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Co-occurrence of Engraulis encrasicolus
and Sardinella aurita eggs and larvae in the
northwestern Mediterranean*

ISABEL PALOMERA & ANA SABATES

Instituto de Ciencias del Mar. P. Nacional, s/n. 08039 Barcelona. Spain.

RESUMEN: COINCIDENCIA DE HUEVOS Y LARVAS DE E. encrasicolus y S. aurita EN EL MEDITERRANEO NOROCCIDENTAL.
— Se analiza la distribucion espacio-temporal de huevos y larvas de E. encrasicolus y 8. aurita procedentes de mues-
treos de plancton realizados a lo largo de la plataforma continental catalana desde 1983 a 1985, con el fin de comparar
sus estrategias de puesta, El periodo reproductor de S. aurita se inicia en verano, con posterioridad al maximo de
puesta de E. encrasicolus, cuando la temperatura superficial del agua es mas elevada (23-26 "C). En ambas especies, la
puesta finaliza en el mes de octubre. Los huevos y larvas de E. encrasicolus se distribuyen por toda el drea, con las
madximas concentraciones sobre el limite de la plataforma continental. Por el contrario, los huevos y larvas de §. aurita
muestran una distribucion marcadamente costera, limitada principalmente a la mitad sur del drea,
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SUMMARY: We analyze the spatial and temporal distributions of E. encarsicolus and S. aurita eggs and larvae, from
plankton collections made in Catalan coastal waters (Western Mediterranean) from 1983 to 1985. in order to compare
their spawning strategies. The spawning period of gilt sardine begins in early summer after peak spawning of anchovy
when surface water reaches the maximum temperature (23-26 "C). Both species end their reproductive period by
October. Anchovy eggs and larvae were widely distributed over the area, with greatest concentrations near the outer

1990

limit of the shelf. In contrast, gilt sardine eggs and larvae showed a markedly coastal distribution mainly limited to the

southern half of the area.
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INTRODUCTION

The European anchovy, Engraulis encrasicolus
(Linnacus, 1758) and the gilt sardine, Sardinella auri-
ta Valenciennes, 1847, are two pelagic spawning
clupeoid species that spawn in the summer along the
Catalan coast (NW Mediterranean). Two other
clupeoid species inhabiting this area, the sardine,
Sardina pilchardus and the sprat, Sprattus sprattus,
are winter spawners. The anchovy and the sardine
are the most abundant and economically most im-
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portant species in the Catalan coast, comprising
about 50 % of the total landings (SARDA and MAR-
TIN, 1986).

Previous research on the reproduction and
egg and larval distribution of the anchovy and gilt
sardine in the western Mediterranean is sparse and,
in the case of the gilt sardine outdated. DEMIR
(1965), in his review of the biology of the
anchovy in the western Mediterranean, located the
reproduction of the anchovy between April and Oc-
tober. ALDEBERT & TOURNIER (1971) and PA-
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LOMERA (1981, 1986, 1989) studied the egg and lar-
val distribution of the anchovy in the Gulf of Lion,
and the Catalan Sca, respectively. BEN-TUVIA
(1960) reviewed the available information on the bio-
logy of the gilt sardine. He indicated that the repro-
ductive period of the gilt sardine spans the months
with higher water temperatures. According to NA-
VARRO (1932), this occurs from July to September
for the Catalan sca.

The two species studied have a coastal pelagic
habitat (WHITEHEAD, 1984). The anchovy is abun-
dant in the whole Mediterranean and neighbouring
seas, and tolerates a wide salinity range (5 to 40;
DEMIR, 1965). The gilt sardine is abundant in the
southern Mediterranean and rare in the northern
Mediterranean (BEN-TUVIA, 1960), and only occurs
in waters with salinities > 35 (LONGHURST, 1971).

The great difference in abundance of adult
Engraulis encrasicolus and Sardinella aurita on the
Catalan coast, and the overlap in their spawning peri-
ods suggested a study of their spawning strategies in
the arca. To achieve this, we analyze the spatio-tem-
poral distribution patterns of anchovy and gilt sardine
cggs and larvae along the Catalan coast.

MATERIALS AND METHODS

Study site

The Catalan coast (NW Mediterrancan) is an arca
of great topographic and hydrographic heterogeneity.
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Fig. 1.— Studied arca showing the distribution of sampling
stations.
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The northern zone of the coast has three major
submarine canyons, that approach the slope zone
some 5 miles offshore. The continental shelf between
them has an average width of 40 miles. Along the
central zone the continental shelf is rather narrow,
and topographically simple; the width of the con-
tinental shelf increases towards the southern zone of
the Catalan coast to reach 40 miles off the Ebro Del-
ta. The Rhoéne river in the North, and the Ebro river
in the southern fringe are the most important sources
of continental water to the Catalan coast. Water cur-
rent flows towards the south, parallel to the coast at a
distance of 30 miles offshore along the shelf break
(FONT, 1986). This circulation pattern is associated
with a shelf-slope salinity front which separates
coastal waters from the more saline open sea waters
(SALAT & FONT, 1987; FONT et al. 1986).

Sampling procedures

Plankton samples were collected during 11 sci-
entific cruises along the Catalan coast (Western
Mediterranean, 42° 24" N - 40" 13" S; Fig. 1). The
cruises were performed throughout the spawning pe-
riods of the anchovy and gilt sardine (i.e.. April to
October) in 1983 and 1984. In addition, we included
in this study samples obtained in a cruise carried out
in June 1985 (Table 1). A grid of 39 stations was sam-
pled on cach cruise, with additional offshore stations
sampled on the cruises undertaken in 1983 and 1985.
Plankton tows were done using a Bongo net (40 ecm
diameter, mesh size = 333 pm) fitted with a flow me-
ter. The samples were collected in oblique hauls from
200 meters, or near the bottom in shallower stations,
to the surface.

Hydrographic sampling (i.e., water temperature
and salinity) was made using a Neil Brown CTD for 5
of the cruises, and using Niskin bottles fitted with
inversion thermometers in the remainder.

Identification of Engraulis encrasicolus and
Sardinella aurita cggs and larvae, was done following
d’ANCONA  (1931) and CONAND and FAGETTI
(1971). Egg and larval abundances were expressed as
number under 10 m? of sea surface using flowmeter
readings to calculate the water volume filtered.

Differences in egg and larval abundance in rela-
tion to station depth were evaluated using ANOVA,
with the pooled abundances along four depth in-
tervals (i.e., 0-50, 50-100, 100-200, and > 200 m) as
the treatment categories. Egg and larval abundances
were log-transformed to accommodate the data
distribution to the assumptions of ANOVA.



Tasir 1— Summarized data on cruises on the Catalan coast, 1983-1985: (x) mean abundance and (sd) standard deviation of anchovy and
gilt sardine eggs and larvae,

Anchovy Gilt sardine
eggs larvae eggs larvae
data cruise N.* Stat. X sl X sd X s X sl
14-26 Apr. 83 45 56.1 148.5 1] 1] 1] 1] 0 0
14-20 May 83 4 815.6 2035.8 4680 1291.5 1] 0 1] 1]
8-12 June 83 44 21354 3279.0 1515.7 2138.7 1} 0 0 0
19-25 July 83 44 951.1 3121.8 22429 2843.1 21.0 63.9 66.7 375.0
7-14 Sept. 83 44 20.4 140.4 133.1 194.6 46.5 128.7 249.6 7119
4-10 Oct, 83 44 3.8 12.0 9.8 26.6 2.8 6.4 6.9 17.2
27 Apr.-3 May 84 39 534 122.3 0 0 0 0 { 0
16-21 June 84 35 755.8 1215.6 198.2 360.0 0 1] 1} it}
17-22 Aug. 84 42 125.4 468.2 2322 516.9 T1.5 305.1 70.9 145.4
30 Sept.-5 Oct, 84 40 Il 3.2 8.5 26.9 0 0 2.8 1.7
12-20 Junce 85 54 420.9 745.2 305.4 523.0 08.54 422.5 R 1.8
RESULTS TasLE 2.— General statistics of Engraulis encraiscolus, anchovy.

and 8. awrita, gilt sardine. cggs and larve abundance vs. depth.
x =mean of In of abundance.

Anchovy sd = standard deviation of In of abundances.
P = probability of no difference between depths.
Anchovy eges were found in all cruises. The “level of significance 0.01, **level of significance 0.001.

average abundance varied greatly within the spawn-
ing period. with the peak abundance in June, and
also among years. with the greatest abundances being
recorded in 1983 (Table 1). (depth) — x  sd X sd £ sa ¥ o
The spatial and temporal distribution of anchovy
cges during 1983 and 1984 showed that spawning in
the southern zone began in April, when surface wat-
cr temperatures exceed 13 °C. Spawning extended
Northward as water temperature increased from
South to North. The greatest egg abundance were p 0.0014% 0.000015*  0.00003** 0.0035*
found between May and July, with surface water
temperatures between 17 and 25 C (Fig. 2). Spawn-
ing ended in September for the northern part. con- average egg and larval abundance occurred at sta-
current with a marked temperature decrease in this tions with depths between 50 and 200 m, with a
arca (Fig. 2). September water temperatures were 2 °C secondary larval maximum in stations deeper than
lower in the Northern zone than in the south. where 200 m (Table 2).
spawning continued in October, albeit with reduced Anchovy cggs and larvae were collected in waters
intensity. with salinities ranging from 29 to 38 (Fig. 5). Water
Both eggs and larvae were widespread along the
entire area studied during the months of peak abun-
dance (May to July). The greater egg concentrations
were located along the shelf break, with a wide distri-
bution in the broader shelf of the southern zone, off
the Ebro Delta. Larval distribution was more extend-
ed than that of cggs. with a tendency towards open-
sca dispersion. Minimal abundances, both of eggs

Anchovy Gilt sardine
ceps larvae eLus larvae

O-50m 0747 0,124 0.964 0125 0.627 (L082  0.655 0.095
SO-100m 1213 01200 1847 00122 0,302 0.079 0,652 0.092
100-200m 1,055 0,155 1816 0.156 0.073 00102 0,362 0,118
=200m 0531 00143 1669 0,144 0,127 0094 0.238 0.109
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Fi6. 3.— Distribution and abundance of anchovy eggs in 1983, The values correspond to numbers
under 10 m”.

salinities below 36 were sporadic, although they were
often associated with high anchovy egg and larvae
abundances. For instance, very high anchovy egg and
larvae concentrations were recorded near the Gulf of
Lions in June 1983, associated with the presence of a
superficial intrusion of low salinity water (29) derived
from the Rhone river discharge (CASTELLON er al.,
1985).

Gilt sardine

Eggs and larvae of gilt sardine were found be-
tween June and October. with peak abundance oc-
curring in August and September. There were, how-
ever, some differences in the duration of reproduc-
tion between years, apparently related to tem-
perature differences. Egg and larval abundance were
quite high in June 1985 (Table 1), in contrast with
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their absence in June 1983 and June 1984. Surface
water temperature at those stations where S. aurita
cggs and larvae were collected during June 1985
ranged between 20.6 and 21.6 "C, whereas, the
average surface temperature was < 20 "C in Junc in
previous years.

Gilt sardine eggs and larvae were found from July
to October of 1983, with peak abundance recorded
during September. Unfortunately, in 1984 no sam-
ples were collected in July and early September. In
this year we found eggs and larvae in August, and
only larvae in October. Surface water temperatures
during peak spawning ranged from 23.1 to 26.6 °C
(Fig. 2), in agreement with the results reported by
NAVARRO (1932) for a nearby area. Gilt sardine eggs
and larvac were found in waters with salinities
ranging from 36.2 to 38.2 (Fig. 5).

The cggs of S. aurita were distributed along the
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coastal zone. in stations not deeper than 100 m.
Higher cgg concentrations were found in the central
zone and north of the Ebro Delta. Larvae showed a
wider distribution. reaching further from the coast
(Fig. 6). Analysis of variance demonstrates signifi-
cant differences in egg (P < 0.001) and larval
(P < 0.01) abundance among depth classes. Exami-
nation of the average egg abundance for different
depth contours revealed greater average abundances
shallower than 50 m. whereas average larvae densi-
ties were also high between 50 and 100 m depth (Ta-
ble 2). We found larvac in August and September
along the northern arca, although no eggs were found
(Fig. 6). The presence of larvac in this area suggests
the occurrence of sporadic spawning events, rather
than passive larval transport, if we consider the pre-
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FiG. 5.— Surface temperature and salinity at stations where an-
chovy and gilt sardine eges were collected at least once, during
1983-1985 cruises.
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dominant SW current flow and the fact that the area
studied represents the northernmost limit of the gilt
sardine distribution (BEN TUVIA, 1960).

DISCUSSION

The data presented show that the reproductive
period of §. aurita begins in carly summer. after peak
spawning of E. encrasicolus, both species ended their
reproductive phase by October (Fig. 7). Peak spawn-
ing of gilt sardine off the Catalan coast occurs at tem-
peratures ranging from 23 to 25 °C, that are only
reached in summer. Spawning of gilt sardine along
the Northwest African coasts, where this species is
abundant (POSTEL, 1960; CONAND, 1976). lasts long-
er and extends over a wider temperature range (18 to
30 "C, CONAND, 1976), although peak spawning is
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also associated with temperatures between 22 and 25
°C. The difference in the minimum spawning tem-
peratures between these two areas suggests that the
presence of anchovy and sardine. two competitive
(DEMIR, 1965; LARRANETA. 1960) and dominant
species, could be responsible for the short reproduc-
tive phase of S. aurita, which end by the time the
Sardina pilchardus spawning period begins, when
water temperatures start to decline (ALDEBERT &
TOURNIER, 1971).

The spatial distribution of eggs and larvac of the
two species indicates some degree of spatial segre-
gation of their spawning areas, with maximum densi-
tics of anchovy on the shelf break associated with the
shelf-slope hydrographic front. This area supports
greater zooplankton concentrations and, at the same
time, the largest concentrations of fish larvae and
highest specific richness (SABATES, 1990). The abun-
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dance. of E. encrasicolus cggs and larvae offshore
scems to determine the more coastal nature of S. au-
rita spawning. In general, the stations closest to
shore, and thereby the shallowest stations, support
the lowest ichthyoplankton and zooplankton concen-
trations (SABATES er al., 1989), particularly in the
southern arca where the spawning of gilt sardine oc-
curs. The numerical dominance of anchovy over gilt
sardine could be responsible for the displacement of
gilt sardine spawning to the areas of the Catalan coast
that exhibit the poorer conditions. On the west Afri-
can coast, CURY & FONTANA (1988) reported a wide
plasticity and adaptability of S. aurita to enviromen-
tal fluctuations.

The results of this study show different distri-
butional patterns of anchovy and gilt sardine eggs and
larvac. It secems that the two species have different
spawning strategies which allow them to avoid over-
lapping during their planktonic phases.

REFERENCES

Arpesert, 1 & H, TourNier.— 1971, La reproduction de la
sardine et de Panchois dans le Golf du Lion. Rev. Inst. Péches
marit., 35 (1): 57-75.

Ben-Tuvia, A— 1960, Synopsis of biological data on Sardinella
aurita of the Mediterrancan sea and other waters, FAQ Fish.
Biol. Synop. 14: 287-312.

CASTELLON, AL L Satar & M. Maso.— 1985, Some obscervations
on Rhane fresh water plume in the Catalun coast. Rapp.
Comm. int. Mer. Médit., 29 (3): 119-120.

Conanp, F.— 1976, Distribution ¢t abondance des larves de
Sardinella aurita Val, 1847 dans la région du Sénégal en 1947,
Cah. O.RS.T.O.M., sér. Océanogr., 14 (3): 221-225,

Conanp, B & E. Facerr.— 1971, Description et distribution sai-
sonmere des larves de sardinelles des cotes du Séncgal et de la
Gambic cn 1968 ct 1969, Cal. O.R.S.T.OM., sér. Ocea-
nogr., 9 (3): 293-318.

Cory. P& AL Fontasa.— 1988, Compétition et stratégies dé-
mographiques comparées de deux especes de sardinelles
(Sardinella aurita et Sardinella maderensis) des cotes ouest-
alricaines. Aguat. Living Resour., 12 165-180.

D'ANcoNA. U.— 1931, Famiglia Engraulidac. pp. 16-20. In:
Uova, larvae ¢ stadi giovanili di Teleostei. Fauna Flora Golfo
Napoli. Monogr. 38,

Diesir. N.— 1965, Synopsis of biological data on anchovy Engrau-
liy encrasicolus (Linnacus) 1758 (Mediterrancan and adjacent
seas). FAQ Fish, Svnop., 26: 1-42.

FoNt, 1— 1986. La circulacio general a la Mar Catalana. Ph. D.
thesis. Univ. Barcelona.

Font. Lo Satar, & I TiNtore.— 1988, Permancent features in
the cireulation of the Catalan Sca. Qecanol. Acta, Special is-
stte " Oceanographic pelagique méditerranéenne”. H.J. Minas
and P, Nival Eds. pp. 31-57.

LARRANETA. M. G.— 1960 Synopsis of biological data on Sardina
pilchardus of the Mediterranean and adjacent scas. FAQ
Fish. Biol. Svnop. 9: 37 pp.

LonaGhurst, A R— 1971 The clupeoid resources of tropical
scas. Oceanogr. Mar. Biol. Ann. Rev., 9: 349-385.

NAvarro, F.P.— 1932, Nuevos estudios sobre la alacha
(Sardinella aurita CN.). Notas Inst. esp. Oceanogr., 2 (60):
1-35.

Paromera, L— 1981, Iehthyoplancton de la mer Catalane. Ocufs
et larves danchois récoltés pendant la croisiere “TANIT
797 (aoat. 1979). Rapp. Comm. int. Mer. Médir., 27 (5):
171-175.

— 1986: Distribution de la ponte de Uanchois (Engraulis encrasi-
colus L) sur la cote Catalane (Cap Creus-Delta de 'Ebre) en
1983. Rapp Comm. int. Mer Meédit., 30 (2): 269,

1989 Primeras fases del desarrollo de la anchoa en la costa
catalana. Ph. D. thesis, Univ. Barcelona.

PosTEL, E.— 1960. Rapport sur la sardinelle (Sardinella aurita Va-
lenciennes) (Atlintique africain). FAO Fish. Biol. Svn. 6: 96
pp-

SABATES, A.— 1990, Distribution pattern of larval fish popula-
tions in the Northwestern Mediterrancan, Mar. Ecol. Prog.
Ser. 59: 75-82.

SaBATES, AL LM, Gl & Paces.— 1989, Relationship between
zooplankton distribution, geographic charecteristics and hy-
drographic patterns off the Catalan coast (Western Mediter-
rancan). Mar. Biol. 103: 153-159,

Sarar. 1o & J. Font.— 1987, Water mass structure near and
offshore the Catalan coast during the winter of 1982 and 1983,
Ann. Geophy., 5: 49-54,

SARDA, F. & P. Martin— 1986, Les pesqueries a Catalunya:
evolucio en els altims decennis. Quaderns. Aplic. 9: 91-112.

WHhITEHEAD, P.J.P.— 1984, Clupeidae, pp. 268-281. In: Fishes of
the North-Eastern Atlantic and the Mediterranean. Vol. 1.
P.J.P. Whitchead, M.-L. Bauchot, J.-C. Hurcau. J. Niclsen,
E. Tortonese, Eds. Unesco.

Scient. ed. P. Rubiés

CO-OCCURRENCE OF ANCHOVY AND GILT SARDINE EGGS AND LARVAE 67



