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Abstract. Distribution and abundance of copepod nauplii in relation to oceanic features detected by in situ data 
in the vicinity of the Palamos Canyon (NW Mediterranean) was analyzed. Vertical trawls (60 -Jlrn mesh) and 
physical data (CTD and ADCP), were obtained in a spring period (May 1992 )� The vicinity of the canyon was 
dominated by the Liguro-Proven�a1-Catalan Current (slope current), influenced by the fresh water from of the 
Rhóne River runoffs, and perturbations of its flow induced by the submarine topography. High abundance of 
copepod nauplii were associated with the slope current waters and its intrusions into the canyon, showing an 
offshore-nearshore abundance gradient. The highest concentrations of copepod nauplii were found at the eastem 
margin of the slope current along of a shallow salinity front. Results showed that the spawning of dominant 
copepod species in the offshore zone could be related to retention areas, such as the salinity front, and to the 
biological enrichment of tbe slope curren! influenced by Rhóne river discharges during the rainy period and ice 
melting of the Proven�a1 mountains. 
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The Catalan Sea (NW Mediterranean) has a 
high heterogeneity along its continental shelf, 
with several submarine canyons. These canyons 
induce perturbations in the slope current 
circulation, causing deviations of its flow 
coastwards the coast (Masó el al. 1992, 
Shirasago 1996). The offshore area is dominated 
by the dynamics of the Liguro-Proven�al
Catalan Current (slope current), which appears 
geostrophicaly balanced with a weak permanent 
shelf-slope density front (Font el al. 1988, 
Castellón et al. 1990). This current flows from 
northeast to southwest and is influenced by cold 
RhOne River runoffs, generating shallow salinity 
gradients along the Catalonian and Proven�al 
coast, varying in intensity throughout the year 
(Masó and Tintoré 1991). 

An extensive research on the copepod 
fauna has been done during the last 30 years 
because they are important contributors to 

zooplankton biomass in the northwestern 
Mediterranean (e.g. Furnestin 1960, Vives 
1963, Mazza 1966, 1967, Razouls 1972, 
Gaudy 1974, Furnestin 1979, Estrada el al. 
1985, Kouwenberg 1993, 1994). Most 
common copepods in this region are 
cosmopolitan and their diversity is 
considerable with more than 469 species 
recorded (Razouls and Durands 1991). Studies 
about ecology of sorne copepod species in the 
Catalan Sea has been done (e.g. Saiz and 
A1caraz 1990, Saiz el al. 1992)" but scarce 
attention has been given to the spatial 
distribution of the copepod in relation to 
oceanographic features. 

Particularly, the copepod nauplii of 
dominant species in productive areas are the 
feeding base of most marine fish larvae (e.g. 
Hunter 198 1, SánchezeVelasco 1998) and the 
other zooplanktonic groups (Alvarez-Cadena 
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1993, Behrends and Schneider 1995), being 
their ilistribution associated to the biological 
enrichment of the marine currents and the 
retention areas such as fronts, eddies etc. 
(Arthur 1977, Boucher 1984). 

The. aim of this study is to analyze the 
distribution and abundance of the copepod 
nauplii in relation to oceanic features detected 
by in situ data in the vicinity of the Palamos 
Canyon (Catalan Sea - NW Mediterranean) 
during spring (May 1992). 

MATERIAL AND METHODS 

The study was focused on the vicinity of 
the Palamos Submarine Canyon. Samples 
were obtained at 52 oceanographic stations 
distributed along 8 transects perpendicular 
to the coast, but biological samples were not 
obtained in the stations A2 1 and A22. The 
physical data and biological samples were 
collected during the PRIM-l on board the 
RN "García del Cid" ( 14 - 20 May, 1992). 
Salinity and temperature (not used) of the 
water column at each station were obtained 
with a CTD (Conductivity Temperature 
Depth Profiler) Neil Brown Mark 1Il. 
Current profile measurements were recorded 
with an ADCP (Acoustic Doppler Current 
Profiler) RD Instruments V M 150. ADCP 
data were analyzed at the minimum 
recording level ( 16 m). Four drifting buoys 
were deployed to the northeast of the 
canyon. 

Vertical hauls of microzooplankton were 
made using a conical net with a 14.5-cID 
mouth diameter and 60-m mesh. Samples 
were taken at two depth levels, from 40 to 25 
m and from 15 m to the surface using 
opening-closing devices (hereafter referred to 
as subsurface and surface levels). The volume 
of water filtered by the, net was calculated by 
multiplying the area of the mouth by· the 
sampling distance. Each sample was fixed in 
5% borax-buffered formalin immediately 
after capture. Copepod nauplii (from 0.05 to 
0.14 mm caparace width) of the samples of 

\ 
both depth levels were counted. Data 'were 
standardized to number of organisms \ per 
cubic meters. 

RESULTS 

Distribution of salinity values obtained 
from CTD data at 10 and 30 m reflected the 
oceanographic conditions prevailing in the 
zone (Fig. 1). The presence of an offshore low
salinity tongue, parallel to the coast (NE-SW) 
and 15 km wide, is noticeable at both levels. 
Intrusion of this low-salinity water into the 
canyon was also observed. In addition, salinity 
gradients were detected on both sides of this 
tongue, being more intense along its eastern 
offshore margino ADCP data revealed the 
presence of the slope current, coinciding with 
this tongue of low-salinity water, flowing from 
northeast to southwest, at speeds of up to 25 
cm/s (Fig.2). A branch of this current entering 
and exiting the canyon was also observed with 
the ADCP data, and this was corroborated by 
the drifting buoy D l  deployed upstream, 
describing an incoming and outgoing path over 
the canyon. Buoy D2 followed the main 
trajectory of the slope current while Buoy D4 
derived toward offshore areas. Buoy D3 was 
lost because of an electronic failure (Fig. 3). 

Copepod nauplii were the group most 
abundant in the microzooplankton samples at 
both levels (Fig. 4). Most of them were nauplii 
of the Paracalanus sp., Clausocalanus sp., 
Oithona helgolandica, Centropages typicus 
and Microsetella sp., corresponding with the 
dominant species of the copepodites collected 
in the same samples. The copepod nauplii were 
distributed over all the study area, but they 
were most abundant in offshore stations 
located over depths � 1000 ID, at both surface 
and subsurface levels, including the canyon 
zone and its deep head, even though it is 
located very close to the coast (5 km) (Fig. 5). 
Highest organism concentration was at the 
eastern margin of the slope current, which 
coincided with the most intense salinity 
gradient detected in the study (Fig. 6). 
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Fig. 1.- Spatial distribution of salinity values in the vicinity of Palamos Canyon. A) Surface level (lOm depth) and B) 

Subsurface level (30m depth). 
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Fig. 2 .- ADCP velocity vectors (cm/s) at the mínimum recording level of 16 m in,the vicinity of Palamos Canyon. 
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Fig. 3.- Trajectory of the drifting buoys deployed to the northeast of the Palamos Canyon. 
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Fig. 4.-Mean density of the most abundant microzooplankton laxa collected in Ihe vicinity of PaIamos Canyon. A, copepod 
nauplíi; B, copepodites Paracalanus-Clausocalanus spp.; C, Copepodites Oithona spp.; D, larvl\cea; E, Copepodites 
Centropages spp.; F, Oithona helgolandica; G, Pelecypoda veliger; H, Microsetdla sp. 
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Fig. 5.- Abundance ofcopepod nauplii in transects perpendicular to the coast. CoastaI stations to the left and oceanic stations 
to the right. 
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Fig. 6.- Distribution of copepod nauplii in the vicinity of PaJamos Canyon. Al Surface level (15-0 m) and Bl Subsurface 

level (40-25 m). 
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DISCUSSION 

High abundance of copepod nauplii was 
associated wÍth the slope-cunent waters, its 
intrusions into the canyon, and lhe shallow 
salinity gradient detected at its eastern margino 
Physical data showed that the slope cunent 
was influenced by the Rh6ne River runoffs 
because ofthefresh waterthat characterized·· 
(his cunent. Maso and Tintoré ( 1991) and 
Shirasago (1996) mentioned that the Rh6ne 
River runoff incorporales high concentrations 
of organic material into the slope cunent, 
increasing such discharges in the spring as a 
result ol' the ice melting on the Proven¡;al 
mountains and the beginning of the rainy 
season. Estrada and Margalef (1988) recorded 
high primary productivity in the slope-cun·ent 
area during the same periodo Thus, it is 
possible that the great concentrations of 
copepod nauplii recorded in this area are 
associated with biological enrichment of the 
slope-current waters by the Rh6ne River 
discharges during spring. 

The intrusions of the western branch of 
the slope current into the canyon, have been 
explained in tenns of the conservation of 
potential vorticity by Masó et al. (1992) in a 

neighbouring canyon of Blanes, and by 
Alvarez (1995) and Shirasago (1996) in the 
Palamos Canyon that. Our observations on the 
distribution of the copepod nauplii showed 
high abundance occurs in the canyon zone, 
suggesting there is an oceanic influence near 
the coastal zone. Itseems likely the slope
current intrusions are transporting high 
planktonic biomass into the canyon up to its 
head and consequently increase the food 
availability to organisms that inhabit the 
continental shelf edge and slope. 

The highest abundan ces of copepod 
nauplií were recorded in the eastern margin of 
the slope cunent� close to the shallow salinity 
gradient, influenced by the Rh6ne nver runoffs 
over the slope cunent water during the study 
periodo Shirasago ( 1996) detected a cyclonic 
eddy by NOAA-AVHRR data which appears 
on rhe eastem edge of the shallow salinity 

gradient. This author mentioned that even 
though there is not suffícient infonnation about 
trus eddy, the interaction of the western edge of 
the eddy with the salinity gradient could 
contribute to the enhancement of planktonic
biomass concentration. The shallow salínity 
front might create conditions that increase the 
plankton retention or concentratíon. Bowman 
andlversbh (1979) and· Owen(I981) 
mentioned that the frontal zones are are as of 
enhanced primary productivity, aggregations of 
plankton, and elevated abundance of nekton. 

A general trend is to find high 
concentrations of copepods nearshore, 
associated to estuarine systems and lagoons, 
where the primary productivity is higher 
(Margalef, 1989). In contrast, our results shows 
that the presence of high abundance of copepod 
nauplii in the offshore zone of the Catalan Sea 
imply a preferentíal spawning of the ocean
dominant species in the region (e.g. 
Paracalanus, Clausocalanus, Oithona and 
Centropages genera), which could be related to 
retention are as , as the salinity front and other 
ocean l'eatures like eddiés, and the biological 
enrichment of the slope cunent influenced by 
the fiver discharges during rainy penod as weH 
as the ice melting on the Proven¡;al mountains. 
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RESUMEN 

Se analizó la distribución y abundancia de 
nauplios de copépodos en relación con 
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estructuras oceánicas detectadas mediante datos 
in situ en las proximidades del Cañón de 
Palamós (Mediterráneo Noroccidental). Se 
hicieron arrastres verticales de plancton (60-llm 
de ancho de malla) y parámetros hidrográficos 
(CID y ADCP) durante la primavera (Mayo 
1992). EL área del cañón estuvo dominada por la 
corriente Liguro-Provenzal-Catalana (corriente 
de talud), influenciada por las descargas del Río 
Ródano y perturbaciones de su flujo inQucido 
por la topografía submanna. Altas abundancias 
de nauplios de copépodos se asociaron con la 
corriente de talud y sus intrusiones hacia el 
cañón, mostrando un gradiente de abundancia 
oceánico-costero. Las máximas concentraciones 
de nauplios de copépodos se ubicaron ,sobre el 
margen oriental de la corriente a lo largo de un 
frente salino superficial. Los resultados 
muestran que el desove de las' especies de 
copépodos dominantes' en la área oceánica, 
podría estar relacionado' a zonas' de retención, 
tales como el frente salino, y al enriquecimiento 
biológico de la corriente influenciado por las 
descargas del Río Ródano durante el periodo de 
lluvias y deshiele de las montañas de la región 
Provenzal. 

REFERENCES 

Alvarez, A. 1995. The influence of bottom topography on 
large and small scale ocean dynamics. Ph. D. Thesis, 
University of the Islas Baleares, Spain. 185 p. 

Alvarez-Cadena, J.N. 1993. Feeding of the chaetognath 
Sagitta elegans Verrill. Estuar. Coastal Shelf Sci. 36: 
195-206. 

Arthur, D. K. 1977. Distribution, size, and abundance of 
microcopepods in the California Current system and 
their possible influence on survival of marine teleost 
larvae. Fish. Bull. U.S. 75: 601-611. 

Berhrends, G. & G. Schneider. 1995. Impact of Aurelia 

aurita medusae (Cnidaría, Scyphozoa) on the 
standing stock and community composition of 
mesozooplankton in the Kiel Bight (western Baltic 
Sea). Mar. Ecol. Prog. Ser. 127: 39-45. 

Boucher, 1. 1984. Localization of zooplankton populations 
in the Ligurian marine front: role of ontogenic 
migration. Deep Sea 31: 469-4�4. 

Bowman, M. J. & R. L. Iverson. 1979. Estuarine and 
plume fronts, p. 87-114. In: M.J. Bowman & w. 
Essaias (eds.). Oceanic fronts in coastal processes, 
Springer-Verlag, New York. 

Castellón, A., J. Font & E García-Landona. 1990. The 
Liguro-Provenyal-Catalan Current (NW 
Mediterranean) observed by Doppler profiling in the 
Baleares Sea. Scient. Mar. 54: 269-272. 

Estrada, M. & R. Margalef. 1988. Supply of nutrients to 
the Mediterranean photic zone along a persistent 
front. Oceanol. Acta 9 (Spec. Issue): 133-142. 

Estrada, M., F. Vives & M. Alcaraz. 1985. Life and 
productivity of the open sea, p. 148-197. In: R. 
Margalef (ed.). Pergamon Press, Oxford. 

Font,1., J. Salat &. J. Tintoré. 1988. Permanent features 
in the circulation of tbe Catalan Sea. Oceanol. Acta 9 
(Spec. Issue): 51 -57. 

Furnestin, M. 1960. Zooplancton du Golfe du Lion et de la 
cote orientale de Corseo Rev. Travaux Inst. Peches 
Mar. 24: 153-352. 

Furnestin, M. 1979. Aspects of zoogeography of the 
Mediterranean plankton, p. 191 -253. In: Van der 
Spoel and A. Pierrot -Bults (eds.), Zoogeography and 
Diversity of Plankton. Bunge Scientific, Utrecht. 

Gaudy, R. 1974. Feeding four species of Pelagic copepods 
under experimental conditions. Mar. Biol. 25: 125-
141. 

Hunter, J.R. 1981. Feeding ecology and predation uf 
marine fish larvae, p. 34-17. In: R. Lasker (ed.). 
Marine Fish Larvae. Morphology, ecology and 
relation to fisheries. Washington Sea Grant Program, 
Seattle and London. 

Kouwenberg, 1. 1993. Sex ratio of calanoid copepods in 
relation to population composition in tbe northwestern 
Mediterranean. Crustaceana 64: 201-299. 

Kouwenberg, J. 1994. Copepod distribution in relation to 
seasonal hydrographics and spatial structure in the 
North-western Mediterranean (Golfe du Lion). 
Estuar. Coastal Shelf Sci. 38: 69-90. 

Margalef, R. 1989. Comunidades planctónicas en lagunas 
litorales, p. 545 -563. In: A. Ayala & F.B. Phlegeer 
(eds.). Menorias del Simposium Internacional de 
lagunas costeras. UNAM-UNESCO. 

Masó, M. & 1. Tintoré. 1991. Variability of the shelf water 
off the:: northeast Spanish coast. J. Mar. Systems 
1:441-450. 



SANCHEZ & SHIRASAGO: Distribution and abundance of copepod nauplii 173 

Masó, M., P. La Violette & J. Tintoré. 1992. Coastal flow 
modification by submarine canyons along the NE 
Spanish coast. Scient. Mar. 54: 343-348. 

Mazza, 1. 1966. Les copépodes de la Méditerranée (basin 
occidental). Cornmision Intemationale pour 
I'Exploration Scientifique de la Mer Méditerranée. 99 p. 

Westem Mediterranean. J. Plankton Res. 12: 665-
672. 

Saiz, E., V. Rodríguez & M. Alcaraz. 1992. Spatial 
distribution and feeding rates oC Centropages typicus 

in relation to frontal hydrographic structures in the 
Catalan Sea (Westem Mediterranean). Mar.Bio!. 
112: 49-56. 

Mazza, J. 1967. Les copépods pélagiques en Mediterranée - · ��cide�táIe-:PILD.Thesis, Untversity ·ofMarselli,- n-SáIiChez-Velasco;L:1998:iñen:ompnsiti011amtfeeding-��--
France. 495 p. habits oC larvae oí two co-occurring species 

Owen, R.W. 1981. Fronts and eddies in the sea: 
mechanisms, interactions and biological eCCects, p. 
197-233. In: A.R. Longhurst (ed.). Analysis of 
marine ecosystems. Academic Press, New York. 

Razouls, C. 1972. Estimation de la production secondaire 
(copépodes pélagíques) dans une province néritique 
Méditerranéene (Golfe du Lion). Ph. D. Thesis, 
University of Paris, France. 301 p. 

Razouls, C. & J. Durands. 1991. Inventaire des copépodes 
planctoniques Méditerranéens. Vie Milieu 41: 73-77. 

Saiz, E. & M. Alcaraz. 1990. Pigment gut content oC the 
copepods and deep phytoplankton maximun in the 

(Pisces: Callionymidae and Bothidae) in the North
westem Mediterranean. ICES J. Mar. Sci. 55: 299-
308. 

Shirasago, B. 1996. Detección de estructuras 
hidrográficas de mesoescala en el Mediterráneo 
Noroccidental mediante imágenes de satélite SAR 
(ERS 1). Ph. D. Thesis, University of Barcelona, 
Spain. 252 p. 

Vives, F. 1963. Sur les Copépodes néritiques 
(Calanoida) de la Méditerranée occidentale (cotes 
de Castellon, Espagne), p. 34-77. In: Rapports et 
Proces-Verbaux des Réunions de la Comission 
lntemationale pour l'Exploration Scientifique de la 
Mer Meéditerranée 




