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Abstract.-Four shad species are found in Africa: twaite shad Alosa fallax and allis shad A.
alosa (also known as allice shad), whose populations in North Africa can be regarded as
relics; West African shad Ethmalosa [imbriata (also known as bonga), an abundant tropical
West African species; and kelee shad Hi/sa kelee, a very widely distributed species present
from East Africa to the Western Pacific. Ethmalosa fimbriata has been the most studied species
in this area. The concentrations of E. fimbriata are found only in estuarine waters of three
types: inland, coastal, and lagoon estuaries. The species is rare in other habitats. Distribution
thus appears fragmented, with possible exchanges between adjacent areas. In all populations,
juveniles, subadults, and mature adults have different habitat preferences. These groups are
distinguished by local people and can be considered as ecophases. The older group has a
preference for the marine environment, and the intermediate one is more adapted to estuaries,
with a large plasticity within its reproductive features. Information regarding population
dynamics is poorly documented, but the populations appear generally resilient except when
the estuarine environment deteriorates. West African shad has been exploited for many
years and carries great cultural value for the coastal people of West Africa. The catches are
marketed cured in the coastal zone, sometimes far from the fishing areas. It is a locally
important, cheap, and much-appreciated food fish. The fisheries are intensive and developing
(175,000 metric tons/year at present) and are entirely artisanal, and some reliable fisheries
data do exist for certain areas. The main threats to the West African shad populations are
overfishing and the deterioration of the environment. Hilsa kelee has the widest distribution
of any alosine and is relatively important for fisheries (comparable to E. fimbriata). It is a
microfeeding, marine pelagic fish entering estuaries. Very little information is available on
this species.

Introduction

They have now almost disappeared from Morocco
and other countries due to habitat degradation and
overfishing (Bagliniere and Elie 2000).
.
The last two species are West African shad
Ethmalosa [imbriata (also known as bonga) (5.
Bowdich, 1825) and kelee shad Hilsa kelee (Cuvier,
1829). They are of equal importance as fisheries
(annual landings about 150,000 metric tons) but
differ in the extent of their distribution area (much
larger in the kelee shad) and the information available. The literature on West African shad is more
abundant, especially when local publications and
sources are considered. In the African context, local information (written or from traditional ecological knowledge) is difficult to find but worth collecting, as this review and an earlier one (CharlesDominique 1982) attempt to show.

Shads depend upon different types of habitats: the
sea, freshwater, and estuaries (McDowall 1988).
These habitats have been surveyed individually in
Africa (Chaboud and Charles-Dominique 1991),
leading to an underestimation of the importance
of overlapping species. The African shads' economic and cultural importance was revealed,
among other resources, due to the development of
artisanal fisheries (in West Africa; Chauveau et al.
2000). In addition, their ecological importance was
recognized with the growing environmental concerns for the coastal zone and estuarine water bodies among the more populated areas.
Four shad species (Clupeidae, subfamily
Alosinae) are found in Africa (Whitehead 1985).
Twaite shad Alosa fallax (Lacepede, 1803), and allis
shad A. alosa (Linnaeus, 1758; also known as allice
shad) occurred in North Africa where they were at
their southernmost limit of distribution (Figure 1).
1

EthmaJosa fimbriata
Ethmalosa fimbriata is a tropical species, distributed between 24°N (Lozano-Rey 1950) and 12°5
(Poll 1953) latitude. It is a species of marine ori-
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Figure I.-Distribution of African shads.
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gin but has marked affinities for estuaries, deltas,
arid lagoons.
Systematics and Identifying Characteristics

.. Ethmalosa fimbriata (Figure 2) belongs to the family
C1upeidae (subfamily Alosinae). The species was
first described as Clupea fimbriata by Sarah Bowdich
(Sarah Lee at that time, the widow of the naturalist
Thomas Edward Bowdich; to eliminate any confusion, some authors, such as Monod [1961], recommend adding her first initial before her last name.).
The main morphometric and meristic characteristics of the species are given in Charles-Dominique
(1982). Ethmalosa fimbriaia is distinguished from
other close Clupeidae by its upper jaw that has a
distinct median notch into which the tip of the
lower jaw fits.
Eihmalosa fimbriata has many local names in
different languages of West Africa. One of them,
bonga, is often used for the species common name.
Bonga is actually used in most English-speaking

Figure 2.-Ethmalosa fimbriata (5. Bowdich, 1825). Drawing
by Maja Devillers, Centre de Recherche Oceanographique,

countries, but it is little used or unknown elsewhere. Thus, it is preferable to retain West African
shad, as used by several authors, as the most universal common name.
The Estuarine Habitat of Ethmalosa fimbriata

In this section, the different types of estuarine environments encountered in the distribution area are
described, as related to specific climatic and
hydroclimatic conditions. This characterization
defines the extent of the estuarine habitats, which
is correlated with the abundance of E. jimbriaia
populations. Also, the habitat characteristics are
necessary to understand the differences among the
biology of the different populations (next section).
The Notion of Estuarine Environment

From an ecological point of view, the term "estuary" applies to aquatic environments with variable
salinity or turbidity at different time scales (from
days to years). This variation can be due to the
mixing of freshwater and saltwater or concentration by evaporation, with salinity varying from near
0%0 to hyperhaline (>40%0) waters. Other typical
characteristics of estuaries are shallowness, presence of silt sediment, and, in the tropical zone, relatively warm and steady temperatures. Biogeographic aspects must also be considered. Some fish
communities are typically associated with estuarine environments, for example, the "estuarine
sciaenid community" (Longhurst 1963) or the
benthic "margino-littoral" communities (Le Loeuff
1999) in West Africa. These communities can persist when the climate changes and estuarine con-
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ditions disappear, as in Banc d'Arguin, Mauritania
(Le Loeuff 1999)or Angola (Costa et al. 2002) where
E.fimbriata occurs.
The Three Types of Estuarine Environments in
West Africa

Three types of estuarine envirorunents within the
distribution range of E. [imbriata will be distinguished according to their hydrodynamics (Figure
3). An "inland estuary" is comprised of flat river
valleys that are seasonally drowned successively
by the intrusion of marine water, sometimes hundreds of kilometers inland, and by floodwater; the
diffusion of freshwater at sea is limited. This type
of estuary is found from the Senegal River to
Guinea-Bissau (Figure 4). In a"coastal estuary," marine water penetrates inland only to a maximum of
30-40 km, and freshwater discharge into the sea is
abundant, making long coastal strips of freshwater (hundreds of km, 0-20 m in depth). This type
of estuarine envirorunent is found in two regions,
from Guinea to Sierra Leone and from Nigeria to
Cameroon (Figure 4). In a "coastal lagoon," estuarine (brackish) waters are mostly limited to inland
water bodies with openings toward the sea (open
or semienclosed lagoons) and may expand a very
short way inland or at sea. This type is found
mainly in the Gulf of Guinea from the Ivory Coast
to West Nigeria (Figure 4).
The Hydroclimatic and Climatic Conditions

The marine envirorunent, coastal hydrodynamics,
the climate (rainfall and runoff), and the geomorphology (river slope, shelf width, etc.) determine
the hydrodynamics of the estuaries.
In the "inland estuary" region, rainfall is low
(400-1,600 mm/year from north to south) and seasonal (Nicholson 2000). Freshwater runoff depends
on the size of the drainage areas, but the seasonal
patterns are similar, with very little or no runoff at
low water. The slight slope of the rivers allows the
marine water to penetrate the rivers far upstream.
From Mauritania to Cuinea-Bissau, the marine envirorunent shows strong seasonal fluctuations in
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Figure 3.-Hydrodynamic types of estuaries in West
Africa.
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temperature (16-28°C) due to seasonal coastal upwellings, producing destratification of waters.
Thus, the warm, estuarine, low-salinity coastal
waters are localized near river mouths and do not
last throughout the year.
The "coastal estuaries" are found in the two
highest rainfall (2,000-4,000 mm/year) regions of
West Africa where runoff is also very high. The
marine envirorunent in these areas is typical tropical (Le Loeuff and von Cosel 1998), characterized
by permanently stratified waters with low seasonal
variations in sea surface temperature and high seasonal variations in salinity near the coast. Salinity
of the surface layer (20-30 m) can decrease to 18%0
during the wet season on the continental shelf of
Cameroon (Mahe 1993) and to 10%0 along the
Guinea coast at a depth of 0-10 m (Baran 1995;
Pezennec 2000).The large supply of freshwater and
the permanent stratification of marine water produce estuarine conditions on the continental shelf
(with regard to salinity, turbidity, sediment, and
estuarine benthic and fish communities). This has
been called the "coastal estuary" for Guinea and
Sierra Leone (Baran 2000) or the "estuarization"
phenomenon (Longhurst 1983). The coastal estuary, as defined above, expands and shrinks but
persists throughout the year despite seasonal interruption of freshwater supplies. In these environments, the penetration of marine waters inland is
often limited to a few tens of kilometers (because
of different factors, e.g.. large flows, coastal morphology, and stratification of coastal waters). Few
direct studies confirm this point (Tetsola and
Egborge 1991; Baran 1995), but confirmation can
be found by observation of the distribution of true
freshwater fishes found in the lower reaches near
the coast (Leveque and Paugy 1999).
The third type of estuary is the "coastal lagoon," found in the central Gulf of Guinea and in
the southern distribution area from south Gabon
to Angola. Off these coasts, there are alternating
hydroclimatic seasons, with destratification of
marine waters due to seasonal upwellings, variable
temperatures (from 20-22°C to 29-30°C), and
steady salinities, except seasonally and locally near
the river mouths. The rainfall (800-2,000 mm/year)
is lower than in the previous area, but the runoff of
some large rivers may be important (the Congo
River alone supplies 50% of the global freshwater
runoff of West Africa; Mahe 1993).
In these conditions, the permanent estuarine
envirorunent is limited to the lagoons themselves.
Their morphology hampers the penetration of seawater into the rivers, and coastal estuarization can
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Figure 4.-The global distribution of EtllI1wlosa fimbriata in West Africa, from 24°N to 12°5 latitude. Fish
symbolize the main areas of concentration. The main types of estuaries are shown, with the hydroclimatic
areas according to Le Loeuff and von Cosel (1998); mean annual rainfall from Nicholson (2000)_

occur but is limited by the seasonal destratification
(off Abidjan, Ivory Coast, during the flood season,
the inshore salinity can decrease to 29-24%0; Colin
et a1. 1993).
Main Concentrations of Ethmalosa fimbriata

The concentrations of E. fimbriata are found only
where estuarine areas, as defined above, are present.
An approximate index of abundance is the annual
landings by artisanal fisheries, since these are well
developed and occur almost everywhere along the
WestAfrican coast (Table1).The main concentrations
are found in Senegal, the Gambia, Guinea, Sierra
Leone,Nigeria, and Cameroon. Among them, smaller
concentrations are found in smaller estuaries and lagoons. At a distance from the estuarine areas, there
are no significant landings.
Eleven estuarine areas were estimated (see
Table 1 for details), and the relationship between
area and annual catch of West African shad was
plotted (Figure 5). A linear regression was fitted
through the origin (,-2 = 0.7). As a first approximation, productivity of West African shad was roughly
comparable among the different areas (mean productivity = 46 kg/ha), whatever the type of estuary and the geographical situation.

Presence Outside Estuaries

Some elements suggest a possible fragmentation
of E. fimbriata populations (e.g., the discontinuity
of estuarine habitats and the absence of large-scale
migrations between the main concentration areas).
Ethmalosa fimbriata is rare at sea except at
places near direct estuarine influence. For example, in the "lagoon estuaries" area on the Ivory
Coast, though a high abundance is found in the
lagoons (catches equal about 7,500 metric tons),
the species is very rarely found at sea. A careful
sorting of the pelagic catches at sea in 1987 revealed 50 metric tons of E. fimbriaia caught of a
total of 50,000 metric tons (Pezennec et a1. 1993).
In Togo, Faggianelli and Faggianelli (1984) did not
find any E. fimbriata despite a detailed sorting of
the 13,000 metric tons of fish caught in that year
by the marine artisanal fishery.
Etlimalosa [imbriata is, however, probably
present everywhere near the shore, albeit rarely or
sporadically; occurrences are reported in all the
distribution areas (Froese and Pauly 2001). Thus,
interchanges probably exist between concentration
areas.
Differences between distant populations were
sought, but not found, by several authors (genetic

TabIc I.-Estuarine areas and annual catches (metric tons) of Ethmulosa fimbriata. The bold data are used for the catch-area relationship (Figure 5).
Country

Area

Mauritania
Senegal

Sea
Senegal River

Size
(krn')
270

Sine-Saloum and the Gambia 4,040
Sine-Saloum estuary
Gambia River
Coastal strip (10 km wide)
Casamance
Guinea
Sierra Leone
Liberia
Ivory Coast

Sea
Sea
Sea
Grand Lahou Lagoon
Ebrie Lagoon
AbyLagoon

Ghana
Togo
Benin

Nigeria

Sea
Sea
Toga Lake
Nokoue Lake

Sea and estuaries

Production
(kg/ha)
22
88

540
700
2,800

Catch
per year

35,700

Hatti and Worms (1998)
Authors' planimetry;
Scheffers (1973)
Authors' planimetry

6,700
22,000
7,000

Bousso (1996)
FishStat (2000)
CRODT (1994)

0
600

500

58

2,900

5,300

48

26,000

3,800

56

21,500
26

190
566
484

52
146

14,000

37

2,100

105

5,100

4.4
205

50
920
23
3,000

33

Sources

47,000

Authors' planimetry;
Diadhiou et aI. (1986)
Chavance and Domalain
(2000a)
FishStat (2000)
FishStat (2000)
Authors' planimetry; Lae
(1992)
Durand et aI. (1994); Lae
(1992)
Durand et aI. (1994);
Charles-Dominque (1994)
Pezennec et al. (1993)
FishSta t (2000)
Lae (1992)
Texier (1983)

Marcus (1984b)
FishStat (2000)
Federal statistics from 1980
FAO (1981)

Notes
Annual average of inland estuarine area; probably
not exceeded since this 1972 figure
Annual average of inland estuarine area; for size
calcuation
1992 catches
1996-1998 catches
1982-1993 catches; "petite cote" between Dakar
and the Sine-SaIou m estuary
1984-1985 catches
1989 catches; coastal strip 0-10 m deep, 18 km wide
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Table 1.-Continued.
Country
Nigeria

Area

Size
(km')

Production
(kg/ha)

Catch
per year

Western region
Niger Delta region

8,000
10,000

Cross River estuary area

Cameroon

Sea and estuaries

3,600

49

17,00041,000
35,00060,000
17,700

Gabon

Sea, lagoons, and estuaries
Sea
Estuaries
Rio Muni Bay
Gabon estuary
Nkomi Lagoon and
Ogooue Estuary
Ngobe Lagoon
Ngodo Lagoon
Mbanio Lagoon
Sea

5,000
800
4,200
1,600
865
1,000

25

12,500

Coast

Republic of
Congo

208
389
142
1,500

Sources

Notes

Moses (2001)

1973-1991 catches

Marcus (1984b)

22-30% of the total catches; FAO maximum
sustainable yield estimate is 60,000 metric tons
1980-1994 catches; coastal strip 10 km wide

n
::r:

1985-1997 catches

qs

FishStat (2000); also
Njifonjou (1998)
FishStat (2000); Freon et aI.
(2000)

a

37,706

Subtotal of bold data used for the catch-area relationship.
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46

1,800
174,000
180,000

Freon et at. (2000)

1981-1983 catches; E.fimbriata only fished in
important quantities at Matombi, 200-300
metric tons
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1994; Cameroon, Njifonjou et al. 1999). The movements and reproduction of E. fimbriata from five
areas (two inland estuaries, two coastal estuaries,
and one lagoon estuary) are presented.
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Inland Estuaries: Senegal River, Sine-Saloum Estuary
and Gambia River, and Casamance River.-The

-...

Senegal River (Figure 6) has a seasonal flood (September-December) and a flat profile that allows
seawater to penetrate up river during the dry season. Its hydrodynamics has been entirely modified
by the construction of a dam 50 km from the mouth
at Diama in 1986. The estuarine area in the dry
season is now restricted to about 70% of its previous natural area. Hyperhaline conditions are found
seasonally in some parts of the estuary, for example,
the Diawling Park, Mauritania, where E. fimbriata
is found.
Two studies of E.fimbriata in the Senegal River
before the dam was constructed (Scheffers et al.
1972; Scheffers 1973) showed that E. fimbriata was
present in the lower reaches all year and moved
upstream only during the dry season (januaryMay), as also evidenced by seasonal fishing activity. In July 1972, E. fimbriata was found 140 km upstream where salinity was 5 %0. During the dry season, reproduction occurred everywhere in the
brackish waters of the river. In the river, maximum
larval density was found up river at 5--100/00 salinities. Thus, movements characteristic of anadromous fishes seemed to occur but involving only a
fraction of the population at most. A more likely
hypothesis is the accompanying movement of fish
(possibly up and down) within an expanding estuarine area.
During flood conditions (September-December), immature fish take refuge in the shallow water
downstream. At this time, the adults are rarely in
the lower reaches, although at sea, E. fimbriata appear in set gill nets and beach seines (Scheffers 1973).
The total landings (sea and river) were 600
metric tons in 1972. The population of the Senegal
River is thus a small one, with possibly few interactions with the nearer populations of Mauritania
and Sine-Saloum estuary-Gambia River (each
about 3-400 km apart). The landings at sea from
1982 to 1993 (50-200 metric tons; CRODT 1994)
did not show a collapse after the dam was built.
Further studies will be necessary to assess the viability of this small population in a highly modified environment.
The Sine-Saloum estuary and Gambia River
(Figure 7) form a composite area where separate
studies of the biology of E. fimbriata have been un-
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Figure 5.-Annual catch of Ethmalosa fimbriata versus estuarine area relationship (data from Table 1). Linear regression
through the origin; mt = metric tons.

comparison, Courene et al. 1993; biological comparison, Scheffers and Conand 1976), although
Freon (1979) found significant morphometric differences between the Mauritanian and
Senegambian populations, Yet, these morphometric differences in dupeids may depend more on
environmental conditions than genetic differences
in populations.
Though tolerant of low salinities and even
freshwater, E.fimbriata does not stay completely in
freshwater. It is always absent from dosed water
bodies that have no connection with the sea.
Comparative Biology of Different Populations of
Ethmalosa fimbriata

In this section, some life history case studies of E.

fimbriata are presented, taking into account the
specificity of West African shad environments and
their typical changing behavior through successive
developmental phases.

Ecophases.-Dne of the more striking features of the
biology of E.fimbriata is its changing ecological preferences through successive phases, from juveniles
to preadults and young adults to large adults.
These different groups have been recognized and
named by local people in several countries and
agreed to by biologists (Sierra Leone, Salzen 1958;
Lagos Lagoon, Nigeria, Fagade and Olaniyan 1972;
Aby Lagoon, Ivory Coast, Charles-Dominique
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Figure 6.-Life history of Eihmalosa [unbriata in the Senegal River.

der gone. The specific sites include the Gamb ian
coa st and river (Scheffers and Conan d 1976; Lesack
1986), the Sine-Saloum estuary (Bousso 1996; Diouf
1996), and the Senegalese coast (Blanc 1951; Lopez
and Freon 1981).
Estuarine conditions are very di fferent in these
subareas. The Sine-Salourn estuary (540 krn-) receives very low freshwater supplies and shows inverse estuary conditions seas ona lly or yea r-round
d u ring dry years. In 1991, the salin ities were ra ther
s teady seasonally and incre ased from 37%0 to 40%0
in the lower p art an d 60 %0 to 100 %0 ups trea m
(Diouf 1996). Ethmalosa fimbria ta wa s found at sa linities up to 90%0 in February 1992.
The Gamb ia River has a very flat low er bas in
(O.5-m elevation at 500 km from the mouth) and a

dischar ge of zero during the dry season from December to June, allow ing marine wate rs to penetrate as far as 250 km up river (Lesack 1986), w here
sa linity is 1 %0 in June. The flood, typ ically tropical
wi th high wa ters from Ju ly to Nove mber, pushes
dow n th e 1 %0 sa lin ity limit to 80 km from the
mo u th, wher e salin ity ca n decrease below 25%0
(Scheffer s and Cona nd 1976).
Th e West A frican sh ad drift gill net fisheries
of th e Sine-Salou m estua ry were studied by Bousso
(1996) by a th orou gh survey of the fisheries. The
fis hing season lasted from February to May (the
cold season at sea) and wa s based upon the 18----30cm (fork len gth; FL) size-g rou p (the selectivity
range of the me sh) . Leng th measurements for E.
fimbricta giv en th rough ou t the text have been con-
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ve rted to FL using the follo w ing equation s : from
total le ngth (T L), FL (cm ) = 0.81 TL (cm ) + 0 .21
(Gerl o tto 1979), and from s tanda r d length (SL),
FL(cm) = 1.008 SL(cm) + 0.2 ;'1 (Moses 1988 ). The
seasonal a bunda nce of thi s s ize-gr o up was confirm ed by research s u rveys (RA P 2001 ), forming
12% of the numbe rs from Feb rua ry to Ma y but on ly
0.4% from Ju ne to Dece m ber.
Along th e Se n egalese coast so u th of Da ka r,
long fish e ri es d a ta series are a vailable (CR ODT
1994). Th e m ain fishing method s are encircling n e ts,
se t gill n e ts, and p urse seines, ,111 res ult ing in ca tch
s izes o f 21-26 cm (Freo n e t a l. 1978; Lopez a n d
Freon 1981 ). Th e encircling net s a nd se t gi ll ne ts
ha ve a h igher cdic h per tr ip d u rin g the wa rm sea son from May to October (also noted by Blanc 1948),
while the purse seines have h igh er yields d u rin g
the cold se aso n from Januar y to July. Thus, ther e
a re proba ble se aso na l m o veme n ts of big adults between the sea a nd the estua ry, but th ey are n ot w ell
doc umented i.n the Sin e-Salourn or e lsew h ere.
In th e Ca rnb ia River and estua ry (Figure 7), E.
[imbriaia p en et rates seasonally up to 180 km following th e pen e tra tion of sa ltwa ter, as ob served
by Lesa ck (1986) . Rep rod u ction in the Ga m b ia
River was s tud ied using larval s urveys (Scheffe rs
and Conand 1976). It occ urred thro ugho u t the year
a t the ri ve r m o u th in saJinities of 18-38'X,,, but only
during the d ry seas o n upriver with sa lin ities ab ove
100/00. The lar val ab undance ind ex (la rvae / l OO m')
was high b u t irregu la r at th e river mouth (0-150),
lo w in the middl e reac hes « 10), a nd seaso na lly as
high upstream as at the river mou th . Most of the
. re prod uc tio n p ro ba bl y oc curred d ow nstream, as
the spawning a rea upstream w as much smalle r
than the downs tream one. Furth e rm ore, some im ma tu re fish (13-17 cm; less tha n th e es tim a ted size
at firs t m a turity fo r females of 18.5 cm ) also m o ved
u pri ver. As in the Se negal River, o n ly a fracti on of
the po p u lation, m ade up from the in te rm edi a te class
of young adults, m o ved upst ream for spawnin g
(Figure 8).
Analysis of the different size distrib u tions (Figu re 8) dem on stra tes tha t E. fimbriata probably mo ves
between the s uba reas of the Sin e-Salown es tua ry an d
the Gambia reg io n. In the Sine- Sa tourn. sm a ll fish C'i ··
10 cm ) are w ell represe n ted and m idd le siz es (1Q-Hi
cm ) are unde rr ep resented. It is the reve rse in th e
Ga mb ia River. Adults (» 185 cm ) are fou nd in differe nt ar eas . Th ese p ossib le m igr ati o ns be twe en adj acent a reas and th e possibility of a s ingle po p u latio n
s till remain hy potheses because of the h ete rogeneity
of the data available .
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Th e Casa rna nce estua ry is the th ird inla nd estuary in the regio n . It ha s a weak r u noff and inverse estu a r y condition s du ring dry y e ars .
Eihmalosa[imbriata was found in a bund an ce as far
as 218 km from the mout h, a t sa lini ties of up to
8 2 ~'o ." (A lbare t 1987). Below hh ':':,o, the abundance
and e ven the reproduction did n ot see m to be a ffec ted . Th ese o bserv a tions increase the previo usly
known limits of sa lini ty toler a nce for this species.

Coastal Estuaries: Guinea, Sierra Leone, Nigeria, and
Cameroon .- Th e Guinea and Sierra Leone coa stlines
make up H ~ ~ o f th e total a rea a nd contribute to 27%
o f the to tal ca tch. The e nviro nme nt al con d it io ns in
this area include high rainfal l and run off from s ma ll
rivers pro du cin g an estua ri zat ion effect on the
coastal ar ea (Long h urs t 1983; Ba ran 1995). Th e she lf
is broad ex cept in the so uth of Sie rra Leon e. In
Guinea, th e Q-20-m depth s tri p is between 20 a nd
90 km wi de.
In G u ine a, E. [n nb riaia is the m ain targl't species for the art isanal fisheries, which haw dev eloped rapidly during the las t 20 yea rs . Accu ra te
estimates of ca tches of E. [imbriata were made for
1989 at 26,000 metric ton s (50% o f the total ca tc h;
C hav a nce a nd Domalain 2000a) . The ma in fis h ing techn iqu es a re enci rcling net s and d rift gi ll nets
(C ha va nce and Dornalain 2000a ). The fishing areas at sea are mapped for 1995 (C h a va nce a nd
Dornalain 2000b ); they lie on the coas ta l strip a t
d e pths from a few meters to ;'1-20 m and from
ins ho re to 35- 50 km offsho re . The catches Pc! tr ip
s ho w seasonal var iat io ns rel a ted to e n viron m ental chan g e s (Fig ur e 9). A s t he dry seas on
p rog resses, th e yields of the sur rou nding nets fis hing further o ffsho re decrea se whi le the yields of
the g ill nets fishing ons ho re a re maximal. Ethmalosa
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Figure B.-Size d istr ibu tions of Ethmalo5a [unoria ta in the
Sine-Salourn- The Gam bia area.

36

CHARLES-DOMINlQUE AND ALBARET

-

250

central area near the Niger delta (Figure 10). To
the east of the delta, the freshwater discharge is
600
much smaller and the waters are more saline. Salt200
o water intrusion reaches upstream to a distance of
~500
III
Q.
over 80 km from the mouth in the Bonny River es150 r;
•
~
:s 400
/\~~
tuary where the salinities range from 10%0 to 32%0
"C
CIl
~300
(Anonymous, Nigerian Institute for Oceanography,
100 :.
...
s:
-c' unpublished abstract) and reaches 75 km in the
E 200
\'Cl
Wari River (Tetsola and Egborge 1991). Ethmalosa
50 -;:
0
100
fimbriata tends to be more abundant in the estuar"'hi hwater~
low waters
ies during the dry season from October to April.
o -+-+--,-+-'--+-=++---1---1-++=+=+-+
0
Juveniles are "definitely more abundant in rivers
J F M A M J J A SON D
and estuaries," while young spawners and adults
--.- surrounding nets {left axis)--drift gill nets (right axis)
can be found both in estuaries and a t sea (Ssentongo
Figure 9.-Abundance indices of Ethmalosafimbriata at sea et al. 1986).
At sea, E.fimbriata is rarely caught in areas with
on the Guinean coast by two fishing techniques (after
depths below 20 m and prefers warm and relatively
Chavance and Domalain 2000a). Capitalletlers are abbreviations for the months of the year, chronologically, startturbid waters. It seems less abundant in the area
ing with January.
influenced by the Niger discharge, but its actual
abundance in this area is questionable and possi[unbriata seems to concentrate or spread out de- bly underestimated due to low fishing effort.
pending on the shrinkage and expansion of estua- Kusemiju and Onadeko (1990) studied West African shad abundance at sea off Aiyetoro, Nigeria
rine waters.
Annual landings of E.fimbriata in Sierra Leone (150 km from Lagos Lagoon). Sampling was perwere estimated to be 21,500 metric tons/year in formed efficiently with a trawl at 1Q-20-m depths.
1972-1998 (FishStat 2000), about 50% of the total The authors got high catches during the dry seacatches, as was the case in Guinea. Fish are caught son and nothing during the wet season (Iuly-Noboth onshore and in the lower reaches of the riv- vember). The same gap in apparent abundance at
ers. Ethmalosa fimbriata moves up the Sierra Leone sea during the wet season has been observed at difRiver as the dry season progresses and moves down ferent places off the Nigerian coast (Marcus 1984b).
toward the sea during the wet season. The marine This author hypothesizes a migration further offfishing area of pelagic species (Sardinella spp. and shore of the larger fish during the wet season. If so,
E. fimbriata), as mapped by Marcus (1984a), is a the distribution at sea could be less coastal in Ninarrow coastal strip of 10-20 km. The local no- geria than in other areas (Guinea, etc.).
The overall landings of E. jimbriata in Nigemenclature distinguishes three size-groups: awefu,
0-12 cm FL; bonga. 12-23 cm FL; and bonji, 23-32 rian waters are uncertain, probably ranging from
cm FL (Salzen 1958).The first group was not found 30 to 60,000 metric tons; in Carneroon, the catches
at sea and was restricted to the shallow waters of are about 20,000 metric tons (Table 1),
the estuary (2-4 m). The last group was found
mostly at sea where the sizes caught ranged from Lagoon Estuaries of the Gulf of Guinea.-These large
15 to 32 cm (Salzen 1958) and rarely occurred in lagoons stretch over about 1,000 km from the Ivory
the estuary where they were restricted to depths Coast to Nigeria (Figure 11).They form two distinct
areas separated in Ghana by a string of small coastal
of over 11 m.
Bah et al. (1991) studied the reproduction in lagoons (tens of small lagoons of a few km 2 each),
The ecology and exploitation of some of these
Guinea which occurred throughout the year, and
multiple spawnings were observed within a spawn- lagoons have been comprehensively studied (see
ing season. Size at first maturity was 18-20 cm both reviews by Texier and Kapetsky 1984; Lae 1992;
Charles-Dominique 1994; Durand et al. 1994).
in Guinea and Sierra Leone (Table 2).
The hydrodynamics of the coastal lagoons is
The Nigeria-Cameroon coastline comprises
16% of the total area, and the estimated annual complex and highly variable, depending on runoff
catch is 37% of the total. Ssentongo et al. (1986) (that can be affected by dams) and the interconsynthesized the available information on the nections between the lagoon and the sea (that can
hydroclimatic conditions off the Niger delta. The undergo natural or man-made changes). The Ebrie
major discharge of the Niger River occurs in the Lagoon, Ivory Coast, has a varied set of hydrody700
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Table 2.- First maturity size (fork len gt h, cm) of Ethmalosafi/llv ria ta from differen t stud ies LSD= size at whic h 50% of the
fish sam pled wer e mature.
Firs t maturity si ze
Area

Male

Se nega l Rive r
Sine-Sa lo u rn es tua ry

16
17.5

Gam bia River
Rio Grand e d e Buba
Coast o f Gu inea
Fatala River

No t s ta ted

Es tua ry typ e No tes

So urce

17
18

Inland
Inland

Sche ffer s e t a l. (1972)
Dlou f (1996)

18.5

Inland

15
19

Wand / COilS tal
Coa s tal
LSD, maturati on
Coa s tal
s tages ~ 3
Co as ta l
Size at which 50%
o f ind ivid uals
a re mature
Lagoon
Mean size at
spa w nin g
Lagoo n
L50, matura tion
stages ~ 3
LSD, maturati on
Lagoo n
s tages ~ 3
LSO, ma tur a tio n
Lagoo n
stagcs > 3, pollu ted a rea
Lag oon
Sm a ll area ,
len gth frequen c)' of mature
fishes
Lag oon
Mean size at
spa w nin g
Size a t which
La goo n
fish are sexuall y mature
Co as ta l

Fema le

144
18

21
18-20

Sie rre Leon e River

Ebrie Lagoon

13

14

Ebrie Lagoon

12

13

Ebr ie Lagoon

115

125

Ebrie Lagoon

81

84

Ab)! Lagoon
Coast o f Gh ana

9.6

99
17

No koue Lak e
Lagos Lagoon

<10
10

14

N ige r de lta

15.5

LSO
LSD, ma tura tion
stag cs z 3
LSD

~"- _ .

"; ::-)

--

Alba ret and Gerlotto
(1976)
A lbar e t (1994)
RAP (2001)
Alba re t and CharlesDo m in iq ue (1982)
N'Co ra n Ya (1991)
Blay a nd Eye so n
(1982b)

Gr as (1958)
Fagad e a nd Olani yan
(1972)
Long h u rs t (1965)

I~"""" --

Ethmalo sa fimbriata
. . special abundan ce

lesser abundan ce

o

Sa lze n (1958)

I

I

' . ~.j. .

Sche ffers and
Co na nd (1976)
Kromer(l994)
Bah et a l. (1991)
Bara n (1995)

300 km

Figure W.- The Nigeria-Ca rneroon coas ta l estuary a rea.
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m

namic conditions: large freshwater supply and seasonally turbid waters on the east, more stable waters on the west, and an artificially enlarged inlet.
West African shad biology was studied using data
from the fisheries and experimental fishing over
several years (e.g., Gerlotto 1976, 1979). The information was reviewed by Ecoutin et al. (1994). Reproduction occurs at salinities higher than 10%0
from December to April (dry season) near the inlet. Juveniles stay in the area for 4 months after reproduction until they attain a size of 6 cm. They
then spread out in the lagoon, attaining a size of 12
cm at 9-10 months, and return subsequently for
spawning near the inlet. The size at first maturity
is close to 12-13 cm, depending on the sex. The one
exception to this was an 8.3-cm size at first maturity (the lowest for the species) for fish caught in a
polluted area of the lagoon (Table 2). It has not been
possible to state whether this resulted from nanism (slow growth) or early maturity. The second
hypothesis is preferred since the size at maturity
appears to vary much more in the species than does
size at age.
After the first spawning, occurring at about
age 1, adults (16-21 cm) are found in some parts
of the lagoon, but only occasionally; they become
extremely rare after reaching 21 cm in length (about
2 years old).
An emigration to the sea is suspected to occur
for large adults, but it has never been directly observed. Ethmalosa fimbriata occurs at sea on the
Ivory Coast but very rarely as mentioned before;

the only analyzed sample of fish caught at sea consisted of mature fish 18-30 cm in length (CharlesDominique 1994).
The Aby and Ebrie lagoon inlets are 80 km
apart, a distance smaller than the range of reported
occurrences at sea. Thus, some fish possibly move
from one lagoon to another and perhaps reach the
more remote regions of the distribution area.
The Aby Lagoon receives the runoff from two
large rivers: the Bia in the north, regulated by a
dam, and the Tanoe in the east. The surface salinity is between 0%0 and 2%0 during the wet season
and 5-10%0 in the dry season, less in the eastern
part. Ethmalosa fimbriata is abundant only in the
more stable and saline western part of the lagoon
and absent in the totally freshwater eastern end.
A systematic survey of the fisheries of this lagoon has been carried out for the period 1979-1990
(Charles-Dominique 1994). The whole lagoon area
was fished from the shallow banks near the shore
to the central basin using different fishing methods with known selectivity.
Reproduction occurred essentially from February to May when the salinities were high (510%0; N'Goran Ya 1991). The smaller juveniles «9
cm) stay in the shallow areas and creeks during
the first months of their life. Preadults and adults
from 10 to 16 cm remain abundant throughout
the year in the western part of the lagoon. Adults
larger than 20 cm leave the lagoon during the wet
season (june-November) and come back during
the dry season.
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Size at first maturity was low (9.6cm for males
and 9.9 cm for females). During the first months of
their life, the juveniles stay out of reach of fishing
gear in very shallow waters. Afterwards they
spread out in the western part of the lagoon, avoiding the shore area during the flood season.
An analysis of size distribution clearly shows
a regular emigration of small numbers of big fish
from the Aby Lagoon (19-30 cm). It coincides with
the flood around June 15. A return migration into
the lagoon is observed at a period around November 15 when flood waters and turbidity begin to
decrease but salinities are still very low.
It is worth noting that emigrating fish find
upwelling conditions at sea from July to September (i.e., good trophic conditions and also cooler
waters of 20-21 DC). In Sine-Salourn, as already
mentioned, upwelling occurs during the dry season, and fish penetrating into estuaries seem to be
avoiding the cooler waters (16-17°C). The supposed preference of E. fimbriata for warm waters is
unclear and will need to be re-examined in different areas for different size-groups.
The Lagos Lagoon is a small part of a large
web of lagoons (Figure 11, H-J). Fagade and
Olaniyan (1972) found that the salinity in the lagoon varied seasonally from near 0%0 to 20%0 and
that turbidity varied according to the same seasonal
pattern. West African shad reproduction occurred
from January to May in waters with salinities
greater than 10%0. Size at first maturity was 10 cm
for males and 14 cm for females, close to the observations in the Ebrie Lagoon. The other features of
the life cycle were similar between this study and
those of the Ivory Coast lagoons. Different behavior patterns were observed between the three sizegroups, the very young fish staying in shallow
waters near the shore during the first months of
their life, intermediate-sized fish inhabiting the lagoon throughout the year, and the larger fish leaving the lagoon during the flood, exactly as in the
Aby Lagoon.

Opening of Inlets.- The variable opening of inlets
can change lagoonal hydrodynamics markedly and
may be followed by the colonization of estuarine
species. In the eastern sector of the Ebrie Lagoon,
which has the lowest salinity, E.fimbriata were rare
or absent before an artificial inlet was opened in
1987. The salinity increased markedly and E.
fimbriata rapidly became very abundant (Albaret
and Ecoutin 1989), probably due to the migration
of the resident lagoon population. Other cases of
rapid recolonization of water bodies after salt intrusion have been reported. The Aby Lagoon was
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mostly freshwater before a natural opening in the
bar in 1942; the actual population of E. fimbriata
would have colonized at this time (Charles-Dominique 1994:105). Togo Lake had an irregular inlet
that opened and closed; its fishing communities
thus changed accordingly, for example, after the
1988 opening (Lae 1992).
Atypical Distribution Areas and Margins of the
Distribution Area

In these areas, the estuarine conditions can differ

from the three types already presented. No important concentrations of E.fimbriata have been found.

Guinea-Bissau.-This country has a very large network of indented estuaries, receiving little freshwater runoff. The salinity rarely falls below 20%0
(Kromer 1994). This environment does not appear
unfavorable to E.fimbriata; for some unknown reason, the species is not very abundant and is secondary in the catches. It was, however, relatively
abundant in the Rio Buba in the catches of the minor artisanal fisheries nearby, and reported from
the Bijagos Islands, mostly during the wet season
(Lafrance 1992, cited in Kromer 1994).
Liberia.-Despite favorable climatic (freshwater
supplies) and oceanographic (stable tropical waters) conditions comparable to those of Guinea and
Sierra Leone, E. fimbriata is rare in Liberia. No specialized artisanal fishery exists for the species, and
annual landings of E. fimbriata are only a few tens
of metric tons (Table 1). Further information will
be necessary to assess the habitats of E. fimbria ta,
which are possibly restricted by the coastal morphology (straight coast with few coastal lagoons
and estuaries; narrow shelf).
Ghana.-The coast of Ghana is edged with numerous very small lagoons receiving moderate freshwater runoff. Eihmalosa fimbriata has been reported
and studied from a small estuary near the Cape
Coast and nearby at sea by Blay and Eyeson (1982a,
1982b); however, these authors gave no indication
of the species distribution and abundance elsewhere in Ghana. According to the fisheries data
(Table 1), 920 metric tons have been caught at sea
in Ghana where the maritime artisanal fisheries are
among the most developed of West Africa. These
quantities are important with regard to the scarcity of the species at sea from the Ivory Coast to
Benin but are possibly inaccurate.
Atypical conditions are also found in the northern and southern limits of the distribution area. South
of Gabon (4°S), the rainfall decreases sharply
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(Nicholson 2000) from 1,500 to 3-400 mm/year at 8.3 to 18.5 cm depending on the area. First matuthe southernmost recorded occurrence of Efimbriata rity and spawning always occur during the inter(12°5 in Angola; Poll 1953). The inland estuaries mediate ecophase in those environments with
are limited in this region (see Daget and Stauch higher variability.
Fecundity was estimated to be 300-500 001968, for Congo). Despite its considerable runoff,
the Congo River does not appear to have a marked cytes/g ripe female (Fagade and Olaniyan 1972;
effect on the coastal estuarization due to its hydro- Albaret and Gerlotto 1976)but about 200 oocytes/g
dynamic pattern; the primary production in the by Blay and Eyeson (1982b). Because multiple
plume is low (Cadee 1979),and the salinity at the within-season spawning can occur for individuals
coast remains high (it rarely falls below 30%0 near (Bah et al. 1991), the annual fecundity is probably
the coast of the Congo). Ethmalosa fimbriata occurs higher than these instantaneous measurements.
in the small estuaries of the Congo but is found
mainly at sea. All size-classes from 3 to 30 cm are Growth
caught at sea by different fishing methods (Gobert The maximum size for the species was recorded
1985). The annual landings of E. fimbriata in the by Postel (1950) in the Sine-Saloum estuary (total
length = 47 cm, FL = 38.5 cm, weight = 1,150 g);
Congo are 300 metric tons (fable 1).
Further south, E. fimbriata is found on the Cadenat (1950) found ripe females at Saint-Louis,
seagrass beds of the Mussulo Lagoon (9°S;Costa et Senegal, measuring 46 cm FL and weighing 1 kg.
al. 2002). The climate is arid (340 mm/year), and The information available on growth is reported
the salinity is steady at 39%0 throughout the year. in Figure 13.
The nine growth studies available were split
The abundance is very low, only 0.7% of the total
number of fish caught. However, E.fimbriata seems into two groups, one of six upper estimates and
not rare at sea in Angola, since 1,759 metric tons one of three distinctly lower estimates. The obserwere reported from the small-scale fishery catches vations in the first group come from different types
of estuaries and different geographical areas and
(Freon et al. 2000).
The northernmost significant concentration of
E. fimbriata seems to be that of Banc d'Arguin,
Mauritania (200N latitude; Hatti and Worms 1998),
--~
'1"1
FL4·7 cm (age O-O.S year)
situated in the most arid environment of the distriI
bution area (100-200 mm/year rainfall). As noted
7·20 cm
~..,Year)~' ,
before, this area was an estuary in an earlier pe•
,
,
,
,
,
,
,
I
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, , , , I
riod and preserves some traces of it, for example,
20·3S cm
: :
the presence of estuarine species of invertebrates
(Le Loeuff 1999). This limited information on the
o 10 20 30 40 50 60 70 80 90
distribution of E. fimbriata suggests that there are
salinity (mg/L)
only small concentrations of the species in these
DCcurrence ~maturation ~ spawning
arid areas where estuarine waters are quite absent.
first maturity size
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Reproduction and Ecophases

The sexes are well differentiated in E, [imbriata,
and observations of increasing proportions of females with size are not attributable to sex inversion (Albaret 1999). As already stated, reproduction takes place both inland and at sea, with a
very large tolerance to variations in salinity, from
fresh to hyperhaline. The tolerance range is wider
for maturation than for spawning and larval development; the latter two occur in a narrower
environmental window, excluding freshwater and
very high salinities. Figure 12summarizes the ecological features observed for the three ecophases
from all the case studies and also reported by traditional ecological knowledge. Size at first maturity is highly variable for the species, ranging from
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Figure 12.-Summary of ecophases in Ethmalasa jimbriata
(above) and their variability in different areas (below). FL
=fork length; TEK =Traditional EcologicalKnowledge confirmations.
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maximum size, 38.5 cm; weight,1,150 g (PosteI1950)
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Figure 13.--Growth curves and observations of Ethmalosa fimbriate from locations
in Nigeria (Longhurst 1965, heavier dotted line) and other nearby countries, including Lagos Lagoon, Nigeria (Fagade and Olaniyan 1972, solid squares); Ebrie
Lagoon, Ivory Coast (Gerlotto 1976, solid line; Ecoutin et al. 1994, solid circles);
Senegal River, north Senegal (Scheffers 1973,plus signs); Aby Lagoon, Ivory Coast
(Charles-Dominique 1994, open squares); Niger delta, Nigeria (Essen 1995, long
dashes; east of the delta, Moses 1988, dashed line); and locations in Sierre Leone
(Showers 1996,dotted line).

were made using different methods. A similar
growth pattern thus appears for at least a majority
of the studies. Contrary to the opinion of some authors, there is no evidence of larger sizes of E.
[imbriata in the northern part of the distribution
area. Insufficient information is available to assess
the status of the three lower estimates. With that
exception, growth is much less variable than size
at first maturity. This argues for the possibility of
precocious reproduction (with little variations of
growth) rather than nanism (marked variation of
growth) in populations where first maturity occurs
at smaller sizes.
It is likely that differential growth exists between the sexes, as sexual differences were noticed in size at first maturity and in most of the
size distributions (males being smaller). It is important that sex should thus be determined in any
subsequent growth studies. Species longevity is
probably 4-5 years.
Food and Feeding Habits

Ethmalosa fimbriata is planktivorous, and its diet
changes from zooplankton feeding in young fish
to a more microphagous diet (with more phytoplankton) in adults (see summary of diet in Blay
and Eyeson 1982a; Charles-Dominique 1982;
Lazzaro 1987; Ikomi 1992; Adite and Winemiller

1997). Fagade and Olaniyan (1972) observed that
gill filtration of E. fimbriata changes as the fish
grows. They concluded that the gill filter mesh size
diminished, explaining the change in diet. A study
from the Ebrie Lagoon, however, refutes this reduction in gill filter mesh size. The changes in diet
could also be due to food availability because the
species is an opportunistic feeder (Charles-Dominique 1982).
Lazzaro (1987) considered E. fimoriata a passive plankton filter feeder. This result fits with observations of fishing yields in the Aby Lagoon purse
seine fishery: higher when the fish is feeding and
more vulnerable (Charles-Dominique 1994); high
yields were obtained in low-light conditions (night,
no moonlight, maximal turbidity), indicating a
probable passive feeding behavior in the species.
However, high yields were also observed in
brighter conditions (moonlight), and E. jimbriata
may also feed Visually.
The fine filtering mechanism of E. fimbriata
could fill with suspended material carried by turbid waters, and this may explain the avoidance of
such waters, particularly by bigger fish. In the Ebrie
Lagoon, yields decreased sharply in a sector swept
by floods, but there was no decrease in a more
stable, though lower salinity, sector (Charles-Dominique 1982).
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due to its easy accessibility to both offshore and
The population dynamics of E. fimbriata are rela- inland water fisheries and also its abundance and
tively unknown as few time series of catch and ef- eating qualities. The coastal estuaries, with their
fort exist. Some comparisons of abundance can, sheltered and rich environments (mangrove forest,
however, be made between areas (see mean salt marshes, etc.) have been among the most ancatches/ha in Table 1). In the Ebrie Lagoon, the cient human settlement areas (Cormier-Salem
catch of E. fimbriata made up 33% of the total fish 1999). In the 1950s, E. fimbriata was the most comcaught (Lae 1992). The year-to-year variability was monly exploited clupeid fish. Cadenat (1950) wrote
high, ranging from 1-7. In the Aby Lagoon, the that" Ethmalosa fimbriata ... is by far the most abunproportion was 70% in 1986 (Charles-Dominique dant clupeid along the West African coast," infer1994), and the year-to-year variability of catch of ring the abundance of the species from fisheries
E.fimbriata varied from 1 to 7.8.In the Grand-Lahou landings at that time (Sardinella spp. are actually
Lagoon, abundance of E. fimbriaia was only 9% of the major clupeid species.).
Ethmalosa fimbriata is essentially exploited by
the total catch as estimated by using the set gill nets
artisanal
fisheries. These fisheries are made up of
catch per unit effort. In Togo Lake, catches of E.
numerous
family or community-based exploitation
fimbriata were 2.4% of the total in 1983-1984 (23
units,
where
fishing is often shared with other acmetric tons out of 960 total metric tons; Lae 1992).
These rank differences among communities are not tivities (agriculture, trade, fish processing, etc.).
well understood. They seem to be less related to Although artisanal, these fisheries are intensive and
salinities than to some kind of instability of the operate often on a large spatial scale due to the
waters (Crand-Lahou Lagoon receiving the larg- migrations of fishermen. They have been developest amount of river water and having the smallest ing at a rapid rate since the 1950s, faster than the
volume, Aby Lagoon having more stable waters). industrial fisheries, notwithstanding the stagnation
The gear type or mesh size used in the different or recession of the global economy (Chaboud and
Charles-Dominique 1991; Chauveau et al. 2000).
regions may also explain these differences.
Moses (2001) found no correlation between the According to FishStat (2000) the catches of 175,000
annual catch of E. fimbriata and either the rainfall metric tons of E. fimbriata caught today are twice
or the flood index in a large area of southeastern what they were 30 years ago.
In most countries, fish are processed near the
Nigeria, where peak recruitment occurred in both
landing
sites, usually smoked, and marketed lowet and dry years. This confirms the adaptability
cally,but
sometimes also at a distance from the fishof the species in general and the resilience of large
ing
areas
(from Senegal to Guinea, for instance).
populations within these highly variable estuarine
Eihmalosa fimbriata is much appreciated locally as
environments.
The hydroclimatic parameters can neverthe- an important low-cost food but not so much outless affect the population sizes in some critical situ- side these areas.
The principal fishing techniques for E.fimbriata
ations. The year-to-year variations of West African
are
encircling
gill nets (mesh sizes 36-40 mm), drift
shad population size in the Aby Lagoon were anaIyzed for a period of 11 years (Charies-Dominique gill nets (sometimes used alternatively as drift and
1994).The annual catches varied from 1,200to 9,500 encircling nets), set gill nets (Senegalese coast),
metric tons (1979-1990,except 1981).Fishing effort beach seines (Ivory Coast lagoons, etc.), surroundvaried from 1 to 4, explaining only a limited part ing nets (Guinea, Cameroon), and purse seines
of the variability. A further explanation was looked (Senegal; accessory target). The fisheries are genfor within the environmental conditions during the erally selective, due to either the mesh size (gill nets)
critical spawning season (February-April), a dam or the differential accessibility of ecophases.
upstream releasing large quantities of water during this period. The runoff during this time varied
Hi/sa kelee
from 1 to 3.6 and was used as a variable in a Pella
and Tomlinson model using both the fishing effort Hilsa kelee (Figure 14) has the largest distribution in
and a climatic variable (Freon 1991). The model the subfamily Alosinae by far. Globally, its importance for fisheries is not negligible and is compaexplained 86% of the variance.
rable to that of Ethmalosa fimbriata. Nevertheless, the
Fishing and Cultural Importance
literature available is limited and no synthesis exists
Eihmalosafimbriata is one of the most exploited West for the species. Thus, this section is a first attempt to
African fishes. It has been exploited for many years synthesize the available information. Whitehead
Population Dynamics
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nile H. kelee spend their first months in the lake.
On the eastern coast of Madagascar, Amanieu and
Lasserre (1982) reported that H. kelee were found
only near the inlets of lagoons in relatively small
numbers (0.5-4.5% of the sampled biomass). Their
mean weight was 16 g to 47 g (10.8 cm and 14.7
cm). At sea, H. kelee apparently do not form large
schools (Whitehead 1985).
Figure 14.-Hilsa kelee (Cuvier, 1829). From Whitehead
(1985).

(1985) gives the diagnostic features for the species,
which make reference to most authors.
Distribution and Fisheries

Spawning

Spawning usually occurs at sea, although running.ripe specimens have been recorded in the Durban
Bay estuary (Wallace 1975).In Maputo Bay,spawning takes place mainly during October-January,
with a peak in December. There is also some evidence that spawning takes place during June-July
(Gjosaeter and Sousa 1983). After spawning, juveniles remain in the lower parts of estuaries for 2-3
months before returning to sea.

Hilsa kelee is probably present all along the coasts
of the Indian Ocean and on the West Pacific coasts
(27°N to 35°S, 21°E to 155°E) and occurs occasionally in some other areas (Oman Sea, Somalia). The Food
Food and Agriculture Organization of the United
In the Godavari estuary, India, H. kelee feeds chiefly
Nations (FAO) landing statistics (1992-1998) give
on phytoplankton (mainly diatoms and dinoflagela total of 100,000 metric tons/year taken solely by
lates) but also on copepods, molluscan and crustaIndia. The details of the catch by area are 43,000
cean larvae, prawns, amphipods, and polychaetes
metric tons from the Bay of Bengal, Indian Ocean,
. (Whitehead 1985; quoting Babu Rao 1964). Caddy
and only 3,300 metric tons from the West Pacific
and Garibaldi (2000) consider that the species
coast, other catches (46,000 metric tons) being reshould, however, be classified as an herbivore beported from continental waters.
cause of its numerous and fine gill rakers (van der
No catches of H. kelee are reported by the FAO
Elst 1988).
for Africa, although the species is locally abundant
on the eastern coast of Africa, particularly in Growth
Mozambique. For instance, Sousa (1987) describes
Growth has been estimated from reading otoliths
the gill net fishery for H. kelee as an important one
and size-frequency distributions (Gjosaeter and
in Maputo Bay, south Mozambique. The total
Sousa 1983; Gjosaeter et al. 1984; Sousa and
catches in the bay were estimated at 4,600 metric
Gjosaeter 1987).
tons in 1986.Thousands of fishermen work in hunThe von Bertalanffy growth curve parameters
dreds of fishing centers in the country, where pe- (quoted in FishBase; Froese and Pauly 2001) are:
lagic fish species are abundant. The main fishing L = 17.7 cm, K = 1.100, and to = -0.44 (Figure 15).
inf
techniques used are beach seines, gill nets, and
Some other growth data can be compared with
handlines. The artisanal fisheries of Mozambique this equation. According to van der Elst (1988), the
have just begun to be studied; in the Zambezia prov- sexual maturity is attained after 1 year, at a size of
ince (Baloi et al. 1999), H. kelee showed strong 12.3 cm (Figure 15). Blaber (1979)gives an estimate
spatio-temporal variations, reaching 30-60% of the of juvenile sizes at age. He found juveniles of 4.1
catches in some months and places.
cm during February 1978in the St-Lucia Lake; they
grew approximately 10 mm per month to reach a
Life History
length of 11.3 cm by August 1978. These data are
Hilsa kelee is a marine pelagic species entering es- reported in Figure 15. The maximum recorded
tuaries. According to Whitfield (1996), kelee shad length is 25.0cm (SL = 24.4cm in Whitehead [1985]).
inhabits the deepest areas of estuaries with salini- Froese and Pauly (2001) give a larger maximum
ties ranging from 3%0 to 35%0. It was studied in size of 28.8 cm (conversion relationship between
Lake St-Lucia, South Africa, a large and shallow sizes given in FishBase; Froese and Pauly 2001).
lake with varying salinity (1-35%0) and only a narA rough fit taking into account these other data
row connection with the sea (Blaber 1979). [uve- (Lin! = 24 cm, K = 0.75, to = 0; dotted line) is made in
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Figure 15.--Growth curves and observations in Hilsa kelee.

Figure 15. It shows that large discrepancies persist
among the growth estimations.

Acknowledgments
We thank the Hudson River Foundation and Karin
Limburg for having proposed the subject of this
synthesis; Pierre Freon, Jean-Dominique Durand,
and two anonymous reviewers for their very helpful comments and suggestions; and Christine
Aprahamian who helped with the English and
grammar.

References
Adite, A., and K. O. Winemiller. 1997. Trophic ecology
and ecomorphology of fish assemblages in coastal
lakes of Benin, West Africa. Ecoscience 4:6-23.
Albaret, J.-J. 1987. Les peuplements de poissons de
la Casamance (Senegal) en pertode de
secheresse. Revue d'Hydrobiologie Tropicale
20:291-310.
Albaret, J.-J. 1994. Les poissons. Biologie et
peuplements. Pages 239-279 in J.-R. Durand, P.
Dufour, D. Guiral, and S. G. F. Zabi, editors.
Environnement et ressources aquatiques de Coted'Ivoire. Tome II-Les milieux lagunaires. Institut
Francais de Recherche Scientifique pour le
Developpement en Cooperation, Paris.
Albaret, J.-J. 1999. Les peuplements des estuaires et
des lagunes. Pages 325-350 in C. Leveque and D.
Paugy, editors. Les poissons des eaux
continentales africaines. Diversite, ecolcgie,
utilisation par l'hornme. Institut de Recherche
pour le Developpernent, Paris.
Albaret, J.-J.,and E. Charles-Dominique. 1982. Observation d'une taille a la premiere maturation
sexuelle exceptionnellement faible chez Eihmalosa
[imbriata Bowdich dans une baie polluee de la
lagune Ebrie (Cote. d'Ivoire). Documents

Scientifiques du Centre de Recherches
Oceanographiques d' Abidjan 13:23-31.
Albaret, J.-J., and J.-M. Ecoutin. 1989. Communication mer-Iagune : impact d'une reouverture sur
l'ichtyofaune de la lagune Ebrie (Cote d'Ivoire).
Revue d'Hydrobiologie Tropicale 22:71-81.
Albaret, J.-J.. and F. Gerlotto. 1976. Biologie de
l'ethmalose iEthmalosaftmbriata Bowdich) en Cote
d'Ivoire : 1. Description de la reproduction et des
premiers stades larvaires. Documents
Scientifiques du Centre de Recherches
Oceanographiques d'Abidjan 7:113-133.
Amanieu, M., and G. Lasserre. 1982. Organisation et
evolution des peuplements lagunaires.
Oceanologica Acta Special Issue 5(4):201-213.
Babu Rao, M. 1964. Some observations on the biology of Hilsa kanagurta (Bleeker) (Fam: Clupeidae).
Ichthyologica (Kanpur) 3:63-76.
Bagliniere, J.-L., and P. Elie, editors. 2000. Les Aloses
(Alosa alosa et Alosa fallax spp.): ecobiologie et
variabilite des populations. INRA-CEMAGREF,
Paris.
Bah, A., F. Conand, and C. Deniel. 1991. Biologie de
la reproduction de l'ethmalose en Cuinee. Documents Scientifiques du Centre de Recherches
Halieutiques de Boussoura, Cuinee 14:1-28.
Baloi, A. P., N. B. Sulemane, R. van der Elst, A.
Govender, and Z. Masquine. 1999. The beach
seine fisheries of the coastal zone of the Zambezi
province. A general overview. Instituto de
Investigacao Pesqueria, Maputo, Mozambique.
Baran, E. 1995. Dynamique spatio-temporelle des
peuplements de poissons estuariens en Cuinee.
Relation avec le milieu abiotique. Travaux et Documents Microedites, volume 142. lnstitut Francais
de Recherche Scientifique pour le Developpernent
en Cooperation, Paris.
Baran, E. 2000. Role des estuaires vis-a-vis de la
ressource halieutique cotiere en Cuinee. Pages
137-158 in F. Domain, P.Chavance, and A. Diallo,
editors. La peche cotiere en Cuinee: ressources

AFRICAN SHADS, WITH EMPHASIS ON THE WEST AFRICAN SHAD ETHMALOSA FlMBR1ATA

et exploitation. Institut de Recherche pour le
Developpement, Paris.
Blaber, S. I. M. 1979. The biology of filter feeding
teleosts in Lake St Lucia, Zululand. [ournal of Fish
Biology 15:37-59.
Blanc, A. 1948. Quelques observations sur la migration des clupeides dans le secteur de la petite cote
(Senegal), Bulletin d'Information et de Documentation des Services de L'Elevage et des Industries Animales de L'AOF 1:45--47.
Blanc, A. 1951. La peche du cobo iEthmalosa fimbriata
Bowdich) sur la petite cote du Senegal. Bulletin
d'Information et de Documentation des Services
de L'Elevage et des Industries Animales de
L' AOF 4:31-38.
Blay, J., [r., and K. N. Eyeson. 1982a. Feeding activity
and food habits of the shad, Ethmalosa [imbriata
(Bowdich), in the coastal waters of Cape Coast,
Ghana. journal of Fish Biology 21:403--410.
Blay, I., jr, and K. N. Eyeson. 1982b. Observations
on the reproductive biology of the shad,
Ethmalosa fimbriate (Bowdich). in the coastal waters of Cape Coast, Ghana. journal of Fish Biology 21:485--496.
Bousso, T. 1996. La peche artisanale dans l'estuaire du
Sine-Saloum (Senegal). Approches typologiques
des systernes d'exploitation. Doctoral dissertation.
Universite Montpellier IT, Montpellier, France.
Caddy, I. F., and L. Garibaldi. 2000. Apparent
changes in the trophic composition of world marine harvests: the perspective from the FAO capture database. Ocean and Coastal Management
43:615-655.
Cadee, G. C. 1979.Primary production and chlorophyll
in the Zaire River, estuary and plume. Netherlands journal of Sea Research 12:368-381.
Cadenat, I. 1950. Poissons de mer du Senegal. Initiations afr icaines, volume 3. Institut Francais
d' Afrique Noire, Dakar, Senegal,
Chaboud, c., and E. Charles-Dominique. 1991.
Synthese Afrique de l'Ouest. Pages 99-142 in I.R. Durand, I. Lemoalle, and J. Weber, editors. La
Recherche face a la peche artisanale. Institut
Francais de Recherche Scientifique pour le
Developpernent en Cooperation, Paris.
Charles-Dominique, E. 1982. Expose synoptique des
donnees biologiquessur l'ethrnalose (Ethmalosa
fimbriata
S.
Bowdich,
1825).
Revue
d'Hydrobiologie Tropicale 15:373-397.
Charles-Dominique, E. 1994. L'exploitation de la
lagune Aby (Cote d'Ivoire) par la peche artisanale:
dynamique des ressources, de l'exploitation et des
pecher ies. Institut Fr ancais de Recherche
Scientifique pour le Developpernent en
Cooperation, Paris.
Chauveau, I.-P., E. [ul-Larsen, and C. Chaboud. 2000.
Les peches piroguieres en Afrique de l'Ouest.
Dynamiques institutionnelles : pouvoirs,
mobilites, marches. Karthala, Chr. Michelsen In-

45

stitute, Institut de Recherche pour le
Developpement, Paris.
Chavance, P., and G. Domalain. 2000a. La peche
artisanale: histoire, structure, fonctionnement et
dynamique. 4. Notes sur les captures et les efforts de la peche artisanale maritime. Pages 277293 in F. Domain, P. Chavance, and A. Diallo,
editors. La peche cotiere en Guinee: ressources
et exploitation. Institut de Recherche pour le
Developpement, Paris.
Chavance, P., and G. Domalain. 2000b. La peche
artisanale : his toire, structure, fonctionnement et
dynamique. 5. Traits caracteristiques et evolution
recente de la peche artisanale. Pages 295-312 in
F. Domain, P. Chavance, and A. Diallo, editors.
La peche cotiere en Cuinee: ressources et exploitation. Institut de Recherche pour le
Developpernent, Paris.
Colin, c.. Y. Gallardo, R. Chuchla, and S. Cissoko.
1993.
Environnements
c1imatique
et
oceanographique sur le plateau continental de
Cote-d'Ivoire. Pages 75-110 in P. Le Loeuff, E.
Marchal, and I. B. Amon Kothias, editors.
Environnement et ressources aquatiques de Coted'Ivoire, tome I. Le milieu marin. Institut Francais
de Recherche Scientifique pour le Developpernent
en Cooperation, Paris
Cormier-Salern, M.-C. 1999. Rivieres du Sud. Societes
et mangroves ouest-africaines du Senegal a la Sierra-Leone. Institut de Recherche pour le
Developpernent, Paris.
Costa, M. I., c. I. Santos, and H. N. Cabral. 2002. Comparative analysis of a temperate and tropical
seagrass bed fish assemblages in two estuarine
systems: the Mira Estuary (Portugal) and the
Mussulo Lagoon (Angola). Cahiers de Biologie
Marine 43:73-81.
CRODT (Centre de Recherche Oceanographique de
Dakar-Thiaroye). 1994. Fisheries database, 19821993. CRODT, Dakar, Senegal.
Daget, L and A. Stauch. 1968. Poissons d'eaux douces
et saumatres de la region cotiere du Congo. Cahiers
O.R.5.T.O.M. Serie Hydrobiologie 68(2):21-50.
Diadhiou, H., F. Bastie, and S. Niang. 1986. La pecherie
artisanale de poisson en Casamance. In L. Le
Reste, A. Fontana, and A. Samba, editors.
L'estuaire de la Casamance: environnement,
peche, socio-economie. Serninaire Institut de
Recherches Agricoles sur la Peche Artisanale en
Casarnance.Institut de Recherches Agricoles and
Centre de Recherches Oceanographiques de
Dakar-Thiaroye, Dakar, senegal.
Diouf, P. S. 1996. Les peuplements de poissons des
milieux estuariens de I' Afrique de I'Ouest:
I'exemple de I'estuaire hyperhalin du SineSaloum. Travaux et Documents Microedites,
Institut Francais de Recherche Scientifique pour
le Developpement en Cooperation, Paris.
Durand, I.-R., P. Dufour, D. Guiral, and S. G. F. Zabi,
editors. 1994. Environnement et ressources

46

CHARLES-DOMINIQUE AND ALBARET

aquatiques de Cote-d'Ivoire, tome II-les milieux
lagunaires. Institut Francais de Recherche
Scientifique pour le Developpernent en
Cooperation, Paris.
Ecoutin, J.-M., J.-R. Durand, R. Lae, and J.-P. Hie
Dare. 1994. L'exploitation des stocks. Pages 399444 ill J.-R. Durand, P. Dufour, D. Guiral, and S.
G. F. Zabi, editors. Environnement et ressources
aquatiques de Cote-d'Ivoire, tome II-Les milieux
lagunaires. Office de la Recherche Scientifique et
Technique Outre-Mer, Paris.
Essen, A. A. 1995. Aspects of the biology and production economics of the Nigerian bonga fishery
Ethmalosa [imbriaia (Bowdich 1825) (Pisces:
Clupeidoes east of the Niger Delta. Master's thesis. University of Uyo, Uyo, Nigeria.
Fagade, S. 0., and C. I. O. Olaniyan. 1972. The biology
of the West African shad Ethmalosa [imbriata
(Bowdich) in the Lagos Lagoon, Nigeria. Journal
of Fish Biology 4:519-533.
Faggianelli, D. J., and E. Faggianelli. 1984. La peche
maritime artisanale au Togo: caracteristiques
generales et resultats statistiques pour la saison
1983-1984. Institut francais de la recherche
scientifique pour le developpernent en
cooperation, Paris.
FishStat. 2000. FishStat plus. Universal software for
fishery statistical time series. FAO Fisheries Department, Fishery Information, Data and Statistics Unit, Rome.
Freon, P. 1979. Relations "tailles-poids," facteurs de
condition et indices de maturite sexuelle: rappels
bibliographiques, interpretations, remarques et
applications. Pages 144-171 in Institut de
Recherches Agricoles and Office de la Recherche
Scientifique et Technique Outre-Mer, editors. La
reproduction des especes exploitees dans le Golfe
de Cuinee: rapport du groupe de travail ISRAORSTOM. Documents Scientifiques du Centre de
Recherches Oceanographiques de DakarThiaroye, Dakar, Senegal.
Freon, P. 1991. L'introduction d'une variable
climatique dans les modeles globaux de production. Pages 395-424 in P. Cury and C. Roy, editors. Pecheries Ouest-Africaines. Variabilite.
instabilite et changement. Institut Francais de Recherche Scientifique pour le Developpernent en
Cooperation, Paris.
Freon, P.,J. d. D. Doumambila-Bantsantsa, R. Mbokou,
L. Maloueki, and A. M. De Sousa. 2000. Ethmalosa
fimbriata. FAO Fisheries Report 618:146--147.
Freon, P., B. Stequert, J. Chabanne, and T. Boely, 1978.
Les poissons pelagiques cotiers au Senegal: recueil
des statistiques de la peche artisanale aux filets
mailIants encerclants it Mbour (1972-1973). Archives Scientifiques du Centre de Recherches
Oceanographiques de Dakar-Thiaroye 62:1--45.
Froese, R., and D. Pauly, editors. 2001. FishBase. Available: urunujishbase.org. (May 2003.)

Gerlotto, F. 1976. Biologie de Ethmalosa fimbriata
(Bowdich) en Cote d Tvoire. II. Etude de la
croissance en lagune par la methode de Petersen.
Documents Scientifiques du Centre de Recherches
Oceanographiques d'Abidjan 7:1-27.
Cerlotto, F. 1979. Biologie de Eihmalosa fimbriata
(Bowdich) en Cote d'Ivoire, Ill. Etude des migrations en Lagune Ebrie. Documents
Scientifiques du Centre de Recherches
Oceanographiques d'Abidjan 10:3--41.
Cjosaeter, J., P. Dayaratne, O. A. Bergstad, H.
Gjoesaeter, M. I. Sousa, and I. M. Beck. 1984. Ageing tropical fish by growth rings in the otoliths.
FAO Fisheries Circular 776:1-54.
Gjosaeter, J.,and M. I. Sousa. 1983. Reproduction, age
and growth of the kelee shad, Hi/sa kelee (Cuvier;
1829) (Pisces: Fam Ciupeidaei with information on
its fishery in Maputo Bay, Mozambique. Revista
de Investigaciones Pesqueras, Maputo 8:53-80.
Cobert, B. 1985. La peche artisanale maritime au
Congo. 1: description et analyse des types
dexploitation. 2: socio-econornie de la peche
artisanale. Documents scientifiques du centre de
Pointe-Noire O.R.S.T.o.M. 65:1-60.
Courene, A. B., L. Pouyaud, and J. F. Agnese. 1993.
Importance de certaines caracteristiques
biologiques dans la structuration genetique des
especes de poissons: le cas de Ethmalosa fimbriata
et Sarotherodon melanotheron. Journal Ivoirien de
Limnologie 2:55-60.
Gras, R. 1958. La peche des ethmaloses dans le lac
Nokoue. Notes et documents sur la peche et la
pisciculture, serie D. R.Centre Technique Forestier
Tropical, Nogent sur Marne, France.
Hatti, G., and J. Worms. 1998. Mauritanie: le Parc National du Banc d' Arguin (PNBA). Bulletin de la
Communaute Europeenne Cooperation Peche
1:8-11.
Ikorn i, R. B. 1992. Observa tions on the bonga
(Ethmalosa fimbriata, Bowdich, 1825) in Kulama
Creek (Niger Delta, Nigeria). Acta Hydrobiologica
34:335--344.
Krorner, J.-L. 1994. Rio Grande de Buba: bio-ecologie
et pararnetres environnementaux. World Conservation Union, Ministry of Fisheries, Bissau,
Guinea-Bissau.
Kusemiju, K., and C. A. Onadeko. 1990. The seasonal
occurrence and bionomics of the bonga, Ethmalosa
fimbriata (Bowdich) off Aiyetoro Coast, Nigeria.
Fisheries Research 8:247-251.
Lae, R. 1992. Les pecheries artisanales lagunaires ouestafricaines: echantillonnage et dynamique de la
ressource et de l'exploitation. Institut Prancais de
Recherche Scientifique pour le Developpement en
Cooperation, Paris.
Lafrance, S., 1992. Resultats du suivi des
debar quements des pi rogues pechant dans
I'archipel des Bijagos. [Results of the follow up
on canoe landings in the Bijagos Archipelago.]

AFRICAN SHADS, WITH EMPHASIS ON rns WEST AFRICAN SHAD
Documentos Cientific Centro de lnvestigacao
Pesqueira Aplicada (CWA), Bissau, Guinea-Bissau.
(Not seen; cited in Kromer 1994.)
Lazzaro, X. 1987. A review of planktivorous fishes:
their evolution, feeding behaviours, selectivities
and impacts. Hydrobiologia 146:97-167.
Le Loeuff, P. 1999. La macrofaune dinvertebres
benthiques des ecosystemes a salinite variable le
long des cotes atlantiques de I'Afrique tropicale;
variations de la biodiversite en relation avec les
conditions cIimatiques actuelles (precipitations)
et I'histoire cIimatique regionale. Zoosystema
21:557-571.
Le Loeuff, P.,and R. von Cosel. 1998. Biodiversity patterns of the marine benthic fauna on the Atlantic
coast of tropical Africa in relation to hydrocIimatic
conditions and paleogeographic events. Acta
Oecologica 19:309-321.
Lesack, L. F. W. 1986. Estimates of catch and potential
yield for the riverine artisanal fishery in The
Gambia, West Africa. Journal of Fish Biology
28:679-700.
Leveque, C, and D. Paugy, editors. 1999. Les poissons
des eaux continentales africaines. Diversite,
ecologie, utilisation par I'homme. Institut de Recherche pour le Developpernent, Paris.
Longhurst, A. R. 1963. The bionomics of the fisheries
resources of the Eastern tropical Atlantic. Colonial Office, London.
Longhurst, A. R. 1965. A survey of the fishery resources of the eastern Gulf of Guinea. Journal
du Conseil International pour l'Exploration de
la Mer 29:302-333.
Longhurst, A. R. 1983. Benthic-pelagic coupling and
export of organic carbon from a tropical Atlantic
continental shelf-Sierra Leone. Estuarine,
Coastal and Shelf Science 17:261-285.
Lopez, J., and P. Freon. 1981. Les poissons pelagiques
cotiers au Senegal: structure demographique des
captures des filets tournants a Mbour et [oal en
1979. Archives Scientifiques d u Centre de
Recherches Oceanographiques de DakarThiaroye 87:1-70.
Lozano-Rey, L. 1950. Etude systernatique des
Clupeides et des Engraulides de l'Espagne, du
Maroc et du Sahara Espagnol. Rapports et ProcesVerbaux des Reunions du ConseiI International
pour I'Exploration de la Mer 126:7-20.
Mahe, G. 1993. Les ecoulernents f1uviaux sur la facade
atlantique de I'Afrique. Etude des elements du
biIan hydrique et variabilite interannuelle, analyse
de situations hydroclirnatiques extremes. Institut
Francais de Recherche Scientifique pour le
Developpement en Cooperation, Paris.
Marcus, O. 1984a. A summary of the fishery, statistical data and biology of Ethmalosa fimbriata
(Bowdich, 1825) in Sierra Leone. Pages 1-15 in O.
Marcus and D. Bouberi, editors. Ethmalosa
ftmbriata en Afrique occidentale. Food and Agri-

ETHMALOSA FlMBRIATA

47

culture Organization of the United Nations,
COPACE/TECH 84(60), Rome.
Marcus, O. 1984b. A summary of the fishery, statistical data and biology of Ethmalosa fimbriata
(Bowdich, 1825) in Nigeria. Pages 16-29 in O.
Marcus and D. Bouberi, editors. Ethmalosa
ftmbriata en Afrique occidentale. Food and Agriculture Organization of the United Nations,
COPACE/TECH 84(60), Rome.
McDowall, R. M. 1988. Diadromy in fishes: migrations between freshwater and marine environments. Croom Helm, London.
Monod, T.1961. BreuoortiaGill1861 et Ethmalosa Regan,
1917. Bulletin de l'Institut Prancais d' Afrique
Noire Serie A, Sciences Naturelles 23:506-547.
Moses, B. S. 1988. Growth, mortality and potential
yield of bonga, Ethmalosa ftmbriata (Bowdich 1825)
of Nigerian inshore waters. Fisheries Research
6:233-247.
Moses, B. S. 2001. The influence of hydroregime on
catch, abundance and recruitment of the catfish,
Chrysichthys nigrodigitatus (Bagridae) and the
bonga, Eihmalosa ftmbriata (Clupeidae) of southeastern Nigeria's inshore waters. Environmental Biology of Fishes 61:99-109.
N'Goran Ya, N. 1991. Reproduction de Ethmalosa
ftmbriata (Bowdich) en lagune Aby (Cote d'lvoire).
Journal lvoirien de Limnologie 1:23-32.
Nicholson, S. E. 2000. The nature of rainfall variability
over Africa on time scales of decades to rniIIenia.
Global and Planetary Change 26:137-158.
Njifonjou, 0.1998. Dynarnique de I'exploitation dans
la peche artisanale maritime des regions de Limbe
et de Kribi au Cameroun. Doctoral dissertation.
University of Brest, Brest, France.
Njifonjou, 0., F. Laloe, C Chaboud, and M. Simier.
1999. Marine fisheries management in Cameroon:
overview and perspectives for improvement of
the survey system and data collection. ICES Journal of Marine Science 56:1033-1043.
Pezennec, 0.2000. L'environnement hydro-climatique
de la Cu inee. Pages 7-27 in F. Domain, P.
Chavance, and A. Diallo, editors. La peche cotiere
en Cuinee: ressources et exploitation. Institut de
Recherche pour le Developpement, Paris.
Pezennec, 0., E. Marchal, and F.-x. Bard. 1993. Les
especes pelagiques cotieres de Cote-dIvoire.
Ressources et exploitation. Pages 388--423 in P.
Le Loeuff, E. Marchal, and J. B. Amon Kothias,
editors. Environnement et ressources aquatiques
de Cote-d Tvoire, tome 1. Le milieu marin.
Institut Francais de Recherche Scientifique pour
le Developpernent en Cooperation, Paris.
Poll, M. 1953. Ethmalosa dorsalis (CV.). Exploitation
oceanographique beige dans les eaux de la cote
africaine de \' Atlantique Sud (1948-1949).
Resultats Scientifiques 4(2):29-32.
Postel, E. 1950. Note sur Ethmalosa ftmbriata (Bowdich).
Bulletin d'Information et de Documentation des

48

CHARLf5-DOMINIQUE

Services de I'Elevage et des Industries Animales
de L'AOF 3(1):45-59.
RAP (Adaptative Responses of Fishes) 2001. Database
on ecology of fishes of West Africa. Institut de
Recherche pour le Developpernent, Dakar,
Senegal.
Salzen, E. A. 1958. Observations on the biology of
Ethmalosa ftmbriata. Bulletin de I'Institut Francais
d' Afrique Noire Serie A, Sciences Naturelles
18:355-371.
Scheffers, W. J. 1973. Etude de Ethmalosa fimbriata
(Bowdich) dans la region senegambienne. 2eme
note: la peche et le stock des ethmaloses dans le
fleuve Senegal et la region de Saint-Louis. Documents Scientifiques du Centre de Recherches
Oceanographiques de Dakar-Thiaroye 45:1-35.
Scheffers, W. J., and F. Conand. 1976. A study on
Ethmalosa ftmbriata (Bowdich) in the Senegambian
region. 3rd note: the biology of Ethmalosa in the
Gambian waters. Documents Scientifiques du
Centre de Recherches Oceanographiques de
Dakar-Thiaroye 59:1-19.
Scheffers, W. L F. Conand, and C. Reizer. 1972. Etude
de Ethmalosa fimbriata dans la region
senegambienne, Iere note: reproduction et lieu x
de ponte dans le fleuve Senegal et la region de
Saint Louis. Documents Scientifiques Provisoires
du Centre de Recherches Oceanographiques de
Dakar-Thiaroye 44:1-21.
Showers, P. A. T. 1996. Comparative growth performance for species of the family Clupeidae of
Sierra Leone. Naga, the ICLARM Quarterly
19:42--45.
Sousa, M. I. 1987. Estirnativa da captura total de peixe
e camarao das pescarias de emalhe e de arrasto
da Baia de Maputo, em 1985. [Estimation of total
capture by trawling and gill netting of fish and
shrimp in Maputo Bay during 1985.] Boletim de

AND

ALBARET

Divulgue, Instituto de Investigaciones Pesqueras
(Maputo) 17:1-9.
Sousa, M. I., and J. Gjosaeter. 1987. A revision of
growth parameters of some commercially exploited fishes from Mozambique. Revista de
Investigaciones Pesqueras (Maputo) 16:19--40.
Ssentongo, G. W., E. T. Ukpe, and T. O. Ajayi. 1986.
Marine fishery resources of Nigeria: a review of
exploited fish stocks. CECAF /ECAF Series
86(40):1-61.
Tetsola, E. A., and A. B. M. Egborge. 1991. Salinity and
seasonality of fish in Warri River, Nigeria. Tropical Ecology 32:182-196.
Texier H., and J. M. Kapetsky. 1984. Amenagernent
du domaine lagunaire en Republique du Bertin.
Pages 735-757 in G. Lasserre, editor.
Americanenagement des peches dans les lagunes
cotieres, Food and Agriculture Organization of
the United Nations, Studies and Reviews GFCM
61, Rome.
van der Elst, R. P. 1988. A guide to the common sea
fishes of southern Africa. C. Struik, Cape Town,
South Africa.
Wallace, J. H. 1975.The estuarine fishes of the east coast
of South Africa, part 3. Oceanographic Research
Institute Investigational Report 41:1-48.
Whitehead, P. J. P. 1985. FAO species catalogue. Volume 7. Clupeoid fishes of the world (Suborder
Clupeoidei). An annoted and illustrated catalogue
of the herrings, sardines, pilchards, sprats, anchovies and wolf-herrings. Part 1: Chirocentridae,
Clupeidae and Pristigasteridae. FAO (Food and
Agriculture Organization of the United Nations)
Fisheries Synopsis 125(7).
Whitfield, A. K. 1996. A review of factors influencing fish utilization of South African estuaries.
Transactions of the Royal Society of South Africa 51:115-137.

