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ABSTRACT

Two ichthyoplankton surveys were conducted durirlg 1994 and July 1995 in the Gulf of Cadiz with #im of
describing composition, abundance, distributiont@ats and interannual variations of larval fish assblages.
Interannual differences were found in this study1994, higher salinities were observed at extesitgs, though in
1995, higher values were observed at intermedidéts.sThe upper water column was warmer in 1994 fzadi less
fish larvae density. During 199&ardinella aurita andEngraulis encrasicoluswere abundant but spatial location
was opposite. In 1995, abundance of both species weay different, but with similar spatial patter@luster
analysis revealed well-defined groups of stationd assemblages of larvae, primarily related to atbtry. The
“inshore assemblage” occupied the shallow coastaari,s characteristics species being closely rafate the
estuarine system, mainly comprisigggraulis encrasicolusand Gobiidae. The “shelf assemblage” occupied the
continental shelf and its characteristics speciensisted of larvae whose adults inhabited the ghrei¥ince and
spawn in the same zone, liBardinella aurita and Trachurus spp Interannual variations in composition and
extension of the subgroups could be attributech®rhain circulation patterns, continental wateratiarge and
spawning strategies of fishes.
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INTRODUCTION species to the pelagic environment (Somarakis et
al., 2002). Thus, the distribution and abundance
An ichthyoplankton assemblage is by definitionpatterns of fish larvae can contribute significantly
transient because it is restricted to the egg arf@ an understanding of the biology and ecology of
larval phases. However, the multiespecies larvdish populations (Doyle et al., 2002).
associations may be adaptive and result fronYet, attention to this matter in the Gulf of Cadiz
similar responses among species to the pelagids been limited despite it supports large,
environment (Frank and Legett, 1983; Somarakigsconomically valuable fisheries resources, and
et al.,, 2000). Interannual variability in the provision for nursery areas for many fish species
assemblage of fish larvae might trace the variatiofRodrigues-Roda, 1970, 1977; Garcia and
in physical processes and be particularly useful iMoyano, 1991; Rubin et al., 1999). Preliminary
highlighting shared or contrasting adaptations ofesults were published for the global area (Rubin
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et al.,, 1997, 1999; Garcia et al., 2002) and thexistence of anticyclonic circulation following the
interannual changes were only studied for sombottom contours running from NW to SE
neritic sectors of the Gulf of Cadiz (Salmeréon andStevenson, 1977; Folkard et al., 1997; Garcia et
Rubin, 1997a,b). These studies provide a starting., 2002). When prevailing winds in the Gulf are
point but do not reflect the interannual variabilityfrom the west, an upwelling area is found east of
in the composition and structure of Cape Santa Maria in Portugal (Folkard et al.,
ichthyoplanktonic groups. 1997). The upwelled waters form a cold tongue
This paper presents results of the first meso-scathat separates from the coast and flows offshore in
multiespecies larval fish investigation in the Gulfthe SW direction, towards the Strait of Gibraltar.
of Cadiz. It involves the definition of early The “Huelva Front” separates this colder water
summer larval fish assemblages, theifrom warmer waters of the central part of the gulf
composition, the dominant species, the majofVargas et al.,, 2003). Stevenson (1977) describes
distributions patterns, both across and along théhe “Huelva Front” as a warm-cold-warm frontal
continental shelf, and the principal characteristicstructure running in the SE-NW direction offshore,
of the water column that control this patterns. approximately between the cities of Cadiz and

Huelva. Another upwelling area is also evident at

the southwest of the Strait of Gibraltar (Vargas et
STUDY AREA al., 2003).

The Gulf of Cadiz strategically located connecting

the open Atlantic Ocean with the MediterraneadMATERIAL AND METHODS

Sea, through the Strait of Gibraltar (Fig. 1), has

been scarcely studied, particularly from theDuring July 8 to 15, 1994 and July 10 to 17, 1995,
viewpoint of physical-biological coupling (Garciaa regular sampling grid of 35 stations was

et al., 2002). The area of the Gulf of Cadiz isoccupied in the Gulf of Cadiz (Fig. 1). Each

characterized by an ample continental shelfstation consisted of a CTD cast plus

around 50 km wide, except at the west of théchthyoplankton hauls. A Bongo net, with 40 cm

Guadiana river, where it has only 130 m of widediameter (Rubin, 1992), equipped with two

(Abrantes, 1990). The most important rivers aréndependent flowmeters and one depth meter
the Guadalquivir and the Guadiana and thg@auge was employed to carry out “double-oblique”
continental runoff reach the lowest values intrawls from the surface to 100 m depth. The
summer (Garcia and Moyano, 1991). Temperatursamples obtained were preserved in 5% buffered
distribution and dynamic topography indicate thdormalin.
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Figure 1 - Study area showing bathymetry and the samptitipss.
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Zooplankton displacement volume (ZDV) wasCadiz Bay and Huelva, at the area north. Southern
measured for each sampling site from the catch @frea, in front of the Cape of Trafalgar, was
the 250 um mesh bongo net (Ahlstrom andgenerally cooler than the rest of surveyed area.
Thrailkill, 1963). ZDV values were standardizedYet, at the offshore sites, the north area was cooler
to ml per m. Material collected with 33m mesh than the south area. In 1994, higher salinities (>
net were used to make the taxonomic identificatiod6.4 ups) were observed at the north area and
of the ichthyoplankton. The number of fish larvaeoffshore, though in July 1995, higher values were
and eggs collected was standardized to 10 n®bserved around Céadiz bay.

(Smith and Richardson, 1979). Fish larvae were . N )
identified to the lowest possible taxonomic levelTaxonomic composition and abundance of fish
and grouped into three categories, “demersallarvae S
“epipelagic" and “mesopelagic"’ according adultA total of 16 taxa (Table 1) were identified (13

fish habitat. taxa in 1994 and 16 taxa en 1995). Furthermore,
the interannual differences between taxa number
Data analysis were not significant (p > 0.05). Mean larvae

Interannual differences in the abundance oflensity was higher (p < 0.01) in 1995 (0-12610
different taxa were tested using the non-parametri@rvae.10 nf, average = 1962) than 1994 (0-1920
Wilcoxon Test (Siegel, 1982). Similarity amonglarvae.10 rif, average = 768.5). The abundance of
sampling sites and taxa were measured usir@ggmersals fish (Gobiidae, Labridae, Sparidae,
Manhattan distances and were grouped by tHeallionymus spp.Serranusspp_,C_epoIa rubescens
Ward's method (Pielou, 1984) to produceand Arnoglossusspp ) was similar _I_oetween the
dendrograms. Prior to analysis, logarithmictwo years (p > 0.05), and Gobiidae was the
transformation In(x+1) of the larval abundance (xdeémersal dominant taxa. Larvae of different
was performed to homogenize the varianc®elagic species (i.€Sardinella aurita, Trach_urus
(Taylor, 1961). In this analysis, were includedSPR and Capros apgrwere more abundant in the
only those eleven taxa that contributed more thah995 collections (p < 0.05), but anchovy
0.5% of the total abundance in both two years. ThéEngraulis encrassicolyswas more abundant in
relationship between water depth, ZDV, salinity,1994 (Table ).

temperature, fish larvae, taxa number and station . o

groups from the cluster analysis was explored bipdividual species distribution ) _
performing non-parametric Kruskal-Wallis TestSeve_ral demers_al taxa, such as Gobiidae, Labridae,
(Siegel, 1982) using median among station groupaParidae, Callionymus sppArnoglossus spp,

for each cruise. Post-hoc pairwise multipleCepola rubescenand pelagics species, such as

comparisions of median among station groupdrachurussppandCapros aperid not show any
were also performed. marked interannual differences in their horizontal

distribution (however their abundance might have
been different between the two years, e.g. the

RESULTS abundance of pelagics). Although larvae of
demersalSerranusspp “shift” from inshore area
Environmental Conditions to continental shelf area your abundance was equal

Rubin et al. (1997; 1999) described thP€tween years (p > 0.05). _ _
environmental conditions of two oceanographic®nchovy larvaeEngraulis encrassicolusand gilt
surveys and only a brief summary was presentetffdine larvae, Sardinella aurita, showed
there. The water column was generally welinterannual differences (p < 0.05) in their

stratified and the thermocline was located at gPundance and horizontal distribution. During
mean depth of 20 m. Due to mesoescald 994, for both species were abundant (> 400

variability, the termocline depth varied, having alarvae.10 ) but spatial location was opposite.

tendency to move downward in anticyclonic areilt sardine larvae appeared in a neritic station at
in the slope and continental shelf, in front of CadiZn€ north sector (surface temperature = 22.5° C).
Bay. Whereas, the maximum abundances of larvae of
During these two years, warmer temperatures (22&nchovy have been located south of Cadiz, in

230 C) were observed at the inshore sites of thgarmer waters (> 23° C). On the other hand, in
1995 abundance of both species was very different
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(gilt sardine: 4000 to 6000 larvae.10°anchovy  Larval assemblages
200 to 300 larvae.10 ), but with similar spatial Eleven taxa were abundant in both year collections

pattern (middle shelf off Cadiz, 22° C). and were used to ecological classification. Three
groups of species were defined in the two years.
Comparison of sampling sites They correspond to the station groups identified in

Cluster analysis of sampling sites produced threghe clustered analysis of sampling sites. Species
distinct groups in 1994 and 1995 (Fig. 2). Group bresent in these groups integrated into well defined
comprised inshore sites, group 2 (intermediateassemblages, named “inshore” and “shelf” which

and 3 (external) were predominantly continentalvere generally persistent in their respective zones
shelf stations. The Kruskal-Wallis Test (Table 2)(Fig. 3).

using water depth shows a significant station

group effect (p < 0.001). The pair-wise INSHORE ASSEMBLAGE: Probably influenced
comparison of means shows that station group By riverine inputs (Rubin et al., 1999), occupied
located at the mid-shelf was significantly differentmainly the shallow stations (Group 1).

from all other stations groups at the 1 % level. IMThe sector occupied by this assemblage varied
both years (Table 2), the inshore sites presentadroughout the years. In 1994, it comprised the
the major ZDV values (p < 0.001). In 1994 (Tablearea from Guadiana river mouth to the Cape of
2), the major salinity values were found at externafrafalgar, in depths less than 40 m. In 1995, the
sites (p < 0.0001) but, in 1995, they were locatedrea was smaller, extending from Guadiana river
at intermediate sites (p < 0.05). The temperatureouth to Cadiz, in depth less than 28 m. In 1995
(Table 2) was similar between stations groups iiTable 2), this assemblage presented less taxa (p <
1994 (p > 0.05). In 1995, the major temperatur®.001) and larvae density (p < 0.001).

values were located at the intermediate sites (p <

0.05).

Table 1 - List of larval fish taxa identified, their taxadogy (D — demersal, EP — epipelagic, MP - mesape)a

relative abundance (A%), frequency of occurrendé)(Fmean density (X = larvae 103nand their code in the
Cluster analysis.

1994 1995
Taxa Origin A% F% X Code A% F% X
GOBIIDAE D 19,03 88,6 147,8 GOB 9,57 94,1 179,5
LABRIDAE D 14,80 914 120,8 LAB 7,00 79,4 141,6
Engraulis encrassicolus EP 14,18 68,6 112,0 ENG 3,86 82,4 72,2
SPARIDAE D 11,90 80,0 88,9 SPA 6,19 88,2 225,
Callionymusspp. D 8,00 74,3 57,3 CAL 4,04 82,4 78,1
Serranussp D 5,78 71,4 46,9 SER 4,43 61,8 92,2
Sardinella aurita EP 4,88 45,7 33,9 SAR 33,66 58,8 671,7
Cepola rubescens D 3,10 42,9 23,4 CEP 3,72 67,6 72,7
Arnoglossuspp. D 2,34 60,0 16,6 ARN 2,62 64,7 52,0
Trachurusspp. EP 1,10 314 6,9 TRA 1,65 44,1 931,
Capros aper MP 0,60 22,9 4,0 CAP 1,58 50,0 29,4
BLENNIIDAE D 0,54 22,9 50 - 0,35 32,4 7.4
ACHIRIIDAE D 0,25 171 2,1 - 1,37 26,5 22,7
Cyclothone sp MP 0,00 0,0 0,0 - 0,08 8,8 2,1
Hippocampussp. D 0,00 0,0 0,0 - 0.01 2,6 0,3
Mullus surmuletus D 0,00 0,0 0,0 - 0.01 2,6 0,3
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Figure 2 - Geographic distribution of station groups defifigdcluster analysis. 1, Inshore sites;
2, Intermediate sites; 3, External sites.

Table 2 - Averages and standard deviation for depth (m), ZBVm™), salinity (ups), temperature (°C), fish larvae
density (larvae.10i) and number of taxa in larval fish assemblages.

Assemblage 1994 1995
Inshore Intermediate External Inshore Intermediate External
Depth 40.2 +/- 285 77.6 +/- 56.0 221.8 +/-118.8 2.82+/-11.1 47.26tB 136.6 +/- 112.4
ZDV 28.9 +/- 20.2 16 +/- 8.8 3.6+/-1.1 24,6 +/- 12.3 22.8+/-9.8 12.4 +/-3.6
Sal 36.29 +/- 0.05 36.33 +/- 0.05 36.41 +/- 0.06 36.23 +/- 0.04 36.3BH6- 36.23 +/-0.1

Temp 22.27 +/- 0.80 22.35 +/- 0.81 21.80 +/- 0.80 21.37 +/-0.57 21.8492- 20.70 +/- 0.64
Density 428 +/- 288 1198 +/- 549 27.9 +/-34.8 376 +/- 206 4609 +/- 4175 1119 +/- 939
Taxa 7.4+/-1.8 10.3+/-1.3 2+/-1.6 5.3+/-0.8 10.3+/-1.8 3149-1.6

The taxa characterizing this assemblage includedbper than 100 m. It had two subgroups, variable
demersals (Gobiidae, Labridae, Sparidae anih extension between years. They were orientation
Callionymus spp.) and anchovyErn(graulis from the coast to the ocean, and were designated
encrassicolus The between-year differencesas intermediate shelf assemblage and external
involved a “shift” of Serranusspp larvae from shelf assemblage. The intermediate shelf
inshore to shelf assemblage, in 1995. assemblage comprised inner shelf group of

stations (Group 2) and was characterized by the
SHELF ASSEMBLAGE: Predominantly epipelagic species Sardinella aurita and
occupied this continental shelf stations in depth3rachurusspp).
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Figure 3 - Dendrogram representing fish larvae assemblagé®iGulf of Cadiz during summer
of 1994 and 1995.

In 1994 and 1995 (Table 2), it presented the majassemblage presented the less taxa number (p <
taxa number (p < 0.001) and larvae density (p €©.0001) and larvae density (p < 0.0001).

0.001). In both years, the gilt sardingafdinella

aurita) was the dominant species and showed a

conspicuous peak of abundance in 1995. DISCUSSION

In 1995, the area occupied was smaller than 1994.

The external assemblage was located in the migHydrology

shelf group of stations (Group 3) and was formedhe horizontal distribution of surface salinity
by demersal taxa such Asnoglossusspp,Cepola showed interannual changes in both years. In
rubescens Serranus spp (only in 1995). The 1994, higher salinities were observed at external
mesopelagic Capros aper was presented but sites, though in 1995, higher values were observed
always at low densities. In 1994 (Table 2) thisat intermediate sites, in front of Cadiz Bay. In
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1995, the more elevated values of salinity andhner-continental shelf waters were defined by
temperature found in the surroundings of the balReiss and McConaugha (1999).

of Cadiz could be explained by the fact to beThe “inshore assemblage” occupied the shallow
outside the influence of the Atlantic currentcoast area and comprising mairtyencrasicolus
coming from Portugal and because 1995, was @and Gobiidae. The species that characterized this
particularly dry vyear, which supported theassemblage generally spawn in inshore waters and
hypothesis of a greater solar heating and a greateven in estuaries and inshore lagoons. Gobiid and
evaporation (Rubin et al., 1999). engraulid larvae too had the highest average
In the intermediate layers, however, thedensity in inshore assemblage of the gulf of
topography of 15 °C isotherms suggestedexico (Flores-Coto et al., 2000Quintal-Lizama
anticyclonic circulation near the continental slopeet al., 2000). High engraulid densities area usually
edge (Rubin et al., 1997, 1999). This coincidencassociated with river mouths; In the Catalan Sea
of the subsurface circulation with the edge of thenain spawning areas for anchovy area located in
continental slope would corroborate the notion thathe vicinity of the mouths of Rhéne and Ebro
anticyclonic circulation in this area seemed to be dvers (Palomera and Sabatés, 1990). High
permanent feature in summer time (Garcia et aldensities of Engraulis mordaxcharacterize the

2002). Columbia river plume assemblage (Doyle et al.,
1993). In the Adriatic Sea preferential spawning
Between year differences by anchovies in the region influenced by run-off

There were differences in the abiotic and biotidrom the Po river (Coombs et al., 1997).
environment between 1994 and 1995. Th&he area occupied by the inshore assemblage
interannual differences between surface salinityaried depending on the extension of continental
and ZDV were not significant (p > 0.05Jhe waters into the marine environment that was more
upper water column was warmer (p < 0.05), important in 1994 than 1995 (Rubin et al., 1999).
1994 and had less fish larvae density (p < 0.01However, the wide larval distribution of these taxa
Concurrently, larvae of anchovi(encrasicolus (especially gobies and anchovy), might be a
were more abundant in 1994 than in 1995 (p <onsequence of a high larval drift from the shallow
0.05). In contrast, larvae ofS. aurita and areas where massive spawning occurs. According
Trachurusspp were significantly more abundantThorrold and McKinnon (1995) increased river
in 1995 (p < 0.05), occupied in the shelf, and wereunoff can expand low-salinity plumes seaward,
almost absent in the inshore zone. Suclincreasing the spatial distribution of inshore
distribution was strongly related to bathymetry angpecies on the shelf. In the Catalan Sea was
imitated adult distribution (Rubin, 1992). Similar observed that although the anchovy larvae are
interannual differencewas observed during summeradvected away from the spawning area, they
of 1995-1996, in the northern Aegean Sea (easteremain together in a favourable habitat for their
Mediterranean) and was attributed to differencedevelopment (Sabatés et al., 2001). In the
in reproductive strategies among epipelagic fishe€hesapeake Bay the inshore upwelling provided

(Somarakis et al., 2000). the mechanism for rapid transport of the plume to
the shelf and was the responsible for the mesoscale
Larval fish assemblages spatial pattern and heterogeneity  of

During summer of 1994 and 1995, two larval fishichthyoplankton on the shelf (Reiss and
assemblages were distinguished in the Gulf oficConaugha, 1999).
Cadiz: Inshore and Shelf, primarily related toThe “shelf assemblage” was formed by demersal
bathymetry. This was supported by the results qfi.e. Arnoglossusspp ) and epipelagic species (i.e.
the Kruskal-Wallis Test of water depth amongS. aurita and Trachuruy whose adults live and
stations group that resulted from numericakpawn in the continental shelf. Flores-Coto et al.
classification of larval fish abundance data(1989) reported that the main spawning area
Coastal and Neritic ichthyoplankton assemblagesorresponds to the inner and mid regions of the
were identified in the southern gulf of Mexico shelf. Taxa whose adults are mesopelagic, such as
(Flores-Coto et al., 2000; Sanvicente-Afiorve eC.aper was also present in the shelf assemblage.
al., 1998). Two ichthyoplankton assemblageshis is not surprising because it was frequent on
characterisitics of the Chesapeake Bay plume arghelf of Alboran Sea an Gulf of Cadiz (Rubin,
1992; Rubin and Abad, 1994).
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In the Gulf of Mexico (Flores-Coto et al., 1988)0762-03-2). Financial support was received from
and Mediterranean Sea (Sabatés, 1990) highdsbie Instituto Espafiol de Oceanografia (IEO)
spawning period occurs in summer. In Gulf ofwithin the framework of the “Ictio.Alboran
Cadiz the high abundance of fish larvae suggegtadiz” project.

that summer too coincides with the onset of the

reproductive season of many fishes.

The largest differences in larval fish assemblageRESUMO

during both years were found in the inshore-shelf

gradient. Results suggested that depth (reflectinbuas amostragens de ictioplancton foram
the distribution and spawning patterns of adult fishealizadas durante Julho de 1994 e Julho de 1995,
population) was the main factor separating th@o Golfo de Cadiz, com o objetivo de descrever a
inshore from shelf assemblage. These results weggmposicao, abundancia, padrdes de distribuicéo e
consistent with other ichthyoplankton studies orariagées interanuais das associacdes de larvas de
continental shelves around the world (Richardsopeixes. Diferencas interanuais foram encontradas
et al., 1980; Young et al., 1986; Sabatés, 199Gieste estudo. Em 1994 salinidades mais elevadas
Moser and Smith, 1993; Mafalda Jr., 2000; Vidakoram observadas nas estacdes da plataforma
Pefas, 2001; Doyle et al., 2002; Somarakis et akxterna, enquanto que, em 1995 os valores mais
2002). elevados foram encontrados nas estaces da
However, variations in the extension andplataforma interna. A coluna de agua foi mais
formation of the subgroups between years was nejuente em 1994 e apresentou menor densidade de
so obvious, although it could be attributed injarvas de peixes. Durante 1984rdinella auritae
general to spawning strategies of adult fishes, thengraulis encrasicolugoram abundantes, porém
main circulation patterns, the continental watergom localizacdo espacial oposta. Em 1995, a
runoff, and to the oceanographic processes @fbundancia de ambas as espécies foi muito
mixing, which have been relevant factorsdiferente, mas com padrdo espacial semelhante. A
mentioned by others authors (Richardson et alanalise de cluster revelou grupos bem definidos de
1980; Olivar and Shelton, 1993; Thorrold andestacdes e associacdes de larvas, primariamente
McWilliams, 1996; Sanvicente-Afiorve et al.,relacionadas com a batimetria. A “associacdo
1998; Flores-Coto et al., 2000; Mafalda Jr., 2000).costeira” ocupou as zonas menos profundas; suas
In general, the assemblages defined might bespécies caracteristicas, vinculadas a sistemas
considered indicators for the different estuarinos, compreenderam principalmente
environments which they inhabited. Species of thengraulis encrassicolus Gobiidae. A “associac&o
coastal ~assemblages showed a  stronge plataforma” esteve formada por larvas cujos
ecophysiological dependence upon the lagoomdultos habitam a plataforma continental e
estuarine systems and the members of the coasgRlsovam nesta mesma zona, tais codandinella

and neritic assemblage were mainly plankitivoregurita e Trachurusspp. Variagdes interanuais na
related to high primary production (Sanvicentecomposicdo e extensdo dos subgrupos podem ser
Aforve et al., 1998). atribuidas aos principais padrées de circulacao,

This is, to our knowledge, the first meso-scalevazdo de aguas continentais e as estratégias de
multiespecies ichthyoplankton study in the Gulf ofdesova dos peixes.

Cadiz and it suggest that interannual variability in
assemblage structure during summer may reflect
meteorological, physical and biological processesREFERENCES
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