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FACTORS TO BE TAKEN INTO ACCOUNT FOR
A CORRECT READING OF TUNA TRAP CATCH SERIES

A. Di Natale and M’Hamed Idrissi'

SUMMARY

The long history of the trap fishery for bluefin tuna (Thunnus thynnus), which is the longest
among the world’s fishery industry, is finally providing important data series. These huge
amounts of data, going back to more than five centuries, are also the mirror of many events,
either natural or caused by human factors. In some cases, going through the analysis of
historical chronicles, it is possible to precisely identify the factors which might affect trap
catches, while in other cases more advanced studies on natural cycles might be able to explain
peaks in yields. The sole purpose of this work is to propose a list of factors to be taken into
account or to be checked when analysing these long historical series, considering that only in a
very few cases these factors can be easily detected, while in most cases they should be
investigated in the huge amount of literature concerning this fishery.

RESUME

La longue histoire de la pécherie des madragues de thon rouge (Thunnus thynnus), la plus
ancienne industrie halieutique du monde, fournit finalement d’importants jeux de données. Ces
grands volumes de données, datant de plus de cing siecles, sont également le reflet de
nombreux événements, naturels ou causés par des facteurs humains. Dans certains cas,
I’analyse des chroniques historiques permet d’identifier avec précision les facteurs susceptibles
d’influencer les prises des madragues, alors que dans d’autres cas, des études plus
approfondies sur les cycles naturels peuvent expliquer les pics de production. Le présent travail
a pour seul but de proposer une liste de facteurs a prendre en considération ou a vérifier lors
de I’analyse de ces longues séries historiques, étant donné que ces facteurs ne peuvent étre
détectés facilement que dans des cas trés limités, alors que dans la plupart des cas ils doivent
étre étudiés dans le grand volume de publications se rapportant a cette pécherie.

RESUMEN

La larga historia de la pesqueria de almadrabas de atln rojo (Thunnus thynnus), que es la
industria pesquera mas antigua del mundo, estd facilitando finalmente series de datos
importantes. Estas grandes cantidades de datos, que se remontan a hace mas de cinco siglos,
son también el reflejo de muchos sucesos, tanto naturales como producidos por el factor
humano. En algunos casos, al analizar las crdnicas historicas, es posible identificar de forma
precisa los factores que podrian haber afectado a las capturas de las almadrabas, mientras que
en otros casos, estudios mas avanzados sobre los ciclos naturales podrian explicar los picos del
rendimiento. El propdsito de este trabajo es proponer una lista de factores a tener en cuenta o
a comprobar al analizar estas largas series historicas, considerando que s6lo en algunos casos
pueden detectarse con facilidad estos factores, y que en la mayoria de los casos deberian ser
investigados en la enorme bibliografia que existe sobre esta pesqueria.
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1. Foreword

The tuna trap fishery is the most ancient industrial activity in the fishery sector, because it is well known that
“tuna traps” were operating in ancient times in several countries during Phoenician times, while tuna traps were
also known to be active since Greek and Roman times, in many coastal areas (Adams, 1883; Aubet, 1987,
Azcoytia, 207a, 2007b, 2007¢c, 2008, 2009, 2011; Bacci, 1982; Baskett, 1899; Bekker-Nielsen, 2005; Bekker-
Nielsen & Casasola, 2010; Ben Lazreg et al., 1995; Bernard Casasola, 2009; Campos et al., 1999; Consolo,
1987; Curtis, 1988, 2005; Doumenge, 1998, 1999a; Dumont, 1976-1977, 1981; Edmondson, 1987; Eschilo, 472
b.C.; Esopo, 1592; Fernandez-Duro, 1866; Fernandez Gomez et al., 2007; Garcia Vargas, 2001, Herodotus, V
b.C., Levine, 2006; Mastromarco, 1998; Merino, 1991; Mila y Pinell, 1902; Morales-Muiiiz & Rosello-
Izquierdo, 2007, 2008; Moreno Paramo & Abad Casal, 1972; Muiloz Vincente & de Frutos Reyes, 1999, 2004 ;
Omerus, VII b.C.; Oppianus, 177 b.C. ; Pepe, 2006; Pérez Gomez et Al., 2007; Plinius, 65 a.D.; Powell, 1996,
Radclife, 1921; Strabonis I b.C.; Vargas et Al., 2010). More ancient data are not very well defined.

Even though this fishery dates back at least 26 centuries ago, detailed data on catches were recorded in various
ways from the XVI century on. The peak of literature production on subject areas related to the tuna traps was
between the XIX and the XX century, but many papers were also available in the XVIII century (Corwin, 1929;
Di Natale, 2012a). Currently, the World Wide Web is a further opportunity for publishing scientific papers on
traps.

Since several years, many scientists have been trying to standardise the data of tuna trap series (Abid and Idrissi,
2006 a, 2006c, 2008a, 2009a, 2009c; Abid et al., 2008, in press, Addis et al., 1997, in press, Fonteneau A., 2009,
Fromentin, 2002c, 2009, Idrissi and Ortiz de Urbina, 2008; Ortiz de Urbina et al., 2006a, 2006b, 2010, Ravier
and Fromentin, 2001, 2003, 2004) and these works have been usually carried out using GLM models and daily,
monthly or yearly catch statistics by trap.

These time series only consider the fishery effort variables, mostly in terms of days at sea of the trap or in terms
of individual fishing operations (“matanza” in Spanish or “mattanza” in Italian). A few papers also consider the
importance of environmental variables, such as the North Atlanti Oscillation (NAO), in trying to explain long-
term fluctuations.

As usually occurs while studying and analysing human activities carried out over long periods of time on natural
resources, the reality is much more complex and there are many factors which should be possibly explored and
investigated, in order to take them into account when analysing this ancient fishery in depth and for a better
understanding of the natural fluctuations, which are still almost unknown for most of the marine species.

The ICCAT-GBYP has been recovering a huge amount of historical data sets and the bulk of this activity so far
concerns the data mining of the tuna trap fishery. Most of the data are coming from the owners’ registers, while
in some cases official catch declarations are also available. All these data are now in the ICCAT bluefin tuna
database and they are available for further analysis.

2. The limiting factors for the trap fishery

Since the first record of this ancient fishery, it was clear that the trap owners were facing various problems apart
from the fishing activity itself. Many old and recent papers on the trap fishery report various events able to affect
the fishing activity and subsequently the yields (Avolio Di Paola, 1805; D’Amico, 1816; De Braganca, 1899;
Delefosse, 1999; Fage, 1924; Fonteneau, 2009; Garcia del Hojo, 2002; Garcia Garcia, 2012; Li Greci et Al,,
1991; Lippi Guidi, 1993; Lopez Capont & Armesto, 1991; Lopez Linage & Arbex, 1991; Neuparth, 1924, 1925 ;
Parona, 1919; Ruiz-Acevedo & Lopéz-Gonzalez, 2005, Sara, 1983, 1998; Sarmiento, 1757a, 1757b), sometimes
in a very serious manner, showing a list of limiting factors.

In some cases, the events can be found not necessarely in scientific papers related to this fishery but from legal
acts witnessing disputes or in historical books reporting various important events. As a matter of fact, many of

these events were never considered in any of the most recent papers analysing this fishery.

The history of each tuna trap and a broader view of the nearest traps, along with the historical facts in each
location are important elements for refining the study of each data series.
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With this paper, we would like to provide an extensive, but not exhaustive, list of factors possibly with some
examples or references, which may help in searching them when dealing with some historical series of tuna data.

2.1 Environmental factors and natural variables

Some of these factors are, at the moment, the only ones taken into account in the standardisation methods. In
particular, the North Atlantic Obscillation (NAO) was the factor considered by some authors in recent times,
trying to find explanations for long-term variations in yields (Caballero-Alfonso, 2011; Caballero-Alfonso et Al.,
2012; Anon., 2009a; Fonteneau, 2009; Fromentin, 2002a, 2002b, 2002c, 2003, 2009, Fromentin et al., 2000;
Ravier-Mailly C., 2003; Ravier & Fromentin, 2001a, 2001b, 2002¢, 2002, 2003, 2004).

Going through the available literature on tuna traps, it is very clear that the list of factors is longer and it includes
several events which were thought to affect the yields in a significant way. The list is the following:

Oceanographic abnormalities, including the afore-mentioned NAO (Fromentin, 2002a, 2002b, 2002c,
2003, 2009, Fromentin et al., 2000; Ravier-Mailly C., 2003; Ravier & Fromentin, 2001a, 2001b, 2002c,
2002, 2003, 2004), but even the Eastern Mediterranean Transient (EMT) (Di Natale, 2007), or other
oceanographical factors (Sara, 1983), or changes in sea current circulations, either at a large-scale or at
the local scale (i.e., the construction of a port close to a trap was able to change both the local currents
and the coastal environment, including some pelagic components). The oceanographic abnormalities
events are important either in terms of the changes in the throphic chains or in general circulation of the
water masses.

Climate changes, which are able to modify the large-scale distribution of bluefin tuna (Di Natale, 2007),
with multi-year or single-year effects on yields of fixed gears, like the tuna trap. The aerial survey on
bluefin tuna spawning aggregations conducted by the ICCAT-GBYP confirms the inter-annual variability
of bluefin tuna abundance in some Mediterranean areas, showing that yearly variability in climate factors
(also inducing changes in the oceanography of upper marine strata) may cause considerable variations in
yields.

Meteorological and hydrography factors, particularly winds, either at a vaste or local scale, which are
able to delay the stabilisations of some important oceanographic factors relevant for bluefin tunas or to
induce movement of surface water masses. Most of the experienced “Rais” (the experienced tuna-trap
fisherman in charge of conducting and managing the activities at sea) decided the setting of the the
different components of the trap or the fishing events according to the dominant winds in the area of the
trap. Local environmental factors are known to affect yields in tuna traps (Lemos & Gomes, 2004,
Scordia, 1925, 1929), or on migratory movements (Rey, 1982, 1983, 1999; Rodiguez Roda, 1965, 1966,
1970a, 1970b; Roule, 1921), while even micro-changes in the surface oceanography are known to induce
changes in the presence or concentration of bluefin tunas in some areas (Li Greci, 1981). The influence of
climatic factors on tuna traps yields or on bluefin tuna spawning is studies since centuries (Marion, 1894,
1897; Mather et Al, 1955).

Dramatic changes in the marine environment. This event is mostly related to the situation that occurred in
the Black Sea at the beginning of the second half of the XX century, when the global marine environment
underwent a dramatic change, due to a chain of events (pollution, alterated chemichal conditions,
modification of the marine food network, etc.), which caused serious problems to several marine species,
including the bluefin tuna. In this case, the bluefin tuna, originally present in the Black Sea since
historical times (Deveryian, 1915, 1926; Ninni, 1923; Karakulak & Oray, 2009; Lagona, 1990), suddenly
disappeared (Kideys, 2004; Zaitsev & Mamaiev, 1997), possibly moving to the Mediterranean Sea and
preventing the further existence of any tuna trap fishery in the area.

Changes in the food web, which may be induced by many factors and which are able to drive tuna schools
in some areas instead of the usual ones in some years. This factor is sometimes linked to natural
fluctuations of small pelegics in some areas and may also induce quantitative varibility in those areas.

Attacks by top predators. The story of the attacks on migrating bluefin tunas by herds of killer whales in
the area of the Strait of Gibraltar is well documented since more than four centuries (Garcia Garcia, 2012)
and these attacks are reported to induce the schools of tunas under attack to modify their courses or may
have an unknown effect on bluefin tunas whenever they occur in traps or close to traps (Rodiguez-Rota,
1978; Cafiadas and De Stephanis, 2006; de La Serna et al., 2010; Di Natale and Mangano, 1983, Di
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Natale & Notarbartolo di Sciara, 1994). Whenever attacks occur close to a trap, the yields can be affected.
Severe attacks by false-killer whales on bluefin tunas were also reported, even if the predator species was
wrongly classified as killer-whale and the attacks affected migrating tunas that were not close to any trap
(Scordia, 1939). Interctions and predations by sperm whales are also reported (Di Natale, 1990), but it is
not clear if these could affect the migratory courses of bluefin tuna. It is not very clear if the
contemporary presence of large sharks in traps, such as the great white shark, Carcharodon carcharias
(Cristo et al., 2006; Mojetta et Al., 1997, Storai et Al., 2006, 2007, 2011; Vacchi et Al., 2002) or other
large sharks (Fergusson & Compagno, 2000; Sara, 1983), might affect yields.

Natural turbidity, which may affect some traps when they are within the plume range of large rivers and
whenever floods or heavy rains affect the area close to or during the tuna fishing season (Garcia Garcia,
2012; Rodriguez Roda, 1970b). In these cases, turbidity higher than normal may induce tunas to avoid
that area, swimming more offshore.

Strong hearthquakes in marine or coastal areas, which were reported to considerably and negatively
affect the yields of the tuna traps within the range of the earthquake. This was reported in many old
papers for some Portuguese and Spanish traps (the earthquake in Cadiz in 1731, IX on the Mercalli scale,
followed by a sort of tsunami; the great earthquake in Lisbon in 1755, 8.7-9 on the Richter scale, with the
following tsunami event) (Garcia Garcia, 2012), and for the Sicilian and Calabrian tuna traps (the heavy
earthquakes in Messina in 1613, 1638, 1693, the series of great hearthquakes in Messina and south
Calabria in 1783, with a magnitude of more than 7.2 on the Richter scale, and the great earthquake of
Messina and Reggio Calabria in 1908, 7.2 or more on the Richter scale, with the associated tsunami
event) (Reina, 1658).

Underwater eruptions, such as the new formation of the Isle Ferdinandea along the southern Sicilian
coast in July 18312(Mazzarella, 1984; Prevost, 1831), or the several underwater eruptions of the many
submerged volcanos in the central-eastern part of the Mediterranean basin, are considered capable of
inducing temporary variability in migration courses or in the local food network.

Epidemies, such as the bubonic plague or malaria, were able to seriously affect tuna trap workers
(Ingrassia, 1576); sometimes, experienced workers were replaced by unexperienced ones and this fact
negatively affected the trap yealds, as was reported in the XVI and XVIII centuries in Spain (Garcia
Garcia, 2012).

Effects of changes or alterations of electromagnetic fields: As highly migratory species, tunas possibly
use both the sun and the moon as compasses, and are possibly capable of understanding and percepting
magnetic fields which allow them to navigate in the oceans. Even if this hypothesis is still to be studied
and demonstrated, it is possible that any changes in the electromagnetic fields in areas crossed by bluefin
tuna courses may have considerable effects on the migration patterns.

Unforecastable events, such as local storms or strong waves are able to cause damage to the traps or even
to destroy them. These events are not uncommon and may have serious impacts on the yields of a single
trap or on a series of traps, because of the very limited fishing season. In some cases, it is possible to have
records of these events in some Rais’s logbooks.

Some of the above listed variables were and are able to create negative or positive yield variability in the traps,
depending on the geographical position and other conditions or situations.

The actual tremendous improvement of information on the web is providing additional tools for these
correlations with tuna trap catch series which were not available before or which required long and difficult
bibliographic studies.

2.2 Human-induced variables

A long list of anthropogenic variables is coming out from the literature related to tuna trap activities in the last
eight centuries because, in this case, some tracks exist well before the data were recorded. Of course, some of the

2 This small isle is known to appear at the surface from time to time at least since a couple of centuries b.C. After the well.-described event in
1831, it emerged again for a few days in 1846 and 1863.
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following variables are more relevant or more frequent than others, but they were all able to affect (usually in a
negative manner) the yield of the single fishing operations or the yearly activity of the traps.

Mistakes in setting and positioning the trap were more common than it usually thought; they may happen
when a new Rais had to take over the management of a given trap or whenever a Rais decided to change
the previous position of the trap for any reason. When a trap was set in a wrong position, then it was
impossible to change the setting in time during the same fishing season and the whole season might be
fully or partly compromised in terms of yield. These events have also occurred in very recent times, in
some traps (Favignana, in Sicily, in 2006).

Late or anticipated deployment of the trap, which might be caused by many factors, including wrong
choices or wrong interpretation of environmental or oceanographic conditions. In case of a late
deployment, this fact might cause a negative variation in CPUE or CPU (yield), while an anticipated
deployment does not necessarelly affect the yields in a negative way (might also positively influence the
yearly catch), but more often it has negative economic effects on the activity, because of the higher labour
costs.

Pollution: There is considerable documented evidence on the effects of industrial pollution on tuna traps
(e.g,: Portoscuso and Isola Piana in Sardinia, Santa Panagia and Magnisi in Sicilia are the most known),
particularly when big industrial plants were settled near already existing traps. In the case of the tuna trap
of Magnisi, active since 1336, and Santa Panagia, active since the XI century, located in the area
immediately north of Syracuse (E. Sicily), both traps ended their fishering activity one after the other
after WW II, when a huge chemichal plant was built in the area of Augusta and Priolo Gargallo, just a
few miles north of the traps, along the “return” course of the bluefin tunas (Lippi Guidi, 1993; Russo,
1983; Siragusa, 1980). The tuna traps of Portoscuso (Sardinia) and Isola Piana — Carloforte (Isle of S.
Pietro, Sardinia), active respectively since 1497 and 1698, were seriosly affected by the big industrial
plant for aluminium located in Portovesme, just attached to Portoscuso. In these cases, the long and
complex disputes are well documented by the mass of reports and expertise presented to various Courts.
Old disputes in the same area concerned the water waste of several mines located inland close to the
coast. In the case of the traps in Sardinia, pollution affected the course of “incoming” bluefin tunas
(Anonimous, 1905; Caruso, 1974; Conte, 1985; Di Gregorio & Massoni-Novelli, 1992; Grassi, 1913;
Greco, 1999, Levi Morenos, 1899, Mazzarelli, 1917; Parona, 1915; Roule, 1913; Roule & Thulet, 1912).
Thanks to the more advanced waste treatment and depuration, the impact was smoothed in recent years
and the traps are still active. The decreasing transparency (or the increasing turbidity) of many coastal
waters along the Mediterranean coats or the eastern Atlantic coasts where traps were or are still active,
caused by the increasing number of human settlements in coastal areas, is only suspected as one of the
causes for inducing bluefin tunas swimming more offshore.

Anthropogenic noise: Coastal and pelagic environments had a dramatic change from a physical point of
view after the introduction of marine engines on ships and vessels since the second part of the XIX
century, which are suspected for having caused behavioural changes in several pelagic species. In the case
of tuna traps, there is the evidence about the impact of the underwater noise caused by the high number of
hydrofoils and ferries crossing the shallow area between the city of Trapani and the Isle of Favignana
(Western Sicily) on the yields obtained by the ancient tuna trap in Favignana (Sara 1983, 1998; Sara et
Al., 2007), active since 1341, which ceased its activity in 2008 because of the too low yields. Well before
the introduction of engines on ships, the increasing maritime activity in the port of Cadiz which was close
to some tuna traps (due to the maritime activities to and from the American continent, shifted from
Sevilla to Cadiz), caused a serious negative impact on tuna trap yields (Sarmiento Martin, 1757a). High-
speed ferries and pile-hammers used for building docks are also suspected to have impacts on bluefin tuna
migration couses. The extraction of marine sands, mainly in coastal areas, for the supply purpose of the
increasing demand of this material for building needs, as has been the case in the last decades, using very
noisy marine equipment, may contribute to both noisy atmosphere and highly turbid waters where traps
are set.

Underwater explosions. This problem was mostly mentioned after the 2™ World War, when important
quantities of explosives were available for several people. Some fishermen used explosives in several
coastal areas for illegally catching fish and this activity was carried out, with decreasing intensity, for at
least more than two decades. When these explosions were made close to traps or along the incoming
courses of tunas to traps, these are known to negatively affect the yield (Gangemi, 2011; Sara, 1983). In
more recent times, the development of oil exploration with underwater explosions made by air-guns
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should be also considered, but in this case no scientific information is available concerning the effects on
bluefin tuna behaviour.

Alterations of the natural light conditions: This is a particular type of anthropogenic alteration of a natural
condition, caused by the presence of lights along coastal roads or harbours. The effect of coastal lights on
nesting or newborn marine turtles is well known. The effects on bluefin tuna are only suspected by
several fishermen, but have never been scientifically proved. Anecdotical stories report either a negative
impact when coastal diffused lights are too close to a tuna trap or, or the opposite, i.e., higher yields when
high-power lights are able to attract small pelagics and subsequently tunas, in areas along the course to
the trap (Russo, 1913; Sanzo, 1927). This type of impact should have reasonably increased after 1960.

Impact caused by the fishery of juvenile tunas in the same area:_This is a recurrent topic in several papers,
particularly concerning Italian traps, since the XVIII century to the first part of the XX century (Avolio
Di Paola, 1805; Parona, 1919; Pavesi, 1889). In several cases, trap owners and some scientists claimed
that the intense fishery of juvenile tunas in the areas near to the traps was causing a general decrease in
yields in following years. In this case, the direct correlation is not easy to be found, either because it is
very difficut to assess the quantities of juvenile tunas taken by the coastal artisanal fisheries (the data are
usually missing from the reports), or because the population structure of bluefin tuna is still not fully
identified and, as a consequence, it is difficult to assess the impact over a fraction of a population. At any
rate, it is clear that the fishery of juvenile bluefin tuna is a very old problem.

Conflicts among traps: This specific type of conflict was the origin of many papers and documents over
the last five centuries, and possibly before. When the trap fishery was more practiced and the tuna traps
were set along most of the Mediterranean coasts (but also in the Atlantic areas close to the Strait of
Gibraltar and in the Black Sea) (Figures 1 and 2), the activity was conditioned by the tuna movements
(possibly not only the migratory courses) along the coasts, with traps catching bluefin tunas which were
thought “entering” into the Mediterranean Sea’ and other traps catching those possibly “returning” to the
Atlantic Ocean®. Those two main movements were made complicated by the “resident” tunas, those
staying in the Mediterranean for more than one year, but traps were taking advantage of the main massive
movements of pre-spawners, spawners and post-spawners, consequently were set one after the other in
some areas (Parona, 1919; Pavesi, 1889). Setting a new trap before an already existing one along the
course of the tunas was always considered to create a strong negative impact on the yield of the latter
(Farrugio, 2012; Fernandez-Duro, 1866; Garcia Garcia, 2012; Gonzéalez & Maroto, 1906; Gourret, 1894,
Lippi Guidi, 2004; Molinari, 1912, Perrin, 1925; Siragusa, 1989; Tomaseti, 1837), inducing many
disputes before the local Courts. Maybe the most famous is a dispute that occurred in Sicily just at the
beginning of the XIX century, because the lawyers of the two parties (Avolio di Paola, 1805; D’ Amico,
1816; Dorotea, 1863) wrote two books on this issue, providing one of the most complete descriptions of
the trap fishery at that time. In most of the cases, the disputes were about the non-compliance with the
minimum distance between traps established by the laws, usually not less than three nautical miles
(Romeo, 1920), and several traps had serious economic problems (due to decreasing yields) for this
reason. In some other cases, more common in Spain (Ortufio, 1842), the traditional set traps (the
“almadraba de buche™ or the “almadraba de monteleva®) had conflicts with traps operated by long beach
seines (called “almadraba de vista” or “almadraba de tiro””), which were not respecting the distances.
More recently, the same conflicts took place within the Moroccan Atlantic coast where the Fisheries
Authorities succeeded to manage the concerned coastal line (from Rabat to Tangiers) to fit almost 20
traps, through an appropriate allocation of positions, respecting agreed distances between each trap and
their contiguous ones.

Conflicts with other fishing gears: These problems are quite often generally referred to (i.e., with artisanal
or trawl fisheries), but in some cases they are specifically identified (Avolio di Paola, 1805; D’Amico,
1816; Garcia Garcia, 2012; Turrel, 1872, 1875). Usually, there are references to the purse seine fisheries
for small pelagics, which are considered capable of disturbing the tunas while feeding close to a trap. In
some cases, driftnets used close to the traps are reported to interfere, causing a yield decrease, since the

® These traps were called “di corsa” in Italian and “derecho” or “de paso” in Spanish.

* These traps were called “di ritorno” in Italian and “retorno” or “revés”

* This type of tuna trap was a mixset system, with a part of set nets and one or more mobile nets, manouvered by small vessels close to the
entrance, having the role of pushing the tuna school into the inner part of the trap. These nets are not used nowadays.

® This type of tuna trap is made only by nets fixed to the seafloor, forming a complex of chambers; the tuna traps used in the last decades are
all of this type.

7 These traps should be very common in the XVI century, because the first available image for the trap fishery (Braun and Hogenberg, 1572-
1598; Di Natale, in press) shows this method. These traps are not used anymore.
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XVIII century, particularly in Italy (Anon., 1850; Avolio di Paola, 1805; D’ Amico, 1816; Russo, 1913;
Sara, 1998).

o Staff and crew management conflicts: These are variables able to seriously affect a fishing season. In the
few cases whenever the history of a trap is fully available, these conflicts were not so rare, particularly
when the salaries for the fishermen were extremely low and sometimes the crew reacted with local
strikes, preventing the normal activity of the trap. More often, there were conflicts between the trap owner
and the Rais, or between the old Rais and the new coming one, with direct effects on the fishing activities
and their yields. In some case, the tuna trap workers prevented relevant technological changes of the gear
type; two cases are known, thanks to the description provided by Sarmiento Martin (1757a): in Conil
(1727) and in Zahara (1746) the substitution of the tuna beach seine (“almadraba de tiro”) with a set tuna
trap (“almadraba de buche”) was prevented by serious riots, because these changes would be able to
reduce the number of workers necessary for operating the traps, then consequently inducing social and
economic problems in the village.

e Lack of experienced staff: this problem happened several times in various traps, as a consequence of
attacks by pirates or economic problems, when the trap owner was forced to use workers coming from the
agriculture sector (Gangemi, 2011), who were not traines sufficiently for any type of fishery. This
problem caused less efficient activities during the fishing season and, as a consequence, lower yields.

o Pirates, corsairs and war events. The tuna trap fishery crosses a large range of centuries and pirates and
corsairs have a long history as well. The coastal areas were obviously the most affected by the incursions
of pirates, and the old towers close to the traps had very often a double role: observing the tuna
movements nearby and observing vessels approaching the coast with hostile intentions. There are many
documents about the effects of pirates and corsaires on the trap fishery (Altara, 2007, Bonaffini, 1983;
Boscarino, 1963-64; Doneddu & Gangemi, 2000, Mazzarella & Zanca, 1979; Russo Petronilla, 1988),
including the archives of the Duque of Medina Sidona (Garcia Garcia, 2012), and in some cases
fishermen were taken as hostages by pirates or even killed, and in these and other cases it was sometimes
impossible to carry out the fishery in some years. War events also affected the tuna trap fishing activities,
both directly when war events occurred in the same area of a tuna trap, preventing or affecting the fishing
activity, or indirectly when tuna trap workers were kept or forced to enroll in the army, then substituted
by inexperienced workers.

e Economic and financial problems: As usually happens in all economic activities, economic issues also
have a direct impact on the tuna trap industry (Farina, 1931; Fortini, 1923; Leach, 1928; Gangemi, 2011;
Lentini, 1986; Lippi Guidi, 2004; Navarro Sainz, 1988; Russo, 1947; Savarino, 1960; Siragusa, 1980;
Sorbello, 2010 ; Vial & Revelli, 1767). Going through the long history of this fishery, it is possible to
identify many economic factors which had serious effects on the fishing activity, sometimes imposing
period of closures or very marginal activity in some years:

a) Shortage of funds after paying high taxex or tributes after one year of high yields followed by one
year of low yields;

b) Economic problems of the owner, caused by various activities other than the fishery (bankruptcy,
family economic problems, gambling, etc.);

c) Inheritance disputes within the owner’s family;

d) Lack of an economic agreement with the crew (see also the previous point on “Staff and crew
management problems”);

e) Economic problems induced by the market; these were particularly visible at the end of the XIX
century and at the beginning of the XX century, when the concurrence of cheaper bluefin tuna coming
from the Spanish traps caused serious problems to some Italian traps.

e Unreliable or manipulated catch statistics: Even tuna trap catch statistics show problems whenever it is
possible to access all the full documents of a given trap, including the personal notes of the main
managers of the activity, the notes taken by the “Rais” are usually the most complete, including even the
by-catch, the home-register carefully written by the tuna trap administrator (“razionale” in Italian®),
including all costs and revenues, but not the small fish distributed to the crew and the workers, and the
official catch statistics prepared for tax purposes, which were usually lower than all the others. From a
bluefin tuna fishery point of view, the home register is usually the best document to consider, when

% It was not possible to find any other definition for this role in any language other than Italian.
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available. If all documents are available (and this fact happens very rarely), even if for a limited number
of years, it is possible to develop correction factors or get a better overview of the trap fishery.

2.3 Technological variables

In the case of tuna traps, there is no technological creeping in recent decades, contrary to what is occurring in
most of the fishing activities and fisheries.

However, tuna traps were always considered as a unique typology of fishing gear, and it is not the case. As a
matter of fact, as is known since at least five centuries (Abad Cerdan, 2003; Di Natale, 2012b; Garcia Vargas &
Florido del Corral, 2010; Rodiguez Santamaria, 1929, 1923; Safiez Reguart, 1791; Vargas et Al., 2010), there
were at least five main types of tuna traps, while at the moment only the two last types reported on the list are
used, as mentioned before:

e Tuna beach seine, with several variables, which was the first represented on an etching (XVI century),
and that was possibly one of the most widely used for many years. In some cases, the trap was used as a
traditional beach seine; in others, only one of the ropes was on the beach, while the other was kept on
board a small vessel; in some other cases, two nets were used, one behind the other (Figure 3);

e Tuna boat seine, with several variables. There is evidence of this fishery at least up to the end of the
XVIII century, sometimes with several boats engaged for the same fishing operation (Figure 4);

e Mix type tuna trap, formed by a set net, with a mobile part manoeuvred by one or more vessels. In this
case, in some traps it was also possible to change the position of the entrance of the trap according to the
period/season of the year. Several variables are known (Figure 5);

o Small set-type tuna trap used in the northeastern Adriatic Sea, which had one single chamber, a mobile
closure and where tunas were spotted by an observer on the top of a long pole. These traps were used to
catch small-medium size tunas along the coasts, between the second part of the XIX century and the first
part of the XX century (Figure 6);

o Traditional set-type tuna trap, anchored to the bottom, with several chambers of various size, which is
used close to the shore for medium and large tunas. It is in use since at least five centuries ago and there
are infinite variables. Usually, many scientists refer only to this type of trap (Figure 7).

e Traditional small set-type of tuna trap’, always anchored to the bottom, with a smaller number of
chambers and set close to the coast, which target a variety of species and not only bluefin tuna; in some
places, both type of set traps, one in marginal seasons and the other during the main passage (Figure 8).

Defining, when possible, the type of tuna trap which produced the yields in each series will help in better
understanding the CPUEs.

2.4 Position variables

When tuna traps were numerous and distributed all along the coast, the position was also very important. There
are three main variables to be taken into account:

e Position in relation to the tuna movements, with two sub-variables:

- tuna traps targeting fish entering into the Mediterranean or going to the spawning grounds
- tuna traps targeting fish after spawning or leaving the Mediterranean Sea.

e Position in relation with the target, with two sub-variables:

- tuna traps targeting adults (see the previous point)
- tuna traps targeting small-medium tunas

e Position of the tuna trap with reference to other tuna traps. If a tuna trap was set after or before another
trap along the same course of the bluefin tuna, this possibly had an impact on the yield. In some areas the

° This type of trap is called “tonnarella” in Italian.
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density of traps was high. In some areas the traps belonged to the same owner and so, from a commercial
point of view, their yields only created additional income, independently from the single yield.

2.5 Impact of regulatory measures

Whenever regulations or specific rules for tuna traps have been enforced, some of them may have impacts on the
yields. This happened at times in the past when some traps were stopped by courts for various reasons or, more
recently, after the adoption of the ICCAT Multi-annual Recovery Plan for Bluefin Tuna, which set a quota for
each ICCAT Contracting Party, Cooperating non-Contracting Party, Entity or Fishing Entity (CPC) concerned.
To enforce ICCAT Recommendation 98-05 and subsequent Recommendations (Rec.00-09, Rec.02-08; Rec.06-
05, Rec.08-05, Rec.09-06 and Rec.10-04), some ICCAT CPCs established specific catch limits for tuna traps and
these, of course, limited their annual yield. This is a very important factor to be taken into account when
analysing the annual CPUEs for the tuna trap.

Another factor to be considered in terms of yields is the minimum size limit adopted by ICCAT, which partly
limited the yields in those traps that usually have some small adults in their catch. In these cases, the impact
might be relevant, when the presence of small adults (usually between 24 to 30 kg) prevents the full harvesting
of the bluefin tunas in the death chamber if the trap crew is not able to separate these undersize tunas from the
larger tuna. This is due to the lack of reference to tuna traps when the tolerace of undersize catch was established
by Rec.08-05 and Rec.10-04. At the same time, the minimum catch limit affects the small tuna traps still active,
because these were mostly targeting undersize tunas.

3. Conclusion

This review of the most relevant factors which may be able to impact the yields of the tuna traps shows very
clearly the very high complexity of this ancient fishery and the strict limits we all have to precisely assess the
CPUE data from tuna traps.

Not all the factors listed above can be easily detected or identified, since some of the data are extremely difficult
to find, while for others very complex research is needed.

Reducing uncertainties and biases for a better understanding of this ancient fishery is a long and complex task.
Data should be possibly analysed trap by trap and then for each trap it should be necessary to track its history for
better detecting the most relevant factors to be considered for a refined standardisation.

This will require a very long time and considerable effort, but the tuna trap fishery may possibly deserve this,
because it may be the only opportunity we have to understand the fluctuations of bluefin tuna throughout the last
five centuries at least.

In the meantime, more simple analyses are always possible, but taking into account that they can describe only
the yield over the years, while fluctuations can be detected only by a very serious analytical and historical work,
able to exclude or include the various factors.
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Figure 1. Map showing the distribution of tuna traps in Sicily in the first part of the XX century, the area with
the highest concentration of tuna traps in the Mediterranean (from Parona, 1919). (white dots indicate active
traps).
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Figure 2. Map showing the distribution of tuna traps in Portugal, Spain, France and Turkey in the first part of
the XX century (from Parona, 1919) (white dots indicate active traps).
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Figure 4. Boat seine “tuna trap” (almadraba de tiro) (from Safiez Reguart, 1791).
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Figure 5. Mix type tuna trap (almadraba de buche, in a particular configuration) (from Rodriguez Santamaria,

1920).

Figure 6. Mix type tuna trap (almadraba de buche, in a particular configuration) (from Rodriguez Santamaria,

1920).
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Figure 7. Traditional set-type tuna trap (almadraba de monteleva ina pa.rtlcular conflguratlon) (from Rodriguez
Santamaria, 1920).
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Figure 8. Traditional small set-type tuna trap (“tonnarella” or “petit madrague”) (from Parona, 1919).
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