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Abstract

The Atlantic Bluefin Tuna is one of the fishes with the highest commercial value. Its
tasty food is reason why it is overfished. But to find the way to protect it, the scientists
need to understand the recruitment and thus the early life development of the of Bluefin
tuna. An inter governmental collaboration called ICCAT started to study different species of
Tuna around the world. Within this framework, Patrizio Mariani et al developed an
individual-based model of fishes early life stages. This model, applied to the Bluefin tuna,
and TUNIBAL survey's samples showed that the sea temperature impacts the growth rate
of the larvae by increasing their growth when the temperature increases. Spawning areas
in the Baleaic sea for the years 2003, 2004 and 2005 have been located on the salinity
front as written in Reglero at al 2009. Finally, the number of prey needed per day by the
larvae to assume a high growth rate compared to the the number of prey that the larvae
can encounter for two size of preys( Copepodites of 300 μm and 800 μm) shown that the
larvae can not feed only on zooplankton and probably need to find an other source of food
by eating other fish larvae or ABFT larvae.

Key words : Bluefin tuna, larvae, growth rate, cannibalism, Balearic sea
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I. Introduction
The Atlantic bluefin tuna (Thunnus thynnus) has been studied for a long time, several 

centuries. It has always taken an important place in the human history (Doumengue, 1998) and 
continues to feed different polemics about intensives fisheries because of his high commercial 
value. A size which can reach 3 meters and 600 kg, a longevity over 35 years (Santamaria et al 
2009)and fecundity up to 45,000,000 eggs per female make the Atlantic bluefin tuna (ABFT) a 
particular fish. Moreover, It can keep its body temperature  around 20-25 Celsius within water 
temperatures between 5 and 30 Celsius thanks to an efficient endothermy. It schools by size, 
sometimes with other species like Albacore, Yellowfin, Bigeye and other scombridae. In the 
Mediterranean, juveniles prey mainly on zoo-plankton and small pelagic fishes, subadults on 
medium pelagic fishes, shrimps and cephalopods. The adults prey  on cephalopods and large fishes 
(Sarà and Sarà 2007).

The ABFT spawns in the Gulf of Mexico and in the Mediterranean from May to August at 
temperatures of 22 – 26 Celcius degrees. Their sexual maturity starts around 3 years and the full 
recruitment is reached by age five years. The fishes are fidel to their spawning site both in the gulf 
of mexico and the Mediterranean Sea as reported by Fromentin and Powers (2005) There are 
several spawning sites in the Mediterranean, the most important is around the Balearic Island, but 
other larvae were found in Sicily, Turkey, and recently in Cyprus (Garcia et al 2005a).

Overfishing in the Mediterranean is quickly destroying the marine resources and the ABFT 
first of all, because of his high commercial value. The survival of a specie depends first on the 
recruitment and the conservation of the young individual. Incredibly high numbers of eggs are 
spawned by each female, females weighing between 270 and 300 kg produce as many as 10 million 
eggs per spawning season (Corriero et al. 2005), but only a small fraction of these eggs will reach 
the adult age. Most of them will be eaten during the egg stage or the larvae stage. 

But the early life development of the ABFT larvae and the processes affecting their 
recruitment are not well understood. Accumulating knowledge on this topic could drive the 
scientists to make a better estimation of the ABFT stock and then find the good measures to apply in
order to preserve the resource.

In order to contribute to the mission of the International Commission for the Conservation of
Atlantic Tunas ICCAT which is an inter-governmental fishery organization responsible for the 
conservation of tunas and tuna-like species in the Atlantic Ocean and its adjacent seas, Patrizio 
Mariani et al developed a model to simulate the drift of the tuna larvae by the oceanic currents. 
Earlier, along the years 2000-2010, several surveys have been conducted to sample the larvae 
around the spawning areas. Mariani used these data to reconstruct the displacement of the larvae 
and find the spawning areas of the Bluefin Tuna. 

This model is used in the following, for the years 2003-2005, to reconstruct the trajectories 
of the larvae and extract the temperature experienced by the larvae in order to understand how the 
temperature impact their growth. At the same time, the data samples provided by ICCAT during the 
surveys TUNIBAL 2003-2005, will give the growth rate of the larvae . But the larvae must find 
enough food to grow assuming a high growth rate, in a poor environment in zooplankton. From the 
growth rate, the number of preys that the larvae need and the number of prey that they can 
encounter, depending on their on the development of their swimming and vision abilities, can be 
calculated. The comparison between these two numbers will show if the larvae can feed on 
zooplankton or if they need to find an other source of food like other fish larvae.
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II. Materials

1) Study area

One of the spawning areas of ABFT is located around the Balearic island. It is the one of our
interest. The area is characterised by  a complex meso scale circulation produced by the confluence 
of the high salted and cooler Mediterranean waters in the Balearic sea  and the less salted and 
fresher Atlantic waters in the Algerian Basin. The Balearic sea in the north and the Algerian sea in 
the south are connected by three channels. The Ibiza channel, the Mallorca Channel and the 
Menorca channel. The mean circulation is represented by the Northern Current (Illustration 1) 
which flows along the iberic coast toward the south and bifurcate toward the North-Est becoming 
the Balearic Current (Pinot et al 2002). 

2) Model

a) Caracteristics of the model

A biological-physical coupled model developed by Mariani et al. is used in this study. 
Particles randomly placed in the domain are tracked forced by an hydrodynamical model called 
Ocean General Circulation Model (OPA)(Madec et al. 1998). OPA is a general ocean circulation 
model which solves the primitive equations under hydrostatic and Boussinesq approximation. A 1.5 
turbulent closure for the vertical mixing and small-scale mixing processes are parametrized with a 
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bi-Laplacian formulation of the horizontal eddy viscosity and diffusivity (Mariani et al. 2010) The 
OPA outputs used to run the particles tracking model has a spatial resolution of 1/8° on the 
horizontal scale. Only the 30 m depth layer is considered. Daily averages of temperature, salinity, 
longitudinal and zonal component of the geostrophic current, composed the datasets input for the 
model.

b) Sattelites datas

Sattelites datas are used as input for the particles tracking model. Geostrophic currents are 
deduced from altimetric data measured by AVISO with a daily average and a spatial resolution of 
1/8°.  8-day averages of SST with a spatial resolution of 1/12° from the satellite AQUAMODIS are 
used. This data  are extracted on an area between 0-5° E and 38-41°N and during the periods 
corresponding to the TUNIBAL surveys 2003-2005. 

3) Tunibal datas

In 2000, scientists started a program to improve our knowledge about early-life stage of 
different  tuna species in the Mediterranean. This program called TUNIBAL is carried out by the the
Spanish Institute of Oceanography. Every year, from 2000 to 2005, surveys have been conducted 
during the spawning season (June, July, August) around the Balearic islands to collect larvae 
samples (Alemany et al. 2010). The TUNIBAL 0703 survey took place from the 4th to the 30th of 
July 2003, the TUNIBAL 0604 from the 16th of June to the 12th of July 2004 and the TUNIBAL 
0605 from the 24th of June to the 27th of July 2005 (Table 1). Tuna larvae samples have been 
collected thanks to plankton surface tows Bongo 90 equipped with a 500 µm mesh (Garcia et al 
2009). Ages of the larvae have been deduced from their otholiths, the length and the dry weight 
have been measured in the laboratory. Physical and biogeochemical characteristics of the water 
column were collected during each stations using a CTD and a salinity and temperature sensor 
located at 5m depth . The temperature, dissolved oxygen, salinity at different depths and the 
concentration of micro zooplankton were saved. 
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III. Method

1) Modelling approach

1000 particles randomly distributed in the domain are released. They are carried by the 
geostrophic current. The particles leaving the domain, meeting the Balearic islands and the land are 
deleted. The particles located in the sample field at the end of the simulation are tracked. They 
represent non-swimming Bluefin tuna larvae. Their trajectories and the location of their starting 
point, the spawning area, are printed. 

These simulations have been run for each larvae considering their date of capture and their 
age. The run lasts the number of days corresponding to the age plus two days (the tuna experiences 
two days of life as an egg and its age as a larvae  is evaluated after the egg stage) and starts  the 
number of days corresponding to the age plus two days before the sample's date. Thanks to this 
simulations, the temperatures experienced all along the trajectories of the larvae can be extracted 
and a mean temperature experienced can be calculated for each larvae. 

2) Data processing

The dry weight of the larvae sampled during the TUNIBAL survey are used to calculate a 
gowth rate. When the larvae grow they gain body mass. The same growth rate can be evaluated 
from the length of the larvae, when they grow the larvae increase in length. 

A daily weight-specific growth rate can be estimated for each larvae from weight at two time
periods using the following formulae (Houde 1989): 

G=(ln(W t 1)−ln (W t 0)) /(t 1/t 0)

With G the daily growth rate, W t 1 the weight at age t and W t 0  the weight at reference age 
(t=3days).

To evaluate this growth rate, we consider the weight at age t the weight of the larvae 
sampled and the his age t. The weight at reference age is the average weight of three years old 
larvae from the 2001-2003 used during the last study by MacKenzie and Mariani (Mariani et al 
2007). Three year old is the age when appear the first circle on the larva's otholith . The otholith is a
small bone in the head of the fishes which grows simultaneously with the body, adding one ring 
everyday. The ages of the larvae are estimated counting these rings on the otholith.  Two other 
method were used to estimate the growth rate, the Von Bertalanffy and the Gompertz model. None 
of them were appropriated for larvae, only for bigger fishes.

From this daily growth rate we can deduce an ingestion rate I=G / K with k the 
conversion efficiency. The ingestion rate represents the percentage of its own mass that the larva 
needs to eat to assume the growth rate. In average, the larva needs to eat 81% of its body mass per 
day.

When the larvae feed, they convert only a part of their food in energy. The other part is 
released as faecal matter. The conversion efficiency, representing the part of food converted is equal
to 0.3 (Houde 1989).
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The ingestion rate in mg of dry weight can be converted in number of prey depending on the
dry weight of each prey. It gives the number of preys needed by the larva to follow a specific 
growth rate. Preys of two sizes are considered. Because the concentration of zooplankton in the area
from Reglero et al has been collected using a net with a mesh of 200 µm, we consider a 400  µm 
Clausacalanus to represent the maximum of small zooplankton and a 800 µm Clausacalanus to 
represent the maximum of large zooplankton. The Clausacalanus are meso zooplankton found in the
guts of ABFT larvae in the Balearic sea (Catalan et al 2011). The dry-weights of the Clausacalanus 
are calculated using a weight/length formula for an other specie of zoo-plankton with the same 
caracteristics of growth, the Acartia Clausi CI-CVI. 

log(Dw )=2.64∗log(L)−7.681 (Breteler et al 1982)

The meso zooplankyton concentration are low in this area. The number of individuals for 
2003 was about 6000 per m³ (De Puelles et al 2014) and about 5300 individuals per m³ in 2004 and 
2005 (Reglero at al 2009)

But feeding for larvae depends on many characteristics, biological and physical. They need 
to encounter the prey first,  then to be able to catch it and eat it. We can estimate an encounter rate 
with the prey E using the zooplankton concentration and larval feeding behaviour thanks to the 
following equation.

E= pi∗R2
∗(u2

+v2
+2∗w2

)
0.5

Where R is the distance at which the predator perceives and responds to the prey,  u the 
swimming velocity of the tuna larvae, v the swimming velocity of the prey, w  is the 
turbulence velocity.

The visual range R is a function of the light, the depth, and the size of the larvae. The 
model used to calculate the encountered rate is valuable only for copepodites as prey. The 
swimming speed of one body length per second was considered for the larvae while the velocity of 
the copepodites was calculated by the model. The larvae can only feed during the day, they need 
light to catch their preys. The average number of hours of light per day was fixed to 14 hours, this 
value well represents the number of hour of light per day in the area during the summer. 

When we multiply the encounter rate by the concentration of prey available in the area we 
get the number of prey encountered per day. It represents the number of prey that the larvae can 
meet along the day and probably eat. The comparison between the number of preys that the larvae 
can encounter in a day and the amount of prey needed to assume a specific daily growth rate will 
determine if the larvae can feed only on zooplankton or if they need to feed on other larvae.
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IV. Results

1) Model validation

The first step has been to compare average maps of salinity, temperature and geostrophic currents 
from the model to satellite data and observations. Then three runs of the particles tracking model 
were processed . Each runs lasted 14 days and were thus covering the whole survey's period. The 
first run ended the day 14, the second run the day 21 and the third run the day 27. The run number 3
should have lasted until day 28 but the datasets to run the model didn't allow us to make it.

a) Maps of average conditions during the survey 2003
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Illustration 2: Maps of avrage condition on the study area : a) temperature at 30m depth 
from the model(Celcius degrees), b)sea surface temperature from the satellite data (Celcius 
degrees), c)salinity at 30 mdepth from the model (Psu), d) geostrophic current from the 
model (m/s), e) geostrophic current from thesatellite data (m/s)



A strong current flows through the Ibiza channel towards the north, goes South-Est by the Mallorca 
channel. Then it divides in two. One part continues along the Mallorcan coast, meets an other 
current coming from the north, fusions and goes toward the South-Est. The other part, continues 
toward the South and makes a loop around Ibiza island. The Northern current flows along the 
Catalan coast, changes direction toward the Est, flows along the north coast of Mallorca Island 
becoming the Balearic current (Illustration 2 d) and e)). 

 The area is characterised by the presence of two water masses. A cold and low salted water coming 
from the south and a warmer and more salted water in the north. The front in salinity has the same 
shape during the three surveys. It follows the iberic coast through  the north until the Ebro Delta. 
Then goes south of of the Mallorca island and turn around Ibiza passing by the north of the island 
(Illustration 2 c)).

The  sea temperature pattern is different from the salinity one. A large stripe of high temperatures 
starting from the Catalan coast until the south west of Minorca and Mallorca islands, passing by the 
minorca and Mallorca channel covers all the balearic region.(Illustration 2 a) and b)) 
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b) Particles tracking

The positive stations for ABFT larvae for each year have been located. In 2003 and 2005 the
samples where made in south of Ibiza island and in 2004 south west of Menorca Island.(figure) 
From the model, the initial positions of the larvae (green dots) can be backtracked and the final 
positions (red dots) are the particles presents in the sampling area (red circle). (Illustration3  a) )and 
eb) The spawning areas are mostly located on the salinity front has written in Mariani et al. 2010 
(Illustration 4). The spawning area  are located close to the sampling area, south of Ibiza, for the 
year 2003 and 2005. For the year 2004, the spawning areas are several, located North and South of 
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Illustration 3: Outputs for the first run (day 14) of the year 2003 a) final position of the 
particletracking from the model with the spawning area in green and the sampling area in 
red, b) finalposition of the particle tracking from the satellite data with the spawning area in 
green and thesampling area in red, c) trajectories of the particles from the model, d) 
trajectories of the particlesfrom the satellite data, e)f)g) temperature experienced (Celsius 
degrees) by the particle during therun e)"day 14" f) "day 21" g) "day 27"



Mallorca and Menorca islands.

At each time lap, the positions of the particles are saved. The trajectories of the particles 
located in the sampling area (red dots) at the end of the simulation can be tracked. The trajectories 
followed  by the particles from the spawning area (green dots) until the sampling area (red dots) 
were tracked for all the larvae (Illustration 3 c) and d)). At the same time, at each lap time, the sea 
temperature at the location of each larva was roughly extracted from the model dataset. The 
temperatures experienced by all particles along the trajectories were saved to estimate the mean 
temperature experienced by the larva.  (Illustration 3 e), f) and g))
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2) Growth of the ABFT larvae

Using the Houde (1989) formula, the mean growth rates for each survey and for all data 
have been calculated. The mean temperature experienced by the larvae was about 25.28 Celcius 
degrees in2003, the warmest year, 24.35 Celcius degrees in 2005 and 23.12 Celcius degrees in 
2004, the coldest year. 

The growth rate was higher in 2003 with a value of 36% of body mass per day, 22% in 2004 
and 16% in 2005. The mean growth rate for all the data is 24% of body mass per day and the larvae 
experienced a sea temperature of 24.57 Celsius degrees along their trajectories.(Table 2) The mean 
ingestion rates have values from 62 % of body mass in 2004 until 108 % in 2003 and 69 % in 2005. 
The average value for all the data is about 81% of body mass per day that the larvae need to ingest.

To understand how the sea temperature impacts the growth rate of the larvae, we can plot the
growth rate function of the mean temperature experienced. Most of the growth rate values are 
positives but a couple of them are negatives. Negative values can exist if the larvae can not find 
enough food, starve and loose weight during the day. A linear curve can be fitted with the data. The 
coefficients of the curve are a=0.04474, b=-0.843 with R-square=0.0424. (Illustration 5)This plot 
gathering the data of the three year we can divide it between three temperature intervals, from 22.5 
Celcius degrees to 23.5 Celsius degrees, from 24 Celsisus degrees to 25.5 Celcius degrees and after 
25.5 Celcius degrees. The first interval represents mainly the year 2004, the second is composed of 
all the 2005 data and some of the year, while the third contain only values from the year 2003.
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Table 2: Mean values of growth rate in %of body mass per day, temperature 
experienced in Celcius degrees, ingestion rate in % of body mass per day



Houde has studied the impact of sea temperature on the growth rate of larvae from different 
fish species. He concluded that the growth rate increases with the temperature due to a more 
important plankton abundance. The mean growth rate for the 2003 survey is largely higher than the 
other species with a value of 0.36 % per day. The years 2004 and 2005 are in the average growth 
rate according to the different species with 0.22% per day and 0.16% per day respectively.
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Illustration 5: Growth rate vs temperature experienced by all larvae

Illustration 6: Growth rate relationship with sea temperature for several fish 
species from Houde 1989



3) Larvae feeding

The larvae have been divided in three groups according to their size. Larvae smaller than 5 
mm, between 5 mm and 6.5 mm, and longer than 6.5 mm. These intervals were chosen according to
the length distribution, to find the same amount of larvae in each category. 

In 2003, the number of prey needed are high. According to a high growth rate, the larvae 
smaller  than 5 mm need to feed on 1600 small prey or 130 large prey. The medium larvae (between
5 mm and 6.5 mm) should find 10000 small prey or 800 large zooplankton, while the larger larvae 
need 25000 small prey or 2000 large prey per day. (Illustration 7)

In 2004, the larvae need to feed on 300 small prey or 25 large prey for the larvae smaller 
than 5 mm. The medium larvae (between 5 mm and 6.5 mm) should find 4600 small prey or 370 
large zooplankton, while the larger larvae need 12000 small prey or 950 large prey per day. 
(Illustration 8)

In 2005, the larvae need to feed on 1000 small prey or 80 large prey for the larvae smaller 
than 5 mm. The medium larvae (between 5 mm and 6.5 mm) should find 4000 small prey or 310 
large zooplankton, while the larger larvae need 12400 small prey or 1000 large prey per day. 
(Illustration 9)

The number of prey encountered is function of the length of the larvae, so the curve are the 
same for the three years. For larvae lengths until 5.5 mm, the number of prey encountered stay 
around 50 individuals for small and large Clausacalanus. Then it increases exponentially with 
higher values for the large Clausacalanus, passing from 56 large prey and 73 small prey at 5.3 mm 
to 10000 large prey and 1300 small prey for a 7.7 mm larva. Then, it keeps increasing slower. 
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Illustration 7: Prey needed and encountered by the Bluefin tuna larvae for year 2003
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Illustration 8: Prey needed and encountered by the Bluefin tuna larvae for year 2004

Illustration 9: Prey needed and encountered by the Bluefin tuna larvae for year 2005



V. Discussion

a) Model  validation

The hydrodynamical data obtained with the model are in accordance with the satellite and 
in-situ data (Garcia et al 2009) (Annexe 1) even if the 30 m depth layer has been used in the model 
and 10 m depth in-situ. The hydrodynamical conditions shape is mainly the same for the three 
years. The intensity of the parameters changes. A heat wave affected all Europe during summer 
2003. Sea temperatures were the highest of the three years reaching 27 Celcius degrees. Years 2004 
and 2005 were cooler with a  maximum sea temperature 24.5 and 26 Celsius degrees respectively. 

The scheme  of the average currents during the surveys is quite similar in the model and 
derived from the satellite data for the three years (Annex 1), in Rodriguez et al 2009, we found the 
same circulation for the year 2005. The Northern Current main branch and the balearic current in 
the north of the balearic islands are located more west along the Spanish coast in the satellite data. 
Regarding the southern part of the area, we find a clockwise eddy around Ibiza and a kind of anti-
clockwise circulation in the south-est of Menorca in both representation.  Nevertheless the values of
current velocity are lower in the satellite (0.30 m/s) than in the model (0.50 m/s) for year 2003 
(Illustration 2 d) and e)), for the year 2004 and 2005 the values of current are similar with 0.35 m/s 
for both.

The spawning areas for the ABFT  are mostly located along the salinity front as described in 
Mariani et al 2010. In 2003 and 2005 the spawning areas are grouped close to the location of the 
positive stations south of Iiza Island.(Illustration 4) The presence of a eddy in the area gives a 
circular trajectory to the larvae, especially in 2003. This eddy has been detected in Garcia et al also. 
In 2004 the balearic current flowing along the north of the Balearic Islands and a eddy located south
of Mallorca and Menorca carry the larvae on an important distance toward the Est.  The ABFT 
seems to spawns along the salinity front, between 37.2 psu and  37.6 psu.

The larvae seem to move toward the south during their early life, going from fresher water 
toward warmer water. The range of sea temperature experienced by the larvae can be important for 
the same simulation. In 2003, for the three runs, when the larvae start their journey, some of them 
begin with a sea temperature 1.5-2 Celcius degrees superior than the other larvae. It could impact 
the growth of the larvae. But general tendency stays the same, the larvae always experience warmer 
temperature during their drift. 

2) ABFT feeding

The mean growth rate for all datas compared to the temperature experienced by the larvae is 
inside the interval studied for other fish species. Nevertheless the growth rate for the year 2003 is 
higher than the interval. The same value (36%) is established by Mariani et al 2010. The years 2004
and 2005 stay inside with a quite low growth rate for the temperature experienced. An other specie 
of Scombridae has a high growth rate close to the 2003 ABFT's growth rate, the Scomber 
Japonicus. (Illustration 6)

The mean ingestion rate for all the larvae, 81% of its body weight per day, is lightly higher 
than the value of 70% found during laboratory experiment (Reglero et al 2009). Nevertheless, 
ingestion rate are quite different for each year, depending on the growth rate of the larvae. The 
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ABFT larvae had to ingest 108% of their body mass during the year 2003, which is very high 
compared to the other years, 62% in 2004 and 69% in 2005. 

To grow following a specific growth rate, the ABFT larvae need to feed on zooplankton 
obviously. The number of prey needed increases exponentially with the weight of the larvae and the 
length also. The number of large Clausacalanus needed is less important than the number of small 
Clausacalanus. The mass of carbon ingested for one large zooplankton is ten times more than for 
one small zooplankton. In the same time, the larvae have more lucks to meet a large prey than a 
small prey. In fact, the larger preys swim on longer distances and have more chances to be eaten by 
the larvae.     

For the year 2003, the Bluefin tuna larvae have a higher growth rate than for 2004 and 2005.
The result is that the larvae need to feed more. The number of prey needed in 2003 is two times 
more than in 2004 and 2005. (Illustration 7)The number of prey encountered per day is always 
lower than the number of prey needed. The larvae can not feed on zooplankton, they need to find an
other source of food.

For the year 2004, the number of prey encountered by small larvae (< 5 mm) is higher than 
the amount of preys needed. The small larvae can feed on the zooplankton. The medium larvae 
(between 5 mm and 6.5 mm) can not encounter enough large and small preys to assume their 
growth rate.(Illustration 8) They need to on others preys. The number of large preys encountered by 
the large larvae (> 6.5 mm) is superior than the number of large preys needed but the number of 
small preys encountered is lower than the number of small preys needed. The large larvae can feed 
on large Clausacalanus but not on small Clausacalanus.

For the year 2005, the number of small and large preys encountered bay the small and 
medium larvae are lower than the number of small and large preys needed respectively. The small 
and medium larvae can not feed on the Clausacalanus. (Illustration 9)The number of small preys 
encountered by the large larvae is lower than the number of small preys needed but the number of 
large preys encountered is higher than the number of large preys needed. The large larvae can feed 
on large Clausacalanus but not on small Clausacalanus.
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VI.Conclusion

The datasets from the OPA model and used has inputs for the individual-based model for 
fishes early-life stage developed by Mariani et al 2010 well represents the hydrodynamical 
conditions on the Balearic sea area in accordance with satellite and in situ data (Rodriguez et al 
2009,Garcia et al). Spawning areas for each years have been located thanks to the larvae tracking 
model. The spawning site for 2003 was close to the sampling area, located South of Ibiza. The 
ABFT probably spawned in the same area in 2005, around an eddy in the South of Ibiza. In 2004, 
the larvae were sampled South of Menorca (Garcia et al 2013) and the spawning area were located 
North and South of Mallorca and Menorca islands. The spawning areas were all located along the 
salinity front, has supposed in Mariani et al 2010 and Reglero et al 2009, the ABFT spawn along a 
37.2-37.6 PSU front,.

The growth rate increases with the temperature for different species grown in a laboratory 
(Houde 1989). The same conclusion can be made for larvae of the same specie in the nature. The 
illustration shows a linear relation between the growth rate and the sea temperature experienced by 
the larvae. When the sea temperature increases, the larvae grow faster. The same conclusion was 
made for the clown fish larvae (Ye Le et al 2011). An other specie of Scombridae reached an equal 
growth rate in a laboratory than the growth rate estimated for the ABFT during the year 2003, the 
Scomber japonicus better known as Spanish Mackerel. Nevertheless, more studies about the impact 
of the temperature on the growth rate for different tuna species could strengthen the results. 

From the number of prey needed by the larvae to assume a particularly high growth rate and 
the number of prey that the larvae can encounter we can conclude that in 2003, they can not feed 
neither on small and large Clausacalanus for small (< 5 mm ) and medium (5 – 6.5 mm) larvae but 
large larvae (> 6.5 mm) can feed only on large zooplankton not on small Clausacalanus. In 2004, 
the larvae can not assume their growth rate if they feed on small Clausacalanus but can find enough 
large Clausacalanus for small and large larvae. In 2005, the larave can not feed on small and large 
zooplankton. Only the large larvae can survive eating large Clausacalanus. So, if the larvae can not 
find enough food by fishing on the zooplankton, how can they do to assume a as high growth rate. 

The solution could be to feed on other fish larvae from different species (Rodriguez et al 
2009) or on Bluefin tuna larvae. Patricia Reglero from the Instituto Español de Oceanographia 
conducted many studies about cannibalism in different tuna species in laboratory. She noticed that 
Bluefin tuna larvae, placed in an environment poor in zooplankton will start doing cannibalism for 
larvae older than 18 days (Reglero 2009). But even if the larvae are piscivorous and cannibal 
(Reglero et al 2015), will they be able to encounter enough fish larvae knowing that their 
concentrations are very low? During the TUNIBAL surveys, no fish larvae and neither ABFT larvae
were found in the gut of the Bluefin tuna larvae sampled.
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Annex 1 : Particles tracking output for the three suveys

I. Year 2003

Number of positive stations Periode Total BFT Larvae

140 4 – 30 July 625

1) Age distribution of the BFT larvae

2) Maps of average conditions during the survey

Temperature at 30 m 
(model)

Salinity at 30 m 
(model)

SST (AquaModis) TUNIBAL 
Observations 
(temperature and 
salinity at 10 m)

Average surface current (model) Average surface current (deduced from satellite)
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3) Particles tracking

Day 15 Day 22 Day 27

Final position from the 
model

Final position deduced 
from the Satellite datas

Trajectories from the 
model

Trajectories deduced 
from the Satellite datas
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Temperature / Time
(Model)
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II. Year 2004

Number of positive stations Periode Total BFT Larvae

99 16 June – 12 July 3300

1) Age distribution of BFT larvae

2) Maps of average conditions during the survey

Temperature at 30 m 
(model)

Salinity at 30 m 
(model)

SST (AquaModis) TUNIBAL 
Observations 
(temperature and 
salinity at 10 m)

Average surface current (model) Average surface current (deduced from satellite)
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3) Particles Tracking

Day 15 Day 22 Day 27

Final position from the 
model

Final position deduced 
from the Satellite datas

Trajectories from the 
model
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Trajectories deduced 
from the Satellite datas

Temperature / Time
(Model)
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III. Year 2005

Number of positive stations Periode Total BFT Larvae

132 24 June – 27 July 866

1) Age distribution of BFT larvae

2) Maps of average conditions during the survey

Temperature at 30 m 
(model)

Salinity at 30 m 
(model)

SST (AquaModis) TUNIBAL 
Observations 
(temperature and 
salinity at 10 m)

Average surface current (model) Average surface current (deduced from satellite)
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3) Particles tracking

Day 15 Day 22 Day 27

Final position from the 
model

Final position deduced 
from the Satellite datas

Trajectories from the 
model

Trajectories deduced 
from the Satellite datas
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Temperature / Time
(Model)
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Annex 2 : Growth rate compared to the temperature 
experienced for the three surveys
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