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SCIENTIFIC NEEDS FOR A BETTER UNDERSTANDING OF THE
ATLANTIC BLUEFIN TUNA (THUNNUS THYNNUS)
SPAWNING AREAS USING LARVAL SURVEYS

Antonio Di Natale?!
SUMMARY

This paper provides a short overview of the current and past knowledge about the main spawning
areas for BFT of both stocks and the development of the knowledge over the centuries and
especially in the last decades. The overview of the limited knowledge about additional spawning
areas outside the Gulf of Mexico and the Mediterranean is also provided, including past
hypotheses and recent data from larval studies or satellite tags or presence of small YOY. This
provides the necessary background for better defining the scientific needs for extended larval
surveys. Future larval surveys should cover the entire GOM and MED, including all known areas,
in order to have a comprehensive coverage of all known main spawning areas, all having
different oceanographic and hydrodynamic conditions. The replicates over the years should be
able to provide a larval index and many elements for refining the environmental models; research
should be as inclusive as possible in terms of countries. In addition, exploratory larval surveys
are needed for assessing a possible variability and for confirming the presence and/or importance
of additional spawning areas.

RESUME

Le présent document fournit un bref apercu des connaissances actuelles et passées sur les
principales zones de frai du thon rouge originaire des deux stocks et sur I’évolution des
connaissances au cours des siécles et surtout au cours des derniéres décennies. Un apercu est
également donné des connaissances limitées sur les zones de frai supplémentaires situées en
dehors du Golfe du Mexique et de la Méditerranée, y compris les hypotheses passées et les
données récentes provenant d'études larvaires ou de marques reliées par satellite ou de la
présence de petits jeunes de I’année. Cela fournit le contexte nécessaire pour mieux définir les
besoins scientifiques des vastes prospections larvaires. Les futures prospections larvaires
devraient couvrir l'intégralité du Golfe du Mexique et de la Méditerranée, y compris toutes les
zones connues, afin d'avoir une couverture exhaustive de toutes les principales zones de frai
connues, toutes ayant des conditions océanographiques et hydrodynamiques différentes. Les
répétitions au cours des années devraient permettre de fournir un indice larvaire et de nombreux
éléments pour affiner les modéles environnementaux ; la recherche devrait étre aussi inclusive
que possible en termes de pays. En outre, des prospections larvaires exploratoires sont
nécessaires pour évaluer une variabilité possible et pour confirmer la présence et/ou
I'importance des zones de frai supplémentaires.

RESUMEN

Este documento presenta una breve vision global de los conocimientos actuales y pasados acerca
de las principales zonas de desove del atin rojo de ambos stocks y del desarrollo de los
conocimientos a lo largo de los siglos y especialmente en las Gltimas décadas. Se proporciona
también una vision general de los limitados conocimientos sobre zonas de desove adicionales
fuera del golfo de México y el Mediterréneo, lo que incluye hipotesis pasadas y datos recientes
de estudios larvales o marcas por satélite o la presencia de YOY pequefios. Esto proporciona la
informacion de contexto necesaria para definir mejor las necesidades cientificas de
prospecciones de larvas ampliadas. Las prospecciones larvales futuras deberian cubrir todo el
GOM y el MED, incluidas todas las zonas conocidas, con el fin de contar con una exhaustiva
cobertura de todas las zonas de desove conocidas, todas con diferentes condiciones
oceanograficas e hidrodindmicas. Las réplicas a lo largo de los afios deberian permitir
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proporcionar un indice larvario y muchos elementos para afinar los modelos medioambientales.
La investigaciéon deberia ser lo mas inclusiva posible en términos de paises. Ademas, son
necesarias prospecciones de larvas exploratorias para evaluar una posible variabilidad y para
confirmar la presencia y/o importancia de zonas de desove adicionales.
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1. Introduction

The very first plan of ICCAT GBYP, as it was approved in 2008 by the SCRS (Anon., 2009), among eight different
research activities included also the larval surveys in the Mediterranean Sea. The original text stated “The aim
would be to carry out larval surveys simultaneously in the western, central and eastern Mediterranean in order to
better understand spawning distribution and potentially design a fishery independent survey. Additionally, larvae
genotyping would be used for genetic tagging studies”. The multiyear GBYP budget included funds for two
surveys in year 2 and year 3.

When the Commission approved the GBYP in the same year, the larval surveys were excluded, and the aerial
surveys on spawners were set with the maximum priority for possibly provide fishery-independent indices (Anon.,
2009).

As a matter of fact, GBYP larval surveys were set aside, while national scientists continued their activities in this
field with national funding, mostly in US and EU-Spain.

After several discussions with the specialist, after a proposal presented to the SCRS (Garcia and Lamkin, 2014)
and after the agreement of the GBYP Steering Committee, it was decided to include a “Worksop on bluefin tuna
larval studies and surveys” among the GBYP activities in Phase 6. This papers would like to provide the basic
background overview about the current knowledge on spawning areas of the Atlantic bluefin tuna (Thunnus
thynnus) and the scientific needs for a better understanding of the spawning areas using larval surveys.

2. Spawning areas and periods of Atlantic bluefin tuna

The Atlantic bluefin tuna (Thunnus thynnus) is a multi-spawner. Marino et al. (2005), demonstrated that the same
bluefin tuna individual is able to release mature eggs from the ovary spread in several periods, over a certain time,
with depositions having one or more days distance one from the other. In the same individual, spawning may occur
for more than one month in the same season. Of course, the same happens to male bluefin tunas, even if studies
on males are much more limited. Recent information seems to indicate that this spawning period could be much
more extended under peculiar and environmentally anomalous circumstances (Piccinetti et al., 2013).

Eggs fecundation is external in bluefin tuna and may occurs after isolated contemporary emissions of couples or
more individuals within a school or, more commonly, after the spawning of all or most of the individuals within
the same school, as it was clearly documented in many studies in open sea durking the spawning season, where
also the reproductive behaviour in the wild was observed (Arena, 1963, 1964, 1980, 1981, 1982a, 1982b, 1982c,
1982d, 1985, 1986a, 1986b, 1988a, 1988b,1990; Arena et al., 1979, Arena & Cefali, 2002).

During the reproductive migrations or the spawning periods, bluefin tuna aggregates in schools which are quite
variable in numbers of individuals and age composition. Bluefin tuna schools may have all together individuals
immediatelly close to their first reproduction (around 20-25 kg for the eastern stock, slightly bigger for the western
stock) up to very big individuals even over 600 kg.

Each bluefin tuna ovary contains many million of oocytes, and those having the biggest size can be hydratated and
released in a very short time following hormonal stimuli, which some predators may also captate (Susca et al.
2000, 2001; Schaefer, 2001; Medina et al. 2002; Abascal et al. 2003, 2004; Corriero et al. 2003, 2005; Santamaria
et al. 2003; Zupa et al. 2009). The fecundity for females is reported as proportional to the total body weight: the
average is 120 eggs for each gram of body weight (Frade, 1935; Rodriguez Roda, 1967; Baglin, 1976, 1982; Baglin
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and Rivas, 1977). Di Natale et al., in press, provided also a review on this matter. Recent data on bluefin tuna
maturity, collected three annually by European scientific institutions within the EC Data Collection Framework
and regularly provided to EC-DG MARE, confirmed the maturity-at-age.

In the last decades, many other knowledge elements where provided by studies of bluefin tuna in cages (Harada
1973; Ueyanagy et al. 1973; Doumenge 1996; Mylonas 2002; Corriero et al. 2007; Ottolenghi et al. 2008; De
Metrio et al. 2010) and even in transport cages (Gordoa et al., 2009; Gordoa, 2010) .

Taking into account the various replicates of the bluefin tuna spawning during the same season and the high
mobility and natation speed of this species, then the spawning area can be very large and extended, even
considering a usual period of about one or one and a half month.

Researches carried out with a daily ichthyoplankton sampling (Sanzo, 1932), with histological analyses of the
gonads or with examinations of the bluefin tuna ovaries in tuna traps shows that normally spawning in the
Mediterranean Sea occur from the second part of May to July, but in some years mature eggs and larvae were
found also in August, demonstrating that occasionally the reproductive season might be extended in some years.
The extensive studies conducted on purse-seine fishery in the Tyrrhenian Sea (Arena, 1980, 1981, 1982a, 1982b,
1982c, 1985, 1986a, 1986b, 1988a, 1988b, 1990; Arena et al., 1979; Arena & Cefali, 2002), clearly showed that
the main reproductive season in this area is mostly between mid-May to mid-July, with a peak in June and a limited
variability, before or after, each year, depending mostly on the oceanographic and environmental conditions. This
period was confirmed also by De Metrio et al., (1988, 2003a, 2003b), Block et al., (2001) and Rooker et al. (2007)
for the central Mediterranean Sea. Again, recent data on bluefin tuna maturity, collected three annually by scientific
institutions within the EC Data Collection Framework and regularly provided to EC-DG MARE, confirmed the
classic spawning period. Extended spawning periods, linked to particular oceanographic or climate conditions,
have been reported several times in the past (De Buen, 1923a, 1923b, 1923c; Biancalana, 1958; Scaccini, 1959;
Arena, 1963, 1964; Sara, 1983, 1998), and other evidences are provided by “anomalous” size frequencies of age
0 and 1 bluefin tunas in spring-summer fisheries (Piccinetti et al., 2013)..

For several centuries, information about bluefin tuna spawning areas was derived from observations on
concentrations and movements mostly in the straits and catches in coastal traps. According to what Aristotle (1635,
also in Athenaeus, 1653) said in the IV century BC, “thynnum esse tradit gregalem ac locum mutare”, this species
is a very migrant one, able to cross the ocean in a short time, and to carefully read the chemical and physical
messages from the sea waters for various reasons, including for spawning. He, but also many other classic authors,
including Oppianus (177 B.C. in Salvini, 1738) and Plinius (65 AD, re-edited in 1553) considered that possibly
the bluefin tuna was migrating from the Atlantic to the Mediterranean Sea in spring, for later going to the Black
Sea for spawning. This observation, which was biased by the lack of studies in the Levantine Sea, affected the
general knowledge about the spawning areas in the Mediterranean Sea for about 24 centuries. Spawning in the
eastern Mediterranean and in the Levantine sea usually occurs slightly earlier, starting in the first part of May
(Oray and Karakulak, 1998; De Metrio et al., 2003b), when the sea temperatures in this area increase well before
than in all other parts of the Mediterranean Sea and when favourable weather situations allows the formation of an
upper stratum with relatively high temperatures and a stable thermocline at the proper depth. According to the
evolution of the hot water masses, this situation possibly occurs also along the South-eastern part of the
Mediterranean Sea, along the eastern Egyptian coast. The beginning of the bluefin tuna reproduction season in the
western Mediterranean area and particularly in the Balearic Sea is usually delayed by one or two weeks compared
to the central Mediterranean Sea (Alemany et al., 2010). In very recent years and particularly in 2011, spawning
occurred also at the very beginning of May, due to very particular oceanographic event, but this fact can be
regarded as an anomaly, because the situation returned to the normality after about 10 days. The spawning period
in the various areas of the Mediterranean Sea is also confirmed by the comprehensive review by Aguilar & Lastra
(2009)

Most of the hypotheses about the spawning areas of the bluefin tuna in the Mediterranean Sea have been based for
many centuries only on the observations made on tuna trap catches. As a matter of fact, the traditional fishery with
tuna traps in the Mediterranean and in the adjacent seas allowed for a close examination of the gonads which were
and are still used for the production of salty ovaries, a very high-value bluefin tuna product, called “bottarga” in
Italian, “huevas de atin” in Spanish and “battarik” in Arabic, possibly deriving from the ancient Greek name
“ootarichon”. Several additional data on this issue are in Piccinetti et al., 2013.

Unfortunately, the earlier observations were not very accurate and frequently pre-spawning gonads were thought
to be fully mature gonads and the same happened for post-spawning gonads. Several hypotheses about the vicinity
of spawning areas were biased by this poor knowledge of the gonad maturations in these old ages, but also to the
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lack of observations of bluefin tuna spawning aggregations in offshore areas, because bluefin tuna fishery was
based mostly on traps or very coastal activities. These biased hypotheses resulted in a progressive list of possible
spawning areas for the bluefin tuna, which were, in historical order, the Black Sea, the Tyrrhenian Sea, the seas
around Sicily, the Libyan sea, the southern Tyrrhenian Sea, the Sardinian Sea, the Strait of Messina, the Algerian
Sea, the Tunisian Sea, the Balearic Sea, the Atlantic Spanish-Moroccan area, the waters North of Madeira, the
Gulf of Mexico, the Caribbean Sea, the Gulf of Guinea, the eastern US waters including Bahamas, the Azores, the
Bay of Biscay, the Strait of Sicily and the southern-central Mediterranean Sea, the lonian Sea, the Levantine Sea,
the sea around the Yucatan peninsula and the Slope Sea.

Just on the XV1I1 century, but always on the basis of the bluefin tuna travelling towards possible spawning grounds,
it was possible to have more reliable, even if still partial information about the spawning areas or those supposed
to be at that time: still the Black Sea, but also the Balearic Sea, the Tyrrhenian Sea, the Libyan waters and the
Sardinian Sea. Some of these were discarded much later.

Starting from the second part of the XIX century and going to the first part of the XX century, finally there were
much broad views and several scientists started to correlate mature tunas with the following presence of very small
tunas, in the same areas (D’Amico 1816; Dieuzeide and Roland, 1955; Roule, 1923) and the oldest reports were
summarised by Piccinetti and Piccinetti Manfrin, 1970), trying to have a better identification of the spawning areas
(also excluding some hypotheses previously provided), but there were still many biases. Slowly, few studies on
bluefin tuna larvae refined some ideas about possible areas, while studies on maturity and fecundity were largely
developed in some countries (mostly Italy, Spain, France, Algeria and Tunisia) (Cetti, 1777; Lo Bianco 1908;
Bounhiol, 1911; Roule, 1917; Parona 1919; De Buen, 1925; Sella, 1929a, 1929b; Frade and Manacas, 1933;
Scordia, 1938). The presence of full mature spawners or extremely young bluefin tunas pointed out the presence
of potential spawning areas in some parts of the Atlantic Ocean (Mather et al., 1995) (Figure 1).

The progressive development of off-shore fisheries after the use of engines in fishing vessels were able to finally
directly observe the bluefin tuna spawning behaviour in some areas, like the southern Tyrrhenian Sea, the Balearic
Sea and the Gulf of Mexico. Several studies were carried out mostly by Prof. Arena’s team (Arena, 1980, 1981,
1982a, 1982b, 1982c, 1985, 1986a, 1986b, 1988a, 1988b, 1990; Arena et al., 1979; Arena and Cefali, 2002) in the
southern Tyrrhenian Sea using aircrafts, for accurately study and describe the spawning behaviour of the species;
these are the only studies which are able to describe the behaviour of spawning aggregations in the Mediterranean
Sea, which is an essential component for better understanding the ethology of this species but also the data which
are provided by electronic tags.

The bluefin tuna larvae were found in several areas, mostly in or close to the most important spawning areas that
were supposed in previous years: the southern Tyrrhenian Sea, the Balearic Sea and the Gulf of Mexico, but also
in other areas. Several research cruises, some of them within an international framework, have been carried out so
far in the Mediterranean, searching for bluefin tuna larvae having less than 10 days of days of life, and the results
of these campaigns have been regularly reported to ICCAT SCRS; the most extended was a multinational cruise
organised within the ICCAT BYP framework in 1994 (Nishida et al., 1998) (Figure 2). The possibility to find
bluefin tuna larvae is linked to the presence of bluefin tuna active spawners in the same area in a period ranging
from 5 to 10 days before. In the Mediterranean, due to the extension of the spawning area, the very complex current
regime, the peculiar oceanography, and the high mortality of larvae in the early stages, usually the density of larvae
is very low, even in the areas having a high concentration of bluefin tuna spawners (Dicenta et al. 1979; Piccinetti
et al., 2013). More recently, a large scale larval campaign was conducted by Oceana (Aguilar and Lastra, 2009)
and bluefin tuna larvae were found in all areas, except for the Aegean Sea. Another important research campaign
(TUNIBAL) is carried out since many years in the Balearic area (Garcia et al., 2001, 2002; Alemany et al., 2010),
further confirming this area as one of the spawning grounds for the bluefin tuna. Besides the large scale larval
surveys, other researches were carried out where some marine research institutes (having a tradition in this field)
are based (i.e.: Messina and Palma de Mallorca), collecting bluefin tuna larvae. As a matter of fact, only in a very
few areas it was not possible so far to find tuna larvae during the bluefin tuna spawning period (i.e.: Alboran Sea,
Gulf of Lion, Northern Adriatic Sea, Northern Aegean Sea) (Alemany et al., 2010, Barrois 1977; Dicenta 1977
Dicenta and Piccinetti, 1977, 1980; Dicenta et al., 1975, 1979; Duclerc et al., 1973; Eherembaum, 1924;
Giovanardi et al., 2010; Ingran et al., 2010; Karakulak et al., 2004a, 2004b; Lalami et al., 1973; Malca et al., 2015;
Matsumoto et al., 1972; Montolio & Juarez, 1977; Nishida et al. 1997; Oray et al., 2005; Padoa, 1956; Piccinetti
1973, 1995; Piccinetti and Piccinetti Manfrin, 1978, 1993; Piccinett et al., 1995, 1997; Richards, 1976, 1977;
Richards and Potthoff, 1979; Scaccini 1966, 1968; Scaccini et al., 1973, 1975; Scott et al., 1993; Sella, 1924;
Ueyanagy 1966; Vodionitzki & Cazanova, 1954; Yabe and Ueyanagi, 1962; Yabe et al., 1966; Cavallaro et al.
1997 ; Nishida et al. 1997; Tsuj et al. 1997).
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Finally, only in the second half of the XX century and in the very first part of the XXI century, it was possible to
better understand the situation of the spawning areas in the full distribution range of the Atlantic bluefin tuna. The
Black Sea was finally excluded (Di Natale, 2015), while the Gulf of Mexico, the Balearic Sea, the southern
Tyrrhenian Sea, the central-southern Mediterranean Sea and the Levantine Sea were all confirmed, even taking
into account their different characteristics. For the Mediterranean Sea, both the aerial surveys and the electronic
tagging carried out by GBYP clearly showed that bluefin tuna spawners are usually concentrating in the four main
areas (Figure 3 and Figure 4).

It is very important to notice many recent improvements about the identification of bluefin tuna larvae (Puncher
et al., 2015a, 2015b), thanks to the ICCAT GBYP activities.

It is interesting to note that the spawning area in the central-southern Mediterranean Sea showed relevant changes
in the last decades. As a matter of fact, bluefin tuna spawning aggregations were not common in that area before
1996, as it was confirmed by some exploratory trips made by several purse-seine vessels during the usual spawning
season. Since that year, due to the effects of a modification of the Eastern Mediterranean Transient (EMT)
(Incarbona et al., 2016), one of the most important and not-well studied oceanographic factor for the Mediterranean
Sea, bluefin tuna spawners concentrated massively in this large area, which apparently attracted also bluefin tunas
typically spawning in the Tyrrhenian Sea. This shifting was confirmed by the subsequent changes in the
distribution and concentrations of bluefin tuna purse-seiners. In 2006, following another modification of the EMT,
several spawning aggregations moved back again to the southern Tyrrhenian Sea, but the spawning area in the
central-southern Mediterranean Sea persisted and it is still one of the most important in terms of concentrations.
Anyway, in 2011 ICCAT GBYP noticed an important shifting toward the East of the spawning area, for about 10
days, due to the anomalous combination of strong winds in the central Mediterranean and calm condition in a large
geographic area between Greece, southern Italy and Cyrenaica. This anomaly was detailed by Piccinetti et al.
(2013). Apparently, this shifting caused a more intense mixing among the various schools of bluefin tunas, noticed
also by the genetic analyses on bluefin tuna YOY.

Occasional and opportunistic spawning outside the four main spawning areas in the Mediterranean Sea was
documented also with a serendipity event for 2015 by Di Natale et al. (2016) (Figure 5), a year characterised by
peculiar and hot weather conditions, which also affected in various ways the initial growth of YOY (Di Natale et
al., in press b).

The possibility to have opportunistic bluefin tuna spawning areas outside the Mediterranean Sea and the Gulf of
Mexico was summarised for the first time by Mather et al. (1995) and then by various papers (Piccinetti et al.,
2013). Recently, bluefin tuna larvae have been found also in the Slope Sea (Richardson et al., 2016) (Figure 6),
an area already included in those listed by Mather et al. (1995). This opportunistic spawning is possibly the
motivation of several bluefin tuna samples, examined with micro-chemical analyses, that were not possible to
assign either to the western or the eastern stock, as revealed by the ICCAT GBYP Biological Studies (Figure 7)
(Di Natale et al., in press c).

A species having a so wide distribution, from the Arctic Sea to the South Atlantic, from the Gulf of Mexico to the
Black Sea, must use every opportunity offered by the natural environment. It is its way of surviving over the
centuries, even if the human fishing pressure was very high in past and recent times. These are the reasons why
the scientific needs that a bluefin tuna larval survey could cover are important to be defined.

3. Development of a bluefin tuna larval index

Reliable indices are needed for better understanding the changes in abundance of the several components of bluefin
tuna stocks. Fishery-independent indices have been requested many time by the SCRS, but they are not easy to
get. The aerial survey for bluefin tuna spawning aggregations is the methodology chosen by the ICCAT
Commission at the beginning of the GBYP and four surveys have been carried out in the Mediterranean Sea, but
more years are needed for getting any reliable trend.

Larval indices have been developed for the northern part of the Gulf of Mexico, over an extended period of years,
and for the Balearic Sea, over a reduced number of years, mostly thanks to the efforts of both NOAA and IEO and
their scientists (Ingram, 2013; Ingram et al., 2007, 2008, 2010, 2015; Scott et al., 1993; Scott and Turner, 1996,
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1996, 1997, 1999, 2001, 2003). Now the two surveys work with a standardised methodologies (Habtes et al.,
2014), and, thanks to the collection in parallel of environmental and ecological parameters, it has been possible to
have also some environmental models for the two areas (Alemany et al., 2006, 2010; Catalan et al., 2011; Garcia
et al., 2001, 2002, 2004, 2005, 2013b; Laiz-Carrién et al., 2015; Llopiz et al., 2015; Muhling et al., 2010, 2014;
Reglero et al., 2011, 2012, 2014a, 2014b, 2015; Torres et al., 2011).

Being economically impossible carrying out every year the larval surveys over the full potential areas of
dispersion?, larval indices can be developed for the two main spawning areas (Gulf of Mexico and Mediterranean
Sea), possibly taking into account all known main spawning sub-areas within these two large marine areas.

The current larval indices and environmental models cannot be simply extrapolated to the other core spawning
areas because of the different oceanographic characteristics of these areas. Furthermore, interannual variability
may differs from area to area, as shown by the aerial surveys on spawning aggregations. Therefore, the
environmental models developed so far for the two main surveyed areas (GOM and Balearic) should be necessarily
further developed for the additional areas, taking into account the possible different oceanographic conditions for
better reassessing the models in order to respond to additional or alternative correlations.

The surveys must be planned taking into account the main spawning season in each sub-area, the usual spawning
peak, the legal constraints (i.e. limits for operating in various EEZs or coastal waters) and the logistic needs. The
recent climate changes and the inter-annual variability might complicate or affect the surveys Garcia et al., 2013a).
Collecting the fundamental oceanographic parameters shall be necessary, as usual.

Surveys should be carried out every year for many years with the same strategy, with small refinements when
necessary. Larval surveys would need several vessels used at the same time for covering the various areas using
the same plankton nets and agreed techniques.

The large coverage implies a research programme at an international level, in order to have all concerned countries
involved. This will help for better covering the various areas and EEZs. Various constraints (limited access areas,
political constraints, etc.) may limit some parts of the areas, also complicating the logistic needs.

A project with similar characteristics needs conspicuous multi-year international funding within a cooperation
framework.

4. Checking additional spawning areas

The opportunistic bluefin tuna spawning outside the main spawning sub-areas within the same spawning ground
happens (Di Natale et al., 2016). Its assessment is not easy (extended surveys are necessary in some years for
better detecting it and assess the variability in space and time) and but is not a very first scientific priority, because
of the probable minor importance for assessing the bluefin tuna SSB. Therefore, periodic extended larval survey
might be also useful for this purpose, if they will be possible from a logistic and economic point of view.

On the opposite, a clear scientific priority is to confirm or exclude the additional potential spawning areas in the
Atlantic Ocean, in the eastern, the central and in the western parts. For the central-eastern Atlantic, the potential
areas are the zone West of the Strait of Gibraltar on both sides, the area between the southern Morocco and the
Canary Islands, the area north of Madeira islands and the area near the Azores (Figure 8).

For this purpose, bluefin tuna larval surveys during the most probable potential spawning period should be planned,
taking into account the oceanographic characteristics in the various areas.

Most of the areas are within the EEZ of single countries (Spain, Portugal, USA), while others are concerning at
least two countries (Spain-Morocco). This implies that some surveys can be planned at a national level, while
others needs a bilateral agreement (i.e.: Spain-Morocco).

The scientific results which could be provided by the surveys in the Atlantic Ocean would be able to better define
several important scientific aspects of bluefin tuna natural history, research and management.

2 Furthermore, the logistic problems would not be very easy to solve in some geographical areas.
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5. Conclusions

Larval surveys are very useful for developing another fishery-independent index, which will improve our
understanding of the Atlantic bluefin tuna and possibly a more focused management of the stocks.

There are quite large discussions if bluefin tuna larval surveys can be used for assessing the SSB. As a matter of
fact, they are already used for this purpose and since many years for the western Atlantic bluefin tuna stock
(Ingram, 2013; Ingram et al., 2007, 2008; Scott et al., 1993; Scott and Turner, 1996, 1996, 1997, 1999, 2001,
2003) in the ICCAT assessment which use the VPA.

But most of the doubts are well-based on both ecological and environmental issues that surely bias, in an undefined
manner, the results of the larval surveys, making them possibly not exactly representative of the SSB in the areas
that have been surveyed. Bluefin tuna eggs have a certain buoyancy and they float and are drifted by surface
currents; being a source of proteins, they are predated by several species, including jellyfish, pelagic crustaceans
and pelagic fish. The bluefin tuna egg predation is extremely variable, depending on the egg dispersion and the
quantity of predators, while the final “survival rate” of the eggs in the wild is almost unknown, because of the high
variability for each event.

The same happens with the bluefin tuna larvae at the different stages, but in this case the situation is even more
complex, because in addition to the predation by several species and the dispersion caused by hydrodynamic
factors, the survival rate is also linked to the availability of the right food chain at the right time in the right place.
Even for this life stage of the bluefin tuna, the available information is largely incomplete and many components
of the environmental and ecological game are simply not available.

When these real problems are duly taken into account, the potential correlation between a larval index and a SSB
seems quite weak, even if the current statistical models provide numbers. This is a point of reflection that should
be duly considered.

On the opposite, a bluefin tuna larval index, obtained by a series of surveys carried out on all the main sub-areas®
on both sides of the Atlantic Ocean, using a standard methodology and a common sampling strategy, would be
certainly very useful for obtaining trends to be used under an Operative Model (OM) or within a Management
Strategy Evaluation (MSE), even developing new tools for keeping a larval index into account. As a matter of fact,
even if a model should necessarily simplify the reality, larvae are a real life stage of this species, as the SSB is,
while the recruitment is a concept much more linked to the fishery. All various different indices or estimates could
be components of a model, if properly developed for taking into account the differences.

3 Survey carried out in one single sub-area by each side of the Atlantic Ocean are certainly useful, but they cannot be extrapolated to the other
spawning sub-areas, as discussed above, because the bias could be substantial.
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Figure 1. Distribution of bluefin tuna larvae in the Western Atlantic and the Gulf of Mexico, and potential and
known bluefin tuna spawing areas in the Mediterranean Sea (bottom) as reported by Mather et al., 1995.
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Figure 2. Distribution and abundance of bluefin tuna larvae as detected by the cruises conducted within the ICCAT
BYP in 1994 (Nishida et al., 1998).
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Figure 3. Distribution of bluefin tuna spawning aggregations from the cumulative data obtained by the ICCAT
GBYP aerial survey in 2010, 2011, 2013 and 2015. The last two surveys were extended over most of the
Mediterranean Sea. Even if the coverage between the four main spawning areas and the other areas was different,
it is quite clear that spawning aggregations have been poorly encountered outside the four core areas.
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BFT tags - May

BFT tags - June

BFT tags - July

Figure 4. Distribution of bluefin tuna during the three main spawning months: May (prespawners and spawners),
June (mostly spawners) and July (spawners and post-spawners); the fish were electronically tagged by ICCAT
GBYP. The tracks in the Adriatic Sea are related to immature bluefin tunas.
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Figure 5. The opportunistic spawning event documented in a serendipity way by ICCAT GBYP in June 2015: the
area North of the Tunisian coast had right meteorological and oceanographic conditions for bluefin tuna spawning.
A large school of bluefin tuna spawners was spotted by one of the aircrafts acting on behalf of GBYP in that area
(yellow star in the lower image), while a bluefin tuna individual, that was tagged in a Moroccan trap by GBYP
(dark grey track in the lower image) showed a spawning behaviour in the same zone on the same days (Di Natale
etal., 2016).
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Figure 6. Distribution of bluefin tuna larvae recently discovered in the Slope Sea by Richardson et al., 2016. Due
to the age of the larvae, it is excluded that they could be transported by the currents from the Gulf of Mexico, while
the possibilities that they were born in the same Slope Sea or even in the northern part of the Bahamas are quite

consistent.
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Figure 7. Results of the micro-chemical analyses carried out by the Consortium in charge of the Biological Studies
for the ICCAT GBYP: the two ellipses represents the possibilities that the individual belongs to the western (light
blue) or the eastern (light red) stock. The points outside the two ellipses are not-assigned individuals that might
potentially come from other oceanic areas.
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Figure 8. Potential additional spawning areas outside the Mediterranean Sea in the eastern Atlantic Ocean. Bluefin
tuna YOY were reported in the area West of the Strait of Gibraltar and in the Ibero-Moroccan area, including the
Isle of Tenerife (Canary Islands). Bluefin tuna larvae were found in the Gulf of Guinea in the ‘60s. Several potential
bluefin tuna spawners, tagged in Morocco in various years, went to the Canary Islands, the area North of Madeira
and in the area close to the Azores during the spawning period with proper environmental conditions.
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