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ABSTRACT

Aspects of the biology of grey mullets were studied between
February 1997 and July 1998 in the Volta and Pra River estuaries in
Ghana and their potential for culture in brackish and fresh water ponds
was evaluated. Six species of grey mullets were identified during the
study. These were: sickle fin mullet, Liza falcipinnis (Valenciennes,
1836), large-scaled mullet, Liza grandisquamis (Valenciennes, 1836),
grooved mullet, Liza dumerilii (Steindachner, 1870) white mullet, Mugil
curema Valenciennes (1836), banana mullet, Mugil bananensis
(Pellegrin, 1928), and striped mullet, Mugil cephalus Linnaeus (1758).
With the exception of L. grandisquamis, which was found only in the Pra
estuary, all the other species were common to both estuaries. M. curema
and L. ralcipinnis were the most abundant species in the Volta and Pra
estuaries respectively, while M. cephalus was the least abundant species
in both places. Specimens of all the species from the Volta estuary were
relatively larger than their counterparts in the Pra estuary. With the
exception of L. grandisquamis, whose growth was isometric, the other
species from both estuaries exhibited allometric 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 from the Volta estuary
spawned between February and August while those from the Pra estuary
spawned between March and November. Males of all the species matured
at a smaller size than the females in both estuaries but species in the Pra
estuary matured at a much smaller size than their counterparts in the
Volta estuary. Stomach contents of grey mullets in the two estuaries
were quite similar consisting mainly of” diatoms, detrital material and

sand particles. Their diet did not show any substantial seasonality neither
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did it change with the size of fish. Al] 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

supplementary feed was better than those cultured under natural pond
conditions; 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 270-day culture period, fish production
of 336.5 kg ha' and 287.0 kg ha' were achieved in ponds with and
without feed respectively. The mean final weight of M. curema was the
highest among the species during the 270-day culture period. Results
obtained in this study compare favourably with other published works

and indicate a good potential for the culture of grey mullets in Ghana.

xxiii
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INTRODUCTION

Girey mullets are a group of figh belonging to the family Mugilidae,

which comprises a relatively large number of closely related species
(Stephens and Blaber, 1976). They are successful teleost fishes which make
up an important and probably the most widely distributed commercial
fishery in the coastal waters of tropical and subtropical regions of the world
(Wijeyaratne and Costa, 1986; Koutrakis ef al., 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
Mediterranean and Eastern European countries and in many parts of Central
and South America (ICLARM Report, 1980).

Grey mullets tolerate a wide range of salinity, temperature and

dis

L7 4]

olved oxvgen concentrations. These characteristics, together with their
ability 0 grow to a large size, ready availability, acceptance of
supplementary feed and he excellent texture and taste of their flesh make
the group an excellent choice for culture (Bardach er 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 -

mullets has been the difficulty in developing suitable feed for ea-rl'y

developmental stages (Shirota, 1970). Larval and juvenile food and feeding

habits have therefore, been a major research area of most fishery scientists
(Thomson. 1966: Odum, 1970; Zismann ¢f al., 1975: Chan and Chua, 1979;

s » 2
Ferrari and Chierecato, 1981). In all these studies, the importance of

ZDOplank‘{on1 especia”\,f (f()[h_‘i)()(iﬂ, in the diet of larval and jU'\’enile 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
Chieregato (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 (1995a) reported a similar diet for juveniles of four mullet
species comprising mainly bacteria, diatoms, blue-éreen/green algae,
protozoans. detritus and particulate organic matter. Blay (1995a,b) also
reported that juvenile grey mullets from the Elmina lagoon as well as L.
Jaleirioris in the Cape Coast lagoon showed a strong diurnal feeding habit.

Six species of mullets in the Lagos lagoon in Nigeria were found to
reed mainly on organic detritus, diatoms and green algae (Fagade and

lanivan, 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). Mugi! cephalus 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 item (Bruhlet, 1975)

The diet of all the grey mullet species from the Johnson estuary in
Sierra Leone (Payne, 1976) and the Ebrié lagoon in Cote d’Ivoire (Albaret
and Legendre, 1985) was similar comprising mainly diatoms, organic
detritus and materials associated with sand grains. Species in the Johnson
estuary however, showed scasonal variations in the composition of their

food.

o
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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
mullets have been reported from Sierra Leone (Payne, 1976), Nigeria
(Sivalingam, 1975; King, 1988 and Ikomi, 1990) and from Cote d’Ivoire
(Alberet and Lengendere, 1985). In all these studies it was concluded that
the various species of grey mullets have different temporal distribution
patterns influenced, among other factors, by temperature and salinity
gradients.

M. eephalus occurred throughout the year on the southern Texas coast
(Moore, 1974) while the seasonal distribution of M. curema in the Gulf of
Mexico was influenced by temperature and salinity (Aguirre, 1993). Studies
on the temporal distribution, abundance and size composition of grey mullet
populations in the Severn estuary and Bristol Channel was‘ conducted by

‘laridze and Potter (1985) while Vieira (1991) studied the occurrence of
juvenile mullets in a Brazilian estuary.

Not many studies have been conducted with respect to growth
parameters of grey mullets. Koutrakis and Sinis (1994) 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 [rom the Negombo lagoen in Sri Lanka.

The reproductive biology of some muliet species especially, Mugil
cephalus, has been studied by various workers (Thomson, 1966; Brulhet,
1975; Bok, 1979; Wijeyaratne and Costa, 1986: Aguirre, 1993; Render et

al, 1995). The species studied were found to have different spawning

]

periods with most of them spawning during periods of low or declining

water tempermurcs.

Gy
-t
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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
exploited (Quaatey, 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 er 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 about 400,000 tonnes a year (Fishery Dept. unpubl. data). Efforts at

increasing fish production in the country through fish culture have so far
concenirated on freshwater environments even though the coastline of
Ghanz has 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 Indo-Pacific 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 (El-Zarka and Kamel, 1965; Bar-Ilan, 1975; Bok,
1984) and mullets now form an important component of the extensive

fisheries in these walters.
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Trials of intensive grey mullet culture aimed at determining
conditions for optimising production are more recent, and the approaches
differ from region to region because of traditional needs and practices
(ICLARM Report, 1980). As techniques for the large-scale propagation of
grey mullets have not been perfected (Nash and Kuo, 1975; Nash and
Roningsberger, 1981), the culture of these species has relied, to a large
extent, on the capture of wild fry for stocking (Bardach et al., 1972; Chen,
1976; Ben-Yami, 1981). Dilferent mullet species, M. curema, M. cephalus,
L. aurata. L. parvus, and L. tade, have been cultured elsewhere (Yashouv,
1966, 1972; Chervinski, 1975, 1976; Alves de Araujo ef al., 1980; Pillai et
al., 1984 and Philips ef al., 1987). |

In recent times, research and development efforts in the culture of
grev mulliets have focused on induced spawning and rearing of the larvae
(Alvarez-Lajonchere et al., 1988; Rajyalakshmi et al., 1991; Kuo, 1995).
Artirizial spawning has, however, been fraught with problems such as
ragility of the species during handling, difficulties in obtaining ripe females
as well as developing suitable feed for early developmental stages. Early
developmental stages depend on live zooplankion foods, which are difficult
to provide (Tucker, 1998).

Mullet culture has not been seriously developed in West Africa.
Bardach er al. (1972) reported that experiments in brackish water fish
culture, which started in 1962 on the Island of Buguma in the Niger river
delta (Nigeria), included among other fishes, L. falcipinnis and L.
grandisquamis. Polyculture trials of mullet species were conducted in
brackish water ponds in Lagos (Nigeria) by Sivalingam (1975). Albaret and
Legendre (1985) reported that L. falcipinnis and Mugil cephalus showed the

* highest potential for aquaculture in Cote d'lvoire and suggested polyculture

N
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in association with Chrysichthys nigrodigitatus using the ‘acadja’ (brush
park) system. After identifying areas along the Mauritanian coast where
culture could be undertaken, Brulhet (1975), recommended M. cephalus
ashenteensis as the best species for culture.

I'rom the foregoing, it is evident that information on the biology and
culture of grey mullets in the West African sub-region is inadequate. In
Ghana, 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 study is therefore aimed at enhancing knowledge on the biology
of the mullets and evaluating their potential for culture in brackish and fresh
water systems in Ghana. It is apparent from the experiences of other
countries referred to above that successful intensive and extensive culture of

grev mullets in Ghana could enhance fish production in the country.

O
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MATERIALS AND METHODS

Study arcas

The study was conducted at the estuaries of River Pra and River
Volta. bath of which discharge 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. 1).
River Volta estuary

The River Volta estuary is located between latitudes 5° 30° and 6° N
and lonzitudes 0° 30" and 1° 0’ E and lies within a Coastal Savannah zone
that has an annual rainfall of between 750 and 1,250 mm (Dickson and
Benneh. 1977). The estuary is about 1,200 m wide at the mouth. Beyond the
mouth of the estuary, the water body covers an extensive area with a number
of islands most of which have human settlements. |

Two townships, Ada Foah and Big Ada, arc situated on the western
bank of the estuary. The eastern bank is covered with Cyperus articulatus
(mat reed), Polvgonum senegalense (knotweed) and Typha domingensis
(cattail), except in some few places where Rhizophaora spp. (red mangroves)
and Avecinnia sp. (white/olive mangroves) occur in small patches.
Submerged aquatic vegetation, predominantly Vallisneria aethiopica
(eelgrass) and Ceratophvilum demersum (coontail), are common in the

estuary.
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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 km® (WRRI Technical Report, 1978). Two dams have been
built on the Volta river at Akosombo (to provide hydroelectric power) and
further downstream at Kpong (to provide hydroelectric power, potable water
and water for irrigation). These dams, to a large extent, influence the quality
and 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.
River Pra estuary

The River Pra estuary is located between latitudes 5° and 5° 3’ N and

longitudes 1° 30" and 2° W. The banks of the estuary are fringed by red

mangroves. (Rhizophora spp.) up to about 10 km inland (Obodai ef al.,
1996 ). The astuary is approximately 100 m wide at the point of entry into the
sea. The major tributaries of the River Pra are the Rivers Birim and Offin;

these three rivers together form a basin that drains an area of about 22,960
km? (CIFA Report, 1991). The basin lies in the Moist Evergreen Forest zone
of Ghana, with an annual rainfall of between 1,500 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 to a large extent.

= o
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Fig.1 Map of Ghana showing the location of the Volta and Pra estuaries
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Hydrographic factors

From February 1997 to July 1998 data on transparency, turbidity,
salinity, dissolved oxygen, temperature and hydrogen ion concentration (pH)
of the surface waters of the two estuaries were collected monthly to

determine their influence on the occurrence, abundance and biology of grey

mullets.

Transparency was measured with a 20-cm diameter Secchi disc, and
surface water temperature with a hand-held mercury-in-glass thermometer;
pH was measured with a portable pll-meter (EIL 7055) and turbidity by
2100P Turbidimeter. Dissolved oxygen was measured by a modification of
the Winkler method (FAO, 1975) while salinity was estimated by first
determining the chloride concentration by titration with silver nitrate

solution using potassium dichromate end point. Salinity was estimated from
S%o = 0.03 + 1.805 (g/l ¢l 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 middle of each month from

February 1997 in the River Volta estuary and March 1997 in the River Pra

estuary for studies on their biology. Sampling lasted until July 1998 in both

estuaries. The fish were caught with a cast net, a drag net and a battery of

10
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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 eight 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 115
mm (stretched mesh). This was to ensure that the samples reflected, as much
as possible. the population structure of grey mullets in the estuaries.

Two 24-hour samplings were undertaken during the periods 11" - 12™
November 1998 and 9" — 10™ June 1999, in the Volta estuary to determine

the daily feeding periodicity of the grey mullets. Sampling was done at four-

mm mesh sizes (stretched mesh) for the flanks and bag respectively. Two
hauls were made at each sampling time, both of which lasted about 1 h 20
min.

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 Lévéque er al. (1992).

[l
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Morphometric data

The total length (TL) and standard length (SL) of individuals of the
different species of fish were measured to the nearest 1.0 mm and the weight
determined to the nearest 0.1 g. Monthly length frequency data were

compiled with distribution at 10 mm SL intervals.

Stomach content analysis

The stomach contents of each individual were weighed to the nearest
0.01 g and the total length of 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’ methods (Hynes, 1950). The points method

ives the percentage composition or bulk contribution of each food item to

fie}
(9]

the wral food composition while the frequency of occurrence method

e

xpresses the number of individual stomachs in which each food item occurs

2 v

s a percentage of all the stomachs examined.

The stomach contents of between f{ive and ten stomachs of each
species in each month were each preserved in 3% formalin. Points were
awarded each stomach according to its degree of fullness using an arbitrary
4-point scale (20, 15, 10 and 5 points for full, %, 2 and % filled stomach,
respectively). Some distilled water was added to the sample in each
container and shaken vigorously. 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 present according to their relative contribution
to the total stomach content. The points gained by each item were summed

up and expressed as a percentage ol the total points gained by all the

I')
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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
annelid larvae were grouped under zooplankton. Bacteria, nematodes, fish
scales and red 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 particle size preference among species and
between sites.

The stomach Fullness Index (I'1) was used as an indicator of feeding
intensity to evaluate seasonal feeding activities as well as diel feeding

periodicity of the various species. It was calculated using the equation?

Fi= (Weight of stomach contents x 100) / 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 different species, the
degree of food niche overlap among the species and different size classes of
a given species was calculated using the general (Gd) and the specific (S6)
overlap indices of Petraitis (1979) (quoted in Ludwig and Reynolds, 1988).
Both indices were calculated using the computer programme,
~ SPOVRLAP.BAS (lL.udwig and Reynolds T983). The index ranges be-tween

0 and 1 and the closer it is to 1, the greater the overlap.
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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 of analysis using group average sorting with the
Fuclidean measure of distance. The Euclidean linkage distance is simply the -
geometric distance between the various clusters that is denoted on the

horizontal axis.
Calculation of Condition Factor

The Condition Factor (K) of the fish was calculated using the formula:
K=Wx100/L" (Tesch, 1971)
where W = body weight in grams

L. = standard length in centimetres

cae mean monthly Condition Factor of cach species was calculated
and ploued to illustrate the fluctuations in the relative ‘well-being’ or
‘fatness’ of the species during the study period. Differences in Condition
factor of the same species from the different estuaries were determined by

Student’s r-test,

Determination of growth parameters

The growth of all the mullet species from the two estuaries was assumed
to conform to the von Bertalan{ty growth function (VBGF) which has the

basic form:

L,= L« l-cxp(-K(1- 10))]
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where L, is the length at age 1, L is the asymptotic length, K the growth
constant and fo the theoretjcal age at length zero.

The ELEFAN | programme, as mcorporated in the FISAT software
(Gayanilo ef al., 1995), was used to fit growth curves to the restructured
length frequency data. This was based on preliminary estimates of the
asvmptotic length (£#) obtained using the method of Wclh‘erall (1986),
which is also incorporated in the FISAT programme. The value of the
growth constant (K) was obtained from the scanning routine in ELEFAN | #
In this routine, values of £ 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,) was obtained from Pauly’s (1979)

equation:

Log:(~2,)=-0.392-0.275 LLogis L=—1.038 Log o K

-

(Pauly and Munro, 1984):
¢' = Logm K$2 LOgmLm

Reproductive activities

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 used for the classification of testes while
ovaries were assigned on the basis of a five-point scale. Gonads of mature

specimens were weighed to the nearest 0.01 o

15
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Calculation of gonadosomatic index ( GSI)

To determine changes in reproductive activities of the mullet species,
monthly mean gonadosomatic index was calculated for mature male and
female fish. This index js given by Htun-Han (1978) as:

GST=(GW x 100) / (BW - GW)
where, GW = gonad weight in grams

BW = body weight in grams.
Histological preparation of gonads

Histological preparations of gonads of each maturity stage were made
to clucidate the microscopic structure of the different gonadal stages.
Portions of gonads were stored in 10% formalin and later dehydrated in
graded alcohol. cleared in xylene and embedded in paraffin wax. Sections

were cut at 3 wm and stained in iron haematoxylin and eosin.
Oocyie diaieter measurements

In order to gain further insight into the spawning patterns of the
species, oocyte diameters of the different ovarian stages were measured from
histological preparations using a compound microscope fitted with a
calibrated eye-piece micrometer. Only oocytes with nuclei were considered
to ensure that the maximum diameter of the oocytes were measured. The'

frequency distribution of oocytes was used to determine spawning patterns.

10
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Estimation of Secundity

Fecundity was estimated using the sub-sampling by weight method
(Bagenal and Braum, 1971) because of the large number of eggs in the
ovarics. Sub-samples of ripe ovaries were weighed after removing excess
water on [ilter papers. Each sub-sample was preserved in Gilson’s fluid in
labelled sample bottles 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 aocyles separated from the ovarian tissue with a
dissecting pin prior to counting. The absolute fecundity of each fish ‘was
estimated by multiplying the number of eggs in the sub-sample by the ratio
of total ovary weight to the weight of sub-sample of ovary. Relative

fecundity was calculated as the number of eggs per gram of fish body

Culture trials in ponds

Preparation of ponds

Mullet culture trials were undertaken in four brackish water and fresh
water earthen 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 (WRI), Akosombo (approximately
160 km from the Volta estuary). The brackish water ponds were located
about 400 m from the mouth, and on the castern shore of the River Volta

estuary. They measured 5.7 m x 140 m x 0.8m, 54 mx 14.0 mx 0.8 m, 5.4

17
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mx 140mx08mand54mx11.5mx 0.8 m (Plate 1). Different sizes of
ponds were constructed because of limited space and uneven terrain. The
ponds were fertilised with super phosphate at the rate of 10 g m~ and limed
at the rate ol 100 g m™.

In addition to the earthen ponds, two concrete ponds (3.5 m x' 7.0 m x
8.0 m each) (Plate [) at the premises of WRI in Accra were used to evaluate
the 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 aliow for algal growth before stocking

s e -
+ 1y ranls
witn fingerhn

(J5
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Collection of fingerlings

Fingerlings of grey mullet species were collected at the Volta River
estuary with a drag net. The mesh size (streiched mesh) at the wings and
pocket of the net were 15.0 and 10.0 mm 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.
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Bottom: A concrete pond used io evaluate effect of wheat
bran and rice bran on gi h of mullet s

Digitized by Sam Jonah Library




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

Transportation, acclimatisation of fingerlings and stocking of ponds

Fingerlings were transported from the estuary to Akosombo and
Accra in plastic bags each having a volume of 0.55 m’. Fifty fingerlings,
each weighing 6.0 g on the average, were placed in a bag filled up to about
1/3 of its volume with water from the estuary. Oxygen was bubbled thrdugh
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 bags 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.

On arrival at the experimental site, the plastic bags containing the fish
were placed in the ponds for 30 minutes for the fingerlings to acclimatise to

condition

L

prevailing in the ponds. This was enhanced by slowly mixing the
water in the bags with that from the ponds. They were then released
gradually 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™. Handling of fish was avoided as

much as possible because of their fragility.
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Plate 2

Top: Initial size of grey mullets used in stocking ponds.
Middle: Average size of grey mullet after 270 days of culwre.
Bottom: Bagging procedure used m transporting live juvenile mullets.
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Plate 2

Top:  Initial size of grey mullets used in stocking ponds.
Middle: Average size of grey mullet afler 270 days of culture.
Bottom: Bagging procedure used in transporting live juvenile mullets.
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Management of ponds

Fish in two of the ponds at the Volta estuary, and at Akosombo were
fed once a day in the morning between 9.30 h and 10.00 h at 5% body
weight, The feed consisted of a mixture of peanut and rice bran, giving a
protein level of 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 with wheat bran containing 17% protein.
The ponds were occasionally fertilised with super phosphate at the rate of 10
g m™.

Biweekly measurements of water lemperature, salinity, dissolved
oxygen. pH and transparency were made, usually between 10.0 and 11.0 h.
Water samples were taken monthly from the ponds at Ada for algal counts.
Algas were counted after sedimentation for 4 hours with an in\-/erted
microscope. The average number of cells per filament or colony was
determined for 50 individuals and multiplied by the number of filaments and

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

1958).

Growth measurements

A minimum of 50 fish from each pond at Akosombo and the Volta
estuary, and 10 from the ponds in Acera, were sampled at 30-day intervals.
The average weight recorded was used to monitor growth and to determine
the specific growth rate (SGR} using the tormula of Ricker (1975) (quoted in

Watanabe et al., 1990):

34
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SGR =[100(In 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). ANOVA was also used to evaluate
differences in growth performance of fish raised during the first and second
experiments in brackish water ponds and in freshwater ponds for the first

15

B

'

—

1/

22d conversion values were determined as the ratio of dry weight (g)

of feed ziven 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 caiculated 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.

~J
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RESULTS

Fluctuations in hydrographic factors

Fluctuations in hydrographic factors at the two estuaries during the
study period are 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
November 1o January while high temperatures were recorded from March to
May. The drop in temperature in the Pra estuary in March 1997 was due to
raintall that occurred in the night prior to sampling and an overcast weather

on the dav of sampling.

Dissolved Oxygen Concentration (DO)

Concentration of dissolved oxygen in the Volta estuary decreased
from a maximum of 9.2 mg 1" in April 1997 to a minimum of 5.0 mg I 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 I to a maximum
of 8.8 mg 1" 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 Volia.
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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
values prevailing from April to October and lower values from November to
March.
CSalinity

Salinitics 017 0.5-20.0 %o and 0.05-8.2 %o were recorded in the Pra and
Volta estuaries respectively (Fig. 2d). During the study period, the
fluctuation in salinity, more or less, followed a similar pattern in both
estuaries, with high salinity in March or April and August or September,
. while low salinities were recorded for the rest of the year. |
Transparency

Secchi disk readings (Fig. 2e) indicated that transparency was higher
in the Volia estuary than in the Pra estuary. In the Volta estuary transparency
ranged from 114 to 306 cm while that in the Pra estuary was from 10 to 152
. cm. Generally, transparency was high from January to April when rainfall
was low while 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 identified during the study period. These were: the sickle
fin mullet, Liza fulcipinnis (Valenciennes, 1836), the large-scaled mullet,
Liza grandisquamis (Valenciennes, 1836), grooved mullet, Liza dumerilii

. (Steindachner, 1870), the white mullet, Mugil curema Valenciennes (1836),

20
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the flathead mullet, Mugil cephaius Linnaeus (1758) and the banana mullet,
Mugil  bananensis  (Pellegrin, 1928). With the exception of L.
grandisquamis, which was found only in the Pra estuary, all the other
species occurred in both estuaries.

Maonthly changes in relative abundance of the differenf mullet species
from the estuaries are illustrated in Fig. 3.

L. falcipinnis: This species was the second most abundant forming
20.7% of the samples in the Volta estuary and was the most abundant
species in the Pra estuary where it constituted 56.1% of the samples (Fig.
3a). It was most abundant in the Volta estuary from April to June with a
peak in May 1997 while in 1998 the highest peak occurred in March. It
dominated samples, for most part of the study period, in the Pra estuary
except the period between December 1997 and April 1998. L. falcipinnis
was present in both estuaries throughout the study period.

L. dumerilii: Tt constituted 18.7% and 7.8% of grey mullets caught
during the study period in the Volta and the Pra estuaries respectively. .In
both estuaries it was the last but one species in terms of abundance. It was
present throughout the study period in the Volta 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 estwary, the highest peak
of abundance in 1997 in the Pra estuary was in May where it constituted
51.3% of the catch for that month. Apart from the peak in May 1997 catches
were, generally low in both years with the species being completely absent

from the estuary in March and April 1997,

Digitized by Sam Jonah Library




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

100

(a) L. falcipinnis
\ A

— 20 A . A

o ~ \

& L -7 N vl A

== P \ -

@ 0 1 P . VN S i i e T N
o F97M A M J J A § 0O W D JSBF M A M ) )
=

g moiu‘ .

2 -0/ M. bananensis

2 M

= .

3 5 s

&

2

= )

“llel M. curema

Bl

(-

Fig. 3 Changes in the relative abundance of grey
mullets in the Volta(—) and Pral---} estuaries

Digitized by Sam Jonah Library




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

L. grandisquamis: This species was found in the Pra estuary only.and
constituted 9.5% of samples during the study period. It showed an increése
in abundance from March and peaked in May 1997 (Fig. 3c). After the peak
in May 1997 it completely disappeared from samples in June and again in
August 1997 Tt was most abundant in the estuary between October and
December 1997 with the highest peak occurring in the latter month. In the
tollowing year it occurred in low numbers and was present in June unlike the
previous year.

M. bananensis: 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 two estuaries, except in May 1997 when it
was absent from the Pra estuary (Fig. 3d). The species was the most

abundant in the Volta estuary in January, February and July 1998 when it

£~

2.4% and 78.0% of the samples, with the highest peak occurring in

o
(4
~—t
<
u
(1
—
|

January 1998.

M. curema: It was the most abundant species in the Volta estuary
forming 36.8% of the samples and the third 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). In 1997 it was most abundant from February to June and
September to October while in 1998 it reached the highest peak in May
when it constituted 88.6%. In the Pra estuary. the peak abundance of M.
c'm‘umu- occurred in April 1998 when it constituted 32.5% of the mullets

sampled; in 1997, the peak was in August. Even though 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_estuaties
respectively. M. cephalus was present for most part of the study period in the
Volta estuary, even though it occurred in very low numbers (Fig. 3f). It was
most abundant between June and August with a peak in July in 1997. Théy
were absent from samples in May and November 1997 and January,
February, and May 1998. It was mostly caught in the Pra estuary between
March and July 1997 and were completely absent from September to

December 1997 and from February to May 1998.

Hydrographic factors and relative abundance of grey mullets.

[able 1 shows the correlation between hydrographic factors and
relative abundance of the various species in the two estuaries.

L. ralcipinnis: Temperature, salinity and transparency correlated
negativelv with relative abundance of L. falcipinnis while pH showed
+ positive correlation with abundance in the two estuaries. The correlation in
all cases was not significant.

L. dumerilii: There was no significant correlation between any of the
hydrographic factors and abundance of this species in the two estuaries.
With the exception of pH, which showed 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 1 Coefficient of correlation between monthly relative abundance of

each grey mullet species and some hydrographic factors in the Volta and Pra
estuaries.

Specics Water Dissolved pH Salinity ~ Transparency
_ _Temperature  Oxygen
VOLTA EST.
L falcipinniy -0.2063 -0.0514 0.0707 -0.1817 -0.4437
L dumerilii -0.0087 -0.2677  -0.0935  0.1186 0.3614
M. curemu 0.7302% (.01939 0.1108 0.2500 0.0966
M. banancnsis -0.4108 0.0878 -0.2770 -0.1281 . 0.2101
M. cephalus -0.4482 -0.01 34 0.4479 -0.1872 -0.5169*
PRA EST.
L. falcipinnis -0.4067 0.1129 0.2773 -0.1076 20,4266
L. dumerilii 0.1316 0.0076 -0.2015 -0.4689 -0.3588
L. grandisguaanis 0.2433 0.0694 0.0016 -0.0953 -0.2271
M curema 0.3664 -0.3317 -0.1322 0.4495 0.5698*
M. banancnsis 0.1613 -0.0424 -0.1934 0.2220 0.5830*
M. cephalus -0.2515 0.4637 0.3698 -0.0165 -0.1990
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L. grandisquamis: 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
temperature, |

M. curema: Transparency in the Pra estuary was the only
hydrographic factor that showed positive significant correlation with
abundance of M. curema (1=0.5698, p<0.05). Unlike pH and dissolved
oxygen concentration which showed conflicting relationship in the two
estuaries, temperature and salinity showed positive correlation with relative
abundance in both estuaries even though, the correlation was not significant.

M. bananensis: With the exception of transparency which varied
significantly with abundance (r=0.5830, p<0.05) in the Pra estuary, there
was no significant correlation between the other hydrographic factors and
abundance of M. bananensis in both estuaries. The negative correlation
between temperature and abundance as well as salinity and abundance in’'the
Volta estuary was in contrast to what pertained in the Pra estuary where
there was positive correlation. Dissolved oxygen concentration also showed
different relationships with relative abundance in the two esfuaries.
Correlation with pH was, however, negative in both estuaries.

M. cephalus: The relative abundance of AL cephalus correlated
negatively with temperature, salinity and transparency in both estuaries. The
correlation with transparency in the Volta estuary was significant (r=-
0.5169, p<0.05). On the contrary, the correlation of abundance with pH was
positive in both estuaries while that with dissolved oxyvgen concentration

showed dilTerent correlation in the two estuaries.
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Size frequency distribution of grey mullets in the two estuaries

The size range of the different species in the two estuaries is presented
in Table 2. Bigger specimens of each species were caught in the Volta
estuary than in the Pra estuary. Figures 4 and 5 show the composite length
frequency distribution and their various component cohorts for each species
n the Volta and Pra estuaries respectively. The components were separated
using the Bhattacharya method in the FISAT programme (Gayanilo et al.,
1995). The length frequency distribution for the various species consisted of
different cohorts in each estuary.

The length frequency distribution of L. falcipinnis from the Volta
estuary (Fig. 4a) showed three cohorts with mean lengths of 72.9, 142.5 and
169.5 mm (SL) while those from the Pra estuary (Fig. 5a) showed one cohort
with mean length of 82.0 mm (SL). Three cohorts were depicted by the
length frequency distribution of L. dumerifii from each estuary. The mean
lengths in the Volta estuary (Fig. 4b) were 65.6, 94.9 and 130.9 mm (SL). In
the Pra eswary (Fig. 5b), the mean lengths were 58.9, 95.3 and 126.8 mm
(SL). Only one cohort with a mean length of 113.0 mm (SL) was shown by
the length frequency distribution of L. grandisqucmis (Fig. S¢).

M. bananensis showed one cohort for the length frequency distribution
in each of the estuaries with mean length of 111.5 mm (SL) in the Volta

estuary (Fig. 4¢) and 87.8 mm (SL) in the Pra estuary (Fig. 5d). The length
two cohorts with 89.0 and 140.4 mm (SL) being the mean lengths. It

however, showed one cohort in the Pra estuary  (Fig. 3¢) 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 falcipinnis 38-239 1.1-262.3  42-217 1.3-205.6
L. dumerilii 45-233 1.6-216.3  47-230 2.3-238.7
L. grandisquamis - = 70-163 7.9-104.8
M. bananensis 54-195 3.6-174.5 47-193 2.1-153.2
M. curema 54-270 3.6-444.1  50-158 3.4-78.4
M. cephalus 77-570  10.2-3300  115-355 = 34.8-1250
34
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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
from the length frequency distribution of the species in the Pra estuary
because of low sample size (Fig. 56).

Fhe monthly length frequency distributions for each of the species are
iustrated in Figures 6-11 except, M. cc-p/m/us in the Pra estuary because of
small sample size.

L. falcipinnis: 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 SI.) 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,
occurrad in February and June. Progression in the modal class from October
to December 1997 indicates an increase in standard length of 80 mm within
the three—month period.

[n the 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 maximum size class recorded was
210-219 mm (SL) in March 1998, compared to the maximum size class of
230-239 mm (SL) found in the Volta estuary. Shifts in modes in the Pra
estuary were not apparent and therefore not easy to follow the growth
pattern.

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

45-233 and 47-230 mm (SL) respectively (Fig. 7). The smallest individuals
belonging to the size class of 40-49 mm (SL) first appeared in the Volta

estuary in March 1997. In 1998 however, the size class 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 of 30 mm (SL) was achieved.

The smallest size class of 40-49 mm (SL) occurred in the Pra estuary in
July 1997 while in the following year individuals in the smallest size class
(70-79 mm SL) appeared in May and June. There was no clear-cut
progression in modal class to determine growth in the Pra estuary.

L. grandisquamis: The size of the species ranged from 79 to 163 mm
(SL). The size class corresponding to the smallest individuals of 70-79 mm
(SL.) appeared in the Pra estuary in May, July, September, October and
December for 1997 while in 1998 the smallest individuals (80-89 mm SL)
were found in January, May, June and July (Fig. 8). Between September and
November 1997 where there were clear shifts in modal class, there was a
shift from a size of 90-99 to 120-29 mm (SL) - an increase of 30 mm in a
period of three months.

AL hananensis: The size of the species ranged from 54 to 195 mm (SL)
in the Volia estuary and 47 to 193 mm (SL) in the Pra 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 apparent shift in modal class, an
increment of 20 mm SL was made over the three-month period.

In the Pra estuary the smallest individuals of 40-49 mm (SL) were
caught in July 1997. In 1998 the smallest individuals (60-69 mm SL)
appeared in February, March, May and June. From August 1997 the modal
class shifted from 60-69 to 110-119 mum (S1) in November 1998, registering

an increment of 50 mm in a period ol three months.

33
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M. curema: 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 mm SL) in the Volta estuary appeared for the first time in May. In 1998
the smallest individuals  (60-69 mm SL) was present in January: and
February and again in June and July (Fig. 10). Between August and
November 1997, where there was a clear shift in modal class, an increment
of 50 mm in 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 growth estimation.

M. cephalus: The size of the species ranged from 77 to 570 mm SL in
the Volia eswary and 115 to 355 in the Pra estuary. Length frequency
distribution on monthly basis is illustrated in Figure 11 for the species from
the Volta estuary only since the number of specimens from the Pra estuary
was low. The smallest individuals in the size class 60-79 mm (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 in the former month to

260-279 in the latter.
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Length-weight relationship

The 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 = a L? 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-10 logarithm

transformation of length-weight data using least-squares linear regression
V1Z:

logW=loga+blogL

Diffzrences in the slopes of regressions between same species from the

alues for the intercept @ and exponent or regression coefficient b in the
regression equations, as well as the coefficient of determination (R?) for the

different species are shown in Table 3.

l

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 L. grandisquamis, was not significantly
different from 3.0 (p>0.05), indicating isometric growth while in the other
species the exponent was either significantly higher or lower than 3.0

(p<0.01) suggesting allometric growth.
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;
Table 3 Parameters oflength-weight relationshj - f

: inati . nship and coefficient of -
determination (R%) for grey mullet - nt o |
estuaries. Species from the Volta and Pra - ;,
Specics Location atse btse R?

Volta 0.0158+0.002 3.0561
" L fulcipinnis ' +0.02 0.9928
Pra 0.0255:0.005  2.850740.05 0.9500
Volta 0.0098:0.003 3.2356+0.03 0 98'33
L. dumerilii : "
Pra 0.0223:0.003  2.9175+0.03 0.9771
Volta - < =
L. grandisquamis
Pra 0.0204+0.004 3.0113+0.03 0.9750
Volta 0.0191:+0.002 3.0296£0.02 0.9894
V. FICHINTS e
e L Pra 0.0175£0.003  3.10420.03 0.9771
Volta 0.0311x0.002 2.84356x0.03 0.9728
M. curema
Pra 0.0247+0.004 2.9472+0.04 0.9651
Volta 0.0142£0.002  3.1387+0.02* 0.9944
M. cephalus .
\ Pra 0.0134£0.004  3.1708+0.05% 0.9944

* No significant difference between slopes at the 5% probability level
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Fig. 12 Length-weight relationship of grey muliets from the Volta
and Pra estuaries. n = sample size.
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Growth parameters
Figure 13a s :
g 3a shows a sample of the Wetherall plot for M. hananensis

ary, providing estimate of L« as 206.4 mm SL. The
corresponding estimate of K was 0.78 ye

from the Volta esty

T &
ar from the scan plot (Fig. 13b),

and the growth curve « .
d the growth curve Superimposed on the restructured length-frequency

data is shown in Fj - :
is shown in Fig. 13¢. A summary of the growth parameters (K, L» and
N o 1 4 TR ’ e AR - or= » . .
t,) and growth performance (#') is provided in Table 4 for all the species.
j; - .‘- 5 " .. = S . - .
Apart from L. dumerilii whose Lo was similar in both estuaries, the

L and K for the other species from each estuary were different. Growth
performance (¢') for the same species from both estuaries was however
similar. The highest L= in the Volta estuary was estimated for M. cephalus,
While in the Pra estuary L. dumerilii had the highest estimate. It must be
noted that no estimate was made for M. cephalus in the Pra estuary because

of the small sample size.
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Fig. 13 Estimation of growth parameters for M. bananensis from the
Volta estuary. (2) Lo from Wetherall plot. (b) K from the scan

routine showing the location of *best’ estimate of K =0.78
year-1 (see ¢’ scale below).
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Table 4 Growth parameters (Lo, K t, ) and growth performance index (¢')
of grey mullets from the Volta and Pra estuaries.

SpCCiCS Leo (SL, mm) K (year") [, (years) /8

Volta estuary

Liza falcipinnis 247.8 0.41 -0.225 441
Liza dumerilii 2327 0.55 -0.169 4.5.0
Mugil curema 2133 0.40 - -0.224 4.48
Mugil bananensis 204.8 0.78 -0.122 4.51
Mugil cephalus 365.5 0.31 -0.239 4.99

Pra estuary

Liza falcipinnis 220.4 0.42 -0.227 4.3]

Liza dumerilii 233.4 0.42 -0.223 4.60

Liza grandisquamis Li5.9 0.27 -0.382 4.66

Mugil curema 195.8 0.62 -0.156 438 -

Mugil bananensis 201.4 32 -0.308 4.09
53
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Food and feeding habits

Composition and frequency of occurrence of stomach contents

1The hist of stomach contents of grey mullets from the two estuaries is
presented in Table 5. Fish scales and eggs were found in the stomachs of L.
Jaleipinnis and an unidentified species of red alga was found in a few
stomachs of L. grandisquamis and M. bananensis from the Pra estuary.
Apart from these, all the other items were common in the stomachs of all the
species from the two estuaries. Twelve species of diatoms, twelve of green
algac and 10 species of blue-green algae were identified in the stomachs of
the grev mullets. The most common diatoms found in the stomachs were
species  of  Nwvicula, Surirella, Synedra, Gyrosigma, Nitzschia, and
Cyclorella. The blue-green algae consumed consisted mainly of filamentous
tvpes e.2.. Lwngbya spp., Oscillatoria spp. and Anabaena spp., and
unicellular forms e.g., Merismopedia sp. while the green algae were mostly
species of desmids and filamentous types e.g.. Chaetophora, and Ulothrix.

Protozoans were mainly made up of foraminiferans.

A
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Table 5 List of stomach contents of grey mullets
estuaries.

Stomach contents

I [ Stomach contents
Bacteria D

Benthic organismy

Blue-green algae

Spiruling sp
Polvchactes

Chroococcus s p
SRR Lynghya sp
Zooplankton

Anabaena sp
Annelid larvae

Oscillatoria sp
Crustacean larvae

| Merismepodia sp
I
Protozoans

Microcystis sp
Dinoflagellates Calothriv sp

Copepods - Azmelhun sp

B4 TRl * J S N
Ostracods Ciomphosphacria sp
Rotifers

}' Green algae
Cladocerans ' Closterium sp

Diatoms Pediastrum sp
Surirelic sp Staurastrum sp
Gyrosigma sp

Ankistrodesmus sp
Navicula sp Schizomeris sp
Nitzschia sp Chaetophora sp
Synedra sp Spirogvra sp

Stephanodiscus sp Ulothrix sp

Cyclotelle sp Microspora sp

Gomphonema sp Prasiola

Pinnularia sp

Stichococcus s p
Diatona sp Scenedesns sp
Melosirg sp Unidentified filamentous green algae
Cymbella sp Red algae
" Sand particles Fish scales
Detritus

Fish cggs

S
wn
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from the Volta and Pra

Stomach contents

n.'l(_'lt,‘l'i(lr A‘\

Benthic organisms
Polychactes
Nematodes

Zooplankton
Annelid larvae

Crustacean larvae

Protozoans

Dinoflagelates

Copepods

Ostracods

Rotifers

Cladocerans

Diatoms
Surirellu sp
Gyrosigme sp
Navicuia sp
Nitzschia sp
Synedra sp
Stephanodiscus sp
Cyelotella sp
Gomphoneme sp
Pinnularia sp
Diatoma sp
Melosira sp
Cymbella sp

" Sand particles

Detritus

Stomach contents

Blue-green algae
Spiruling sp
Chroococcus sp
Lyngbya sp

Anabaena sp

Oscillatoria sp
Merismepodia sp
Microcystis sp
Calothriv sp
Agmellum sp
Cromphosphaeria sp
" Green algae
f
- Closterium sp
Pediasirum sp
Staurasirum sp
Ankistrodesmus sp
Schizomeris sp
Chactophora sp
Spirogyra sp
Ulothrix sp
Microspora sp

Prasiola

Stichococcus sp
Scenedesnins sp
Unidentified filamentous green algae
Red algae

Fish scales

Fish cpps
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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 after it had been ascertained that there was no appreciable change in
the stomach contents throughout the seasons and also among the various size
groups of a given species. This is illustrated in Figures 15-17 while the
general niche overlap indices (G6) 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 t0 0.978 in the Volta estuary and 0.955 to 0.984 in the Pra
estuary. There was a high degree of overlap in the stomach contents améng
the size groups of L. falcipinnis, L. grandisquamis and M. bananensis
investigated in the Pra estuary. In the Volta estuary only L. dumerilii showed
a high degree of overlap in the stomach contents among the size groups. The
percentaze rzquency of occurrence of the various items is presented in
Tables 7 and 8 for the Volta and Pra estuaries respectively. The main
compconents of the stomach contents are described for each species from the
two estuaries.

L. falcipinnis: The percentage frequency of items shows that sand
particles, diatoms, detritus and green algae in both estuaries. as well as blue-
green algae in the Pra estuary, occurred most frequently {30-100 %) in the
stomachs of the species. These items, together with diatoms, were also the
most itﬁportant on the basis of their percentage composition in the stomach
contents from both estuaries (Fig. 14). Filamentous blue-green algae in the
Volta estuary and copepods in both estuaries were fairly trequent (10-45%)
items in the stomachs of the fish. Protozoans. rotifers and ostracods, were

also fairly frequent in stomachs ol [ish from the v olta estuary.
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Table 6 General niche overlap indices (GS) among size groups of grey

mullets from the Volta and Pra estuaries.

w a Go Gé
ii’tk tes Volta estuary Pra estuary {
L. falcipinnis 0.851 0.984* | r
| - i
L. dumerilii 0.978* 0.955
L. grandisquamis « 0.971*
M. bananensis 0.930 Ro7 | | ‘
M. curema 0.887 Q.957 |
M. cephalus 0.785 e

* Very high degree of niche overlap

** No estimation made because of few specimens
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L.falcipinnis L. dumerilii L.grandisquamis M.curema M.banangnsis M.cephalus

Fig. 14 Composition of stomach contents of grey mullets from the Volta

Species
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Diatoms W
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Polychaetes [

and Pra estuaries

Defritus
Sand particles
E B-green algae
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Lower frequenc 0
quency values (< 10 %) were recorded for crustacean larvae,

fish scales and eggs, which were found only in fish from the Pra estuary.
[Low values were also recorded for Dinoflagellates and polychaetes which
were present in the stomachs of fish from the Volta estuary only. No
seasonal changes oceurred in the stomach contents of the species in both
estuaries (Fig. 15). The intake of green and blue-green algae as well as
sooplankton during the rainy scason was however, low.

L. dumerilii: Sand particles constituted about 60% of the stomach
contents of L. dumerilii from both places (Fig. 14). Detritus, diatoms, green
algae and zooplankton were the other important components of the items in
the stomachs. Sand particles occurred in all stomachs while detritus and
diatoms occurred in more than 50% of the stomachs examined. In both
estuaries. blue-green algae, ostracods, copepods and protozoans were fairly
frequent (10-30%). Items occurring in less than 10% of the stomachs
included poiychaetes, annelid larvae, cladocerans and bacteria. Nematodes
were absent from the stomachs of L. dumerifii from the Volta estuary while
crustacean larvae 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. 15). Some polychaetes were eaten by the species from the
Pra estuary during the rainy season.

L. grandisquamis: The most important items in the stomachs of this
species were sand particles, detritus and diatoms (Fig. 14). These items
including green and blue-green algae (Table 8) occurred in more than 50%
of stomachs examined. Ostracods, protozoans and cladocerans occurred

between 10.5-34.2% of stomachs examined while annelid larvae, nematodes,

39
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otifers and fish scales wer 1 .
ro ‘ ¢ were noted in less than 10% of stomachs. An

unidentified 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

intake of diatoms and a decrease in the amount of sand particles ingested
during the rainy season (Fig, 16).

M. banancnsis:  Diatoms, sand particles, green algae and detritus
occurred in over 50% of stomachs examined in both estuaries. Items that had
a fair percentage occurrence (10-50%) in the stomachs of fish from both
estuaries were copepods, protozoans and blue-green algae. Included in this
group are poelychaetes found 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 algae occurred in a few (< 10%) stomachs in the Pra estuary but were
absent from the diet of the species in the Volta estuary. Other items for
which lower frequency values were also recorded in both places, were
annelid lam ag, rotifers and nematodes.

[n the Volta estuary polychaetes formed an important component of
the stomach contents during the dry scason while more zooplankton were
consumed during the rainy season. The composition of stomach contents of
the species in the Pra estuary was fairly the same during the dry and rainy
seasons (Fig. 16).

M. curema: The most important stomach contents in terms of their
percentage composition were sand particles, detritus, diatoms and green
algae (Fig. 14). Except for green algae in the Volta estuary, these items were
found in over 70.5% of stomachs examined. Even though polychaetes were
fairly important forming about 12.2% ol the stomach contents of the species
in the Volta estuary it constituted a small fraction (3.4%) of the stomach

e Pra estuary. Other items that were fairly

~ - e o
contents of the species n U
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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

alpac also being fairly frequent in the stomachs of fish in the Pra estuary. All
the other items e.g., bacteria, rotifers, cladocerans and nematodes were
frequently low (< 10%) in the stomachs of fish in both estuaries.

During the dry and rainy seasons, polychaetes constituted an
important component of the items in the stomachs of the species in the Volta
estuary. Comparatively, more diatoms and zooplankton were found in the
stomachs of fish in the Volta estuary during the rainy season (Fig. 17).
Except for the presence ol polychactes in the stomachs of the species in the
Pra estuary during the dry season, there were no changes in the stomach
contents in the two seasons in that estuary.

Mocophalus: Sand particles, detritus, green algae, blue-green algae
and diatoms were the most frequent items in the stomachs of this species in
the Volia estuary while in the Pra estuary polvchaetes, diatoms, detritus and
sand particies were the most frequent items. These items were also the most
important, 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. Polychactes constituted the major

item during the dry season while diatoms and green aigae were the major

items during the rainy season in the Volta estuary (Iig. 17).

Ol
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Table 7 Frequency of occurrence "

. fitems in the iffer
mullet species from the Volta vy stomachs of different

Frequency of occurrence (%)

Stomach )
contents Liza e ¢ e, =
Jalcipinnis c[I:zr::e;'ilii i‘f}f?;’ia ' 2(1:22’:;{;enxis ﬁ’c{;‘;;Zlus
————s . e (n=70) (1=65)  (n=75) (n=51)
Bacteria 1.8 0.4 7 4 ) 20
Dinoflageilates 2.9 . 55 ) 39
Diatoms 79.4 717 8.5 705 88.2
Blue-green algae 41.2 16.9 4 33.3 76.5
Green algac 70.6 43 4 685 76.% 100
Red algae . ) X . ;
Polychactes 5.9 1.9 20.4 11.8 294
Annelid larmvae 29 3.8 s s "
Nematodes 2.9 - 5.6 2.0 7.8
Protozoans 23.5 22.6 13.0 17.6 3.9
Rotifers 11.8 18.9 5.6 5.9 13.7
Ostracods 17.6 22.6 g5 13.7 7.8
Copepods 14.7 41.5 29.6 13.7 b .7
Cladocerans 2.9 9.4 1.9 3.9 15.7
Fish scales - = - # 1
FFish eggs < . 2 T .
Crustacean larvae - 3.8 - - :
Sand particles 100 100 100 100 100
Detritus 100 100 9.3 100 76.5

n = number of stomachs examined

(o}
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Table 8 [requency of occurrence of jte

i ms in the stomachs of different
mullet species [rom the Prg estuary

ST T .

Stomach Frequency of occurrence (%)
Stomac

contents y s ;

AZd /= s "

A ’/;”, s ‘I/ :’-’:: erilii é "I ;'(’,"'" isquamis ? alf:zlm ;;gsf:zemis g;;;ilffl us

67 75 (o0 (-72)  (n=69) (n=15)
Bacteria 6.1 3.5 2 59 10.0 )
Dinoflageilates - , 80 ) i )
Diatoms 93.9 71.9 97.0 96.6 90.0 50.0
Blue-green algae 53.0 33.3 56.2 44 .8 23.0 17.0
Green algae 35.0 47.4 60.5 34.5 50.0 33.0
Red algac - e 5.3 - 3.0 :
Polvchactes - 1.8 = 3.4 - 50.0
Annelid tarvae - 3.5 7.9 3.4 - - |
Nematodes 3.3 3.5 53 3.4 3.0 -
Protozoans 0.1 30.8 34.2 32.8 20.0 17.0
Rotifers 6.1 7.0 5.3 8.6 - 17.0
Ostracods 6.1 24.6 15.8 [3.5 - -
Copepods 327 33.3 18.4 531.0 17.0 17.0
Cladocerans 2.0 3.5 10.5 W, - 17.0
Fish scales 2.0 - 2.6 = ¥ -
Fish eggs 2.0 - - . - -
Crustacean larvae 2.0 1.8 - . 3 -
Sand particles 100 100 100 94.8 100 83.0
Detritus 85.7 96.5 100 87.9 97.0 50.0

= number of stomachs oxamined - o
G3

Digitized by Sam Jonah Library



[S—_— e

—
T 7777z PO Prrrriil s PP 7] s

L. dumerilii

https://ir.ucc.edu.gh/xmlui
Dry season

_“Im,q&_a ‘0- g m anbio ‘9 g

70
60
SO

University of Cape Coast

g c
=)
Juuu_o:ufu o m\ anhjouaalg
@
w WY |
e T L] oo
e
hmcoicuioon oqm. HNM wojquo|dooyz
—s2jaoy240d 1 s3janyrhiog
1 1 1 1 | 1 L | 1
2 Py ¢ = R = 0 s M & Eels
7 — [
FTBTa PN o  IHITE . I e

Hmuum_u.m.n ﬂ avhon'n"g
e

spbjouaaig

sS€ason

falcipinnis

season

L.
Dry

<

P SwojoiQ ( T swojniQ

D -

|
N

uoquoidooz uojyunidooz

sajenydr4jod

70r
601
50

% $3Jany24 104
o

10—

20

1
o e
~ o

50~
L0
30

20+

10

0

unitendinna Aafniiian s . . 2

cipinnis

aries.

Digitized by Sam Jonah Library

) and Pra (0) estu

7 from the Volia (8

(4]

sition of stomach contents of L. fal
64

»

. 15 Seasonal compo
and L. dumert

Fig



/lir.ucc.edu.gh/xmlui

https

University of Cape Coast

L. grandisquamis

P

M. bananensis

Dry season

sny13430
| D

[

T TELETTIETTFT
HMuomE.u.m
ﬁmuom_a U3y

D
m uojuodooz

sajeoydhiog

Rainy season

70

60~

50

| Pl PP

ﬂf\“ﬂ\ﬂdﬂﬂd\“ﬁVﬂdVﬂﬁVu

4
ross
s
rrz7

—

L0 -
30 -
20 —
10
0

601

(=]
(o

Dry season

50 [~

0

L0

L LUREEREAV]

pPuDs

[]2vbiv 09

[—{auhipusaig

season

E
el
{ Twololg O

[Juoyunydony

—{sajapyakiog
1 |

70

60 I~

50

20~
10~
0

|
o o o o S
&~ - =~ S

uotjisodwod abojuarsad

L0
30—

l
(=]
un

L0
0
20 -

snj1a430
pups
avbio°9°g
20010 vaasn
SWo 400
uoqunjdoo?

s3jaonyrfiogd

sn§1443qQ
puos
2o6i0p'0-g
206D u33J4n
swo4niQ

uojyunjydoo2

sajavylrhyod

isquamis

iomach conients of L. grand

tion of

ig. 16 Seasonal composi

F

¢ Volia () and Pra ({J) estuar

1€S.

from th

and M. bananensis

05

Digitized by Sam Jonah Library



FZZZZZ] sn414430

I 777777777 7] puns

e, LR

zzzzZZ] 0 veaud

cephalus

ZZZZZZ] sweivia

Dry season

M.

77777 Jsayavysrhod

NM:oIcuaooN

Rainy season

https://ir.ucc.edu.gh/xmlui

70
60 -
50

WK ZZZ 72

LS nl L L L

Z

22
1

<
~

1 |
o <
- m

60 -
S

o <
-

—— SN§144230

puns

vy Rl illl
—

ﬂ”coic vidooy

University of Cape Coast
Dry season

curema

M.

muca:. 0°@

_,y.?_uc,_iﬁ._

70

60 |~
50
Lo

(=] <>

1's od wo)

ainy season

WL L

[{ 7 Ay 7 e iy

(r

T
s
vrzzzZ

bz

1 |
-] <3 (=] o
- m

3 boyj uadsuoag

20

10
0

L FYRTET]
puos

eofjo '9°d
sob|p vaaup
swoyniQ
yojyunydooz

sajaoyshjod

snj1d4aq
puos

30610 ‘94
aobjo vaaug
swojnig

uvoyjyuonjdooz

$a180y34)04

aries.

of M. curema
om the Volia (ﬂ) and Pra (D) estu
Digitized by Sam Jonah Library

ition of stomach contents

. 17 Seasonal composit
and M. cephalus it

&

[}

Fig



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

Among the species themselves, there was 2 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 (Gé = 0.947) than in the Pra

estuary (G0 = 0.904). "The cluster dendograms (Fig. 18) based on frequency

of items consumed by the different species in each estuary show that L.
falcipinnis and M. bananensis frequently consumed similar items in both

estuaries. Also, L. dumerilii and [, grandisquamis in the Pra estuary

preferred similar items. The items found in the stomachs of M. curema in the
two estuaries were more related to that found in L. falcipinnis and M.
bananensis in both places and also to that found in the stomachs of L.
dumerilii and L. grandisquamis in the Pra estuary. M. cephalus in the two
estuarics had little interaction with the other species with respect to the items
found in their stomachs. This is, most probably, due to the presence of more

polychactes in their stomachs compared to the other species. The low

interaction is corroborated by the specific overlap index (So), of M. cephalus
on the other species which was below 0.5.
07
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Fig. 18a Cluster diagram based on frequency of stomach contents
of grey mullets from the Volta estuary
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Fig. 18b Cluster diagram based on frequency of stomach contents
of grey mullets from the Pra estuary
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Particle size selection

Table 9 shows the size of sand particles ingested while their frequency

distribution in the different mu]let species in both places is illustrated in
Figure 19. The species from the Volta estuary generally ingested larger sand
particles than their counterparts from the Pra estuary.

In each estuary, L. dumerilii ingested the widest range of sand
particles from 41.2 1o 1195.8 ym with a mean size of 248.8 um in the Volta
estuary and from 33.0 to 1649 um with a mean size of 194.6 um in the Pra
estuary. The most frequently ingested sand particles by L. dumerilii, M.
curema and M. cephalus in the Volta estuary measured 120-139 um. In the
Pra estuary, the most preferred particle size by L. dumerilii was 80-99 um,
similar to the commonest size ingested by L. grandisquamis in the same
estuary. The size of sand particles filtered by the latter species, however,
ranged from >1.4 10 270.4um. The smallest size range of 16.5 — 255.7 um
was ingesiec ov M bananensis in the Pra estuary while in the Volta estuary
L. falcipin:is tiltered the smallest size range, 33.0 — 479.4 ym. The most

ingested panticle size ranged [rom 40 to 59 um for M. hanancnsis, and from

80 to 99 um for L. falcipinnis.
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Table 9 Size of sand particles ingested by grey mullets from the Volta and

pra estuaries.

Species Estuary P article size  Modal class  Mean particle
range (um) (pm) diameter (#m)
Volta 33.0-479.4 60-79 1257
L. falcipinnis '
Pra 31.2-479.4 40-59 118.3
| Volla  412-71958  120-139 248.8
. L. dumerilil
Pra 33.0-1649.4 80-99 194.6
Volta 7 -
L. grandisquamis
Pra 31.2-270.4 80-99 99.7
) Volta 41.2-4948 80-99 132.9
M. banancnsis
Pra 16.5-255.7 40-39 719
Volia 33.0-618.6 120-139 156.5
M. curemc
Pra 31.2-527.8 60-79 123
Volta 41.2-783.5 120-139 213.3
M. cephalus
Pra 31.2-6754 100-119 187.3
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Monthly feeding activity

Cheges In. monthly feeding activity, measured as changes in the

index of stomach fullness (FI), are illystrated in Figure 20 for both estuaries.
IFeeding activity in both estuaries was erratic during the study period.

Even though erratic, feeding activity was generally low for most of
the species in July during the first year in the Volta estuary. This was
immediately after the peak of the major rainy season that occurred in June
(Appendix 1). Again there was a drop in feeding activity in October for al!
the species except M. cephalus and L. dumerilii. The drop in October
corresponded with the peak in the minor rainy season. Feeding activity was
high in either May or June (major rainy season) and during the low rainfall
periods in August, September, November and December 1997. In 1998 the
peak of the major rainfall, which occurred in May, corresponded with low
feeding activity for most of the species.

Fescing acuvity of mullets in the Pra estuary was more continuous
and higher between March and July 1998 than in the Volta estuary. The high
feeding activity during this period coincided with the rainy season.
Similarly, in 1997, the feeding activity of M. bananensis and M. curema was
higher between March and June. Higher peaks also occurred during the low
rainfall month of January 1998 for most of the species. With the exception
of L. grandisquamis, the feeding activity of all the species in the Pra estuary

was lower during the low rainfall period in August'September and

December 1997, and in February 1998.

[
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The species that consumed the highest quantity of food with reSpeCt to

body weight in the Volta estuary were M. cephalus followed by L. dumerilii.

The quantity of food consumed varieq from 0.0 to 3.6% and 0.0 to 2.2% of

their total body weight respectively. In the pyq estuary L. falcipinnis and L.
dumcrilii were

the species which consumed the most food. The FI recorded

for these species ranged from 0.0 to 3.4% and 0.0 to 2.5% respectively.

Daily feeding cycle

Changes in the mean index of stomach fullness of the mullets in the
Volta estuary over two 24-h periods are iffustrated in Figure 21 while the
luctuations in environmental parameters measured during the same periods
are shown in Figure 22. Conditions in the Pra estuary precluded the use of
dragnet. which was the only means of getting enough specimens during each
sampling period 1o follow the daily feeding cycle. The main feeding period
in the Volia estuary was during the day between 08.00 and 12.00 h for all the
species. There 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.

f

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 -

. L “h1e hody wertoht whi
shown by L. dumerilii, consuming 2.3 and 2.6% of its body weight while M.

cephalus was the least active feeder.

/4
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in the Volta estuary on 1 1-12"

November, 1998 (—)

and 9-10" June 1999 (-----). Vertical bars = SE

Digitized by Sam Jonah Library




University of Cape Coast

ved Oxygen (mg/l)

Dissol

50k 1 A

https://ir.ucc.edu.gh/xmlui

Dissolved Oxygen

95

9-0

pH

7-0L ! | - ; | y

_

O 4t c) Ternperature
o
=
o
=

P4 1 1 1 1 1

3s . - i 7

3o td1 Salinity E.
4

3 ozs i
= | A8 o\ z

&0y / b 7

= ‘::‘ N 7 i 7
s 7 \\ / \\ <
] ~ /

5 YO o N N
V2] o
o5
1] 51 I 1 1 1 :

'"g 12 oy %,
- (e) Conductivity ’
g 10 ’
o 2
< /

E 8f /

ESE y

/

z /

Z N L 2
: LI N /, \\ -
= ~N 7 = //

o 2+ \“—._ L \v/

[ = ~
S ol 1 I 4 1 - :
1630nZ000h  2400n  0400h  0800R  1200h  1500n
Time

Fig. 22: Daily changes
Volta esfuary on
grh - 1™ June 1999 (-

76

in environmental parameters in the
on 11127 November 1998 (—) and
-y

Digitized by Sam Jonah Library




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

The pattern
p shown by dissolveq OXygen concentration, pH and
temperature during the 24-; study closely related to the feeding activity of
M. bananensis and M. curema, and to some extent, that of L. dumerilii and

[. Jalcipinnis. Higher feeding activity occurred with increasing pH,

temperature and dissolved oxygen concentration. The peak of feeding

activity of L. falcipinnis, L. dumerilii and M. cephalus coincided with low
tides while that of M. bananensis and M. curema occurred during both
periods of low and high tides in the study area.

There was a significant correlation between pH and feediﬁg activity of
M. bananensis  (r=0.81, p < 0.05) and L. Jalcipinnis (f=0.82, p < 0.05)
during the first 24-h sampling (Appendix [0a). During the second 24-h

sampling. Ssgnmcant correlation was found between dissolved oxygen

M. curema (r=0.767, p < 0.05) (Appendix 10b). Apart from dissolved
oxygen concentration, the feeding activity of M. bananensis significantly
correlated with surface water temperature (r=0.85, p < 0.05) and again with
pH (r=0.7740, p < 0.05) during the second 24-h 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. bananensis.
Intestine length to standard length ratio (Relative Gut Length)

The shortest mean relative gut length, i.e. the ratio between intestine
length and standard length, of 1.82 and 1.72 were calculated for L. dumerilii
in the Volta and Pra estuarics, respectively. The longest mean relative gut

length of 4.56 was calcul: wed for M. cepledus in the Volta estuary while In
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the Pra estuary the longest relative gut length of 4.33 was calculated for L.

falcipinnis (Table 10). The relative gut length of M. cephalus in the Pra

estuary was not determined becayse only a few individuals were available.

To compare the relative gut lengths of 5 given species from the two sites,

Student’s 7-test was performed. The relative gut length of L. falcipinni;s and

L. dumerilii in the Volta estuary was significantly different (P < 0.05) from
the same species in the Pra estuary. IHowever, those df M. bananensis and M.
curema 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 23 illustrates the relationship for all the species with the regression
equations presented in Table 11.

All the species from the Volta estuary showed a positive relationship
between relative gut length and standard length with that of M. curema, M.
bananensis and M. cephalus being significant (p < 0.05). The relatiohship
for L. faicipinnis, M. bananensis and L. grandisquamis. in the Pra estuary
was however, negative. L. falcipinnis and M. curema in the Pra estuary
showed significant relationship between gut length and standard lengtb.
Considering the same species, it was only M. curema and L. dumerilii whose
gut length and standard length showed similar relationship with their

counterparts from each estuary. The relationship of gut {ength and standard

length of the other species was different from their counterparts in each

estuary.
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Table 10 Relative gut length apg standard length of grey mullets Froxﬁ the

Volta and Pra estuaries.

‘N T—“ . ~
umber of Range of

_ o Range of ~ Relative gut length
Species Specimens  standard gut
Analysed — Jengh length Range Mcan = S.D.

o - .,__A(mm) (mm)

Volta estuary o

L. falcipinnis 106 125232 270-1054  2.00-4.59 3.890.68
L. dumerilii 102 65200 120-415 1.18-2857 1.8240.31
M. banancensis 78 62-190 162-820 2.61-5.07 3.76i0.72
M. curena 124 87-235  265-1475  248-550  3.96+0.61
M cephalus 12 113-375  380-1365 3.36-5.27 4.56+0.54
Pra estuanm

L. fulcipisnis 143 70-120 230-580 2.95-5.92 4.33+0.66
L. dumerilii 92 60-168 88-370 1.36-2.50 1.72+0.27
L. grandisqucinis 63 80-160  105-390 1.08-2.56 2.00+0.46
M. bananensis 88 75-170  160-600 2.67-4.38 3.81+0.43
M. curema 104 70-113  170-305 2.46-5.035 4.01+0.48
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Table 1]. R‘elal’ive gut length (RGL) and g
relationship of grey mullets from e Volta and p¢

e
e

Species Volta

I Afleirinnis
L. jit iy

RGL=3.1160 + 0.0053 SL
r=1(0.1793

L. dumerilii RGIL. =1.9824 + 0.0013 SL

r=0.0994

L. gra m'isgmum.f N -

RGL =3.5057 + 0.0034 SI.

= 048554

M curema

RGI. =~ 3.3323 1 0.0065 SI.
r=02748*

M. hanairesis

RGIL.=3.0415 + 0.0055 SL.
r=0.5324*

M. cephalus

https://ir.ucc.edu.gh/xmlui

tandard length (SL mm)
a estuaries.

Pra

RGL =6.5154 - 0.0230 SL

==t 2582"

RGL =1.6034 + 0.0024 SL
r=0.1435

RGI.=2.3818 - 0.0027 SI.
r=-0.1574

RGIL =3.0600 + 0.0108 SL
r=0.2684*

RGI.  4.0346 + 0.0073 S].
r=-0.0882

* Significant correlation at 3% probability level.

S0
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Changes in Condition Factor (K)

able 12 presents p iti
T presents the overal] Condition Factor of the six species from

the two estuaries considering individuals measuring between 90 and 150 mm

(SL). The differences in the Condition Factor of the species from the Pra

and the Volta estuaries were not significant (p>0.05) except that of L.
talcipinnis and M. hananensis in the former which was significantly higher
than in the 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 of Condition Factor were recorded in the Pra estuary
than in the Volta estuary lor greater part of the study period.

L. falcipinnis: Generally, similar pattern of fluctuations in Condition
Factor was shown by the species in both estuaries except in August and
October 1997 and in April 1998 (Fig. 24a). The condition Factor in the Pra
ranged rom 1.60 to 2.04 and that in the Voita ranged from 1.62 to 1.99.
Lower valuss were recorded in October 1997 and April 1998 in the Volta
estuary in 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 what was recorded in the Volta estuary.

L. dumerilii: The Condition Factor of L. dumerilii in the Volta estuary
was [airly stable ranging between 1.70 and 190 except i April 1997 and

March 1998 when it dropped to about 1.6 (Fig. 24bi. Fluctuations in the

".‘ g -~ "“' a [Py Sy oy VR L Yy ‘,,\ st ?
Condition Factor of the species in the Pra estuary was comparatively, erratic

ranging between 1.6 and 2.1 with lower values in June and December 1997

and February 1998.

o
13
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Table 12 Comparison of Conditjon Factor (K) of grey mullets from the
Volta and Pra estuaries,

L. talcipinnis

L. dumerilii

T~

. grandisquaniis

M.bananensis

M. curema

M. cephalus

Pra estuary
(K £ sd)

[.8760+0.13
(n=300)

[.7856+0.22
(n=300)

2.1120+0.15
(n=350)

2.2651+0.17
(n=300)

2.1984+0.23
(n=300)

2.222140.25
(n=15)

Volta estuary t
(K £ sd)

[.7407+0.12 4.0611*
(n=300)

1.7407+0.14 1.8354
(n=300)

2.1230+0.13 7.0301*
(n=300)

2.1745+0.16 0.8987
(n=300)

2.2092+0.19 0.2902

(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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Fig. 24 Variations in Condition Factor of grey mullets in the
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Carandis .
L. g isquamis: The Species showed g fairly stable Condition Factor

ranging between 2.00 and 2.17 from March 1997 1o February 1998 (Fig

24c¢). There was a slight improvement ip the Condition F
July 1998,

actor from March to

A beananensis: There . :
M. bananensis: There was a gradual increase in Condition Factor of

the species in the Volta estuary from February till August 1997 (Fig. 24d).

During the same period, a declining trend was shown by the species in the
Pra estuary. Between February and July 1998 while the Condition Factor
remained fairly stable in the former estuary it generally, kept increasing in
the latter during the same 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 Volta estuary and 1.85-2.48 in the Pra

estuary.

AL crremar Apart from the values recorded in June and October 1997,
the fluctuations in the Condition IFactor of this species were quite similar in
both estuaries (Fig. 24e). It ranged from 1.74 to 2.42 in the Volta estuary and

from 1.88 to 2.71 in the Pra estuary. Like the previous four spe:cies, the
values calculated in October 1997 followed the same pattern of low
Condition Factor in the Volta estuary and high Condition Factor in the Pra
estuary. The Condition Factor between March and July 1998 was fairly high
in both estuarices.

M. cephalus: The Condition Factor of the species fluctuated 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 1997 and March to
April 1998, the Condition Factor was high while low values occurred from

July to August 1997, December 10 January 1997 and in June 1998 (Fig. 241).

The Condition Factor of the few specimens that were available from the Pra

N3
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estuary_showed a similar fluctuation ag in the Volta estuary for the periods
4

{hey werc available.
Reproductive Biology

Changes in Gonadosomatic Index (GSI)

Gonadosomatic index of M. cephalus from the Volta estuary and for
all the specics 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. In the Volta estuary, the'maximum GSI of all
the species occurred between February and August for both sexes. M
bananensis. however, showed another peak in October (Fig. 25): Two peaks'
were recorded tor Lo grandisquamis from the Pra estuary; one in April énd
the other in November 1997 for both sexes. In 1998 however, the peak for
males occurred in February while that for females occurred in April. The
occurrence of more than one peak in the GSI for all the species investigated
suggest that they are multiple spawners, spawning more than once during the
spawning season.

Individually, the highest gonadosomatic index of 18.16% was
recorded for both M. bananensis and L. dumerilii in the Volta estuary, while
in the Pra estuary, the highest value of 20.58% was recorded for L. dumerilii.
Maximum values obtained for the other species in the Voita estuary are: M.

2 8 el . 0 s i T m e , s
curema, 12.43%, L. falcipinnis, 10.32%. In the Pra estuary a maximum

value of 9.71% was recorded for L. grandisquainis.

8O
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Description of gonadal Stages

The morphological : - . _
gical and his - i i :
blOIOglcal features used to define each of the

O S
s recognised in males and females are presented below. A four-point.
seale was used for the classific

stages

ation of testes while ovaries were assigned a

five-point scale. Histologically, distinction between maturation phases was

hased on > Nresence or ahepner - 3 i
based on the presence or absence of particular spermatogenic or oogenic
cells. Immature specimens who
Stage 0.

Muale

se sex could not be determined were assigned

Stage 1 (Developing) - Testes were pale rose in colour. Histological
sections showed compact seminiferous tubules with a small lumen and
contained only groups of spermatogonia and primary spermatocytes (Fig.

26a).

g

taze I (Maturing) - Testes were white and swollen with milt but no
milt was reicased when pressure was applied on the sides of the belly of the
fish. Testes were clearly organised as tubules with germinal material (Fig.
26b).

Stage I11 (Mature) - Milt oozed from the genital tract of the fish when
sides of the body were pressed. Tubules of testes show predominance of
spermatozoa (Fig. 26c¢).
| Stage [V (Spent) - Testes appeared reddish in colour, virtually empty
and flabby with some residual sperm. Histologically, fumen of tubules

showed virtually empty spaces with germinal material (Fig. 26d).
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Fi emale

Stage | (Deve]oping or pre-vitellogenic stage) - Ovaries were

ranslucent, grey-red and round o teardrop shaped. Primary oocytes were

the main histological cell types (Iig, 27a). The cytoplasm of the ——

no granules. Qocytes had large nuclei. The size of oocytes ranged from 21 to

125 #m with oocytes measuring 78 yum being the most abundant.

Stage I (Maturing or yolk vesicle stage) - Ovaries were yellowish
with small and opaque oocytes that were visible to the naked eye (Fig. 27b).
Oocytes were characterised by granular cytoplasm. The size range of
oocytes was from 21 to 281 um with the predominant size being 182 um.

Stage I1I (Mature or early vitellog genic stage) - Ovaries were yellowish
and filled with volky oocytes with large cytoplasmic vacuoles (Fig. 27¢).

Diameter of przdominant oocyte type was 286 um but oocytes ranged from

tazz TV (Running or late vitellogenic stage) - Ovaries were orange-
yellowish. Ezgs flowed freely upon pressure on the sides of the belly of the
fish. The large volky oocytes had cytoplasm interspersed with cytoplasmic
vacuoles (Iig. 27d). Membrane enclosing the egg proper was comparatively
thick and oocyte diameter ranged from 21 to 595 um with oocytes
measuring 338 um being the predominant type.

Stage V (Spent) - Ovaries were wine red in colour and flaccid with

some residual oocytes. Atretic oocytes were present with irregular shapes

with detached outer membrane (Fig. 27¢).

8O
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Fig. 26 Photomicrographs of grey mullet tesies (u: Siage | estes showing
spermatogonia SPG, and spermatocytes SPT <100 (b Satge 1T testes
showing distinct tubules, TW with germinal material GV x 100 (¢) Stage I
testes showing spermatozoa SPZ x250. (d) Stage IV tesies showmng tubules
with germinal material, GM (ET empty tuble. X empty portions of tubules,
TW tubular wall) x 100.

~
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Fig, 27_ Photomicrographs of cross sections of grey mullet vvaries. (a) Stage
I ovaries showing primary oocyte. PO. x23. (b} Stage T ovaries showing
Yolk vesicle stage with nucleus N. x25. (¢} Satge 111 ovaries showing yolk
Sranules Y G, nucleus N, large cytoplasmie vacuoles CV 225 (d) Stage IV
5},}()“"“]{3 cytoplasmic vacuoles CV. thick egg membrane EM. x25. (e) Stage
; shnwing atretic oocytes AL x25

R
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Size frequency distribution of oocyftes

['he size frequency distribution of oocytes from the various st

' ages of
ovaries is show

n in Figure 28. Stage I'and 11 ovaries showed unimodal

l !! IR ER t( ] <

ass of 52-104 #m while that of Stage Il ranged
from 20.8 to 280.8 um with modal classes of 156-208 um. Two modes were

exhibited by Stages IIl and [V oocytes. Oocytes in St

19 1

age 1Il ovaries ranged
from 20.8 to 384. 8 um with the first modal class of 52-104 pum and the

2 ) 21N “ B g . -
second one of 260-312 um. The size range of oocytes in Stage [V ovaries

was from 20.8 t0 592.8 um with 78-130 um and 312-364 um as the modal

classes.

The mode in Stage | ovaries changed from 52-104 um to 312-364 am

in Stage [V ovaries with the first mode always present in the Stages 11 and
IV. The presence of two distinct modes in Stages Il and IV was an
indication that the species were multiple spawners with distinct spawning
periods.

07
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R— ;
Monthly variations in te 0ccurrence of gonadal stages

[Figures 29-32 g iati
g ) how monthly varjations in the percentage of fish with
gun;tds at different stages of maturation, In the Pra estuary, L. dumerilii, M.
| ) . ) "
hananensis and L. grandisquamis were the species that had some mature

:»"1T1\--. i i; l\. l i € -
individuals unlike the Volta estuary where mature individuals were found
for all the species,

L. falcipinnis

Volta estuary: Between October 1997 and January 1998 individuals in Stage
I for both sexes were absent from the estuary (Fig. 29). Both sexes in‘ Stage
[l were present in the estuary for most part of the study period. In contrast to
the Stage | counterparts, they predominated from February to July 1997 as
well as in November and December 1997. Each of the sexes in that Stage
constitutzd over 20% of all the gonadal stages, for the months in which they
occurred. No females in Stage [II appeared in the estuary in the first year.
They however, occurred in the second year in February, March and June but
were less than 20% in each month. Males in Stage [II dominated in
November 1997 and in April and May 1998 constituting 50% of all the
males sexed in each month. Ripe females (Stage I'V) 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 (Stage V) and females

(Stage V) were absent from samples.

L. grandisquamis

: . £ o -
Pra estuary: Males in Stage I were present in most of tae samples unlike

their female counterparts, which were
f gecurrence was fairly the same for both males

not encounterad at all in 1998 (Fig

29). The monthly pattern 0

04
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emales in Stz _
and fem Stage 11. Both SEXes were also present for most part of the

study period. Stage I1] individuals of both sexes were found i
i und In

from October to De

‘ April and
cember ile i
cmber 1997 while in 1998 they occurred from February

to May. Ripe females (Stage 1V) weye found in November 1997 and April

1998 when they constituted 16 e i »
and 66.6% respectively. Spent females (Stage

V) constituting 33.3 % were caught in May 1998 while spent males (IV)

varg

. 3 3 VI‘ 1 » g
were caught in November and December 1997 and in March and May 1998.
Their proportion in May was 28.6% and below 12% for the other months

L. dumerilii

Volta estuary: Like the two species discussed previously, males and females

in Stage T were present in the estuary for greater part of the study period in
proportions ranging between 40 and 100% (Fig. 30). Stage Il males appeared
in samples in October and December forming 50 and 43% respectively

during the first vear. They were, however, present from the beginning of the

following v22r and attained the highest percentage (60%) in June. Stage 11
females aprzared much earlier than the males from July and appeared again

in August, November 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 Il 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)

were found only in the second year in February and June. Both spent

females (V) and males (1V) were present in samples during the second year

In July and June respectively.
Pra estuary: In the first year Stage | individuals appeared in the samples
they appeared from February. The

from May while in the second ycar
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oportions of both sexes
propo! €S ranged betweep 20% and 100%

Fig. 30). Both
sexes in Stage Il were (Fig. 30). Bo

also caught in the esty

ary between May and
November 1997, In 1998 only ma]

| €S were caught. This was in March and
May and they constituted 50% in each month. Like their counterparts in the
Volta estuary, they were absent from the estuary, at least, for the first three

months of the first year. Males in Stage [11 occurred only in February 1998

‘hen thev constitute 0 E o B i .
when they tituted 50% while females occurred in March and November

1997 with percentage composition of 40 and 33.3 respectively. Ripe females
(Stage IV) were found only in November 1977 constituting 33.3%. No spent
males or females of L. dumerilii were caught in the Pra estuary during the
study.

M. bananciisis

Volta estuarv: Stage I males occurred in only a few samples, March, August

and December 1997 and February 1998 while Stage | females occurred in all
samples in 1593 and in August 1997 (Fig. 31). Like the Stage I males in
1997, Stage 11 males occurred only in March 1997 while 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 occurred 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 1V) were found in July and October in the {irst yvear. In the second

- av sample constituting 50%. Spent females
year they occurred only in the May sam le ¢ = |

_ o aheent in samples in both years.
(Stage V) and males (IV) were absent i }
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ary: Both sexes i
ﬁ/'ﬁfﬂm RES I Stage | occurred in only a few samples and
aPPea"ed in the estuary as late as August in the firgt y
e

. : ar. No Stage I females
were found in the following ye - :

ar (Fig. 31). Females beyond St

| ‘ age | were not
found in the rest of the samples, Stages 11 and [ males co
ns

i . tituting 33.3% -
for cach stage were found in August 1997

A curema

Volta_estuary: 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 (FFig. 32). Individuals in Stage 11, like the Stage 1 counterparts
3

were found in most samples and were more frequent between February and
July each year. Individuals in Stage Il appeared in a few samples and,
comparatively, in low proportions between 7.1% and 23% for females and.

—

4.5% and 37

-
- U
-

%o tor males. Ripe females (Stage 1V) were present in the
estuary in February and August 1997 and from February to March 1998 in
low proportions ioelow 7.1%) except in August 1997 where the highest
proportion of 33.3% was attained. Spent females (Stage V) were
encountered in February and April 1997 while spent males (Stage 1V) were
found between March and May in both years with the highest proportion
' occurring in November 1997.

M. cephalus

: . o T e Y -
Volta estuary: All the maturation stages for males were found in the estuary

but they occurred mostly in July 1997 (Fig. 32). Unlike the males, only

females in Stages I and Il were found in the estuary. Stage Il females

occurred in June 1997 and April 1998 while females in Stage T were present

from February to July and in December 1997. In 1998 they occurred in April

and May,

O7
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Generally, mature males and females in Stages 111 & 1V, (i.e., those

dy to spawn) occurred between March-May and again from October-
ready

in the Pra estuary. They were found in the Volta estuary between

Dcceml')El'

t mrv-/\pri\ and July-August for most of the species.
FC AL
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111”[,"‘1'0‘ size of the mullets

The cumulative pereentage of m

ature individuals in various length

termi
’ "¢ the mean length at figt sexual maturity, Lso
Gire.. the length at which 50% of the population m

groUps Was plotted to de

ature, Fig. 33). With the
50 for all the Species from the Volta estuary

led & o o o
grandisquamis from the Pra estuary was determined. That of

exception of M. cephalus, the |
gs well as L.
the other species was not determined because only a few or no mature
individuals were present in the samples,

The Ly for the species from the Volta ¢stuary are: L. falcipinnis, 157
mm for males and 175 mm for females; L. dumerilii, 148 mm for males and
169 mm for temales: M. bananensis, 158 mm for males and 171 mm for
females: M. curema, 131 mm for males and 161 mm for females. In the Pra
estuary maturity sizes of L. grandisquamis were 115 mm for males and 125
mm for females. Generally, males matured at a smaller size than females.

The smallest mature individuals of the diffcrent species observed in

1

the samples are presented in Table 13. Males of all the species were also
found to mature at a smaller size than the females. L. dumerilii was the only
species that had mature individuals in both estuaries. Both sexes of the

species matured at a smaller size in the Pra estuary than in the Volta estuary.
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Table 13- The smallest size gt Maturity observed fq
ed for grey

; mullets from the
yolta and Pra estuaries. -y

e T

sl Smallest matured f
| 'sh (SL mm) ~Smallest matured fish (SL mm)
Species Volta estuary
Pra estuary
Males Fe .
e P emales Males Females
L. falcipinnis 140 167 % N
L. dumerilii 130 170 118 168
L. grandisquaimis - i 95 102
M. bananensis 140 152 * *
M. curema 130 150 % %
M. cephaluis 375 ¥ - -
* No mature individual present.
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Fecundi{y estimuates

Very few individuals w:
\ A8 With matype Ovaries were avajl bl
o o available in samples
during the study period fo; ¢Stimation offecundity In t] ’
| - Inthe Pra estuar
N o | only L.
g}.um/,u/l!c//li!.\ had mature ovaries. Apart from M hal oo
+ ¢ephalus, mature ovari
ies

ore obtamed for the T ieg |
were obtait the other specieg In the Volta estuary. i fi
¢ ry. The fecundity

ar in (T '
‘ ' - e are shown ip (Table 14). The relative
fecundity 01 the species in termg of
\ S blimportance are, A7 p ] '
» M. bananensis (1183),

M. curema (7120, Lo fuleipinnis (638), L. grandisquamis (457) and L

cstimates for the various species

dumerilii (318). Thus, M bananensis was the species with the high ;
ighes

reproductive capability.
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Table 14 Estimates of lecundity

of gre '
stuaries STey mullet Species from the Volta and
Pra €stHe , :

Size range

gpecics Absolute " Relative

(SI. mm) g .L e Mean cgg N

e Fecundily absoliite fecundity )

Solute _— diameter
range > : S
fecundity body (pm)
R R weight)
[ fulcaprnns 208-240 117.344-143 29 150418 638 309 8
L. dumerilii 168-230  38.785-51742  45.2¢3 318 305 6
L. grandisquaniis 148-164 24.935-66,387 41.125 457 285 12
M. bananensis 175-209 112,454-282.024 266,275 1.183 336 . 10
M. curema 170-270  33.340-345,177 132777 712 273 12
N = number of ovaries
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Culture trials in ponds

Growth and production in brackish water pond.
_ s

Nean values of water quali
M valer quality parameters measured during the first and

ocond experiments are s -
second experiments are shown jn lables [5a and 15p for both treatments

o ewith and without Teed). Statistie:
L . bl Statistically, there wag no significant difference

(p>0.05) between treatments with respect to water quality in both
experiments.

Algal counts made during the second experiment indicated that green

algae were the most dominant phytoplankion in all the ponds followed by
diatoms and blue-green algae. The most common green algae were the
desmids, meostly species of Ankistrodesmus, Closterium, Pediastrum,
Staurastrum and 1he flagellates Euglena and Chlamydomonas. The diatoms
comprised mainly  Navicula, Cyclotella, Gyrosigma. Pinnularia, and
Nitzschia species. while the blue-green algae were dominated by species of
Merismopedia, Oscillatoria, Anabaena, and Myerocystis. No signiﬁcmt
difference was observed between treatments with respect 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 any feed (Table

ISb). Comparatively, higher mean growth was recorded for fish in ponds

that had higher concentration of algae than in those that had lower

concentration of algae (Fig. 34, second experiment).
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“Mean values of watar . 1.
Table ]15a es of watey Quality Parameters in brackish d
= - 3 CKIS
Juring the first experiment. Walles panics

ity parametel
T ouality parameters -
Walcl quatity | POI'I(]S with

Ponds without

e ‘ lw.0s)
o o leed

il | 1196060 iy — 0.283531
remperature (°C) 30.08+1 81 29.99+1.90 0.093147
Dissolved oxygen (mg 1) 10.1443 54 10.03:3.55 0.050490
Salinity (%eo) 1.80:0.89 1.8240.97 0:0371 10
Turbidity (NT17) 382241058 46.10+8.45 0.520558
Transparency (em) 20,8172 1722455 0.153601

Table 13b  Nean values ol water quality parameters and algal concentration

in brackish water ponds during the second experiment.

Walter quality paramciers Ponds with Ponds without [ 0 05)
feed Feed
pH 7.77£0.45 790:061  0.543716
Temperature (°C) 30.15£1.36 30.10£1.33 0.431249
Dissolved oxyeen (mg 1) 8.07£1.53 7.97£1.67 0.146334
Salinity (%) 1.95+0.78 2.03+1.09 0.193785
Transpﬂrency (cm) 19.25+5.0 [7.08+4.32 1.002133
Turbidity (NTU) 42.0+£15.7 16.564 12.94 0.594482
Green algae (counts/10ml) 213 150 0.799941
Blue- green (counts/10ml) a4 - 0'87707?
Diatoms (counts/10ml) Od I _'f‘_‘ S 0.718115
09
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pplied with supplementary

m 1
. can weight of 5.08+0.70 1o 28.60+0.90 g while
(hose without feed grew from 4.58+0.55 0 25201 05

fecd grew from an initia]

g during the 150-day

463.0% and 450.2%

re fed
| and those that were not fed respectively. The growth
pattern was quite similar during the f;

growing period. These represent growth increments of
g 0

for fishes that we

! rst 120 days in both treatments, but
day higher growth increment wags recorded for fishes supplied
with supplementary feed than for those that were not fed. |

5 aTall
after the 120"

For the second experiment, which lasted 270 days, the mean weight of
fish that were fed increase from 7.25:0.10 to 41.85+].06 g (476.7%
increment) while those that were not fed rose from 7.17+0.38 to 32.10+0.44
g (347.7% ncrement). Growth within the first 150 days was similar in both
treatments but ater the 150" day higher growth was also recorded for fishes
that received :eed than those without feed. The difference in growth
performance batween 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

L arave fee yplied in'the two
conversion ratio of 3.6 was cstimated. The averagt feed supplicd

ponds that received feed was 13.733 kg. The first experiment was terminated

after 150 days due to flooding of the ponds. It was therefore not possible to

estimate production and survival rate.
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Table 16b
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Ight gain 4 i
nd specific growth rate of grey mullets

ater y
ponds dy; Ing the first experime

No. of No. of EL

Mean wejgly

Specific grow 2 :
x . rov :
Days  (ingerlinas growth  Feed conversion

gain rate (%/day) ratio
B daily (g)
150 312
0.1568 1.1521 3.6
150 276 0.1375 [.1368 =
Mean daily weight gain, survival rate, production and feed

ratio of grey mullets cultured in brackish water ponds during the

Yt orwt woem A

second expe

LS § 9

Mecan  Specific  Survival  Production  Feed

Ponds No.of No.ofl Weight  growth (%5) Ka'ha conversion
davs fingerlings gain/day rate ratio
(n) (8) (Yo/day)
Fno feed) 270 152 00948  0.5702  51.88 266 No feed
3(no feed) 270 124 0.0936  0.5411  68.67 347 No feed
- 2 (feed) 270 160 0.1306 06550 4342 306 7.1
4 (feed) 270 152 01256 0.6449  54.17 %1 77
e
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1e second experi '
11 Periment was cappieq through to the end. The n
. The mean

1y weight gain, specific g
dﬁll) welg growth rate and pr :
Production of ponds in which

I @/day; 0.6500 %/day: 336.5
upplied (0.0923 g/day; 0.5557

feed was supplied were alsg higher (0.128

ke/ha) than those in which feed was not g
opfdave 287 ke/ha) respectively (Table 16b)
Unlike the Hirst experiment, the average feed conversion ratio was

. 7.4, and suggests inefficient il
higher 7.4, and suggests inefficient utilisation of feed by fish during the

second experiment during which an average of 34.629 kg of feed was

supplied. This may explain the lower mean daily weight gained and specific

growth rate compared to that obtained in the first experiment. The survival

rate recorded in ponds in which supplementary feed was supplied was lower

(48.49%) than those in which supplementary feed was not supplied
(60.28%). More and bigger predators were found in the former ponds than in

the latter. On the whole, the average survival in all the ponds was 54.54 %.

At the end of the second experiment, M. curema and M. bananensis’
were found 1o e the most common species in the ponds whereas, M.
cephalus was not found in any of them. All the other species. L. dumerilii, L.
falcipinnis, M. bananensis and M. curema, occurred in Ponds 2 and 3 while
the last three species occurred in Pond 4 with only the latier two accurring in
Pond- l. Comparatively, higher final mean weights were recorded for M

curema and M. bananensis than the other species in all the ponds. The final

mean weight of M. curema and M. pananensis in ponds that received feed

were 49.50+].34 and 41.80+1.60 while those of L. dumerilii and L.
Taleipinnis were 42.64+2.54 and 34.10£2.15 respectively. With respect to
Ponds that did not receive feed the final mean weights ol the various speci:es
were: M. curema, 373864415 M bananensis, 314382390 L. dumerilii,

. . £ o041 <
28.5042.28 and L. faleipinnis, 22,891 495

115

Digitized by Sam Jonah Library



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

The composition of myllet Species in the
v

: : . arious ponds at the end of
. experiment 1s shown in Table 7. P c

Table 17 Number of individuals of grey mullet species in the various ponds

qt the end of the second experiment in brackish water ponds

Composition
_— CPond T BondZ  Pord3Pondd
L faleipinnis 0000 17(258) 190185 20 (30.é)
L. chumerilii 0 (0.0) 5(7.6) 3(2.9) 0 (0.0)
M. curema 4(4.8) 15(22.7)  36(35.0) 19 (29.2)
M. banancnsis 79 (95.2) 29 (43.9) 45 (43.7) 26 (40.0)

*Figures in parenthiesis represent percentages

R
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mid production in
Gr()”"h and [ 1 freshwatey ponds

eceived feed and those that did not receive feed

tar the R0l . 3
After the 180-day growth period higher final mean weight of
23,65 :0.78 g was recorded for fighes that were fed than those that were not

:tr b 5 . . 5 s
).34 g was recorded. The initial weights were

3.34=1.21 g and 7.82+0.88 for the former and latter fishes respectively (Fig.

fed for which 25.56

35). Thus, a percentage increase of 243.5% was recorded for fish that
received supplementary feed and 226.8% for those that did not receive
supplementary feed. The difference in growth performance between
treatments in the fresh water ponds was however, not significant (p>0.5).
Production and survival rates could not be calculated as a result of premature
termination of the experiment after 180 days due to predation by monitor
lizards.

Like the brackish water ponds, the average mean daily weight gain
and specific growth rate were higher for fish that were fed (0.1128g/day;

0.6856%/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

respectively, with a mean value of 6.7. The total feed supplied in pond 3 was

12.740 kg while pond 4 received 14.343 kg of feed.

Considering the same culture period of 150 days. the mean daily

; ersion ratio and
Wweight gain (MDWG), specific growth rate (SGR), feed conversion ratio

: e hi r fish raised in brackish water
Percentage increment in weight were highest for fis
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aised in freshwater ponds

were quite similar (Table 20), Growth of figh during the second experiment
S €rim

in brackish water ponds was significantly different from the others (p <
0.03).
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Table 18 Mean values of wager o010
. Y parameters in f
. ers | -0
Jsed for culture of mullets, " fresh water ponds

ity parameters

Water que Ponds with

Ponds without

[ (0.0%)
| — Feed Feed
i | W"ﬁaﬁﬁ‘*” 0.690610
femperature (0 | 28.7540.87 29.19+1 27 0.744302
Dissohved oxygen (mg 1) 6.10+3.49 5.27£2.98 0.437190
Iixw_:L i - _‘I 8.83+7.02 19.1346.91 0.068164

Table 19 Mean daily weight gain, specific growth rate and feed conversion

ratio of grey mutlets cultured in fresh water ponds.

Pond No.of  No.oof  Meanweight  Specific growth Feed
Days fish gain/day (g) Rate (*5/day) conversion

stocked ratio

I (No feed) 130 100 0.0973 0.6314 -

2 (No feed) 180 100 0.1000 0.6894 -

3 (Feed) 180 100 0.1147 0.7368 6.2

4 (Feed) 180 100 0.1221 0.6404 7.2
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bmckish— and fresh- water ponds for 150 i

Fresh water g

Brackish water  Brackish water
ponds ;
ponds Ponds
sl g
I experiment 2™ experiment

BT —
) 0.1020 g/day 0.1568 g/day 0.0820 g/day

Mean Daily
] ;

Weight gain

(Nofeed) 0.0926 yday 0.1375 g/day 0.0735 g/day

e 0.6963 %iday — 11521 %elday  0.6613 %lday
Specific Growth
Rate

{No feed) 0.6807 %/day i.1368 %/day 0.6210 %/day

(Feed) 184.2 4632 169.7
Percentage increment
in weight
(No feed) 177.6 450.2 153.8
. Feed Conversion 6.0 3.6 5.9
Ratio
B
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gffect of wheat and rice bran on groyy oo z
ers

Evaluation of the effect of wheat and
ric

lasted 180 days, was concurrently ¢ g , which

arried out within two ponds each divided

a0 two compartments with mosquito netting, Wat
: : er

quality in each pohd

-olore ¢ |
a5 therefore common to fishe
was Ul lishes in both COmpartments. Each compartment

was stocked with 20 mixed Species of mullets and in each pond, one
& :

3 ~a I Y r 1
compartment received wheat bran while the other compartment received rice

bran. Water quality with respect to temperature, dissolved oxygen
concentration and pH ranged between, 26-28°C, 5.8-8.2 mg " and 6.71-8.75
respectively.

Specific growth rate of the fish fed on wheat bran and rice bran was
investigated. Fish that received wheat bran grew from an initial mean wei.ght
of 46.46+1.21 2 to a final mean weight of 94.73=0.95 g representing a
percentage increase of 103. Those that were fed on rice bran grew from an
initial mean weizht of 48.46+1.85 g to a final mean weight of 91.84+1.10 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 growth recorded
for fish that received wheat bran than those fed on rice bran. Specific growth
rates of 0.3958 %I/day and 0.3552 %/day were attained by {ish supplied with

TP oy U5 wnivot r
Wheat bran and rice bran respectively. The difference i growti was not

Significant (p>0.05).

|19
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Fig. 35 Growth performance of mullet species in fresh water ponds
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DISCussign

gpecies occurrence and abundance

Six species of grey mullets: £ Jalcipinnis L. dumeiilii |
3 . /4 I” N g,p

v hananensis. Mo curema and M.
A - cephalus wey i
¢ encountered during th
.

X species oceurred in the Pr

andisquamis,

sul(%_\' E"L‘f'i(\d' All the si a estuary hile fi f
ae while five o
[tz n T ” -
them excluding L. grandisquamis oceurred in the Volta estuary
C .
Occurrence and abundance patterns of estuarine fishes are influenced

by various biotic and environmental factors such as salinity, temperature
1 H

tides and abundance of food (Blaber and Whitficld, 1977; Weistein et al.,
1980; Blaber, 1987). It has been emphasised that the most important factor
influencing the distribution of mullets is high turbidity at the mouths of river
ecosystems since mulliet fry are known to avoid bright light and concentrate
in areas with lite light and high turbidity (Liao, 1975; Blaber, 1987). The
remarkable difierences between the two estuaries sampled, were the high
salinity and turbidity and the presence of dense mangrove vegetation in the
Pra estuary. The presence of L. grandisquamis in the Pra estuary could
possibly be due to their preference for high turbidity and mangrove habitats
as indicated by King (1988) in the Bonny River (Niger Delta).

In the Ebrié lagoon in Cote d’Ivoire, M. curema and L. grandisquamis
showed increasing abundance with higher salinity unlike L. falcipinnis
whose distribution did not seem lo be related to any salinity gradients

; I M. ciirenia St

( lbaret and Lengendre, 1085). Other studies on M. cureni
1 y o

found at temperatures apove 20°C

(Moore, 1974 Weinstein,

iggest that
Juveniles and adults are most often
1 salinities

(Moore, 1974; Vieira, 1991) and al higl

vs, salinity in the
i 1 3 ) B T Iy )
1979; Weinstein e af., 1980). Contrary &

previous Hinding

|21
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Jolta estuary where M. Curema w

das the rnOSt .
,-almed from 0.00 to 8.17%,. This bundant grey mullet species

Species has pe :
C c = " 2 .
part of the Songor lagoon at " ' " recorded in the northern

salinity of g %,

an tolerate mycp -
current study the abundance of

inu‘l"i”‘:l that AL curema ¢ (Shenker ef al., 1998)

r salinity range. In the

M Clire 3
. . "ema n both estuaries showed a
ositive correlation with water ‘at
posill ¢ Cmperature whj foni
j lich was significant |

nt in the

art from te S—
1lemperature, the abundance of M. curema is likely
¥ *A1lnionece 7 o S .
10 be influenced by transparency since i

Volta estuary. Ap

as a significant correlation

+ween the two in the Pra estuary The

/ stuary where tluctuations in tr
Volta estuar 1 ations In transparency were not strong enough to

have made any impact on the abundance of M. curema

The significant negative and positive correlation of turbidity with the

% P A A o sie T
abundance of AL cepiialus and M. hananensis in the Volta and Pra estuaries

respectively. contirms the assertion by Blaber (1987) and 1iao (1975) that
high turbidity or low transparency is a major factor that attracts juvenile
mullets into estuaries. The intensity of this factor in attracting the young of

the two species may differ as indicated by Koutrakis er al. (1994), hence the
different magnitude of correlation in the two estuaries.

M. 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 (Ikomi, 1990). This is in contrast with the current findings where the

telative abundance of M. cephalus in both estuaries rather showed a negative

correlation with salinity. Unlike the Kulama creek where the species was
found throughout the year, it was not present in both estuaries ;:or‘s 108t ;32-11'1
of the current study. He [urther noted that M. cephalus has a preference for
Mangrove environments which observation docs not conform w.whal \;‘15
found in this study. The abundance of M cophalus Was tower in the Pra
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Sierma Leone (Pavue, 1976), hoy

1 L jalcipinnis was the
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{ curema was the

PERPLS - MRS Py Sy N 7
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& e ¥ AL . -~ 4 g LS

abundan: 2

corediaa, which was the laresst of ail the specizs. wa
abuncant ‘n Toih estuariess Hardly were ingi i6uz’s ~2law [0 ¢m captured
dunng the stucy ynithe the othier species. Tais imries thar [ingarlings of M
cephalus are |g88 likely to, enter the estaaries It w (L afiéreTore be more
their fingerlings fom o= & Ior CutuTe purposes.
Similarly. low abundance of M. cepuias Was maooroed

- - -

Lagoon in Sri Lanka (Wijeyaratne and Uosia, ~272 . &n¢ e Agzean dean

Greece (Koutrakis ef al., 1994).
The restricted distribution of L gromi s wmm s S0 e

of L. dumerilii in the current study waw
10 be one

1903) did

TR WO I
AL S .

Dahomey. L. grandisquamis was. s

of the Most comiman F,.'|'u'x'ivu at |
il / L ote dIvorre at
not record [.. dumcerilii and A7«

all.
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The different grey mulef Species obtained peak abund
un

. ance at different
(imes ol the year

during the study. According to Me 1]

. aughton and Wolf
(1979), seasonal changes in

ab : ; ) :

abundance of Sympatric species could be of an

adaptive value that may allow them to utilise fully resources at different

(imes. thus reducing overlap for required resources This strategy could have.
D SUIE

- B "\",1.!" I 16 . 5 . .
heen applied by the g ¢y mullet species in the Volta and Pra estuaries to
allow for their coexistence.
"‘.‘-nale\'. \‘ = - s
Grey muliets in the Volta estuary were most abundant from November
to May i.e.. during the dry season and carly

part of the rainy season while in
the Pra estuary they were most abundant 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 after the rains (June —
August) in both estuaries. A similar observation of high abundance was
made by Pavnc (1970), during the period when the rains are subsiding and as
the dry sezson seis in. This was attributed to rising salinity, high organic
content in the sediment and the very turbulent conditions that prevailed. On
the contrary, catches of all grey mullets in the Negombo L.agoon (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 result of high turbidity
during this period. The low catches during the rainy season in this study is
attributed to the swift current, especially in the Pra estuary. which made
fishing inefficient in spite of the high turbidity associated with such periods.
For proper management and protection of the [ish stocks, knowledge

articular species especiall
of the seasonal occurrence and abundance of a particular species esp ¥
; Aleo indicates when juveni of
the juveniles in an area is very important. It also indicates when juveniles
, qaeline in hshponds or for stock
4 particular species could be exploited for stocking in [ishponds ¢
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crarent 10 terms of their
different in te ol their impac( op the shape of their fig| .
" fish populations. It is

1 noting that the Pra estuary was more sal;
aline

\\IOI.II
o and turbid than the Volta
o ¢ signi L differ
estuary. The significant difference of the regression coefficient & fi
' erhicient b from 3.0
by all the specie .
shown DY pecies, except [, grandisquamis from the Pra estuary
. eates that, In general. or
ndicates tha g2 dl, grey mullets fy
rom the two estuar ibi
| aries exhibit
Jljometric growth.

A similar observalion of allometric growth was made by King (1996)

for M. curema. M. cephalus and [ Jalcipinnis on the Nigerian coast. M.

cephalus from both estuaries exhibited positive allometric growth, as

reported for the species in the Niger Delta (Tkomi, 1990). Interpretation of

-elationshi "M oce ¢ fr g
the relationship ot M. cephalus from the Pra estuary should however, be

treated with caution in view of the small sample size.

All the species from the Volta estuary were comparatively, larger than
their countercarts from the Pra estuary. Fishing activities in and around the
two estuaries ware cbserved to be higher in the Pra than in the Volta estuary.
The prepondzrance of small-sized individuals in the samples from the Pra

estuary is an indication of overfishing which has, probabiy 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 growih of mullets.

Growth parameters

.y o determined for fish of the same
Different growth parameters Were determined for {is

: " Ao Jparre (1983), growth
Species from the two estuarics. According lo Sparre { 5
: species but also amon
Parameters do not only differ from species 10 SPECiEs = Aol
pecies This might expliin the different
e CcIes. Hie LR i

different populations of the same §
126

Digitized by Sam Jonah Library



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

values obtained for the same species i
S 1n each estygar
uary. Ap

e art from L. dumerilii
from both estuaries whose 7o was quite simil _
ar, esti

mates for the species

ary were relat; «
—_p Y were relatively higher than those from the Pra
estuary. This could be attributeq,

from the Volta estu

a inte . . ;
. S pointed out earlier, to higher fishing
pressure inthe Praestuary thap

| in the Volta estuary. The growth
performance index (4") for the same species from both estuaries and among,
S wWas quite similar except that of M. cephalul;v. Longhurst
and Pauly (1987) reported that the grow

the various specie

th performance index (¢’) is constant

-a given species and simi ithi ; :
for a gl [ similar within related groups of species.

The L and K of M. cephalus in the Negombo lagoon in Sri Lanka

was determined by Wijeyeratne and Costa (1987) to be 897 mm and 0.094
year'l respectively. There are no estimates of growth parameters for the other
species dealt with from previous studies, hence no comparisons with
populations from other areas could be made. However, specimens measuring
297 mm TL Tor L. grandisquamis, 410 mm TL for L. falcipinnis and 394
mm TL for 1/ curema have been reported from the [brié lagoon in Céte
d’Ivoire (Alberet 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 mullets in the current study

must however, be treated with caution and regarded as preliminary since the

analysis involved predominantlyjuvenile fishes.

Food and feeding habits

-stuaries was similar: only slight
1 ‘e in the two estuaries was s
The diet of all the species in the !
ere noted. The food consisted

2 * % ~ - ",.,_: \\
Variations in proportions of food items
127
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of diatoms, algs i
nostly gae, detritg] Materials anq sand particles. Polych
icles. Polyc aetes

I
Nent in the diet with polychaetes bemg

more important, especially in the gjet of M. cephalys. p
us. Detritus

ST ST is considered
oood source of vitamin B, for mullets (Va]]
1= & o a L\

old and Motta, 1992 ) and

oo

Let al., 1970 quoted in

als
als0 rich in bacterial ang protozoa which may
he of some nutritional value (Bruslé, 1981),

(e
,..‘-—
'-.,‘-

“ven thoug
I though sand particles occurreq i In the stomachs of all the species,

they were predominant in the stom . .
achs of L. dumerilii forming 61 and 57 %

of the stomach contents in the Volta and Pra estuaries respectively. Ingested

sand particles are supposedly helpful in the g grinding of food particles in'the

thick-walled pyloric stomach, which acts as 4 gizzard (Thomson, 1966).
Apart from the “grinding’ action, sand particles with the associated micro-
organisms serve as a source of nutrition (Hickling, 1970; Odum, 1970).

suggested that grey mullets ingest sand particles of a
selected rangs (COcum, 1968). This was evident in this study where it was
found that the difrerent species in each estuary selected different size ranges
of sand particles with L. dumerilii selecting the widest range in both
estuaries. The particle size consumed by each species varied according to
locality probably, due to the difference in the substrates in each estuary.
Ingestion of larger particles by L. dumerilii as compared Lo other mugilids is
confirmed by Masson and Marais (1975) from the Zwartkops estuary in

Cape Province in South Africa, Payne (1976) from the Black Johnson

estuary in Sierra Leone and Blay (19952) from the Elmina lagoon.

Even though L. dumerilii ingested the widest range of sand particles,
the size it preferred most was also ingested by M. curenia and . cephalus
n the Volig estuary and 7. grandis guantis in e Pra estuary. In the t-orm.er
nkton and diatoms while

WA
®Stary L. dumerilii showed a preference for zoopl

|28
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] - 8randisquamis i
Jiatoms while polychaetes ang Z0oplanktop quamis ingested more of

Were prom;j i i
o ‘ nent in the diet of L
. hus, spec I .
gumerilit. ] pecies that ingested the same moda] g; e
_. | al size of sand particle

O i les

dhowed preferences Tor differeng [ood items This corrob
- toborates the findings

at L, d ilii ‘
ot b umerilii and M cephalus selected sand
articles in the same range byt |
particle g showed preferences for d;
s for different food i
| | items.
It was also noted that species that ingested fi

of Blabber (1970) who noted

| ner particles consumed more

plant material and organic matter while those that ingested coarser particl

| es
showed preference for substrates rich i animal material

‘Ao 1 Ni s ]
According to Nilsson (1967) when two closely related species coexist

In one environment, various mechanisms may occur which permit this
coexistence. One of these is partitioning of resources. The preference of each
~grey mullet species in the two estuaries for a particular particle size was a

way of partitioninz the resource to avoid interspecific competition, thus

8]

ience.

ensuring their coexi

(V3]
¢

Apart from detritus and sand particles, results on food habits from the
current study corroborate the findings of Blay (1995a) who reported on the
_diet of juveniles of four mullet species (L. falcipinnis, 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 han was found in the current study. According to Blaber (1977) and

Bruslé (1981), the composition of the diet of grey mullets from difterent

" ; : vy f food organisms
localities differs, depending on the abundance and types 0 g

- 1 de have hee ted by Cain

Present. The wide range of food items of mugilids have been noted by Cﬂl”,

74
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and Dean (1976) who explained thyat such flexibil;
ibilit

) S y in feeding en
constant €ncrgy source require [or the Suste g ensures the
n

ance of the population.

arious —

e esearchers on the West African coast

e quite similar to the current gpe L. grand; '
‘i g ISquamis w

Prcd(nninilnﬂ}' on detritus, algae and s

Results obtained by v
wer
as reported to feed

and (King, 1988) while Fagade and

Aaniv t973) noted 1
Olanivan (1973) noted that most of 4
Dlant) ¢ mullet species f; [
o ound in the Lagos
jagoon (Nigeria) fed m

v ainl ani ' i .
; Y on organic detritus, diatoms and green algae.

Diatoms constituted the major food jtem in the stomach contents of M.
C 5

cephalus asfienteensis on the Mauritanian coast (Bruhlet 1975j and all grey

mullets occurring 1n the Black Johnson estyary in Sierra Leone were found

to feed principally, on detritus and algae (Payne, 1976). Albaret and
Legendre (1983) also reported that the diet of the mullet species identified in
the Ebrié lagoon in Céte d'Ivoire was basically the same, consisting mainly
of diatoms, organic detritus and sand grains.

The imporiance of sand particles, algae, and detritus in the diet of
mullets has aizo been emphasized by other workers outside the West African
sub-region. The predominant food item of adult M. cepliclus 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
cm TL (Wijeyaratne and Costa, 1986). Polychactes were also an important
component of the diet of the species in the current study. Almeida ef al.

k efed  mi ' of
(1993) indicated that the stomach contents of L. ramada consisted, mostly of

S " : 2 > Liza subviridis above 24
BaCl“al‘lophyceae. The main items in the diet of Liza subviridis above

. . : and Chua, 1979).
mm were algae, detritus and inorganic sediment Sl i )
. @ ubt herbivorous as
Fro - adult mullets are no doubt hert
_'fom the accounts given above, fnckloy (1987)
: 5 o and N CKICY £ 1705 ),
haS been nOth b)’ B]{]b(_‘](1977), [\/1:.”':-“5 ( }{)E\O) JI]J Mincek 3 {
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The ecological

IMportance of such .
Odum (1970) who considereq

Their low position in the food chaip is also :
an asset in pond culture because

asil aised ;
Y be raised in ponds through inexpensive

Informat;
nformation on the food and feeding behaviour

their preferred food items can e

ethods of fertilization,
methe

dould be useful to aquaculturists who wi i
ol ish to include i

mullets in ponds
where polyculture with other herbivorous species is pr

_ acticed since grey
mullets are mainly benthic feeders.

Such a combination with other

herbivorous species that do not feed from the bottom of the pond will ensure

full utilization of the water column in the pond.

The niche overlap indices for all the species in each estuary indicated
that there was no remarkable difference in the diet of all the species with
respect to size as well as among the species. Similar observations of a lack
of variation in it with size were made by, Blaber (1977 for L. macrolepis
and M. cepliciius. WWijevaratne and Costa (1986) for M. cephalus, and Blay
(1995a) for L. falcipinnis, L. dumerilii, M. bananensis and M. curema. These
observations are, however, at variance with what was reported by Cain and
Dean (1976) for M. cephalus and M. eurema, De Silva and Wijeyaratne
(1977) for M. cephalus, King (1988) for L grandisquamis. and Fggold and

Motta (1992) for M. cephalus.

Changes in diet with growth, apart from minimising
lso offer a wider

possible

intraspecific competition between different cohorts, a
" Spectrum of food resources for exploitation by the species and may be
impOl'tzmt in maintaining large populations of different cohorts of the fish
(King, 1988). Competition for a resource occurs when the resource, among
Olher things, is in short supply- The fact that there was d high niche overlap
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both occasions
(jme on for each Species. Ty
1ere were how
ever, differences in

Marajs (]
(1984) showed that differen mugilid spec; tat

the peak feeding time among the Species

) 5 a.b), indicated {] ’
Blay (199 ¢d that the feedip
/ g actmty of gr ey mullet
s from the

e Cape Coast lagoon in Ghana
06.00 h) ang sunset (18.00 h).

feeding activity at night (22,00 . o 00 h). Studies by ot

Biabber (1976) on 1, macrolepis {

Fimina lagoon and [, Jalcipingis from th

occurred between sunrise (
He recorded no

her researchers,

> {J
"C'

rom the St. Lucia Lake system in

South Africa, De Silva and Wijeyaratne ( 1977) on M. cephalus from the

Negombo Lagoon in Sri Lanka an Collins (1981) on M cephalus from
Florida showed that these species fed Jite at nigh
Feeding activity of the mullets in this study was, most probably,
determined by photoperiodicity, as noted by Keast and Welsh (1968) for
many other fishes. Differences in the peak feeding time among the grey
mullet species in the Volta estuary could be one of the probable mechanisms
for avoiding competition as suggested by Blaber (1976) for sympatric
mullets.
Apart from photoperiodicity, other factors, e.g. tides and salinity, have
_ been cited to influence feeding intensity in mugilids. The feeding intensity
of L. richardsoni and L. dumerilii (Marais, 1980) and L. ramada (Almeida et
al., 1993) have been found to vary according to the tide. It was concluded by
Odum (1970) that, in arcas that are tidally influenced, there is a definite
l'elationship between feeding intensity and stage of the tide with intensity
being highest at high tide. No such relationship was, however, found for
SPecies in the Elmina and Cape Coast lagoons (Blay I e Aeeeing e
Blay (1995b), although variations in the daily feeding pattern (.” L.
qivht have been ecologically

Jaleipippis from the Cape Coast lagoon i

tad
'
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time on both occasions for each species. There were however, differences in

the peak feeding time among the species. Marais (1980) and Drake et al.
(1984) showed that different mugilid species fed af different times while
Blay (1995 ab), indicated that the feeding activity of grey mullets from the
Elmina tagoon and L. fulcipinnis from the Cape Coast lagoon in Ghané,
occurred between sunrise (06.00 h) and sunset (18.00 h). He recorded'no
feeding activity at night (22.00 h - 02.00 h). Studies by other researchers,
e.g.. Blabber (1976) on L. macrolepis from the St. Lucia Lake system in
South Africa, De Silva and Wijeyaratne (1977) on M. cephalus from the
Negombo Lagoon in Sri Lanka and Collins (1981) on M. cephalus from
Florida showed that these species fed little at night.

Feeding activity of the mullets in this study was, most probably,
determined by photoperiodicity, as noted by Keast and Welsh (1968) for

- s

many other fishes. DifTerences in the peak feeding time among the grey

mullet species in 1h2 Volta estuary could be one of the probable mechanisms
for avoiding compretition as suggested by Blaber (1976) for sympatric
mullets.

Apart from photoperiodicity, other factors, e.g. tides and salinity, have
been cited to influence feeding intensity in mugilids. The feeding intensity
of L. richardsoni and L. dumerilii (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 arcas that arc tidally influenced, there is a definite
relationship between feeding intensity and stage of the tide with intensity
being highest at high tide. No such relationship was, however, found for

£ ahkY Acenrdl
species in the Elmina and Cape Coast lagoons (Blay 1995 a.bl. According to
Blay (1995b), although variations in the daily fecding patermn of L.
falcipinnis from the Cape Coas! lagoon might have been ccnloglcu_lly

]
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-mined, the lagoon w : ;
determ! & A5 not tidally Influenced 4t

i 1€ ti
(he present study, tides ap ime of the study. In

art from p :

Yhotoperind: ... . .
_ Dol 15F & ks I topc“Od'Ul}’, May have influenced the
feeding activity ol [, Jalcipinniy, dumeriljj

' _ . and M. cephalus with high
feeding intensity at low ides. There

was however,

no definite relationship
aclivity of oz banane

petween tides and the leeding nsis and M
SIS anc 1. cliremaq.
as found to decrease food int

mc;i,{;:'?z’-:: 10-50 mm T[, (PL‘I'CI'EI

Increasing salinity w e h

ake m M. cephalus

and De Silva 1978) while the reverse trend

was found in L. falcipinnis (De Silyg and Perera, 1976 Blay, 1995a). In the
] = . !

current study. a decrease in feeding aclivity with increasing salinity was

observed for L. fulcipinnis and M. curema, Food intake was also found to

increase significantly with increasing pH for the former species and with
dissolved oxygen for the latter species. The feeding activity of M.

bananensis showed a significant correlation with hoth pH, and surface water
temperature while [eeding activity of L. dumerilii showed a high correlation
with both pH and dissolved oxygen concentration. From the various
conflicting reports it could be said that various factors, cither acting on their
own or in conjunciion with others, may be responsible for determining peak
feeding activity for the different species of grey mullets.
[ncrease in relative gut length with size is reporied to be a
characteristic of herbivorous fishes (Blaber and Whitfield, 1977; De Silva,
1980; Marais, 1980; Minckley, 1982; Wijeyaratne and Costa, 1987a,b). This
is further supported by Hickling (1970), who observed that larger Cremugil

labrosus Risso are herbivorous with a high relative gut length while Odum
- atio of 3.2 in Mugil
(1970) reported that the intestine to fish length (SL) ratio of 3 2
: : v St di ”
i g or assimiiating  aatoms.
cephalus L. from Hawaii (USA) is adequate for assimilating d

: ots that consume more plant
Colling (1981) also indicated that striped mullets that cons ore p

Joth-specific intesting fengt

h.
Materia] haye longer standard lei
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In the current study, t]
» the relationsh'
Ip between
rel

M both egyy,
the Volta estuary was signiﬁcant]y Positive

alive gut length and

l'i
an daries and M bananensis ﬂ'OlTl

This is in agreement with what

has been reported elsewhere (Blaber and Whitf
an Athield,

1977: De Silva, 1980;

Marais, 1980: Minckley, 9g). Wijeyaratne ang ¢
: € € osta, 1987

o a,b). However
that of L. dumerilit from both Cstuaries, M bananensis f h ,
S » M. “nsts from the Pra estuary
and L. falcipinnis from a eg ’
and L. falci the Volig Ccstuary was not significant Additionally
no significant change was foun in diet with ,
2 < with size of al] | '
- 1€ species from both #
. 53 e i
estuaries as similarly observed for mullete f |
) ullets from {] i
: 1¢ Elmina lagoon (Bla
Y,

ariation in the die( of M. cephalus from
southeast Africa (Blaber, 1976) and /2, Spp.

1995a). There Was no appreciable v

from Sri Lanka (Wijeyaratne
and Costa, 1987a.b) even though, there was 4 significant change in relative
gut length with size. This is confirmed by the results of the current study for

,.,_.n-“ 1. \'-m ey & . ’
M. curema from both estuaries and M. bananensis from the Volta estuary.

Thus, changes in relative gut length with size may not be necessarily
accompanied by chanzas in djet.

Apart from L. dumerilii from both estuaries and L. grandisquamis
which occurred oniy in the Pra estuary, whose relative gut length ranged
from .72 to 2.0, all the other species had high relative gut length of between
3.7and 4.5 which was typical of mugilids. Results of the present study show
that populations with a higher relative gut length tended to consume more
Plant material, as shown by L. falcipinnis and M. curema. Hickiing (1970)
foted that the relative gut length of fish that consume high proportion of

indigestible matter is fairly high. Longer guis could be an adaptation to

INcrease the digestive arca and ensure ihat such food items are properly
eh, consumed more

digesteq. L. dumerilii and L. grandisqueaniis ¢ven thou
2°0p1ankton compared to the other specics and may explain their low

Y
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: leng(¥nieRity of Ca
l'CIat]Ve gut g < IHS \\lee aISO am

jor food jfem. The current results
Contradict (e
ngth of 3.2 should be
diatoms. Relative gut length of

for L. dumel i and L, 8ranidsquamig ,
1 asserti
(]970) that a relative gut Je ssertion by Odum

dequate for assimilating

as low ag 1.72 as calcul]

N ated for L. dumerilii
from the Pra estuary was adequate fo; assimilating diatom
atoms.

Variations in the Stomach Fullness index (FI) indicate that
at grey

stuaric i
tuaries do not feed at the same Intensity throughout the

i by eyt
mullets from both e

year. In the Veits estuary, leeding intensity of all the species was generally, | .
: | ;
low during or immediately after the peak of rainfall and high during -the .

period of low rainiall. In the Pra estuary, even though the pattern of rainfall

was quite similar to that in the Volta Cstuary, except for its magnitude, the
fluctuations in feeding intensity were generally, in contrast to those for the
Volta estuary. Feeding intensity was generally, low during periods of low
rainfall or the dry season and high during periods of high rainfall.

It has been indicated by Welcomme (1985) that there is a rapid
increase in food orzanisms during the flood period, which favours intensive
feeding while food resources become limited during the drv season and
therefore fish undergo fasting during this period. The Pra estuary has an
- extensive mangrove cover and the rainfall in its catchment area is much
higher than that in the Volta estuary. A more extensive 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 for

. B iod. Feeding intensity is
them to access food resources during the rainy period. Feeding intensity

" therefore likely to increase during the rainfall period.

i 1 plains at the Volta
On the contrary, there are no extensive flood plains at o ¢
: ary,
- ¢ {wo dams upstream.
®Stary as the flow of water is controlled by the two dams Up
- ations where there is little or no
ACCQrding to Welcomme (]985)~ in SUCh gitpations W here there
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ain, the seasonality of 'feedin m
ﬂood g £ may be reversed with m 1 i
more Intensive

Results from the Volta estuary

ding ntensity of most of the
v. especially between March

food intake during the dry season.

roborate this observation. [Fee ;
o Speci
species was

Jlso oy and July 1998, which corresponded with

rvations were made by Odum (1970) from
aii (U.S.A) and Brulhet (1975)

(he _gp;nvning, period. Similar obse

Haw from Mauritania, for other species of

w
Al
oy INMUTICLS.
grey taits
L)

Changes n Condition Factor based on length-weight data which

estimates the general ‘well-being’ of the individual fish according to

Weatherly (1972) reflect normal scasonal fluctuations in metabolic balance
patterns of maturation, and state and fullness of the alimentary canal. Such
changes however. do not include information on nutritional status. In the Pra

estuary where all the species except L. grandisquamis were mostly juveniles
changes in “Condizien” could not have been influenced by maturation
processes. There was a corresponding increase in ‘Condition” with feeding
intensity especialiv. rom March to July 1988 in the Pra estuary. The low
‘Condition’ recorded by most of the species from the Volta estuary during

e Sarmes period could be explained by the presence of mature individuals. In

Nigeria, Ikomi (1990) attributed the lower ‘Condition” for 1/ cephalus

during the dry season to breeding activities.

Reproductive biology

Very few individuals in the spawning stage were cuuAé_li"[ in the {WO_
estuares during this study. Grey mullets have been identificd as dc_cp_\\dl;l
o 01- Kautrakis ef al.

Spawners (Major, 1978; Dc Silva, 1980: Vieira, 1991; 1\0‘“1“!!\.1: L‘:tcrs,
. ]994)- o S N — they MOVE into inshore \_-ntl.\l:l W 1
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0O IﬂLOO“S dl‘ld CS[U e
11N E ll])" lﬂl “ S. Mcl_]()l' (]978 .

qunmg A€ not subjecteq (4
conditions that prevail in inshore ang esty
in

probﬂb]." ensures that fry
the wide variations

. e
arine waters. This, in addition to

(he fact that mature or big-sized individuals

(heir habit ol jumping out of nets, may explain why fey mature individyal
1viduals

e captured in both estuaries. A similar of
were cdj ODservation was m .
ade by Lasiak

ay (South Africa), Whl(,h he -
nm.imncd 10 reduc pmh:h:lzty of capturing m

{]l)ﬂ;‘i for L. richardsoni from the /\Ig()a B3

ature fish as well as an
indication of spawning turther offshore.

Males of all the species investigated matured at a smaller size than the

females. This observation agrees with that reported by Albaret and Legendre

(1985) for L. grandisquamis, L. Jalcipinnis and M. curema in the Ebrié

lagoon (Cdte d’Ivoire). The early maturation of males than females of M.

cephalus was also reported by Wijeyaratne and Costa (1986), in the

e

. Negombo Lagoon (311 Lanka) and by Collins (1981), in the Seahorse Key

and Crystal River in Florida. The difference was attributed 1o the fact that

©

males have a sherter life span than females due to differential growth rates

("]

between the sexes or. the fact that large males may have a ditferent habitat

preference than the rest of the population and so were not caught.

Species in the Iibri¢ lagoon however, matured at larger sizes than

those recorded in the present study. Differences in the mean size of

Maturation of the two sexes of a species at dilferent places has been

. . 3 o ’ N7 g ‘\”\r
atributed to difference in latitudes with smaller maturity size o lowe
; o 4 C
: e . Witevaratne and Costa,
latitudes than a higher latitudes (Hickling, 19705 Wijeydratne 86¢
coon matured at
1986). The current observation where species in the Fbrié lagoon I
l . ‘\mdmui by

.

‘ger g v ot b
8er sizes than in the Volta and Pra estuaries canit

and Ghana are virwally situated

d' . . » . ~ - o
iffelence In latitudes since Cote d'lvoire
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latitudes. It is most [} .
he same Ikely that differ
rent fishine

; , g pressur

fluence the mean size at which these Species matyr - P res
ur :

t€1n the different

maller fisheg.

COUld n

sealtes. High fishing pressure results in shifig from larger ¢
" 0s

Relative fecundity, which is a way of Standardising feeyngs

y . . : naity wit
pect 10 size, varied widely in this study; 633 for L Jalcipin '
espr - n

s, 318 for [,

157 for L. gr'am/isquamis 1,183 for
ot B < ¥ 23003 OIMbanann'
. ensis, and 712 fi
or

-'-,:»',’C[";/';j‘ .

{a¢e"

AT

o M bunanensis had the highest repr :
M. CHTERTE: < ENest reproductive potential, an asset

useiul in culture with resy

hat could be 2ect to production of fingerlings

rough induce spawning. Not much has been reported in literature on

fecundity for most of the species studied in this work except for M. cephalus

A T - 233 (@il N1t asree
(Thomson, 1966; Kuo et al., 1973; Wijeyaratne and Costa, 1986: Render ef
al., 1995) which makes 1t difficult for comparisons t¢ be made. Differences
in fecundity can be explained by differences in sizec as it has been shown for
several species that ecundity increases with increasing size (Render ef al.,

1995). It was, however, not possible to find the relationship between

length/weight and rzcundity due to the few data obtained for the various
species.

Spawning activity on an annual basis could be identifiec by variations

e 3 clearer definition

in Gonadosomatic index while histological studies give a &
of breeding cycle. Qocyte distribution of a fish with a short anc

spawning period exhibits distinct modes while those of nirmiE

. . 1 "W =3 e 1936\.
Spawners do not show any distinct modes (Hickling and Rutenberg, 1220)

-l 1 b ¥ -~ RS Al "'\f b'u
Variations in gonadosomatic index, frequency of occurrence Of 3
: ’ . pne representing
and spent fish and presence of ova of two siz€ groups, Ofte T&¢
wres indicate
develop; ' res g o mature oocyies Inalt
tloping oogonia and the other corresponding to A
: rinle spawners. o e
b grey mullets in the two estuaries are multiple SPE o
| and June-

al
February-Aprt:

sty . ) ad Rotweel
ary the spawning period occurred botweeh
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August while in the Pra estuary spawn

Octobel"NO"embe"- Most mu]|et Species |
= Nave beep f
ound to spawn once

ine the spawning season (j
during S (Kuo and N
ash 1975. G
it ]]

Wijeyamtnc and Costa 1986). ‘ant and Spain 1975;

. grandisquamis has beep
L. erandisy is has been reported to reproduce th I h
* throughout the year

\.l \\"I‘ \\..;A_‘ !t‘ll- [l

b 1
. the Fbrie ia
{

in the Pra ectiar
jya [ld CStUdly_ ACCOrding to van der Horst -

casmaus (19783, in South Afyie: - :
Erasm Africa [, dumeriljj spawn during the summer

(warmer) period in the Swartkops Cstuary while in the Natal estuaries ‘it

spawns during the winter (colder) and carly summer period (Wallace 1974)

the Volta estuary. L. dumerilii spawned between N :
In \ lii spawned between November and February

*and again from June to July, both periods being cold. Dilferences in the
spawning time conform 1o the suggestion by Brusi¢ (98] ), that spawning
period of grey mullets is likely to differ from region to region.

Temperature has been found to play an important role in gonadal
development and spavning (Avanesov, 1972). In grey mullets spawning is
" reported to occur normally, during the cold periods of the year (Wijeyaratne
and Costa, 1987b; Kuo, 1995). In this study spawning occurred under
various temperature regimes. This is in consonant with findings by Thomson

(1966) and Van der Horst and Erasmaus (1978).

Generally, most fish in tropical regions have been found to spawn

during the rainy season (Welcomme, 1985). Species from both estuaries In

the current study either spawn just before or during the rainy season. The
I 1 L] o 2 —— AQ 19 I S 3)23
iming of the spawning period to coincide with the rainy season 1s to en t
: ~onditions. It is argued that
1 : ' onmental conditions. [t {s arguec
the young fish to grow in optimal environmet | "
i - are in abundance due to ugh
during thjs period algac and zooplankton are i abundance < g
. - i . = . ‘ .
: con wind action that prevail at such
810wth as a result of mixing caused by high wind
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ods, high temperature e

pel'i gimc

nts from runoffs.
stal waters, which
Possible that grey mullets in

g during the rainy -

season to Spawn.

For culture  purposes.  ocpan:
RUfposes, especially  where induced s i i
N ) - awning is
oncerned. knowledge ab ' ’
concerned. Kno ge about (he Spawning peri
periods as well as i
| | . s fecundity for
the various species will be useful, Thie W
, ould not only al '
allow for correct

timing for the collection of spawners byt would also help in estimating
€28

produclion capacity as well as progeny survival

Culture trials in ponds

Survival

Mortalities observed during transportation were usually between 6 and
10%, which is higher than the 2% reported by Bok (1984). This was
attributed to physical damage incurred during collection. Most of the fishes
that died during transportation and acclimatisation and those which died
later after introduction into ponds in the current study were observed 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 most likely

that lost scales make them more prone to bacterial and fungal infections that

. slising £ 10T
could cause mortalities even several days after stocking. TR {pe

concluded that the basic factor in mullet survival in fishponds is theu

: ~ stocki - when transterred from
reatment and handling at the time of stocking or when transierre

Pond to pond.
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minimise injuries iy ; .
To JUNES It is advisap)e to handle them wi,
m with small scoop

oF pand nets. The mesh size of the seine net
ne

used for the i
}'uveﬂ“es must be such that de collection of

bris ar
“ .\ | IS are not trappe
ime prevent fish from being gilled. These coy]

preferably @ small scine

d in the net and at the same

d result in the loss of scales.
net should be used to avoid haulin

o l g in too many fish
a go, which could render them we

ak. Using big nets could catch a lot

¢ injured and rendered weak.
Apart irom injuries other factors th

1

more {ish. many ot which could b

at might have affected survival

ntroduction into ponds and acclimatisation were
temperature, salinity and pH. Both Liza fulcipinnis and A

during transportation,

1. curema survived

transfer from 32.5 %o to freshwater with no mortality (Williams 1962,
quoted in Payne. 1976). Salinity in the Volta estuary where juvenile mullets
were collected did not exceed 10 %o at the time of collection. In spite of this
low salinity immadiate transfer of mullets from brackish water into
freshwater resulted in almost 80% mortality even when temperature and pH
were virtually the same with that in the receiving ponds. It was therefore
necessary, during the current study, to acclimatise the fish for over a week
before transferring them into freshwater ponds. Temperatures between 26-
28°C were observed to be suitable during transportation of juveniles. It is
possible that other water quality parameters possibly pH, as indicated by
Sivalingam (1975), could be equally critical during the acclimatization

erred int 5. Mullets became
process and after they have been transferred into ponds. Mullets beca

Stressful whenever pH dropped below 6 in ponds, in such situations lime was

applied to raise the level to between 7 and 8.
nds compares
i <7 from all the ponds comp
The average survival of 54.07
B ) s T
. Rak (1984). Survival rates of 62
favol”'ably with what has been reported by Bok (19 | '
ctocked at a size ol 30 g (Yashouv,
ity SHICREU ~

100% were reported for AL copliil
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vhile survival rates of b
gra'w OClween (.
I 50-859, Were

1975) for the same specie reported by Linder ef al.

ler size of between 0.37

(

s slocked ¢
stocked at 4 Much smg|
nd 481 & Mortalities were attributed tq handlj
in

g and predation by birds

«wnhs. In the current .
and crabs ent study apart from handling, mortalities af
; "lalities also occurred

“predati 1sh. fr
s a result of predation by fish, frogg gng monitor lizards, T} f
‘ . The presence o
lareer and more predatory fishes in :
Jar ponds that were supplied with feed than
en that were not s 1S i
(ose that were not supplied with feed accounts for the low survival rate i
in
~ - PRy 5 -’i 1 N v =
the former ponds during the second experiment in brackish water ponds

Growth and production in ponds

Fhe similarity in growth pattern of fish in ponds supplied with

supplementary feed and those in ponds without supplementary feed during
the first few months of the experiment could be due to adequate and ready
availability of natural Zood. With time, food could become inadequate if
replenishment of natural food through fertilization was not fast enough. In

such a situation addition of supplementary feed could enhance the growth of

fish receiving such a treatment hence the divergence in growth pattern after

a certain culture period with those receiving feed growing faster.

The initial and final weights of fish recorded in the first experiment in

brackish water ponds, which lasted for 150 days, were 5.1£0.70-28.6=0.90g

for ponds with feed and 4.6+0.55-25.2+1.50 8 for ponds without feed

: ively. In the second
fepresenting an increment of 463.0% and 450.2% respectively. In the
6 e final weights recorded
experiment, which lasted for 270 days, initial and final weights rec

i g 2+038-32.1=0.44
were 7.3+0.10-41.9+1.06 g an increment of 476.7% and 7 g
: : feod respectively.
gan increment of 347.7% for ponds with feed and without feed respec y
| 1 el increased {rom an initial
Weights recorded in fresh water ponds with feed mcreas \

-.-
'

.

‘o
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(1980) reported mean weights of 45.0 g

3% ; I
n lengths betwe 0g and 33.0 g with an initial

een 20-25 mm (2.0-2.5 g) fr
thus, at the end of the expe

med
om three different ponds.

rit
ment the pPercentage increment

N , In terms of
weight, rang ced from 1367 to 1900. The s

’ | ame species was cultured in Costa
Rica with an initial total length of 5 Mm using supplementary ino g
rganic

fertilization and within 3 months, tota] lengths of between [15 and 145 mm

(an increment of 130-190% respectively) were achicved (Philips et al.,

1987). Other mullet species, Migil cephalus, Liza parsia, and Liza tade,
showed an increment from initial mean stocking weights of 23.2 g, 9.0 g,
and 8.0 g to final mean weights of 514.4 g, 34.9 g and 119.6 g respectively
in 374 days (Pillal er /., 1984). These correspond to percentage increments
of 2117.2, 287.8 and 1395 respectively. The largest sizes reached by Myxus
capensis afier one. two and three years’ growth in various dams in eastern
Cape were 31 g, 173 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. dumerilii, M. curema and M.

bananensis. Conspicuously missing was M cephalus. the species which is

acclaimed to be the fastest growing among the mullet species (Bardach et

al., 1972; Pruginin et al., 1975; Linder ef al., 1975; Alves de Aradjo er al.,

1980; Bok, 1984). A characteristic, that has mad
onthly sampling in the two estuaries it

¢ it an obvious choice for

Culture in most places. From the m
. an the other species

became evident that M. cephalus indeed, grows bigger than the P |
o their fingerlings

_— h estuaries. Getling
but was the least common species In both estu
he difficult. In the absence of M.

from the wild for culture will therelore,
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cephaltis, the highest meap Weight v

aS registere for

M. bananensis during the 270_q - Curema followed by

ay cultyre period
The other mullet Species have | |
0

Wever, bee
1 5 3 n
culture potential. Productiop of 23 shown to have great

39 kg ha™!

-1
> : . yr was achi g
supplementary feeding in polycultyre ¢ achieved without any

5 Cted In b]'ack
in Lagos. Niceria s 1 ish wate
ponds in Lagos, Nigeria (Slvallngam, e

1975). From Ri
. . ' 10 Grand do Norte
P '#..qc‘ : l}g 4'X3"~' “: {j » ‘( ]

(Brasi!) s de Araljo er ¢f. (1980) have feported production of 276 k
ha Y for M curema after one ye &

ir i i |
ar of culture i brackish water ponds, also

without supplementary feed and fertilisation, Net mullet prde ti f
: IClIons o

-1, - - . .
217.74 kg ha™" yr " and 209.7¢ kg ha'! yr ' have been obtained by Pakrasi ef

al. (1975) while Linder et g/, (1975) reported of production between 293 kg

ha'! and 804 kg ha™' for striped mullet from Texas, USA.

In the current study e mi T~
! udy, where mixed species of grey mullets were

cultured for 270 davs, production of 336 5 kg ha™ (454.24 kg ha™ yr™') and

~l 7200 A ] =1 ; k ; .
287 kg ha™ (388.0 kg ha yr ) were achieved in ponds with and without

supplementary 2ed respectively. These results compare favourably with

I
!
o
H
b
’

those of previous

(#7]

tudies, 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.

The low production in the current study is reflected in the low daily
growth gain, specific growth rates and feed conversion ratios. In all the
investigations in fresh water and brackish water ponds, the daily growth gain

"anged from 0.1128 to 0.1568 g/fish/day for fish supplied with feed and
from 0.0923 to 0.1375 g/fish/day for fish that were not fed. The specific
| %/day and from 0.535210 1.1368

|4
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g/day for fish supplied wi, feed ang fo, fi

1sh with
These are low compared (g other results rep out feed lcspecuvely

lﬂllllcts'

Tor example, golde ‘ W

Fe ple, golden &rey mullet (£, aurata) raised j

. e

150 days attained growth rate 0l 0.95 g/fish/da ( 1975 oo
y

. g i . Chervinsk; '
ate of 0.6-0.95 "tl/ll-%h/dqy vinski, 1975). Growth

was rec
orded for 7. aurata young of the year

hile 0.85-1.0 g/fish/day was recorgeq for fi

Wit
sh in their second year of life

owth rates registered by M. cephalus, Liza

a culture period of 374 days together with carps,
milkfishes and prawns in a low saline pond

(Clwr\'insi\':. 1976). The daily gr

parvus and Liza tacle during

were 1.313 g, 0.069 g, and 0.298

g respectively (Pillai er al., 1984). Linder ¢f o/ (1975) reported mean daily

weight of between 0.36 and 0.71 g from the six ponds they used for M.

cephalus.

Aratjo er al. (1930} was attributed to the fact that the experiment was
conducted without su :t'enentaly feed and fertilizers as well as the presence
of predators. Apart irom the presence of predators, the current study was

faced with the problem of S. melanotheron and Oreachromis niluticus being
introduced into the brackish and freshwater ponds respectively. through
periodic pumping of water. Both species are known herbivores and also
accept supplementary feed. There was the likelihood of these species

¢ and also for
competing with the grey mullets for the same food resource and aiso to

available space thus, inhibiting their growth and ultimately fish production

in ponds, |

Yashouy (1972) argued (hat higher fish  density. cs%\.:cciully
‘onsidering the tendency of mullets to school, has @ depressing ettect on
8"owth, e also asserted that the g;-m\'r_h of grey mullets scems to be
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: d by its competifin, ¢
mﬂuence Pelition for food v
with

Coupled with this is the fact g in the
? C

also not have been easily :

other figh groups in ponds.

Was grossly under

atilised in the current study, Thig IS confirmed by the feed
¢ leed conversion ratio

"hetween _:"( a 2 whi ds 1
of betwe yand 7.2 which was rather hlgh Compared to the range of 2.2
‘ange .24
et al., 1975).

which might have

t0 3.31 reported for M. cephalys (Linder
Apart from density,

B y resulted in competition, the

length of the growing season wit); feSpect Lo initial size of fish stocked was

cited by Yashouv (1972) as one of the factors (hgt were likely to have

affected growth of grey mullets during his experiment. He noted that as the

growing period is increased or the larger the fish are allowed to grow the
higher the increase in daily yield. According to Hopkins (1992), small and
large fish have low zbsolute growth rates while fish of intermediate sizes
have higher absolute growth rates. Thus, differences in initial stocking size
and the length of culture period could affect growth and could make
comparison with other studies more difficult. If survival rates could be
‘minimised perhaps, it will be advisable to use juveniles of bigger size (e.g.,
20 g) as initial stocking material to achieve better yields.

According to Hora and Nair (1944) (quoted in Pillai er al., 1984)

1D o e 120 dav
mullets grow faster in freshwaters. Considering a culture period of 150 days,

' ' ; at ercentage  growth
. the mean daily weight gan, SPEClﬁC glowth rate, percentage g
' : i - ai in brackish water ponds
Increment and feed conversion ratio of fish raised in brack p
i raised in fresh water
duﬁng the first experiment Wert higher than those raisec {
-t in brackish water ponds wWere,
sypermment i brackis
Ponds. ; he second experi .
Results from t - hisher

the freshwater ponds.

. v % e from
hOWevel-’ quite similar to those fron
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gro'\-\’th ElChlEVed in the ﬁ ) .

oeriment may be d .
expert Y Ue to efficien; utilisation of g
(he feed conversion ratio of 3 ¢ comp eed by fish as indicated by

Ared 10 6.7 for figh paiced :
dditionall 4 ~10r lish raised in freshwater
P"nds‘ A ¥, the fresh water ponds 'emained turbid f,
uroid for most part of

the culture period. As a resy|q plankton Production was ob
ds observed to be very

ow irrespective of fertilization, The Poor growth perf;
Periormance of mullets i
-~ 1 R - n
he fresh water ponds | : -
the fre I may also be attributed to the low concentrati f
T ration o
natural food. Pillai et al. (1984) gg;

gned similar reason for the slow growth

of mullet species they cultured in a coastal low saline SOl 1re: ord
pond in

West Bengal, in spite of the fact that the figh were given supplementary feed

The turbid nature of the freshwater ponds could have adversely affected the

chances of fish to detect supplementary feed supplied hence the poor

utilisation of feed in such ponds.

b
1

Comparison of the effect of rice bran and wheat bran on growth

performance of grev mullets revealed that fish fed on the latier feed attained

higher growth than the former one. The different protein content of wheat
bran and rice bran, which was 16.8 and 5.23% respectively. could account
for the difference in growth performance with the feed containing high
protein producing higher growth. Protein-rich food, within certain limits,
promotes growth as indicated by Wantanabe ef al. (1990). Thev reported of
2 small but significant improvement in survival and growth for Florida red
tilapia fed with 28% protein diet compared to 32% protein diet and

suggested that excess dietary protein inhibited growth.

.Dln'ina the second experiment in brackish water ponds where algal
) -7 -y« L= .\' Y > ;\ c {.1 v\: feed
counts were made it was noted that ponds that received supplementary
C [
ooty fish in these ponds recorded
had higher concentration of algae. Additionally, fish in these pong

- - A E o ford ¢ L e e
mposition ol uneaten feed could releas

“Omparatively, higher growth. Deco

¥

[-4o
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sh b .
P S 10mass (Gar
Hansen and Batterson, 1994), & and Bhatnager, 1996; Knud-
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CONCLUS]ONS

A total of six Species of grey myljet
L5 £

. . Wwe 1 A .
estuaries  studied. These _ e identified in the two

v Lizg fC?/Cipinnis, L. dumerilii [,

[ —
Curema and )y cephalus. All the six

the
Pra SStuary  while five, excluding L.

grandisquamis, Mugil bananengjg
Sp\_‘t,fiL’S were f‘()lll‘ld In

g1 SQ A S,
o i

\’V’ g > . v z
1€ Chcountered ip the Volta estuary

The most abur
R T T ndant
species in the Volta esty '

ary was g , :
WY was M. curema while in the Pra estuary L

falcipinnis was the dominant species

Specimens of all the species obtained from the Volta estuary were

comparatively larger than thei counterparts from the Pra estuary. The

situation was attributed to greater fishing pressure exerted on the Pra Fish

community and the low transparency at the Pra estuary. The growth patterns
of the fishes bassd on length-weight relationships indicated that L.
grandisquarmis exhidited isometric growth while the five other species
showed allometrie growth pattern.

A study of the food habits of all the six grey muilets species indicated
that they were omnivorous with L. falcipinnis, M. curema. M. cephalus and
M. bananensis having relatively higher pmporlion of plant 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 from the Pra estuary was high during
the peak of the rainy season that of species from the Volta estuary was low
during the same period. All the species investigated from the \"a:vha .estuary
show clear diurnal feeding habit. Although the diet of the species in each
eir feeding periodicity as well

es in In

eStuary was similar there were different

| 50

Digitized by Sam Jonah Library



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

references for different o
. | - Nt sizes of 3and particleg v
estuary 1Ngesting the widegt g, fange of . T

: sand arti
P"Obahle strategies adopted t, avert or mp; Particles. These were seen as
i

Nimise Competition.

Reproductive aClivities of Mullet s

pecies studied showed that the
nerally, gm

alions ip gonadosomatic in
mature and spent individuals 4 well

mean size at first maturity of maleg was g
e

aller coy 1
jfemale counterparts. Vari pared o their
dices, the presence of

| ) as distribution of oocytes sizes suggest‘
that spawning of gr LS |
that spawning of grey mullets i gpe WO estuarieg occurred twice |

ce in a year;
March-May and October-November in the Pra estuary, February-April and

-August in the Volta estiar 16 :
June-Aug la estuary, Among the species studied M. bananensis

had the highest fecundity. This couiq be a useful asset for the species with

respect to production of fish seed for culture,
A preliminary assessment of culture potential of mullets indicated that
supplementary te2d enhanced their growth under culture conditions. Wheat
bran was also found 1o enhance thejr growth better than rice bran. The mean
final weight of 1L curema was the highest among the species during ﬂle
270-day culture 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,

5 % N @ 7 i e
e fishing pressure in lagoons and estuaries should be controlled to

allow for their sustained fisheries

. A vever. culture trials
* culture of mullets should be encouraged; however, cuiture tr

i -esearch results.
must be expanded to generate more local research
Tore ets there should be
* for conservation of natural stocks of grey mullets ¢
C
oo of mullet seed for culture.
efforts at hatchery production o mulet sec
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Appendix 2"PEH

. tors in the v ;
0113
Nonths ol lta estuary
DO T
CMmperatyre - ‘

Salinity Transparency

(mg l") oC
Feb 97 7.5 75 (%0) (cm)
' 29.0 -
Mar 7.3 83 0.06 213
) : 28.5 2.12 207
'\gh ]5 9 2 -

h 28.5 1.49 199
" 28.5 0.05 181

L LD (
1 . 6.0 26.5 0.12 114

J ) g ¢
! 5.8 26.5 .81 134
Aug 1.5 6.2 29.5 7.54 199
Sep Sl 6.4 27.5 2.12 185
Oct 7.9 5.8 28.8 [.08 205
Nov 6.9 5.6 28.0 15 206
Dec 7.3 5.0 27.5 1.94 274
Jan 98 6.6 6.0 26.0 (.85 306
Ieb 7.2 7.0 29.0 1.76 220
Mar 6.9 6.4 30.0 3.52 210
Apr 8.1 6.8 30.5 §.17 230
May 7.2 6.4 31.0 5.06 200
Jun 77 8.4 29.0 2.04 190
51 125

Jul 7.3 8.0 26.0 0.51

}fH’.s
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Appendix 3. uv-arx :

Months pll o Temp::ts In the Prg estuary
o (mg ) o ure Salinity Transparency
Feb 97 1.5 ) 5 (%o) (cm)
Mar 7.5 8.0 25:5 ;6'00 "
Apr e 8.8 28.5 005000 o
7.7 8.0 s | 4
- 0.50 19
o B 0.4 26.5 0.07 26
Jul 8.2 8.0 26.5 3.50 | ;1 |
Aug 7.9 8.0 26.0 2.20 40
Sep 8.0 6.6 26.4 1.40 68
Oct 7.8 6.2 29 (j 6.10 41
Nov 7.6 7.4 27.8 4.00 30
Dec 0.8 6.8 28.8 1.30 20
Jan 98 T 8.0 253 1.70 133
Feb T 5.8 295 2.50 70
Mar .3 6.4 29.0 15.80 146
Apr 7.7 6.6 30.0 16.00 152
May 7.5 4.8 30.5 0.52 28
Jun 7.1 8.0 29.0 .73 10
Jul - 7.2 7.2 | 25.0 4.06 23
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Appendix 4 Relative abundance (%) of |
81y mullets jp, ¢
L. fulcipinni - he Volta estuary.

ths
Mon L dumerifi; i
- Clremg

b 0T 306 T M bancnensis ™M cephafus
- 49,55 T ———

Mar. 21.57 24.65 40.34 | j;;’ 9.46
=13 s g | .16
May. 63.96 26 g o 130
Jun. 36.36 6.06 49'43 e 020
| 2.42 1.52 13.64
Jul. 55.56 7.40 8.64 1.23 27.16
Aug. 29.92 1969 1494 28.35 7.09
Sep. 2.4 2033 5346 21.14 2.44
Oct. 11.54 8.24 46.70 2527 8.24
Nov. 392 71.57 13.73 10.78 0.0
Dec. 6.02 27.82 37.97 19.17 9.02
Jan. 98 <98 20.28 21 %l 52.66 0.36
Feb. 1144 8.05 31.36 49.15 0.0
Mar. 29.58 7.39 53.87 8.10 1.06
Apr. .42 36.17 51.42 7.43 Frdsd
May. 3.05 0.76 88.55 7.63 0.0
Jun, 12.42 5.88 58.82 2157 1.31
Jul, 2.69 1.08 21.50 63.40 11.29

163

Digitized by Sam Jonah Library



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

Appendix 5. Relative abundance %
0

) of grey mullets in the prg estuary

L.falcipinnis

Months

M.bananensis M. cephalus

Apr 40.00 0.0 | >3 313 6.25
| % (i 400 8.00 30.00
M 23.08 51.28 17,05 o 8.00
oy pes 2.5
o 31 95 37 50 00 6 0.0 A13
" £0.99 | 025 1873 6.25
J . 6.07 8.79 0
- ik o N 64 3.04 0.48
| ] o ).0 23.68 25.00 0.66
| Sep 08.90 8.25 11.80 5
| i 80 5.10 6.0 0.0
| 6.51 ’ _— :
Oc 0.62 18.0% 3.40 1.39 0.0
! “. ) 2 o
Nov 63.00 12.80 13.40 8.10 2.60 0.0
Ny , :
Dec 12.60 24.4 37.00 6.30 19.69 0.0
Jan 98 3.70 8.50 3.70 5.50 78.00 0.61
Feb 8.10 23.80 0.91 (9,90 45.20 0.0
Mar 6.80 3.60 4.20 31.50 53.90 0.0
Apr 14.60 0.90 6.80 52.80 24.80 0.0
May 62 .44 2.24 4.98 17.16 13.20 0.0
i 7360 9.60 1.30 7.80 2 80 0.51
Jul 75.60 7.30 0.80 080 € -
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Appendix 6a Percentage

: COMPpositign o¢
.‘ . . 5 " l
roups of L. falcipinnis on of

‘ Stomg : .
Om the Vo, €Stuary s St el

SR ition of stop,
= N  Diatoms @ ¥
Size Green Blue Polyen
group algac green R Zooplankion

: Sand Detritus
g —— -‘Jlues
r- 80 8 230 agg 45 0.0
. . ) ' 6.3 313 14.8
gi 100 10 0.0 50.0 94 0.0
‘ ) ‘ 3.1 25.0 12.5
101 ~120 10 6.1 5.0 0.0 (
: 1.0
217 53.3 13.3
121 - 140 11 8.3 98 0.0 0
-’ 0.0 51.5 303
141160 9 8.3 9.4 2.1 0.0 15 64.6 4.2
161 - 180 12 ) [2.3 204 6.6 0.6 Q7 h
ol = 100, T= e B = -3 8.7 9
N nunther of .\‘(.’I)i,’?/n‘.\'_[(ii' cach size Lot i ~— = 22

p

Appendix 60 Percentage composition of stomach contents of different size
groups of L. cirorilii from the Volta estuary
Percentage composition of stomach contents
Size N  Diatoms Green Blue  Polychactes Zoopianhton  Sund Detritus
group algae green particles
(mm) alcae
81-100 18 9.6 1.6 0.4 0.0 141 39.9 14.5
7 . 14,
0l-120 12 45 4.3 0.0 0.0 10.7 657 6
61.6 13.0
121140 16 10.9 1.9 0.3 0.0 1.0 5
4.4 667 9.5
41-160 14 53 . 4l 0.0 0.0
1.3 564 145
61-180 10 157 52 09 00 T3

N~ number of samples for each size group
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appendix 0¢_ Percentage compogy o

_ f M. cures ' fstoy
wﬂ—\”@iwnm contents of different size

PCI‘CCnt \—

age ¢ o
e 8¢ compositioy of stomach copge
N Diatoms  Greep Blue )

I nts
S17¢

' Pol
group algae green Yehaetes Zooplankton Sand Detri tu-s
(mm) N —s_.i',l_b’“c particles :
61 8D 10 16.7 [5.0 5.0 0.0
' 0.0 41.7 21.7
8] Y |3 198 59 ] 86 16
' 44| 18.8
jo1-120 12 202 3906 13 ‘
- 8 6.6
. 33.1 224
[21-140 10 9.3 10.1 28 56
- 2.6 20.6 423 14.9
141160 10 3.7 9.9 2.0 213
. 213 1> 33,7 16.1
161 —180 10 125 26.3 4.4 0. 08 28 3
N- mumber of samples in each size group = N L

D

Appendix 6d 2reeniage composition of stomach contents of different size
groups of AL Semecaensis from the Volta estuary

Percentage composition of stomach contents

Size N Diatoms  Green Blue Polychaetes Zooplankion Sand Detritus

group algae  green particles

(mim) algae

61 -80 [5 8.1 16.7 18 0.0 39 36.8 326

81-100 10 106 173 39 0.0 9.1 417 17.3

101-120 14 113 5.9 1.4 12.5 5.7 423 214

Ri-140 8 112 67 45 3.4 8.1 s R
CM-160 16 73 32 13 0.0 113 411 25.8

161 -180 12 23.4 92 _2_;]_________0£___.__~—.._—q—‘§-—~~-—-—--"~l~'9-- L

= mumber of samples in each size group
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S N Diatoms
group = green P Z°0P|ankton|
- ! Sand  Detritus
i a ae i
; Particles
<1 100 6 14.1] 73\g\
Qi :
0.0 0.0

6.
01140 6 0.8 19 04 5 3 65.7 6.3
- 49
. . E 8.4 3
4] - 180 6 157 4.] .1 313 > 9'5
' 2.7 35.7
181-220 6 6.8 19.9 53 34.4 | !
) . 9 16.8 16.8
221 =260 6 7.3 426 9] 2.0
i 1.2 24.4 13.4
261-300 6 28.6 24.5 6.9 0.
- 1.4 21.4 13.9
301-340 6 33.6 18.1 5.6 145 s
- 2.9 14.8 v11.5
341-380 6 17.9 10.6 115
e 0.0 4.1 29.4 26.6
381> 8 20 195 7.9
_ . 16.8 ;)
N—-number of sampics in cach size group 4 oy e
Appendix 7a Percentage composition of stomach contents of different size

_8roups of L. falcipinnis from the Pra estuary

Percentage composition of stomach contents

Size N Diatoms Green Blue Polychaetes Zooplankton Sand Detritus
. 8roup algae  green particles
dmmy) ' algae
61-80 18 280 140 96 0.0 13.7 24.4 103
lOl~]2(.) 25 20 8 8.1 13.3 0.0 3.9 214 13.6

Number of samples in each size grovp

|y

P
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pppendix 7b  Percentage cq,

g Mposit
of L. dumerilii from y tion of

Stomach :
oroUpS he Prg estuary contents of different size

Peree
Chlage ¢ i
lage COmpositjoy, of stom

ach contents

- N Diatoms  Greep
Size alein Blue Polychagres Z :
aroup digac oreep ooplankion — Sang Detritus
[lﬂm) ) (li‘guﬁ_ pﬂl’tiClES
s80 10 134 0.0 gg oom\
. ; 48.2 19.6
el — 10O 12 8.6 )
= ‘ 6 08 0.0 12.8 56.2 18.0
101 -120 4 0.8 38 26 1.6
: 8.4 48.0 24.5
D1~ 140 8 6.6 2.4 1.0 [
0.0 5.6 70.2 14.3
41-160 18 12.7 1.4 4 ~
141 ¢ 14 0.0 8.0 o) 32.9
161 - 180 13 17.3 3.7 3.7 0o 6.2 39.5 29.6

N=number of samples in each size group

Appendix 7¢  Pzroentage composition of stomach contents of difTerent size
_groups of L. grandisonamis from the Pra estuary

Percentage composition of stomach contents

Size N  Diatoms Green Blue Polychaetes Zooplankion S’am:i Detritus
group algae  green particles
(mm) algae

22 10 € )
81-100 15 223 9.9 1.1 0.0 3.8 409 22.0

6.8 219

101-120 12 273 63 57 0.0 1.9 36.8

3 39.5 18.0
121-140 18 204 4.8 3.9 0.0 13.4

38 41.0 16.3
141-160 15 226 46 18 0.0 =

] = z et
N number of samples in each size group
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APPendix 7d Percentage COmpositioy o

: . e f'st
M- curema from the pr, estuary Heh contents of ifferent size

]t’\ ] iti

= N  Diatoms  Green Blue

Polycha Z
grottp algac green A Zooplankon Sand Detritus
mm) — v\ﬂigae\paﬂicles
g0 200152 g

0ot & ) A = I il 0 0

: 10.7 43.5 27.4
G100 16 169 '
gl 30 2.0 0.0 13.4 419 23.8
o1 - 120 22 188 P T 43

X 10.6 408 204
Pl 14 263 o 4] 12,4 15.5 5 :
N — mumber of samples in each size group : >34 1.6

=

Appendix 7e  Percentage composition of stomach contents of different size

groups of AL hargnensis from the Pra estuary

Percentage composition of stomach cantents

Size N Diatoims Green  Blue  Polychaetes Zooplankton ~ Sand  Detritus
group algae  green particles
(mm) algae
61 -80 I3 G4 0.6 1.3 0.0 8.2 428 37.7
§1-100 10 94 5.6 2 0.0 4.3 18.9 29.6
101-120 16 18.4 4.1 0.9 0.0 3.3 434 29.7

10,8 32.2
21-140 12 118 4518 0.0 2.6 .

10.0 40.0 33.0

41-160 14  13.0 3.0 1.0 0.0 el L . ..

N nmumber of samples in cach size group
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Appendix 82 Stomach fullnegs ind

determine daily fcedmg activity of X for the first 24.1, .
Time L. dumeriljj iy ey my] Samplmg to
in L falcipipmy ullets from he Volta
T6.00 | 4356L0.4] —mo— M. bananeme ’eStuqr :
0.0 0.433160 79~ anensis M. cephalus
WY ]9 TAFRTE e ‘
(n 11) (n=0) o 19 0.0013+0.007 0.0
X 373
(n 8 (n=0)) ( o 293+0.03 0.0820+0.02
Pt i n=32) -
j}v'{}(_l “.-(} (n—‘-l 14) =
o 0.0 0.04170,0 0.0 "
N-w:'_;h_,J (n ) OO
14 (0 0.1609+0 1. VI U) (1]:57) (11:25) =
(}_l.(} v LV | \“»./ P owla .‘. ] 4 ()-U () r)’)6’)_4ﬁ0 OI (n—O)
. FsRLeEl, 0.0
(n=12) 23 6.0
(n 2) (n" !()'; (11:7) ( O)
2.58220.24  0.40134¢ "
08.00 S 0.24 0.4013+0.1 ] 0.5686+0.02 0.5929+0.04 0.0
(n=26) (n=10); (n=7% ' ‘
12.00 1.7109+0.21 0.0 0 61730 (17
| LL-0=007  0.6874=0.00 0.0
(n=22) =()) |
- (n=0) (n=6) (n=19) (n=0)
_ ).7786=0.3 ) |
16 0.7786=0.39 0.0 0.0620£0.02  0.3879+0.12 0.0
) ~ L (n=0) (n=5) (n=§) (n=0)
N-number of scunpios 2o each vecies | - _
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TTime

16.00

20.00

04.00

08.00

12.00

16.00

University of Cape Coast
Stomach fullne

determine daily fegcﬁp_gnggtivit

L. dumerilii

(n=10)
(0.322310.08

(n=0)

0.8962=0.37

N = number o} samipies

- ‘lifl('ip.r'rmi.s‘

1.4645+0.25

(n=13)

0.809810.33

(n=14,
0.0
(n=0)

0.1000<0.00

(n=0)

‘or each species

SS indey f,

17

~CUremy
0.7705+0. 13
(n=34)
0.0384:t0.0]
(n=19)
0.0
(n=51)
0.0
(n=30)
(.5569:0.08
{(n=79)
0.5527+0.08
(n=73)
0.5871+0.03

Or the second
rey Mulletg from
Leurema™ 57

M banane

(n=66)

0.536640. 14
(n=15)
0.1777+0.04
(n=28)
0.0
(n=49)
0.0
(n=6)
0.0648+0.09
(n=75)
(.7490+0.10
n=30)
(.5366+0.05

(n=34)

nsiy
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24-h sampling to
the Volta estuary. -

M. _cepha/ us

0.0
(n=0)
0.0
(n=2)
0.0
(0=0)
0.0
(n=0)
0.2549+0.19
(n=8)
0.0
(n=0)
0.0
(n=0)

: . i e 1
Appendix 9a Hvdrographic factors measured during the first 24-h sampling
‘ i e . s from the Volta estuary
: o EE ‘ ey mullets from the Vo
to determine daily feeding activity of grey

Time pH Water Conductivity DO (mg & Salinity (%)
Temperature (psfem)
= 200 6.9 .86
16.00 7.69 30.0 12 | o
20.00 7.83 29,0 1242 6.9 27
" N 6.4 1.95
24.00 8.01 28.0 1780 5 7 -
' | e 6... R
04.00 70] 28.0 2540 ) "
| | 285 696 0.8 243
08.00 8.12 28. - s
¢ 28 Fim e
12.00 8.81 31.0 jw - o
16.00 810 3.5 - -
\\ S,
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: ;
sured during 1he second 24-h

ptl W
al
er Conduclivity

. DO (I § T —
Femperatyre mg ") Salinity (%o
Mperature (ns/em) alinity (%o)
_ o (*C)
T 16.00 8.0 T
285 6720 = :

A 80 28 U g JOO
24.00 17 374 : 1.24
4.00 8.0 270 . -

- 4620 5.6 -
2" : 2.39
0800 (\KJ 78 “ o
By 1533 6.2
12.00 8.4 . ‘” L
2. ‘ 30.0 4300 7.8 49
16.00 8.0 2g 5 )
| =8.5 1850 6.8 5 o3
Appendix 10a Relationship between environmental parameters and daily
feeding activizy o7 zrev mullets from the Volta estuary during the first 24-h
sampling
Species Dissolved pH Temperature  Salinity  Coductivity
oxveen
L. falcipinnis 0.6485 0.8177* 0.4828 03322 -0.7110
p=0.115 p=0.025 p=0.272 p=0.438 p=0.073
L. dumerilii 0.5939 0.3645 0.3702 0“._H76__’~.' O—g%)?i
p=0.160 p=0.421 p=0.414 p=0.754 p=0.063
).4067 -0.7452
M. bananensis 0.669 iy . 1{ 0,365 p=0.035
p=0.100 p=0.026 p=0.22 e '
S 185 -0.0703 -0.3845
M. cirema 0.5663 0.5259 (134;133 p=0.881 p=0.168
p=0.185 p=0.225 P
A X TSIt 2 -1} "Q']
\ -0.1033 0175 0.02
S ol ‘O(f)) 32?) p=0806__ p=0.710  p=0.539
p=0.529 I ;

(mfelcrmm is significant al 3%

/JIH/?(I/)’/H‘ Jevel
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24-h sampling
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—
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arameters and daily

eV
olta ®Stuary during the second

’ﬁccics Dissolved pH T
. OXygen “fiperaty inity  Codutiv
I _;/uh PRI -0.1660) 0.6585 R COd“Cll"”lY
0T plg ey UOST6 04095 04052
P=0.852  p=0362 p=0370
L i 0.1250 ¢
/ ).7178 '
P=0789 by 0_ 1034ﬂ 0.2889  0.3218
: p=0.825  p=0.530 p=0.482
M. bananensis 0.8313* 0.190 T T
e ;(1)9;)4 0.8503* 02824  (.2794
eV PR0683  p=0.015  p=0539 p=0.544
M. curema L7673 o227 0.6936 0.3413 0.3495
o A — . .
p=0.044  p=0.624 p=0.023  p=0.454 p=0.442
M. cephalus -0.1452  0.428 -0.0612  -03829  -0.3792
0=0.756  p=0341  p=0.896 p=0397 p=0.402

*Correfation is <7 zw=ioant al 3% probability level
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Appendix Tla Monthly 4
and gonadosom
Month

ata on Condition F

atic indey .
of . aclor, st _
Condition L falc; nnis f Omach fullness index

0 _
Factor Stomac]y m the VOlla cstuar
(+se) Fullness ingey GSI (2se)
1.69+0.03 (dse) males females
NIt 1.77+0.02
; : 0

Apr 1.8940.02 0.2510 07 0.1 895)0 i,
May 1.8410.0] 0.11:0.03 0 |67si0'09 S
[, 180003 0.4340,03 0.182: v L]

i L79:0.00 0.46:0,09 gt 0.0
= 1.87:0.0] 0 1003 o L
A iE_:' L P 1 : 27101-0 lO .

2 U0,
Sep 1.7140.05 ?’]2%8‘26 0.0 o
At . .
Oct 1.62:0.03 0 0' 8 0.0 0.0
Nov 1.93:0.05 G 0.0 0
1.85:0.0 e 0.330 -

Dec y- )04 032:0.17 0. 0+0.15 0.0
Jan 98 s 'f‘”-% 0.19i0.08 A11520.12 0.0
Feb :»i:ﬁgfl‘ 0.20:10.07 n%4§§?017 &5 '
Mar I'L% .01 0.03:0.02 6"304040',4 D T
Apr -6,6 :*O.EJ 0.91:0 9 o 6406:0.71 3.0800+2.56
May 1.86:10.06 (L02:0.02 {J'_; ,_‘0-:“'6[ 0.0
Jun 1.99:0.02 0.060.03 o ""‘77;6'07 . 0.9
Jul 1.80:0.04 0.39:0.36 oo .

Bl

v &r“ \'- i““"""\" r s »
Appendix 115 MNonthly data on Condition Factor, stomach fullness index

and gonacosomatic index of L. dumerilii from the Volta estuary

Month e ondition Stomach G3I (=se)
Facion Fullness index males females
j=se) (£se)
Feb 97 1 6820.03 0.67£0.12 0.0 0.0
Mar 1.87:0.02 0.91£0.10 0.0 0.0
Apr 1.57+0.07 0.0 0.0 0.0
May 1.80+0.02 0.65:0.15 0.0 0.0
Jun 1.7940.03 1.6140.43 0.0 0.0
Jul 1.87+0.04 0.3120.31 0.0 0.0
Aug 1.8010.05 1.8240.18 0.0 ;ﬂ
Sep 1.7740.02 0.080.04 00 . ?
Oct 1.7110.05 0.6210.22 0.265510.13 2
8 1.78+0.01 | 4318 9 9'00 04 0.0
. P ?:g’lg:; 8;;}‘8';0:1 | 00
an 240.02 30, e x Eaas
Feb98 :‘ggigigi 1.00£0.26 0.32?)950.03 466 o 60
Mar | 59:0.02 0.08:0.08 0.0 0.0
Apr 1.7440.02 127£0.15 o -
May 1.77+0.0 0.0 . 0.5398:0.2! 0.4827=0.0
Jun 1.78+0.06 0.58:0.15 0q470:002 00
Jul 1774000 I R
|79
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APPendix He Monthly data on Condition Factor

and gonadosomatic index of 4 CUrema from (he

Condition

: Stomac,
I"actor
‘-'*"'“#"l‘?)(?sc(:))n | (tse)

=01 $I2TY, 0.04+

Feb 9 2 004D, 1D ; 78{3-8: 0.2470x008
Mar 2054003 o 0.2300+0.08

- g 0-J|-+0.0.J

'\; ? 12:0 “l 0 ')8.].0 ()4 0'0

5 e i 0.146010.04
fun 2.08:0.06 (' wio 0.0

il by ) 7 ).16:£0.06 0.3195+0.09
- 2.1120.03 ()‘504;_0-09 00
AV 2 000,02 04816 07 :

Sep L4810 .03 0.0

Oct A HET 0.01:0.61 0.377410.22
R 1.9910.02 0.03:0.04 0.2665+0.03
o 2.0110.01 0.18:0.02 0.0
Jan 98 1.94:0.02 0.13:0.03 0.0

Feb 2.1110.01 0.15t0.03 0.3106:0.06
Mar 2.02:0.01 6.09:6.02 (3.2494+0.07
Ant 2.01:0.01 0H.0) 0.7%38:0.00

p 2. 1480.02 0020 6274350, 1 1
May
B 2.42+0.03 0.29:0.03 60
Jul 2.1820.03 0.02:0.61 6.293:0.09

» Stomach fy]

Volta estuary

Fullnegs index lnalés GSI (sse)

https://ir.ucc.edu.gh/xmlui

Iness index

females'

6.1290+3.00

0.0
9.6370+0.0

0.0
0.443010.11

0.0
3.1300+1.82

0.0

0.0

0.0

0.0

0.0
6.9846+2.10
5.233044.23
1.8292:0.07

0.0

0.0

0.0

Appendi.\' [ 1d MNlonthly data on Condition Factor, stomach fullness index

and gonadosomatic index of M. bananensis from the Volta estuary.

180

Digitized by Sam Jonah Library

: == GSI{zse)
Coniitio tomach LA
Month Loncmon S . - 7 ——
Factor Fullness index males Females
. ol (Ise) 00
— <002 0.0 .
eIt > - 0.08::2‘8; 0.32301 0,00 G0
Mar 2.07:0 01 0.4610.06 0.0 0.0
A(r 2.10+0.04 0.28+0.10 0'0 0.0
b 2.040.03 0.71£0.16 il 0.0
ji5 2.1110.0 e 0.0 156590:2.50
2.20+0.0 : 0 ul
JJ;LIIO '7-" l-::O 04 0.61£0.05 g() 00
b2 e e - 077*005 4 A 1'(:'_5.'};:!:},00
+ i 2 +0.00 e
S 201500 00 0298000
gﬂ I’Séio'oi 0.4040.07 = UO‘ ' 0.0
Dee : 0740.02 0.1540.03 0.0 st
n 2.02:0.01 0, et 0.551550.00 0.0
e s 0.340.05 0.4969:0.18 s
Feb 2.1 -’J"O'OE 0.03-:0.02 '"i)“Oi 0.09 ! _371\:;0.3‘9
Mal’ 2.10+0.03 0 0')_‘:0_2 0.5%- -'_0.00 S OSS80«1.83
Apr 2.07:0.03 0.01£0.0 Mot 00
May 2.18+£0.05 “ 1+0.01 ﬂ“_ ya Xy
e q 0.03+0. 0.3795:0.2
jll:'l 2. l()zog:; 0.02¢ .61 - ey
. Ju 2.13.4.0.02 i
—_—
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Fact
- or :
and gonadosomatic index of M. coniiy Stomach fullness index
; atus from
Month Condition S the Volta Estuary
Factor . “lomach
By .
sy ness index = S8l se)
‘—I-_:‘L_“l;'()-/ 2.10:0.05 0 (}fse) j RS
s Uik ¥
Mar i?fg : :J. N 0.2%3.82 5 i
ApT St e 0.28:0,05 L 00
May ; 1+0.08 0.42.*:0'02 o4 0.0
Jun e 0.2320,04 L 0o
i 211 h'n: v 19ata 0 05850 i
Aug 5 R 0.25410.04 0' al 04
- :_’_._’_(‘}:,”_09 ey 17124017 0.0
= 5264003 M 0.0 0.0
i ) ) 0.0 0.0
Dec 2.0110.02 0.08:0,0 ; ¢
Jan 98 1.95:0.0 0.0 ; o o
o) : _ 0.0 0.0
b 2.3310.10 3.6310.04 - Y
o 2.2710.05 0.22:6.17 m ?‘8
May - - : :
Jun 1.95:0.02 0.0 r‘ ’
2 ) 3.0) 0.0

Jul 2.17=0.04 0.09=0.03 L 0.0 0.0

Appendix 1Za Mlonthiy data on Condition Factor, stomach fullness index

and gonadosomatic index of L. falcipinnis from the Pra estuary.

Month Condition Stomach GSI
Factor Fullness index males females
(=sc) (&se) (£se) {(=se)
Mar 97 1.79=0.02 0.20£0.04 0.0 0.0
Apr 1.95:0.03 0.37+0.08 0.0 0.0
May 1.8610.05 0.02::0.01 0.0 6.0
Jun 1.85+0.03 0.340.09 0.0 00
Jul 1.82:0.02 0.96£0.19 0.0 00
Aug 1.6110.02 0.1210.09 0.0 00
Sep 1.8210.01 1.13:0.16 00 i
Oct 2.04+0.02 0.82::0.20 0.0341:0.02 d.“
b 1.91£0.01 0.49:0.13 2 s
Dex 1.71:£0.04 0.3120.08 = o
Jan 98 = 1.84+0.14 0.48+0.29 ()‘“ 06
Feb 1.7110.04 0.06+0.04 54 0.0
b 1.9010.03 0.50.0.06 2 00
Apl’ 200.]002 063:0'9 0“ 00
May 1.91+0.02 0.84:0.15 “:(‘, 0.0
J““ 1.8940.01 3.361044 e e
A 1.99:0.02 _J___J;{QJL—?;‘__,.U.,. e T
|81
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l APPendlx 12b Monthly data op Condition F

- act ' .
, and gonadosomatic index of % O, stomach fullness index

dumeri;j i

W omt .
Month Condition S he Pra estuary.
Factor . >tomach
g Fullness index l GSI (zse)
~ar 97 o (Ese) fdles females
Apr - - -
May .03 ) ) 2
Tun 58:0.08 0.44:0.18 0.0 2
al 195004 0.0 0.4246+0.17
| 9740 0.6110.05 0.0 0.0
Aug 274003 0.2240.12 O152340,07 0.0
Sep '{78 +0.02 0.49:0.10 Le a4
el i 0.52:0 44 o4 0.0
] e
Nov lfis {m: 1.52:0.13 0700.9 0.0
| Dec 1.59:0.03 00 20L£0.10 20.57900.00
| Jan 98 1.81:0.04 3 541028 0.0 0.0
Feb 1.6110.0] o ?.0 0.0
Mar 1.9220.04 0.17+0 04 (;8 0.0
Apr 1.98:0.06 206006 Py 88
May - 14-7-'01.3 1.06 ={) 3() 0.0 0
Jun 1.84=0.04 1.48<0.1G {'(_ .0
Jul 2.14:0.03 1.5620.33 T o
. == ) 19 I -_"(j {} 0'0

%
¥

Appendix [2¢ Mlonthly data on Condition Factor, stomach fullness index

and gonadosomatic index of L. grandisquamis from the Pra estuary.

Month Cendition Stomach 4 P a0
Factor IFullness index males females
R Pisc) CWEEIst) 0 R e

Mar 97 2.17:0.03 0.910.29 0.0 0.0
Apr 2.09+0.06 0.210.11 1.8048 £0.60 1 834020.80
May 2.06:0.06 0.04+0.03 0.7460:0.00 0.0
Jun 2 - -y -
Jul 2.02+0.02 0.15+0.03 0.4150=0.09 0.0
Aug = - 3 v
Sep 2.1210.02 0.0740.02 ol -
Oct 5. 1420.0? 0.07+0.03 0.4176:0.20 00

A nV AV ES # 0()'7(){020 3 1064=2.56
Nov 2.16:+0.02 0.03£0.01 i o8
Dec 2.000.02 i vy 0.0
Jan 98 2.04£0.04 0-2%1304 302504028 0.0
Feb 2 3 : 1177408 8635:047
Mar Eiggigﬁéi{ 0.47+0.04 :iﬁ;g\: 9.7095£0.08
Apr 2.2740.03 0.44:0.06 l'q<q| +0.55 3.0338:0.35
May ;'5%0'03 0.410.04 - 0.0
Jun §:|;|o:ns 0.3810.20 00 - .
Jul .20 1) — 0.0 __ B
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ix 12d  Mong|
Appendix onthly datg o Comd:
OndltiOn FaCt
or

and gonadosomatic index of M. cuy > Stomach fullness index
- Cllremg

from the p

Condition S ra Cstuary,
Factor Omach

- T Fullnegs index GSI (x5¢)

“Mar 97 2.07:0.0] (f-se) Mmales r——
Apr 2141005 0.0340.0;
. 0.237E0.07 0.0 0.0

Month

o g 0.0 0.0 0.0
J'Li‘l‘- -;—_( ) 'J) 0,38:}-0 0 0.0 00
jul 2021005 0.1110 '06 0.0 0-0
ey '92:"( Iy, :
'.\;;‘;"‘ , m-qj'(jg 0.11+0.06 0.0 0.0
<P 5 470 1 0.1040.07 0.0 0.0
Oct :1(1 104 0.30+0.02 0.0 0.0
Nov 2.08+0.03 0.02:0.0] 0.0 0.0
Dec 1.88+0 07 an 0.0 ape
Jan Y8 2.1040.03 0'54_;_() 0 0.0 0.0
Feb 1.9210.02 0.02:0.01 0.0 0.0
Mm‘ 234:002 0.54:{.0 ()_; UO 0.0
Apr 2.29+0.02 T 0.0 0.0
May 2.3710.02 ().60) (j_()i'; 0? 0.0
Jun 2.34:0.04 0.58:0.06 :)' ,-; 88
i 2.5220.05 iy A :
I 0.47:0.07 o >
Appendix 12e Monthly data on Condition Factor. stomach fullness index

and gonadosomatic index of M. bananensis from the Pra estuary.
Month Condition Stomach GSI (=se)
Factor Fullness index males females
(zse) (£se)
Mar 97 2.33=0.08 0.0 0.0 0.0
Apr 2.3020.04 0.33%0.06 0.0 0.0
May . E - -
Jun 2.06:+0.03 0.150.09 0.0 6.0
Jul 2.0610.03 0.1610.05 0.0 0.0
Aug 2.0310.03 0.0610.03 0.203010.10 o
Sep 2.020.02 0.070.01 0.0 . 0o
Oct 2.29.10.06 0.46:10.07 P i
Nov 2.07:0.03 0.04£0,03 i o
Dec 1.85+0.02 00 i 0.0
Jan 98 22810.02 0.69+:0.02 0.'0 0.0
Feb 2.12:0.02 0.0 ¥ ry
Mar 2 .344:0.01 0‘(_)0.|-0'0: 0.0 0.0
Apr 2.32+0.02 0.59x0.03 0.0 0.0
My 2.48+0.02 0.62:0.02 00 o
Jun 2.34+0.10 0.48+0.08 0.0 oee
SN L STU e
(83
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Appendix [2f Monthly (

Month Condition S Pra Cstuary
Factor 2 Slomach
. o Use) ullness index mal GSI (+se)

“Mar 97 21650.04 0 0(; =) - females
\pr 2.20i0,05 2140,02 '
/ T Wriga 0.3510.16 0.0
Aav < '(’(]I) 0.0
?LL » 28001 0) 0.06+0.01 i 0.0
(‘ 206500 0.6310.0 gg 0.0
poet 5 {5 0.1520.03 on 0.0

o 0.0 5 0.0
el . 4 0.0
(xt % ) . |
Nov . . ¢ -
Dec - ) s .

2 ) -

Jan 98 2.20:0.0 0.05:6.6 .
Feb - . 0.0 0.0
Mar = B S -
Apr g - ; .
May - : - -
Jun 2. 2SN 00340 (13 ‘ -'; .

< IER.03 0.0

Jul 2 6B =T 0.6 a0 T
Appendi X 13a Monthly frequency of occurrence of gonadal stages
of L. falcipinnis trom the Volta estuary.

Maturity stages
B Tesles Ovaries

Month | Il 111 I\Y% | [l [l v Vv

97 100 (2} 333(1) 66.7(2)

M 53.3(8) 26.7(4) 20(3) 54.5(6) 45.5(5) 2

A 20(2)*  350(3)  30(3) 125(1)  50(4) 37.5(3)

M 332(1) 66.7(2) )

J 100 (3) ol )
] 50(3)  33.3(2) 16.7(1) 502)  S0Q)

A 100 (3) 100 (6)

S

0

N 50(1)  50(1) X

D 66.7(4) 333(2) i

198 333(2) 503 167(H

Fooo303) 40 300 BIEF S ymay T

a9 JS 3 (D) 46'- (6) ¢ {

M 60 (9) 26.7(4) 133(2) -

A s0(1) 50D

J 83.3(5) 16.7(1) ' i

\;&J-_'—~r---. i e
| 84
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pppendix 13b

Maturity stages

vonth Testes
[ 1 :
M W Ovaries
. 100 () i i vV v
\ G (s
S0() 501
| o 100 (3)
i S 841 L11I(7}
\ 16.8(4) 79 (19 42 (1)
e 16 (d
?) 'H;t'i)ﬂ‘ 3 | 80012) 203
N o A | S6019) ag ((lji))
: S AL B e R - TT IO et
0 SO A3y agq, | T U 06) te)
98 1Ov (1) |
F S0 (3) 50(3) !
M 25 RS 6255 13 | ol
A S8 470(8) 47 (3 | e L
M 386G 66602 2904 | - . e
] | H0.6(2) 33.3(1)
J |
* dbsolute numbers in pareathesis
Appendix’ e A -;:‘;‘:.E:xly frequency of eccurrence of gonadal stages of
L. dumerilii from the Volta estuary.
Maturity stages
Month Testles \ Ovaries
i 1 I1] IV I Il [ 8% V
F97
M 100 (1)
A
M 100 (4)
] 100 (3)
[ 50(4)  SO(4)
A 100 (1) 66.7 (fl) 33.3(2)
S 100 (3)
0 50(D*  50(1)
30 (3)
N 667 (4) 33302 o :Jsos(fs)
D 57.1(4) 42.9(3) (16'3
198 62.5(5) 12.5(1) 25(2) 09(3) 4290 l
F 66.7 (4) 33.3(2) 100 (1)
Mo 3330 66.6 () 66.6(2) 333D
A 100 (1) '
M | W il)
! 60 (3)  40(2) | _
Sl o :
[ 85
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'\Ppel’ld]\ 13d Month]y fre
z/mnc/ ilii from the Pry e

Month I'estes
l L il IV T 1 ———Ovaries |
w e
\ 3% Vv
A
A
' 10001 20(1
! TX TE8) 27 3¢ 40(2) 40(2)
J A .
A 106 (1) 55.5(5) 444 (@)
S TIL(S) 28.6(2) )
0 83')”0) 16.7 ()]
N 429(3) 57.1@) "
D % 2334 333(1) 333(N
198 i
F 50 (1)* 50 (1)
N S0(1) S0 ! it
4 |
M 50(1) SO |
J 100 (3) ;
J I()(j”) |

—————— e

* Absolute numbers in parenthesis

far T RARaTb B
Appendix 3¢ Monily frequency of occurrence of gonadal stages
of M. banarens’s rom the Volta estuary.

Maturity stages
Month Testes Ovaries
I i 11 1A% [ I I IV A%
F97 - - 66.7(2) 3331
M 50 (2)* 50 (2) 100 (1)
A . = -
M - ! 100 (1)
'l = . % j
J _ 2 , £) ()
A 100 (3) 100(3)
S . .
. I i
N IR 100 (1)
D 100G L
198 _(J) 25 (3) 25 (l) J3:3 (l) 66—{(2)
P w0y - e
M ¥ 16.7 (1) 8"> 3(3) 0@ 4@ 200
A - 80(4)  20(D 50 (1) S04
I;d . 100 (4) 100 (1)
- - s0( OGO o ——
] - 100 (1) e
{80
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AppCl’ldiX 13 MOnthly fre
f M. bananensis from the uency of occur

re
0 Pra estuary. Nce of gonada| stages
Month Testes Ma_mr“)’ stages .
———

I Il 11 —
o U N
\ [I1 v Vv
A
M
1

]

A 33.3(1)
O 100 (1)
N Q0 (1) ”JO(I)

A 100 (2)
M 100 (1)

* Absolute numbers in parenthesis

Appendl\' 1:5 Monthly frequency of occurrence of gonadal stages
of M. curema trom the Volta estuary.
Maturity stages
Month Testes ~_Ovaries
| I [l v | [ il Y A%
F97  38.5(10) 46.2(12) 154(d) S0(14) 32009  7.0(2 71 36
M 50.0(14)  176(3) 11.8(2) 11.8(2) | 556(15) 444(12)
A 100 (1) 25(l)  25(L 50
M 68.2(15) 22.7(5) 45() 45(1) | 50(n)  429(6) T.HiD
]
J 100 (2) 18 {1} -
& 66.7 (6) 33(3)
S .
N 28.6(2) 28.6(2) 429 (3)
D 66.7(2) 33.3 (1) 100 (1)
198 s
53.9 (8 154 231 i2)
F 40 (4)* 60 (6) iﬂzgﬁg L1 22240 1D
M 3.5 (3) 62.5 (3) — 5 (7) 688(”) 25 (4) 5.3(D
A 125(1) 25 3730) S0 o0es)  42(1)
M 52909 235 11.8@2) 11.8@) )78 :
J 100 (1) )2 I
J 25 (1) 50 (2) 25(1)4#_‘_##@ 3
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ApPé“diX 13h Monthly ﬂ'equen
. vhalus from the Volta egq

of M. ce,

| S8 (1> 20001y 201y

D
198
F

100 (1)
Absolute numbers in parenthesis

M
A
M
J
J
*

40 (2)
100 (19

https://ir.ucc.edu.gh/xmlui

|
|
{
i

50(1)
]()U“}

R

adal stages

50¢1)
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Appendix 14a Data for the determingg
] lO

g nof .
L. falcipinnis in the Voltg estuary mag, the length at which 50% of
: re

8,
Male
Gandard length Percentagpe Mature CF(%) B Femle
- creentage mature CF(%)
20-129 _'fz.ZW
130-139 0.0 (0) 0.0
AH . 238 L9 (1) 1.9
130-1 ?7“ 21.4 (9 452 0.0 0-0
160-169 19.0(8) 64.3 17.3 (9) 1§ 9
170-179 14.0 (6) 78.6 28.8 (15) 47:2
180-189 14.0 (6) 92.9 15.4 (8) 62.3
190-199 4.8(2) 97.6 15.4(8) 77.4
200-209 2.4(1) 100 9.6 (5) 86.8
210-219 L9(1) 88.7 .
220-220 5.8(3) 94.3
230-239 3.8(2) 98.1
240-249 1.9(1 100
* Absolute numibers in parenthesis

>
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APPendn<14b lDaulﬁnthedemnnhmﬁ
0

atures,
Male
Srandard length o Female
. @
(mm) 2 Pcrccnmge mature CF(%)
0119 ”““" 
120-129 10(1) 10
1 ,
18.8 (3)* - 0 (1) 20
140-149 18.8 (3) 375
160-169 12.5.12) "
87.5 10 (1) 40
170-179 12.5 (2 100.6 20(2) -
-189
180-18 10(1) -
190-199
200-209 10(1) 80
210-219
220-229
230-239 20(2) 100
* Absolute mimacrs i parenthesis
!\)i?
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appendix 14¢ - Data for the deteryy;, . fi
ot

1. grandisquamis in the Pra estuary 1© length at which, 50% of
ot - at

ures
P .
Male
?ﬁndurd length Pcrcentage Mature Female
CF(%) Pere
(mm) ntage mature CF(%)
80)-8Y 170k
(M
9N-99Y 0.8 (8) 85
oy ‘ 8.1 (3
7.1 (20) 256 - -
e e 8.1(3
[10-119 22.2 (26) 47.9 . o2
‘ : 13.5(5
120-129 222 (26) 70.1 7 .
o - . 21.6 (8) 51.4
130-139 14.5(17) 84 1 ,
40-149 1.1 ) - e
> A L) 95.7 16.2(6) 78.4
150-159 3.4 (4 i '
| 548 99.1 16.2 (6) 94,6
160-169 0.9 (1) 100 5.4(2) 100
Appendix 14d Dara tor the determination of the length at which 50% of
M. bananensis in the Volta estuary matures.
Male Female
Standard length  Percentage mature  CF(%)  Percentage mature CF(%)
(mm)
120-129 9.1 (L) il
130-139
140-149 18.8 (3)* 214 W=l o
3604
150-159 18.8 (3) 42.9 ) -
L 78.6 9.1 (1) 43.3
160-169 31.3(5) ' -
. 9.1 (1) 54.3
170-179 31.3 (5) A
9.1 (1) 63.6
180-189 NP 318
190-199 %212 100.0
200-209 T
101
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X 14e Data for
Appendl\ ata for the dete"minati

M. curema in the Volt

Standard length
(mm})

[20-129

Male

Percentage mature

a Cstuary Matureg

~ CF(%)

https://ir.ucc.edu.gh/xmlui

[Female

Percentage Mature

on
of the length at Which 50% of

CF(%)

[30-139 1.6 (])* 6
(1.149 < ' 2.9(1)
[ 413-149 0 8.8
)'”“()) 26.6 |47(§) ’
150-159 32.8 ( P s
’ -=-8 21 59.4 147 (5)
160-169 34,3 (2()) 90.6 ]47(3) o
e : ) WA 52.9
180-189 > 7
Y 14.7 (5) 8
190-199 ' -
8.8(3) 413
200-209
210-219
AV FE
220-229 =) 94.1
230-239 2.9(1) 97.1
240-249
250-259
2060-269 29(1) 100
* Absolute numbers in parenthesis
107
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Wt (g)

5.08:0.70

8.7540.40
13.5041.40
17.30+1.80
23. BEER. 10
28.60+0.90

Appendix 15b  Data on growth during the second e

water ponds

SGR (%/day)
e
1.8125
1.6290
1.3616

1.262]

1.152]

https://ir.ucc.edu.gh/xmlui

Fish withoyt feed

Wt. (g)
4.580.55
9.00+1 4]
11.5041.41
16.9041.70
21.6%1.40

25.2+1.58

——

SGR (%/day)

22518
1.5344
1.4507
1.2925
1.1368

«periment in brackish

](1‘.

Digitized by Sam Jonah Library

No. of i-ish supplied with feed B without feed
- Days SGR (%/day) | Wt (g) SGR (%/day)
0 ER3=N.10 7.17=0.38
30 9.34=0.06 0.9150 9.32=1.68 0.8724
60 13.15+0.92 0.9924 12.50+0.71 0.9264
90 14.5040.71 0.7702 14.35%1.20 0.7799
120 16.90+0.85 0.7053 15.90£1.98 0.6637
150 19.55+1.34 0.6613 18.20+2.40 0.6210
180 25.7+0.99 0.7030 22.30+0.14 0.6304
210 31.65+2.33 0.7018 25.70+0.14 000:9
240 36.36+1.61 0.6719 28.35+0.21 U\"'_i
270 41.85+1.06 0.6498 32.10+0.44 0.5552
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Appendix 15¢ Data on growth during ey

e ent in fr
ml ljsll supplied with P eshwater ponds

Days Wt. (g) SGR (%/day) wt,F(:)h Witho{: feedo )

0 834D 782088 =
30 1'1.05+1.88 0.9379 10.63£0.57 1.0200
60 13.3541.59 0.7841 13.60+2.12 0'922'3
00 16.40£1.27 0.7514 15.71:£0.82 oi7751
120 19.45+1.34 0.7075 19.35+1.20 0.7550
150 23.70+0.28 0.6963 21.711.92 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 Wheat bran | B b b |

Days Wi (g) SGR (%/day) | Wi (g) SGR (%/day)
0  <od6=1.21 48.46%1.85
30 33.50=0.83 0.7681 62.94=0.63 0.8415
60 70.00=1.10 0.6832 71.01=0.85 0.6368
90 78.22+0.75 0.5701 79.01=1.21 0.5432
120 84.40+0.61 0.4975 82.11=1.10 0.4394
150 890.93+1.15 0.4403 87.43+0.68 0.3934
180 04.73+0.95 0.3958 91.84x1.10 0.3552
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ADP endix 16 Sample calculation of difference in slopes of regression of
P

H-weight relationship for L. falcipinnis in the Volta and Pra estuaries.
Jengthi-WEIEEE ==

jos from the Volta estuary Samples from the Pra estuary
Sampit:

a8 £x* = 10551865
T Yxy = 1232044
. ;'*.{”’
=X) o gy' = 1455112
o2 = 2861913
- n=120 .
S 142.3954 = 1.4057 b= 123.2044/105.5185 = 1.1676
=1700.161 3/ RESEERE _ - 145.5112-(123.2044°/105.5185)
e 286.1973-(200.1613° /1423954 8= 145SLIZ(IZAS
residual DS = = '_ ‘ =1.6560
= 48335
- 120-2= 118

. jual DF = 120-2 = 118 AR =

resiauc

LI =(4.8335+ 1.6566)/(118+118) = 0.0275

= A = haagee ) o
il - o 0275/142.3954) F (0.0275/105.5182))
S bi-b2 = LA o T

1..—_113+HS=236

¥ iher ol {1.«: (‘)00\
f ( )1 1 9 - ﬂy diﬂ“l' nl 1-';0‘“ C':.\:'-X- ather <
i os alc SiﬂlllllCdﬂ CIv
Core &l \'O Sl()p\.b L”
hCI‘ClOlL ﬂ'lb 1N =

195
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