 0.56860':0(;2 o5929±0.04

)"). 0 742.58_.::.± ,._

"")
(11==10)

(IFn) (n==.1_'
(n==26)

06 I 23:=:(J.(J7 () 6S 7-LeO. 02
1. 7109:::0.21 0.0

(n=6) (n==19)
(n=<22) (11"=0)

0.3879-::0.12O.0620±O.020.7786:::':0.39 0.0

(11==5) (n==8)(11=0)(n=6i

d
·x 8a Sto'nach fullness index for the first 24.h sampling 10

A Pen I . d' .', f

P . e daily fee 'ng act'vlly 0 rey nlUliets fi-o
m

the Volta estuar .
deterl11l11 I.. ;1,,,,,,,.;/;; I.. p'''.;",,,,,,., M. ,.",.,."", M. o"''''m'",;, M. "'pha'",

Tim' 1.43'(,UI.41 0.0 G:4hi±o:i" iiii';i1.,O.ooT-- 0.0

(II 1I) (11'0) (0"6) (II" 19) (o~O)

) 01 0.0820±0.02

ot:;, 7fJ::; 11),0 0.0 0.0:J73:l:0.0 I 0.1293:1:( ..
.?O no

o-+. 00

08.00

12.00

16.00
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'1,."

0.0

(0==0)

0.0

(0==2)

0.0

(0=8)

0.0

(n=O)

0.0

(0==0)

0.0

(0==0)

0.2549fO. I <)

(0==49)

0.0

(n=5-1) (n=O)

(0==15)

O. 1777±0.04

(11==28)

0.0

(11=6)

0,664 Sot 0.09

(n=75)

(I. 740()+O.1 0

(n=50)

o5.1 (In·±:O.os

.- ------------_ ... _- - - ---------

(11==4)

(J.O

(n=3)

0.0

(n""O)

(J.045R+:0.0 1

00

(n==IO)

(n-3(J)

(n= 12)

(U22~i OOs

(11=!S) (n= 13)
(11"'36)

2.291 () :O.3() O.8(m iOJ3 0.55 (j()j()OR

(11=21 ) (n== 14) (0=079)
a.O 00 0.5527j--O()~

(11=0) (n=O) (n=75)

O. S96:2::r:o ..J 7 o1OOO±O.OO1 0.5871 ±O.OJ
(n=IOI (n=6) (n=66)

, I no_. -I.

:0 ()O

0-+00

08.00

12.00

16.00

APpendix 8b Stomach I'llilne .
. d'l !', ss Index fI

deterITIlne al y leedlllg activit or the second 24 I '.
~ I .. dlllllerilii T-/~~-~'l·!}fgreyInullets fr I -1 salnpltng to
~ '")" ~'IJi/II/i.l· ~~..!..~Y~l.t~<:stliaIY.
1(i.OO 1.4645+().~5 0 0 M. ha/1a/1(!/1sis J:T·, hi.

. O. 7705± ~ . cep a 11.1

0.1" 0.5366±0.14
(0==34)

0.0384±0.0 I

(0== 19)

0.0

(11==51 )

0.0

----- ----_.-

lS6

Appendix 9a Hydrographic factors measured during the first 24-h sampling
to determine daily feeding activity of grey mullets from the VOit3 est1l8~1),,-l__

Timc r l·! Watcr Conductivity DO (illS [.. ) Salinity (%0)

Tcmpcrature (~ls/cm)

(0C)
--1:-:6:-:.0:-:0----7-.6-9----3~0~.0~-----;1:-;:;2~00~------:(1.l)

20.00 7.8J 29.0 1242 (J. () 2.07

24.00 28.0 1780 6.4 1.95
8.01

04.00 n.o 2540 6.2 246
7.91

696 6.8 2A3
08.00 8.12 28.5

828 7 ') 2.13, .-
12.00 8.81 31.0

EI }U 2..):+
1(J,()() X. 10 \ 0.5 ------_.--------

176
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'i

APpendix 9b Hydrographic fact ' . . . .
. . 01 S measured d "

sall1pllng to c1etennllle daily fe d' . . Ullng the second 24-h
e 109 actiVity of r .

estuary g ey l11ullets 1rom the Volta

~'il1lc pi I
Water

Temperature
Conductivity

DO (mg r') Salinity (%0)
(rIS/CIl1)

(OC')
-j"6.C)()------- ~--- .--8.0 28.5 6720 7.0 3.002000 8.0 n.n 2480 6.0 1.242'+.(){) 7.7 27.0 ".....

1367 5.8 0.6204.00 8.0 27.0 4620 5.6 2.3908.00 8.3 2~LO 1533 6.2 0.84
12.00 8.4 '(J.n 4.l()() 7.g 2.2
16.00 8.0 28.5 II XX(j 6.8 3.52

Appendix 102 e1 t:onship between environmental parameters and daily

feeding acri\ilY .. ~' ;:'ey mullets from the Volta estuary during the first 24-h

sampling

Species

L. falcipinnis

L. dlllnerilii

M. bananensis

D'ssolved pH Temperature S:dil1ity

oxygen
03:'270.6485 0.8177* 0.4828

p=0.115 p=0.025 p=0.272 p=O. ,r;8

0.5939 0.3645 OJ 702 o146:;

p=O. J 60 p=0.421 p=O.414 p=0.75-1-

0.8140* 0.5280 0..+067
0.6691 -0 'J'Jj IFO.~(l'i

p=O.IOO p=0.026 . p- .__ .

Coductivil)'

-0.7110
p=.O.073

-0.7261
p=O.065

-0.7452
r=005'i

-0.0297
p·=0.,:9

-0.58-1-5
p=0.16S

-n.0705
O ,'oJ 'p=- .00 I

0.4485
p=0.313

0.5259
p=0.225

M. c/lremo 0.5663
p=0.185

O10 '~ t) 17~~96 -..1'> -c . I . , .

Ai. cep!lo//ls 0.1621 .0.2~ ,=082(1 L~cQ 71_0 _
~?9 1)='0 ~ 79 P.... - -_... -____ p=O )- . . ._.:~-._. --/-.

*(' -:-.--.-.--._..L:- •.__% '{Jhuhil ill ' /e1'('
II} I e/atIon IS s/gl7l!/e(//lt (It) II fl/ .

17', I
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Arpendix lOb Relationship between .

. envIronmental parameters and dailyI

D.ding activity of grey mullets from the Volta estu d. h d
I

e ary unng t e secon
I
I 24-11 sampling,
I - Dissolved

pH
-sPecies

Temperature Salinity Coductivity
oxygen

-_••,_ n ___• ____-r j~1I(' il ! ill I /is -0. I ()oO 0.6585
-0.0~76 -0.4093 -0.4052rr:O.722 P==0.108 P==0.852 p==0.362 p==O.370

L dumeri/i; 0.1250 0.7178 0.1034 0.2889 0.32] 8 ,.p==O.789 P==0.069 p==0.825 p==0.530 p=OA82
M. bananensls 0.8313* 0.1904 0.8503* 0.2824 0.2794p=0.020 P==0.683 P==O,OI5 p=0.539 p=0.544

0.7673* 0.2272 0.6956 0.3413 0.3495
M, curel77a

p=O.624 ( ("-, p=OA54 p=OA42
p=O.044 p= ). )6)

0 11 -') 0.428 -0.0612 -0.3829 -0.3792
M cephnills -. ! -r)-,-

p=OA020.756 P 0.341 p-0.896 p=O.397
" .., ··:'i·

e,', ',;in (/1 5% jJmfw!Jifily lel'ef'" ( O/,/,C/U/IO,] I.' ,',;_ ... c.

17~
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;\ug

Dec
J~1l QS
Feh
Mar
Apr
May
Jun
Jul

Appendix II'. - m'lly data on Condition Factor, stomach fullness index

and gonac.o50d~:'::~(, index of L. dumerilii from the Voita estuary

._----.'

Month Stomach
Fullness index

t,=s~) (±se)
males

G5I (.=se)
females

I .

Feb 97 i68=O.03 0.67±0.12 0.0
Mar 1.87::0.02 0.91±0.10 0.0
Apr 1.5/r007 0.0 0.0
May 1.80:tO.02 0.65±0.15 ~O

Jun 1.7910.05 1.61±0.43 0'00
Jul 0.31 ±OJ! .1.87±0.04 00
Aug 1.89 I 0.05 1.8210.18 0'0

- 0.08±0.04·
Sep I. 77:1:0.02 0.2(,55 I 0.13
OCI 1.7110.05 0.621.0.22

1.49±0.14· 0.0
Nov 1.78+0.01 2.16+0.11 0.21:;7;(1.0-1
Dec I.7Q10.02 1.13±0.17 0.5510LO.11
Jan 98 I.n±0.02 0,524Q-±O.OS
Feb 1.85±0.03 1.00±0.26 0 a

0.08±0.08 .
Mar 1.59:1:0.02 1.27±0.15 0.0
Apr 1.74:10.02 0 00
May 1.77±0.0 SO. 0 I' 053%i O~ I
lun OJ 1: ••> O. 7-170 ~~!!; _
Jlll 1.78:&06 00 _----.-------.
________.-:.:I..:..77:.:.:I~-O~,('-)' ----.-

0.0
0.0
00
0.0
0.0
0.0
0.0
00
00
00
0.0
00

4.6672~160
00
0.0
0.0

0-1827:<0.0
00 _
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APpendix 11 c Monthly data on C d"
on than Factor st

d aonadosomatic index of M ' omach fullness index
all ::> . Clirema from th V

Month Condition e alta estuary
I, Stol11ach.actor '

(:i:Sc) hillness index GSI (iSe)
( males "

--------1-l):~~'~~I---~~±~ste)OI ~;;;,"__~I~,e:m~a~le~s~'__--:- 97 . '>' .
Icb 2.0f)j()()1 0.04±0.01
M'lr . - 018 0 0.2470±0.08 6 1
I • .,'.(1.'\ . ().().', .: + .01 . 290±3.00. 0 . 0.2300±0.08!\pr ., I' ( ..> I:rO.03 0.0
\1 \ - -' .UJI 01 0 . 0 0.0 96370 aa

,I. .'.'.11,' (', ()', ._or .04 . ±.0.1460'10.04.iI'" .) o.·n I OJn 0.0
.Iu! :.l.JlU).o~ 0.16iO.06 0.0 0.443010.11.

, II 0 (J' OJI95±0.09t\ ,:ot _. '1. ~ 0,50:1009 0.0
.., O<J ' n fI"l . . 0.0 ' 1300 18~L'I) - '.- 0.481(1)' J. ±.2
17" .J 00Or! ,,·I.Of)_ O.OI:(),f1l . 0.0

NoV i .99 J 0.02 (I,()J ~()(J 1 0,3 7741:0.22 0.0
Dec 2.01.:.0.01 0 18l:0:02 0.2665±0.03 0.0
Jan 98 1.l)·HO.02 O. i hO.D'> 0.0 0.0

Feb 2.lliOOI (JI5UJ03 0.3I~6~0.06 6.98~6~2.10
Mar 2.021:0.0 I (J.rJf): (UJl (J.-_,'cJ4"'O.07

~ c 5.2330±4.23
Apr 2.01,0.01 (UI (J._,oJ'8_"O.09

o 1.8292±0.07
May ~.~~I~.~: 002'IUI! ()27J]JOll 0.0
Jun _.- - 1: .•J 0.2rJ~().03 (J (I 0.0

....:J~u~1 2_.I-'-~_:LO_...:..O.>:....' --.:.O:.:.:.G:::f):.::.:':O~.::.O 1~__-2(J.c.::.:2()~(H).f)9 0.0

Appendix I IU ~ . l:~~ljy data on Condition Factor, stomach fullness index

and gonadoso! IJEle ii~dex of M bananensis from the Volta estuary.

C Stomach GSI(=sej
fullness index maks females

( :-:.,.... , ( I se)

2.00'.&0-1 0.08:1:0.02 0.0 0.0

~~.07 I 0 n·1 0.'16 I 0.0(, O.'~.'n; (J.()t. 00

0.28±0.10 0.0 0.0
2.llLtO.04

000.71±0.16 0.02.04±0.03 0.00.4510.0 0.02.11 IO.n 1~ 6:'90=2.500.0 0.0
2.20±0.0

0.0 0.00.61±0.052.21:1:0.04
0.27±0.05 0.0 00

2.01±0.03 0.2980:.<0.00 ·U~OO:::O.OO

1.82±0.03 0.0
0.2410:10.00 00

1.96±O.04 0.40iO.07
0.0 00

1.97:1:0.02 0.1510.03
00 0.0

2.02±0.01 0.18±0.03
0.5515:cO.OO 00

2.15±0.01 0.34±0.03
0.4969.tO. I8 0.0

2.IOJ:0.03 0.03<0.02 0.3920±0.()l) I..; ~t'::.!:0.50

2.071:0.03
002±0.2

0.16401:0.00 .'0880.1: I.S5

2. I8J:0.05
O.OliO.O 0.0 n tl

2.1910.02
00:;,-001 U..;7\)5 ·0 2, lI.n

2.13JO.02
U.U2 ! O.lJ I

----~-
.----~-

Feb 97
.Mnr
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan 98
Feb
Mar
Apr
May
JUIl

Jul

Month

-------------
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201 J 002 (l,OR, (J.li2
1.95..:.00 0,0

0.0 0.0
0.0 0.0

2.33; 0.10 'if,1, lUI-I (j .0 0.02.27 i 0.05 (j.~2JO.17 0.0 \.0

1.9510.02 (J.O ()I) 0,02,17:::00.. 0.09-::0.03 __.__I!JI 0.0

ScI'
Oct
Nov
Dec
Jan 98
reb
Mar
Apr
May
Jun
Jul

i\ilg

APpendix II e Monthly data on C . . . .
. . ondltlon Factor

and gonadosomat'c Index of M ' stomach fullness index
. cephalus frOI11 tl V

~ Condition S le alta estuary.
Factor tOmach

(±se) I'ullncss index GSI (±se)

----177-----:2;.-~I(~H~O~.O~-.;;i---~(±~s~e)k~---:m;a;le~s--~=~fe:n:la~l:es~=Feb 'J '0
1\.1;11 I.R6;().11 .~2±0.04 00

:2 :>'81 IJ.(lI, 0..9:1:0.06 . 0.0
,\1'1' JAI) f (J.lJu 0.28.1:0.06 0.0 0.0
1\.L!v 0 0 42 0 0 0 aa

23LO 12 o' :t02 . ,
JUll 1 10' ( ( _ .23:!:fJ.04 0.0 0.0
.ild -, .LJ.)) 0,19:t004 0,0 0.0

, Iii 0 OS . 0,0506±0.03". , . - (J.25·! 0.04 0.0
2)0 :0,09 0.30: ('I) 1 0.1712±0,17 0.0
, ,( ,( 0' J. 00
--. 1.: J. y 0.5 I-: (J,(J4 0:0 0.0

0.0

I
I

\

Appendix 12<.1 ;l:il y data on Condition ractor, stomach fullness index

and g0l1adosOl ..2::": ;ndex of L.falcipinnis from the Pra estuary.

Mar 97 1.79:rO.02 0.20±0.04 0,0
Apr 1.95.i:0.03 0.37±0,08 0.0
May 1.86 lO.05 0.02±0,0 I 0.0

iU~ I ,85±00'00~ ~'~::~'~~ ~:~
u I.S2± . - " I!.I I

Aug 1.1i 110,02 0,, II ~ IlOO·0
1

'6J lJ.O
SCll 1,8210.01 ,yo ,

O70 0.0341 :<0.02Oct 2.04±0,02 0.82± ,-
Nov 1.91±0.01 0.49±0,13 0.0
Dcc 0 04 0.31 ±0.08 0.0

1.71:~ , 0 ,9 0.0
Jail 98 1,84,0,14 0,481..- lJ 0
I'd) 1.71 1().()-! 0.061 O.O~ 0.0
Mar I, ')0 I O,O~ 0.:'010.06 °a
Apr 0.63±0.10·

2.00.1:0.02 0 1. 00
May 1.9110.02 ~,~4±0'-1~ ()(1

lUll I.S9.LO.O I .J.J6, . . 0.0
~ -,-I:l..9:!..9.t:~'O~.~02=-- __--_I.I{>~__.._---_·_--_·_--'

CL,:~::ili0n

Fetor
Month Stomach

Fullness index males
(::5(;) (±se) (±se)

GSI
females

(::se)

00
00
0.0
00
00
0.0
1).0

00
0.0
00
00
00
\.)0

o
00
0.0

'.0
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0.4246±0.17
0.0
0.0
0.0
0.0
0.0

20.5790:tO.00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-;-VW;tri
1\pI'
1\'1 iI.\

.liJil

.lui
;\ti~

:-;~p

Oct
No"
Dc'c
Jan 98
Feb

I XIIOm
j .."8 IO.nx 0.44 to.18 0.0

I '»)' Of)., 0.6~~~.05 0.0
1.<)7 LU()} O.22iO,12 0.1523±0.07
178J()O~ 0.0

0.49 !.fJ.1 0
20 I ,008 0.0

(j.~2, (lA-I
178' ()n~ 0.0

1j2: (J.I:;
1:'9.1.003 ( 0.201 to.IO

HI
181:0.04 0.0

:2 54JfJ.28
1.6110.01 0.0

0.0 0 0
Mar 1.9~LO.04 n.lhOI!4 .
Apr 1.98.<:0.06 :2Nd:On6 0.0
M 114",0.13 n.oay IJJ6cfUfJ 0.0
JUIl 1.84.1:0.04 1.48ifJ.19 (J.(>

-:J~u:...1 --=2:.:...:.:..14:..:-=.:::0;.:.0.::..3---_'..:cl.)~-6~-:::J.:(J..:!.:3J~ n.!J
.:..:....._----::.:..:..._--

Appendi'\ 2(' . h'l -hly data on Condition FactoI'. stomach fullness index

and gonad :::L , 2::': index of L. grandisquamis from the Pra estuary.

Stomach C;SI('SL'I------_._._---
Fullness index maks kmalcs

______(_1~~L . . .. _
0.91 ±0.29 0.0 0.0
0.21±0.11 1.8048 rOGO I 8J40±0.80
0.04±0,03 0.7460,000 00

0.0

0.0
00

~.l 06-:=-236
0.0
0.0
0.0

t $(>55=0.-17
~O()5±:0.08

.'.0358.=0.J5
lUl

0.0

0.-1923 ,0.29
0.4176&20
0.61791:0.:'9
0.8519tO·18

0.0
3.025010.28
:2.II72j 0.8-1
I.J415±0 3<)
1.:'5<) It055

P. f)

00

0.-1150:&09

.--- --- --'~

0.15±0.032.02±0.02

C\mdilillil
F' .:lor

__ L.'.'::.l_
2.17iO.03
1.09:10.06
1.06,,0.06

1\-1011 th

Mar 97
Apr
May
JUIl

Jul
Aug
S 0 0" 0.0710.02. ep 2.12L . _
Oct 2.14±0.02 0.07±0.03
Nov 2.161:0.02 0.03±0.01
Dec 2.00:<:0.02 0.57±0.IJ
Jail 98 2.0.:l.i:0.04 0.2S±0.04
Fcb 2.00.J:0.13 0.0
Mar 0.47:<:0.04

1.24+0.03 006
Apr 2.27:tO.03 0.44± .
Ma)' 0 0

, 0.41 iO.04
2.32:t . j () 38 I!l:'O

lUll 2.1:;10.08
A_I --=2~.:::38~'±:..:0~.0:..-- ....._- .....2~- -
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Scp
OC!

Nov
Dec
Jan <)1)

reb
Mar
Apr
May
Jun
Jul

Factor Stomach
FUllness '·'ldc v.•(eLSe) .,

--..----')-( 7 (±se)rvt:;r'J7 ~.) iOOI
214J005 0.03±0.01

..\pr a2'±0:!(ji;; 11.1) . J ..07
~I;,' 00
JU!1 27J·;f).O a .

38±0.0
,iul 2.02LO05 0.JI±0.06

1 92tO{)2 O.J 11:0.06
202HJ02 0.IOct002
2.37iO 04 0J ()c~(U)2
209ic003 002 dJO 1
18X'O(J7 (If)

:2.1 Oi.0.03 0,54-<.0.12
1.921.002 (HJ2J.flO [
2.3--hO.02 (j,541:()JJ3
2.29·tO.02 () ~S JUJ.1
2.37 I 0.02 11(,(" (IJI.1

2.34rO.0..J 0.58 ror)()

2.52±O.05 0.471-0.07

males

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
00
0.0
()(I

(;J)

OSl (±se)

females

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Appendix 12c \ \x:lh]y data on Condition Factor, stomach fullness index

and Q.onac!osom~:.:ii,.-- : ldex of M bananensis from the Pra estuary.
~ ,

females

0.0
0.0

00
PO
{HJ

00
0,22~O-.oO.O

0,0
00
0.0
0.0
00
00
00
00
00... - -_.__.----~

CiS! Irse)

0.0
0.0

males

0.0
0.0

0.~0.10 I 0.111

0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
00
00
00

0.0
0.33±0.06

0.15±0.09
0.1 () I 0.0)
0.0(,10.03

0.07±0.OJ
0.46:LO.07
0.04±0.03

0.0
0.6910.02

0.0
0.6010.02
0.59±0.03
0.62iO.02
O..J8iO.OS
Q.17:{).I'_

-_.~- .._--

Stomach
Fullness index

(±se)
2.35,&08
2.30±0.04

( •se)

CODcbion
Factor

Month

Mar 97
Apr
May
JUI1 2.06±0.03
lui 2.0(, I 0.03
Aug 2.03 10.03
Scp 2.02±0.02
Oct 2.291.0.06
Nov 2.07±0.03
Dec 1.85±0.02
lal198 2.2810.02
Feb 2.12:1:0.02
Mar 2.34,1:0.0 I
Apr 2.32±0.02
May 2A8±0.02
11111 2.34:1:0.10
~ 2~QJ.~. .

!S)
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.. \,

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

females

0.0

0.0
0.0
0.0
0.0
0.0
0.0

OJl5t.()JJ

lUI): (HI]

U.O

220 iOO

2. 10,,0.04 0.071:0.02
.) .'1);1).1):; 0.3510.16

;"(,/011 0.06:tO.01
., .' X, I) () 0/,110.0
; fI(,; 0.0 I 0.15.tO.03
215000 0.0

2.'5I(U7
2.6":;·0."-1Jul

dix 12f Monthly data on Condition Factor, stomach fullness indexAPpen . .

adasamatlc IOdex of M. cephalu, from the Pra estuary.
d gon

an C"ndilin" Sin",,,,, GSI ('''j

--r;;;",'h Faeloe FUllness index ""]"
(I sc) (±se)-··-I,r")7!'-- II

.. \1'1
/\·1,1;:

.Inn

.I,:!
\ug

~''J'
Oct
~ov

Dec
Jan 98
Feb
Mar
Apr
May
Jun

II 1[[IV I
33.3 (I) 66.7(2)
54.5 (6) 45.5 (5)
12.5 (I) 50 (4)

100 (2)
100 (3)

50 (2) 50 (2)
100 (6)

16.7 (I)

50 (I)
100 (3)333 (2)

50 (3) 16.7 ( I)
~. - \ .)333 (2)

46.2 (6) 7.7 ( I )30 (3)
38.5 (5)133 (2)

12.' (2)

50 (I)

37.5 (~)

---~ ----
50 (I)

50 ((,)

50 (I)
66.7 (4)

40 (4)
26.7 (4)
50 (I)

30 (3)
60 (9)

IlTenCe of gonadal stages" "., , I. :l:hly frequency of OCClAppendl~ LJ .. : _.~~_ '" ihe Volta estuary.

of L. fa Ie!Pf.iHU .. '- ." . Maturity sta'og=es~_fl_io~\~.afri~CS~=I~=~VL_
- IV

Tcstes '\1
---:-- .-" --=.I_II___~~1~o~nt~h-IOi~I12)----

F97 100(2) 20(3)
"'(8) 26.7(-1) ')

M )J.J 50 (5) 30 (JA 20 (2)*
M 33.2(1) 66.7(2)

100 (3)
~ 50 (3) 33.3 (2)
A 100(3)
S
a
N
D

J98
F
M
II

M 50 (I)
J 83.3(5) 16.7(1)

~----,_...._--.----,

1~4
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APpendix 13b Monthly frequ
. " ency OCCurrence of

of L. grondtsquol11tS from the p. gonadal stages
la estuary.

rd,lllIrity s1<lgcs

M(lnth Testes
II III IV Ovaries------ III'e) 7

III IV V~·1
1001.')

.\ l'J i I)' illl (2) 40 (2) I~.5( I) 87.5(7)
\1 I {,O ( I )

50 (I) 50 (I)
I 100 (3)
I :'~~(IV) d I' (71
.\ 16.8(4) 79 (' 9) 4.~ (I)
S S6.2 (.~:;) J 6 (4)

80 (12)0 50 (j·n :15.7(10) 14"(4) 20 (3)

N 'I.; L;) '::>0 [ (') 531 ( 17)
50 (19) 44 (15)

'i-! ill 12(3) 52 ( 13)D lO(, (7) .'.s" (J 2) ·11 2 (1·11 2() (I, 20 (5) 16 (4)
J98 [(JO(I)

F 50 (3) 50 131
M I l5 ( I ) J l.' ( I ) 1}~.5 (5) 1.1 ( I) 75 (.,)58 ( I ) 47.1 (8) 47.1 (8j 25 (I)A

I 33.3( I) 67 (2)M ::86 (4) 666 (2) 29 (4) I
1

L
66.6(~) 33.3(1)

1

*Ahsolute l1lilnhi!rs in pOl'ellf!u'.lis

Appendix 13c :'\ )m l]Y frequency of occurrence of gonadal stages of
L. dumeri/ii "lw:; ::"!e Volta estuary.

Maturity stages
Month L'S!CS O\'~lrics

-

III IV II [" IV V!l It

F97
M 100 (I)
A
M 100 (4)
1 .100 (3)
1 50 (4) 50 (4)

66.7 (4) 33.3 (2)A 100 ( I )
100(3)S

0 50 ( 1)* 50 (I)
70 (7) 30 (3)N " , ('J)66.7 (4) JJ.J -
84.2 15.8 (3)D 57.1 (4) 42.9(3)
( 16)198 62.5 (5) 12.5 (I) 25 (2)

42.9(3) 42.9(3) 14.11 )
F 66.7 (4) 33.3 (2)

100 (I)M 33.3(1) 66.6 (2)
I 66.6UJ

333 (I)
A 100 (I)
M IOl) '. I)
1 60 (3) ,10 (2) __1. -- --~--

----...L
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VIVIII

33.3 (I) 33.3 (I)

40 (2)

Ovaries
II

16.7 (2)

40 (2)

44.4 (4)

I()O (i)

20 (I)

55.5 (5)

,83.3(10)

! 33.3 (I)

IV

IOf; ( I )

50 ( I)

273(3)

100 (I)
286 (2)

57.1 (4)

50 (I)

:iO( I)

I (ifJ r I)
72 7 (~i

50 ( I)·
50 (I)

50( I)

100 (3)

*Aliso/ure I1llmhers in pur..:n!hesi.l'

1'97
;...1

.'\
~ I

J
J
.\

S
n
~

D
J9S
F
M
A
M
J
J

\ppendix 13d Monthly freClue
r 'j .. j." I ncy of occ "
I . dllillun /I 10m t lC Pra estll" . Ull ence of gonadal t f- Clly. .' sageso- .

MOllth Tesles Maturity stages

II III

Appendix l~p . \'- :~:L.y frequency of occurrence of gonadal stages~ ~

of M baf1anC-iS;s :':'''1.1'] the Volta estuary.
Maturity stages

Month Tesles O\arics
n III IV II IiI /v V

1'97 66.7 (2) 33.3ili
M 50 (2)· 50 (2) 100 (I)

A
100 (I)M

.I
; O'j (3)J

100 (5)A 100 (3)
S

iOOI I i
0 100 (I)

100 (I)N
100 (6)D 100 (3)

33.3(1) 66.7 (2)
J98 75 (3) 25 (I)

100 (I)I' 100 (I) 100 (1)M 16.7 (I) 83.3 (5)
40 (2) 40m 20 (i i

A 80 (4) 20 (I)
50 (4)

-(1 (4)

M 100 (4) 100 (I )
J

50 (~L_~QL---__J
100 (I)
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APpendix 13f ~onthly frequency of .
of /I{ bon0l1enS1S from the Pra t occunence of gonadal st

es uary. ages

Month

1'97

Testes
II III IV

II
Ovaries

III IV V

100 (I)

100 (I)
100 (I)

100 (I)

·".'.·~(,1) "1(
JL J) 333 (1)*1\

S
()

N
D

.I£)R
F
tvl
A 100(2)
M 100 (I)
J
J

*AhsolulC numbers in pan.!nthesis

Appendix 1~L
\ L. ~h Yfrequency of occun'ence of gonadal stagesl. _

of M CUrC!.I ..7 ~ ':: th~ Volta estuary.
Maturity stages

fv10nth Testes (l\';;rics-----
!' III IV I II ill IV V

32.1 (9) 7.1 (2) 7.1 (2) 3.61-'97 31;)(10) ";(:-.:(12) 15.4(4) 50 (14)
M 500( i 4) ! '6 (3) 11.8 (2) 11.8 (2) 556(15) 44.4 (12)

100 (I) 25 (I) 25 (I! 50A
M 68.2( 15) 22.7 (5) 4.5 (I) 4.5 (I) 50 (7) 42.9 (6) '7' {I)

J
100 (I)J 100 (2)

66.7(6) .: j (3)A
S

22.2 (2) 77.8 (7)0 100 (4)
42.9 (3)N 28.6 (2) 28.6(2)

100 (II )D 66.7 (2) 33.3 (I)
J98

539 (8) 15.4(4) 23.1 (:') 7.7 (2)
F 40 (4)' 60 (6)

55.6 (5) I I. 1(I) n2t2\ ! i (I)
M 37.5 (3) ") -n 25 (4) 6.' I )6_.) )

25 (2) 68.8 (II)
A 12.5 (I) 25 (2) 37.5 (3)

958 (23) 4.2 (I)
M 52.9 (9) 23.5 (4) I 1.8 (2) 11.8 (2)

J 100 (I) 100 (2L_----
J 25 (I) 50 (2) 25 (I) .L

IX7
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~l(1nlh

· d"x 13h Monthly freqllency OCClirreoce ofgonadal stages
en L ,

AP~ ce,halus trom the Volta estllar

of M. M"u,."y <t,""
Testes

" III IV

100 (I)
II

Ovaries
III IV V

I fill ( ~ I

50(1) 5011)
100 (I)

I
~'---

40(2) 6607(2) 33.3(1)
100(1) 100(4)

20 ( I)21) ( I )20 ( , j'
J
J
i\

"
()

N
I)

.IllS
r
M
A
M

J 100 ( I) 0

J °h _.,."\0 ill j7UrCIlIhesis*Ah.l'o/Ilfe mllll t 0
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d
ix 14a Data fOt, the determination of the length at which 50% of

Appen

I . !'l1l1is in the Volta estuary matures.jC! C!P .

~ : M"lc

---
2.4 (1)*

2.4
0.0 (0)

0.0
21.4(9)

23.8 1.9 (1) 1.9
45.2 0.0 0.0

2 I .4 (9)

643 17.3(9) 18.9
19.0rS)

28.8(15) 47.2
14.0 (6) n.6

15.4 (8) 62.3
1--1.0 (6) 92.9

!5.4 (8) 77.4
4.8 (2) 97.6

86.8100 9.6 (5)2.4 (I)

88.7 .1.<)(1)

S.X (~j 94,3

3.8 (2j 98.\

1.0(1) 100

l 'lrd lenglhSI:l1l( ,

(nJlll)

-_. - -- 2()
-' 120-1 -

I~O-I~l)

lJO-i.19

I:,t-I:")

160-169

170-179

180-189

190-199

200-209

710-219

220-:~2C)

"'0-7'9.!..) --

740-"40

I\:rccnlagc ll1alure
CF(%)

f.emale

Percentage mature CF(%)

, . - .. ) 1) Irel/thesis*Ahso!l/te l//mille'l.) _f. ,.
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Cf(%)Percentage mature
CF(%)

Percentage mature

d·x I4b Data for the determ ination of the length at whieh 50% of
APpen I

'ilii in the Volta estuary Illatures.

1 dllm

el

=---~---__~. Male Female

10 ( I ) 30

10 (I) 40

20 (2) 60

10 (1) 70

10 ( I ) 80

"jJ().119

120-,:29

! ;1/,1.;1)

].H)·i-l9

150-159

160-169

170-179

180-189

190-199

200-209

210-219

220-21 9

IX.1«:I)*

IR.ll 0)

37.5 (6)

! - (I)1_.) _

12.5 (2)

18.X

37.5

75.0

87.5

IOO.fJ

10 (1)

10 (I)
10

20

.J __

- , ... , ;;- "'7rel1lhesis*Ahsolule 17Iil!i, """':"

20 (2) 100

I ,)()
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. - ._~

CF(%)
CF(%)

(mill) Percentage mature

APpendix 14c Data for the det .' . . .
elJnlnatlonofthel .

L f!,ral1disqllamis in the Pra est . ength at which 50% of
. . . Ual YIllatures

---~ Male -----. ~---;-----_
Standard length Percentage mature Female

. - "- ._-...... -
D()'x') 1.7 (2)*

1.7
9n.()Q G.S (8)

8.5
Hil'· oq 17.1 (20)

8.1 (3) 8.1
25.6

I 11·' 19 22.2 (26)
8.1 (3) 16.2

47.9
120-129 22.2 (26)

13.5 (5) 29.7
70.\

130-139
21.6 (8) 51.4

14.5(17) R4.6 10.R (4) 62.2
140-149 1I. I (13) 95.7 16.2 (6) 78.4
150-159 3.4 (4) 99.\ !6.2 (6) 94.6
160~169 0.9 (I) 100 5.4 (2) 100

Appendix 1.+ I .:E3. for the determination of the length at \Vh ich 50% of

M. bananensis : ::.c Volta estuary matures.

f\·1ale Female

Standard leng h !) "rccntage mature CF(%) Percentage mature CF(%)

(111m)

120-129 9.1 (!) 9.1

130-139

18.8(3)* 21.4 18.2 (I) 27.3
140-149

42.9 9.1 (I) 36,4
150-159 18.8 (3)

78.6 l).1 (I ) 45.5
160-} 69 31.3(5)

5.:1 "'100.0 9.1 (I) .. J

170-179 31.3 (5)
6.\69.1 (1)

180-189 S1.8 ,
182 (2) ,

.,
190-199

I~~ (~) 100.0

200-209 1--- -----_.--
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100

94.1

97.1

2.9 (I)

2.9 (I)

150- ! :'9

160-109

170-179

180-189

190-199

200-209

210-219

220-229

230-239

240-2'+9

?~0-259

?60-?69

- . )(//"(!nlhe.l'i,\'h '''I' 111/*Ah.l'o!ule nUIIl (I.
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APpendix 15a

ponds

Data on growth duri
ng the first ex . .

penment in brackish water

1.2925

1.1368

2.2518

1.5344

104507

25.2± 1.50

I 7.:~() J-I.XO

23.1 0±2.1 0

28.60+0.00

Fish supplied with feed ~I-I~-::~~~---
Wt. (g) SGR (%/d Fish without feed

. _ . ay) Wt. (g)
5. 08J(). 70 --'-----t-4i~~--~S~G~R~(O~Vo/~d::aY~)-
X.75HJ.40 4.58±0.55

1.8125 9.00±IAI
13 .50± 1.40 1.6290

11.50±IAl

10.90:1: 1. 70

21.6± lAO

30

00

90

120

150

No. of

D[-lys

o

Appendix 15b D8t8 on Qrowlh c1urin o th . . . .
- I::> C second expenment in brackish

water ponds

No. of F' s:- supplied with feed Fish without feed

SGR (%/day) Wt. (g). Days \:.. t{l

0 .... - r.. 10
" ._.:'-U.l

30 9.5~=0.06

60 13.15±0.92

90 14.50±0.71

120. 16.90±O.R5

150 19.55± 1.34

180 25.7±0.99

210 31.65±2.33

240 36.36±1.61

270 4 J .85± 1.06

0.9150

0.9924

0.7702

0.7053

0.6613

0.7030

0.7018

0.6719

0.6498

7.17=(J.38

9.32± 1.68

12.50±0.71

14.35±1.20

15.9011.98

18.20±2AO

22.30±0.14

25.70±0.14

28.35±0.21

32.10±0,44

SGR (%/day)

0.8724

0.9264

0.7709

0.6637

0.6210

0.6304

0.6079

,
.L.- - -

- ----- --_. -_.

-------------_.

I ,
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APpendix 15c Data on growth during experiment in freshwater ponds--. Fish supplied with feedNo. oj
Fish without feed .

Days Wt. (g)
SGR (%/day) Wt. (g) SGR (%/day)0 8.34± 1.21

7.82±0.88
30 11.05±1.88 0.9379 10.63±0.57 1.0200
60 1J.35± 1.59 0.7841 13.60±2.12 0.9223
90 16.40-1: 1.27 0.7514 15.71±0.82 0.7751
LO 19.45± 1.34 0.7075 19.35±1.20 0.7550
150 23.70±0.28 0.6963 21.71±1.92 0.6807
180 28.65±0.78 0.6856 25.56±0.34 0.6580

Appendix 15d Data on effect of wheat bran and rice bran on growth
,

No. of \\'he~H hran Rice bran

\\". (g) SGR (%/cwy) Wt. (g) SGR (%/day)Days

.' 1 1 ") I 48A6± I.S50 ...,c ....,n~ ._

0.7681 62.94±0.65 0.84155S.50±0.8330

0.6368-:-O.OO± 1.1 0 0.6832 71.01±0.8560
, ..,. 0.5432-8//±0.75 0.5701 79.0b:I._190 / ._-

82.1 b:!. to 0.4394
84.40±0.61 0.4975120

87.43±0.68 0.3934
89.93±1.15 0.4403

0.3552
150

91.84±!.\ 0
94.73±0.95 0.3958180

I ).~
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AppendiX 16 Sample calculation of difference' I .o 111 S opes of regression of

lenoth-wei ht relationshi for L. olei innis in tl V \ . .1e 0 ta and Pra estuanes.

S:llIlpks 1'''0111 the Volta estuary

:ss' -= \ 'L3()S4

"\ ,='- ::'00.1 Gi3-."

Samples from the Pm estuary
,~ ,
!-X' = \05.5 \865

LXY= \23.2044

I/ = \45.5\ \2

11 = 120

b = 123.2044/1 05.5 \85 = \.I 676

SS'" \45.5\ 12_(123.i044"/105.5185)

= \.6566

residua! Dr '" \20-2 = \ \ 8

residual DF == nO-'2 = lIS

h = 100. \ 6 \ 311...\1.3954 = \ .4057 ,
r~sid\.\~\ Ss =186. I lJ7)-('2()()· \ 6l:1" /\-1:2,)'):'-1)

== 4.~355

11=,-'20

(S
') == \'.+.8::'55 + \ .6566')1(118+ 1\S) = v.ems
- y" fJ

S bl.b' = '. ~,.0.0'275il41.39S4) + (0.02751l0S.
5Ih

)))

= ", ,.:: '57 - 1.1676) / 0.0224

== : 0.6195

\. == I IS + I 18 = 236

fa ('2), '236 = 1.969 . ,'"" ')< 0 001. . _ 1\\' dilTcrcl1\ 11',)\11 C:l~!\ OJ,,-l ,,\ 1 "

• \ \ "~SO ·\\·C S\"l1lllc:n )
Thcrdorc \ 1C \\\'0 S ope., . '"

'r

I
I
,.
.\
\
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