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ABSTRACT

Time series analyses (Box–Jenkins models) were used
to study the influence of river runoff and wind mixing
index on the productivity of the two most abundant
species of small pelagic fish exploited in waters sur-
rounding the Ebre (Ebro) River continental shelf
(north-western Mediterranean): anchovy (Engraulis
encrasicolus) and sardine (Sardina pilchardus). River
flow and wind were selected because they are known
to enhance fertilization and local planktonic pro-
duction, thus being crucial for the survival of fish
larvae. Time series of the two environmental varia-
bles and landings of the two species were analysed to
extract the trend and seasonality. All series displayed
important seasonal and interannual fluctuations. In
the long term, landings of anchovy declined while
those of sardine increased. At the seasonal scale,
landings of anchovy peaked during spring/summer
while those of sardine peaked during spring and au-
tumn. Seasonality in landings of anchovy was stron-
ger than in sardine. Concerning the environmental
series, monthly average Ebre runoff showed a pro-
gressive decline from 1960 until the late 1980s, and
the wind mixing index was highest during 1994–96.
Within the annual cycle, the minimum river flow
occurs from July to October and the wind mixing
peaks in winter (December–April, excluding Janu-
ary). The results of the analyses showed a significant

correlation between monthly landings of anchovy
and freshwater input of the Ebre River during the
spawning season of this species (April–August), with
a time lag of 12 months. In contrast, monthly land-
ings 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 fish in the north-western
Mediterranean. The time lags obtained in the rela-
tionships stress the importance of river runoff and
wind mixing for the early stages of anchovy and
sardine, respectively, and their impact on recruit-
ment.
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INTRODUCTION

Most fishery production worldwide is associated with
three nutrient enrichment processes: coastal upwel-
ling, tidal and/or wind mixing, and land-based runoff
including major river outflow (Caddy and Bakun,
1994). Terrestrially enriched river discharge favour-
ably influences biological processes (i.e. growth, sur-
vival and recruitment) that affect fisheries production
(Grimes, 2001). River effects are most noticeable in
oligotrophic seas (e.g. Mississippi River in the Gulf of
Mexico: Grimes, 2001; Rhône River in the Mediter-
ranean: Lloret et al., 2001) and in semi-enclosed sys-
tems such as the Black Sea (Daskalov, 1999). Winds
promote nutrient enrichment through mixing or
upwelling, thus enhancing the productivity of some
exploited species, especially small pelagic fishes (e.g.
Bakun and Parrish, 1991).

Although the Mediterranean is considered oligo-
trophic (Margalef, 1985), some areas are more
productive due to bathymetric, hydrographical and
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meteorological conditions, such as the presence of a
wide shelf (e.g. Gulf of Lions, Gulf of Gabes and the
northern Adriatic: Bombace, 1993; Caddy, 1993),
river runoff (e.g. areas close to the Rhône, Po, Nile or
Ebre mouths: Caddy, 1993; Lefevre et al., 1997; Solic
et al., 1997; Morovic, 2002), and wind mixing (e.g.
northern Adriatic and Gulf of Lions: Estrada, 1996;
Salat, 1996; Diaz et al., 2000; Morovic, 2002). These
areas are important fishery zones because they are
potential preferred spawning areas for many fishes (e.g.
anchovy: Palomera, 1992; Salat, 1996; Coombs et al.,
1997, 2003; Agostini, 2000; Sabatés et al., 2001).
Preferred spawning habitats are found around the
world in areas where enrichment, concentration and
retention processes combine to yield favourable
reproductive habitats (Bakun and Parrish, 1991;
Bakun, 1998).

The shelf waters surrounding the Ebre River outfall
(north-western Mediterranean) are a good example of
waters that are productive due to these physical and
biological processes, essentially due to the freshwater
input from the Ebre River, the strong and predominant
north-westerly winds and a relatively wide shelf (Salat
et al., 2002). The Ebre River discharges into the
north-western Mediterranean Sea after a 928-km-long
passage. The catchment area of 85 835 km2 includes
the mountains bordering the northernmost parts of the
Iberian Peninsula, mainly the Pyrenees. The river Ebre
flows through areas where agriculture and farming
from which nutrient discharges, especially nitrogen,
are considerable (Cruzado et al., 2002). It is one of the
most important rivers of the Iberian Peninsula because
it provides habitat to numerous endemic freshwater
fish species and birds, and water for agriculture, human
use and industrial activities (Comı́n, 1999).

The predominant air mass blowing over the north-
western Mediterranean basin is a dry, continental
wind (Astraldi and Gasparini, 1992). During winter
this wind is more frequent, strong, dry, and cold and
can persist for several days. The Mistral is a well
known wind of this type, blowing from the north-west
with great intensity in the Gulf of Lions. In the areas
surrounding the Ebre River delta, the equivalent wind,
locally called the Mestral, blows from the north-west
and behaves as does the Mistral in the Gulf of Lions,
inducing intense water mixing on the shelf and
bringing nutrients to the surface (Margalef, 1968;
Estrada et al., 1985; Estrada, 1996; Salat, 1996).
Anchovy (Engraulis encrasicolus) and sardine (Sardina
pilchardus) are heavily exploited by trawlers and purse
seiners in the areas surrounding the mouth of the Ebre
River. Different studies provide evidence that these
are preferred spawning areas for both anchovy and

sardine (Palomera, 1992; Salat, 1996; Olivar et al.,
2001).

The purpose of this paper is to model the relation-
ships between Ebre River runoff and wind conditions
with landings of anchovy and sardine caught from
waters surrounding the Ebre River delta, using transfer
function models (Box and Jenkins, 1976). Transfer
function models are a subclass of the Box–Jenkins
autoregressive integrated moving average (ARIMA)
models, a group of linear, stochastic-dynamic models
that can describe fairly complex behaviour. The Box–
Jenkins methodology has also been used to model
dynamics of marine species in other areas in relation to
climate variability (e.g. Keller, 1987; Fogarty, 1988;
Hare and Francis, 1995; Stergiou et al., 1997; Tsai
et al., 1997; Downton and Miller, 1998; Lloret et al.,
2000, 2001). The basic working hypothesis behind this
study is that recruitment of anchovy and sardine in the
north-western Mediterranean is influenced by the
amount of water discharged from the Ebre River and by
local wind conditions during the spawning season,
through enhanced fertilization, which favours survival
of larvae. This study also intends to characterize the
dynamics of river runoff, wind mixing and landings
of anchovy and sardine by analysing the trend and
seasonality of the time series.

MATERIALS AND METHODS

Data sources

A series of monthly landings of anchovy and sardine at
Tarragona harbour was available for the periods
January 1990–December 2001 and January 1990–
September 2001, respectively. That harbour is the
most important in the area in terms of landings and
fleet. As these time series span more than 50 months,
they are suitable for a time-series analysis (Pankratz,
1991). Landings were from purse seiners, the fleet
devoted to these species in the study area. Because
fishing effort (number of boats and monthly time at
sea) remained nearly stable during the entire study
period (around 26 purse seiners fishing at night, from
Sunday to Friday, excluding holidays), landings can be
considered as a raw measure of catch per unit effort.
Wind data (hourly observations of speed and direc-
tion, 1990–2001) were obtained from the Cambrils
meteorological station (Servei de Meteorologia de
Catalunya; Fig. 1). The intensity of input of
mechanical energy by the wind, which would then
become available for turbulent mixing of the upper
ocean, was computed by means of a ‘wind mixing
index’ (Bakun and Parrish, 1991), which is roughly
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proportional to the cube of the wind speed. Thus, the
monthly wind mixing index series was obtained by
averaging the cube of the hourly records of wind speed.
Wind information recorded at the Tarragona mete-
orological station (Instituto Nacional de Meteorolo-
gı́a), situated near Cambrils station (Fig. 1), was used
to fill gaps (for 4 months) in the Cambrils series,
through a linear regression between the monthly wind
mixing indices calculated at both stations during the
entire period. Monthly mean flow data (m3 s)1) of the
Ebre River (1952–2001), recorded near its mouth
(gauging station of Tortosa; Fig. 1), were obtained
from the Confederación Hidrográfica del Ebro.

Description of the time series: analysis of trend and
seasonality

We used the decomposition method ‘tramo-seats’
which is included in the software package ForeTESS
developed by the Polytechnical University of Cata-
lonia (Prat et al., 2001). This method is an extension
of the X-11 decomposition method (Makridakis and
Wheelwright, 1989). The ‘tramo-seats’ method uses
multiple moving averages to decompose the time
series into trend and seasonal components. While the
seasonal component shows the spectral peaks at
seasonal frequencies (the seasonal value for a given
month is the percentage above/below the annual

mean), the trend represents the smoothed evolution
of the series.

Transfer function analyses between landings
and environmental variables

To determine and quantify the possible relationships
between the monthly time series of landings (anchovy
and sardine) and the selected environmental variables
(river flow and wind mixing index), we constructed
four linear transfer function models (Box and Jenkins,
1976), one for each species and environmental vari-
able. As input time series (river flow and wind mixing
index) we used only the values for the spawning period
of each species, because this is the time interval when
larvae are in the water column, and that is postulated
as a key determinant of interannual survival variability
(Cushing, 1982; Houde, 1987). Reproduction periods
considered were April–August for anchovy (Palomera,
1992) and November–March for sardine (Palomera
and Olivar, 1996). The values for the remaining
months of the input series were replaced by ‘zeros’ that
meant ‘no influence on landings’ in our models. Thus,
we compared the environmental conditions only dur-
ing the spawning seasons with the landings obtained
afterwards. Transfer function models were built fol-
lowing the Box and Jenkins’ modelling strategy (Box
and Jenkins, 1976; Appendix 1) using the software
package ForeTESS (Prat et al., 2001). The linear
transfer function models were expressed by the fol-
lowing general equation (Pankratz, 1991):

Yt ¼ fðXtÞ ¼ v0Xt þ v1Xt�1 þ v2Xt�2 þ � � � þ Nt: ð1Þ

where Y is the landings (anchovy or sardine), X the
environmental factor (river runoff or wind mixing), t the
unit of time (month) and N is the disturbance (error)
term. Coefficient v0 is a weight that states how Yt re-
sponds to a change in Xt (current month change in Xt);
coefficient v1 states how Yt responds to a change in Xt)1

(1 month earlier change in Xt); coefficient v2 states how
Yt responds to a change in Xt)2 (2 months earlier change
in Xt), and so forth. The v weights can be positive or
negative. The larger the absolute value of any weight vk,
the larger the response of Yt to a change in Xt)k. The sum
of these weights gives the total gain. Only significant
coefficients at a |T| > 3 (P < 0.05) were considered.

RESULTS

Description of environmental variables and landings:
analysis of trend and seasonality

Landings, river runoff and wind mixing displayed
noticeable seasonal and interannual fluctuations

Figure 1. Location of the study area showing the course of
the Ebre River and location of meteorological (Cambrils and
Tarragona) and gauging (Tortosa) stations, and the main
landing port (Tarragona).
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(Figs 2–4). Landings of anchovies varied from 0.1 t
(for May 2000) to 344 t (for June 1994) and those of
sardines varied from 0.1 t (for December 2000 and
January 2001) to 1500 t (for October 1995). Over the
long term, landings of anchovy declined (Fig. 2a),
while those of sardine increased (Fig. 2b). Monthly
anchovy landings peaked during spring/summer when,
on average, catches were up to 150% above the annual
mean landings (Fig. 3a), while those of sardine peaked
during spring and autumn, when they were about 30
and 60% above the annual mean landings, respectively
(Fig. 3a). Seasonality in landings of anchovy was thus
stronger than for sardine. The monthly average Ebre
runoff, which varied from 19 m3 s)1 (July 1955) to
2171 m3 s)1 (December 1959), showed a progressive
decline from 1960 until the late 1980s (Fig. 4a).
Minimum river flows occurred from July to October
when seasonal values were down to 60% below the
annual mean flow (Fig. 3b). The monthly values of the
wind mixing index varied from 2 m3 s)3 (September
1990) to 66 m3 s)3 (April 1994) and were highest
during 1994–96 (Fig. 4b). Excluding January, values of
wind mixing peaked in winter/spring (December–
April), when seasonal values were up to 100% above
the annual means (Fig. 3b). The seasonality of the
wind mixing index was thus stronger than for the Ebre
runoff.

(a)

(b)

Figure 2. Monthly time series and trend of landings of
anchovy (a) and sardine (b), over the period 1990–2001.

(a)

(b)

Figure 3. Mean seasonal patterns (% above/below the
annual mean) of the full time series of landings of anchovy
and sardine (a; 1990–2001) and wind mixing index (b;
1990–2001) and river runoff (b; 1952–2001).

Figure 4. Monthly time series and trend of the Ebre River
runoff (a; 1952–2001) and the wind mixing index (b; 1990–
2001).
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Relationships between landings and environmental
variables

Anchovy
The transfer function models between landings and
environmental variables showed that anchovy land-
ings were positively correlated with river flow during
the reproduction season at a time lag of 12 months.
Thus, the transfer function model fit to anchovy
landings (Yt; output) and Ebre runoff (Xt; input) is
represented by the following equation:

Yt ¼ fðXtÞ ¼ 0:189Xt�12 þ Nt ð2Þ
The coefficient at t)12 (0.189) was the only sig-

nificant one (T-value ¼ 4.421, P < 0.05). The rest of
coefficients (e.g. t)10, t)11, t)13, t)14, t)1 and t)2)
were not significant (|T| < 3, P > 0.05). Thus, the
model estimated that an additional 1 m3 s)1 of Ebre
runoff during the reproduction season of anchovy leads
to a 0.189 t of added landings of this species after
12 months. The r2-value of the model was 0.24
(residual standard deviation ¼ 45.08 t). This indica-
ted that 24% of the variance of the anchovy landings
is explainable by the variance of the Ebre flow at a lag
of 12 months. Figure 5a compares model landings (i.e.
landings explained by the Ebre’s runoff) with actual
landings during the study period. However, there was
no relationship between landings of anchovy and the
wind mixing index: no coefficient of the model was
significant (|T| < 3, P > 0.05).

Sardine
Sardine landings were positively correlated at a time
lag of 18 months, with the wind mixing index during
the reproductive season of this species. The transfer
function model fitted to sardine landings (Yt; output)
and wind mixing index (Zt; input) is represented by
the following equation:

Yt ¼ fðZtÞ ¼ 5:851Zt�18 þ Nt ð3Þ
The coefficient at t)18 (5.851) was the only signifi-
cant one (T-value ¼ 3.510, P < 0.05). Thus, the
model estimated that an additional 1 m3 s)3 of the
wind mixing index during the sardine’s reproductive
season leads to a 5.851 t of added landings of sardine
after 18 months. The r2-value of the model was 0.19
(residual standard deviation ¼ 214.65 t). This indi-
cated that 19% of the variance of the sardine landings
was explainable by the variance of the wind mixing
index at a lag of 18 months. Figure 5b compares model
landings (i.e. landings due to the wind mixing index)
with the actual ones during the study period. Landings
of sardine were not related to the Ebre’s flow during
the spawning season: no coefficient of the model was
significant (|T| < 3, P > 0.05).

DISCUSSION

The coastal zones of the Mediterranean are often
oligotrophic, as only small freshwater discharges
caused by episodic rain storms flow through otherwise
dry rivers and because wind mixing, tides and upwel-
ling are weak or absent. Very often, long stretches of
coastline are fertilized by the discharge of nutrient-rich
urban and industrial effluents (Cruzado et al., 2002).
Exceptions to this rule are estuarine areas receiving
the discharges of large rivers (e.g. Po, Rhône and Ebre)
collecting the runoff from snow-covered mountain
ranges (e.g. Alps and Pyreneees), wastewater from
large cities and intensive agricultural and industrial
activities, and some relatively wide continental
shelves exposed to strong winds. The waters sur-
rounding the Ebre River delta are an example of both
types of nutrient enhancement. Direct nutrient inputs
from the Ebre outflow may account for 10–25% of the
total nutrient content in the water column on the
adjacent continental shelf (Salat et al., 2002). These
nutrients are introduced at the surface, thus becoming
directly available for surface phytoplankton. The

Figure 5. Comparison between the expected landings from
the models and the observed (actual) landings of anchovy
(a) and sardine (b), over the period 1992–2001. Model
values represent (a) the contribution of the river outflow to
the landings of anchovy 12 months after spawning and (b)
the contribution of wind mixing to the landings of sardine
18 months after spawning.
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remaining nutrients are only available at the surface
through winter mixing induced by the strong winds
blowing over the area (Salat, 1996). During the rest of
the year, and in the absence of strong winds, phyto-
plankton production is restricted to the deep chloro-
phyll maximum, located at 40–80 m (Margalef, 1968;
Estrada, 1996).

The application of linear transfer function models
between landings and environmental variables during
the spawning season of anchovy, showed that the
landings of this species were significantly positively
correlated with river flow, with a time lag of
12 months, but were not correlated to the wind mix-
ing. Anchovy spawns and is caught mainly during
spring/summer (Palomera, 1992), when most of the
individuals are 1-yr old (Pertierra and Lleonart, 1996).
Therefore, the landings of anchovy can be considered
as a proxy of recruitment. Thus, the time lag at which
the correlation between runoff during spawning and
landings takes place (i.e. 1 yr) corresponds to the age
at which anchovy reaches the minimum exploitation
size. Accordingly, our results suggest that river runoff
influences spawning and the survival rate of the an-
chovy early stages and, hence, recruitment. This is in
agreement with the reproductive behaviour of an-
chovy. Spawning of anchovy is restricted to the surface
and larvae remain above the thermocline until they
are able to swim freely (Palomera, 1991; Olivar et al.,
2001). Larva survival depends on food availability at
the surface which, in turn, depends on the nutrient
content of the surface waters. An increase of surface
primary productivity in the enriched continental wa-
ters enhances zooplankton production, the main food
for anchovy larvae (Tudela et al., 2002). Strong run-
offs during April and May (when anchovy starts
spawning) are followed by a stabilization of water
masses due to solar heating and a decrease in wind
activity. During this season, the thermocline inhibits
vertical mixing and nutrients at the surface become
depleted. In such conditions, the only source that may
contribute to surface productivity is nutrient input
from river outflow (Salat, 1996).

The contribution of freshwater discharge in
enhancing recruitment of anchovy has been demon-
strated in other areas of the Mediterranean (e.g.
Rhône River outflow in the Gulf of Lions: Lloret et al.,
2001; Po River outflow in the Adriatic: Levi et al.,
1999; runoff of several rivers in the Black Sea:
Daskalov, 1999). Moreover, large quantities of an-
chovy are found in areas influenced by river outflows
(Bakun, 1998; Agostini, 2000), and their larvae are
associated with the presence of less saline water at the
surface of continental influence (Palomera, 1992;

Coombs et al., 1997, 2003; Sabatés et al., 2001).
Freshwater discharge is generally known to enhance
productivity of marine species in other areas of the
world ocean (e.g. cod off the north coast of Norway:
Skreslet, 1976; cod in the Gulf of St Lawrence: Bug-
den et al., 1982; Chouinard and Fréchet, 1994;
American lobster and Atlantic halibut in the Gulf of
St Lawrence: Sutcliffe, 1973; sprat, whiting and horse
mackerel in the Black Sea: Daskalov, 1999; róbalo in
central-south Chile: Quiñones and Montes, 2001;
anchovy in coastal waters off south-western Taiwan:
Tsai et al., 1997; various species in the Gulf of Mexico:
CAST, 1999; Grimes, 2001; various species in the
Gulf of Lions: Lloret et al., 2001). Strong circum-
stantial evidence of the relationship between river
discharge and fish production is that when flows have
been controlled or eliminated, major declines in fish-
eries have followed (Grimes, 2001). One of the best
examples is the decrease of the Nile River flow by 90%
during the filling of the Aswan High Dam in 1965–69,
which resulted in a decline in the primary production
off the Nile delta and in the Egyptian fishery landings
in the Mediterranean of about 80%, as well as in a
simplification of community structure (Bebars and
Lasserre, 1983). In the Ebre delta, the observed rela-
tionship of anchovy landings to river discharge and
the decreasing trend of the Ebre runoff during at least
part of the last 40 yr could have caused a decline of
the local anchovy stock. This situation could deteri-
orate further if, by any anthropogenic or natural factor,
river runoff is further reduced.

The transfer function model showed that landings
of sardine were positively correlated with the wind
mixing index, with a time lag of 18 months, but not
correlated with river runoff. Sardine is caught mainly
during the spring and autumn, when most individuals
are between 1 and 2 yr old. Sardine spawns during
wintertime, when the water column is vertically
homogeneous and relatively cool (Palomera and Oli-
var, 1996). At that time, vertical mixing associated
with wind storms will affect the entire surface layer,
carrying nutrients to the entire euphotic zone. Sardine
larvae exhibit greater vertical dispersal than anchovy,
with preference levels below 30 m depth (Olivar et al.,
2001). Survival of sardine larvae is therefore closely
related to vertical mixing and, consequently, to wind
stress as a contributing mechanism. Positive relation-
ships between wind activity and recruitment of pelagic
species are found in other areas (e.g. anchovy of the
south-western Atlantic: Bakun and Parrish, 1991; an-
chovy and sardine in northern Chile: Yáñez et al.,
2001; sprat, anchovy and horse mackerel in the Black
Sea: Daskalov, 1999). Yet, very strong wind mixing
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can also lead to increased mortality in fish larvae as a
result of poor feeding success due to dispersal of food
concentrations (Bergeron, 2000).

The particular life history of small pelagic fish (i.e.
high mobility, plankton-based food chains and short
life span) makes these species particularly sensitive to
environmental forcing (Regner, 1996; Agostini,
2000). Because adults (Whitehead, 1985; Tudela and
Palomera, 1997) and larvae (e.g. Conway et al., 1991,
1998) of sardine and anchovy feed on plankton, an
increase in planktonic production (through increased
river runoff or wind mixing) during the spawning
period may affect these species rapidly. Their response
to climate variations can be quick and dramatic, and
the effects can be transported higher up in the food
chain, thus affecting other fish populations (Agostini,
2000). The results obtained in this study reveal the
importance of Ebre river discharges on anchovy pro-
duction, and wind mixing on sardine production. As
the environmental variables are centred on the
spawning period and their impact is on survival at the
early stages of these species, we conclude that events
in this period have a significant impact on recruit-
ment. However, the models explained only a small
amount (<25%) of the variability of landings of sar-
dine and anchovy. This indicates that other variables,
such as the parental stock biomass and density de-
pendent processes (e.g. Myers and Cadigan, 1993;
Fromentin et al., 1997; Bjørnstad et al., 1999), may
also influence year class strength. Although the vari-
ability of landings explained by the model was small,
the results provide evidence, independent of the
studies directly targeted on larvae, that the environ-
mental variables considered play a role in the
recruitment success of the species studied. Although
we used linear models, because they are relatively
easy to build and interpret, it is possible that complex
non-linear models might better describe the relation-
ships between landings and environmental variables,
especially at extreme values of the environmental
factors.

APPENDIX 1. BOX–JENKINS MODELLING
STRATEGY

The Box and Jenkins modelling strategy considers
three steps: identify the model, estimate the coeffi-
cients and verify the model. These procedures apply to
stationary series (time series with no systematic
change in mean and variance) where the data are
normally distributed. First- or second-order differenc-
ing (non-seasonal and/or seasonal) remedies a non-
stationary mean, and logarithmic transformation

remedies a non-stationary variance and also non-
normal distributions of original data. The data analysis
tool employed for the identification of transfer func-
tion models is the cross-correlation function for the
input and output. Estimation of the coefficients of the
model was carried out by the maximum likelihood
method. Verification of the model was through diag-
nostic checks of residuals. Thus, the autocorrelation
and the partial autocorrelation functions of the resi-
duals (noise or disturbance) and the cross-correlation
functions involving input and residuals were exam-
ined. In case of evidence of transfer model inadequacy
from the behaviour of individual autocorrelations,
autoregressive and/or moving average parameters were
fitted and the iterative cycle of identification, esti-
mation and diagnostic checking was repeated until a
suitable model was found. It is important to note that
we are not interested here in forecasting landings using
environmental variables but only in assessing the role
of the input variables (river runoff and winds) in
explaining the behaviour of the output variable
(landings).
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Chouinard, G.A. and Fréchet, A. (1994) Fluctuations in the cod
stocks of the Gulf of St Lawrence. ICES Mar. Sci. Symp.
198:121–139.

Comı́n, F.A. (1999) Management of the Ebro River Basin: past,
present and future. Water Science and Technology 40:161–
168.

Conway, D.V.P., Tranter, P.R.G., Puelles, M.L.F. and Coombs,
S.H. (1991) Feeding of larval sprat (Sprattus sprattus L.) and
sardine (Sardina pilchardus Walbaum). ICES CM Biol. Oce-
anogr. Committee 76:7.

Conway, D.V.P., Coombs, S.H. and Smith, C. (1998) Feeding of
anchovy Engraulis encrasicolus larvae in the northwestern
Adriatic Sea in response to changing hydrobiological con-
ditions. Mar. Ecol. Prog. Ser. 175:35–49.

Coombs, S.H., Giovanardi, O., Conway, D., Manzueto, L.,
Halliday, N. and Barrett, C. (1997) The distribution of eggs
and larvae of anchovy (Engraulis encrasicolus) in relation to
hydrography and food availability in the outflow of the river
Po. Acta Adria. 38:33–47.

Coombs, S.H., Giovanardi, O., Halliday, N.C., Franceschini,
G., Conway, D.V.P., Manzueto, L., Barrett, C.D.
and McFadzen, I.R.B. (2003) Wind mixing, food availability
and mortality of anchovy larvae Engraulis encrasicolus in
the northern Adriatic Sea. Mar. Ecol. Prog. Ser. 248:221–
235.
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Lloret, J., Lleonart, J. and Solé, I. (2000) Time series modelling
of landings in Northwest Mediterranean Sea. ICES J. Mar.
Sci. 57:171–184.
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