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1. Impact of environment on recruitment of exploited species in NW Mediterranean  
 

We review here two papers that analyzed the influence of river runoff and wind mixing on 

recruitment of several demersal and pelagic species in the NW Mediterranean using time-series 

analyses (Box-Jenkins models). For some species (e.g. Merluccius merluccius and Mullus 

barbatus), recruitment time series were based on landings & CPUE of their smallest commercial 

size class. For other species that are mainly caught during their first year of life (e.g. Engraulis 

encrasicolus and Eledone cirrhosa), recruitment time series were based on total landings and 

CPUE. The environmental factors studied were: river runoff and wind mixing. Both factors 

contribute to local fertilization through riverine input of terrestrial nutrients and mixing of nutrients 

in the water column by the wind. 

 

Paper: Fluctuations of landings and environmental conditions in the north-western 

Mediterranean Sea. J. Lloret, J. Lleonart, I. Solé and J.M. Fromentin (2001). Fisheries 

Oceanography 10(1):33-50. 

Time series analyses (Box-Jenkins models) were used to study the influence of river run-off and 

wind mixing on the productivity of 13 fish and invertebrate species exploited in the Gulf of Lions 

and the Gulf of Roses (north-western Mediterranean). Most of the monthly catches and CPUE of 

the 13 studied commercial species from the Gulf of Lions and the Gulf of Roses were significantly 

positively correlated with runoff of local rivers (Rhône and Muga, respectively) and the wind 

mixing index during the spawning season, with time lags of less than a year (transfer function 

analyses). Rhône and Ebre runoffs displayed synchronous interannual fluctuations and were further 

related to the North Atlantic Oscillation (NAO), river runoffs being negatively correlated to high 

NAO episodes. The fluctuations of river discharges and the wind mixing index were cyclic but not 

related. The results showed that enhanced hydroclimatic conditions (i.e. enhanced river runoff or 

wind mixing, depending on the species) were favourable for the productivity of the fish and 

invertebrate stocks, and suggest the presence of linkage between recruitment of Mediterranean 

species and local (river discharges, wind conditions) and global (NAO) environmental conditions. 
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Paper: Impact of freshwater input and wind on landings of anchovy (Engraulis encrasicolus) 

and sardine (Sardina pilchardus) in shelf waters surrounding the Ebre River delta 

(northwestern Mediterranean). J. Lloret, I. Palomera, J. Salat and I. Solé (2003). Fisheries 

Oceanography (in press). 

Time series analyses (Box-Jenkins models) were used to study the influence of river run-off and 

wind mixing index on the productivity of the two most abundant species of small pelagic fish 

exploited in waters surrounding the Ebre River continental shelf (northwestern Mediterranean): 

anchovy (Engraulis encrasicolus) and sardine (Sardina pilchardus). These environmental variables 

(river flow and wind) were selected because they are known to enhance fertilization and local 

planktonic production, thus becoming crucial for the survival of fish larvae. The results of the 

analyses showed a significant correlation between monthly landings of anchovy and freshwater 

input of Ebre River during the spawning season of this species (April-August), with a time lag of 12 

months. In contrast, monthly landings of sardine were significantly positively correlated with the 

wind mixing index during the spawning season of this species (November-March), with a lag of 18 

months. The results provide evidence of the influence of riverine inputs and wind mixing on the 

productivity of small pelagic species in the Northwestern Mediterranean. The time lags obtained in 

the relationships stress the importance of river run-off and wind mixing for the early stages of 

anchovy and sardine, respectively, through their impact on the recruitment 

 

2. Impact of environment on hake recruitment in NW Mediterranean 
 

We review here the main results from the EU project LLUCET (and especially 3 documents that are 

part of the LLUCET project which may be more relevant to the IDEA project). 

 

LLUCET project: Impact of fishery and environment on hake recruitment in Northwestern 

Mediterranean; FAIR CT97-3522. Co-ordination: J. Lleonart. 

We summarise the main results of the LLUCET project conducted in the NW Mediterranean 

(between the Ebre River Delta and the Archipelago Toscano: Catalan Sea, Gulf of Lions, Ligurian 

Sea and the North Tyrrhenian area):  

! Minimum size recruited to the trawl: 3cm. Minimum sizes were observed during winter&spring. 

! Juvenile hake does not show a high affinity for specific geographical areas, but shows a variable 

distribution in space and time, bounded by the approximate depth contours of 80 and 150m depth. 

Off the Catalan coast, Maynou et al. (2003) found that hake juveniles were between 60 and 160 m 

depth (where the main nursery areas were situated) in autumn and winter while in spring and 

summer their depth range extended down to 300 m depth. 
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! Small hake feed specially on small-sized euphausiids and mysids that are associated with the 

bottom during some periods of the day. There are geographic differences of the taxonomic groups 

that characterise the hake diet. A small amount of cannibalism was recorded, but it seems more an 

occasional event. Maynou et al (2003) remarked that juvenile hake correlated with euphausiids (a 

potential prey of hake). 

! The juveniles of hake in their first phase seem to spend most of the time close to the bottom. 

While growing, they progressively increase their presence in the water column, remaining 

probably limited to 10 m from the bottom. 

! The estimated growth rates of juvenile and larvae were 1 cm / month (approximately) 

! No obvious patterns were uncovered through the analysis of relationships between environment 

(hydrographic and substrate characteristics). Maynou et al (2003) reported however that hake 

nursery areas had higher organic matter content and were more reduced (redox potential) than the 

occasional nursery areas, suggesting that hake recruitment takes place preferentially on bottoms 

where the availability of benthic food resources may be enhanced. 

! Hake eggs and larvae appeared during winter and spring in the Tyrrhenian Sea. Off the Catalan 

coast, they mainly appeared during late spring, summer and autumn (see also Olivar et al., 2003). 

! Egg and larval distributions were preferentially associated to the continental shelf, with peak 

abundance between 100 and 200m isobaths (see also Olivar et al., 2003). 

! Mature females were found during all year, with 2 spawning peaks. These peaks are in different 

seasons depending on the area: February-May in the Northern Tyrrhenian and August-December 

in the Catalan Sea. 

! For females, the length at first maturity is 35 cm. A mature female produce around 200 eggs per 

gram of gonad. The number of spawning per season are estimated between 2 and 7. 

! It is not possible to establish a clear relationship between the recruitment of hake and the abiotic 

factors. The only forcing abiotic factor affecting interannual fluctuations of hake’s recruitment 

seems to be the wind mixing index. 
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Document: Analysis of meteorological data in NW Mediterranean. J.M. Fromentin & J. Lloret 

We compared time series of mean annual air temperatures and pressures from three sites in the NW 

Mediterranean, i.e. Genoa (Italy), Sète (France) and Barcelona (Spain). In addition to this, we 

linked these interannual fluctuations to the Northwest Atlantic Oscillation (NAO) index, a large-

scale meteorological event that influences local meteorological conditions throughout the Northern 

Hemisphere (Visbeck et al., 1998). Our objective was to seek for temperature and air pressure 

homogeneity in the study area and to investigate the effect of the NAO index on these fluctuations. 

Météo France and the Instituto Nacional de Meteorología provided the time series of meteorological 

data, for different periods of time (see table 1)  

All three sites show similar interannual fluctuations in air temperatures (Fig. 1 left), e.g. colder than 

average in 1956 and 1972 and warming trend from 1980 onwards, and in air pressures (Fig. 2 left), 

e.g. low pressure in 1996. However, air pressures in Genoa are (in average) lower than in Barcelona 

and Sète (Fig. 2 left). Air temperatures in all 3 sites are significantly (p<0.05) and positively 

correlated between them (Fig. 1 right). The highest correlation is found between Sète and Barcelona 

(r2=0.75) and lower correlations are found between Barcelona and Genoa (r2=0.47) and Genoa and 

Sète (r2=0.53). Air pressures are also positively correlated between them (r2 about 0.90; Fig.2 right). 

Mean annual air temperature and pressure are positively correlated to winter NAO index in all sites 

(Fig. 3 and 4). R2 values ranged from 0.30 (NAO and temperature at Sète) and 0.64 (NAO and air 

pressure at Sète). Results are in accordance with those found by other authors. High NAO episodes 

have been associated with higher air temperature and pressure over much of Europe, drier than 

normal conditions over central and southern Europe and wetter than normal conditions over 

northern Europe (Visbeck et al., 1998). 

However, preliminary results tend to show that both local air pressures and the NAO index were not 

related to the variations in the local dominant wind, i.e., Mistral and Tramontane (Fromentin, pers. 

comm.). In the Northwestern Mediterranean, wind intensity seems indeed more related to the 

regional the low-pressure center of the Ligurian Sea than the NAO. More work is needed to check 

this hypothesis, which is of interest on a fisheries viewpoint, because the hake recruitment is related 

to the wind intensity (Lloret et al., 2001). Furthermore, wind intensity is one of the meteorological 

factors in the NW Mediterranean that show the highest variability (Castellari et al., 1997; Astraldi 

and Gasparini, 1992). 
Table 1. Time series of air temperatures and pressures from 3 sites in the NW Mediterranean used for the analyses 

 Air temperature Air pressure 

Genoa 1960-1997 1960-1997 

Sète 1949-1997 1972-1996 

Barcelona 1949-1997; data lag in 1977, 1980-82 and 1988-90 1983-1987 and 1991-1996 
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Fig. 1. Time series of annual mean air temperatures from 3 sites in the NW Mediterranean, and 

regressions between them. 
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Fig. 2. Time series of annual mean air pressures (sea level) from 3 sites in the NW Mediterranean, 

and regressions between them. 
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Fig. 3. Regressions between the NAO index and the annual mean air temperatures from 3 sites in 

the NW Mediterranean.  
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Fig 4. Regressions between the NAO index and the mean annual air pressure from 3 sites in the NW 

Mediterranean. 
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Document: Impact of wind mixing on hake recruitment in NW Mediterranean. J. Lloret, J. 

Lleonart, J.M. Fromentin, and I. Solé 

A series of monthly total catch records was available for hake landed in Roses harbour for the 

period January 1990-December 1998. Landings were from trawlers fishing in the Gulf of Lions and 

Gulf of Roses. Fishing effort remained nearly stable during the study period. A series of daily catch 

records was also available for hake landed by a single target trawler of the neighbouring port of 

Llançà, fishing in the Gulf of Lions, for the period January 1986-September 1994. Monthly catches 

per unit of fishing effort (CPUE, kg trip-month-1) were calculated from the daily information. Catch 

data for hake landed in Roses harbour were available by two commercial size-classes, medium and 

small. Monthly total landings in Roses harbour were significantly positively and nearly 

synchronously correlated with monthly CPUE in Llançà, according to the results obtained form a 

transfer function model (Fig. 1). Daily wind data (speed and direction) were obtained from the 

meteorological station of Cape Bear operated by Météo-France. We estimated the intensity of input 

of mechanical energy by the wind, which would then become available for turbulent mixing of the 

upper ocean, by means of a “wind mixing index”. This index is the monthly mean value of the third 

power (cube) of the wind speed (Bakun and Parrish, 1991). Monthly mean flow data (m3/s) of the 

Rhône River recorded downstream near to its mouth (gauging station of Beaucaire) were obtained 

from the N.C. Rhône. The transfer function models between yield of hake (dependent) and 

environmental variables (independent) showed that, catch and CPUE were significantly positively 

correlated at different time lags with the wind mixing index during the reproduction season of hake 

(September-January), but not with the Rhône river runoff. Significant time lags ranged from 9 

months for small hake and from about 11-13 months for medium hake (Table 1). Thus, for example, 

the model fitted to small hake landed in Roses (Yt; output) and the wind mixing index (Xt; input) is 

represented by the following equation: Yt=f(Xt)=18Xt-9 (Fig. 2). Thus, an additional 1 m3/s3 wind 

mixing index during the reproduction time of hake leads to a 18 kg added catch of small hake 

during the ninth following month. Hake mainly spawns from September to January in NW 

Mediterranean, while offspring mainly recruit into the fishing grounds after 8-10 months (i.e. 

spring- autumn; Recasens et al., 1998). Thus, what we did in our study was to compare the 

environmental conditions during the spawning seasons with the resulting recruitment of hake 

(reflected on landings and CPUE). Wind mixing explains a part of the variability; other variables, 

such as the parental stock biomass and density dependence processes (e.g. Myers and Cadigan 

1993) might also influence the year class strength of hake. Our results suggest that frequent, strong 

north-westerly winds blowing in the Gulf of Lions have a positive effect in the productivity of hake. 

This is supported by the fact that hake caught in the Gulf of Lions is, for a given length, more 

corpulent (i.e. better condition factor) than hake caught in the Catalan Sea (Lloret et al., 2002). 
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Table 1. Results of the transfer function models between catch (Roses harbour) / CPUE (Llançà 
harbour) and Rhône river flow and wind mixing index. N is the number of data points (months) 
fitted; RSEU is the residual standard error of the univariate models fitted to catch and CPUE; RSE 
is the residual standard error of each of the transfer function models; r2 is the explained variance. 
Significant coefficients at a t value > 3  (p<0.05) together with time lags are shown (the symbol 
“*” denotes that there was not any significant time-lagged relationship). 
 

Commercial 

size group 

Harbour N RSEU 

(kg) 

Rhône 

river 

runoff 

                    Wind mixing index  

    r2        RSE   Coefficients   Time lag    t 

                (kg)         (kg)          (months) 

Small Roses 108 7669 * 0.56 7522 18.0 9 3.76 

Medium Roses 108 2881 * 0.52 3671 6.90 12 3.21 

 Llançà 105 6.59 * 0.57 7.79 9.40 11 3.55 

    *   8.80 12 3.15 

    *   7.50 13 3.00 

 

Figure 1. The time series of catch of small hake in Roses harbour and CPUE of hake in Llançà 
(graph on the left), and the observed against the estimated catches in Roses from the transfer 
function model (graph on the right). The transfer function model is:Yt=f(Xt)=857Xt+624Xt-1 
(r2=0.65), where Y is the catch in Roses harbour and X is the CPUE in Llançà. 

Figure 2. The time series of yield (catch) of small hake in Roses harbour and of wind mixing index 
(Wind MI) during the spawning season of hake (graph on the left) and the observed against the 
estimated yield from the transfer function model (graph on the right). The transfer function model 
is: Yt=f(Xt)=18Xt-9, where Y is the catch in Roses harbour and X is the wind mixing index during 
the spawning season. 
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Document: Anomalous events in environmental factors relevant to recruitment of hake off 

NW Mediterranean (1990-2000). J. Lloret, J. Salat and J. Lleonart 

Monthly mean sea temperatures (ºC) were obtained from the coastal station of l’Estartit (1990-97; 

Fig. 1). Meteorological data including daily wind data (speed and direction, 1990-98) were obtained 

from the meteorological station of Cape Bear (Météo-France; Fig. 1). We estimated the intensity of 

input of mechanical energy by the wind, which would then become available for turbulent mixing 

of the upper ocean, by means of a “wind mixing index”. This index (m3/s3) is the monthly mean 

value of the third power (cube) of the wind speed (Bakun and Parrish, 1991). Monthly mean flow 

data (m3/s) of the Rhône River (1990-98) recorded downstream near to its mouth (gauging station 

of Beaucaire; Fig. 1) were obtained from the National Company of the Rhône. 

Intervention analyses (Box and Jenkins, 1976) that identify and model step-like shifts in the time 

series were used to identify anomalies in the stated environmental variables that could have 

influenced recruitment of hake. The intervention analysis is a statistical technique that allows us to 

detect and quantify non-random changes of a variable in a time series (Box and Jenkins, 1976). 

Interventions are non-random because they are due to external events that affect values in the time 

series. While the input of an intervention represents a pulse shift in a given month, the output or 

consequence of that event may be modelled in several ways. Thus, according to the output, two 

types of interventions are defined, i.e. pulse and step. A pulse intervention represents a temporary 

event that affects the level of the temperature regime, and can be modelled as abrupt (i.e. a pulse 

intervention at t=1 shifts the level up or down only during period t=1) or delayed (i.e. a pulse 

intervention at t=1 causes a decreasing or a increasing response during periods t+1, t+2, t+3...). The 

first is called an Additive Outlier (denoted AO) and the second a Temporary-Change intervention 

(denoted TC). Step interventions may be thought of as a permanent change in the level of a time 

series and are also called Level-Shifts (denoted LS). Water temperatures, Rhône runoff and wind 

mixing index display noticeable seasonal and inter-annual fluctuations (Fig. 2-4). A first insight into 

the time series of sea water temperature reveals that winter 1990 was anomalously warm, while 

1991, 1992 and 1997’s winters were relatively cold. In summer 1994 temperature was relatively 

higher than the rest of the series. Rhône runoff was relatively high during years 1994 and 1995, and 

the wind mixing index was low during 1997.  

The intervention analysis revealed a significant negative anomaly in August 1997 (temporary 

change, p<0.05, t=-4.49, value=-5.39). This intervention displays an anomalous long calm period in 

1997 from the end of summer all along the entire fall. This period coincided with the main 

spawning season for hake in the NW Mediterranean. According to Lloret et al. (2001), low values 

of wind mixing index during the spawning season have a negative impact on the following 

recruitment. The negative wind anomaly during the 1997 spawning season probably contributed in 
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part to the decline of the recruitment of hake as reflected in total landings of small individuals 

(<20cm in total length) in Roses harbour (Fig. 5), although overfishing probably constitutes the 

main factor responsible for the decline. 

 
 
Fig. 1. Map of the oceanographic and meteorological stations in the NW Mediterranean, and the 
harbour from which the catch and recruitment data was obtained. 

Fig. 2. Time series of the surface water temperature at l’Estartit oceanographic station (1990-1997) 
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Fig. 3. Time series of Rhône river runoff at Beaucaire (1990-1998) 
 

Fig. 4 Time series of wind mixing index at Cap Bear (1990-1998) 

 
Fig 5. Landings of the smallest commercial size-class of hake (<20 cm in total length) in Roses 
harbour (1990-2000). 
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