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Introduction
The estimation of the size of young 
year classes for the management 
and conservation of marine 
populations. 
Prediction of recruiment strength, 
based on estimates of abundance 
and levels of aggregation of pre-
recruits
The knowledge of the distribution 
of nurseries for a more sound 
fishing effort allocation in time and 
space. 



Main goals 
Better knowledge on:

Recruitment process dynamics.
Settlement timing.
Seasonal spatial shifts.
Density-dependent growth performance
Relationships between area occupied by 
nurseries and abundance of age class 0 
individuals.
Natural history aspects of recruits, in 
particular feeding, survival rates, etc..
Relationship between nursery areas 
location, stability in time and space with 
oceanographic features. 



Studied area



Material and methods
Use of trawl surveys seasonal data
Use of available oceanographic information
Analysis of georeferenced data of abundance for the 
definition of nursery areas boundaries
Size frequencies for the analysis of periods of 
settlement, growth performance and mortality rates
Analysis of stomach contents
Definition and measurement of  areas occupied by 
age 0 juveniles and older ones
Evaluations of abundance with swept area method
Measurement of levels of overlapping (Separation 
Index I and the Spearman's rank correlation 
coefficient) for age 0 hakes with older individuals or 
with other species that may have trophic relationships 
with young hake.



Results
Merluccius merluccius stock 
exhibits large variation in year-
class strength. 
Overall estimated numbers of 0-yr-
class individuals ranged from 
about 4.7 milions in 1995 (spring 
survey) to 30 milions in 1998 
(autumn survey) and biomass from 
37 to 286 tons.



Estimated biomass and abundance of age 0 
hakes for the 26 analysed surveys
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two main concentrations of age 0 
individuals were found, both in a 
depth range 100-250 m. Central 
points of the two concentrations 
remain stable along the years.



Density distribution of hake in the studied area. Circles show the 
areas with higher densities, almost exclusively composed by age 
class 0 individuals. The arrow indicates the Gorgona island.



Main water masses movements in the area
The Corsica (colder) and Tyrrhenian (warmer) currents flows into the Ligurian 
Current. Near the point of confluence  nursery areas  are positioned

Cold Hot



Corsica Channel: Monthly Mean Flux
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Monthly mean flux through the Corsica channel.
The high variability in its intensity can be observed. During 
Summer, the Tyrrhenian flux is practically interrupted.



Surface Temperature (19January 2000) Surface Temperature (8 September 2000)

WINTER SUMMER

Surface temperature in Winter (left) and in Summer (right)

The reduction of flux of Tyrrhenian warmer waters in Summer allows the 
intrusion of colder waters transported by the Corsica current to reach the 
coasts in the central portion of the studied area .



Temperature (top) and Salinity (bottom) at different depths in Winter.
Le Hydrological conditions show that the Northern portion of the Elba island costitutes a front of  
interactions of two different water masses. The flux towards North of the Tyrrhenian current tends
to place from north to south the direction of both isotherms and isohalins.



Temperature (top) and Salinity (bottom) at different depths in Summer
The frontal structures are still present,  but fractionated. They are often  positioned transversally to the
coast, and linked to the Ligurian waters intrusions. Tyrrhenian waters mostly remain at south of Elba
island. The almost permanent presence of the frontal structures has certainly a role of enhancement of
the dynamics of the biological activity in the area.



The emplacement of the overall 
area where 0-year-old hake most 
frequently occur remains almost 
the same along the years 
noticeable differences in their sizes 
were observed among years and 
seasons
Nurseries occupied from 650 km2 
(in may 1994) to 1340  and 1370 
respectively km2 for september 
1986 and october 1998



The area where juveniles concentrate is characterised by 
the presence of canyons and islands in their neighbours 
and according to Skliris et al. (2001) and Lacroix et al, 
(2001), these particular features often induce a nutrient 
transport into the euphotic zone on the continental shelf,
leading to the enhancement of the primary production. 

Upwellings of modest importance can be present. 

Jennings et al, (2001) confirms that upwellings can be 
induced when islands, ridges or seamounts force deeper 
waters to the surface. 

High phytoplanktonic biomass is generally observed 
during cold wind winter-spring period in the area. 

The availability of food may positively affect the 
distribution and size of hake recruit concentrations and 
justify the persistence in space and time of the described 
nursery areas.

Astraldi et al. (1992,1995) stated that during summer, the 
current that from the West and from Corsica move towards 
the Ligurian Sea drastically reduce their intensity. This fact 
should contribute for the permanence of juveniles, with 
scarse swimming ability, into the nursery areas.



Seasonal distribution of the 
main concentrations of 
juveniles for representative 
years. During spring, in the 
Northern portion of the 
nursery area, almost all the 
bigger individuals, that are 
approximately one year old, 
have already left the area.
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Autumn 98

Summer 92 Summer 91

Autumn 91

Spring 86



A clear shift in spatial distribution 
of age class 0 and age class 1 is 
observed. Age class 0 is 
distributed along the shelf border in 
the depth interval 100-250 m while 
age class 1 is concentrated in 
shallower waters. This situation 
remains stable all around the year.



Geographical distribution of concentrations of age 0 (left in 
red) and age 1 (right in blue) in different seasons
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Size structure of settled juveniles 
inside the nursery area changes 
along the year depending on 
individual growth and on the 
recruitment peaks. Size structure is 
quite similar for the same season 
in different years.



Individuals remain inside the 
nursery area approximately one 
year. They settle to the nursery 
area with a mean size of  4-5 cm 
and leave the area when they 
reach 16-17 cm (at this time they 
are approximately one year old). At 
this size, they migrate towards 
shallower waters.



Size distribution of 
individuals present 
in the nursery area 
by season
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Two recruitment peaks (the major 
one during spring-summer and a 
peak of secondary importance in 
winter were observed. Results are 
coherent with the findings 
described for a neighbouring area 
(northern Ligurian Sea) and in 
greek waters. 



no active seasonal drift occur 
inside the nursery area.  There is 
however, a light shift in recruitment 
timing. Results suggest that both, 
settlement and the successive 
massive abandon of the nursery 
area are anticipated in the northern 
portion.  



the area occupied by 0 years old 
juveniles expands with increasing 
abundance and biomass. 



Relationship between size of nursery areas with 
biomass (left) and with abundance (right)
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An increase in abundance is followed by 
an increase in density. However, these 
variables are not linearly correlated. Data 
suggest that density tends to a maximum 
level at higher abundance levels. As 
soon as density reaches this sort of 
threshold, it is likely that individuals 
abandon the more suitable areas moving 
to sub-optimal ones distributed in the 
neighbours.



Relationship between density (Kg/km2) and biomass (Kg) 
of age 0 individuals estimated for the different surveys
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Wespestad et al. (2000) suggest that the 
separtion index I is potentially a predictor 
of year class strength for species like 
pollock in the case of small to slightly 
above average year classes. Results 
shown in the next figure suggest that I
could be a predictor of year class 
strength also in the case of European 
hake, albeit a more deep exploration is 
still necessary. 



Correlations between Separation Index and number of 
recruits for the successive year.
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Spearman's rank correlation estimated for a 
selected number of species



Results suggest that the growth 
performance of the age class 0 
individuals present inside the nursery 
area may depend on density. It is 
necessary to consider that this 
preliminary results derive from a 
reduced number of samples.



Growth rates (∆L/month) for different levels of 
relative abundance expressed as Kg/h



Conclusive remarks
Trawl surveys were demonstrated 
suitable for the study of nursery areas for 
the monitoring of temporal variation in 
abundance and spatial allocation
The availability of a relatively long time 
series allowed to analyse the changes in 
recruitment strength that occurred in time
A general description of the distributional 
response of a population to variations in 
abundance over spatial and temporal 
scales is furnished.
A major effort is necessary aimed at a 
better understanding of the mechanisms 
that determine the spatial and temporal 
stability of nursery areas location.


