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PREFACE

UNESCO Reports in Marine Science are designed to serve specific programme needs and
to report on developments in projects conducted in the context of UNESCO's marine
science-related activities.

Designed to serve as a complement to the UNESCO Technical Papers in Marine Science,
the systematic distribution of Reports is restricted to libraries of oceanographic
institutions and governmental authorities, and documentation centres. Individual requests
from specialists will, however, be examined by the Marine Information Centre and dealt
with on a selective basis.

Requests for specific titles or additions to the mailing list should be addressed to:

Marine Information Centre
UNESCO

| rue Miollis

75732 Paris Cedex 15
France

The designations employed and the presentation of the material in this document do not imply the
expression of any opinion whatsoever on the part of the UNESCO Sccretariat concerning the legal status
of any country, territory, city, or arca or of its authoritics, or concerning the delimitation of its fronticrs
or boundaries. The idcas and opinions expressed are those of the authors and do not necessarily represent
the views of UNESCO.



Abstract:

From 1988 to 1992 ichthyoplankton investigations were carried out in Guinca and
Senegal. in shallow coastal and estuarine brackish or fresh waters, using a newly developed
horizontal-traction fishing gear with microscopic meshes. thus allowing to collect embryonic
stages of ichthyofauna (eggs). larvae and juveniles.

The arcas investigated include the marine shallow coastal waters ot Kaloum (Conakry).
Cap Vert (Dakar) and coastal rivers such as Casamance. Sénégal. Fatala, Konkouré and
Tabounsou Rivers, the salinity rates of which are very variable.

Of the ichthyoplanktonic samples, we found common groups that are caught by artisanal
and industrial fisheries in West Africa, from Mauritania to Nigeria. The identification and
spatio-temporal distribution of ichthyoplanktonic population have been done taking account of
abiotic factors prevaling in the areas surveyed. The various larval and juvenile stages were

clearly specified as well as morphometnic and meristic data of 15 of the 40 fish tamilies sorted.

Keywords: West Africa. Guinea. Senegal. Ichthyoplankton, larva, juvenile. estuarine.

mangrove. distribution, composition, horizontal traction. quantitative estimate, catch level.

Résumé:

Des recherches ichtyoplanctoniques ont été conduites en Guinée et au Sénégal dans les
caux cOtieres et estuaricnnes peu profondes, marines, saumatres ou douces. La péche a éié
cttectuée grace a un nouveau type de filet ichtyoplanctonique a traction horizontale et a mailles
microscopiques permettant de récolter des ocufs, larves et juvéniles de poissons .

L.es zones prospectées comprennent les eaux cdtieres marines peu profondes des
presquiile du Kaloum (Conakry), du Cap-Vert (Dakar) et les fleuves cotiers comme la
Casamance. le Sénégal, le Fatala, le Konkouré et le Tabounsou dont les taux de salinité sont
tres variables.

Dans les captures, nous avons trouvé des groupes communs exploités largement en péche
artisanale et industrielle en Afrique de I'Ouest, de la Mauritanie au Nigéria. L'identification des
espéces de méme que leur distribution spatio-temporelle ont été associées aux paramétres
abiotiques régnant dans les zones étudiées. Les différents stades larvaires rencontrés ont été

précisés de méme que les analyses morphométriques et méristiques de 15 des 40 familles

recensées.

Mots clefs: Afrique de I'Ouest, Guinée, Sénégal, Ichtyoplancton, juvénile, estuarien,
mangrove, distribution, composition, traction horizontale, estimation quantitative, niveau de

capture,



Resumen:
Entre 1988 y 1992 se llevaron a cabo investigaciones sobre el ictioplancton en aguas
costeras poco profundas y de estuario, salobres y dulces, de Guinea y Senegal, utilizando un
nuevo aparejo de pesca de traccién horizontal con redes microscGpicas que permiten capturar

ejemplares de la ictiofauna en estado embrionario (huevas), larvas y alevines.

Las zonas estudiadas comprendfan las aguas costeras marinas poco profundas de Kaloum
(Conakry) y Cap-Vert (Dakar) y rfos costeros como el Casamance, el Senegal, el Fatala, el
Konkoure y el Tabounsou, cuyos niveles de salinidad son muy variables.

Entre las muestras de ictioplancton, encontramos grupos comunes como los que
explotan las pesquerfas artesanales ¢ industriales de Africa occidental, de Mauritania a Nigeria.
La identificacién de la poblacién de ictioplancton y su distribucién espacio-temporal se
efectuaron tomando en cuenta los factores abiéticos predominantes en las zonas estudiadas. Se
precisaron claramente las diferentes fases de larvas y alevines y los datos morfométricos y

merfsticos de 15 de las 40 familias de peces identificadas.

Palabras clave: Africa occidental, Guinea, Senegal, ictioplancton, larva, alevin, estuario,
manglar, distribucién, composicién, traccién horizontal, estimacién cuantitativa, nivel de

captura.
Pestome:

C 1988 r. mo 1992 r. B I'vunee u CeHerajge B MajJOCOJNEHBIX M NPECHBIX
BOflaX MNPHOPEXKHOTO MENKOBOALY M 3CTYAPHEB HPOBOJWIOCH HM3YUEHHE MX
UXTHOIIAHKTOHA. TIpu 3TOM MCMONB30BanCcAd HOBBIA THI 1HEBOJA TOPH3OHTANBHOMN
NPOBOJKH € MHKPOCKONHUECKHMH stYeHKaMH, 4TO IO3BOJIMIO OGecieunTh c60p Mx
MXTHOGAYHBI Ha CTaMid SMGPHOHOB (MKpa), JIMUMHOK M MalbKOB.

OGcnepopannble  paltoHbl BKJIOYAJM MOPCKOE MEJIKOBOABE NpUOpEXRHDLIX
pationiop  Kanyma (Komakpu), 3esenoro Mrica (Jlakap), a Takke Takuc
npubpexHble pekH, kak Kasamanc, Ceneran, ®arana, Konkype u Tabyncy, ¢
CaMbIMH Pa3JIfUHBIMH YPOBHAMM COJIEHOCTH.

B 3aGopax mXTHOmIAHKTOHA ObUIM  OOHApyXeHbl TIpynnbl  OGHIEro
Xapaxrepa, cjlyxalge OGbeKTOM NpOMBIIUIEHHOTO H  NOJYNPOMbBIIUIEHHOTO
priGonoBersa B 3amanuo#t  Adpuke, or Masputanus  Jio Hurepnu.
VinentudHKauus W NpoOCTPaHCTBEHHO-DPEMEHHOE  pachpefielieHue MONYJISILIUH
MXTHOIVIAHKTOHA ~ OCYLIECTBJISUIHCE € yueToM  aGHOTHUYeCKHX  (hpaKTOpOBD,
npesanupyolux B obciefoBaHHBIX pafoHaX. BbuiM  yToumeHpl pasiuuiible
CTaiUM CO3pEBaNMA JIMYMHOK M MAJIbKOB, a Takke Mop(oMeTpHUYEcKHE N
MepucTeMHble fanibie B 15 u3 40 oTOGpaHHbIX ceMelcTB phl6.

Knmouesble copa: 3anmapnas  Adpuxa, I'sumes, Ceneran, WHXTHOIUIAKTOH,
JIMYMHKA, MaJleK, 9CTyapHil, ManurpoBble, pacrnpejielieHne, coCTaB, FOPH3OHTAJIbHASs
NpOBOJiKa, KOJHM'IECTBEHHAs OliEHKA, YPOBEHbL YJIoBa.
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INTRODUCTION

The purpose of this paper is to present a preliminary ichthyoplanktonic survey in West
Africa, from the Guinean to the Sencgalese coastal and estuarine shallow waters. The
investigations focused more particularly on ichthoplanktonic composition and distribution, in
order to better assess the areas of spawning, growing and nursery concentration commercially
important for artisanal and industrial fisheries.

Shallow coastal and estuarine areas represent very important spawning and nursery
habitats for many fishes (Dovel, 1971; Weinstein, 1979; Weinstein and Brooks, 1983; Boesch
and Turner, 1984; Bocehlert and Mundy, 1988). Estuaries in both northern and southern
hemispheres are the locus for the development of a range of marine species (Cronin and
Mansueti, 1971; Dando, 1984; Wallace ¢t al., 1984). Although some of these species migrate
into the systems as juveniles (e.g. de Silva, 1980; Potier er al., 1988; and 1990), others enter
as larvae (Misitano, 1977; Beckley, 1986; Miskiewiez, 1986; Whitfield, 1989). Upstrecam
movement and retention of larvae within estuaries depend to a large extent on mechanisms
involving active and/or passive tidal transport (Weinstein et al., 1980; Fortier and Leggett,
1982; Norcross and Shaw, 1984; Roper, 1986; Bochlert and Mundy, 1988). The distance these
larvae have to cover from the spawning arcas to their nursery habitats within the estuarine
systems is insignificant in the case of species spawning near or within estuary mouths
(Gaughan et al., 1990). Typically only a few species spawn within the main bodies of estuaries
(Haedrich, 1983; Dando, 1984). Many studies focus on the use of estuarine habitats by
juveniles rather than by specimens at earlier life stages. The spatio-temporal distribution of
fishes at early life stages has been reported in sounds and bays (Pearcy and Richards, 1962;
Herman, 1963; Crocker, 1965; Dovel, 1981; Dokken er al., 1984; Roper, 1986; Boune and
Govoni, 1985), in seagrass beds (Carr and Adams, 1973; Olney and Bochlert, 1988), in
intertidal brooks (Shenker and Dean, 1979; Weinstein, 1979; Bozeman and Dean, 1980), in
high marsh pools (Kneib, 1984; Talbot and Able, 1984), and in surfing zones (Modde and
Ross, 1981; Ruple, 1984). All these habitats appear to be important for the staging and growth
of fishes. As far as ichthyoplankton food, and protettion from predators are concerned, the
respective role of these habitats is still unclear (Boesch and Turner, 1984; O'Neil and
Weinstein, 1987).

Most estuarine ichthyoplankton studies have been based on time series of about one year,
with the exception of Able (1978), and Holt and Strawn (1983). who compared the patterns of
larval fish abundance over periods of about 3 years. Long-term investigations are essential in
documenting and interpreling interannual variations of the timing and magnitude of larval

recruitment (Allen and Barker, 1990).

The specific objectives of this study are to:
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1°) describe the species or family composition of fish larvae found in the areas
prospected;

2°) establish their comparative abundance in all areas studied; and,

3°) describe the spatio-temporal distribution of ichthyoplankton in relation to the

physical characteristics of the sites studied.

During investigations the team collected many samples, using a new fishing net with an

horizontal traction gear well adapted to very shallow coastal and estuarine waters.
MATERIALS AND METHODS
The areas prospected include two different ecologycal types:

I - open coastal marine areas of the Cap-Vert (Fig. 1) and Kaloum (Fig. 2)
Peninsulae, respectively in Dakar and in Conakry. The mean salinity is constant
year-round, about 35%o;

2 - estuarine mangrove zone in Guinea: Fatala, Konkouré and Tabounsou Rivers
(Fig. 2 and 3) and estuarine damaged mangrove zone in Senegal: Casamance and

Senegal Rivers (Fig. 4 and 5).

For each site prospected the following data were collected: date, hour, tidal process,
season, distance from the coast, trawled distance, depth (before and after trawling), trawled
area, trawling duration, bottom-, middle- and surface-layer salinity, pH, concentration rate of
dissolved oxygen, temperature, type of sediments, etc.

The trawling technique was applied in such a way as to make possible the sampling at
different levels, from surface to bottom. Implementing this new technique has been possible
thanks to the horizontal-traction gear of the fishing net, thus allowing a larger sampling volume.
The net is referred to as Towed Closing Ichthyoplankton Trap (T'CIT), and was developed by
Tamoikine and Sy-Savane (1989) (Fig. 6). It may also be used in other aquatic environments
(lagoons, bays, etc.).

Sampling is done in a determined water column, thus making it is easy to estimate the
trawled volume for a quantitative and qualitive evaluation of species sampled (Pandaré and
Tamoikine, 1993). There are two TCIT types: TCIT -1 with a surface of 0.1 m2 (0.5 m x 0.2
m) and TCIT-2 with a surface of 0.2 m2 (0.8 m x 0.25 m). The size of a mesh is 336 pm.
Hauls of 5 or 10 minutes have been made at collection localities, at constant speed. The hauls
were horizontal, and the hauls depth and collecting level were taken.

TCIT-1 was used for collection (Fig. 6) with the needed modifications. The right-angle
form of the mouth and arches about lateral sides were the major modifications.

Ichthyoplanktonic investigations using TCIT-1 were carried out with small boats and
manual winches. For a good escapement of materials at a low speed. it is preferable to use
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artificial penoplast as floater: valuable results were obtained with this gear in all types of
shallow coastal marine zones in Guinea, Senegal, and also in the Black Sea.

The TCIT-2 is equipped with electric winches and the catching capacity is approximately
200 kg. The mouth area may vary from 0.6 m2 to more. Big boats or vessels are needed for
using this nct.

Also included in the equipment used are:

- a general occanic flowmeter. trade mark 2030, with rotor standard SC 030-R
filtered at the middie of the trap's mouth;

- manual winches with a reel of 0.5 mm of diameter:

- plasticized mettallic cables of’ diameter of 5.5 mm:

- an hydrobiological lens, GOST 05652 model:

- a saddling load (0.8 - 1.2 kg):

- a protractor;

- adepth-meter, ECHOTEST 200 model:

- a funnel tor the sampled collection, and bottles containing formalin solution;

- equipment for the observatior: of abiotic factors such as pH, temperature.

salinity, oxygen, conductivity, etc.
The collecting level is obtained using the following formula:

H = L.cos a, where:
H represents the catching level (depth):

L the total length of the line or cable; and
« the angle between the towed cable and the vertical line of the cable.

In fact, the towing level is closely connected with both the length of cable and the angle
tormed by this latter with respect to water surface; H depends on the length of released cable
and the angle formed by the cable, which depends on the speed of the boat.

For the total filtreted water, the coefficient F is determined using two flowmeters located
inside and outside the trap, as advised by Trauter and Smith (1968), and by Morrison-Cassie
(1968):

A is the sampling mouth area;
D the towed distance ;
V the towing velocity;
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V' is the mean velocity of the flow through the sampling mouth. It is accepted
that for the gears used, F is respectively about 0.84 and 0.68 for TCIT-1 and
TCIT-2.

The collecting efficiency (C) is expressed by the following equation:

C =2

y .S . where

x is the quantity of plankton collected:
y the number of specimens caught in natural conditions: and,

s. mesh selectivity.

‘Table 1 - Approximate Meanings of the TCIT Collecting Efficiency (C).

CLASS SIZE OF PLANKTON IN MM

<20 2.1-100 10.1 - 20.0 {20.1 - 40.0 |=40.1
TCIT - | 0,86 0,79 0.71 0.56 0.47
TCIT -2 0.77 0.60 040 0,30

0.86

Furthermore, it is possibile to use these traps for investigations in other hydrobiological
regions. Qualitatively and quantitatively, planktonic organisms were very important. In addition
to the ichthyoplankton, there were many species of macro- and meso-zooplankton such as
Polychaeta, Copepoda, Decapoda, Stomatopoda, lobsters, larvae and juveniles, adult crabs,
and many other' specimens. The optimal size of the hydrobionts caught ranged from 81to 15 mm
for fishes, shrimps, lobsters, Cephalopods and crabs.

A quantitative estimation of the collection was done. The fish samples were identified in
laboratory, through binocular lenses. The samples belong to four main groups in relation to
their life history with tidal zone. Some proposals for developing the methodology so as to
obtain better quantitative estimations have been suggested for the next survey.

The taxonomic identification, the developing stages and the short description of some
morphometric and meristic characteristics have been made using a binocular microscope
(family, genus and species). The lengths were taken in mm: total length (L), standard length (1),
head length (IH), preanal length (1A), body height (Hm), eye diameter (). The fins are
represented by initials: D (dorsal), A (anal), C (caudal), P (pectoral) and V (pelvic) ( See Table
onmorphometric and meristic data in Annex 1 ). ,

Four larval stages were distinguished. The different stages were specified and are present

in more or less advanced state:
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- Stage I: pre-larvae or larvae after the stage of embryonic development, characterized by
the disappearance of the yolk sac or double feeding. Fins run most of the
length of the body and unite with the caudal fin, except for the pectoral fins.

- Stage II: larvac with the rays of the dorsal fins taking shape, later on the other fins.

- Stage lI: post-larvae with all the fins distinctly individualized and other signs
characteristic of adult fish are also noticeable, e.g. small scales present on
some parts of the body, greasy eyelid - uncommon when full development is
achieved pigmentation, etc); Sometimes rudimentary larval elements can be
seen. The pigmentation of the body differs from adults'.

- Stage 1V: juven\i.les with features of adult fish: all the morphological and anatomic
characteristics are present. The difference, however, lies in factors such as the
proportions of the body, behaviour, and physiology (feeding, reproduction,
etc.). At this level sexual maturity is not reached.

The taxonomic identification is made using manuals (Marchal, 1969 ; Blache, Cadenat
and Stauch, 1970; Aboussouan,1972a and b; 1974; 1975; Moser, 1981; Yidy and Frank,
1987; Tamoikine, 1990; Seret and Opic, 1990; Levéque, Paugy and Teugels, 1990; 1992).
Samples of ichthyoplankton were kept in bottles containing a mixed solution of 40%
formaldehyde so as to obtain a 5-7% final concentration after addition of sea water. These
samples were stored in a 70-75% alcohol solution in laboratory. Then the ichthyoplankton was
sorted thanks to a dissecting microscope, MBS/9 to 10 type (magnification 1 x 8,2 x 8,4 x 8
and 7 x 8),

The quantitative estimation of signs was done counting myomere rays, coloured with
alizaryn eosin, in addition to KOH. We also used yellow, green and blue light filters adapted to
microscopes. The eggs were not identified but their quantity and types were determined. For
larvae and juvenile the description of all important signs such as morphometrical and meristic
characteristics was made.

Of the 40 fish families we have found in the areas prospected, only 15 were selected for a
careful study. Data on their larval and juvenile stages are given.

RESULTS AND DISCUSSION

This paper is mainly based on taxonomic data. During the investigations, however, the
characteristics of the areas prospected were taken into consideration.

10
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The spatio-temporal ichthyoplanktonic distribution depends on abiotic factors prevailing
in the zones studied. Accordingly, a short survey of these main characteristics will provide a

better knowledge of the biotopes.
1.- Brief Presentation of the Zones Prospected

There are two types: the coastal marine zone (Cap-Vert and Kaloum Peninsulae) and the
estuarine snangrove zone (coastal rivers: Fatala, Konkouré and Tabounsou in Guinea, and
Casamance and Senegal, in Senegal).

In Guinea rainfall is very important. The rainy season lasts from May to October. The
areas prospected are located in the coastal zone (sector corresponding to the natural region of
Guinée maritime or Seaboard Guinea). The samples were collected in the Kaloum Peninsula,
where Conakry is located (Fig. 2), and in three rivers: Fatala (Fig. 3), Konkouré and
Tabounsou (Fig. 2). The mangrove is in the best conditions and estuaries present a normal salt
gradient. Downstream, salinity decreases, unlike Senegalese rivers, where the salinity
coefficient is reversed. In the Guinean coastal zone, the continental shelf is wide and shallow
(depth: 15-20 m, width 8-10 miles). Various bays, estuaries, islands, sand banks, etc. were
identified in this zone. '

The tidal wave progression is higher than 2.5 m/s and covers up to 40 km inland all along
the coastal rivers. It is precisely within the area of tidal fluctuation, however, that an important
e;(change of substance has been noticed (Ivanov and Camara, 1988; Bezborodov et al., 1988;
Kouzmenko and Ava, 1988).

" The Guiinean contifental shelf can be divided into three great different units (Fig. 7) :

- Sector 1: cbfreépbnaihg to the seaboard, near the oceanic zone. There is an important
activity of water, which is rich in substances from the lands and the tidal front.

- Sector 2: intermediate coa‘.stal sector with bays and gulf s,‘gharacteri zed by a lack of fresh
water during thé_ dry season. This zone was named inter-estuary by V.P.

Oussenko (oral discussions).

- Sector 3: estuary and/or mangrove, permanently characterized by the prevalence of
fresh water, with variable intensity (rainy or dry season).

In Senegal, the coastal area investigated is the Cap-Vert (Fig. 1) Peninsula (Dakar). It
presents some similarities with those identified all along the Guinean coast. The rivers studied
are the Casamance (Fig. 4) and the Senegal (Fig. 5), which are characterized by the fact that
they function as "inverse estuaries" (Pandare er al., 1987). Even during the rainy season, from
Goudomp to Sedhiou (Fig. 4), the water remains hyperhaline, witk salinity rates about 70%o.
For the Senegal River there is a very particular situation due to the building of dams in Diama

12
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(downstream) and Manantali (upstream). Before the building of these dams, the salinity rate
was higher in the estuary than in the sea. Now the flowing system is systematically
transformed.

Data on abiotic factors were collected during the investigations. These parameters are
diverse and various. For each station and during all the collection they were taken into account.

2.- Ichthyoplankton Stocks

The samples obtained contain many different to fish and other aquatic animal eggs such as
molluscs (Cephalopods) and shell fishes (shrimps, prawns, sea-crayfishes, etc.). Only the
larval and juvenile fish stages, however, were cxamined.

It was possible to clearly see embryos thanks to the transparency of the shell. The
identification of eggs, however, has not been made. It is planned to carry out a study of eggs
because of their abundance. v

The larvae collected were of four different postembryonic stages, corresponding to
accurate morphological and anatomical characteristics. Many plates indicate the types observed.
Some are based on microscopic observations and photographs obtained through binocular lens

analysis.
2.1.- Taxonomic Composition

Basically, about 140 fish species belonging to 80 genera and 40 families were found
during the investigations (Tabl. II). Many of these species are commercially important in
artisanal and industrial fisheries in West Africa, from Mauritania to Nigeria, and even down to
South Africa. They are very well appreciated and play an important role in the diet of rural as
well as urban populations. '

The ichthyoplankton stocks reflects the distribution of adult fishes. The most important
groups include bonefishes, combtooth blennids, jacks, pompanos, herrings (shads, sardines,
menhadens), tonguefishes, sleepers, gobies, mullets, threadfins, drums (croakers), sea basses,
porgies, barracudas, pipefishes, seahorses, and puffers.

From the synthetic table (Tab. II), one may note that Guinean waters present a
biodiversity higher than Senegalese waters. Thus, we practically found 20 families in the four
Guinean areas prospected (Conakry peninsula, Fatala, Konkouré and Tabounsou Rivers),
whereas there are less than 15 families in the Senegalese regions (Dakar Peninsula, Casamance
and Senegal Rivers). There are about 10 families in each collection locality in Senegal. Some of
these fishes are found in all the zones surveyed: combtooth blennids, jacks, pompanos, *
herrings, tonguefishes, sleepers, gobies, raullets, drums (croakers), sea basses and pipefishes.
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Tab. 2 - Fish families found in the areas prospected (1 = Conakry; 2 = Dakar; 3 = Casamance;
4 = Senegal; 5 = Fatala; 6 = Konkouré; 7 = Tabounsou; + = Present)

STATION — 1 ]2 I3 Ja s e |7
FISH FAMILY |

ALBULIDAE ‘ PR P

ARIOMMIDAE o +

BALISTIDAE ' +

BLENNIIDAE +

+
+
+
+
+

BOTHIDAE 1 1+ N T

BRAMIDAE

BRANCHIOSTEGIDAE

CARANGIDAE

CENTROLOPHIDAE

CLUPEIDAE

|+ |+ |+ |+ |+
+
+
+

CONGRIDAE

COTTUNCULIDAE +

CYNOGLOSSIDAE y |+ I+ |+

+

CYPRINODONTIDAE +

ELEOTRIDAE N T 1+ |+ 1+ [+

EMMELICHTHYIDAE +

ENGRAULIDAE +

EXOCOETIDAE +

GERREIDAE N

GOBIIDAE

KUHLUDAE

MALACANTHIDAE

MICRODESMIDAE

MORONIDAE

+ |+ {+ |+ |+ |+
+

MUGILIDAE
PERIOPHTHAL MIDAE , +

+

POLYNEMIDAE , + + + +

2.

RACHICENTRIDAE +

SCIAENIDAE + + + + +

SCOMBRIDAE +

SERRANIDAE
SOLEIDAE +

SPARIDAE

+

+ i+ [+ |+ |+
+
+

SPHYRAENIDAE

+

SYNBRANCHIDAE , +

SYNGHNATIDAE
TETRAODONTIDAE
TRICHIURIDAE
TRIGLIDAE

+

+ [+ |+ |+
+
+

+ 0+ [+ |+
+
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Some others are only present in two or three localities: bonefishes, lefteye flounders,
medusafishes, killifishes (toothcarps), flyingfishes, wolffishes, temperate basses, mackerels,
tunas, swampeels and sea robins. Certain species are found in one station only: leatherjackets,
pomfrets, rovers, mojarras, aholeholes, tilefishes and cutlassfishes.

From this wide range, only 15 families were selected for a careful taxonomic study.
These groups are either abundant in the collected samples or in the areas prospecvted. Most of
thém are commercially important for artisanal and industrial fisheries. They live in large and
shallow marine coastal or estuarine water.

We agree with Postma (1992) who states that coastal ecosystems represent an almost
infinite variety of niches in which the creatures abundantly develop with respect to botn their
specific composition and their quantitative and qualitative distribution.

In seaboard countries, where artisanal fisheries are the main sector, about 80% of the
aquatic resources are derived from the coastal zone (Lasserre, 1992). In each of the zones
prospected, the specific fish compositfon of existing species was taken into consideration and
the taxonomic identification carried out in descending order (family, genus and species).

2.2.- Taxonomic ldentification

Of the 40 families found, only 15 were selected for this study. In many cases specimens
obtained do not cover the four stages described . The information on quantitative signs and a
brief description are given. The families selected are the following.

- Family ALBULIDAE: bonefishes (PI. 1)

This fish was found in Sénégal, Koukouré and Fatala Rivers. There is only one species
of this family belonging to the genus Albula, species vulpes. It is the only species yet found in

Guinean and Senegalese rivers.

Albula vulpes (Linnaeus, 1758) is widespread in tropical seas and occurs rather in
shallow bottoms (depth of a few dozen meters). There is only one stage sampled: St. 11 (P1. 1).
About 73 myomeres. Some of the fins are present and their rays distinguishable: D=20 and
A=18-19. There are 53 myomeres for D, 33 for P, and 58 for A.

At this stage the larva has the shape of a ribbon, the mouth is inferior, the anus in the
caudal region, the ventral fins (pelvic) appear and are in the center of the body. The
pigmentation is represented by only an'interrupted black line reaching the ventral regior (Pl. 1).

- Family BLENNIIDAE: combtooth blennies (Pl. 1)
They occur in marine water (rarely in fresh or brackish water), prirh_a;ly in tropical

for subtropical areas. The samf:lcs are of an undetermined species but there are two different
stages (Pl 1). '
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Many blenniids are involved in mimetic associations with other fishes, being similar in
external appearance to the other species (Springer and Smith-Vaniz, 1972).

Atan early stage, the larva presents 22-23 black pigmentarypoirits corresponding to the
myomeres and located in the ventral and caudal parts of body. The eyes are well developed and
the fins appear as a ribbon about the middle and caudal regions. The pectoral fins are present
and they do not reach the ventral part. Myomeres can be-indistinctly noticed. In the stomacal
region there are some dark parts. The black points are in the ventral region.

At a later stage, all fins are present. However, only the pectoral fins are individualized.
The eyes are well developed and the stomach is stocky. The fins are situated before the central
vertical line of the body. It is easy to notice again the presence of some dark points in the
stomachal region, before the anus. There are also some black points on the top of the head, on

the head and the ventral region(Pl. 1).
- Family CARANGIDAE: jacks and pompanos. Marine, rarely brackish (Pl. 1-2).

Carangids are extremely variable in body shape, ranging from the shallow-bodied
Decapturus and Elagatis to the extremely thin and deep-bodied Selene. This family contains
some very important food species.

Iinportant systematic and osteological studies on species of this family include Smith-
Vaniz and Staiger (1973), and Suzuki (1962). In a study of the cranial nerve patterns, Freihofer
(1978) states that Carangids, Rachycentrids, Echeneidids, and Coryphaenids have a shared,
derived specialization in features of the two prenasal canals, apparently a rare specialization in
teleosts. This bears testimony of the fact that these groups are interrelated (Nelson, 1984). Four
species belonging to two genera were found: Caranx crysos, Caranx hippos, Caranx senegallus
and Seriola dumerili.

+ Caranx hippos (Linnaeus, 1766)
This is a pelagic species referred to as a great carangid because of its impressive size: 1.5

m for 32 kgs. There is the kingfish or yellow jack, occuring in the Eastern Atlantic, from
Portugal to South Africa and in the Western Atlantic, from New Scotland to Urugay.

Specimens found cover two larval stages:

- Stage I: with two types (PL. 1). Fins run most of the length of the body and unite with
the caudal fin, except for the pectoral fins, which are individualized and on
which rays are present. The head and the mouth are well developed; the
opercle is also present. The cephalothorax is large.

17



- Stage Il (P1. 1): At early stage 11 the fins are also continuous but rays begin to appear.
The black pigments are always present and thicker. At late stage Il all the fins
are individualized and have their rays. The lateral line is marked.

The larva has the shape of a drop. The anus is situated after the middle of the body. The
head is well developed and the opercle presents sharp thorns on the lower part.The ventral fins
are not well developed; the dorsal and anal fins are united with the caudal fin . The pigmentation
is conspicuous, located in the centre and caudal portions of the body. Fin rays can be counted:
D8+ 19,A 2+ (17-18) and C 20. -

+ Caranx senegallus Valenciennes, 1833
This species is confined to the Western coasts of Tropical Africa.
Three larval stages were represented (Pl. 1).

- Stage I: The quantitative signs are not determined. At early sta'ge.l the larva has the
shape of a comma but at late stage 1 it has the shape of a liquid drop or also a
comma. Only the pectoral fins are present.

The yolk sac is not resorbed at early stage I. Small spines can be noticed on the
opercle. The bowel is short and tube-fike at the end. Some small black points
can be obscrved on the pectoral fins.

Aboussouan (1975) contends that the sagittal section on the top of the head is
specific. Only the pectoral fins are developed and the lateral line has the shape
of an arch at the beginning. Small black points can be seen on the pectoral fins
as well as big black star-like points on the opercle (PI. 1).

- Stage I (Pl. 1): The myomeres are present (26-28) as v_vell as the anal fin, with 19-20
rays. At this stage the larva has the shape of a drop.The sagittal section is
present on the top of the head. All the fins are represented, though the pelvic
fins are just beginning to appear. Above the eyes we can see the eyebrows.
Some separated black points'are on the opercle, the pectoral fins, the stomach

and near the anal base.

+ - Stage II1 (Pl. 1): At this stage all the fins have their rays: A 3 + 17, D 8 + (22-23), P
(19-21). The opercle presents a specialization, in the form of small spines on
the lower portion: The lateral line is arch-like at the beginning (Pl. 1). Many
small black points are located in the body and the fins.

+ Caranx crysos (Mitchill, 1815)

18



e P
e - L

T e ot e o

‘

Albulo vulpes( LINNAEUS,1758)

FAMILY BLENNIIDAE combtooth blennies
....... ; o St |

.

Caranx chrysos (MITCHILL,1815) Caranx senegalius VALENCIENNES 1833

Pi, 1- FAMILY ALBULIDAE BLENNIIDAE AND CARANGIDAE

19




This Carangid is a common pelagic species, usually schooling in the continental shelf
zone. The stage found is stage IV, with practically adult morphology. The rays are present on
all the fins: A 3 + 23, D8 + 26 and V 5. The mouth is small and Superior, and stops before the
vertical line of the middle of the eyes. All the fins are developed. The first dorsal ray is directed
forward. The lateral line is slightly arch-like at its beginning (Pl. 2). Many black points can be
observed on the dorsal portion of the body and on the caudal fin.

+ Serioladumerili (Risso, 1810)

This fish is amber-coloured, pelagic and perhaps cosmopolitan in warm water. It lives in
the tropical or subtropical seas of the Atlantic and the Indo-Pacific. There is the greater
amberjack, present in the Eastern Atlantic, from the Bay of Biscay to Angola.

Three larval stages were represented:

- Stage I: with two samples. The larva has the shape of a drop (Pl. 2), the stomach is
divided into two parts and the bowel has the shipe of a bag. Only the pectoral
fins and the fin ribbon surrounding the middle and caudal parts of the body-are
present. The other fins are united. At early stage I the quantitative signs are
also undetermined. Four spines, however, can be noticed on the opercle (Pl.
2).

At late stage I, the shape is still drop-like. Only the pectoral fins can be seen
but the dorsal and pelvic fins emerge. Except for the caudal part, the
pighentation is well expressed.

- Stage I1: The drop-like shape is still present, fin rays too: D > 25, with about 16 soft, A
3 + 16, and P 17. Denticles can be seen in the totth. The eyes are well
developed and above them the éyebrows can be noticed (Pl. 2). The lateral line
appean ¢learly on the thorax. Except for the caudal fin, there are many black
points all over the body.

- Stage I11: There is little difference with the previous stage. The dorsal and anal fins are
respectively 7-19 and 3 + 16 rays. The eyes are bigger and the mouth stops
after the middle of the eyes. Many long spines are present on the opercle. All
over the body the pigmentation is well expressed, except for the caudal,
pectoral, pelvic, dorsal (8oft rays) and anal fins.

- ramily CLUPEIDAE (PI. 3-5): herrings (shads sardines, and menhadens).
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Primarily living in marine water, sometimes in fresh water, and anadromous, worldwide,
mostly tropical (Nelson, 1984). »

A valuable commercial fishery exists for Clupeids in many parts of the world. Most
species form schools and swim near the surface, usuéll_y in the coastal water, feeding on
plankton.

This family occurs in all the areas prospected and is represented b)} five species and four
genera (Ethmalosa, llisha, Pellomula and Sardinella). Sardinella and Ethmalosa are very
important for artisanal and industrial fisheries in West Africa.

+ Ethmalosafimbriata (Bowdich, 1825)

This fish is a truly coastal species in West Africa and may also be found in estuaries and
lagoons during the dry season (Seret and Opic, 1990).

Larvae of various stages were collected in all the areas prospected in Guinea as well as in
Senegal (Pl. 3). This shows that Ethmalosa fimbriata reproduces in various estuaries. Three
stages were observed (Pl. 3) : '

- Stage I: The myomeres can be noticed; they total up to 44-46 elements. Except for the
pectoral fins, all the others are united with the caudal fin. The larva has an
elongate body surrounded by the fins forming an uninterrupted ribbon.The
bowel is opened at the 36th myomere. The mouth is small and superior.

- Stage 11: The number of myomeres is constant (about 44-46 elements). The dorsal fin

begins to appear at the 24th-25th myomeres. The anus is placed on the 35th-
36th myomeres. The bowel has the shape of a narrow tube and the
pigmentation is expressed by an interrupted line on the ventral region. A few
black points can be observed on the caudal fin.
At early stage Il the dorsal fin is well developed and it is easy to notice 14-15
rays. The caudal and dorsal fins are individualized. The dorsal fin is situated
on the 25th miomer; the anus at the 35-36th myomeres. At the middle of the
bowels (on 15-16th myomeres) the air-bladder can be seen. For the
pigmentation there are only an interrupted line in the ventral region and some
black points on the caudal fin (Pl. 3).

- Stage 1l1: the peculiarity here is‘ the greater nur_nbér of myomeres (44). All the fins are
present with their rays: A 21, D 18 and V 8. The pelvic fins begin at the 15-
16th myomeres. The greasy €yebrow is undeveloped but can be noticed. The
pigmentation is very massive and represented by black points in the caudal

region and the lower jaw (Pl. 3).
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+ llishaafricana (Bloch, 1795)

This fish is a very common pelagic species in the western coasts of Tropical Africa.
Abundant in the fishery, it has no trading value.

Only stages II and Il were represented (Pl. 3).

- Stage II: About 31 myomeres. The larva }as an elongate body with well developed
eyes, The dorsal fin emerges. The pigmentation is characterized by black
points along the bowel. At late stags II, the individualization of the fins can be
noticed (Pl. 3) and the rays appear clearly: A > 44 (about 45-47), D 13-14,
about 38 myomeres. .
The air bladder can be clearly seen as well as the bowel. Only some vague
pigments are present on the ventral region.

- Stage II1: The ventral fins appear and the larva is bigger (Pl. 3). The anal and dorsal fins
have respectively 45-48 and 13-14 rays. Pigmentation is only characterized by
some separate points situated before the pectoral and above the anal bases.

+ Pellonula leonensis Boulenger, 1916

It is a small fish occuring in fresh water, rarely in brackish water. The stages found are I,
Il and IV (PL. 4).

- Stage I: The quantitative signs are not determined. Feeding is supplied by a
distinguishable vitelline sac. There are no pigments in the eyes. The mouth
takes shape. The fins surround the body, forming a continuous ribbon. In the
youngest stages the yolk sac is very important but in the oldest it is
insignificant (Pl. 4). At late stage I the inner feeding does no longer exist.
Myomeres are present, about 39-41 elements. The muscle structure also begins
to take shape.

Only the pectoral fins are marked. The fins constitute a ribbon about the body.
The anus is at the 36-37th myomeres. The mouth is close to the eyes. The
interrupted black line corresponding to the pigments is present on the ventral
region. Eyes are well developed. Some dark spots can be noticed above the

anus and the rearmost portion.

- Stage II: The dorsal fin presents approximately 9 rays and the caudal fin 12. There are
42 myomeres.

24



FAMILY CLUPEIDAE : he'ringy

Stdataindrlstal ittt
ARG N S
ST IS

\ \__L‘ el ey g
U B
R INEX s THETRENAT R ARG A A LS

2T AT AT

ot LT
_— -—-\“-\.Q_': 2.-‘_:'(_3 ——s _::'__\

St.v

Pellonyla leonensis ( BOULENGE R'lli9|6)

Pj.4 -~ FAMILY CLUPEIDAE

25



The pelvic and anal fins have riot yet appeared. The fins are united and form an
incipient ribbon about the body. The anus is on the 36th miomer. The dorsal
fin begins at the 26th miomer. There is an interrupted black line on the ventral
part of the body and some pigments can be noticed in the caudal region.

The mouth is directed upwards and all the fins are visible. Big black points are
located before and after the anal and caudal bases. |

- Stage 1V: Adult features are achieved. All the fins are present, with distinguishable rays
(PL. 4): D (17-18), A 23, and about 40-42 myomeres. Sharp scales are present
on the ventral region, The eyelid is very greasy and the mouth is directed
upwards, Some small black points are present on the head, on the stomachic
region (near the pectoral fins) and near the anal and caudal regions.

+ Sardinellaavrita Valenciennes, 1847

S.aurita is always sympatric with S. maderensis . These fishes are very common in the
artisanal fishéry of tropical and subtropical regions. They are pelagic species occuring in
Northern and Southern Atlantic.

Only two larval stages were represented (Pl. 5).

- Stage 1I: The myomeres are present (40-41). The anus is located between the 33th and
the 40th myomeres. Only the pectoral fins are individualized. Some ribbon-like
fins extend along the body. At advanced stage Il the dorsal fin bud is
noticeable. A few rays appear more or less distinctly on the caudal fin; ihe eyes
are well developeb.

- Stage I1I: The rays on the fins can be determined : D 17, A 21-23 and V 9. The number
of myomere is the same as in stage Il (about 42-44).
All the fins appear but the pelvic fins are not yet developed. A small dorsal fin
emerges near the vertical line of the ventral region. The eyelids are greasy.
Some small black points are present on the ventral part and on the caudal fin.

+ Sardinellamaderensis (Lowe, 1839)
Three larval stages of this species were collected (Pl. 5).
- Stage I: The quantitative signs are not determined. Except for the pectoral fins all the

others are united. The larva is elongate. Only the pectoral fins are
individualized; the other fins are united and form a ribbon about the body.
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Myomeres are not distinguishable. An interrupted line is noticeable above the
bowel, in the front of the body.

- Stage II: The quantitative signs can be determined. The dorsal fin appears about the
24th-26th myomeres. The fins form a continuous ribbon around the body. The
anus opens at the 36-37th-myomeres.. There is an interrupted line, located in
the ventral parti‘-AlécB pregent are some black points in the caudal region.

At late stage 11, 44-46 myomereés can be noticed. D~14 rays, A 15-17.

- Stage 1V (PL. 5): This stage corresponds practically to the adult's morphology. All the
fins appear clearly with their rays: V 8, D 18-20, A 18-21. There is no
modification of the number of myomeres (42-45),

The eyelid is not greasy. Hard scales appear in the ventral region. Some black
points are present on the head and near the péctoral, pelvic, anal and caudal
fins.

As far as this species is concerned, the specimens found represent all larval
stages, which mecans that it has complete reproductive activities in the areas

prospected.
- Family CONGRIDAE: conger eels

These fishes live in marine waters (Atlantic, Indian and Pacific Oceans). Their body is
scaleless and a pectoral fin is usually present (Nelson, 1984). In this family, four subfamilies
with 42 genera and about 109 species were recognized. For Nelson (1984), the families
Nettastomatidae, Macrocephenchelyidae and Colocongridae are closely related to the Congridae
and may eventually be found to be best placed with it.

The specimen found is undetermined; it is illustrated by a young larval stage I (as shown
in Pl. 7). It has about 75 myomeres. The larva has the shape of a narrow, elongate ribbon.
Only the pectoral fins with the ribbon of united fins around the body are present. The mouth is
outstanding, upward-pointing, with a long sharp tooth. The anus is situated in the caudal
portion. There are some separate black points located in the lower region of the body, from the

head to the caudal portion.
- Family CYNOGLOSSIDAE: tonguefishes

They occur in tropical and subtropical marine water (some in fresh water). They have
sinistral eyes and usually only the left pelvic fin is developed. Pectorals are absent. Most of
them burrow into soft bottoms. Menon (1977) described many species occuring in the Old
World, from the Eastern Atlantic to the Western Pacific. We found two specics (P1. 6) :

28



FAMILY CYNOGLOSSIDAE: tongue fishes

Cynoglossus sp A Cynoglossus sp B

St

N esedat 40 ol T3 IS
TR AT QR NAEEIE S ESISES
IR =
N \\:\ = 25

St

5

SRRy
LR
B 0 oS

D o

Cynoglossus monoadi CHABANAUO,l949

PI.L6-FAMILY CYNOGLOSSIDAE

29




+ Cynoglossus sp. A and Cynoglossus sp. B

The samples collected include two stages (St 1 and 11), and two types (Pl. 6). Their

f morphornetric characteristics can be noticed on Plate 6 (A & B).

+ Cynoglossus monodi  Chabanaud, 1949

This tonguefish is represented by a few samples at stage IIl only. This species is more

developed than Cynoglossus sp. Thus, the quantitative signs can be observed on the fins: D

may have up to 130 rays and A more than 95.

: Family ELEOTRIDAE

+ These fishes, also called sleepers, are common in marine. brackish and fresh water in

most tropical and subtropical areas (rarely temperate areas). Sieepers and gobies cannot always

be nearly separated on the basis of the degree of union or separation of the pelvic fins alone.
‘Two species are morphologically distinguishable (PL. 7).

+ Eleotris senegalensis samples represented three larval stages :

- Stage I: There are approximatcly}?A distinguishable myomeres. The larva is elongate.
Only the pectoral fins and a ribbon about the body are present. The anus has
the shape of a bag and stops before the middle of the body. It is only before

the anal and on the lower caudal regions that black lines can be noticed.

- Stage Il: The quantitative signs clearly appear, in particular on the fins. The dorsal fin

comprises two parts: the forward portion with 5-6 rays, and the rearmost
portion with 10-11. The anal fin has 10-12 rays and the caudal fin about 25.
Furthermore, there is little difference between stages I and II. Thus, we found
the following numbers: D (5-6) + (9-11), A (10-12) or 11, P (14-15), with

approximately 25-26 myomeres.

+ Eleorris sp. is similar to E. darganensis, though not absolutely. As for

quantitative signs, 24 myomeres can be noticed, and the second dorsal fin has 11-12 rays.

- Family GOBIIDAE: gobies
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" They occur in marine, brackish, and occasiorially in fresh water, mostly in tropical and
subtropical areas. This is the largest marine fish family:;-Some species that occur in fresh water |
spawn in the ocean, and are thus catadromous like Anguillids: .

Recent contributions to the systematics and taxonomy of gobiids include ‘Bifdsong -
(1975). This family countains the world's smallest fishes (and vertebrates): maximum length up
to 50 cm, minimum length about 10 mm.

Two genera and three species were found during investigations (P1. 8).
+ Stenogobiuy thomasi (Boulenger, 1916)
They were represented at stages 111 and 1V, displaying some quantitative signs such as

myomeres (23) and fins (D 6 + 9, A > 10, P 18). At stage [V all the fins, ﬁlong with scales, are
present, Pigmentation is noticeable and small black points can be seen on the body and the fins.

+ Gobius rubropunctatus Delais, 1951

Stage 111 only was represented, with some characteristics found in Stenogobins. A (11)

and second D (12 - [3), with 22 conspicuous myomeres.
+ Gobivides ansorgii - Boulenger 1903

For this species, we also found stage [II only, with the following characteristics: about 27
myomeres are present; the larva is elongate; all the fins appear, with the ventral and the pectoral
fins on the ventral line: the mouth is upward-pointing. The lateral line reaches the middle of the
body; the anus is also located in the middle of the body; it has no pigmentation.

- Family MUGILIDAE: mullets

They occur in coastal marine and brackish water (some in fresh water) in tropical and

temperate areas.

Thomson (1964) recognizes |3 generic names and 70 valid species (with 32 more of
doubtful status) from a list of 281 nomihal species (Nelson, 1984).

Five speéieé wu e collected, among which one is undetermined. The species found were
at stage 11, save the indetermined one and Liza grandisquannis at stage 1 (PL. 8).

+ Liza sp. dumerili; (Steindachner, 1870)

The qua'miteiti\}e signs are not determined. The larva has the shape of a droplet. Only the
pectoral fins are individualized, with a ribbon representing other fins about the body. The anus
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is located in the rear of the body. Beside the vitelline sac, there is another sac in the caudal
region (Pl. 8). " Thé mouth is superior. The eyes are big. The pigmentation is conspicuous,
except for the head. '

+ Lizaramada: (Risso, 1826)

Represented at stage I11. Their quantitative signs were determined: D 1 (4), 11 (1 +7), A
(3 +9), V(5 + 6). Thus, all the fins are individualized; the mouth is termainal.
The pigmentation is conspicuous. There are only separate star-like points all over the

body, except for the fins.
+ Liza grandisquannis {Valenciennes, 1836)

This fish is represented at stage I only. The (juantitative signs are not determined. The
larva has the deep and compressed shape. Only the pectoral fins are developed, other fins
forming a ribbon about the body. The mouth is superior. The urostyle takes shape.

The pigmentation is conspicuous. There are shining black points on the top of the head.

+ Lizaaurata: (Risso, 1810)

The samples found were at stage HI and had all their fins. The mouth is small and

superior. Pigmentation is very well expressed. There are 3 + 9 rays on the anal fin.
+ Liza falcipinnis: (Valenciennes, 1836)

Here again, the samples were at stage I11. The fins are all present. Some small scales can
be noticed on the dorsal portion of the body. The pigmentation is well expressed, except for the
fins. A=3+ 11 rays.

- Family POLYNEMIDAE: threadfins

They occur in marine and brackish water (some in rivers), all of them in tropical and
subtropical seas. '

Two genera and two species were found: Galevides decadactylus and Pentanemus
quinquarius (Pl. 9).

+ Guleoides decadactytus (Bloch, 1795)

The stages found are I, 11 and 111.
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At stage | the quantitative signs are undertemined. Only the pectoral fins are developed,
other fins forming a ribbon about the body. The mouth is sizeable. Many big black points can
be seen in the midfile of the stomach, near the anus and the anal fin bud (Pl. 9).

At stage lI, some developed chaiacteristics are present: myomeres (23-25); the dorsal and
anal fins take shape; the pigmentation is well expressed, with star-like points on the stomach,
the top of the head, before and after the anal fin bud, and on the opercle (PI. 9).

At stage 111, a few modifications take place (e.g. the number of rays on the fins: D 8 + 14
and A 3 + 12).

+ Penianemus quinguarius (Linnaeus, 1758)
The following larval stages were observed :

- Stage I: quantitative signs are undetermined (Pl. 9). The larva has the shape of a drop.
Only the pectoral fins are present. The anus is located in the region before the
middle of the body. The mouth is sizeable. The pigmentation is well
expressed, with black lines located in the ventral part and near the dorsal fin
bud.

- Stage I: two specimens were examined. It is difficult to determine quantitative signs at
this level. Approximately 17 rays can be noticed on the anal fin. In contrast, it
is very easy to give a brief description of this stage. Only the pectoral fins are
developed. The skeletons of the dorsal and anal fins, and the rays of the caudal
fins are perceptible; the anal fin is more developped than the other fins. The
urostyle is present and divided into two elements. The anus is located before
the middle of the body.

The pigmentation is faintly expressed, with two lines of star-like black points
beginning behind opercle and ending in the caudal region.

- Stage IlI: here, quantitative signs are conspicuous and it is easy to count the fin rays: D
7 + (16-18), and A 28-30. All the fins are present, even though the ventral

fins are very distinct. The mouth is sizeable, with denticles. Pigmentation is
characterized by only two black spots located in the anal fin base.

- Family SCIAENIDAE: drums (croakers)
They occur in marine, brackish and fresh water in the Atlantic, Indian and Pacific Oceans,

particularly in South America (Nelson, 1984). These fishes are characterized by a long dorsal
fin, with a deep notch between spinous from soft portion (rarely separate), the first with 6-13
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spines and the second with one or two spines and usually 20-35 soft rays. Five species were
found during investigations (Pl. 10-11).

+ Pseudotolithus brachygnathus Bleeker, 1863.

This is a coastal species, widespread in Western African shores, from Senegal to Angola
(Seret, 1990).
Three larval stages were observed:

- Stage I: with two different specimens. It was impossible to determine quantitative signs
of the first one (Pl. 10A).
The pectoral fins and the ribbon about the body can be noticed. The bowel has
the shape of a small sac. The mouth is terminal and denticles appear. The air
bladder can be noticed above the brain. The lateral line is also present, with an
arch-like shape at its end. As for pigmentation, there is only a dark spot on the
anal base.
On the second specimen (Pl. 10), quantitative signs are not determined. The
larva has the shape of a drop; some rays can be seen on the caudal fin as well
as myomeres in the centre of the body. The bowel is pipe-like. Some black
points can be noticed in the ventral portion, near the dark spot on the anal fin,

" before the bowel, and under the base of pectoral fins.

- Stage 1I: (P1. 10) and 111 (PI. lO);

There is little difféerence between these two stages. The main evolution
concems quantitative signs, with the appearance of individualized rays on the
dorsal (> 20) and anal (= 9) fins at stage III.

At this level the larva is bigger. All the fins are present, although the pelvic fins
are not developed. The ribbon representing fins about the body is also present.

+ Pseudotolithus elimgatus (Bowdich, 1825)

This species occurs in coastal water, at a depth of 15-45 m, often foraying into estuaries
and lagoons; it is widespread in African waters, from Senegal River to the mouth of Cohgo

River.
Only stages 1l and 11l were observed.

- Stage 11: the larva presents quantitative signs such as rays on the anal fin, and about 22
myomeres (Pl. 10). Some dorsal, anal and caudal rays begin to appear. The
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mouth is sizeable. The bowel appears like a small sack. Some elements can be
seen in the urostyle. Some separate black points can be noticed on the stomach
and after the anal region (PI. 10). ’

- Stage I1I: two species were represented (Pl. 10), with many aspects in common.
The dorsal and anal fins have 10 + 32 and 2 + 6 rays respectively. All the fins
are expressed. As for pigmentation, some small and big star-like black points
can be noticed on the lips, the head and the stomach. Sometimes scales appear
on the dorsal region. At more advanced level, pigmentation appears clearly in
the form of black spots and points on the head, the body, the caudal and first
dorsal fins.

+ Pseudotolithus epipercus (Bleeker, 1863)

It is also a coastal species represented by specimens of two sta.ges only, II and III (Pl
10).

- Stage II: Quantitative signs can be determined (PI. 10), such as myomeres (> 22) and
the anal fin rays (9).
The larva has the shape of a drop and a sizeable mouth; the ventral fins
*emerge. Pigments are found on the pectoral fins, in the form of black points; a
black spot can be noticed before and on the pectoral fin base.

- Stage I1I (PI. 10): At this level many quantitative signs can be determined. Thus, it is
easy to determine the number of rays on the dorsal (9 + 36) and anal (2 + 7)
fins, 22-24 muscular segments can be noticed. All the fins are present. The
mouth is sizeable and some denticles can be noticed. Big star-like points are
present on the opercle, the stomach and the pectoral fins, faintly expressed
sometimes. Separate points are situated above the eyes and after the the anal fin

base.

+ Pseudotolithus moori (Gunther, 1865)

las

This species is represented by specimens at stage Il (Pl. 10). The number of fin rays is
follows: A =9, D> 13, and C = 13. The total number of myomeres is 23-24. The larva has the
shape of a drop. Only the first dorsal and the ventral fins are not yet individualized. The mouth
is sizeable. Pigments are noticeable on the stomach (before and under the pectoral fins); some

points are located before and after the anal fin. At late stage 11, the larva has a bigger dorsal fin.

+ Pseudotolithus typus (Bleeker, 1863)
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This species is coastal and occurs in muddy or rocky bottonts, at a depth of 12-70 metres.
This fish is widespread, from Senegal to Angola (Seret, 1984). The specimens collected

represent wo stages.

- Stage II: three specimens collected (Pl. 11). There are 22 to 24 myomeres.
The dorsal, anal and caudal fins have some rays. The most developed fins are
the pectoral and the ventral fins. Only one black point is present after the anal
fin. This latter has 9 rays. The number of dorsal fin rays is not less than 28,

with a maximum of about 37.
- Family SERRANIDAE: sea basses

They occur in tropical and temperate marine water (a few in fresh water). They are
characterized by an opercle having three spines: the main spine with one above it and one below
it.

Systematic revisions of component group include Kendal (1979), Randall (1980) and

Smith (1971). Several subfamilies are often recognized.
This family in¢ludes coastal and demersal fishes occuring in tropical and subtropical

waters, and rarely in temperate watér. Many of them are of high commercial value.
Genus sp. (undetermined species)

- Stage I: samples collected include this stage (PI. ). The larva has 21 myomeres in the
middle of the body, and a dual feeding mechanism. The yellow sac has not yet
disappeared while at the same time the mouth takes shape. The pectoral and
pelvid fins are wéll developed. Some shining black star-like points can be
noticed before the eyes, on the stomach, and in the ventral and caudal portions

(PL. 11).
+ Paracentropristisheterurus Cadenat, 1937

Only one species hds been found in African tropical Atlantic by Cadenat in 1937. Two

stages were observed.

- Stage I (Pl. 11). The myomeres are present (22-24). The pectoral and pelvic fins are
visible. The eyebrow can be seen above the eyes. The ventral fins are black
and some dark pigments appear from the nape to the anal fin.
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- Stage Il (Pl. 11): There are slight differences with stage I. Some rays appear on the
caudal and dorsal fins, The pectoral and pelvic fins are well developed. The
urostyle has two or three elements. Pigmentation is very well expressed before
and after the eyes, on the stomach and the ventral fins (P1. I1).

- Family SPHY RAENIDAE: barracudas

They are pelagic and occur in marine, tropical and subtropical, temperate and warm water
in the Atlantic, Indian and Pacific Oceans. An undetermined species of the gernus Sphyraena
has been observed (Pl. 12). The specimens collected represent three larval stages .

- Stage 1 (Pl. 12): Quantitative signs are not determined at this stage. The larva is
elongate. Only the pectoral fins are present. The mouth is sizeable. On the top
of the head, the air bladder can be noticed. The bowel is elongate and tube-
like. Some pigments in the form of black points can be noticed in the middle of
the body.

- Stage II (Pl. 12): Quantitative signs appear and about seven rays are found on both the
second dorsal and the anal fins. All the fins are present except for the ventral
and the first dorsal. The larva has outstanding eyes and a sizeable mouth. The
pigmentation is clearly expressed on the body, with the exception of the fins.

- Stage IHI (Pl. 12): The dorsal fins with (4 + 5) + (7 + 8) rays and the anal fin with 7
rays are present. The first dorsal and ventral fins appear. Denticles can be seen
in the mouth. The pigmentation is expressed in the form of a large stripe
extending from the mouth and the caudal region to the anus.

- Family SYNGNATHIDAE: pipefishes and seahorses
They occur in marine water (some in brackish and fresh water) in the Atlantic, the Indian
and the Pacific Oceans. Syngnathids are usually confined to shallow water. Most of the species
are found in warm temperate or tropical water. Certain pipefishes, however, thrive in relatively
cool water. A few species are confined to fresh water but most are marine or euryhaline.
Samples belonging to two species were collected, representing stages Il and 111 only.

+ Syngnathus pelagicus Linnaeus 1758

This species is represented at stage 11 (PI. 13). The dorsal fin has about 28 rays. The
body has about 50 small spines (Pl. 13).
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+ Syngnathus kaupi Bleeker 1863
Only stages Il and Il were collected.

- Stage 11 (Pl. 13): The dorsal and caudal fins are expressed with respectively 23-24 and
9 rays. The pelvic fins have not yet appeared. The pectoral fins emerge but not
near the end of the opercle. The air bladder is distinguishable. The anus is
located on the vertical line of the dorsal fin. Some pigments can be seen: smail
points are present in the ventral and caudal portions of the body.

- Stage III: The total number of the rays is the same as in stage II: D 23-24,and C9 . The
pelvic fins appear but are very small. Pigmentation is clearly expressed by
small black points and vertical stripes (Pl. 13).

- Family TETRAODONTIDAE: puffers

They occur in marine water (sometimes foraying in brackish and fresh water); in tropical

and subtropical waters of the Atlantic, the Indian and the Pacific Océans. The specimens

ccollected seem to be Ephippion guttiferum, representing stages I and II1. -

3.-

- Stage I: there are no quantitative signs. The larva is comma-like; only the pectoral fins
are present at this stage. The ribbon representing fins runs about the body. The
mouth is small. The bowels have the shape of a big open sac at the middle of
the body. Pigmentation is very distinguishable on the opercle, the stomach and
after the head. S

- Stage 1I: All the fins are present and the larva is spherical. It has big eyes. Pigmentation
is well developed and corresponds to the shining black ﬁbints (some are big,
some others are small) on the opercle, the stomach and the dorsal region of the
body with the exception of the fins and the caudal region.

Ichthyoplanctonic Distribution

The samples collected during the investigations in Guinea and Senegal can be divided into

three major ecological groups: pelagic, demersal and benthic fishes. Some of them are caught

all the year round by artisanal fisheries and seem to be sedentary, while others appear

seasonally, which means that they are migratory.
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- Pelagic group (Pl. 14 and 15): Carangidae (jacks and pompanos), Clupeidae (herrings),
Mugilidae (mullets), Scombridae (mackerels and tunas) and Sphyraenidae

(barracudas).
- Demersal group (PI. 16 and 17): Gerreidae (mojarras), Sciaenidae (drums), Serranidae
(sea basses), Sparidae (porgies), Polynemidae (threadfins), Eleotridae

(sleepers).

- Benthic group (Pl. 18): Blenniidae (combtooth biennies), Bothidae (lefteye flounders)
Cynoglossidae (tongue fishes), Soleidae (soles) and Trichiuridae

(cutlassfishes).
Some species in these three groups are catadromous or amphidromous, with essential

cyclic movements between salt water and fresh water, whereas others are marine or estuarine
species often found in fresh water; yet, these do not need foraying in fresh water to complete

their life cycle.

All these tishes constitute an important asset for both artisanal and industrial fisheries.

There have been more investigations in Guinean than in Senegalese waters (Tab. 11I).

Table 3 - Samples obtained during investigations, from 1988 to 1992

1988 1989 1990 1992 Trap Used
Collection Site . . N .
Dry « | Rainy | Dry Rainy | Dry Rainy * | Dry Rainy | TCIiT-1 | TCIT-2
scason j scason s¢ason ] season scason icason scason | scason
2% 10 |4 7 2 +
Tabounsou River |----- | J-=oes | ooommm | momme foomoeee
26+ 164 |89 88 36
2 11 6 7 3 2 + +
LoosIslands |-~ | |- Jemm Foeee | Lo
31 183 |70 82 39 38
2 3 4 5 3 4 + +
SangareaBay  |--—- | = |- |- s [ e
7 24 |61 63 27 29
Konkouré River 3 _____ f‘_ 3 ______ _2_ + .
near-shore zone 41 49 |37 31
Fatala River and l_ _5 _____ +
near-shore zone 36 164
; I
CasamanceRiver | | | | | | |  f---ee- +
39
I +
SenegalRiver | [ | {+ | |  [-—
37
1 +
DakarBay  { | t t { {t t |-
36

NB:* number of missions carried out

**quantity of fish samples in coastal and estuarine West Alrican waters (Guinea and Senegal).
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FAMILY MUGILIDAE

Pl. 15~ PELAGIC FISHES
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FAMILY GERREIDAE : mojorras

P1.16- DEMERSAL FISHES

FAMILY SERRANIDAE: sec basses

Paracentropristis heterums CADENAT, 1937

FAMILY SPARIDAE : porgies

Oblado melonura ( LINNAEUS, 1758)

FAMILY POLYNEMEIDAE: threadfins

Goleoirdes decadoctilus(BLOCH 1795 )




FAMILY ELEOTRIDAE : sleepers

Pl.17- DEMERSAL FiSHES
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FAMILY BLENNIIDAE : .combtooth blennies

FAMILY CYNOGLOSSIDAE : tongue fishes
;)5\'." e
“" N -

FAMILY TRICHIURIDAE
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[}

H
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ale .‘M‘? :

Cutlossfishes

Pl.18 - BENTHIC FISHES
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The table of ichthyoplanktonic distribution shows many variations in relation to the tidal
process (Tab. 4 and 5) and the season (Tab. 6 and 7).

Thus, in Loos Islands, species of fish larvae and juveniles collected vary with the tide:
some families are found during low tide (Tab. 4): Bramidae, Branchiostegidae, Congridae,
Kuhlidae, Malacanthidae, Mugilidae, Pblynemidae, Scombridae, Sphyraenidae, Tetraodontidae
and Triglidae. Others are:p;ésént__only during high tide (Tab. 4): Centrolophidae, Gobiidae. Yet
many families can be found durihg both low and high tides (Tab. 4): Blenniidae, Carangidae,
Clupeidae, Cynoglossidae, Sciaenidac and S¥fignathidae. '

This observation is equally valid with respect to Konkouré River and near-shore zones
(Tab. 4). The same families have different behaviours, depending on whether they are in rivers
or in the sea. Thus, Blenniidae, Bothidae, Microdesmidae, Moronidae, Soleidae and
Syngnathidae are present only during low tide. There is no behavioural change with
Carangidae, Clupeidae, and Scianidae, unlike Cynoglossidae, Gobiidae, Mugilidae, and
Polynemidae.
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Table 4 - Ichthyoplanktonic Distribution around Loos Islands

FEBRUARY 1992 APRIL 1992
FISH FAMILY LOWTIDE | HIGH TIDE | LOWTIDE |HIGH TIDE

1  Blennidae 9,1,6,5 |7,3,2 1,3,4,6,9,2 |6,7
12 Bramidae 9

3 Branchiostegidae 9

4 Carangidae 1,6,5 7 1,3,46,8,9 16, 5,7

5  Centrolophidae 7 ]

6  Clupeidae 91,65 7 3,68,9,2, |5

7 Congridae 6

8  Cynoglossidae 1,6,5 7,3 1,3,4,6,8 6

9  Eleotridae 3 7

10 Gobiidae |

11 Kuhlidae 6

12 Malacantidae 6

13 Mugilidae 1,6,5 1,3, 4

14 Polynemidae 6,5 4

15 Sciaenidae 1,6,5 7,3,2 1,3,2

16 Scombridae 6

17 Sphyraenidae 6 6

18 Syngnathidae 3 3

19 Tetraodontidae 1 1

20 Triglidae N 6,5
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Ichthyoplanktonic Density around Loos: Island (Number/160 m3)

APRIL 1992

_ - FEBRUARY 1992
FISH FAMILY LOWTIDE | HIGH TIDE | LOWTIDE | HIGH TIDE
1  Blennidae 18,0 10,5 9,1 5,4
2  Bramidae 1,2 - '
3 Brachiostegidae 1,4 - !
4  Carangidae 38,0 5,0 30,0 12,4
5 Centrolophidae 104’
|6  Clupeidae 9,2 83 2,2 1,7
7 Congridae 1,7
8 Cynoglossidae 324 4,6 4.9 4,5
9  Eleotridae 2,9 2,8
10  Gobiidae 3,5 .
11  Kuhlidae 1,6
12 Malacantidae 1,3
13 Microdesmidae
14 Mugilidae 8,3 2,4 5,1
15 Polynemidae 255 . 1,5
16 Sciaenidae 129,6 4,4 4.8
17  Scombridae 0,7
18 Sphyraenidae 3,7 6,1
19 _Syngnathidae 1,3 1,4
20 Tetraodontidae 1,3 1,5
21 Triglidae 2,6
22 Eggs (number/stages) 1-4/191 |2-3/369 |[2-3/198 |2-3/95
Nex./ 100 m3




Table 6 - Ichthyoplanktonic Distribution In Konkouré River
and Near-Shore Mangrove Zone

FEBRUARY 92 APRIL 92

FISH FAMILY LOWTIDE |HIGHTIDE | LOWTIDE |HIGH TIDE
1 __ Blenniidae K
2  Bothidae C
3  Bramidae
4  Branchiostegidae
5  Carangidae C K C,L K
6  Clupeidae B,C,D A E K C,L M
7 Cynoglossidae D A
8  FEleotridae B,C,D AE K C,D,L E K, LM
9  Gobiidae C,D E, K L,K E K L
10 Kuhlidae
11  Malacantidae
12 Microdesmidae C
13 Moronidae D
14  Mugilidae C A E D
15 Polynemidae B,C,D A E K C,D,LK,E |K,L
16 Sciaenidae B,C,D A E, K C,D,L,K |EK,L
17 Soleidae C
18 Sparidae K E
19 Syngnathidae C
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:Table 7 - Ichthyoplanktonic Density In Konkouré River and
Near-Shore Zone (Number of Specimens/100 m3)

FEBRUARY 92 APRIL 92
FISH FAMILY LOWTIDE |HIGH TIDE | LOWTIDE | HIGH TIDE
1 Blenniidae 10,3
2  Bothidae 1,3
3 Carangidae 2,2 3,2 1,7
4  Clupeidae 12,4 14,1 15,2 30,8
5 Cynoglossidae 2,6 50
6  Eleotridae 10,4 24,6 18,8 56 -
7  Gobiidae 32,1 6,3 1,9 30,2
8  Malacantidae
9  Microdesmidae 1,3
10 Moronidae 2.4
11 Mugilidae 1,6 2.8 2,7
12 Polynemidae 15,4 71,3 38,8 2,1
13 Sciaenidae 30,9 107,3 11,3 35,6
14 Soleidae 2,2
15 Sparidae 1,8
16 Syngnathidae 1,1
17 Tetraodontidae
18 Triglidae
19 Eggs (number/stages*) absent 1/30 absent absent
Specimen /100 m3)
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" " The quantitative estimation of ichthyoplankton in the zones surveyed was done for every

100 cubic meters (Tab. 5 and 6). In'the oceanic area of Loos [slands, Sciaenidae, Carangidae,
Cynoglossidae and Polynemidae constitute the most important fish group (Tab. 8). These
‘fishes are more¢ abundant during low tide than during high tide. As for Clupeidae and
Tetraodontidae, low or high tide have no impact on their number. In Koukouté River and near-
shore zone, the situation is practically the same. With respect to tidal changes, Sciaenidae and
Polynemidae are more abuidant than Carangidae and Cynoglossidae (Tab. 9). *

“These observations are applicable to the other areas prospected in Guinea and Senegal.
The periods are not the same and are discontinuous (Tab. 3); a survey over a long period is
essential to document and interpret interannual variations in relation to the timing and growth of
ichthyoplankton in the zones prospected.

There is, to some extent, a degree of similarity as regards species widespread in all the
areas prospected. The community index defined by Tchekanov-Sierencene (1982) shows a few
variations betweer the estuarine mangrove zone of Konkouré River and the coastal marine zone
of Loos Islands at different tidal periods. During high tide it was 0.71 and during low tide
-0.76 (1: total likeness, O: only one common taxon). The generalized index is - 0.77.

For the same period, larvae and juveniles found in the estuarine mangrove zone are bigger
than specimens found around Loos Islands. In fact, in the latter case, there are mainly earlier
larval stages (more than 80% of the population). In contrast, this proportion drops to about
20% in mangrove zones. The maximum length of fishes collected is 80-88 mm (Polynemidae
and Sciaenidae collected in the estuarine area: Konkouré) and the smallest samples have a length
of 10-12 mm (Congridae and Syngnathidae-found in the marine zone, Loos islands).

Ichthyoplanktonic distribution depends on'collecting level (Tab.10). Species diversity is
more important in bottom than in surface water. But in many sites and at different collecting
levels, some families are always found: Sciaenidae, Mugilidae, Cynoglossidae and Clupeidae.
A few groups were found only in one (Tetraodontidae and Blenniidae) or two localities (e.g.
Blenniidae) (Pandaré et al, 1992a). 4

In the marine zones, there are many eggs with various embryonic stages during high tide,
however, we only caught embryonic stages near the mouth of Konkouré River. The other
hydrobionts caught during the prospection were shell fishes (shrimps, lobsters, crabs),
Cephalopods (squids, cuttiefishes) and other invertebrates. Some spatio-temporal variations of
ichthyoplankton sample§ have been noticed (Pandaré et al., 1990).

Regarding quantitative estimation for embryos collection periods and localities, it seems
that the spawning area and the first ontogenic steps of embryonic development in coastal fish
species takes place in the tidal marine area during dry season, near the Kaloum Peninsula
(Conakry). On the other hand, later larval and juvenile stages develop in estuarine and

mangrove zones of Konkouré River.

The ichthyoplanktonic species in Cap-Vert Peninsula (Dakar) and Casamance River can
be subdivided into three main groups (Tab. 8) (Pandaré ¢1 al., 1992b). |
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- Group I: bottom and mid-depth fishes such as Balistidae, Bothidae, Carangidae,
Congridae, Sciaenidae, Scombridae, Serranidae and Sphyraenidae;

- Group 2: surface water or near-surface fishes such as Synbranchidae and
Tetraodontidae.

- Group 3: fishes living both in bottom and in surface water such has Blenniidae,
Clupeidae, Cynoglossidae, Eleotridae, Mugilidae, Soleidae, Sparidae and

Syngnathidae.

Tab.8: Ichthyoplanktonic Distribution in Senegal: Dakar and Casamance.

FISH FAMILY DAKAR CASAMANCE

SURFACE BOTTOM SURFACE BOTTOM

Balistidae
Blenniidae +
Bothidae

Caranjgidae

Clupeidae +

Conindae

+ b+ 1+ |+ [+ [+ |+
+

Cynoglossidae +
Eleotridae + +
Mugilidae + + +
Sciaenidae
Scombridae
Serranidae

Soleidae

Sparidae +

+ |+ |+ |+ |+

Sphyraenidae

Synbranchidae

Syn gnathidae + +
Tetraodontidae +

The more we move upstream the more species diversity decreases, with a tremendous
monospecific population increase. Near the mouth of the river or shore, there are many species.
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CONCLUSION

lchthyoplanktonic composition and distribution are more diversified in Guinean than in
Senegalese coastal and estuarine shallow waters. Biodiversity is more important in Guinea than
in Senegal. This situation can be explained by environmental conditions in Sahelian regions,
which are characterized by a critical rainfall deficit (Senegal). Various developing stages have
been found: eggs with embryos, larvae, juveniles, and sometimes adult-fishes.

Abiotic factors such as salinity, dissolved oxygen, collection level and period are
important in the spatio-temporal ichthyoplanktonic distribution.

The tidal zone is divided into two sub-zones with specific ichthyofauna. It is hoped that in
other West African countries this survey will enable researchers to gain insight into fish
development in coastal and estuarine mangrove zones.

The ichthyoplanktonic investigations are very important in relation to ecological,
environmental and aquacultural researches, not only in determining fish spawning and growing
areas but also in devising and enforcing protection measures so as to mitigate anthropogenic
pressure. This study may also serve as a guide for proposing the creation of reserved marine
zones, presently inexistent in West Africa. It would thus be possible to analyze optimal
conditions for spawning, feeding and growing, and determine scientific bases for aquacultural
practices, a common concemn to developing countries.

A followed up and well conducted study of ichthyoplanktonic stocks would provide
precious information on the potential of the areas prospected, the biological diversity of fish
species and optimal conditions for their development, relationships among reproductive areas,
nursery grounds and fishing zones located in coastal marine, estuarine, mangrove and near

shore zones. This requires an interdisciplinary approach.
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Annex 1 : Some morphometric and meristic data of the ichtyoplanktonic community in the prospected areas

(see p. 6 for the legend. Myom. =

myommeres, undet. = undetermined)

FAMILY GENUS SPECIES {STAGE| L 1 LH 1A Hm [%] A C D P Myom.
Albulidae Albula vulpes ? I 414 | 368 | 385 | 267 | 88 18-19 20 73
Blenniidae undet. undet. I 28 2.8 0,62 1,0 +

undet. undet. 1 4.1 40 0,95 1,5 04 +
Carangidae Caranx hippos I 30 | 286 | 095 1.5
1 3.6 3.5 1,20 2.0
I 6.2 54 1,72 3,15 2,15 >15 19-22 >20 +
11 74 6.2 2,15 34 2+(17-18)| 20 8+19
Caranx senegallus I 20 19 052 | 10 022 +
o 1 238 2,71 0.76 144 ; +
)i 48 43 1,7 232 1.8 19-20 16 + + 26-28
I 18.5 15,5 54 3,0 7.0 3+17 8§+(22-23) |19-21
Caranx Crysos IV M2 | 82 | 84 142 2,5 3+23 8+26
Seriola dumerili I 2.5 23 09 1,6 03
1 42 4,05 1,15 2,5 045 +
I 58 4,7 19 2,7 3+16 >25 17
III 14.5 11,6 4,15 7,6 135 3+16 + 7+ 19 +
[Clupeidae Ethmalosa | fimbriata i 475 | 467 | 051 | 402 0,14 ‘ +
)i 5.8 5.6 0.62 4.9 0,18 + + 44 -46
i 9.0 8.7 1,03 7.8 0,22 + 14-15 + 44-46
I 248 20,8 5.1 14,7 125 21 18 44
llisha africana 31 5.8 8.8 1,6 7.3 0,7 31
II 11,5 10,5 2,1 8.5 1,35 >44 (4447) + 13-14 + 38
| I 18,8 15,9 385 10,5 2.82 45-48 13-14 +
Pellonula | leonensis I 20 20 - 0,75
1 3.3 38 - 0.9
I 4,52 4,52 0.5 3.84 0,17 + 39-41
1 64 6,15 09 5.4 021 36-38
I 93 9,0 1,17 1,2 0,28 12 9 4?2
I 145 | 127 1 215 | 113 042 + 14-17 + + 38-41
IV 20,9 17,5 4.9 133 3.1 23 17-18 + + 40-42




[Clupeidae Sardirella aurita i 69 [ 65 | 085 [ 555 + + + 40- 41
‘ I 8.0 7.8 0,85 6.9 + + 39-42
m 20,3 173 3,96 13,6 21-23 17 + 9 42-4
Sardinelia | maderensis 1 44 | 435 | 054 | 37 0,14 +
I 6.7 6.6 0,75 5.6 0,18 + + + 43-44
I 12,0 10,8 1,6 9.2 0,31 15-17 14 " 44 -46
v 25,1 21,5 6.0 16,5 1,6 18-21 + 18-20 8 o+ 42.45
Congndae undet. undet. I I 76 | 758 12 59 { 115 ' S + 75
1 3.6 8,5 1,33 7.5 0,96 + 72
Cynoglossidae | Cynoglossus|  sp A I 245 24 042 | 095
: 1 5.6 55 1,1 2,18 0.37
Cynoglossus spB I 5.1 50 L1 21 | 062
1 6,3 6,1 1,1 24 1,1
Cynoglossus |  monodi 11 83 | 755 [ 212 | 23 19 | 032 >95 > 130
III 9.3 83 2.7 29 43 102 134
Eleotridae Eleotris | senegalensis i 3,15 30 07 13 021 + 24
1§ 6.8 5.5 1,65 3.1 10-12 ~25 | (5-6) (10-11)
1 93 7.7 2,1 44 044 10-12 (5-6) 9-11) ~25-26
III 15,5 12,8 3,0 6.8 0.6 11 5+0-11) |14-15 ~25-26
Eleotris Sp. 111 8.5 6,7 2,1 3.7 04 11-12 4.
Gobiidae Stenogobius | thomasi I 8.9 686 | 228 3.8 0,81 >10 Dy:6 23
IV 22,6 18,0 50 9.2 1,5 11 + 6+9 18 +
Gobius rubropunctatus I 13,7 114 29 6,1 11 Dr:12-13 22
Gobioides ansorgii il 206 | 184 | 37 | 95 + + + + + 27
Mugilidae unuet. undet. I 29t 27| 09 1,85 ’ +
Liza ramada m 7.8 60 | 16 3,6 '3+9 + Di: 4; + 5-6
Liza grandisquamis? I 40| 39 1,05 2,5 2,25 D2:1+7 +
Liza aurata I 113 8.8 32 10,1 3+9 ¥ + + +
Liza falcipinnis 111 13,7 | 107 | 32 6,9 1,1 3+11 + + + |+
Polynemidae Galeoides | decdactylus 1 335 31 ] 094 | 158 +
) 1 48 43 145 1,95 04 + + o+ 23-25
11} 9,0 6.2 2,72 34 15 8§+14 »
i Il 160 | 108 | 37 5.8 3+12 8+14
Petanemus | quinquarius I 3,1 294 | 091 1.3 +
I 50 48 15 2,16 + + + +
I 5,65 5.5 1,55 23 17
I 14,0 10,8 34 5,0 28-30 + 7+(16-18) | + +
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Sciaentdae Pseudotolithus | brachygnathus 1 285 2,64 0,84 1,1 +
. I 34 3,0 1,0 1,25 + +
)1 6.4 5.5 1,9 25 1,7
I 6.5 5.5 1.9 2.6 2.1 ~9 + >20 +
Pseudotolithus | elongatus Ii 5.1 5.0 1,33 | 20 0,46 18 + +
m 10,8 7.7 30 44 2+6 + 10+ 32 +
I 31,2 220 8.0 13,0 2+6 + 10+ 32 +
Pseudotolithus | epipercus 1I 7.8 6.2 2,1 32 9 + >
m 10,4 8,0 2,87 42 2+7 + 9+36 + 2-24
Pseudotolithus mori ? II 50 4.5 1,55 23 04 . ~9 + >13 + >
I 6,7 5.5 1.8 2.5 0,51 + ~ 13 >13 + ~%
Pseudotolithus ypus 1 31 | 305 | 093 | 14 - 21-23
II 42 4,0 1,15 1,65 + + + 21-23
I 54 4.4 1,35 2,15 9 >28
4 6,9 5.7 2,17 2,65 9 ~ 37 ~24
erranidae undet. undet. 1 2,7 2.7 0,6 13 0.21 + ~ 21
Paracentro -| heterurus I 22 22 0,73 | 145 023 + ~2
- pristis '
I 3,55 345 1,12 1,68 0.4 + 22-24
I 4,7 43 14 24 0,5 + + + ~24
Sphyraenidae | Sphyraena sp. I 23 23 0,7 1,5 0.21 +
I 30 3.0 0,98 1,5
1 43 4.1 1,34 2,85 +
I 84 73 2.7 53 0.6 ~ 17 + Dy:7 +
I 13,1 114 4,1 8.0 0,81 7 + (4-5) + (7-8) +
Syngnatindae | Syngnathus | pelagicus il 116 | 110 1,6 44 ~ 28
Syngnathus kaupi i 90 | 85 | 135 | 36 025 + 9 23- 24 +
11 21,1 20,0 2,1 7.2 0,33 + 9 23- 24 +
01 41,0 39.8 5.6 14,5 + 9 25 +
Tetraodonndae | Ephippion | guttiferum I 25 | 236 ] 054 [ 10 026 +
- L1 6,1 445 2,0 3,35 24 8 11 11
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