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Abstract 

A compilation of all the available information on the main small 

pelagic fish resources of mozambican waters is presented. Resource data 

on distribution areas, reproduction, age, growth and stock size are 

described. Actual catch and catch per unit of effort of the commercially 

exploited stocks are also given. 

Results of the preliminary assessment of the stocks of scad and 

mackerel and the problems envolving the assessment of Kelee shad stock 

at Maputo Bay are discussed. 
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1 • Introduction 

The term small pelagic species was introduced by Saetre and Silva (1979) 

who included sardine, herring, anchovy, scad, mackerel, jack, barracuda, 

driftfish and ponyfish in the group. 

The small pelagic species are found at depthsless than 200 m all along the 

coast of Mozambiq_ue. Fig. 1 shows the main areas of high abundance of the 

0- Oecapterus sp.(scad) 

Thryssa vitrirostris (orangemouth thryssa) 
Pellona ditchela (indian pellona) 
Leiognathidae (ponyfish) 

Stolephorus sp. (anchovy) 
Leiognathidae (ponyfish) 

Decapterus sp. (scad) 
Sphyraena sp. (barracuda) 

BOA PAz:t::Z Decapterus sp. (scad) 

Trachurus trachurus (horse mackerel) 

Ariomma indica (indian driftfish) 
Sphyraena sp. (barracuda) 

Fig. 1 - Distribution of the most abundant stocks of small pelagic fish. 
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most important species. Many of them show a pronounced daily vertical 

migration.·. During daytime they can be found in schools close to the bottom, 

at night they disperse in the watercolumn. This picture is most clear for 

scad, mackerel, jack, barracuda, driftfish and ponyfish, and less so for the 

sardines and herring. Anchovy is an exception as it is almost never caught 

by bottomtrawl. 

Scad and mackerel are the main species caught in a bottom trawl fishery at 

Sofala Bank and Boa Paz at a depth of 40 to 90 m. Many of the others occur 

in the bycatch of the shrimptrawlers operating in more shallow waters or 

are caught in the artisanal and semiindustrial fishery along the coast. 

Since 1976 more than 20 different scientific surveys have been made in 

mozambican waters. The results have been described in various reports. In 

addition samples have been taken from the commercial landings. The aim of 

this paper is to present a review of this information and to give some 

recommendations on the future lines of research. 

2.1. Anchovy 

Only one species, Stolephorus buccaneeri Strasburg 1960, which now should 

called Stolephorus punctifer (Fowler 1938), was reported by Saetre and 

Silva (1979). Later investigations have shown that at least 4 species are 

present of which £. punctifer and £. heterolobus are far the most common 

~scarenhas et al., in press). Among the less important areS. indicus and 

one more species which has not yet been identified with certainty. 

Stolephorus sp. can be found at depths from 20 to 60 mat Sofala Bank, at 

Bazaruto and in Delagoa Bay (Saetre and Silva, 1979). During daytime they 

form schools in midwater, at night they disperse in the watercolumn. Saetre 

and Silva (1979) suggested that a yearly migration between the northern 

and southern part of Sofala Bank might take place in association with 

spawning. This migration has not been confirmed by later surveys. 

Anchovy is mainly caught by pelagic trawl. The fish measure in general from 

2 to 7 em although individuals up to 16 em have been caught occasionally. 

Brinca et al. (1983) found that the average length of the fish caught was 
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lower during daytime than during the night and that the average length 

furthermore increased from the north to the south of Sofala Bank. 

The parameters of the length weight relationships of the four species are 

given in Table I. No information on growth is available. Saetre and Silva 

(1979) assumed that the growth of~. punctifer was the same as that of a 

similar species on the south west coast of India where anchovy reaches a 

length of 8 to 9 em at an age of app. 6 months. 

. b • 
Table I - Length-weight relationship of anchovies (w= a L ) W. weight in g, 

1: length in em. From Mascarenhas et al (in prep.) 

Species n a b r 

s. 12unctifer 276 0.0061 4.143 .95 

§.. heterolobus 228 0.0032 3.376 ·95 

s. indicus 79 0.003 3-379 .86 

§.. sp. 293 0.0052 3.17 .98 

Saetre and Silva (1979) found spawning to take place in the southern part 

of Sofala Bank at depths between 30 and 60 m in April and Au~1s~o Brinca 

et al. (1983) found spawning fish in September in the same area. The 

smallest individua,ls in spawning belonged to the length group from 6.5 to 

7.0 em. 

StoleJ2horus sp. is in general not available to bottom trawl and is thus not 

caught by the industrial fishery. At the moment the catch is assumed to be 

zero. Saetre and Silva (1979) estimated the stock size at Sofala Bank to 

an average of 140 000 tonnes in 1977-78. Brinca et al. (1981) found 

between 13 and 32 000 tonnes in 1980 while Brinca et al. (1983) found 

70 000 tonnes of anchovy in 1982. The biomass of anchovy seems thus to 

show great fluctuations from year to year. 



2.2 - Sardines and herrings 

Several species belong to this group of which Indian pellona (Pellona 

ditchela), orangemouth thryssa (Thryssa vitrirostris), and kelee shad 

(Hilsa kelee) are the most important. They all occur at low depths. 

Indian pellona and orangemouth thryssa are usually caught together. 

The sardines, Sardinella fimbriata, .§.. gibbosa, .§.. albella, .§.. sirm, 

.§.. longiceps and Dussumieria acuta are less frequent and are mainly found 

at low depths outside :Beira and bet,veen lmgoche and Pebane. Round herring, 

Etrumeus teres, have been observed outside :Beira, at Eazaruto, at :Boa Paz 

and further south, but not in any great quanti ties. 

Indian pellona 

Indian pellona has been caught at Sofala :Bank from :Beira to lmgoche, at 

:Boa Paz and in Maputo :Bay. It is seldomly caught at depths below 4 m and 

is most abundant above 20 m. During the survey of'' Pantikapey" in June 

1981 higher catch rates were obtained at night than during daytime, but 

further samples are needed to confirm this observation. 

The fish caught during the surveys measured from 4 to 21.5 em with the 

majority in the sizerange from 13 to 17 em. The average length is in general 

lower in catches from pelagic trawl than in catches from bottom trawl. In 

the bottom trawl catches there is a tendency towards a decrease in average 

length with depth. The length compositions of bottom trawl catches from 

various surveys at Sofala :Bank are shown in Fig. 2. The smallest individuals 

were caught from April to June and in September-October. In Maputo :Bay 

samples from the catch of the shrimptrawlers show recruitment to take place 

from March to September. 

:Brinca et al. (1983) found the following length-weight relationship: 

log W= 2.99 log L - 2.14 r= 0.99 

where W is weight in grammes and L length in em. 

Only very little information is available on the food of Indian pellona. The 

fe'v stomachs examined during the surveys of "Muleve" in April 1981 and 
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FR. NANSEN 1983 
n:::1722 

PANTIKAPEY 1981 
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Fig. 2- Indian pellona. Percentage length composition of bottom trawl 

catch at Sofala Bank in various surveys. 
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"S. Rybak" in October and :December 1982 contained small shrimps and 

euphausids. 

The available data on maturity stages at Sofala Bank is shown in Table 2. 

Spawning individuals (stage V) have been caught in all surveys, but the 

highest percentages were found in September and :December 1982 where more 

Table 2- Maturity stages (percentage) of Pellona ditchela caught during 

various surveys at Sofala Bank. 

SURVEY FEHALES NAL<ld 

I II III IV v VI n I II III IV v VI 

Primoretz 63.6 27.3 9.1 33 41.9 53.2 4.8 -
(April/81) 

Fr. Hansen - 28,8 19.1 22,6 31.8 7. 7 507 - 16.0 12,2 9.1 56.2 6.5 

(Jun/83) 

Fr. Nansen - 22,1 10.7 5.4 58.4 3.4 149 0,6 14.5 18.6 4.1 61.0 1.2 

(Sep/82) 

Fr. Nansen - 7.1 31.4 37.9 15.0 8.6 140 - 7·4 52.8 37 .o 1.9 0.9 

(oct/so) 

S, Rybak - - 32.7 51.0 16.3 - 98 - 1.1 88,1 10.7 - -
(Oct/82) 
S, Rybak - 8,8 3.9 12.7 56.2 18.5 308 - 1.6 0.7 7·4 75.3 15.1 

(Nov /Dec/82) 

than 5CP/o of the individuals caught were in spawning. Spawning was found 

to take place all along the coast from Machese to Angoche at depths 

n 

52 

493 

172 

108 

177 

445 

between 7 and 27m (Fig. 3). There is a tendency for the large individuals 

to start spawning before the smallest. The length at first maturity was 

estimated by Brinca et al. (1983) to be between 13 and 14 em for females. 

Males become mature at a slightly smaller size. 

Indian pellona is caught as a by-catch in the shrimpfisheries at Sofala 

Bank and in Maputo Bay. The by catch in the industrial shrimpfishery at 

Sofala Bank was estimated to 1 600 tonnes in 1982 (c. Silva, pers. comm.). 

In addition Indian pellona is caught by the semi-industrial trawlers 

operating from Beira and by artisanal boats along the coast. Ilue to the 

lack of data from these fisheries no estimate of the total catch can be 

given. 
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0 

{:; FR.NANSEN 1~19-10191982 

!>. S.RYBAK 26f9-271VJ 1982 
0 S.RYBAK 22111 -11112 1982 

0 FR.NANSEN ~-816 1983 

Open symbds• less than r:/J0/o of !he females in spawring 
(s1age V) 

Da.rk symbols• more than 50% of the females in ~'lnirl!'J 
(stageV) 

Fig. 3 - Indian pellona. Occurrence of spawning females at Sofala Bank 

during various surveys. 

Brinca et al. (1981) estimated the stock of Indian pellona at Sofala Bank 

to be between 39 and 64 thousand tonnes. Brinca et al. (1983) estimated 

the total stock of Indian pellona and orangemouth thryssa combined to be 

23 thousand tonnes at Sofala Bank. 
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Orangernouth thryssa 

Orangernouth thryssa is usually caught in the same hauls as Indian pellona 

and shares the same distribution area. As for Indian pellona the highest 

catch rates were obtained at night during the survey of "Pantikapey". 

Fish from 4 to 22.5 ern have been caught during the surveys, but the majority 

measured from 12 to 17 ern. The average length of fish caught by pelagic trawl 

is lower than that of fish caught by bottom trawl. The length composition 

of the bottom trawl catches can be seen in Fig. 4. At Sofala Bank the smallest 

individuals are in general caught between the mouth of the Zambezi river 

and Pebane. As for pellona recruitment seems to take place from April to 

June and in September-October. In Maputo Bay the smallest individuals can 

be found from March to September. 

Brinca et al. (1983) found that the length-weight relationship could be 

described by: 

log W= 3.17 log L - 2.40 r= 0.99 

The few stomachs examined during the surveys of "Muleve" and "S. Rybak" 

contained fish, small shrimps (Palaernon styliferus)and euphausids. 

Saetre and Silva (1979) concluded that the main spawning season was from 

March to May. The data from later surveys presented in Table 3 show that 

Table 3- Maturity stages (percentage) of Thryssa vitrirostris caught 

during various surveys at Sofala Bank 

SURVEY 
FEJ>lALES J.lALES 

I II III IV v VI n I II III IV v VI 

Primoretz 97.2 2,8 - - - 36 76.9 23.1 - - -
(April/81) 

F:r, Nansen - 62.0 19.4 4.1 13.6 .9 413 - 52.3 25.1 2,1 20,5 -
(June/83) 

Fr. Nansen - 31.7 42.3 11.5 14.4 - 104 32.8 .s 25.8 10.9 27.3 2.3 

(Sep/82) 

Fr. Nansen 0.7 11·9 27.6 48.3 0.7 4.8 145 - 48·3 40.2 11.5 - -
(oct/so) 

s. Rybak - 22.3 50.3 24.6 - - 179 - 24.4 66.7 8.3 ,6 -
(oct/82) 

s. Ribak - 29.5 2.2 ,6 28,6 39.1 325 - 5.2 - ,6 58.7 35.5 

(Nov /Dec/82) 

n 

39 

370 

128 

87 

168 

344 
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Fig. 4- Orangemouth thryssa. Percentage length composition of bottom trawl 

catch at Sofala Bank in various surveys 
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the main spawning takes place in December, but spawning fish have also been 

found in June and September. At Sofala Eank the main concentrations of fish 

in spawning have been found between the mouth of the Zambezi river and 

Angoche, Fig. 5. In Maputo Eay spawning takes place in the second half of 

the year. 

36' 

QUELIMWNE 1:>. VII 
.~ 

IIIII 

Ill 
lit> 

n' 38' 

MOEBA5E 

6 FR NAN5EN 1~19 3019 1982 

~ 5. RYBAK 26/9 21110 1982 
0 5. RYBAK 22/11 17/12 1982 

Open symbols: less than 50°/o of females in spawning and 
pos1spawning (stages Vand VI) 

Dark symbolsz more than 50°/o of females in spawning and 
postspawning 

39' ~o· 

Fig. 5 - Orangemouth thryssa. Occurrence of spawning females at Sofala 

Eank during various surveys. 
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The yearly by~oatoh in the industrial shrimpfishery at Sofala Bank is in the 

order of 1200 tonnes (c. Silva, pers. comm.). One more species of thryssa, 

~. setirostris, occurs in the catch, but in much lower quantities (300 

tonnes per year). No estimates of the catch in the semi-industrial and 

artisanal sectors exist. 

Brinoa et al. (1981) estimated the biomass of Thryssa sp. at Sofala Bank to 

be between 13 and 32 thousand tonnes. Brinoa et al. (1983) estimated the 

total biomass of pellona and thryssa in the same area to be 23 thousand 

tonnes. 

Kelee shad 

The kelee shad, Hilsa kelee, is abundant in coastal and estuarine waters at ------
depths above 20 m. It forms the base of important gillnet fisheries at 

Maputo and Beira. 

It is difficult to delimit the geographical distribution of kelee shad from 

the data collected during the surveys as few hauls were made in very 

shallow water.Fig. 6 shows the catch rates obtained at Sofala Bank during 

the surveys of "Pantikapey" and "S. Rybak". The highest catch rates were 

observed outside Maohese and between Pebane and Moebase. The few fish 

caught during the other surveys at Sofala Bank were taken in the same areas. 

No information is available on the local distribution in Maputo Bay and at 

Beira. However, large seasonal changes in the catch rates are found which 

may suggest that migrations are of importance. The juveniles probably have 

a more nearshore distribution than the adults. In Maputo Bay they are 

caught by beach seines on 1 to 2 m of depth. 

Only a few length samples are available f~om the surveys. In Maputo Bay the 

length composition of the gillnet catch has been sampled since 1977. The 

fish caught measure from 12 to 23.5 om, the largest numbers are found in 

the length group from 16 to 20om. The length compositions obtained are 

heavily influenced by the selection pattern of the nets, and the length 

composition of the kelee shad caught by the shrimp trawlers,Fig. 7 

probably gives a better picture of the length composition of the stock. 

Note however that total length was used before 1982 while fork length has 

been used since. The relationship between fork length, ~' and total length 
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L, both in em was estimated by Gj~saeter and Sousa (1983 a) to: 

L= 0.231 + 1.223 ~ 

The same authors de.scribed the length-weight relationship by: 

log W= 3.27 log L - 2.36 r= 0.99 

where W is weight in g and L total length in em. 

Gj~saeter and Sousa (1983a) used the ELEFAN I program (Pauly and David, 

1981) to fit a von Eertalanffy growth curve to the length distributions of 

the shrimp trawl catch. The best fit was obtained by: 

where Lt is total length in em at time t. Furthermore they used the primary 

growth rings of the otoliths to determine the age of the fish. This gave 

the following eQuation: 

However, some doubt exists concerning the interpretation of the primary rings 

in the socalled intermediate zone of the otolith, where broader but more 

diffuse rings are superimposed on the primary rings. Assuming the diffuse 

rings to be laid down daily will give an estimate of t more close to zero 
0 

and may also change the estimates of the other parameters in the last 

eQuation slightly. 

At Sofala Eank individuals in spawning were observed during the surveys of 

"Fr. Nansen" in September 1982 and June 1983 and "S. Rybak" in November

-December 1982. In Maputo Eay the main spawning takes place from October to 

January with a peak in December (Gj~saeter and Sousa, 1983a). There is also 

evidence of a second spawning in June-July. The same authors estimated the 

size at first maturity to be between 14 and 15 em (Fork length) corresponding 

to an age of app. 1t year. 

Kelee shad is caught in gillnet fisheries at Maputo, Eeira, Morna and probably 



several other places along the coast south of Angoche. In addition it occurs 

as a byca tch in the shrimpfi sherie s. 

The gillnet fishery at Beira has been described by Garcia and Blanco (1983). 

The fleet consists of approximately 90 small boats. The total yearly catch 

is in the order of 1000 tonnes. The best catches are obtained in the wet 

season from October to April. Apart from this kelee shad is also caught as 

a bycatch by the small shrimptrawlers operating near Beira. 

The gillnet fishery in Maputo Bay has been described by Monteiro (1974), 

Sousa (1982) and Gj¢saeter and Sousa (1983).The total reported catch is in 

the order of 1000 tonnes. Approximately 30 boats are operating from Maputo 

harbour, but in addition app. 180 artisanal boats operate from various 

small landing sites along the bay. The best fishing season is May to Augus~. 

Kelee shad is also caught by beach seines and as a bycatch in the local 

shrimpfi shery. 

No assessments of the stocks of kelee shad has yet been made due to the lack 

of data on total catch, mortality and stock size. However, catch per unit 

of effort data is available for the gillnetters of SULPESCA operating from 

Maputo harbour, Fig. 8. Unfortunately this data is to a large extent 

influenced by events within the company. In January 1981 new boats eQuipped 

with radio were put into operation. This resulted in a large increase in 

the catch per fishing day as the fishermen now were able to inform each 

other about the location of schools within the day. However, the radios 

Quickly became damaged and the catch rates dropped to very low values by 

the end of 1981. In 1982 the catch rate continued to be at a low level 

and in 1983 a further reduction was seen. This reduction might be due to 

a decrease in the size of the stock of kelee shad and it was hence 

recommended that no increase in effort should take place before the catch 

rates improved. 

2.3. Ponyfish 

Five species of ponyfish have been recorded in Mozambican waters of which 

the common ponyfish, Leiognathus equulus, and the pugnose ponyfish, 

Secutor insidiator, are the most aburidant.The three others are Gazza 

minuta, Leiognathus elongatus and Secutor ruconius. Gazza minuta is fairly 

widespread, but appears only in low Quantities. The two lastmentioned 
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species are rare. 

The common and the pugnose ponyfish are found at Sofala Bank, at Boa Paz and 

in Maputo Bay. During the survey of "Fr. Nan sen" in January-March 1978 

concentrations of ponyfish were furthermore recorded north of Sofala Bank 

between Pemba and Nacala, but the species was not identified. At Sofala Balli( 

two major distribution areas are found, Figs.9 and 10. One in the northern 

part, outside Pebane, and one in the southern part, at Machese. The southern 

area probably extends at least down to :Seira, as ponyfish are common in the 

landings of the local fishermen. The main concentrations of ponyfish are 

found at depths above 40 m, but occasionally they have been caught down to 

120 m. During daytime ponyfish are found in mixed schools at the bottom or 

in midwater (Saetre and Silva, 1979, :Srinca et al., 1983). 

Figs. 11 and 12 present the length distributions of the common and pugnose 

ponyfish at Sofala Bank. The majority of the common ponyfish caught measure 

from 10 to 15 em. The smallest individuals have in general been caught near 

the mouth of the Zambezi river. In Maputo :Say the smallest individuals are 

found in the bycatch of the shrimptrawlers in the period from September to 

April. The pugnose ponyfish is a bit smaller than the common ponyfish, the 

majority measure from 8 to 12 em. In Maputo :Say the smallest individuals 

are caught in January-February and in June-July. 

Table 4 presents the data from Sofala :Sank on the maturity of the common 

ponyfish. The highest percentage of fish in spawning were found in 

September and November-December. 

Table 4. Maturity stages (percenta0 v 1 Jf Leiognathus equulus caught during 

various surveys at Sofala Bank. 

FEMALES MALES 
SURVEYS I II III IV v VI n I II III IV v VI 

FR. NANSEN - 73.6 14.6 4.6 7·3 - 110 - 72.0 22.0 - 6.1 -
(June/83) 

FR, NANSEN - - - 47·6 52.4 - 21 - - 3.4 44.8 48.3 3·4 
(Sep/82) 

S, RYBAK - 8.1 21.0 48.4 22.6 - 62 - 11.8 51.0 35.3 2,0 -
(Oct/82) 

n 

82 

29 

51 

S, RYBAK - 21.3 0,6 40.0 35.1 3.5 174 - 9.5 3.9 35.3 47.0 4.3 232 

(Nov/Dec/82) 
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Both species are caught as a bycatch in the shrimpfisheries. The present 

catch in the industrial shrimpfishery on Sofala Bank is probably in the 

order of 500 tonnes per year. No data is available from the small-scale 

and semi-industrial fisheries. 

During the survey of "Fr. Nansen" in April-June 1978 the biomass of 

ponyfish was estimated to 25000 tonnes on Sofala Bank and 4000 tonnes in the 

Bazaruto area. 

2.4. Scad and Mackerel 

The most abundant species in this group is Russell's scad (Decapterus 

russellii)which is caught in a bottom trawl fishery at Sofala Bank and Boa 

Paz together with layang scad (~. macrosoma), bigeye scad (Selar 

crumenophthalmus) indian mackerel (Rastrelliger kanagurta) and horsemackerel 

(Trachurus trachurus). They all show a pronounced daily vertical migration. 

During daytime they stay close to the bottom, at night they disperse in the 

watercolumn. 

The identification of the species, especially those of the genus Decapterus, 

has presented great problems. At least four species of Decapterus have been 

recorded from the western Indian Ocean (FAO, in prep.): ~· lajang Bleeker 

1885, ~. macarellus Cuvier 1833, ~· macrosoma Bleeker 1851 and~. russellii 

(Ruppell 1830). The latest surveys have shown that~. russellii and 

~. macrosoma are far the most abundant. It thus seems propable that the 

~. kiliche reported by Birkett (1979) and Anon. (1981) and the~. maruadsi 

reported by Saetre and Silva (1979) and Brinca et al. (1981, 1983) are 

identical to~· russellii, while the~· muroadsi reported by Boudnitchenko 

(1977) is identical to~. macrosoma. For 1· trachurus it has not yet been 

examined whether the subspecies caught is the same as the T. trachurus 

capensis occurring off South Africa. The 1· delagoa recorded by Birkett 

(1979) is probably identical to the 1· trachurus recorded from later 

investigations. 

Borges et al. (in press) have recently presented a preliminary assessment 

of the fishery for scad and mackerel and a review of the biology of the 

species. Most of the material presented here has been taken from their 

report. 
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Scad 

The scads have been found from Boa Paz to Cabo Delgado at depths up to 200 m, 

but are most abundant between 20 and 90 m. Fig. 13 and 14 present the results 

obtained at Sofala Bank for ~. russellii and ~· macrosoma during the surveys 

of "Pantikapey" and "S. Rybak".~. russellii seems to occur at more shallow 

water than D. macrosoma. 

Fig. 15 shows the length composition of Russell's scad caught by bottom trawl 

during various surveys at Sofala Bank. The average length of fish caught by 

pelagic trawl is in general lower. The smallest individuals have been 

caught by pelagic trawl in the socalled "untrawlable" area outside Beira, 

which seem to function as a nursery area, but concentrations of O~group fish 

(Decapterus sp.) have also been observed from Nacala to Cabo Delgado 

(Anon., 1978) and at Boa Paz (Brinca et al., 1981). During the "Fr. Nansen" 

1977-78 and the "Aelita" 1976~77 surveys Decapterus sp. of a length of up 

to 37 em were caught at depths between 115 and 200m between Bazaruto and 

Boa Paz and between Pemba and Nacala. Unfortunately the species was not 

identified. 

The length composition of the commercial catch has been sampled since 1979. 

The sizerange is in general narrower than found during surveys. The largest 

~. russellii are caught at Boa Paz, where the average length is 18.1 em 

compared to 16.4 em at Sofala Balli(. For~. macrosoma and Selar 

crumenophthalmus only length compositions from Sofala Bank are available. 

Table 5 shows the parameters of the length-weight relationship of the three 

species. 

Table 5 - Scad. Parameters of the length-weight relationships 

(W= aLb). W= weighting, L= length in em. 

Species a b r author 

D. russellii 0.0068 3.121 0.93 Gj~saeter and Sousa ( 1983) 

D. macro soma 0.0038 3.258 0.94 Sousa and Gislason (in prep) 

§_. crumenophthalmus 0.0022 3.506 0.98 Borges et al. (in press) 
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Only the food of ~. russellii has been examined. A few stomachs investigated 

during the survey of "S. Rybak" in 1982 contained fish and euphausids. 

The daily growth rings of the otoliths . \vere used to estimate the age and 

growth parameters of ~. russellii and ~. macrosoma. For ~. russellii the 

growth parameters were furthermore estimated by fitting gro\Vth curves to 

the length distributions of the commercial catch by means of the ELEFAN I 

program (Pauly and David, 1981), Table 6. The parameters estimated by the 

two methods are more or less in accordance. However the two sets of 

otolith readings for~. russellii give very different estimates of t 0 

Table 6 - Scad. Parameters of the von Bertalanffy growth equation 

Species Hethod Sizerange L K to Author 

em em -1 year year 

D1 russellii daily grouth rings 13.4- 18.6 24.8 0.56 -o.10 Gjosaeter and Sousa (1983) 

" " " 4.2 - 13.0 22.0 o.64 0.14 Brine a et al (1983) 

ELEF.A!II 10.5 - 22.5 24.8 0.43 Gjosaeter and Sousa (1983) 

" " 24.4 0.42 " " 
" " 26.0 0.46 " " 

D. macro soma daily grovtth rings 14.0 - 20.5 27.4 0.43 0.54 Sousa and Gislason (in p:rup) 

Fig. 16. This could be due to differences in the technique used for 

preparing the otoliths which may have resulted in a different number of 

visible rings. The maximum value of L ''- estimated by these data is 27.4 em 

and the growth curves may need a revision when the large Decapterus sp. 

recorded by "Fr. Nansen" and "Aelita" have been identified. 

~· russellii and~. macrosoma have both a long spawning period with two 

peaks one in August-September another in December-January. The main 

spawning period of£. crumenophthalmus falls from October to February. 

Spawning individuals of ~· russellii have been found both at Sofala Bank 

and at Boa Paz. At Sofala Bank they mainly occurred in the area south of 

Quelimane at depths between 19 and 54 m (Brinca et al., 1983). No 

spawning activity was observed at greater depths and the spawning 
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migration to deep waters suggested by Saetre and Silva (1979) has not been 

confirmed. The size of first maturity is 13 to 14 em for females and 12 to 

13 em for males (Brinca et al., 1983). 

Borges et al. (in press) estimated the total annual mortality by the method 

of Jones and Zalinge (1981) from the average length composition of the 

catch, Table 7. Especially for~. macrosoma the estimate is very high. This 

Table 7- Scad. Estimates of total mortality. From Borges et al. (in press) 

Species Method Area Sizerange z 
em y -1 ear 

D. russellii Jones and Zalinge Sofala 16.0- 21.5 3.2 
( 1981) 

:Borges et al " 16.0- 21.5 3.4 
(in press) 

Jones and Zalinge :Boa Paz 18.0- 21.0 1.8 
(1981) 

D. macro soma " " Sofala 20.0 - 23.0 6.9 

may be due to a decreasing catchability with size or to a migration of 

large fish away from the fishing area. 

Indian mackerel 

The Indian mackerel, Rastrelliger kanagurta, has been recorded from Boa Paz 

to Angoche at depths up to 100m. Fig. 17 present the results of "Pantikapey" 

and "S. Rybak" in terms of catch rates. 

Indian mackerel seems to be abundant at slightly lower depths than the scads 

as it is frequently caught as a bycatch by the industrial shrimptrawlers 

operating at depths above 40 m. The juveniles have mainly been caught by 

pelagic trawl in the southern part of Sofala Bank. 

The length composition observed during various surveys on Sofala Bank is 

given in Fig. 18. The fish measure from 10 to 26.5 em. Borges et al. (in 

press) described the length composition of the commercial catch. As for 
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D. russellii the average length in the catch is higher at Boa Paz than at 

Sofala Bank. The length-vTeight relationship was described by the following 

equation: 

logW= 3.30 log L- 2.39 

Sousa and Gislason (in prep.) used dailygrowth rings of otoliths to determine 

the growth parameters and obtained: 

Growth curves were also fitted to the length compositions of the commercial 

catch by use of the ELEFAN II program (Pauly et al., 1981). Although this 

method gave Leo from 28.5 to 30.5 em which are larger than the value 

estimated by age readings, the growth curves are more or less identical 

in the size range from 13 to 20 em. 

The spawning season lasts from July to April. At Sofala Bank the maximum 

spawning activity is found in the period from November to February, at Boa 

Paz it occurs one or two months later. No special areas seem to be 

preferred for spawning. 

Borges et al. (in press) estimated the total annual mortality to app. 9. The 

explanation for such a high value of mortality may either be migration 

away from the fishing area or a decreased catchability of the large fish. 

Horsemackerel 

The horsemackerel, !· trachurus, has only been recorded from Boa Paz where 

it occurs at depths from 30 to 150m. The best catch rates have been 

obtained during summer at a depth of app. 50 m. 

Only very few samples are available from the surveys. Fish caught in the 

commercial fishery measure from 11 to 27 em. Borges et al. (in press) 

described the length-weight relationship by: 

log W= 2.83 log L- 1.78 r= .98 
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The main spawning season at Boa Paz is between August and November (Saetre 

and Silva, 1979, Borges et al., in press). 

The fishery 

The fishery for scad and mackerel started in 1977. Two types of vessels, 

RTM (GRT ~2900, HP ~ 1300) and SRTM (GRT ~ 1920, HP ~ 1000) have 

participated in the fishery. At the moment 5 SRTM vessels are fishing. The 

total catch and catch per unit of effort at Sofala Bank and Boa Paz are 

presented in Table 8. It is uncertain whether the catch per unit of effort 

Table 8- Catch and catch per unit of effort (tonnes per hour SRTM 

trawling) at Sofala Bank and Boa Paz. Modified from Borges 

et al. (in press) 

Sofala Bank Boa Paz 

Year Total Catch Cpue Catch Cpue catch ( tonnes) (tonnes/hour) (tonnes) (toones/hour) ( tonnes ) 

1977 2801 851 .46 1950 .65 

1978 16909 13478 .54 3431 .43 

1979 8926 8897 • 39 29 .22 

1980 5249 3907 .84 1342 1.,02 

1981 6866 4973 -79 1893 -77 

1982 5899 2673 .81 3226 .66 

1983* 5705 4911 ·93 794 .58 

* only January to September (incl.) 

figures before 1980 reflect the changes in stock size as the RTM and SRTM 

vessels show opposite trends. At present the catch rate is about 900 kg 

per hour at Sofala Bank and 600 kg at Boa Paz. These catch rates are more 

or less constant during the year and no seasonality is apparent in the 

fishery. 

The species composition of the catch has been sampled since April 1981, 



Table 9. Scad and mackerel make up appe 61 and 70 percent of the total 

catch at Sofala Bank and Boa Paz, respectively. The catch of scad and 

Table 9- Average percentage species composition of catch of bottomtrawlers 

at Sofala Bank and Boa Paz, 1981-83 (September incl.). From 

Borges et al. (in press). 

Sofala Bank Boa Paz 

D. russellii 34 35 

]2_. macro soma 9 4 

.§.. crumenophthalmus 4 17 

Ji. kanagurta 14 9 

T. trachurus 5 

Others 39 30 

mackerel in 1982 can thus be estimated to app. 3900 tonnes. 

Indian mackerel is also caught as a bycatch in the industrial shrimpfishery 

on Sofala Bank. In 1982 this bycatch was probably in the order of 200 

tonnes. 

Assessments 

Saetre and Silva (1979) estimated the total stock of scad and mackerel to 

app. 100 thousand tonnes in 1977-78 of which 40 thousand were found on 

Sofala Bank. In 1980 and 1982 the stock of scad and mackerel at Sofala 

Bank was estimated to be 13-32 and 94 thousand tonnes, respectively 

Brinca et al., 1981 and 1983).Borges et al. (in press) estimated the 

fishing mortality in the same area to be in the range from 0.02 to 0.3 by 

dividing the annual catch with the estimates of stock size. In addition 

they used the "area swept" by the commercial fleet to estimate the 

proportion of the stock caught after correcting for the difference in 

efficiency between commercial vessels and random surveys. In this way 
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the fishing mortality was estimated to app. 0.1 in 1981 and 0.05 in 1982. 

They furthermore calculated the yield and biomass per recruit of~. russellii 

for two values of natural mortality (M= 3.3 and 1.7), Fig. 19. Assuming 

the present fishing mortality to be app. 0.1 they concluded that an increase 

in effort to the double would not reduce the biomass per recrvit by more 

than 3 to 7 percent and thus not endanger the stock. This conclusion is 

of course based on only one species. However, for Indian mackerel and 

layang scad the mortality created by the fishery is also small compared to 

the effects of natural mortality and migration, and probably these species 

have biomass per recruit curves similar to the one estimated for~. russellii. 

Malabar cavalla 

The malabar cavalla, Carangoides malabaricus, is abundant at depths from 10 

to 100 m. It can be caught by both bottom and pelagic trawl. 

The fish caught during surveys measured between 2 and 49 em. Fig. 20 shows 

the length compositions of the catches made by bottom trawl on Sofala Bank. 

Juveniles of a length between 2 and 6 em were caught in pelagic hauls in 

the "untrawlable" area outside Beira by "Fr. Nansen" in October-November 

1980. 

Boudnitchenko et al. (1977) and Boudnitchenko (1979) examined a few stomachs 

and found they contained small fish, crustaceans and cephalopods. 

The percentage of individuals in maturity stage V, Table 10, and the 

occurrence of juveniles referred to above suggest that spawning takes place 

in October-December. It is possible that a second spawning may take place 

in the dry season. 
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Table 10- Maturity stages (percentage) of Carangoides malabaricus caught 

during various surveys at Sofala Eank. 

FEl1ALES MALES 

I II III IV v VI n I .II III IV v VI n 

Huleve - 25.0 50.0 25.0 - - 12 - 20,0 66.7 13.3 - - 15 

Jul-Aug/79 

s. Rybak - - 37.0 43-5 19.6 - 46 - - 96.7 3-3 - - 30 

Oct/82 

s. Rybak - 3.3 - 27.9 60.7 8.2 61 - - - 8.4 73.2 18.3 71 

Nov/nec/82 

The malabar cavalla is caught in the fishery for scad and mackerel and in 

the industrial shrimpfishery at Sofala Eank. The yearly catch in these 

fisheries is in the order of 700 tonnes. No estimates of biomass are 

available. 

2.5. Indian driftfish 

Indian driftfish, Ariomma indica, has been reported from Boa Paz to Angoche 

from 10 to 350m of depth. At Sofala Bank the majority of the catches were 

taken above 50 m of depth, at B9a Paz the largest concentrations were 

found around I 00 m. 

Saetre and Silva (1979) suggested a migration from Boa Paz to Sofala Bank 

in September-October and back again in February-March. This migration has 

not been confirmed by later surveys. On the contrary a one hour haul of 

3.6 tonnes was made at Boa Paz during the survey of "S. Rybak" in October

-November 1982, the time of year when Saetre and Silva (1979) assumed 

driftfish to be migrating northwards. 

Only a few length samples have been collected during the surveys. In general 

the fish ranged from 16 to 23 em. 
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Two spawning seasons were found by Saetre and Silva (1979), one in 

January the other in July-August. The few samples of maturity stages taken 

during later surveys indicate the same seasonal pattern. 

The yearly bycatch of Indian driftfish in the fishery for scad and mackerel 

is in the order of 100 tonnes. 

Saetre and Silva (1979) estimated the total biomass in April-June 1978 to 

app. 19 thousand tonnes. 

2.6. Barracuda 

At least four species: Spnyraena obtusata, £. japonica, £. jello and£. 

forsteri have been identified during the surveys. However, the 

morphological differences between the species are small and the keys 

given by Smith (1965) and FAO (1974), which both have been used for 

identification, are conflicting. It is thus probable that the same species 

has been reported under different names from survey to survey. 

Barracuda occurs along the whole coast. From April to June the major 

concentrations are found at Bazaruto and at Boa Paz (Saetre and Silva, 

1979). Most of the fish caught has measured from 20 to 30 em, but 

occasionallyy individuals up to 147 em long have been encountered. 

The yearly catch of barracuda in the fishery for scad and mackerel is in 

the order of 100 tonnes. Saetre and Silva (1979) estimated the total 

biomass to 17 and 2 thousand tonnes in September 1977 and April-June 1978, 

respectively. 
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3 e Summary and recommencia tions 

Table 11 presents a summary of the acoustic biomass estimates of the most 

abundant stocks of small pelagic species. The average total biomass along 

the coast of MozambiQue is in the order of 340 thousand tonnes of which 

230 thousand tonnes are found at Sofala Bank. Anchovy is the most abundant 

species with an estimated average biomass of 110 thousand tonnes of which 

100 thousand are found on Sofala Bank. The main part of the biomass of 

sardines, Thryssa sp. and Pellona ditchela, is also found on Sofala Bank, 

while the scad and mackerel seem to be more dispersed along the coast. The 

biomass of anchovy seems however to be subject to large seasonal and 

interannual variations. Excluding anchovy the biomass of other small 

pelagics on Sofala Bank has been estimated to have been on a more or less 

stable level between 120 and 140 thousand tonnes during the surveys in 

1977-78, 1980 and 1982, although the biomass of sardines decreased and 

that of scad and mackerel increased during the last survey of "Fr. Nansen". 

The catch rates obtained during two of the latest bottom trawl surveys at 

Sofala Bank are presented in Table 12 for some of the more abundant 

species. Only day hauls have been included. The hauls were made with the 

same bottom trawl as used in the industrial fishery for scad and mackerel 

and the catch rates obtained reflect more or less the picture of the 

acoustic surveys in terms of the relative importance of the various species. 

It is difficult to assess the total catch of small pelagics because of the 

lack of information from the small-scale fishery. Presumeably the catch in 

this fishery which includes the artisanal and semi-industrial sectors is in 

the order of at least 20 thousand tonnes (Anon. 1982). This figure was 

compiled from the records of the provincial authorities for 1981 and is 

likely to be an underestimate as an unknown part is sold outside the 

official channels. No data on the species composition of the catch is 

available, but as the fishery t~(eS place in shallow water where sardines, 

shad and ponyfish is abundant, it seems reasonable to assume that at least 

half consists of small pelagics. Table 13 shows the estimated total catch 

of small pelagics in various sectors. The estimates from the industrial 

sector refers to 1982. 
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Table 12 -Average catch per hour of some small pelagic species during the bottom trawl surveys of 

"Pantikapey" and "S. Rybak" on Sofala :Sank. Only day hauls included. Number of hours in 

brackets. 

"Pantikapey" June - July 1981 "S. Rybak" Oct.- Dec. 1982 

Species Depths South of North of South of North of 

Zambezi river Zambezi river Zambezi river Zambezi river 

Indian pellona < 20 214.0 (5.5) 3.3 (46.0) 56.9 (24.8) 20.2 ( 67.0) 

20-45 1.2 (17.8) 1.9 (17.0) o.o (21.4) 4-4 ( 49.8) 

Ora.ngemouth 

thryssa < 20 42.4 ( 5.5) 7.0 (46.0) 24.7 (24.8) 13.8 ( 67.0) 

20-45 2.9 (17.8) 9.2 (17.0) .1 (21.4) 1.9 ( 49.8) 

Ponyfish < 20 15.8 ( 5.5) 24.6 (46.0) 7.6 (24.8) 17.3 ( 67.0) 

20-45 3.7 (17.8) 56.9 (17.0) 4.6 ( 21.4) 23.9 ( 49.8) 

Russells scad <45 18.6 (23.3) 8.9 (63.0) 40.8 (46.2) .6 (116.8) 

45-100 11.1 (12.4) 9.3 ( 4.1) 196.2 (11.8) 100.7 ( 26.4) 

Layang scad <45 2.1 (23.3) .5 (63.0) 2.4 (46.2) .o (116.8) 

45-100 .2 ( 12. 4) 7.0 ( 4.1) . 1.4 (11.8) 18.1 ( 26.4) 

Indian mackerel < 45 37.9 (23.3) 2.5 (63.0) 5.6 (46.2) .8 (116.8) 

45-100 1.6 (12.4) 5.7 ( 4.1) 32.1 (11.8) 15.7 ( 26.4) 

Malabar cavalla < 45 . 1.9 (23.3) 2.5 (63.0) 2.9 (46.2) 2.8 (116.8) 

45-100 11.1 ( 12. 4) 1.5 ( 4.1) 4.5 (11.8) 41.4 (. 26.4) 

:Barracuda < 45 4.7 (23.3) 4-9 (63.0) 1.4 (46.2) 2.1 (116.8) 

45-100 2.8 (12~4) 3.3 ( 4.1) 9.5 (11.8) 83.9 ( 26.4) 

i 

i 

I 
I 

j 

..._J 

~ 



- 75 -

Table 13- Estimated annual catch of small pelagic species (tonnes x 10-3). 

Estimates from the industrial sector refers to 1982. 

Fishery Industrial Small scale 

Scad and :Bycatch of Other 

Species 
mackerel shrimptrawlers Maputo :Beira landing 

sites 

Indian pellona 1. 6 

Thryssa sp. 1.5 

Kelee shad .3 1.0 1.0 

Ponyfish .5 
Driftfish • 1 .3 
Barracuda .1 • 1 

Malabar cavalla .2 -5 
Russells scad 2.0 

La yang scad .4 

:Bigeye scad ·4 
Indian mackerel .5 .2 

Horsemackerel .5 

Not identified ? ? 

T 0 T A L 4.2 4.8 1.0 1.0 

* Estimated as half of the total reported catch of the provincial 

authorities in 1981. 

10.0* 

10.0* 

The maximum potencial yield,Y max was calculated by Saetre and Silva (1979) 

by use of the formula suggested by Gulland (1970); Y = 0.5.M.:B , where max o 
B is vir£Mn biomass. They arrived at a yearly total of 470 thousand 0 c- . 

tonnes of which 310 thousand were anchovy and 125 thousand scad and sardine. 

Assuming as Saetre and Silva (1979) that M is equal to 2.0 for anchovy and 

to 1.0 for scad, mackerel and sardine, new estimates of the maximum 

potential yield were calculated from the revised biomass figures of Table 

11. For anchovy this gives a potential yield of 110 thousand tonnes, a 

much lower figure than calculated by Saetre and Silva (1979), for scad 

the estimate is approximately 50 thousand tonnes and for sardines 



- 76 -

approximately 40 thousand tonnes. It is important to remember that these 

figures are preliminary and have to be revised when the fishery develops. 

However in general they indicate that the fishery can be expanded in 

the future. 

Two fisheries for small pelagics have in the past been given special 

attention by the Institute: the gillnet fishery for kelee shad in Maputo 

Bay and the fishery for scad and mackerel at Sofala Bank and Boa Pa·z. It 

has not yet been possible to make an assessment of the fishery in Maputo 

Bay due to the lack of estimates of mortality, biomass and total catch. 

The sampling system are at the moment being extended to cover the artisanal 

boats and more length samples will be taken from the bycatch of the 

shrimptrawlers in the future. Hopefully these length samples can be used 

to give a first estimate of the total mortality. The possibility of using 

the small portable echosounder of the institute to obtain at least an 

index of biomass is also being investigated. If short term predictions 

have to be made in the future it will futhermore be necessary to investigate 

the possibilities of obtaining indices of recruitment by yearly standard 

trawlings with a small bottom trawl close to the shore where the juvenile 

kelee shad can be caught. 

The main problem in the assessment of the stocks of scad and mackerel is 

the very high and unrealistic estimates of mortality. At the moment a 

survey is being carried out with the dual objective of discovering the 

distribution areas of the large fish and obtaining an unbiased index of 

the size of the stock. The results of this survey will hopefully provide 

more information about the total length composition of the stock and may 

thus improve the estimates of mortality. 

It is very important that the echointegxation surveys of "Fr. Nansen" 

continue in the future. If possible these surveys should take place in the 

first half of the year at a time when the juveniles scad and mackerel are 

concentrated in the "untrawlable" area in the southern part of Sofala 

Bailie. This will provide an opportunity for collecting information about 

the recruitment to the scad and mackerel stocks and its variation from 

year to year. In addition it will provide useful information on the 

possible influence of a future fishery for anchovies in this area on the 

recruitment to the fishery for scad and mackerel. 
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The considerations for the future must of course be seen in conjunction 

with the plans of the fishing sector. At this moment when more attention 

is being paid to the development of the small-scale fishery it may be 

appropriate for the Institute to consider how it could contribute to the 

planning of this sector. It is likely that Questions such as, how many 

boats and fishermen is the optimum for this part of the coast?, will be 

raised in short time. One of the future tasks of the institute ·could be 

to answer this QUestion by making comparable studies of the catch and 

biomass of fish in various areas. The decision to start such a work can 

however not be taken by the Institute alone. It has to be discussed with 

the fishing sector. 



- 78 -

4. Literature 

.ANON., 1978 - Cruise report no. 4 of R/V "Dr. Fridtjof Nansen", April-June 

1978. Joint NORAD/MOZAMBI~UE/FAO Project to investigate the 

resources off the coast of Mozambique • 

.ANON., 1981 -Report on the results of the Romanian researches on the 

fishing resources on the continental shelf of the People's 

Republic of Mozambique in 1979 and 1980. Ministry of 

Agriculture and Food Industry. Romanian Institute for 

Marine Research. 55 pp. (mimeo) • 

.ANON., 1982- Report of the Nordic/FAO evaluation mission for the 

MONAP-project FI-1. Coastal and Inland Fisheries Development. 

39 pp. (mimeo.) 

BIRKETT, 1., 1979- Western Indian Ocean Fishery Survey. Report on the 

cruises of R/V "Professor Mesyatsev". December 1975-June 

1976/July 1977 -December 1977. Indian Ocean Program, 

Technical report No. 21, FAO, Rome. 

BORGES, F., GISLASON, H. and SOUSA, M.I. (in press) -A preliminary 

assessment of the scad and mackerel stocks at Sofala Bank, 

Mozambique. Rev. Inv. Pesq., Instituto de Investigag~ 

Pesqueira, Maputo. 

BOUDNITCHENKO, V. et al., 1977- Results obtained from the "Aelita" 

exploratory surveys undertaken in the shelf and open 

waters continuous to the coast of the People's Republic 

of Mozambique (May 1976 through August 1977). AZCHERNIRO. 

Kerch. 185 pp. (mimeo,). 

BOUDNIT~CO, V., 1979- Recursos de peixes de aguas da plataforma conti

nental, adjacentes a Republica Popular de Mogambique. 

(Handwritten manus.) 



- 79 -

BRINCA, L., REY, F., SILVA, C., SAETRE, R. 1981 - A survey on the Marine 

Fish Resources of Mozambique, October-November 1980. Ins

titute de nesenvolvimento Pesqueiro, Maputo. Institute of 

Marine Research, Bergen. 58 pp. 

BRINCA, L., JORGE TIA SILVA, A., SOUSA, L., SOUSA, I.M., SAETRE, R., 1983-

- A Survey on the Fish Resources at Sofala Bank - Mozambique, 

September 1982. Instituto de Investiga9~ Pesqueira, Maputo. 

Institute of Marine Research, Bergen. 85 pp. 

FAO, 1974- FAO Species Identification Sheets for Fishery Purposes. Eastern 

Indian Ocean (Fishing Area 57) and Western Central Pacific 

(Fishing Area 71). FAO, Rome. 

FAO, (in prep.) - FAO Species Identification Sheets for Fishery Purposes. 

Western Indian Ocean (Fishing Area 51). Section Carangidae. 

FAO, Rome. 

GARCIA, C. and BLANCO, M., 1983- La pesqueria de la Marora Hilsa kelee 

(Cuvier, 1829), en el area de Beira, Mozambique. Instituto 

de Investiga9~ Pesqueira. Tielega9~ Beira. 20 pp. (mimeo.). 

GJ¢'SAETER, J. and SOUSA, M.I., 1983a - Reproduction, age and growth of the 

kelee shad, Hilsa kelee (Cuvier, 1829) (Pisces: Fam. 

Clupeidae), with informations on its fishery in Maputo Bay, 

Mozambique, Instituto de Investiga9~ Pesqueira, Maputo. Rev. 

Inv. Pesq. no. s: 53-80. 

GJ\iSAETER, J. and SOUSA, M.I., 1983b -Reproduction, age and growth of the 

Mussels scad, Tiecapterus russellii (Ruppel, 1828) (Carangidae), 

from Sofala Bank, Mozambique. Instituto de Investiga9~ Pes

queira, Maputo. Rev. Inv. Pesq. no. s: 81-107. 

GULLANn, J. A. 1970- The fish resources of the ocean. Fishing News (Books) 

Ltd. Surrey, England. 

JONES, R. and van Zalinge, N.P., 1981 -Estimates of mortality rate and 

population size for shrimp in Kuwait waters. Kuwait Bull. 

of Mar. Science. (2): 273-288. 



- 80 -

MASCARENHAS et al., (in prep.) -A survey on the fish resources at Sofala 

Bank- Mozambique, May-June 1983. Instituto de Investiga

gao Pesqueira, Maputo. Institute of Marine Research, 

Bergen. 

MONTEIRO, C.L. da COSTA, 1972 - Relatorio preliminar da Magumba (Macrura 

kelee) pesca na baia de Lourengo Marques. (mimeo.). 

PAULY, D. and DAVID, N., 1981 - ELEFAN I, A basic program for the extraction 

of growth parameters from length-frequency data. Meeresforsch. 

28(4): 205-211. 

PAULY, D. et al., 1981 - ELEFAN II -User's instructions and program listing. 

(mimeo. pag. var.). 

SMITH, J.L.B., 1965 - The Sea Fishes of Southern Africa. Central News Agency, 

Ltd. South Africa (fifth ed.). 578 pp. 

SOUSA, M.I., 1982 - Estudo preliminar de alguns aspectos da biologia da 

Magumba, Hilsa kelee (Cuvier, 1829) (Peixes: fam. Clupeidae) 

com informagoes sobre a sua pescaria na baia de Maputo, 

Mogambique. Inst. de Desenvolvimento Pesq., Informagao 

No. 7, 44 pp. 

SOUSA, M.I., 1983a- Relatorio do cruzeiro realizado no Banco de Sofala 

pelo navio "Pantikapey" de 7 a 23 de Junho de 1981 - Peixes 

pelagicos e fauna acompanhante de carapau e cavala. Insti

tuto de Investigagao Pesqueira, Maputo. Rev. Inv. Pesq. 

No. 4: 33-66. 

SOUSA, M.I., 1983b - Relat6rio do cruzeiro realizado no Banco de Sofala pe

lo navio "Pantikapey" de 21 de Julho a 7 de Agosto de 1981 

- Peixes pelagicos e fauna acompanhante de carapau e cava

la. Insti tuto de Investigagao Pesqueira, Maputo. Rev. Inv. 

Pesq. No. 4: 67-97. 

SOUSA, M.I. and GISLASON, H. (in prep.) -Reproduction, age and growth of 

the Indian mackerel, Rastrelliger kanagurta (Cuvier, 1816) 



~ 81 -

(Scombridae) at Sofala Bank and Boa Paz, Mozambique. 

SAETRE, R. and PAULA E SILVA, R., 1979 - The marine fish resources of 

Mozambique. Reports on surveys with the R/V Dr. Fridtjof 

Nansen. Servigo de Investigagoes Pesqueiras, Maputo. 

Institute of Marine Research. Bergen. 179 pp. 

TIMOCHIN, I. et al., (in press) -Report on the cruises conducted by 

"S. Rybak" at Sofala Bank from September to December 1982. 

Rev. Invest. Pesq. 


