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“One has to learn the communal past in order taenstand the present and

avoid destruction in the future”

(Luisa Isabel Alvarez de Toledo y Maura, XX Duche$ Medina Sidonia)

“Debemos conocer el pasado para comprender el mtese/ evitar la

destruccion en el futuro”

(Luisa Isabel Alvarez de Toledo y Maura, XX Dugaet Medina Sidonia)



% ABSTRACT 8

The fluctuations in the abundance of the fisheresources have been
largely evaluated due to their economical interlest,also because of their ecological
repercussions. However it is important to keep indhthat the ecosystems and the
environment acts like a unit. It is well known thiaeé behaviours of the atmosphere
and the oceans vary on multiple time-scales and ey are in a continuous
interaction through fluxes of energy and mass betweoth realms, as well as with
the terrestrial one. Beside all the physical, chahuc biological factors that could be
conditioning different populations, temperature resained as the key factor studied
for almost all the populations because it affelsesretabolisms and behaviours of the
species (particularly in poikilothermic ones) aret&use it is easier to measure. But
the results within this Thesis highlights the fdicat is important to consider the
temperature as an intermediate parameter whiah sri controlling the population
dynamics in marine ecosystems, but knowing thatthee other predominant climate
factors.

To have a more extensive knowledge of which clinfatgor controls the
temperature in a way that it affects the ecosystentsistorical climate perspective
has to be taken into account. Herein it is condutiha@t the solar activity, mainly the
minimum phases, plays a key role on ecosystemtufitions. To see the relationship
between long-term trend variables and ecosysteang;time and complete series are
needed to conduct more accurate statistical armlys®wdels). In this way, the
reconstruction of climate and biological seriesifundamental instrument to know
what happened in the past and to understand wiuaing on today. This will allow
the prediction of the future evolution of the ecsisyns, always associated to the
natural climate variability.

The present work contributes to the comprehensiohow different climate
parameters affect several marine organisms inrdiffeways and time-scales. In this
sense, the results are function of the seriestertige accuracy of the used model, as
well as of the intrinsic characteristics of the @pe and climate factors. Long-term
data series are needed in order to improve thenaataesults. Furthermore, statistical
approaches have to gain in accuracy when explathi@g@cosystem evolution related

to historical climate registers.
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5 RESUMEN 38

Las fluctuaciones en la abundancia de los recupssgjueros han sido
ampliamente estudiadas debido al interés econdémjge estos tienen y sus
repercusiones ecoldgicas. Es importante consenvideh de que los ecosistemas y el
ambiente se comportan como una unidad; se sabeelquemportamiento de la
atmésfera y el océano varian en multitud de estamagorales y que se encuentran en
continua interaccion mediante flujos de energiaagarentre ambos medios, y con el
sistema terrestre. Al margen de todos los factfis&os, quimicos y biolégicos que
pueden condicionar a las distintas poblacionegeaperatura ha resultado ser el
pardmetro clave mejor estudiado ya que afecta tdbraksmo y comportamiento de
las especies, en concreto de los poiquiloterm@rgue es una de las variables mas
faciles de medir. Sin embargo, los resultados tie Bssis revelan que es importante
considerar la temperatura como un factor intermegli@ controla la dinamica
poblacional de los ecosistemas marinos, pero esidedo que existen otros factores

climaticos predominantes.

Para tener un mayor conocimiento a cerca de qo@rés climaticos
controlan la temperatura, hay que tener en cuenta perspectiva histdrica. Se
concluye que la actividad solar, principalmente pesiodos de minimos, juegan un
papel fundamental en las fluctuaciones de los swmsas. Para ver la relacion
existente entre las variables de larga escala ydosistemas, son necesarias series
temporales largas y completas para que los anéitaslisticos sean mas precisos. La
reconstrucciéon de series climaticas y bioldgicasiresnstrumento fundamental para
comprender lo que sucedid en el pasado y enteadgud esta ocurriendo hoy. Esto
permitira realizar predicciones de la posible eedn futura de los ecosistemas,
asociadas a la variabilidad natural del clima, sugiclos son mas o menos conocidos.

El presente trabajo es un paso mas en la compredsi como diferentes
variables climaticas afectan de diferente forma ylistintas escalas temporales, a los
diversos organismos marinos. Los resultados sotidarde la longitud de las series,
de la exactitud de los modelos empleados, y dedescteristicas intrinsecas de las
especies y factores climaticos considerados. Peagfran estos resultados, se
requieren series lo mas largas posibles y quepesximaciones estadisticas que se
empleen tengan mayor precision a la hora de exphcavolucion de los ecosistemas

asociada a lo que se sabe de los registros climsdtistdricos.
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s THESIS PREVIEW 3

This Thesis entitledRecent and historical climate variability effect
on several marine species dynamizas developed within the projects (i)
“Population dynamic and possible conservation sgpabf skypjack-tuna fish
(Katsuwonus pelamjisn the Central-west Atlantic (P1042005/126)” fireed
by the Education, Culture and Sport Ministry of tBanary Autonomous
Government, and (i) “New dynamic framework for thenservation and
sustainable exploitation of the common octopDstépus vulgarisstocks in
the Norwest Africa upwelling zones (AGL2006-104483Upported by the
Spanish Department of Science and Innovation, botfducted by Dr. José

Juan Castro Hernandez (University of Las PalmaSrde Canaria).

The present study has been co-supervised by Dé Jaosn Castro
Hernandez (University of Las Palmas de Gran Canddepartment of
Biology), Dr. Unai Ganzedo Lo6pez (University of tigasque Country.
Department of Physics Applied 1l) and Dr. Angelon@ma del Pino

(University of Las Palmas de Gran Canaria. Departra€Mathematics).

This Thesis was developed mainly in English to gpplthe Doctor
European Mention (BOULPGC. Art.1 Chap.4, Novemb&r 2008). The
general structure begins with an Introduction,datd by the Objectives, the
Applied Methodology, the Original Scientific Coftutions, Results and a
General Discussion to end with the Further Rese#mghstigations. The
references of the entire work are listed at theadrttie document. In addition,
a Spanish section is included, as required by thi® Phesis Regulations
from the Universidad of Las Palmas de Gran Can@@ULPGC. Art.2
Chap.1, November'52008).
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so PRESENTACION DE LA TESIS s

La presente Tesis titulad&fecto de la variabilidad climatica
reciente e histdrica en la dindmica de varias esmcenarinas se realizé
dentro del marco de los proyectos: (i) “Dindmicablpoional y posible
estrategia de conservacion del atin bonito-listgtisuwonus pelamjisen
Atlantico Centro Oriental (P1042005/126)" financiagior la Consejeria de
Ecuacién Cultura y Deportes del Gobierno de Casayidii) “Nuevo marco
dinamico para la conservacion y explotacion sobtende los stocks de
pulpo Octopus vulgarisen las zonas de afloramiento del Noroeste afvican
(AGL2006-10448)", financiado por el Ministerio dee@cia e Innovacion de
Espafia, ambos dirigidos por el Dr. D. José Juantr@€Cadernandez

(Universidad de Las Palmas de Gran Canaria).

El estudio que aqui se presenta, ha sido codirigiatel Dr. D. José
Juan Castro Hernandez (Universidad de Las Palmassm@ Canaria.
Departamento de Biologia), el Dr. D. Unai Ganzedpdz (Universidad del
Pais Vasco. Departamento de Fisica Aplicada Iloy g Dr. D. Angelo
Santana del Pino (Universidad de Las Palmas de Gaaaria. Departamento

de Matematicas).

Esta Tesis esta desarrollada en su mayor partegésipara poder
optar a la Mencién Europea del Titulo de Doctoradeerdo a la normativa
de la Universidad de Las Palmas de Gran Canari&(B&C. Art.1 Cap. 4,
5 de noviembre 2008). El cuerpo general de la mispraienza con una
Introduccién, seguida de unos Objetivos, de la Mlelmgia aplicada, las
Contribuciones cientificas originales realizadag)a uSintesis de los
Resultados y la Discusion General para finalizanggando las Lineas de
Investigacion que este trabajo dejan abiertas glfaturo. Las referencias
gue aparecen a lo largo del manuscrito, se ena@redetalladas al final del

documento. También se presenta una seccion edlaasteequerida por el
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Reglamento de Elaboracion, Tribunal, Defensa y #a@bn de Tesis
Doctorales de la Universidad de Las Palmas de Gamaria (BOULPGC.
Art.2 Cap.1, 5 de noviembre 2008).
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“The human history has taken place in a constarthanging world,

sometimes slowly, sometimes fast, with the long-teatural changes always
darkened by the biggest oscillations of individyears. The environment will
keep changing, somehow due to human activitief, théir effects, desired
or undesired, and somehow due to natural causegthiy of these justify,
certainly, the possibility of a standard of congtéife or always in increase,

in a long time-scale”

(Humbert Lamb (1982); Climate, History, and the ModWorld. Extracted
from B. Fagan (2007); The Long Summer: how clinetanged civilizations)

“La historia humana ha transcurrido en un mundo eambio constante, a
veces lento, a veces rapido, con la naturalezeodeambios de larga escala
temporal siempre oscurecida por las oscilacionesmadgor envergadura de
los afios individuales. El ambiente seguira cambd@gresh parte por causa de
las actividades humanas, con sus efectos, tanteades como no deseados,
y en parte por causas naturales. Nada de estdfigsticiertamente, que sea
posible un estandar de vida o bien constante o biempre en aumento, en

el largo plazo”

(Humbert Lamb (1982); Climate, History, and the Mod World. Extraido

de B. Fagan (2007); El Largo Verano: de la eraiglacnuestros dias)
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The interest of humans in marine populations isseatething of the
last centuries (Castro-Hernandez, 2009). There earelences that the
Neanderthals (ca. 100 000 years ago) consumedsfigtieo cave paintings
representing fishing activities with more than 28 0years were found in
caves in South Africa and Namibia. The first evickerof fishing activities
from boats are from the Mesolithic (ca. 10 000 geago) (Sahrhage and
Lundbeck, 1992). This is known due to the discodarecod, herring, conger
eel... leftover in a site in Scotland. The oldest dated was found in Peru; it
has 8 800 years age (Castro-Hernandez, 2009). &e8id, one might think
that the overexploitation of the sea resource®iseshing subsequent to the
Industrial Revolution (1850s onward), Sahrhage adnmdbeck (1992)
highlights that overfishing occurred due to an éase of the human
population since the roman times (200-300 A. Dd,associated with it, an
increase in the fish demand. In any case, it il lwwn that this is a
generalized problem after the mid XIX century (Raahd MacLean, 2003).
And this is not trivial, because human activities aot the only parameter
affecting these populations, although nowadays thé most important ones
(Pauly, 2009). Marine ecosystems fluctuates ndyuetla multitude of times
scales, due to a combination of internal dynamids populations,
predator/prey and competitive dynamics and alscatme of the climate
variability (Cushing, 1982; Laevastu, 1993; Lehod¢wl., 2006; Barange et
al., 2010). Climatic variations are more or lesglical. It is known that they
affect marine population’s abundances and migratimom the planktonic to
fish communities (Caballero-Alfonso, 2009; Drinkesét al., 2010).

Sporadic climate-induced changes in the marine faun

Environment conditions are determinant factorshi@ biodiversity

and in the stability of habitats. It has been largagued that global and
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regional climate variability affects marine ecosyss in different time scales
(Cushing, 1982; Ravier and Fromentin, 2004; Ganzedoal., 2009;
Caballero-Alfonso et al., 2010; Drinkwater et aD10). The atmosphere and
the oceans are in a continuous dynamical intenactibough an exchange of
energy. The ocean has a bhigger capacity of stdréa than the atmosphere,
which is distributed through the ocean currents Bpcexchanges with the
atmosphere. Initially, this controls the Sea Swefaemperature (SST) and,
consequently, the rest of the ocean regime shifts rautrients distribution.
This hydrodynamic variability affects the marineoggstems (Anaddn et al.,
2005). Related to this, few studies warned of tifluénce of the increase of
the carbon dioxide (C§ mainly due to anthropogenic causes after the
Industrial Revolution (Fabry et al., 2008; Drinkemtet al., 2010). This
process is acidifying the oceans (which have alwagen slightly alkaline)
(Caldeira y Wickett, 2003; Feeley y colaborado2f)4). For some species,
as the phytoplankton, this remains beneficial, foutothers it seems to be
highly detrimental. For example, to all organismghwstructures made of
calcium carbonate (CaGJ) because this compound reduces in acidified
mediums (Kleypas et al., 1999; Riebesell et al0@0This means that shells

and skeletons are going to be weaker with time.

On the other hand, body temperature of most of fiphcies is
environmentally dependent (cold-blooded organisms pwikilotherm)
(Jobling, 1994). The temperature plays a key nolthé growth, metabolism
and behaviour of those animals (Ali, 1980; Huntardfand Torricelli, 1993;
Godin, 1997). This parameter varies widely in theams. It ranges from 0 °C
in the poles up to 26 °C in the equator in meansrfspecies have a small
tolerance-range of temperature, and they usedi¢onigar their limit (Harley
et al., 2006). For this reason, different species accupying different
geographical areas (Wootton, 1998). The more semsihes are those which
inhabit in tropical and subtropical latitudes. Meduile, boreal and polar

ones support better the changes in their habitatl@d and Blanchard,
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2005). For example, some tuna species (e.TQunnus thynnygsinhabit
waters ranging between 3 and 30 °C, although thel for the 24 °C or
higher temperatures during the spawning phase @mn2005; Fromentin,
2006). It is expected that when the temperatureghathis individuals are
forced to move out of their distribution domain. i further, in regions
where temperate and polar water species coexidtasibeen seen that with
the increase of the temperature, temperate spéenes to increase their
abundance (or expand their distribution area) (GetmaAlfonso, 2009).
Contrary, the polar species remains stable or tfieyinish their relative
abundance (Poulard and Blanchard, 2005). In thig, wmall and gradual
temperature variations, produces advances andtené population’s limits.
But if drastic changes occur, mortality is expectedbe the predominant
consequence for sensitive species that are notggminbe able to adapt

themselves (Drinkwater et al., 2010).

Related to the previous statement, an increasimgbeu of species
found out of their usual distribution range are tgdoin the literature
(Caballero-Alfonso, 2009). Globally, in every oceamarious researchers
have mentioned sights and captures of unknown aiswad species in a
specific region. In other cases, a change in thealeur of common
populations has been reported. For example, ifPtwfic Ocean, the Pacific
cod Gadus macrocephalss not being fished in the northwest of the Udite
States as in former times. Instead, it is beingghun Canada. Even in
Alaska the Pacific Ocean perdbastes alutsalaska pollock Theragra
chalcogrammaand the Pacific halibuHippoglossus stenolepitave varied
their abundance and a succession of them has loeew fin the last five
decades. This has been related to a change inotith €alifornias water
temperature (Hollowed et al., 2001). In the samg, wathe Bering Sea and
in the Aleutians, the abundance of Pacific Oceark fBebastes alutiis
Pacific herring Clupea pallasii pallas)i and the Greenland halibut

(Reinhardtius hippoglossoideare being substitute by flat fish species from
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warmer waters (Hunt et al., 2002). The latest asthmave also reported
changes in the pelagic ecosystems, in the salmdrimbenthic fishes and
crabs populations. In a beginning, this changes vesisociated to an over
pressure done on those species by predators agolteck (Pollachius
pollachiug. However, recent studies have shown that theycamnsed by the
climate. Concretely, in the Bering Sea, the tenfpesaincrease and the fall
of the ice cover may be favouring a northward mosetrof species as the
pollack, the Pacific codGadus macrocephalysrock sole (epidopsetta
bilineata) and the Pacific halibutHippoglossus stenolepislue to the high
productivity found in the northern latitudes (Drimkter et al., 2010).

In the Atlantic Ocean, warm water species are ngvinrthward
from their distribution area. This has been obs#rveostly, in the southwest
coast of the United Kingdom (Cornwall) and Irelaf@ork) (Poulard and
Blanchard, 2005). In this sense, in British watéhns, distribution area of the
local marine species has been restricted in a 9%-@4e to warming (Genner
et al., 2004). With this tendency, it is expectidt the cod Gadus morhup
will disappeared from the Celtic Sea and Irish wafer 2100 (Drinkwater,
2005). Also in this scenario, in the southern of tliorth Sea and in the
George Bank waters, this species will decrease theundance without
disappearing. Contrary, in Greenland, Barents’s &atbrador seas (as
happened in the warm period of last-half XX centutiie cod will increase
their distribution range, even up to the Arctictfdem due to the decrease of
the ice cover. The advantage with cod is that d@nie of the most worldwide
studied species, due to its commercial intereg§dRa2000; Drinkwater et al.,
2010). It has been estimated that the 30% of thehN®ea cod has been lost
due to a 0.25 °C sea water temperature increasek(€t al., 2003). Their
growth rate in the Labrador Sea has been affeaiedala variation in the sea
water temperature too (Brunel and Boucher, 200vaddition, a shift in the
marine animal composition and in their abundanbesge been detected in

the Portuguese coasts where unknown MediterraneadrNarthwest Africa
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species have been gathered (e.g.: MediterraneamybleParablennius
incognitos; Lusitanian sole Microchirus boscanion bastard grunt -
Pomadasys incisustordo Symphodus ocellatuand the wide-eyed flounder
-Bothus poda3-(Cabral, 2002; Brander et al., 2003). The blotcpéearel
(Spicara flexuosand S. maenphas been reported as a new especie in the
southern Portuguese coast. Moreover, the gobisbigs couchiand
Pomatoschistus pictydave increased their distribution range (Arruda a
Azevedo, 1987; Brander et al., 2003). On the oflaerd, species which have
their southern limit in Portugal, the Mediterranean the north Atlantic
African coast have disappeared from those watenkirlg all these, it seems
that the Portuguese coast domain is acting as reitien zone in the
northward movement of the Northeast Atlantic Ocspecies (Brander et al.,
2003). It must also be said that off the Gulf obdiy, the Atlantic horse
mackerel Trachurus sp.population maintains constant, but other as tie p
cod (Trisopterus minutyswere replaced by the blue whitinglicromesistius
poutassol (Poulard and Blanchard, 2005); also the anglerfisophius
piscatoriug and the cuckoo rayléucoraja naevyswere replaced by the
boarfish Capros ape), by small demersal species and by Atlantic maslker
(Scomber scombrysnd the European sardir@afdina pilchardus(Poulard
and Blanchard, 2005). In the Canary Islands, Beital. (2005) reported an
increase of the 80% of tropical species in thestengdrom 1991 to 2005. It
has been shown that in the Northeast Atlantic, fRontugal to Norway, the
abundance of warm water species is increasing éThlaind Figure 1); at the
same time that cool water ones are diminishing. &bimg similar can be
seen in the northwest coast, from Florida to Coticatic(USA), where the
abundance of the Atlantic croakevliCropogonias undulatyshas changed

due to the temperature rise (Hare and Able, 2007).
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Table 1: Representative estimate of unusual reaoirdish species in the Northeast

Atlantic Ocean for the last six decades gathereuah fiterature.

Azores- . .
Canary ] Iberian British
Decades ) Madeira ) North Sea
Archip. ) Penin. Waters
Archip.
1951-59 1
1960-69 1 34 3
1970-79 4
1980-89 3 5 12
1990-99 1 10 4 33
2000-07 8 2 4 12 1
Total 9 15 10 96 4

70°N 1

60°N Figure 1: Representative

estimate of unusual records
of fish species in the

O
o Northeast Atlantic Ocean

Latitude

for the last six decads

Onl 4 .
HIN gathered from literature.

30°N 1

200w 10°W  0°  10°E 20°E
Longitude

DN.
30°W
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In the southeast Atlantic, an increase in tempegammight stratify
the water column and food will not be available doea weakening of the
Benguela upwelling (Clark et al., 1999). This ighily detrimental for the
survival of clupeids, anchovies, sardines...speciedich are highly
influential by climate variability because theietmal range is very narrow.
In the southwest Atlantic, more temperate spedias uusual were found in
Brazil during 2000, as the hapuku wreckfisPoljprion oxygeneigs
(Barreiros et al., 2004).

This is just a picture of what is happening in tloeans, however, a
global community effect remains unclear. To defivith higher accuracy the
role of climate, an exhaustive climate and biolagistudy is required.
Nevertheless, long-term series are needed for tBaneral Circulation
Models (GCMs) are being built and updated contislyouo evaluate
physical and chemical interactions within the ocgdine atmosphere, the ice,
the earth and the biosphere (Hlohowakyj, 1996; S#62) using time-series.
This can give an idea of how the system might redpo the climate change,
and to manage according to it. These GCMs preditied the biggest
changes due to climate are going to take placéeénArctic and Subarctic
waters (Drinkwater, 2005).

Brief climate description

When going through this issue, is important toed#htiate among
climate forcing (climate), climate variability arafimate change. According

to the American Meteorological Societittp://amsglossary.allenpress.com/

glossary), climate is the slowly varying aspects of the a@dphere-
hydrosphere-land system and is characterized ttatig in terms of long-
term 30-years averages and variability of climatements such as
temperature, precipitation, winds... Climate vaitigb is the temporal
variation around that average state and is associaith time scales from

month to millennia and beyond, this is more thaat trelated to weather
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events. The natural climate variability refers wlas radiation, volcanic
eruptions or internal dynamics within the climatestem variability. This
variation is not related to human’s activities.this sense, climate change is
any systematic change in the long-term statisticslimate elements from
one state to another and where the new state tisiised for several decades
or longer. Climate change is due to both, natunal anthropogenic causes.
However, the United Nations Framework Convention@imate Change
(UNFCCC) has restricted the used of this term @dhserved changes due,
directly or indirectly, to humans and also as aosym of Global Warming.
It regards climate variability to those consequenaiethe natural variation of
the system. Besides all this, the term regime laift been used widely in the
oceanographic literature related to climate changed marine ecology,
involving processes of very different scales (abmripanges and decadal to

guasi-decadal) (Drinkwater et al., 2010).

The climate on Earth has never been the same @id)r
Palaeoclimatic records showed that moderate andpatmimate changes
have been taken place (i.e.: ice ages and intéagjlperiods). It includes
multicentenial changes from warm periods (e.g.: ideal Warm Period) to
colder ones (e.g.: Little Ice Age) (Drinkwater ét 2010). Cores extracted
from the Pacific basin reveal nine intense glagatiods (i.e.: gradual
cooling) followed by a fast warming in the 750 lagtars of the last
millennium (Fagan, 2007). The duration of the cp&tiods has been much
longer than the warm ones. In addition, Bent Aat7@) quoted that humid
and fresh climate cycles alternate with the warrd dry ones every 260
years approximately. The causes under this pergdére still unknown,
although some scientists point to the strong vatcaativities (Fagan, 2007).
An example of this variability provoqued that 2000@ears ago, the Northern
of Europe was under a glacial of 3 Km. of thicknédmsg the orbit of the Earth
change and summers became warmer until the icednettmpletely (Fagan,

2007). Eighteen thousand years ago, the centrerarfcE was a subarctic
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desert without trees or valleys. Today forests ahdndant water can be
found (Fagan, 2007), and this is just an indicatainhow climate has

changed. During those days, the sea level was 36rsnbellow the actual
one and the Baltic Sea was inexistent becauseeaténcover. Going further,
the temperature increased considerably 17 000 ygosbut 15 000 years
ago (beginning of the Holocene), a warming periatuored drastically

(Fagan, 2007), when the last cold period took p2te00 years ago. The
latest warming causes a northward migration of maths) bisons and arctic
foxes among others; whereas in their place biremes forest of deciduous
leaves could be found (Fagan, 2007). Eleven thalgaars ago the climate
was characterized by a sever drought that laste@if@0 years, it was named
the Recent Dryas, and something similar took ptacghly 6200 years B. C.,
lasting for 400 years. This type of event stopgedAtlantic Circulation. For

example, in the latest (i.e.: 6200 years B. C.) Alantic Circualtion was

renewed in the 5800 B.C., concomitantly returning template climate for

the next 2000 years.

In the 850 B.C. the solar activity diminished ahd tosmic ray flux
increased (Fagan, 2007), producing a higher pramucf carbon-14 isotope
(**C) in the atmosphere, resulting in a cold periat #ffected a huge region
of the Globe. This seems to be the underlying meaisha for the cold and
humid conditions registered in that period for raittd high latitudes. In the
North Atlantic, warming and cooling processes hdaken place in a
succession of roughly 1500 years. The Little Icee Afj300-1860) was the
latest coldest one (Figure 2). A similar reducelhrsactivity as in the 850
B.C. happened between 1645 and 1715 A.D., coirgidiith the minimum
temperature register during the Little Ice Age.(ilee Maunder Minimum
(Figure 2)). The relation during the last 1000 geaetween the global
temperature and thEC level measured in the tree-rings is almost perfec
This means that the temporal long-term changeseénsblar irradiance can

have important repercussions in the Earth climgggén, 2007). Today the
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solar activity is better known that in former timéss accepted, for instance,
that the sunspots fluctuate between maximums andmains in cycles of 11

years. In the 1890s, Spoérer and Maunder quotethsenae of sunspots at the
end of the XVII century and beginning of the XV(Fagan, 2000), and this

period without solar activity is the one known s Maunder Minimum.

s Medieval Optimum Current Warming
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Figure 2: The evolution of the temperatures inribehern hemisphere (y-axis) over
the last millennium (x-axis) according to a simidatbased on subsoil temperatures
(boreholes) (Source: Gonzalez-Rouco, 2003. Extiaaeted modified from: Uriarte,

2010).

From 900 to 1300 A.D. the weather was warm andestabsummer
and cold and stormy in the winters. This periothef History is known as the
Climate Medieval Optimum (Fagan, 2007), where theughts were more
intense than in the previous occasions. The bedtgster of this was found in
the Santa Barbara Basin (south California) (Fadg&07). In a marine
sediment core extracted there, it can be foundftbat the 450 to the 1300
A.D., the sea temperatures dropped abruptly up.50°C under the mean
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temperature in that region for the entire Holocéo@nciding with severe
droughts). However, in 500-800, 980-1250 and 16B801the stronger
droughts were registered. Also, from 950 to 13@0upwelling in that coast
was more intense than usual, and for this reakerfjgh production was very
high (Fagan, 2007). This was marked between 115D 1#00 due to a
reduction in the world volcanic activity and anensification of the sunspots
(Fagan, 2007). This created climate conditions laintb the ones that are
present with La Nifia events (see Annexes), withctiressequent droughts in
the East Tropical Pacific Ocean. After 1300, thegerature started to rise
and after two centuries, the upwelling intensitgréased. This derived in a
less biological production, for example in a disméd of the anchovy
abundance (Soutar, 1967; Soutar and Isaacs 1969,).19Beside this, is
noteworthy that radiocarbon**C) measures in tree-rings reveal a solar
activity peak between 1100 and 1250 (middle of €@lanate Medieval
Optimum) (Fagan, 2000).

After mid 1300s, the climate was very unstable urdpe, with
warmer summers and raining springs, alternatingh vaibld periods and
strong heat waves until the XVI century (Fagan, ®06rom 1315 to 1319
there were the most raining years between 129818588, coinciding with
the ‘Great Famine’ (Fagan, 2000). Something simiHappened between
1399 and 1403, but less intense than the formaodpi(Fagan, 2000). Since
1430, a succession of extremes winters took placijding frosts of more
than seven years and strong storms, associatedhighapressure system
located over the Scandinavian Peninsula. Betwe&0 Bhd 1550 the solar
activity reached another minimum (Spérer Minimurigufe 2). The end of
the Little Ice Age (i.e.: last decade of the XVintery and beginning of the
VXII) was characterized by extreme weather condgi¢Fagan, 2000). Years
of hot or unusual cold, as the frost in 1607, wade® registered in the XVII
century, as the four periods of extreme cold (16843, 1666-1669, 1675

and 1698-1699) linked to the volcanic activity ozed in those years.
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Although none of them was as intense as the otieecf601 summer. This is
due to the fact that the associated volcanic dusidyced a global
temperature decrease in all cases (Fagan, 200pémdently of these, in
the Pacific Ocean four drought cycles were deteateflinipers and pines
trunks. They were caused due to a northward displaat of the jet stream,
the first of them started in 910 and finished ibA3A.D.; but in these
measures it was also seen that between XIV andhXudes the warmed four
periods occurred. The most relevant one was frok81t 1167. The same
phenomenon occurred in 1976-1977, resulting in \&ergedrought in the
California domain (Fagan, 2000, 2008).

During the XVIII century, the unforeseeable climasiability was
characterized by dry and cold winters and stormmirears; alternating with
some soft and humid winters and warm summers (Faga@0). Many
researches suggest that this climate instabilinckmed with actual warming
tendency, after 1860. In the 1870s, the weather weasn and from 1875
summers turned very humid. Despite this, in 187l wave settled on
Europe until the end of the 1880s. Between 1890 3840, the North
Atlantic Oscillation (NAO) index was high (in thé9 it has remained high
for more years than usual) (Fagan, 2000). Thisiledtgood weather due to
low pressure systems located north Europe, contoawhat was observed at
the end of the XVII century. The coldest wintertire XX century was in
1963, with a mean temperature of -2 °C (Fagan, R00fs value is smaller
than the registered in the XVII and XVIII centurieden the Thames River
was frozen (Figure 3. Fagan, 2000, 2007).
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Figure 3: Windsorians walk on frozen Thames. A vimwards Windsor Bridge
photographed on 24 January 1963httd://www.thameweb.co.uk/windsor/

windsorhistory/freeze63.html

Fagan (2000) points out that one of the reason lof the actual
climate variability could be a natural phenomer®it relations with the Sun.
There are various solar processes that may be dnavikey role as climate
controlling factor (e.g.: sunspots, solar windIn)addition, he points that the
solar irradiance is never constant. In the lasty@ars, solar irradiance
measures revealed 11-years cycles that coincidéd theé sunspots cycles.
Furthermore, indirect measures from tree-ringsieegtores corroborates the
existence of those cycles and confirms that longrntial fluctuations
associated to the Sun have taken place in thecpastries. However, since
1950, the solar activity has been stable, andrtéans that changes in the
solar activity roughly explain the 50% of the wangpiobserved in the XX
century (Fagan, 2000). In this context, the shifinf warm period from
1930s to 1960s to the colder 1980-1990s has bebedcthe Atlantic
Multidecadal Oscillation (AMO. See Annexes), angian actual example of
long-term climate variability. Other examples ane tlecadal fluctuations as
the North Atlantic Oscillation (NAO. See Annexef)e El Nifio/Southern
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Oscillation (ENSO. See Annexes) or the Pacific DataDscillation (PDO.
See Annexes) (Kerr, 2000; Drinkwater et al., 2010).

Historical linkages between climate and fisheries

Since 1870s, Spencer Fullerton Baird recognizedirtiportance of
the environment forces in the observed fish stdtkguations (Lehodey et
al., 2006; Drinkwater et al., 2010). In this ser@ashing and Dickson (1976)
argued that there are two types of possible regotusthe long-term climate
influence: (i) records of periods of presence/absenr (ii) periods of
high/low catches; in both cases often in scaleeasfades due to changes in
the recruitment in the incoming year class to ttoels Examples of this is
the 1904 year class of Atlantoscandian herring #mdsuccessors for six
decades; or the gadoid outburst in the North SEEO62 which still persist
beyond the mechanism that caused it: the temperatecrease (Cushing,
1982). Short-term changes (i.e.: from year to yewrfisheries have also been
detected, e.g. for the cod, the herring or the spelsalmon (Cushing, 1982).
What happens is that stocks with many age groughsceethe variability in
the yearly recruitment: the population fecunditythmivhich each new year
class starts represents the average of many yeased (Cushing, 1982).
Sharpest responses of species to climatic vattigsilare difficult to detect;
but unusual catches as the ones reported in therdeg of this text are some
evidences of this facts. However, these last seem®levant because catch
data are usually reported by months diminishing ithportance of these
punctual catches (Cushing, 1982). In the 1990s l#nge-scale climate
variability started to be considered as a physfoating affecting marine
ecology, mostly related to atmospheric patterns thedr influence on sea
temperature (Forchhammer and Post, 2004; SolabB;2Bolari et al., 2010).
However, the way that climate influences individoagjanisms, populations
and communities of the marine ecosystems stillaarcIThis is due to the big
amount of forcing and pathways that can establishnections between

climate and ecosystems. A population may reactthrer with delay to an
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external force. Forcing effects are fast in lowptriw levels and short life
span species, but they are longer at higher trdekiEls and larger life span
ones (Drinkwater et al., 2010; Ottersen et al.,(@01t is evident that all

marine ecosystems are not equally sensitive tostiae climate change
(Beaugrand et al., 2008). One example is the repiaat of two copepod
speciesCalanus finmarchicuby C. helgolandicusin the North Sea due to
changes in sea surface temperature (SST) and inpthgoplankton

production associated to the NAO variability (Fromie and Planque, 1996).

In the same way, the codGédus morhup lives in a wide
geographical range in the Atlantic Ocean (Cushib@32; Fagan, 2000;
Drinkwater et al., 2010). It can be found from ta&rents Sea up to Biscay
and around Iceland and Greenland. Also it livedNorth America coasts.
However, it is very sensitive to temperature chanpgeostly to cold waters. It
has it optimum development between 2 and 13 °Cramging from 4 to 7 °C
in the reproductive phase. For all these featufes,water mass movement
and the sea temperature variability has largelyecé#d cod populations
(Fagan, 2000). Very cold conditions, as the onegduhe Little Ice Age or
in the XIII century, have a detrimental effect distspecies (Cushing, 1982).
Nevertheless, between 1845 and 1851, the temperaturthe northern
latitudes increased, favouring the establishmenthef cod in Greenland
waters (Drinkwater, 2005; Rose, 2007). The AMO (idektadal scale)
warmed the water during 1920s and 1930s, this phena extended the
Atlantic cod distribution approximately 1200 Km ttoward along the West
Greenland, Iceland, Barents Sea and Spitzbergerstco&ven more
spawning sites were aumented to Norway. At a décamdde, the NAO also
influenced the cod positively, favouring the retmeént in the Barents Sea
through a temperature change and the food avaflabi{{Calanus
finmarchicug (Fagan, 2000; Ottersen and Stenseth, 2001; Datémwet al.,
2010). The cod shows a non-linear response toeimpédrature variability.

They are related through a dome-shape relation3tis. response implies a
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regime shift were climate events trigger major g&min the ecology system
(Bjornsson et al., 2001). On the other hand, thefiegor Chinook) salmon
(Oncorhynchus tshawytschapawns in fresh water, and juveniles move to
marine realm after three years, where they staiy thely get sexual maturity.
Then they go back to their natal river to spawn died This is linked to the
PDO, when the sea surface temperature is relatarenwDrinkwater et al.,
2010).

The European anchovyEfgraulis encrasicolys in the Santa
Barbara basin (off California) is very abundant do¢he upwelling system
(Fagan, 2008). But during El Nifio event (see Ansgxbe temperatures in
the surface increased due to a diminished of tlserang water and this
affected the marine productivity and consequeritiy, European anchovy
abundance (Fagan, 2008). The marine productivigy dyalically increased
during the climatic cold phases, and decreasedgldhie warm ones in this

region.

These are some examples of how climate might beralbng
different marine populations worldwide. With thiserppective, the
recruitment to the gear is a good way of measuniogyy climate affected a
species of long-life cycles. What is being caughthe result of what the
climate of a certain period did to the fishery dgrithe larvae and juvenile
stages. Cushing (1982) highlighted also the faat tbw fecundity species
(e.g.: the herring) were more vulnerable to reomeitt failures than high-
fecundity ones (e.g.: the cod). If the overfishaffect on the recruitment is
ignored, the gadoid stocks recruitment appearsaty steadily; meanwhile
the herring and salmon stocks rise and decline tivith with a variable trend
(Cushing, 1982). The latest tend to be more vubilerdo recruitment
overfishing. The cod-like seems to be able to tesisironmental changes in

a higher degree than the herring-like species (ltgsi982).

48



Introduction

The herring Clupea harengys for instance, is a good example of
how the appearance and disappearance of a spenieaftects men'’s
livelihood in the Middle Ages, when an alternatiogtween Norwegian and
Sweden fisheries was observed due to the frozehttk avestern Baltic Sea
from 1200 to the XIV century and between the XhdaXV (Cushing, 1982).
In 1588 and in 1680-1730 it also moved southwaamfrNorway in a
searching of waters with 3-13 °C (Fagan, 2008).0Ais this period the
fisheries in the Faeroe Islands decreased dueetgdhthward movement of
the North Pole water (Fagan, 2000), what droppedniter temperature in 5
°C less than what is register nowadays. This phenomalso entails storms
and strong winds in the British Islands regionhaitgh it is not clear how
sensitive is this specie to temperature changeweMer, it has been seen that
it fluctuates during the centuries besides theirighteffort influence. They
were very abundant during the Warm Medieval Pe(ieaban, 2000; Rose,
2007) being a big fishing industry in the North Slesing the warm centuries
too. Probably, due to the fish demand, and aldheéaemperature decrease,

the herring population collapsed since the XIV ceyn(Fagan, 2008).

From the previous statements, it can be conclubdatithe strength
of the year class varies between species, butthig@ssome stocks are more
vulnerable to climate changes than others. Fothadl, variability may be
considered by regions, although sometimes the anflta can be seen in

stocks across the ocean (Cushing, 1982).

It is evident that, within the possible climategraeters, most of the
attention has been paid to the temperature. Perbegsuse it is the most
domintan climatic parameter influencing the margm®systems. It controls
the metabolism, migrations, spawning, etc. of tbpytation. However this
does not exempt the influence of other paramet@iher diminishes their
importance in the ecosystems responses. The walténno stratification and
the mixed-layer depth (mainly through primary protien), the sea ice

(mainly through spring blooms), water mass turbcéeror it advection
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(through the larvae dispersion) are also contmllthe evolution of the
marine populations (Drinkwater et al., 2010). Thegose of this Thesis is to
increase the comprehension on how climatic factaffect marine
populations, rather than to understand the clinchtenges in the past, the

present or the future.
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Trying to go further on the comprehension on howdlthe natural
climate variability affect the marine animal pogidas, the aim of the
present Thesis is to shed light on how climate mpatars affect different

marine organisms.

To achieve this objective, four types of time-soadaluations were
carried out. Different time-series analyses cancbeaducted to see the
possible relation between species and environmeet (Material and
Methods section for more details). In the preseatkwfew of them were
selected as appropriates mainly due to data avéyafadequate long term

data series of abundance are not frequent):

X Days Chapter 1): Focused on a “direct” time-scale
phenomenon. In this chapter a punctual new recb@hactopus Qcythoe
tuberculatg species registered off Cantabria (North-west jgdis. 2006) is
evaluated. This is northward of it usual distribatidomain, which has been
reported to be the Mediterranean Sea, and the Azamed Canary
archipelagos. Can this be linked to a climate pgseeTo see the possible
influence of climate parameters in this captureeaiqualitative observations

were gathered.

X Decades Chapter 2): The common octopus
(Octopus vulgaris captures and fishing effort series gathered souatbt
Gran Canaria Island (Canary Islands. 1989-2007a lighmonger. Can this
series be a good indicator for small climate valitg® Studies of the effect
of environmental variability on cephalopods, parécly on octopus are
scarce and contradictory, but the temperature wgaysd highlighted. In
addition, it varies it behaviour between localitthse to regional conditions.

What is the case for the Canary population? Afiglaratory analyses of the
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data, a Pearson Correlation test and Autoregregsiveesses (AR(1)) were
done to evaluate the relationship between octopdsame climate variables
in the Canary domain. Finally Linear Models (Im) revecarried out to

elucidate possible linear relations (but not nealysstraight ones). Results

were verified through Monte Carlo tests.

X Decades to CenturiesChapter 3): Bluefin tuna
(Thunnus thynnysis a highly migratory temperate waters specig¢sis |
known that the temperature controls all his lifeggts: larval survival,
metabolism, migrations, as well as the reprodudtighaviour and the food
availability. Is the temperature the only parametentrolling the observed
abundance fluctuations since 1525? An initial esqtlory analysis was
carried out to elucidate the statistical proceddihes should be followed to
achieve the aims of the study. Afterward, the entiimate series were
related to the Bluefin tuna (BFT) capture seriesuifgh Linear Models (Im).
The significant results of those models were wvedifthrough a bootstrap
analysis. Also, the Akaike Information CriterionI@) was considered, as a

measure of the quality of the fit of the models.

X Decades to MillenniaGhapter 4): Captures data
series are usually not long enough to give inforomatabout large-scale
variability due to factors different from the exjpéion of the stocks.
California region is of particular interest in thleeme because of the paleo-
ecological investigations carried out there (2839 Anchovy Engraulis
morday and sardine Sardinops caeruleyjsbiomasses from the scale-
deposition rate have been derived. Are their regtemt fluctuations a
response to the species competition? What is thesilgle effect that
environment (climate and biological processes) bhame on two marine
commercially exploited fisheries? One of the adagas of these series,
beside their length, is that they are free formsmig values. An initial

exploratory analysis was carried out for each dataes. Wavelet analysis
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does not assume stationarity of the series, whicthis case is an optimal
characteristic. This method permits the analysishefrelationship between
two signals, and it is especially appropriate fuftofwing the gradual change
in forcing by exogenous variables. Wavelet coheze(wco) results were
tested through a Stationary Bootstrap. Finally dtivariate moving-window

regression analysis was done to consider the samedius influence of more

than one climate variable.
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Background

The studies of the population’s fluctuations ofteonsist of a
monitoring of their changes (measured through tbenlss, the abundance,
number of individuals...) over a period of time. Té@mpling intervals the

fixed interval or the time over in which a varialidemeasured sequentially.

Time series are usually characterised tignd and seasonal
variationsthat can be modelled by mathematical time-functidre trend is a
systematic change in the series that seems nodperihe simplest case is
the linear increase or decrease. Contrary, theosahsariation is a repeated
pattern within the years. It is also important ke into account that
observations close together in the series tendetcdyrelated. The fitted
model to the data set is the basis for the stedilstests. These three factors
provide the characteristics of the time series,ctwhire important to take

management decisions (Cowpertwait and Metcalfe9R00

Most of the statistical methods used to study tlgses of series are
grouped in the commonly calleiime-series analysesThese are valuable
tools for investigating the long-term fluctuationsf marine animal
populations and their relationships with the enwnent, which is the

objective of this Thesis.

The reason of time-series analyses is to revegbepties of an
underlying process from a given set of observatiohs deal with the
uncertainty in the series, a meaningful estimatarstmbe defined. This
estimator is a function of the observations, anth@best case, it would yield
the desired property of the time series (Maraunkamdhs, 2004; Hsieh et al.,
2009).
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There are different tools that can be used for Serges analyses: (i)
the spectral analysis (that starting with the plygram decompose the time-
series into harmonic components based on Fouriatysin); (i) linear
models (Im); (iii) generalized linear models (gInty) generalized additive
models (gam); (v) autoregressive models (arimal); gtate-space models;
(vii) the non-parametric stationary bootstrap; ijviwavelet methods
(particularly for non stationary series); among eoth The particular
methodology used in each study within this Thesideascribed in detailed on

the respective chapter.

Most of these statistical analyses assume statidreraviour of the
series (i-vi), but this fact is usually not trueeicology. In this sense, there are
an increasing number of scientific papers that Iiggh the non-stationary
features of population’s dynamics; i.e. they cantdwbetween different
dynamics in multidecadal scales due to small enwirental changes
(Cazelles et al., 2008). To deal with this issime, YWavelet Analysis (viii.
Chapter 4) has revealed as a good approach to zanahat localized
variations of power within time-series, decomposittgem into time-
frequency space to determine both, the dominantesad variability and
how those modes vary in time (Torrence and ComP88)L This is a tool
recently developed for ecological studies, althoitdias been widely used in
economy and geophysics. It is a method, as wethasstate-space or the
nonparametric stationary bootstrap, superior toMRIor spectral analysis,
which may produce spurious relationships due to #ssumption of
stationarity in the time series (Hsieh et al., 2008has to be highlighted in
this point, that a requirement of the wavelet asiglys the need of non-
missing values within the data series. For this@aathis technique could be
only applied to chapter 4 data, where the recordsamplete. Going further,
recentlyan adaptive “second-generation” namdiftiig schemg has been
developed,; it is discrete wavelets which adaptrtbleape near sampling gaps

and boundaries. This is an important feature wherkiwg with ecological
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series, which are often short, irregularly sampkeud may contain missing
values (Sweldens, 1998; Cazelles et al., 2008).

The idea under the Linear Model (Im. Chapters an@ 4) is to look
for a simple relationship between pairs of variabl@ot necessarily a
straight-line regression). A change in the prediatariable (e.g.: climate
variables; the X is assumed to produce an increase or decreasbein

response variable (e.g.: captures series;;)h&lyis can be summarized by:

Yi = PotPrxite

wherep are the coefficients linked to the variations pfrdg; is the error
term (Verzani, 2005).

The Stationary Bootstrap (Chapters 3 and 4) allohedng robust
statistical measures beside the possible non-stattg of the series through
a re-sampling with replacement method, where persig is preserved
(Politis and Romano, 1994; Mudelsee, 2003).

A common feature of all these statistical techagyincluding
simple regressions, wavelet and the stationarydiiaq) is that they use just
a pair of variables in each comparison test. Howévés known that in
nature, none variable acts solely on a populafiantry to improve this fact,
a Multivariate moving-window regression (Casalsakt 2002), which is
included in the linear models, can be applied (&a). This method allows
seeing in this case which variables are potentiaffgcting, in different
periods of the time series, to the sardines antaiies abundance. Also this
gives an idea concerning if significant correlatiaare found at several lags

among different groups of variables.
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Data

The series within the present Thesis were comgiledh different
sources. Their length and intrinsic features age apecific of each data base.
For this reason, each of them has been treateddiffesent way (see each
chapter for more detail). However, the objectivesvedways the same and

this was bored in mind during the whole study.

1. Biological Data

The Ocythoe tuberulatedata (Chapter 1) were obtained from the
fishermen of two Spanish fishing boats, the “Lepo#naiak” and the
“Oskarbi”. This is not a proper time-series, sitisey are only two punctual
captures northwest of Spain, but they remain gawsligh to look for an
environment effect (2 days; very small-time scalempmena). There is not

much biological information regarding this species.

The Octopus vulgarigiata series (Chapter 2) was gathered form the
fishmonger at the Port of Mogan (south-west Grandtia. Canary Islands).
The data series (daily catch and effort) starteti989 and finished in 2007
(18 years; small-time scale phenomena). Thesessare updated monthly.
The common octopus is an important target specighd small-scales trap

fishery that take place in the Canary Archipelago.

The Thunnus thynnugChapter 3) is a species that has been
important since former times in the Mediterraneaa %nd in the North
Atlantic (Rodriguez-Roda, 1964a, 1983; Lopez-Capd997). This is why a
lot of data bases can be found for the last cesgutiowever, it has to be
taken into account that not all of them measurestitae parameter (number
of tuna, tons per catch, number of barrels ..)r Be present study,
information of 105 almadraba’s (this is the namehef trap used) in number

of tuna was gathered from different sources (se@eTa in Annexes). The
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number of years with data was variable between ddate’s. But, overall,
data from 1525 to 1995 were obtained. However sthdies focused on the
possible effect of climate variability on Bluefinrta {T. thynnu} for this
reason, only the time-series with more than 100sydata (11 almadraba’s;
large-time scale phenomena) were finally taken adoount (Table 2 in the

Annexes).

Finally, series of Northern anchov¥rgraulis mordax and of
Pacific sardine $ardinops caerule(geconstructed from 283 to 1970 (very
large-time scale phenomena) off California by So(#&67) and Soutar and
Isaacs (1969, 1974), and obtained from Baumgaghal. (1992), were used
in the study (Chapter 4). Both, anchovy and sardieimportant economic
and ecological species. It is known that they fiat¢ inversely in time,

although the causes under it remain unclear.

2. Climatological Data

Temperature data series

Mean Sea Surface Temperature (SST) Satellite ism&gen June
and July 2006 were obtained from the MODIS sen$dhe® AQUA-satellite
(MODISA Level-3 Standard Mapped Image). Also Anoowel SST images
were obtained from the night tracks from the AVHR&hsor in the NOAA
satellite for the same period as the previous. Boiliges were used in the
Ocythoe tuberculatatudy (Chapter 1) when looking for the environménta

relationship between the SST and this species.

Meanwhile, in chapter 2, the series of Reynoldalef2002) for the
SST in the North Atlantic (December 1982 - Jan2§7) and the Kaplan et
al. (1998) local SST (28.5°N/16.5°W) were used.
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In chapters 3 the proxy reconstructed annualemnperature at sea
surface level (SLT) by Mann et al. (2009) was gegiefrom 1525 to 1936
but considering only the 20 °-60 °N/60 °W-20 °Harg

Global indices series

From all the North Atlantic Oscillation (NAQO) datevailable in the
literature and on-line sites, the series from ti@AM (1950-2000) were used
in chapter 2. This data set was used because iprisenthe period of time

wanted and because it is a tested and consistees.se

El Nifio/Southern Oscillation (ENSO hereafter) frd50 up to
1970 reconstructed by McGregor et al. (2010) arel Bacific Decadal
Oscillation (PDO), from 1470 until 1970 (Shen et @006), were the two
global indices used in chapter 4 when looking atter climate relationship

with captures off California.
Solar parameters series

There are many parameters that have been es&blish proper
ones to estimate the influence of the Sun on thth emosystems (Galactic
cosmic rays:0 isotope, etc.). Imhapter 3 the eleven years Solar Irradiance
cycles Background (SIB), from 1610 to 1936 by L€2000) was used.
Another factor that can be estimated through recoctions is the
Beryllium-10, from 1000 to 1970 (Crowley, 2000),whs considered when

conducting analyses in chapter 4.
Other climatic patterns

River runoff can directly affect marine ecosysterttgough the
nutrients availability, the sediment discharge oe do changes in the coastal
lines. But also it can be an indicative of a biggémate structure. For

instance, the volume of flow can be consideredramdirect proxy for the
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global Intertropical Convergence Zone (ITCZ. Seenéxes) movements
(Chiang et al., 2000), due to the role that it baghe displacements of the
Monsoons, responsible in turn of the rainy seadon.chapter 4, the
Sacramento River flow was considered because ibnis of the most
important rivers discharging in the California codsreflects the colder and
rainier periods with an increase in the dischar@e® to this it can act as an
atmospheric circulation pattern index over the Nd?acific Ocean (it is an
estimation of the ITCZ). This series started in @8 ended in 1997 (Meko,
2001).

Software

Within this Thesis, for all the statistical anagsthe R software (a
language for statistical computing and graphicsy waed (http://www.r-
project.org/).It is available as Free Software (Free SoftwarenEation's
GNU General Public License). It provides a wideietgr of statistical (e.g.:
linear and nonlinear modelling, classical statatiests, time-series analysis,
classification, clustering...), and graphical tdgoes. One of R's strengths is
the ease with which well-designed publication-gyahiots can be produced,

including mathematical symbols and formulae whereded.

R has common features with functional and objedented
programming languages. Herein, functions are tcelite objects that can be

manipulated or used recursively (Cowpertwait anddsliée, 2009).

Matlab software (http://www.mathworks.com/productatiab/) was
used when plotting maps (chapters 2 and 3). It lsigh-level technical
computing language and interactive environmentfgorithm development,
data visualization, data analysis, and numeric adatjpn. It includes the

graphics features (algorithms) that are requireddoalize scientific data.
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In chapter 4, the Ocean Data View (ODV) softwares waed when

plotting the map (Schlitzer, 2008ttp://odv.awi.d§
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Abstract

The capture of two females dcythoe tuberculataduring the
summer of 2006, in the North-east Atlantic is repdr This pelagic
cephalopod species are rare beyond subtropicatsvatel were caught at the
sea surface by two live bait boats. The appearahts species in the area

is related with an anomalous sea warming.

Introduction

During the summer of 2006, two live specimensaditiball octopus
(Ocythoe tuberculataRafinesque, 1814) were captured at the sea subfac
live bait boats off the north-west Iberian Peniasuait the northernmost limit
of the species distribution in the North Atlanticcarding to Nesis (1985).
The first individual was caught on the 27 Junel&4P°N 13°/14°W (west of
Portugal), and the second on the 18 July at 449/4%P.5°/15.5°W (north-

west of Spain).

This species is known to be cosmopolitan in trapénd temperate
seas (Sweeney et al., 1992; Vechione, 2002), esdpedn the northern
hemisphere (Roper and Sweeney, 1975). In the Nmsh-Atlantic, it has
been reported off the Azores and Canary archipslé@ardoso, 1991) and in
the western Mediterranean (Naef, 1923; Petrus afdoP1993; Ezzeddine-
Najai and El Abed, 2001). However, in the southeemisphere, this species
seems to be less common. In this way, a singlehdaas been reported off
South Africa, associated with a storm in this giRaper and Sweeney, 1975),
and some others specimens were obtained in NewaZeand Australian
waters (O'Shea, 1997; Lansdell and Young, 2007)e Tmajority of the
specimens, however, have been found in the stonwdiclirs predators
(swordfish, yellowfin tuna and dolphins), probabissociated to their

seasonal migrations.
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Little is known about the biology and behaviour Oftythoe
tuberculata except that it has pelagic habits and is founar ke surface
waters at night (Vechione, 2002). There is a strsmgial dimorphism in this
species, where males are usually smaller than 3ncmantle length, and
females are significantly larger with mantle lerggthat could reach 35 cm
(Roper and Sweeney, 1975; Cardoso and Paredes). 12@®usly, females
of this species are the only known cephalopods avisivimbladder, a feature
that makes them able to control their buoyancy KBatand Wurtz, 1994),
and are the only known cephalopods that give hatlive young that hatch
internally (Naef, 1923).

Results

Morphological features

The measurement of both specimens was taken acgortd
Pickford and McConnaughey (1949), Thomas (197 7peRand Voss (1983)
and Clarke (1986). In both females, the pairs otaeles Il and Il were
shorter that the pairs | and IV. The mantle was culas and strong. The
ventral side was wrinkled, totally covered with dhayramidal protuberances,
but the dorsal side was smooth (Figure 1a andspertively). The head was
more spherical than in other octopus species, tagtibived two ventral pores.
In Table 1 the weights and body lengths of bothopes individuals are

shown.
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Figure 1:Female ofOcythoe tuberculat@aptured in the Northeast Atlantic in June
2006: (A) ventral view, (B) dorsal view.

Table 1: Geographical and morphological data of the females Ocythoe
tuberculatacaught in the North-east Atlantic.

Female 1 Female 2
Date of capture 27 June 2006 18 July 2006
Location 41-42°N/13-14°W 44-45°N/14.5-15.5°W
Weight (g) 708.18 1929.0

Total Length (cm) 58.8 74.5
Mantle length (cm) 18.8 245
Head length (cm) 4.0 6.5
Foot length (cm) 39.0 52.4
Mantle perimeter (cm) 28.2 45.8
Mantle wide (cm) 154 22.9
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Environmental features

Although this species has been reported in thd GuBiscay in

1936, when Bouxin and Legendre found one specimémei stomach content
of an albacoreThunnus alalungg the presence of live specimens northern
of Azores (41°-45°N) has not been observed in ¢trentfic literature. It has
been normally reported in more temperate waterspanbably its capture in
this higher latitude area was associated with @&l warming process
(Figure 2). Furthermore, in June-July of 2006, $ha surface temperature in
the west of Portugal and north-west of Spain waS #farmer than the mean
temperature in both months in this area (Figur& Bjs warming process was
also associated with an anomalous peak of jellydishndances in June 2006
in the coastal areas of the north-west of SpainMba de Galicia, 7/06/2006).

June 2006 July 2006

Figure 2: Mean sea surface temperature (SST) foe Jieft) and July (right) 2006
(night tracks) from the MODIS sensor of the AQUAedlite (MODISA Level-3
Standard Mapped Image), which has a space resolutfo4 km. The squares

represent the approximate location of football patocaptures.
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June 2006

Figure 3: SST anomaly result of the subtractiorthim left image, of the mean June
(left) and July (right) SST from 1985 to 2001, obéal in the nigh tracks from
AVHRR sensor in the NOAA satellite (Casey, 2004) imdesrto take out the
climatological component for the temperature. Theases represent the approximate

location of football octopus captures.

Discussion

The anomalous warm summer of 2006 could favoumptesence of
Ocythoe tuberculatén the oceanic area off the west of Portugal affidhe
north-west of Spain, and probable associated with high abundance of
jellyfish. Males are sometimes found inhabiting tiests of salps as are
young females (Naef, 1923; Okutani and Osuga, 198®) both phenomena
could be related.

The progressive south-north warming process imrmal annual
environmental event which occurs at the end ofsihréng in the North-east
Atlantic. But, this is the first time that the peese ofOcythoe tuberculata
has been reported associated to this event, assibben observed in other
oceanic species likRanzania laevisoff the Canary Islands (Castro and
Ramos, 2002). In this way, the capture of footbaliopus may support the
idea that populations can displace temporarily ighér latitudes when

anomalous water warming occurs.
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Abstract

The effect of temperature on the common octopus difcle has
been well studied. However, how other climatic @ats affect them is poorly
understood. The present work emphasises the immuertaf the temperature
on common octopus catches by the small-scale iséyery off the Canary
Islands, and also highlights the effect of the Ndktlantic Oscillation (NAO)
pattern. As well as an inverse and significant @ation between octopus
abundance (measured as CPUE) and Sea Surface EtanpdSST), a direct
relationship between abundance and NAO, off theaGawrchipelago, is
reported. Using a linear model (Im) with a stepwisecedure, SST is found
to be the most important and significant varialsleautumn, accounting for
34.21%. Meanwhile, the NAO became more importarsiirnng with 28.64%

and a 31.13% of the explained variance in autumn.

Keywords- Octopus vulgarisCanary Islands, climatic variability,
North Atlantic Oscillation (NAO).

Introduction

Due to the short life cycle and fast growth of margphalopod
species, the standing stock (or biomass) of a garea may not necessarily
be a good indicator of its exploitation status. Bhert overlap in successive
cohorts creates a lack of “buffering” for naturdictuations in abundance
that is driven by oceanographic or climatic factéisr these reasons, in these
species it is more feasible to differentiate thematic effect from the
influence of fishing, because their response toirenmental fluctuations
should be faster (Hernandez-Garcia et al., 20@2¢@iet al., 2008).

Common octopusctopus vulgarisis one of the most important

target species for the industrial fleets which apeiin the Northwest Africa
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upwelling system (Balguerias et al., 2000; Fauralet2000). It is also the

case for the small-scale trap fishery off the Canslands, since it represents
2-32% of the total catch landed by the local figétrnandez-Garcia et al.,
1998, 2002; authors data unpublished).

This cephalopod fluctuates drastically on largetiasband temporal
scales, due to changes in biological and physiealakles that have been
proposed as determining factors in its survivalu(Eaet al., 2000). Solari
(2008) pointed out that the capture oscillationsrduthe last 50 years @.
vulgarisin the Northwest African upwelling system are rimditely connected
to the North Atlantic Oscillation (NAO) index vatian. However, although
it may be one of the climate variables which coaoldise fluctuations in
cephalopod abundance (Sims et al., 2001), its teffecomplex even if it
shows a positive and linear relationship with ceggu(Hsieh and Ohman,
2006). Locally changes due to atmospheric forciag be rapid, but to see
them on a large-scale, several years are neededk(Bs, 1964; Visbeck et
al., 2003).

Capture oscillation could be a consequence of abgmation of
recent past climate variability and the effect eghhfishing pressure on
paralarvae and yearly recruitment. Moreover, iégessary to bear in mind
that this species has a very short life cycle, adoli year, and the duration of
its embryonic development and the planktonic stafjéts paralarvae are
highly temperature dependent (Mangold, 1983; Hetean opez et al.,
2001). Also the seasonal temperature oscillatiaesitty affect its benthic
settlement (Katsanevakis and Verriopoulos, 2006bherefore, delay

between recruitment failure and captures shoulshioet.

Off the Canary Archipelago, as in the neighboudfigcan grounds,
copulation and spawning of octopus take place tjfnout the whole year
(Nigmatullin and Ostapenko, 1977; Hatanaka, 197@®niAndez-Garcia et al.,

2002). However, two periods of maximum reproductaetivity can be
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identified for this specie; one from January toyJwuith the peak in April, and
the second one from October to November, with slilgital variations
(Guerra, 1992; Faure et al., 2000; Hernandez-Gastiaal.,, 2002;
Katsanevakis and Verriopoulos, 2006a). In the mee#t of Spain, the
octopus reproductive cycle seems to be linked éoupwelling seasonality
(Otero et al., 2008), while off Mauritania the taaship between
recruitment and upwelling variability is seasonalBpendent but not always
related to the upwelling state; this is probablyeason for changes in the
depth of the spawning grounds in spring and aut(fraure et al., 2000). In
accordance with this, Hernandez-Garcia et al. (R&@» pointed out that the
intensity of the two annual maximum catches of patooff the Canaries,
related to the reproductive concentrations of iittlials, are late winter-early
spring sea water temperature dependent. In any, ¢hise indicates the
presence of, at least, two annual cohorts; gemeratell separated spawning-
catching peaks. Of course, the relative importasiceach seasonal peak is
dependent on environmental conditions; although s&@tvakis and
Verriopoulos (2006a) point out that the secondlesegnt is much more

environmentally dependent than the first one.

Studies that evaluate the effects of environmevaahbility on the
cephalopods, and particularly octopus, are scarcel @ometimes
contradictory. However, the influence of temperatan octopus abundance
is always highlighted due to its importance in tfiest stages of its
development (Mangold, 1983; Villanueva, 1995).ihe lwith this, Sobrino et
al. (2002) found that the maximum octopus abundarmacided with the
minimum Sea Surface Temperature (SST) register@teastudied domain
(Gulf of Céadiz). In contrast, Balguerias et al.2Pand Moreno et a{2002)
reported for the Saharan Bank and the Portugueast,cespectively, that

maximal captures coincided with the highest SSthase domains.
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Latiude

Figure 1: Canary Archipelago map and catch loca®W Gran Canaria).

There is an increasing interest to understand ¢lomate variability
might affect different marine populations, mostlythwthe objective of
predicting its possible evolution and to manageetiag to it. As it has been
guoted previously, the common octopus varies itabi®ur among localities
due to regional conditions. In this sense, it ipamiant to understand how
climate is affecting octopus in the Canaries siitde one of the fisheries
target species. With this aim, we hypothesis how Serface Temperature
(SST) and the North Atlantic Oscillation (NAO) méag controlling theO.

vulgaris in the Canary domain, through a seasonal scalg@oapl; to
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elucidate if climate is the possible main causethef observed seasonal

fluctuations in this population.

Material and Methods

Data set

1. Octopus fishery data

The fishing data from 1989 to 2007 were obtainexnfthe daily
catch recorded by a single fishmonger who markttedotal catch obtained
in the trap fishery landed in the Southwest of GZamaria (Port of Mogan.
Figure 1), which is representative for all the rislg, since it is one of the
ports with the major fishery activity within the &ripelago, in fishing
potential and in the number of catches landedefitesent over 25% of the
total yearly captures of benthic and demersal fistded in Gran Canaria,
decreasing to the 10% if mackerel and tuna captamresncluded; Gobierno
de Canarias, unpublished data). In relation witk, thor instance(. vulgaris
is the predominant species, after seabreams (HeeméBarcia et al., 1998),
in the fisheries between January and June, bedamse May to February
they focus on tuna (Gonzélez et al., 1991). Vameiin catches through
seasons are due to the life cycle of @evulgaris which present two peaks
as described previously, but also to the fishingedtives at each time of the
year (Hernandez-Garcia et al., 1998). Howevernfaatigers do not exclude
species at any time, so the catches are a proxaxinfl abundance. When
analysing the effort and catches independenthult®sot shown), it can be
seen that the fishing effort has not changed thrahg years in a significant
way. In contrast, the octopus catches reflect bditig, different from the life
cycle seasonality one. Due to this, it was considehat other factors, as

climatic ones, might be playing a key role in thelation of this stock.
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The CPUE was estimated monthly from the total weigh
kilograms of octopus caught per month divided bg tmonthly effort
deployed. Afterward, seasonal means were calculmedll the years and
trend removed for each new series to avoid theilpleseverfishing effect.
We used, as an effort unit, the average numbeays devoted to trap fishery

per boat (sensus Hernandez-Garcia et al., 1998).
2. North Atlantic Oscillation (NAO) data

The NAO is a north-south dipole of anomalies, vatie centre (low
pressure system) located over Greenland and tlee oimtre of opposite sign
spanning the central latitudes of the North Atlaritietween the Azores
(Ponta Delgada) and Portugal (Lisbon) (high pressaystem). This is the
atmospheric predominant situation over the Atlaremmbining parts of the
East and West Atlantic patterns as defined by Walknd Gutzler (1981) for
winter. It is noteworthy that the Canary Islande ar the southern limit of
influence of this climatic pattern, so the impadt ib on the island
environment is almost undetectable (Ganzedo-L6@685), but in certain

periods it influence is strong enough (this work).

The NAO index data came from the NOAA databasélewhonthly
mean standardized 500 mb height anomalies werénebtérom the CDAS,
from 1950 to 2000.

3. Sea Surface Temperature (SST) data

Two kinds of SST data have been used for this stfythe
Reynolds et al(2002) SST from December 1982 to January 200@laiothe
maps of correlations and significations; (ii) thagan et al. (1998) SST for
local statistical analysis (South of Gran Canafi& 5°N/16.5°W), from
January 1989 to December 2007.
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Statistical analysis
1. Exploratory CPUE data analysis

A boxplot analysis and a cross-autocorrelationysimwere carried
out using time data to explore the existence of@eal components and to
estimate autocorrelation (Figure 3) in catchesesetatistical analysis of the
series assumes stationarity. This implies that sbees does not contain

trends or cycles.

Monthly CPUE were averaged over seasons in ordesbtain a

time-series of CPUE per season of the year.
2. Seasonal relations between NAO and SST

To identify and to quantify the significance oétbffect of the NAO
index with respect to SST, Pearson's correlatiopsmaith significance
isolines (95% (0.05) and 99% (0.01)) were plottéd, points within the
guadrant 20°-50° N and 45°W to 20°E, at a resolutfdl®x1°. To that effect,
(i) The trends have already been removed from #ta det (NAO and SST
data). (i) The Pearson correlation was used betv&&T data (Reynolds et
al., 2002) and NAO index, between 1982 and 2007.
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Figure 2: Index of correlation between NAO index 85T at each point by seasons.
The black line is the p-value at 0.01 (99%) and (95%).

3. Statistical analyses between CPUE and environmiah data

The relationship between the NAO teleconnectiottepa, SST and
the statistics of CPUE was evaluated. A traditioaalalysis based on
Pearson's correlation coefficient between CPUE, §Siplan et al., 1998)
and NAO index was performed. After removing datantt, correlation
coefficient has been checked against the hypothbatsit was zero with a
95% confidence level. The reduction in the degrefeeedom due to the
autocorrelation of the series has been consider#tkitest. In order to do so,
a Monte Carlo test has been used. Several reali®at(500,000) of
autoregressive processes (AR (1)) with the cormedipg autocorrelation for
each of the tested series have been created, amtittelation coefficients of
segments with the same length as the tested $exvesbeen used to create an
experimental histogram, which represents the Oistion of correlation

coefficients from the AR (1) noise processes. Valwé the correlation

84



Chapter 20ctopus vulgari®ff Canary Islands

coefficient under (above) the 2.5% (97.5%) pertesitin the experimental
distribution of correlation coefficients obtainedorm the Monte Carlo
analyses were considered significant. To facilithi visualization, a matrix

of scatterplots was produced.

When looking for the relationship between captysgsand climate
descriptors (3}, a simple linear regression model (Im) was usediéscribing
paired data sets that are related in a linear mamieere x is the independent
variable and y the dependent one). In the simpksali regression model, for
describing the relationship betweenard Yy, an error term is added to the
linear relationship as;y¥ Bo + BiX; +¢€;. The valueg; is the error term
(residual term), and the coefficierfig andB; are the regression coefficients.
The data vector x is called the predictor variaid y the response variable.
The coefficient of determination fRis defined as the decomposition of the
total sum of squares into the residual sum of sggiand the regression sum

of squares:
R’ = 1-C(yi-9: )X (i- YY) = S6- YA (yi- )

Here,§; is the predicted term of,ywhich is the original value of the captures,
and Y; is the mean. The As interpreted as the proportion of the total
response variation explained by the regression. @86 of the variation is
explained by the regression line. The adjustédides the sums of squares
by their degrees of freedom (Wilks, 2006).

The capture was considered as the response (artpyitvariable in
the analysis, to facilitate the analyses and visaaiparison of general trends.
We used the following explanatory variables (x)the Im model: (a) SST
(Kaplanet al.,1998) and (b) NAO index. With this, to evaluate fiossible
colinearity among climatic terms and to eluciddtihé explained variance is
increased when they are considered together opemttently, three types of
Im’'s were carried out: (i) combining the influensethe NAO and SST; (ii)
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analysing the effect of the SST solely and, findlly the influence of the
NAO on captures.

We really wanted to be sure about the constancyh@ntime) of
variance and normality of the residuals. To théaf (i) The Shapiro-Wilk
test (Shapiro-Wilk, 1965) was used for testing thatresiduals are normally
distributed (p-value = = 0.05, confirmed the null hypothesis: normaliii).
The Durbin-Watson function (Durbin-Watson, 1950;51P was used for

testing whether there is autocorrelation in thédred from Im.

Boxplot
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Figure 3: Boxplot (left) and ACF of monthly CPUE (nig}

Results

The Boxplot (Figure 3, left) shows that 20.87%,8286, 17.78%
and 25.52% of the total CPUE are caught in wingpring, summer and
autumn, respectively. The auto correlation functigdACF) shows
autocorrelation in the series (Figure 3, right).n€squently, to avoid the
inter-annual seasonality, seasonal averages ofCtPdE were calculated.

Thereafter, seasonal series were analysed in apémdlent way. Figure 4
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shows the ACF of these seasonal series. This was @ih the only aim of

verifying our models.

When the NAO index was correlated against the ®$8M& grid
(Figure 2), the relationship obtained was high aigghificant in spring and
autumn around the Canary Islands. Significant ¢aticsns were found for
SST in the local point (28.5°N/16.5°W) in spring=r-0.47, p<0.05) and
autumn (r = -0.48, p<0.05). While no significantredations were obtained
for winter (r = -0.16, p>0.05) and summer (r = 0.p60.05).Table 1 (up)
and Figure 5 show the correlations obtained betwieeseasonal CPUEs and
the SST. It is worth emphasising that all pairs evaegatively correlated.
That is, when the CPUE increases, the SST decrebable 1 (down) shows
the correlations obtained between the seasonal GRIdH the NAO index,
and both variables evolve simultaneously in spramgl autumn. While in

winter and summer they have an inverse behavionost always.
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Figure 4: ACF of seasonal CPUE.
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Table 1:Significant Pearson correlation pairs between CPhtEciimatic variables

(signif. Codes: “** 0.01, ** 0.05, “1).

SSTwiner  SSTepring SSTeummer SSTauumn
CPUEqinter -0.64** -0.51* -0.34 -0.38
CPUEqping -0.66™* -0.4 -0.33 -0.41
CPUEgmmer  -0.60% -0.41 -0.34 -0.58**
CPUEauum -0.25 -0.44 -0.45 -0.61%*

NAOWinter NAOspring NAOsummer NAOautumn

CPUEyinter -0.11 0.68* -0.15 0.37

CPUEqping 0.07 0.57 * -0.18 0.46*
CPUEsummer -0.01 0.39 -0.37 0.61*
CPUEauumn -0.08 0.12 -0.49* 0.59%*

Table 2 shows the stepwise procedure of the timeal models for
these climate variables in spring (up) and autudwwg). Three types of
models have been carried out: (i) SST and NAO caebeffect and (i) SST
and (iii) NAO effect independently. In spring, tN&AO is the variable that is
playing a key role on octopus population when abesng both variables
together since there is no colinearity and the NiAGhe responsible of the
highest explained variance (24.5% in model (i) 38db5% when considering
it solely); the SST by itself, only support the 12% of the explained
variance. While in autumn there seems to be amdnfie of both climatic

terms (42.71% in the combined model). This meaas ttiere is colinearity
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among them. Looking after the % of explained varéanf each parameter
individually, the SST (34.21%) and the NAO (31.13é&#plains the octopus
fluctuations in roughly the same proportion, althlouhe temperature seems

to be the more important one.
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Figure 5: Matrix of scatterplots of SST, NAO and (&fdr seasonal differences.
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Table 2: Explained deviance of the CPUE seriesfiing and in autumn), using Im
model (Signif. codes: 0 *** 0.001 “** 0.01 **0.05 ‘.’ 0.1’ 1).

Selected Term p-value Adjusted R-squared (%)
Climatic Term in
spring
SST
NAO NAO (.) 0.04 245
SST SST () 0.09 11.12
NAO NAO (*) 0.01 28.64
Climatic Term in
autumn
SST SST () 0.004522 42.71
NAO NAO (.)
SST SST (*¥) 0.005040 34.21
NAO NAO (**) 0.007672 31.13

Table 3 shows the results of the checking the lodeh through
Shapiro-Wilk (normality, Shapiro and Wilk, 1965) darDurbin-Watson
analyses (autocorrelation, Durbin and Watson, 19%981) for spring and
autumn. It can be seen that both seasons havensahbehaviour (Shapiro-
Wilk); meanwhile, when looking for autocorrelatiaghrough the Durbin-
Watson test, it can be appreciate that there isewiolence of serials

correlations in those residuals (p > 0.05) forrgper autumn.
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Table 3: Linear model checking. Shapiro-Wilk and'fin-Watson test.

Shapiro-Wilk test Durban-Watson
w -value Autocorrelation D-W -value
P statistic P
Climatic terms
in spring
SST 0.96 0.51 0.21 1.40 0.19
NAO
SST 0.95 0.39 -0.15 2.22 0.60
NAO 0.96 0.99 0.25 1.31 0.12
Climatic terms
in autumn
SST 0.99 0.99 -0.42 2.38 0.07
NAO
SST 0.97 0.76 -0.20 2.38 0.44
NAO 0.99 0.99 -0.35 2.67 0.11
Discussion

The biology, ecology and fishery of common octopaf§ the
Northwest Africa have been well described from abgl point of view
(Nigmatullin and Ostapenko, 1977; Hatanaka, 197&giPo and Bravo de
Laguna, 1979; Nigmatullin and Barkovsky, 1990; Belgas et al., 2000;
2002). However, a great number of questions séthain unanswered.
Among them, the role of climatic variability in tHeictuations of octopus
abundance on intra-annual and decadal time sddlEsidndez-Garcia et al.,
1998).

In this context, our results show that there is emvironmental
variability effect onO. vulgarisabundance off the Canary Islands, and that, at
a seasonal scale, it can be summarised by the &&ibility through the year.
Correlations between fishery yield and temperairdifferent seasons must
be the consequence of the effect of this lattetofaocn octopus paralarvae

survival, growth rates, age of juvenile benthictleatent and timing of the
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reproductive peaks; that is, on recruitment toftbleery. In relation to this,
Hernandez-Garcia et al. (2002) described the existef two annual cohorts
in the common octopus population off the Canargrids. These two cohorts
are the result of two annual reproductive pealesfitist one during April and
the second between October and November, coincigiit the NAO
changes from lower to higher values and vice venlgareover, the
relationship between the SST and the NAO index hleady been
established in several studies (Cayan, 1992; Visbeal., 1998; Seager et al.,
2000; Marshal et al., 2001; among others), althabghrelationship could be
different on more local scales in yearly analy@ésbeck et al.2003; Pierce
et al., 2008). In this way, in spring and autumn, iaverse relationship
between SST and NAO in the Canary domain was obder€ontrary, a
direct one was detected in summer. This must beligiged because when
the NAO is treated from a seasonal point of vielwags the winter is the
predominant period, but not for the Canary Islanglsere the NAO is an
important atmospheric pattern mainly in spring antumn. This is reflected
in the SST, but also in the octopus abundancedliis $seasonal reproductive
pattern described above. So, the highly negativeelaiions between SST

and NAO coincide with peaks in octopus catches.

Nevertheless, the SST-NAO influence probably dgagber than its
effect on the reproductive aggregations and avéithalof adults to the
fishery. The paralarvae survival, recruitment ahdralance are under the
influence of many factors other than temperatum faod (Van Heukelem,
1979; Villanueva, 1995), which acquire more or ledsvance depending on
the geographical scale and local features (Mand®83; Hernandez-Garcia
and Castro, 1998; Faure et al., 2000; Semmens.,e2@G07; Otero et al.,
2008). Clearly, octopus biomass and its accedyibith fishery are the
consequence of a heterogeneous collection of emwieatal variables,
together with important local components that matkltheir recruitment

success, distribution patterns, abundance and lehawef this cephalopod
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species (Hanlon and Messenger, 1998; Faraj and2B@7,). At the Canaries,

the octopus present mating and spawning stageyeheround, although

with the spring and autumn peaks described belreboth peaks fluctuate
in time from year to year (Hernandez-Garcia et2002). The fluctuations

observed may be due to a combination of the fisktrefegy and the octopus
life-cycle. For instance, Hernandez-Garcia et H998) observed that adults
octopus concentrate in shallower water for spawnging more accessible
to the fishery, and during the summer, the popafathove downward in the
water column decrising their abundance in the fighdrounds. Even though,
for seasonal fluctuations, the life cycle is thedominant influencing factor
upon fishing strategies, it is necessary to comsitieat large-scale

teleconnection patterns (i.e. NAO) might also iaefioe those biological

patters (Semmens et al., 2007), and the fisheategfies in many different
ways (i.e. sea conditions). Nonetheless, as poiotedy Herndndez-Garcia
et al. (2002), the direct and indirect influencégh® NAO on the octopus
fishery should be also emphasised. It should bedtiat the temperature
registered is a consequence of coupling betweeatthesphere (the NAO as

an atmospheric phenomenon) and the ocean.

As expected, the NAO leads the climatic and biaabcycles in the
Central-east Atlantic Ocean. Clearly, all its atptuaric states have different
degrees of influence on the ocean and, indireatly, marine resource
populations (i.e. Visbeck et al., 2003). Previousd®s (Kronvnin, 1995;
Santiago, 1998; Corten, 2001; Mysterud et al., 2G08ong others) have
highlighted that the NAO is reflected in the fluations of the fisheries, but it
is also known that south off the Canary regios ieiss accurate in describing
biological and climatic phenomena (Garcia-Herréral.e 2001). Overall, this
paper emphasises the importance of the NAO indéx diicectly and through
the SST (indirect), as a controlling factor of coombctopus abundance in
the Canary Archipelago in a seasonal scale (s@imtgautumn). Through the

lineal model, it can be concluded that in springthie NAO the main
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controlling climate factor, with a significant egghed variance of 28.64%
(the SST explains the 11.12%, but it remained mmitance). During

autumn the effect of the SST and the NAO is nohgiifference: 31.13% of
the explained variance through the NAO and a 34.24ptained by the SST.

It has also been demonstrated why more local clémetdices
should be built to reach a better understandinghefinteraction between
climate variations and exploited marine organisbes;ause their sensitivity,
particularly cephalopods, to environmental flucitias is an important factor
in stock assessment and management. In additibopws catch fluctuations

may be indicators of environmental changes.
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Chapter 3Thunnus thynnuis the Gibraltar Strait and Western Mediterranean

Abstract

The analysis of historical capturecords of bluefin tunaThunnus
thynnu$ at Western Mediterranean almadrabas reveal aedsiog trend
between 1525 and 1936, with cyclical fluctuaticassociated to climatic
factors. Analyses based on linear models of capterees emphasize the
potential role of sea-level air temperature andsthlar activity cycles on the
bluefin population dynamicThe overall density-dependent term explains
between 13.71 and 47.81% of the capture variapiityile the environmental
one explains between 0.37 and 17.28% (the sharets tescillated between
5.72 and 21.87%, and the unexplained parts of tweance fluctuated
between 31.61 and 65.06%). These ranges depenideatitte interval and
the geographic domain analysetihe cold phasesof climate, normally
coupled with solar activity minima, are associatediramatic decreases of
temperature and captures, after which tuna populatias not able to

completely recover.

Keywords- Almadraba, Atlantic Bluefin tuna, sea-level air

temperature, solar activity minimum, solar irradieyThunnus thynnus.
Introduction

The Atlantic Bluefin Tuna Thunnus thynnysLinné 1758) (BFT
hereafter) has been historically important, duigsstcommercial interest since
Phoenicians times (ca. 900 years B.C) (L6pez-Cad®@®7; Pairman-Brown,
2001). It is one of the oldest fisheries organisedin industrial scale (Lemos
and Gomes, 2004). Fishermen early understood thiat Specie appears
regularly near the coast, keeping the shore onm thgit-side and performing
a cyclonic movement around the Western Mediternai8=a. Therefore, they
set up special trapnets (almadrabas) which guidedireds or thousands of
fishes into the gear (Sara, 1980), along the Wedtéediterranean coasts,

until present times without significant structurehanges through time
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(Ravier and Fromentin, 2001). Consequently, ite@sonable to assume that
all these almadrabas exploit the same populatiah) #rerefore their fishing
yield should show the same long-term fluctuatiosenéusRavier and
Fromentin, 2001; Lemos and Gomes, 2004).

Beside all the information that can be gatherechfBFT historical
data, there are uncertainties still unresolvedr{fenatin, 2003). It is important
to understand the fluctuations that have been gakiace in the historical
capture series and which variables are behind theasations, particularly
those that could be environmentally forced (Lemosl &omes, 2004;
Cushing, 1982; Fromentin and Powers, 2005). Thisalow us to predict
the future evolution of the BFT stock and to mantgam according to it. In
this sense, Ravier and Fromentin (2001; 2004) faut60-120 year periodic
fluctuation in the BFT captures series from theamabas located around the
Mediterranean and the East Atlantic. They relabedé fluctuations with the
inverse of the temperature registered in those dwmn&soing further on
these issues, the present study aims to sheddigtiie BFT fluctuations and
evolution, trying to elucidate if the cause of thieserved oscillations is the

natural global climate variability, rather thanabfeatures and conditions.

Material and Methods

Data set

1. Capture Data

To attain the objectives posed in the present sthibjorical BFT
capture series (with more than 100 years data) estracted from different
sources ranging from 1525 up to 1936 (although eaee gathered until
1995). This last year was selected as the moshtéicgt of the time series;
in order to avoid distortions on the analysis daethte impact of fishing

technology developed after the Second World Wak: (fishing capacity of
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bait boats, purse seiners and longliners fleets)Bbit, and to elude the
possible effects of overfishing. This will lead @onsidering only captures
done with almadrabas. In addition, the Sicily seneere considered after
1700 (although the earliest began in 1602) becaegeral geological events
(i.e.: earthquakes), depopulation and social iniéiatoccurred during the
XVII century (Russo-Adams, 2008) caused enormouibiity in captures
in the Sicilian traps. Information concerning elev@madrabas distributed
along the Gibraltar Strait and the Western Mediteean was gathered (Table
1; Figure 1). All the data considered were recoraetumber of tuna caught
during defined periods. These types of data migiftect properly the
population dynamics because traps, like almadradrasnot directly affected
by the effort employed for captures (Ravier andnf@atin, 2001; Fromentin,
2009). Even more, the present work avoids combidiffgrent data sources,

with the objective of minimizing the associatecoerr

Time series register were unequal in time but tlagparently
behaved in the same way in periods when they weeglapped. For this
reason (considering they were complementary) thenmgelds of all
captures were calculated in order to represent tibel (Atlantic-
Mediterranean) and the specific captures per regi@h Atlantic-Gibraltar
Strait: (Barril and Medo das Casas in the soutPaftugal, and Zahara and
Conil in the south of Spain) and (ii) Western Medianean (Saline, Isola
Piana, Porto Scuso and Porto Paglia in Sardinid,Bomnagia, Formica and
San Giuliano in Sicily). The yield was calculatesithe yearly mean of the
capture of all almadrabas for each year referetewedscale of one hundred,
that was in turn estimated as: Meapiig*100), where ais the yearly
capture and Ais the highest capture obtained along the sami¢h{s way the
highest capture in each almadraba is equal to 100yas assumed that
captures were all done with the same fishing tepii almadrabas build and

operated in the same way.
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Table 1 Almadraba BFT original data series references miati

Country Almadraba Period Referente
Ravier, 2003; Lemos and Gomes,
Portugal Barril 1867-1936
2004
Medo das Casas 1776-1808 Ravier, 2003
Medo das Casas 1861-1936 Ravier, 2003
Spain Zahara 1525-1756 Lépez-Capont, 1997; Rawié3 2
Zahara 1910-1936 Lépez-Capont, 1997; Ravier, 2003
Conil 1525-1677 Lépez-Capont, 1997
Conil 1684-1756 Lépez-Capont, 1997
Italy
Saline 1823-1843 Ravier, 2003
(Sardinia)
Saline 1864-1936 Ravier, 2003
Isola Piana 1820-1936 Ravier, 2003
Porto Scuso 1820-1936 Ravier, 2003
Porto Paglia 1830-1936 Ravier, 2003
Italy
Bonagia 1700-1806 Ravier, 2003
(Sicily)
Bonagia 1870-1936 Ravier, 2003
Formica 1700-1816 Ravier, 2003
Formica 1876-1936 Ravier, 2003
San Giuliano 1700-1804 Ravier, 2003
San Giuliano 1885-1914 Ravier, 2003
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This data grouping entails: (i) a diminish in thember of series to
work with, without losing or changing informatiofij) an accurate idea of
the capturability of BFT by almadrabas in the Gitara Strait-Western
Mediterranean domain; and (iii) robustness of tlegies for statistical

analyses (Fromentin, 2009).
2. Climate Data

Climate data series were obtained from on-line dmtses. Proxy
data were used because they reflect the long-teemds of the climate
system and, to a certain degree, also the higludmezy variations. This is not
expected from integrations using GCMs unless theyewperformed using
assimilation of observations (modelled data). Thexyp series considered
were: (i) reconstructed annual air temperatureeatsairface level from 1525
to 1936 (SLT) by Mann et al. (2009); and (ii) elewears Solar Irradiance
cycles Background (SIB), from 1610 to 1936 by Lé2B00).

Statistical analysis

Once all the data were gathered, an initial extoly analysis was
carried out to elucidate the statistical proceduhas should be followed to

achieve the aims of the study.

The entire climate series were related to the BEpture series
through Linear Models (LM) based analyses (Verza6)5). The rationale
under it is to look for a linear relationship betmepairs of variables (not
necessarily a straight-line regression). It wasuaesl that a change in the
predictor variable (x climate variables) produced an increase or dseréa
the response variable;(ycaptures series). This can be summarized;by y
BotPiXite;, Wherep are the coefficients linked to the variations pamde; is
the error term. To assume randomness in the respwasable, it was

considered that the are independent and identically distributed, alsat
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they have a normal distribution with mean = 0 atahdard deviation =;

this means that; yistribution can be assumed as normal (Verzari5p0

Three types of LM’s were carried out. The signifitaesults were
verified through a bootstrap analysis (Mudelse®320As non-normality is a
common problem in climatological time series, tkaisnary bootstrap may
solve this problem if necessary through a re-samgplvith replacement
method, where persistence is preserved (i. eakigg out the red-noise and
makes clear the correlation among series withottcaurelation, showing
the annual variations due to climate). The resutissidered valid from this
analysis were significant at 95%. This approach @@soborated through a
Monte Carlo test (Mudelsee, 2003). Also, the Akdikformation Criterion
(AIC) was considered, as a measure of the goodsfetbe fit of the models,
to finally select the best model that was significthrough the bootstrap.
Models were carried out for different periods of thields series: 1525-1936;
1610-1936; and 1700-1936. This was done with thm af having the

maximum resolution in each case.

0] Temporal model (autocorrelation): As highlighted by
Legendre and Legendre (1998), temporal structunedinne series may
incorporate other effects, such as those due ttichienvironmental and/or
historical events. To take into account this com@&ucture, linear, second,
third and fourth-degree temporal (T, in years) polyial terms were
considered in the LM in an increasingly way. Fipad fourth-degree term

was selected as the best one.

(ii) Environmental model: both climate parameters (Slod a
SIB) were considered together against capture sénieorder to see their
influence on BFT fluctuations in the consideredioagFor the period 1525-
1936 the SLT were considered solely against captoeeause SIB began to
be recorded after 1610.

105



Chapter 3Thunnus thynnuis the Gibraltar Strait and Western Mediterranean

(iii) Global model: Temporal and climate factors weréngeed

from the previous two models and considered togethe

Once all the models were run, the adjustécoReach model was
considered to obtain the explained variance (%prider to quantify the
relative contribution of environmental and tempdiadtors, as well as the
shared proportion (i. e.: part included in the nidué not assigned to any of
the previous terms) and the unexplained one. Ehahé value of Rcan be
interpreted as the proportion of the total resporasétion explained by the
regression if the LM is an appropriate method talgse the data (Verzani,
2005). When Ris close to 1, the model fits well to the datait i 0, it does
not. The adjusted ®onsiders the degrees of freedom and this is Liatsen
multiple predictors are needed to get a betfevdRues. In the present study,

combined predictors were used.
Results

The LM (Table 2) results (through the explainedarce) highlights
the influence of air temperature at sea level (Siefeafter) as quoted in
previous studies (Ravier and Fromentin, 2004), &isb the possible effect
that the solar parameters have on this fish poipulatsince the models
results improved when adding the solar irradiararameter. It was observed
that the temporal effects explain a higher fractibrvariance than what the

climatic ones do.
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Table 2: Linear global model results for each alrabéd. * There are no yields data

before 1700 for the Western Mediterranean region.

Area Period Cllmate Explained variance (%)
variab.
Environ- o ooral - Shared  O1eXP
mental lained
Total 1505
1936 SLT 3.64 22.74 8.56 65.06
1610- SLT +
1936 SIB 17.28 13.71 215 47.51.
1700- SLT +
C
1936 SIB 10.75 27.46 11.8 49.9¢
Gibr. 1525-
Strait 1936 SLT 0.37 47.81 5.72 46.1
1610- SLT + |
1936 SIB 1.49 44.66 21.87 31.9¢
1700- SLT +
1936 SIB 1.16 47.37 19.86 31.61.
. 1700- SLT +
Medit.  Jgagx . 9.61 305 6.4 53.49

The explained variance of BFT captures obtainedheydifferent
models in the three time intervals previously fixa@ recorded in Table 2
and Figures 2-8. Thus, for the whole studied arBmu¢es 2-8) the
environmental parameter explained between 3.4%128% of the variance,
while the temporal and shared ones ranged betwgati Bnd 37.61%, and
between 8.56 and 31.75%, respectively, dependinghentime interval

selected.
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Figure 2: Total yields and models for the perio@3-4936 (only considering SLT).
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Figure 3: Total yields and models for the period 14936 (considering SLT and

SIB).
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Figure 4: Total yields and models for the perio®d-2936 (considering SLT and

SIB).
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Figure 5: Gibraltar Strait yields and models for the perio823-1936 (only

considering SLT).
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Figure 6: Gibraltar Strait yields and models foe theriod 1610-1936 (considering

SLT and SIB).
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Figure 7: Gibraltar Strait yields and models foe theriod 1700-1936 (considering

SLT and SIB).
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Figure 8: Mediterranean yields and models for tkeeoad 1700-1936 (considering

SLT and SIB).

On the other hand, the unexplained part of theamag was always
lower than that explained by the models (environrmmporal+shared)
with the exception of the 1525-1936 period for teole area. These results

highlight the accuracy of our models.

Discussion

The historical capture records of bluefin tufidnnus thynnjsat
Western Mediterranean almadrabas reveal a decgeaisind between 1525

and 1936, with cyclical fluctuations associatectlimatic factors. However,
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this decreasing tendency in captures and theiri-gpegidic oscillations are

not new (Ravier and Fromentin, 2001, Ravier andrfemttin, 2004, Ganzedo
et al., 2009). Similar long-term fluctuations irhet fish populations have
been also described previously (i. e.: Cushing218&eit and Hagen, 1997).
Nevertheless, our results emphasize the relevahtieesun activity on the

long-term fluctuations of the BFT at the Westerndiierranean domain,

particularly during its minimum activity phases whihe tuna availability to

the fishery decreases drastically. This fact réslex decline in the stock
abundance due to climatic factors different frome ttemperature, in

agreement to what has been reported in previoutieste.g.: Ravier and
Fromentin, 2004).

Different mesoscale climate variables and with differentqafcity,
affect the tuna population dynamic as external ifye (Ravier and
Fromentin, 2004; Ganzedo et al., 2009; this studydrking behind the
observed gross fluctuations in captures. Spedgicablar activity are long-
term controlling factors (low frequency variabilityvhile the high frequency
variability is reflected by the SLT. However, anpamtant part of the
variability remains unexplained probably due to iiddal local-scale
climatic events and socio-political circumstancesr§, famines, bankrupts,
etc.). In this way, the massive recruitment of dishen that took place to
prepare the “Spanish Armada” (1588), the captur@ibfaltar by the Anglo-
Dutch forces (1704), the tsunami produced by thehgaake of Lisbon
(1755) or the depopulation suffered by Sicily aldhg XVII century could
have negative effects on the almadrabas efficig@aghives of the Casa
Medina Sidonia Foundation ; Russo-Adams, 2008).ekbaeless, social,
political and economical factors are assumed tofcal and short-time
impact on the almadrabas exploitation. Also, dgndiépendent processes,
reflected in the temporal term as the autocor@iatmust be important to
explain the small scale temporal variations in #8 years period range

(Solari, 2008). For these reasons, it can be cersitithat climatic factors are
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controlling low-frequency component in the BFT caps in the Gibraltar

Strait-Western Mediterranean domain.

The fact that climatic controlling terms (densitpdependent
processes) vary between models must be relatetetpredominant time
scale in each of the models. However, importandrmftion could be lost
when environmental parameters are considered alomgguse only those
with large periodicities remain significant. Thiise SLT (Mann et al., 2009)
remain noteworthy as an influencing factor on tHeTBThis result is in
accordance with Ravier and Fromentin (2004) obsiemvs, although they
suggested that long-term fluctuations were relatdhe inverse of the
temperature in the almadrabas domain. Moreoves largely known that
temperature is a key parameter in tuna metabolisigrations, reproductive
behaviour (in the Mediterranean, BFT generally spas the SST reaches
24-25.5 °C), larval survival and food availabilityjth direct consequences
on recruitment (Pepin, 1991; Hazel, 1993; Polovit@96; Korsmeyer and
Dewar, 2001; Schaefer, 2001; Graham and Dicksoi®4R0Also solar
parameters, concretely the solar irradiance (SH¥ also temperature-

controlling factors.

The small differences found between regions higilthe relevance
of local features and environmental conditions loa ebserved BFT capture
fluctuations. However, it is obvious that there semething else that
condition the success of the almadraba fisherythat our models are not
able to describe. As a main conclusion, the saltvity influences somehow
the BFT population dynamic and its availabilitytbe fishery in this domain.
When adding the SIB to the models, the climate eaptures oscillations
look more similar than when considering the SLTsakely responsible. In
this way, the Spdérer (1460-1530), Maunder (16455} &hd Dalton (1790-
1820) minima (Gleissberg, 1958); even the onesdbatirred between 1895
and 1930 in the solar activity series, coincidehvéitdecrease in the captures

recorded in the almadraba series simultaneouslgu(Es 2 to 8). For
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example, the extremely cold period occurred in Wmstope (the so called
“Little Ice Age”) from 1560 to 1600 (Fagan, 200rcbe detected in the

oldest capture series from the Gibraltar Straitisealrabas (Figures 5-7).

An increase in captures was always observed aftehese cold
intervals simultaneously with an increase of tha aativity (i. e.: warmer
climate conditions) produced during the three satdivity maxima occurred
after 1600. However, those warmer intervals wetteenough to restore BFT
captures to values as the recorded previouslygdvthunder minimum in the
Medina Sidonia Dukedom’s almadrabas. Several repdemonstrated that
the flux of energy that the sun transfers to theomsphere by charging
particles cause local warming and produce changtwicirculation patterns,
influencing the troposphere, temperature, air pressetc (Haigh, 1996;
Shindell et al., 1999). Furthermore, Egorova et(2000) and Neff et al.
(2001) pointed out that there is a strong positeenection between solar
eruptions, temperature and rainfall, and a negatelation with the air
pressure. However, our models do not include abéhfactors, and many
others which effects are still unknown, that cowlfifect the population
dynamic of BFT and/or its fisheries. Their influenés integrated in the
unexplained variance. Probably many of these nosidered climatic factors
have direct influence on the water temperatur@casr with the sun activity,
and this last on tuna recruitment. In this way, theriods of very low
temperature (i.e.: Dalton Minimum) were relatedow productive periods in
the almadrabas fisheries off the Gibraltar Straitd athe Western
Mediterranean coasts. This finding could be a ocgmeece of repeated
failures in BFT recruitment because the seawatapégature in its spawning
grounds did not reach the optimum level for repuatiten and larval survival
during several years (Ravier and Fromentin, 2004rIsSon et al., 2004;
Gordoa et al., 2009; Ganzedo et al., 2009).
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Abstract

Historical effects of environment on Pacific sadifBardinops
caeruleu3y and Northern anchovyEqgraulis mordakx were evaluated from
283 to 1970 A.D. Biomass registers are based ole-giegoosition in the
sediment off California. Climatic-population longrin synergies were the
goal of the present study, and to face it, seveypbs of data analysis
available for time series analyses were used (w&vstationary bootstrap
and Multivariate moving-window regression). Sigodt relationships were
found between the abundance of fish species frenyéars 940 to 1011 and
from 1324 to 1382, coinciding with two regime skifh their abundances,
when the environmental conditions favour both sgecDur results reveal
that either cold conditions or too warms ones cagak the significant
relationship between sardines and anchovies. Alsorainy periods as an
indicative of the Intertropical Convergence Zon€GE) movements (1300-
1350 for anchovy and 1308-1324 for sardine) andstier irradiance (1601-
1680) had influenced those species fluctuationshaisly through their effect
on water temperature and food availability. Thightights the role of
environment on the biomass fluctuations rather ihterspecies competition
(R = 0.2), mostly through the solar irradiance (R0=26), and through the
ITCZ displacement in less proportion (-0.1 < R <08).

Keywords- Anchovy, climate,Engraulis mordax Intertropical

Convergence Zone (ITCZ), River runoff, sardiBardinops caeruleyssolar

Irradiance.
Introduction

Small pelagic species, suSardinops caeruleu@acific sardine) or
Engraulis mordax(Northern anchovy) off California, are importantespes

from an economical point of view. But they are alfom an ecological
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perspective. For these reasons, they have beem awdriation for decades
(e.g.: Kawasaki and Omori, 1988; Silvert and Cradfd 988; Lluch-Belda

et al., 1989, 1992; Schwartzlose et al., 1999; €haat al., 2003). Several
studies emphasized the synchronic (or not) outpbiase in both species
abundance fluctuations (Soutar and Isaacs, 1974nDH980; Silvert and
Crawford, 1988; Baumgartner et al., 1992; Klyasntot998; Fredn et al.,
2003; Barange et al., 2009; Alheit and Bakun, 20HXhough this is a
qguestion that remains unclear beside all the studiarried out. Both,

anchovy and sardine, are planktivorous and utiieenmon food sources.
This is why some studies proposed that trophicgaatéons might explain the
inverse trends in abundance, due to a competitiptacement (Daan, 1980;
Silvert and Crawford, 1988; van der Lingen et 2006). This might indicate
a dependency on the habitat conditions (Baranga.ef009). Beside the
food competition, others mechanisms have been gezpdo underlie this
replacement: large atmospheric trends, as the iaAleutow (Chavez et al.,

2003) or the temperature tolerance (Takasuka,e2@0.7). For this last, it has
been found that cold phases favour the anchovies sardines (Lluch-Belda
et al., 1989, 1992). Instead, curl-driven upwellmguld provide feeding and
a better spawning habitat for sardines (Rykaczewski Checkley, 2008).
Furthermore, Fiedler et al. (1986) described a tegaffect of the ENSO

(El Nifio/Southern Oscillation) on the Northern amey in the California

Current Ecosystem. This was associated to an iserganutrients from the
upwelling that was detrimental for anchovies (Hsethal., 2009). On the
other hand, the relationships between both spédigmass and distribution
area for the period 1978-1995, as found by Baragtgal. (2009), appears
very similar for both species. Authors indicatedttthis may be reflecting a
decadal pattern of the habitat availability, rathlean species pattern of
occupation. None of the hypotheses are exclusive symergistic in a

theoretical framework; they suggest that both sgseoésponds oppositely to

external forcing (Barange et al., 2009).
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These types of studies might rely on catch datarorestimated
biomass. Catch data are generally more accessiolecretely for last
decades. They also provide better information conicg the fishery effect
on populations. Is also important to consider thaweys/catch data, use to
focus in one species even they report resultstfoare apart from the targeted
one. For instance, off California, surveys conddcie spring have good
coverage of sardine spawning, but less for anchdwe later spawns the
year-round but with a major peak in late winterisgrBarange et al., 2009).
Unfortunately this type of data series is usualtt fong enough to give
information about large-scale variability due tocttas different for the
exploitation of the stocks. In this sense, histrgeries (estimated biomass)
are valuable tools when analysing long-term flugtues due to
environmental factors. Long series of catches ateawailable because most
of the records have been gathered in the lastdealfury. For this reason,
reconstructed series are so important in thesesatianhs. Is noteworthy the
interest of scientific community in explaining tblearacteristics of ecological
time series and the linkages between populatiodsarironmental series in
the past, to understand the present and predicfutibee. In particular, a
variety of ecosystems and populations are drivenlange-scale climatic
oscillations (Jacobson et al., 2001; Cazelles.e2808; Hsieh et al., 2009).

The California region is of particular interestthis theme because
of the paleo-ecological investigations carried lmpSoutar (1967) and Soutar
and Isaacs (1969, 1974). They derived anchovy argiree biomasses from
the scale-deposition rate in two anoxic basinsG#fifornia (Santa Barbara
and Soledad basins). Anaerobic sediments consemggaahic residuals, such
fish scales, because anaerobic bacterium doesawetthe same destructive
effect as the aerobic ones. In addition, they ranasmost as undisturbed
sediments, due to the scarce of biota in anoxicirenments (only
bioturbation from 1810 to 1860 approximately, aporéed in Soutar and

Isaacs (1974) due to an increase in dissolved ayydgdso these substrates
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are characterized by a relative high pH value (ado@). This is an
indispensable condition to conserve an importantpmund of the scales, the
apatite (Soutar, 1967). From these series, Southisaacs (1969), inferred
that biomass of Northern anchovy was more consteant the Pacific sardine
one for the last ~2000 years; although anchovyaieve decrease for the last
1600 years and sardines scales are distinctly ggtge, with the greatest
variance occurring 1000 years ago. With Soutar wadcs (1974) series,
Kawasaki (1991) determines that even when the sandas not exploited, it
biomass was fluctuating widely, suggesting thatatems in this species are
“possible governed by natural causes, not by fighiBardine population off
California increased significantly from 1968 to B%and from 1980 to 1985.
These changes remain in phase with the temperatuiations (Kawasaki,
1991). In addition, Lasker and MacCall (1983) reipteted these
reconstructed biomass series considering the ssates and argued their
results in favour of the stock alternation hypothel any case, Soutar and
Isaacs’s series provide information of each speeislution and of the

relationships between them.

From the historical climatic perspective, threegéascale periods
must be highlighted: (i) the Dark Age Cold Perigd.(100 B. C. and 700 A.
D.), when the weather was cool and also marked hyingrease in
precipitation and storminess (Nunn, 2007); (ii) Medieval Warm Period or
the Medieval Climate Anomaly (ca. 750-1250 A.Dpddiii) the Little Ice
Age (ca. 1350-1800 A.D.). Noteworthy is also thensition between those
two last periods. Nunn (2007) calls it the A. DO03Event, which remains
the most rapid climate and environmental changehimwithe past several
millennia (Nunn, 2007). It was characterised in Bazific Basin, by a rapid
cooling, a drastic sea-level fall (~70-80 cm) ando@ssible increase in
storminess due to an increase of El Nifio events. Mbdieval Warm Period
lasted in California from 950 to 1220 (maximum effniperature at the 1000),

but prior to that, around the year 800 fish catcphesxies of sea-surface

124



Chapter 4Engraulis mordax and Sardinops caeruleffsCalifornia

temperature remains a minimum of temperature. After Medieval Warm

Period, a new temperature minimum was gatheredt@ In the Little Ice

Age (Li et al., 2000; Nunn, 2007). Also severe gfais affected California
during the Medieval Warm Period (Hughes and Bro®892; Steine, 1994;
Fagan, 2008). In most of the Pacific Basin, théld.itce Age was in general
cooler and arid than present, but also seasonallg rextreme (Hughes and
Brown, 1992; Li et al., 2000). Do these large-sgalecesses affect small
pelagic populations off California? Which climatjgarameter must be

controlling their biomass if interspecific interaets are minimized?

It has to be taken into account that the effedhefenvironment in
ecosystems is not as simple as considering only vam@ble. In nature,
plenty of factors are taking place together anckdiifig populations in
different ways depending on periodical nonlineaeraction of some or other
groups of climate parameters (e.g.: Hsieh et &1Q92 Also it has to be
considered the possible effect that one speciesitntigve on the other.
Trying to shed light to the complexity of the systethe present study is
focused on the possible effect that the environnfelimate and biological
processes) can have on these two marine commgreigtlloited fisheries,
Northern anchovy and Pacific sardine, off CalifarniTo reach this aim,
different types of climate data and statistical lgses were performed and
compared.

Material and Methods

Data set

1. Capture Data

The reconstructed time series of Northern ancholpgtaulis
morday and Pacific sardineS@rdinops caeruleysn the Santa Barbara and

Soledad basins (California) where extracted fromrBgartner et al. (1992).
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These series were obtained from the scales fourmdries (Figure 1) at the
guoted basins (Soutar, 1967; Soutar and Isaac§, 1964).

40°N

38°N

36°N

Latitude

34°N

5
£
4
(-]
<
s
g
<3
o

32°N
124°W 122°W 120°W 118°W 116°W
Longitude

Figure 1:Map with the scales sediment cores location (rachdind) and the mouth of
the Sacramento River (yellow square) (Schlitzer9200

2. Climate Data

Different types of climate parameters where considdooking for
the large-scale variability of the system. Mosttleém were gathered from
on-line data bases. These data where: (i) Sacrani&imer (Figure 1) flow
reconstruction from 901 to 1997 (River hereafteeki] 2001); which might
be a climate index that reveals the monsoon nortthwasplacement related
with the ITCZ movements over the Northeast Patifrough the rainfall that

derives in a higher river runoff (Janowiak et 4B95; Chiang et al., 2000).
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Besides, rivers discharges are also a source gfiiraer that diminishes the
salinity, but they are nutrients suppliers too (NuR007), and small pelagic
fishes, concretely the anchovies, are favouredhis features of the river
runoff (Checkley et al., 2009). Other considerediades were: (i) El
Niflo/Southern Oscillation (ENSO hereafter) from @66p to 1970 by
McGregor et al., 2010; (iii) the Pacific Decadalcfllation (PDO hereafter)
from 1470 until 1970 (Shen et al., 2006); and fig}yllium-10 (Be hereafter)
reconstructed series, from 1000 to 1970 by Cro2€0).

Statistical analysis

Time series analyses are powerful tools when iiyatitg long-
term fluctuations of populations and their relasbip with the environment.
For instance, ARIMA model and spectral analysesiclvtare less used
nowadays due to the fact that they might give sjusrirelations. They also
considered stationarity and linearity of the seerd these is unusual in data
sets. The most recently used, because they dossotrees stationarity in the
series, are the state-space method when seriegirtomhissing values and
detrened series are needed (Durbin and Koopmari,; 28eh et al., 2009);
the non-parametric stationary bootstrap for coti@ba (Politis and Romano,
1994; Hsieh et al., 2009); a wavelet analysis (@oce and Compo, 1998;
Maraun et al., 2007; Hsieh et al., 2009); or thdtiple regression test (Hsieh

et al., 2009); among others commonly used in #ps Of evaluations.

The following methods were considered in ordemata@tinto account

the possible non-stationarity and non Gaussiarreatithe data.

(i) Wavelet Analysis (following Maraun et al., 2007):
This method is commonly used for analyzing localizeriations of power
within non-stationary time series at different fuegcies (Torrence and
Compo, 1998). For instance, this is the case ofogaal processes. This

method also permits the analysis of the relatigndfétween two signals,
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especially appropriate for following the gradualanpe in forcing by
exogenous variables (Cazalles et al., 2008). Hethim continuous Morlet
wavelet mother function was considered, due torhglexity and because it
contains more oscillations than the Mexican Hat. artee former, combines
positive and negative peaks into a single broadk deae Torrence and

Compo, 1998 for more details).

In the present study, the 95% confidence level wasd for
detecting significant relation between variablemaeging all the possible
random noise influence in the results. The configeinterval at 1 level is
the interval that contains the true wavelet powtea a&ertain time and scale

with probability 1e (Torrence and Compo, 1998).

After choosing the wavelet function and setting sitales for the
analyses, the cone of influence (COI) was fixedalbthe cases in evaluation,
the cross-spectrum and the coherence were obtdihedCOl is the region of
the wavelet where the possible noise of the sextleges is excluded. The
coherence wavelet is the amplitude of the waveletszspectrum normalized
by the spectrum of each signal. It is a direct measf the correlation since
it quantifies the relationships between the considetwo non-stationary
signals. The phase of the wavelet methods repieseattime delay between
both signals (Maraun and Kurths, 2004; Cazelleal.et2008; Hsieh et al.,
20009).

Results were checked for different smoothing lengtghproposed in
Maraun and Kurths (2004): peaks that appear onlyafgingle smoothing
length were treated as artefacts; peaks that semsistent for different
smoothing were taken into account. In additionn4bliack lines denoting
significant correlations were considered as possplurious correlations and
treated with caution. Thick-black lines are strangggnificant results. The
latter were the ones considered from now on, athahe others were kept in

mind. The upper plots are the wavelet coherenceravhigh variability is
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represented in red and low one in blue; the plateurit is the phase/out-of-

phase relations of those variability’s.

(i) Stationary bootstrap (Politis and Romano, 1994)
was applied to all possible pairs of variables, dpdcial attention was given
to those pairs that remain significant or highlyrsficant through the wavelet
test. Significant results obtained from this baagsttechnique, which were
not found in the wavelet, should be bear in mindimaportant punctual

phenomena.

This is a resampling technique of blocks from iordd) series, each
block of random size, forming new pseudo-time seri€his procedure
preserves the autocorrelation structure within ioalyseries. However, to
gain the stationarity, this method considers thieses a circle (avoiding the
end of the series problem), and resamples blockkamough observations in

the pseudo-time series have been generated.

In the present case, several resampling lengtle yweoven (500,
1000, 2000, 3000..., 10000). Finally, 2000 repésavere considered enough
since it gave in all cases roughly the same resiés using longer
resampling procedures, with the only differencet the latter took longer
time in the modelling execution. It calculates st@al errors and constructs
new (red lines) confidence intervals (0.025, 0.9%%) the parameters in

evaluation based on weakly dependent stationargreastons.

This methodology was applied to the, apparentlgniBcant
wavelet results. If after applying this stationabpotstrap, with more
restrictive confidence intervals, relationships westn pairs of variables
remain significant, those wavelets were considaseualid results. Contrary,
they were discarded as possible artefacts signifieations, which may fall
into the 5% of fortuitous results taken into acdoarthe wavelet analysis, if

they were no significant through the bootstrap.
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(iii) Multivariate moving-window regression (Casals et
al., 2002). This third method allows seeing whichiables are, potentially,
affecting in different periods of the time serieskioth species abundance.
Also this gives an idea if significant correlatioase found at several time

lags among different groups of variables.

The window-size (wl) in years was selected acemydo the long-
term processes that were looked for. To see largke<limate influence on
medium-life cycle species, wide windows should besidered. Due to the
different nature of the environmental variablessidered, an intermediate wl
was considered (wl = 50). This length allowed tle¢edtion of large-scales
variability without diminishing the short-scaleses as the ENSO punctual
effect. Smaller sizes gave back too noisy resalt&] bigger ones remain
scarce. Also the numbers of years that the windooulsl be moved (step)
must be fixed accordingly to the aims of interestsand the length of the
series. To gain satisfactory results, 10-years stepe considered. Finally,
the lagged years (3 years) for the cross-correlatiovolved in this method
were also determined considering the species jitdes (FAO, 1985, 1988).
The Pacific sardine can live for 20-25 years (FA®85), however it was
considered that in the first stages of developmémy are more
environmentally influential. On the other hand, tierthern anchovy gets it
standard maximum lengths with 2-3 years (FAO, 19B8j all this, a 3 to 5-
year lags were considered in order to evaluateatéraffect on those species.
To validate the results of each window analysishaotstrap test was

conducted following a step-wise procedure for 10€etitions.

In the x-axes of the Multivariate moving-windowgression figures,
are the year’s scales. In the y-axes the diffecentsidered variables within
this analysis are plotted; in each bar, the dothénvertical are representing
the significant correlations lagged in time. InstBense, the lowest dot is the

significant correlations within variables for a 8ay lag, the second upward is
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the 1-year lag correlation, and so far so on. @hlysis was conducted with

each species and this is indicated in the firsizbotal bar of the plots.

Results

Wavelet and Stationary Bootstrap AnalysEsam all the analyses
done just the coherence wavelet with significarsulis (0.95% confidence
level —significant at 5 %-) inside the cone of ugfhce (COI) are shown
(Table 1). Periods that appeared as significantobtlhe COI are dismissed
because there might be an edge effect due to tite fength of the time
series (Torrence and Compo, 1998). This last wacted in the stationary
bootstrap when constructing pseudo-time seriesreles A value of zero in
the phase of analysis indicates a shift from phaseut-of-phase or vice

versa.

With this method, significant associations betwabuondance of the
anchovies and the sardines (Figure 2) when thdiaWeur was shifting
(phase=0. This means that before the correlatienrd¢ftation between both
species was out-of-phase and that after the sigmificorrelated period it
turns to an in-phase period). The first significeglationship among the two
species was from the year 940 to 1011; rangingc#esfrom 17.6 to 30.6
years. The second one was from 1324 to 1382 aadsgale from 15.3 to 24
years. These significant results in those two mriwere tested through the
stationary bootstrap correlation coefficient R 0.2). Focusing on the
significant bars at the stationary bootstrap pibGan be appreciated that
sardines and anchovies population during severky@ 0 negative lags and
1 positive lag) are somehow related through anreateforcing or through

their interspecific relationship.
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Figure 2:Wavelet Coherence for the anchovies and sardinesdsiges. The upper
figure is the coherence variability and beneath fhe phase/out-of-phase relationship.

If attention was paid to the effect of differeninthte variables in
each species, it was found that the ITCZ fluctuetjdhrough the Sacramento
River runoff has a slightly significant influence the anchovy population as
seen in the wavelet analysis (Figure 3). It wasreqipted that there were
some orange-red zones from 1300 to 1350 and in,16&0oting a high
relation among the considered variables. Goinghéurt these relations
coincided when the behaviour was close to a swifiveen phase and out-of-
phase processes. The stationary bootstrap evidgheédhese were really

negative significant relationships, but they weoéwery strong (R < -0.1).
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Figure 3:Wavelet Coherence for the anchovies biomass aghi@sSacramento River
flow. The upper figure is the coherence variabitityd beneath it is the phase/out-of-

phase relationship.

As happened with the anchovy, the abundant rajniddich derived
in a high Sacramento River flow, also affectedRlagific sardine through the
wavelet analysis (Figure 4) between the years L&}, during 2.4 years
(4.1-6.5). Small significant regions (red) are ampmted alternating with no
significant ones (blue). The stationary bootstrdightly reflected this
negative relation (R=-0.06) with a 23-24-years latpwever, it was not
highly significant (significant R close to the intal of confidence).
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Figure 4:Wavelet Coherence for the sardines biomass agdiessacramento River
flow. The upper figure is the coherence variabitityd beneath it is the phase/out-of-

phase relationship.

The Beryllium-10 affected the Pacific sardine paioin in a highly
significant way (Figure 5) from the year 1601 t@Q6in a 2.6 scales of years
(5.1-7.8). It is an out-of-phase relationship. Bk&tionary bootstrap reflected
this negative influence with a lag of 10 years orvéR ranging roughly
from -0.22 to -0.28).
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Figure 5:Wavelet Coherence for the sardines biomass ag&iedBeryllium-10. The
upper figure is the coherence variability and b#metis the phase/out-of-phase

relationship.

The remainder environmental variables did not haweasistent
significant results in the wavelet analyses, neithghe stationary bootstrap

test.

Multivariate Moving-window Regression Analysiéfter testing
different parameters sizes, the wl=50, steps=103aladjged was considered
the right size within the length-of-influence of ethdifferent climate
parameters (not to wide either to short) in theredations with anchovies
(Figure 6) and sardines (Figure 7) off CaliforriRepetitions of the analysis
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were done 1000 times. Is important to rememberyges in which each
series begun: enso (1650-1970), PDO (1470-1970§18@0-1970) and river
(901-1970). Both species series started at theaB8Jinished in 1970 A.D.
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Figure 6: Multivariate window-moving regression saering anchovies as the
dependent variables. All the climatic parametessyell as the sardines data are the
independent ones. The wi=50, the step=10 and anmuatilag=3.
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Figure 7: Multivariate window-moving regression saering sardines as the
dependent variables. All the climatic parametessyell as the anchovies data are the

independent ones. The wi=50, the step=10 and anmuatilag=3.

In general, what this analysis highlighted wast thavironment
variables effect is not persistent in time but dfea the Northern anchovy
and the Pacific sardine. And that they do not at¢lg. Also, that all the
variables show a different wide-cyclical signifitar significant interactions

with both species.
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Table 1:Summary of the wavelet coherent and bootstrap aeslgignificant results.

Correlation Length of .
. . . . Correlation
Pairs of variables period correlation .y
coefficient
(Year) (Year)
Anchovy-Sardine 940-1011 17.6-30.6
0.2
1324-1382 15.3-24
Anchovy-Sacram. 1300-1350
River
* <-0.1
1600
Sardine-Sacram. ;305 1374 4165 -0.06
River
Sardine-
Beryllium10 1601-1680 5.1-7.8 -0.26

*This significant correlation was verified througte bootstrap analysis, although in the wavelet
method it seems that it might be a spurious cdiogla This is why it was not possible to
determine the length of the years of correlatiomwelver, the result validated through the

bootstrap was relevant enough to be highlighted.

For the anchovy (Figure 6), it was appreciated tima abundance of
the next year was dependant on the year beforthéowhole period. Some
effect was detected with 2 and 4-years lags, miptioportion of significant
results increased for lags=3 and 5. Sardines se¢mededominate on the
Northern anchovy only for certain stretches of gegiod analyzed. There
were only two relative long periods (650-920s ar@DQt1200s) without
sardine linkages recorded. Also the influence efabld weather indicated by
an increase in the Sacramento River runoff, canldtected after the year
1200, 300 yeas after the beginning of the seribg. FDO remains the less

influential variable on anchovies; just some inflae can be detected in the
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mid XVI century and beginning of XX. The Be seemsbntrol the anchovy

population every ~200 years during cycles of 15yea

When evaluating the sardine abundance (Figuré @an be seen
that the Be was cyclically well correlated withditiring the whole period.
However, it did not reflect relative long periodgheut affecting the sardine
biomasses, as happened with the anchovy. The IT@&xj through the
Sacramento River, gave significant relations wisindses only during the

XII century period and few isolated years afterward

Discussion

We have presented the results for a large-scaltuai@n of the
effect that the environment must be having on theifie sardine and on the
Northern anchovy off California. It has been laygatgued if both species
live in a permanent competition for their feedirggaurces and the habitat
they occupied (Soutar and Isaacs, 1974; Daan, 198@&rt and Crawford,
1988; Baumgartner et al., 1992; Klyashtorin, 1988e6n et al., 2003;
Barange et al., 2009).

In this evaluation of the system, it was found arttvcsignificant
relationship between anchovies and sardines (F3gRres and 7). The first
relation was obtained from 940 to 1011, this calesiwith the beginning of
the Medieval Warm Period (950-1220 in California.et al., 2000). At the
year 1000, a temperature maximum was reached whedms to be
detrimental for this relation. The second significaorrelation period (1324-
1382) coincides with the end of the A. D. 1300 Bvamd the beginning of
the Little Ice Age; just after this period, in 140@&re were another minimum
that broke the two species relationship. Thesdtseate an indirect measure
of the effect of temperature on both, sardine amcthavy. They corroborate
the hypothesis of an Optimal Growth Temperature,aasextent of the

Optimal Environmental Window Theory, proposed bkdsuka et al. (2007).
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Our results reveal that either cold conditionsoar warms ones can break the
significant relationship between sardines and avielso We assume that this
is a co-existent relation since the phase of theelea analysis reveals that
there is not a positive either negative trend (ph@3 This is not arguing in
favour of the species replacement; it rather agrettsBarange et al. (2009)
about the fact that the alternation in species ibayclimatic more than
behavioural. They also found a similar behaviownfr1978 to 1995. If
environment conditions favour the biomass growttbath species they can

co-exist.

Furthermore, we are evaluating the system from rgelacale
perspective. The ENSO is an important punctualr{sseale: once every 3-7
years) phenomena. For this reason, the signifiaadtnegative relation with
the anchovy observed by Fiedler et al. (1986) nayrderestimated, but not
inexistent, in the present study, even though itdétected through the

Multivariate Moving-window Regression Analysis (Eigs 6 and 7).

The effect of the ITCZ in the Atlantic and Pacificean has been
widely evaluated through indirect measures: SS&cipitations, cloudiness,
amount of solar irradiance arrive to the earth, @eser and Wallace, 1990;
Philander et al., 1996; Janicot et al., 1998; Giiamd Vimont, 2004; Cobb et
al., 2001; among others). As pointed out by Chiahgl. (2001), the ITCZ
localized over the Tropical Atlantic shares simfleatures with the one over
the Eastern Pacific due to the strong coupling betwthe ITCZ's and their
oceanic cold tongues. When the Eastern Pacific ITCHear or south the
equator, the Tropical Atlantic one tends to stastmof the equator. This is
translated as a reduction in rainfall at the so@ttantic equator and
intensification in the north as well as in the EastPacific (Chiang et al.,
2001). Beside this, positive SST anomalies in thedforial Eastern Pacific
and negative rainfall anomalies over the west aficaf have been related
with a east-west divergence circulation over thepical Atlantic. This was
linked to strong warm and cold ENSO events (Janitadl., 1998). In this
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sense, it should be highlighted the slightly sigaifit out-of-phase
relationship found when comparing the anchovieisnaged biomass with the
Sacramento River flow (Figures 3) as an indiredein of the ITCZ (from
1300-1350 and in 1600). This coincides roughly wiith end of the Medieval
Warm Period, implying the beginning of the tempemtdecrease and the
precipitation increase in the Pacific (SacramenteeRrunoff). This put in
evidence the sensitivity of the anchovy to tempemthanges rather than the
sardine. But concerning feeding response, probbbth species react the
same way, although sardines seem to give a clemsgbnd. Sacramento
River flow influence on anchovies and sardines iars@nificant (Figures 3
and 4, respectively). In both cases the relatignslsi out-of-phase.
Furthermore, this significant relation was founainfr 1300 to 1350; and from
1308-1324 for anchovies and sardines respectivEhese two periods
coincides with the end of the A. D. 1300 Event &edinning of the Little
Ice Age. In this period, also a co-existent relaitip was described in this
study for both species (Figure 2). Nunn (2007) dbed a possible change in
river-end due to the sea-level fall; the coast Bheuld readjust to the new
shore conditions. This may be implies a higher iero®f the coast and
consequently, more sediments and nutrients to duenmrealm (Soutar and
Isaacs, 1969; Nunn, 2007). This might produce anghain the trophic
structure of the region, decreasing the availabdit adequate food and so,
the negative respond of anchovies and sardinesllfirsardines also react
negatively to the solar irradiance (through the Beym 1601 to 1680
(Figures 5 and 7). This relationship can be expldiby the feeding habit of
this species, which is predominantly based on ghgtikton (Kawasaki and
Omori, 1988) that in turns is controlled by primgsyoduction. Between
1645-1715 there was a minimum in the solar actigi#jis the Maunder
Minimum (Gleissberg, 1958); this might explain thetrimental effect of the
solar irradiance on sardines during those 70 yaAlfsy this solar activity
minimum affected sardines and did not seems todragapthe same with the
Sporer (1460-1530), Dalton (1790-1820) or the Copierary (1895-1930)
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ones? We associate this to the fact that the Mauddemum occurred after
the 1400 minimum temperature, so probably, theisargopulation was

already diminished.

Environment variables effect is not persistentimet but do affect
the Northern anchovy and the Pacific sardine. & haen also highlighted
that they do not act solely as shown in Figuresd A& From both figures, it
can be appreciated that the PDO and ENSO are $kerifluence variables
on the two evaluated species. Contrary, the highastber of significant
results were found with the Be and the ITCZ in bo#ises, through the
Sacramento River, as an indicator of a much coldeather, affects largely
the anchovies abundance; it remain no so signifieath the sardines. This
last was not exactly the results obtained by thevipus methods; we
consider that this is due to the combined effeatasfous climate parameters.
And so, this may be the most approximate resulittat must be occurring in

nature.

The wavelet approach over classic techniques hesulted
advantageous because it does not assume statyoneahich is a feature of
the series considered. It is known that ecologtoak series can change
dramatically with time. Wavelet analysis providesvay to follow gradual
changes in the forcing by exogenous variables @aghenvironmental or
climatic variables (Cazelles et al.,, 2008), altHoug does by pairs of
variables. However, wavelet results should be destigh other method that
involves a stepwise replacement procedure to distih and validate strong
significant correlations from artefacts within t6& of possible random. In
our results was evident that spurious significagiations were obtained
through the wavelet and dismissed by the statiobagtstrap. In addition,
also significance that was ambiguous was finalljeced through this
validation test. Neither of these statistical amaly provides information
about the underlying ecological mechanidimere is not a single relation,

either between cyclical features and biological ma@isms. A given pattern
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of association between series may be generatediigeavariety of different
mechanisms (Cazelles et al., 2008). For examplehave shown that small-
pelagic populations off California are relatedhe solar activity (through the
Be) and the river runoff linked to the ITCZ dispaeent over the Pacific
basin. But, we have not proved that those variablesthe only factors
accounting for the anchovy and sardine fluctuatiom® reduce this
uncertainty, multivariate window-moving regressamalysis was conducted.
There we saw that all the considered variables wpdaging a key role in
some moment on the marine populations evaluateen Ewose that remain
no-significant when considered solely. HowevertHer studies are needed to
get closer to answer the question of how climatiects anchovies and
sardines. Even the present study may be a stepafdswthat uncertainty,
more variables should be taken into account aname precise multivariate

regression test should be done.

To conclude although a replacement may be occurviittin
sardines and anchovies off California up to somentpoour results
highlighted the environmental influence when coltitrg both species
fluctuations rather than their biological interacs (in accordance with
Barange et al., 2009), since under certain conditardines and anchovies
could co-exist as derived from our results. As praphant climate
parameters, the ITCZ and the solar irradiance r@utli measure of
temperature and phytoplankton availability) are tineain variables
influencing these species biomass fluctuationsvddrifrom scales in the
sediment concerning this study. Regarding this, might think if this series
are not introducing some noise in the analysiscbaterning this it has been
demonstrated the consistency of this data seriasr{@artner et al., 1992;
Field et al., 2009). However, further studies aeeded to reduce the

uncertainty on how global and local climate migtieet them.
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“The Earth functions as a unique and auto-regulated
system, formed by physical, chemical, biologicatl an
human components. The interactions and fluxes of
information between the former parts are compled an
highly variable in multitude of temporal and spéatia
scales (Lovelock, 2007)

The actual loss and alteration of the biodiversitg worrying issue.
Concerning this, enormous attention has been pmaithé climate change
caused by anthropogenic actions and to the ressumeerexploitation.
However, the influence of the climate goes furthmrt to understand this,
studies have to go back in time as far as possthleough historical studies
are limited by the quality of the documents usegiemore as going further
back in time) this kind of information become seaend harder to interpret
(Cushing, 1982). The apparent response of maringystems to short-term
and decadal scales atmospheric variations sugdbatsthe large scale
climate/ocean processes may be the principal regdgerfor the fluctuations
observed in marine populations (Poulard and Blam;h2005). Concerning
this issue, the knowledge that the biosphere amdtimosphere are linked is
not new (Bernal, 1951; Wigner, 1961; Lovelock andriyulis, 1973). In
1972 James E. Lovelock proposed the Gaia Theorgdbas the idea that
“life is one member of the class of phenomena wdrielopen or continuous
reaction systems able to decrease their entroghaexpense of free energy
taken from the environment and subsequently rajeictea degraded forin
This means that the biosphere and the physicalhEeoimponent are
integrated, forming a complex system. How can they isolated? It is

impossible to understand what is happening in drteem without knowing
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the behaviour of the other. Related to this, it h&en stated that, the
observed punctual (chapter 1) and medium/long-fgtmpters 2-4) changes
in the marine ecosystems are, in a high proportaue to the climate

variability. Largely in the literature the importan of local condition is

highlighted (Cushing, 1982; Caballero-Alfonso et @010; chapter 3), but
large-scale atmospheric processes are gainingnteeest of the scientific
community. Marine ecosystems are complex adaptystems (Alheit and

Bakun, 2010), and characterized by the non-lingaoit their dynamics

(Ottersen et al., 2004; Alheit and Bakun, 2010)isTimplies that small

changes in large-scale climate patterns (e.g.:. EN6@AQO) may produce

large effects at various species and/or trophieleyOttersen et al., 2010).
Due to this, it is essential to determine the anminent’'s degree of influence
(Levin, 1998; Ottersen et al., 2001).

The goal of this Thesis was to contribute to thengrehension on
how climate has affected marine ecosystem. Firsifyextensive review of
the historical knowledge on the evolution of therima ecosystems, as well
as of the climate was carried out. After that, hewme species response to
climate variables changes was posed. As an appatximto the proposed
objective, three types of marine groups (with d#éfe biological mechanisms
and possibly different responses to natural climatgiability) were
considered: relatively short (cephalopods), medi(ciupeids) and large

(bluefin tuna) life span species.

Marine organisms show a broad range of responsessviconmental
changes, due to the nature and intensity of théngadbrce, but also
associated to the life features of each populatidris complexity in the
responses may explain the patterns of recruitm@umshiing, 1982; Caddy and
Gulland, 1983) and also the biomass variations r{€&geand Collie, 1997)
observed in marine populations. The biological ¢jesncan be seen in
multiple space and time scales. An evidence of fasts marine population

can evolve related to environment changes aréeallihusual events gathered
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in the Introduction, which are only an small representation of what is
reported in the literature (Quéro, 1998; Stebbingle 2002; among others).
A recent example is the caught, out of its distidou range, of two
specimens of football octopu®¢ythoe tuberculajaoff Cantabria (North-
west of Spain) related to an anomalous warminghef3ST (chapter 1). In
the same way, thé@ctopus vulgaris(chapter 2) is highly temperature
dependent in its embryonic development, paralastage, benthic settlement
and spawning-catching peaks (Boyle, 1983). Ceploalsare short-life cycle
species (Boyle, 1983, 1987; Hernandez-Lopez ef@0]1) and this implies
that their responses to environmental changesaate(flernandez-Garcia et
al., 2002; Pierce et al., 2008). If the environrmakbrce is strong enough,
this influence can be detected with days of dektyvben the forcing and the
anomalous capture or sighting (chapter 1). Howdgemore common to
appreciate the effect in a seasonal scale as ezpéot the Canary region
with the common octopugOtopus vulgaris catches (chapter 2). Here the
highest catches took place in spring (35.82%) amtuman (25.52%)
coinciding with the spawning peaks (Figure 3 —|efhapter 2).
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It was also seen that the temperature has an mvelation with the
octopus Capture per Unit of Effort (CPUE). Moreilstry was the
relationship with the NAO, which was direct for boseasons with the
octopus abundance when the NAO index was changmagep In spring it
explained the 28.64% of the fluctuation variancesamwhile in autumn it
accounted for a 31.13%. These results were alsndfdly Polanco et al.
(2011) using a wavelet analysis that might cortketerror associated to the
lineal models applied within chapter 2; this finglirs giving consistency to

our results.

As Cushing (1982) posed, théish stocks are sufficiently remote
from climatic events to restrict the number of ptgisfactors common to
botH'. This idea can be extended to all marine popoiesj but also the
interest has to focus on the details of which \@eis are influencing each
species population in higher or less proportion.this sense, data sets
compiling and computerization, as well as the stiahl methods are
improving and representing in a better way withetimhat is taking place in
the nature. However, larger and more truthfulndsaatic and biological
series have to be gathered and available for flkeatfec community. Besides,
factors as the wind, the temperature or the sotéivity variability still
predominant in the determination of the rates dfirsd increase or decrease
of the marine stocks through their effect in larvaed juvenile stages
(Cushing, 1982; chapters 1-4). This is also obgkimghe octopus biomass,
where the temperature and the NAO affected octqaualarvae survival,
growth rates, age of juvenile benthic settlementl &ne timing of the

reproductive peaks; that is, on recruitment tofiieery (chapter 2).

Previous works, since the 1990s (Ottersen et 2001), also
highlighted the influence of this atmospheric pattes the ENSO, the NAO
or the ITCZ displacement, on other type of marinpylations. For instance,
Fromentin and Planque (1996), stands out its infteeon two Atlantic

zooplankton speciesCalanus finmarchicusand C. helgolandicus Both
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species have different spatial and temporal paténnthe eastern North
Atlantic and in the North Sea (Planque and Fromeit996) due to different
responses to environment and because of othergitaldactors. Their long-
term trends are opposite. On the other hand, pediAO values are related
with low C. finmarchicusabundances and vice versa. Fromentin and Planque
(1996) posed that the relationship between NAO @nlelgolandicuss less
evident (only the 18% of the variability is explathoppositely to the 58%
observed with the other copepod species), but ritaies as a positive
relationship. However extreme NAO indices causedstilt changes in
Calanusspecies. The differences in the way the NAO infaee these two
species are associated to the intermediate fastars the wind stress, the
temperature or even the competition between thererdll, the NAO seems
to be the main responsible controlling tBalanusreplacement. A NAO
effect can be also detected when evaluating highgphic levels. For
example, a positive NAO in the north of Europe (iegp cold phases in the
Mediterranean basin) translates in warm years finaiured higher growth
rates and survival of the co@&dus morhupin the Arctic, Norwegian, west
Greenland and off Canada waters. This derived ins@ in the capelin
(Mallotus villosu$ consumption in the Barents Sea by cod. The same i
observed with the North Sea cod (Ottersen et @012 It has been seen that
the NAO caused changes in the thermal habitateoftlantic salmon%almo
salar) too (Ottersen et al., 2001; Drinkwater et al.1@0) because its
distribution range decreases with positive NAO ealfwarm conditions in
northern latitudes) and expands when negative tiondi occur. This
behaviour has also been detected for the cod iB#rents Sea, the herring
(Clupea harengysand for sardinesSardina pilcharduin the northern of
Europe (Ottersen et al., 2001). In the last twaesathe herring is favoured
with negative NAO indices, meanwhile the sardinesfgys positive values
(Brander, 1995; Alheit and Hagen, 1997; Ottersemlet2001). These are

more or less direct responses to NAO, but complegsomight involve
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physiological responses that modulate populatiordgnamics and

interactions (Ottersen et al., 2001).

The NAO affects different species in different wayhen it is in
positive or negative phase. In chapter 2, the NAfected the common
octopus when changing from one phase to anothémeitCanary Islands. All
this results highlight the need of evaluating tffeats of climatic oscillations
at individual, population and community level (Ché-Alfonso et al.,
2010; chapter 2). This is due to the fact that speltterns affect the
reproduction, abundances, distributions, speciaspetition... responses.
Also a bigger comprehension of the intermediate haeisms, between the

NAO and the ecosystems response, should be gatfeteaisen et al., 2001).

Beside the previous results, no significant infice of the NAO has
been detected in other species such the bluefia @hunnus thynnys
(Ravier and Fromentin, 2004; Ganzedo-Lopez et 2009). Although
Santiago (1998) reported that the relationship betwwinter NAO index and
bluefin tuna was positive, but negative with albrec@. alalungg. Contrary,
the temperature has been largely considered asaire controlling factor in
the northward bluefin tuna migration up to theimwming regions in the
Mediterranean Sea (e. g.: Ravier and Fromentinl 2R@vier and Fromentin,
2004). This is not trivial since it is the varialifleat controls biological
processes as the reproduction phase or the spawmimgent (Fromentin,
2006; Goldstein et al., 2007). However, in cha@@dhe importance of the
solar activity (measured as irradiance. Lean, 20083 highlighted as a
possible cause under the observed long-term abuadhrctuations, together
with other climatic factors. In the Gibraltar Strl610-1936) a 68.02%
explained variance of the Bluefin tuna fluctuatiomas observed; while for
the western Mediterranean (1700-1936) the explaiaeidince was of 46.5%.
More over, those abundances minima coincides wighminimum values of
environmental variables (Figures 6 and 8 of theptdra3). These minima

corresponds with the solar activity minima desdilie the literature, which
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in turns controls the temperature (Gleissberg, 19@&nd et al., 2001).
However, an important part of the variability inetlttonducted analyses
remains unexplained probably due to additional llgcale climatic events
and socio-political circumstances (e.g.: wars, fesj bankrupts, etc.) that

historically affected the Mediterranean countried this traditional fishery.
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Figure 6 of the chapter 3: Gibraltar Strait yieldsd models for the period 1610 to
1936 (considering the SLT and the SIB).
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Figure 8 of the chapter 3: Western Mediterraneafdgi and models for the period
1700 to 1936 (considering the SLT and the SIB).

For the bluefin tuna (chapter 3) local featuresrsée be playing a
key role in the abundance of the stocks. Smalledifices were found
between regions considered in chapter 3 (i.e.: &Rdor Strait and Western
Mediterranean). Concretely, the fluctuations of Mediterranean domain
seem to be less explained by global parametersthiga@ibraltar Strait ones.
Also, in cephalopod species local features are itapb because of their
rapid response to environmental changes. In ch&ptiewas highlighted the
differences between regions for the same spetiescammon octopus. For
example, concerning the temperature, Sobrino e(2802) found that the
maximum octopus abundance coincided with the minmimsea surface
temperature (SST) registered at the studied dor(@uif of Cadiz), as

happened in chapter 2. In contrast, Balgueriat €2@02) and Moreno et al
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(2002 reported for the Saharan Bank and the Portugussst,aespectively,
that maximal captures coincided with the highesT 3% those domains.
These are clear examples of the effect of climfaticing on the recruitment
when controlling populations abundance (chapten@ 3), but some times
adults can move out of their habitat looking forttée conditions if the

environment conditions favoured it (chapter 1).

In this sense, Drinkwater et al. (2010) explainat tlobserved
changes in marine ecosystems are a consequertee lotal conditions. Also
large-scale climatic indices often account for gigant portions of this local
or regional variability. This is because the locknate changes are often a
response to the large-scale processes, and theglated to several physical
elements (air and ocean temperatures, sea iceswindue to this, they can
be more representative of the climate forcing thagp single local variable
(Stenseth et al., 2003). Also, local indices cary wgnificantly while large-
scale indices are smoother, with less signal ofengbtenseth et al., 2003).
Furthermore, a variety of ecosystems and populatane driven by large-
scale climatic oscillations (Jacobson et al., 2a04zelles et al., 2008; Hsieh
et al., 2009). Drinkwater et al., (2003) point d¢liat ‘in some cases large-
scale indices can account for as much, or at timese, of the variance of
the ecosystem elements than the local intlidédse advantage of using large-
scale climate indices is the possibility of linkinimate-induced ecological
dynamics over a range of trophic levels, specied, geographical locations
(Drinkwater et al., 2010).

To diminish the uncertainty concerning how natulahate (large-
scale) variability affects different populationgné-series should have, at
least, more than 100 years data (as concludedtfilemmonducted time-series
analyses within this Thesis). Global marine ecasyst long-time series are
not common in literature either in data bases. Hawnethe California basin

is one of the most documented regions concerniagltmate effect on fishes
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due to the California Cooperative Oceanic Fishdngsstigations (CalCOFI)

program.

Pelagic ecosystems vary largely in spatio-tempsrales (Hayward,
1997; Ottersen et al., 2010). From chapter 3 aitdcdn also be concluded
that the biological response to environmental Vmlityt differs between
species. In the mid-1970s, the sea surface temyperaind the upwelling
intensity off California increased, although this contrary to what is
expected (Hayward, 1997). However, there was alsdeerease in the
macrozooplankton community (Hayward, 1997) lastingl 1995. A decline
in zooplankton and anchoveté&ngraulis rigeny biomasses was also
observed in the Peru Current system due to the gdaysical pattern as off
California (Hayward, 1997); although, this conditiéavoured the sardines
(Sardinops saggx Finally, mackerels Scomber japonicusand Trachurus
murphy) seem to be unaffected (Hayward, 1997). A relevawnestigation
within this issue is the one carried out by So(t&67) and Soutar and Isaacs
(1969, 1974). They reconstructed time series of himenass of Northern
anchovies Engraulis mordax and Pacific sardinesSérdinops caerulejisn
the Santa Barbara and Soledad basins (California tcales deposited in

the sediment.

From an economical and ecological point of view lkmpealagic
species, suctbardinops caeruleugPacific sardine) orfEngraulis mordax
(Northern anchovy), are interesting (Barange et2009). Therefore, they
have been evaluated for decades (Barange et 80, 28apter 4), with most
of the studies focused on the fluctuation causeésomnthe alternation of both
species (Daan, 1980; Silvert and Crawford, 1988y&&aki and Omori, 1988;
Lluch-Belda et al., 1989, 1992; Baumgartner et192; Klyashtorin, 1998;
Schwartzlose et al., 1999; Chavez et al., 2003¢ret al., 2003; van der
Lingen et al., 2006; Takasuka et al., 2007; Baraetga., 2009). Concerning
the latest, in chaptet it was concluded that the alternation in bothcigse

seem to be linked to climatic conditions more tlmbehavioural features or
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competition within the species (Figure 2 of theptka4). Results reveal that
either cold conditions or too warm ones can alter gignificant relationship
between sardines and anchovies, but both speciescoeaexist if the

environmental conditions favour their biomasseswgino Beside all the

possible interest concerning this two species,atralability of a very long

reconstructed series (roughly 2000 years longph@ih, from scales found in
two anoxic sediment cores obtained off CalifornBarfta Barbara and
Soledad basins) make them relevant in the histodiimate and fisheries
evolution (Soutar, 1967). From it, it can be inéatrthat the biomass of
Northern anchovy was more constant than the Pasiidine one for the
whole evaluated period. It has been reported theadil-scale fluctuations of

both species are highly correlated with climatengfea(Hayward, 1997).
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In addition, in chapter 4 it was shown that off i@ahia that
fluctuations of Pacific sardine biomass are relatedthe solar activity
(through the Beryllium-10) (Figure 5 of the chapf§rand the Sacramento
River runoff (Figure 4 of the chapter 4). As weldll@appened with anchovies,
that correlates strongly with the Sacramento Riweroff (Figure 3 of the

chapter 4).

Wavelet Coherence

16 32

Scale [years]
g

1000 1200 1400 1600 1800

Time [years]

Phase

Pl

16 32

Scale [years]
g

-PI

1000 1200 1400 1600 1800

Time [years]
Figure 5: Wavelet Coherence for the sardines bioragamst the Beryllium-10. The
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The main conclusions that arise from this Thess ar

1. The North Atlantic Oscillation (that describe chas in a wide
range of the atmospheric circulation in the Norgestlantic Ocean) affects
the population dynamics of th®ctopus vulgarisat the Canary Islands
domain, particularly during the species reprodectseasons (spring and
autumn), coinciding with the North Atlantic Osctian changes from high to
low values. This effect is addressed mainly thtowhpanges in the sea
surface temperature, wind and sea currents tha¢ leawv impact on the
distribution and survival rate of paralarvae ang shhbsequent recruitment to

the small-scale trap fishery.

2. The results of chapter 3 emphasized the relevafdihe sun
activity, beyond the unquestionable role of seaewatmperature, on the
long-term fluctuations of the bluefin tun@ilunnus thynn)sat the Western
Mediterranean domain, particularly during its mioim activity phases when
the tuna availability to the fishery decreases tirally. However, an
important part of the variability in the conducteahalyses remains
unexplained, probably due to additional local-scdilmatic events and socio-
political circumstances. Concretely, the inside Nmdanean domain
fluctuations seem to be less explained by globedmpaters than the Gibraltar
Strait ones. In the later, the 68.02% of the vaawas explained, while for
the former one a 46.5% was accounted. This wasiased to local features,
because the solar irradiance and the sea leveletatupe were controlling
their abundance fluctuations since 1525. Theseltsesuggest that what
happens to specific regions or systems should ectXtrapolated to others

even when they are affected by the same globalegsocThis is due to the
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fact that local and biological features have tabesidered too, and also due
to the complex and non-linear interactions withamiables of the system that

are difficult to completely consider in the models.

In addition to the previous conclusion, aldte tsea level
temperature remains as a key factor influencingltltuations of the bluefin

tuna.

3. The solar and the Intertropical Convergence Zoflaénces have
to be highlighted as important environmental fastoontrolling Engraulis
mordaxand Sardinopscaeruleusfluctuations off California. However, when
applying a multivariate moving-window regressionwias found that other
variables were playing a key role in some momenthenmarine populations
evaluated (even those that remain no-significararwtonsidered solely). In
this sense, the present study contributes to redlueeuncertainty of the
relationships between climate and the small pelfigituations. However,
more variables should be taken into account anaeiee iprecise multivariate
regression test should be done, as well as noatliealyses that involve the

complexity of the interactions between the diffénearts of the system.

In this evaluation, it was found an importasignificant
relationship between anchovies and sardines. Tedtsereveal that either
cold conditions or too warm ones can modified telationship between both
species. It was assumed that this co-existentilagior was provoqued more

by climatic factores than by competitive stratedesfood resources.

4. In conclusion, minima solar activity seems to lveimportant
factor in the control of the long-term fluctuatiof the bluefin tuna, Pacific
sardines and Northern anchovies. On the other htdred,North Atlantic
Oscilation is known as an important atmospherictegpat on the North

Atlantic Ocean, but in this case, in the shortesqalocesses. This last issue
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highlights the need of developing more local atnhesjz indices which
explain regional variations in a higher proportibtowever, little is known
about the solar effect on marine populations duéhéoshort length of the
fisheries series available. Finally, a data segéorthan 100 years would be
needed to see this type of influence (whereassshaee to be more complete

to be able to apply more accurate analyses thaarimodels).

165



Future Research




5 FUTURE RESEARCH 3

In the present Thesis the role of the solar agtikds been strongly
highlighted. But also large-scale atmospheric paste as the El
Nifio/Southern Oscillation or the North Atlantic @kdion remain crucial
when describing marine population’s behaviour. Heavethere are several

issues that remain unsolved and that are open fwofisture researches.

Firstly, it is important to gather long-time abunda series that can
be compared to the climatic reconstructions ones. Solar activity seems to
be relevant in the environment-ecosystems intemachut to see it influence
more than one century of data is needed. Also,réftenstruction of the
global and regional past climate must continue bseahe same physical
process can act in a different way around the glBbe example, it has been
shown that during the Little Ice Age, the tropi€acific was under relative

warm and stable conditions (Fagan, 2000).

Secondly, and related to the previous statemenél latmospheric
indices should be developed. An example of theveglee of having local
indices is the Western Mediterranean Oscillatiotebn (WeMOi) described
by Martin-Vide and Lépez-Bustins (2006). It is defil by means of a dipole
composed by a high pressure over Azores and allesspre over Liguria. It
was built to study local phenomena, and somethinglas is required in
regions with specific environmental conditions s, instance, the Canary

Archipelago.

In conclusion, more complex environmental-ecosystemn-linear
analyses should be conducted, including as muciables as possible to

achieve a better understanding of the surroundiatgm.
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% INTRODUCCION c3

El interés del ser humano en las poblaciones nsmnoaes algo de
los dltimos siglos (Castro-Hernandez, 2009). Erispeuebas de que los
Neandertales (ca. 100 000 afios) consumian pesbatlmismo modo, hay
pinturas rupestres de mas de 25 000 afios, en lassgurepresentan
actividades pesqueras en Sudafrica y Namibia. Bar parte, las primeras
muestras de pesca desde embarcaciones datan d#itidegca. 10 000 afios)
(Sahrhage y Lundbeck, 1992), lo que se sabe pheliEzgo de restos de
bacalao, arenque, congrios,... en un asentamientBseacia. En Peru se
encontro la red méas antigua del mundo hasta el mmmneon 8 800 afios de
antigliedad (Castro-Hernandez, 2009). Al margerode ésto, cabria pensar
gue la sobreexplotacion de los recursos marindamabién consecuencia de
la Revolucién Industrial (desde 1850); sin embaigahrhage y Lundbeck
(1992) destacan que desde la época de los rom@00s300 A. D.) ha
existido la sobreexplotacion de este medio debidaumento poblacional,
gue a su vez vino asociado con una mayor demangasdado. Aunque esto
no deja de ser mas que un hecho puntual, perocdbtta se sabe que es un
mal generalizado después de la mitad del siglo (Rlxuly y MacLean, 2003).
No se trata de algo sin importancia, ya que lagidatles antropogénicas no
son la Unica variable que afecta a las poblacion@snas, aunque hoy se
revela como el factor mas importante (Pauly, 2008%. ecosistemas marinos
fluctan de forma natural en mudltiples escalas idenfo debido a una
combinacion de la dinamica interna de la propia lgpén, de las
interacciones predador/presa y a la competencérdaoa; pero esto también
se debe al efecto de la variabilidad climatica thg 1982; Laevastu, 1993;
Lehodey y colaboradores, 2006; Barange y colaboesdo2010). Las
variaciones climaticas son mas o menos ciclicas sabe que afectan a las

abundancias y migraciones de las poblaciones nsrimesde las
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comunidades de plancton hasta la de peces (Caballemso, 2009;

Drinkwater y colaboradores, 2010).
El clima induce cambios esporadicos en la fauna maa

Las condiciones ambientales son un factor detemtgénan la
biodiversidad, asi como en la estabilidad de lokith&. Mucho se ha
hablado de como afecta la variabilidad climaticabgl y local a los
ecosistemas marinos en las distintas escalas dgdigCushing, 1982;
Ravier y Fromentin, 2004; Ganzedo y colaboradoiX)9; Caballero-
Alfonso y colaboradores, 2010; Drinkwater y colaumres, 2010). La
atmoésfera y el océano se encuentran en una contiteraccion dinamica
mediante el intercambio de energia, y sin embdogopcéanos poseen una
mayor capacidad de almacenar calor que la atmdstesge calor se
distribuye por los océanos mediante las corriemtesanicas y por el
intercambio que realiza con la propia atmosferigidimente, esto controla la
Temperatura Superficial del Mar (TSM) vy, en consecin, el
comportamiento del resto del océano y la distriuaile nutrientes. Esta
variabilidad hidrodindmica afecta a los ecosistemawinos (Anadon y
colaboradores, 2005). A colacion con esto, algwstsdios advierten de la
posible influencia que el incremento del diéxido darbono (CG)
antropogénico, que se esta dando desde la Revollrddistrial, puede estar
teniendo en este entorno (Fabry y colaboradoref8;2@rinkwater y
colaboradores, 2010) debido a la acidificaciénaedcéanos (que siempre
han tendido a ser ligeramente alcalinos) (Caldeivdickett, 2003; Feeley y
colaboradores, 2004). Para algunas especies, asriitdplanctonicas, esto
puede resultar beneficioso, pero para otras espatjudicial; por ejemplo,
para todos aquellos organismos con estructurasabedn carbonato calcico
(CaCQ), porque este compuesto se reduce en medios affdegoas y
colaboradores, 1999; Riebesell y colaboradoresQ)200 que significa que

las conchas y los esqueletos seran cada vez ngilesra
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Por otra parte, la temperatura corporal de la miayde las especies
de peces depende de la del ambiente en que sengacuéorganismos de
sangre fria o poiquilotermos) (Jobling, 1994), ye ¢gsta juega un papel
fundamental en el crecimiento, metabolismo y corgmoiento de esos
animales (Ali, 1980; Huntingford y Torricelli, 1993%50din, 1997). Este
parametro varia mucho en los océanos, oscilandoeglia desde los 0 °C en
los polos a los 26 °C en la regidn ecuatorial. Gesgeecie posee un pequefio
rango de tolerancia térmica y, ademas, suelen erira de su limite (Harley
y colaboradores, 2006). Por esta razén se encuoedifarentes especies
viviendo en distintas areas geograficas (Woott®98); las mas sensibles
son aquellas que habitan en latitudes tropicakasbyropicales. Mientras que
las boreales y polares soportan mejor los camhiosuehabitat (Poulard y
Blanchard, 2005). Por ejemplo, algunas especietimidos (p.e.Thunnus
thynnu$ se encuentran en aguas que oscilan entre lop8 30 °C, aunque
se desplazan en busca de los 24 °C o0 méas duranjgetddos de puesta
(Ganzedo, 2005; Fromentin, 2006). Es de esperacgaledo la temperatura
cambia, los individuos se vean forzados a moveuseafde su dominio
habitual de distribucién. Por otro lado, especiegahas templadas y polares
pueden coexistir en sus rangos de distribucion.eBte sentido, se ha
observado que con el aumento de la temperaturagdpscies de aguas
templadas tienden a aumentar su rango de distdibuesi como sus
abundancias (Caballero-Alfonso, 2009). Por otrm/dds especies polares
son mas estables o incluso puede que disminuygocm sus abundancias
relativas (Poulard y Blanchard, 2005). Asi, pegsejigraduales cambios en
la temperatura, producen avances y retrocesosseliniites poblacionales,
pero un cambio brusco puede producir la muerte quelias especies
sensibles a las variaciones, ya que no seran capgacadaptarse (Drinkwater
y colaboradores, 2010).

En relacién a lo anterior, se ha encontrado un atoren el niimero

de especies halladas fuera de su rango habitudisttébucion (Caballero-
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Alfonso, 2009). Globalmente, en todos los océadog&rsos investigadores
han citado avistamientos o capturas de especi¢a hAhsra desconocidas o
poco frecuentes en regiones concretas. En otros,dasque se ha registrado,
son cambios en los comportamientos de las poblesidPor ejemplo, en el
Océano Pacifico, el bacalao del PacifiGaqus macrocephalusa dejado

de capturarse en el Noroeste de Estados Unidos coc®dia antes y, en
cambio, se esta capturando en las costas de Cdneldgo en Alaska se han
observado alteraciones en las abundancias deda pet Pacifico%ebastes
alutug, el abadejo de Alaskarlieragra chalcogrammay en el fletan del
Pacifico Hippoglossus stenolepiy, ademas, se ha observado una sucesion
en las apariciones en esa costa de estas espediessidtimas cinco décadas.
Estos hechos han sido asociados a un cambio emfeetatura del agua en el
sur de California (Hollowed y colaboradores, 20@§l mismo modo, en el
Mar de Bering y en las Aleutianas, la perca deifRac(Sebastes alutiisdel
arenque del Pacifico Clupea pallasii pallasji y del fletan negro
(Reinhardtius hippoglossoidesstan siendo reemplazados por peces planos
tipicos de aguas mas calidas (Hunt y colaborad@@®?). Estos ultimos
autores también han citado cambios en los ecosstepelagicos, en el
salmén y en poblaciones de peces bentdnicos yrdgeajas. En un principio
estos cambios se vincularon a un aumento en léprgse los predadores,
como el abadejoRpllachius pollachiug ejercian sobre estas especies, pero
estudios recientes han demostrado que se debenusascalimaticas.
Concretamente, en el mar de Bering, el aumentoadterhperatura y la
disminucién de la cobertura de hielo pueden habevorécido el
desplazamiento hacia el norte de especies combaelef o el bacalao del
Pacifico Gadus macrocephalysel lenguado del PacificoLépidopsetta
bilineata) y el fletan del PacificoHippoglossus stenolepislebido a la alta
productividad que se esta generando en el noréstderegion (Drinkwater y

colaboradores, 2010).
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En el Océano Atlantico, también se esta dando splaeamiento
hacia latitudes mayores de especies aguas cédlidasayoria de los casos, se
han registrado en la costa suroeste del Reino Ui@donwall) y de Irlanda
(Cork) (Poulard y Blanchard, 2005). En este sentifolas aguas britanicas,
el area de distribucion de las especies marinaddscse ha visto restringida
en un 57-84% debido al calentamiento (Genner ybootdores, 2004). Con
esta tendencia, se espera que el bac&adys morhupdesaparezca del Mar
Céltico y de las aguas de Irlanda para el 2100ni@water, 2005); también
dentro de este escenario, en el sur del Mar deteNgren las aguas de
‘George Bank’, esta especie disminuira su abundapero sin llegar a
desaparecer. Por el contrario, en Groenlandia,lgemares de Barents y del
Labrador (como sucedi6 para el periodo céalido ddiaxes del siglo XX), el
bacalao aumentara su rango de distribucion, llegamduso a la plataforma
Artica debido a la disminucion de la cobertura ddoh La ventaja que esta
especie presenta es que se trata de una de lasstndmdas a nivel mundial
debido al gran interés comercial que posee (FagafQ; Drinkwater y
colaboradores, 2010). Se ha estimado que el 30%atelao del Mar del
Norte se ha perdido debido a un aumento de 0.28n°@@a temperatura del
mar (Clark y colaboradores, 2003) y también, sa tes crecimiento en el
Mar del Labrador se ha visto afectada como conse@edambién de la
variacion de la temperatura del agua (Brunel y Beuc2007). Al margen de
esto, se ha detectado un cambio en la composieidosdanimales marinos y
en sus abundancias en las costas de Portugal, denlen cogido especies
Mediterraneas y del Noroeste de Africa que ahi eestonocidas (p.e.: la
barriguda Mediterranea Parablennius incognites la aceia lusa -
Microchirus boscanion el roncador Pomadasys incisus el tordo —
Symphodus ocellatug el tapaculo Bothus poda$ (Cabral, 2002; Brander
y colaboradores, 2003). Como especies nuevas eosta sur de Portugal,
podemos citar a las chuclaSp{cara flexuosy S. maenpy lo que es mas,
los gébidos Gobius couchiy Pomatoschistus pictyishan aumentado su

rango de distribucién (Arruda y Azevedo, 1987; Blemy colaboradores,
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2003). Por otra parte, especies que tenian endadrel Mediterraneo o en el
la vertiente Atlantica del Norte de Africa el limitsur de su rango de
distribucion, han desaparecido de esas aguas.ntenen cuenta todo esto,
se puede apreciar que la costa de Portugal actda uoa zona de transicién
en el movimiento hacia el norte de las especieeledoreste del Océano
Atlantico (Brander y colaboradores, 2003). Tambiéy que destacar que en
el Golfo de Vizcaya, la poblacién de juerelebrachurus sp. se ha
mantenido constante, mientras que otras como eél&ap{Trisopterus
minutug se han visto reemplazados por la bacaladiNacromesistius
poutassoy (Poulard y Blanchard, 2005); también el rapephius pscatorius
y la raya de San Pedro (Leucoraja naevus) fuerstitsdos por el ochavo
(Capros ape), por pequefias especies demersales, por la cdBatenber
scombruyy por la sardinaSardina pilchardus(Poulard y Blanchard, 2005).
En las Islas Canarias, Brito y colaboradores (20@8jstraron un aumento
del 80% en las especies tropicales que llegabardhipiélago de 1991 a
2005. Se ha demostrado que en el Noreste Atlantiesgde Portugal hasta
Noruega, la abundancia de especies de aguas cadidasmentado, al tiempo
gue las de aguas frias han disminuido (Tabla Dyr&il). Algo similar se ha
registrado en la vertiente noroeste del Atlantdmsde Florida a Connecticut
(EEUVU), donde el cortindn brasilefioMicropogonias undulatys ha
aumentado su abundancia debido al aumento de {zetatnra (Hare y Able,
2007).
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Tabla 1: Estimacion representativa de los registrasuales de peces en el Noreste

del Océano Atlantico para las seis Ultimas décestampiladas de la literatura.

Décadas Arehip ﬁg(g;g)s Penin. 5 Aguas Mar del
Canario Madeira Ibérica ritanicas Norte

1951-59 1

1960-69 1 34 3

1970-79 4

1980-89 3 5 12

1990-99 1 10 4 33

2000-07 8 2 4 12 1
Total 9 15 10 96 4

Latitude

70°N ? :
GO°N
Figura 1: Estimacién representativa de
. los registros inusuales de peces en el
50°N
] Noreste del Océano Atlantico para las
X seis Ultimas décadas recopiladas de la
40°N .
] A literatura.
30°N '|
Oy + S e e
30°W 20°W 10°W 0° 10°E 20°E

Longitude

En el sureste del Atlantico, el aumento de la teatpea debe
producir una estratificacion de la columna de agw alimento dejara de
estar disponible debido al debilitamiento del aftorento del Benguela

(Clarke y colaboradores, 1999). Esto es muy perjaldpara la supervivencia
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de especies como las de clupeidos, anchovetasnasrd. que son muy
influenciables por la variabilidad climatica ya gsie rango térmico es muy
pequefio. En el suroeste del Atlantico, en el aff@028e encontraron en
Brasil mas especies de aguas templadas de lo qubabitual, como por
ejemplo el bacalao de Juan Fernandealiprion oxygeneigs(Barreiros y
colaboradores, 2004).

Esto es so6lo un boceto de lo que estad sucediendoseocéanos,
pero en cualquier caso, el efecto a nivel globbresdas comunidades sigue
sin estar claro. Para definir con mayor precisiguagel del clima, un estudio
climatico y biologico exhaustivo debe llevarse éaay para ello se
requieren series temporales largas. Se estan aedtz Modelos de
Circulacion General (MCG) con series temporales e actualizan
continuamente para evaluar las interacciones fisjcajuimicas entre los
océanos, la atmosfera, el hielo, la tierra y lestem (Hlohowakyj, 1996;
Soto, 2002). Esto puede dar una idea de cémotehsspuede responder al
cambio del clima y como actuar de acuerdo a ebtoEEMCGs predicen que
la mayoria de los cambios debidos al clima tentirgar en las aguas Articas
y Subérticas (Drinkwater, 2005).

Breve descripcidn del clima

Cuando se trata este tema, es importante diferenentre
‘forzamiento climatico’ (‘clima’), ‘variabilidad dinatica’ y ‘cambio
climatico’. De acuerdo con la Sociedad Americana Meteorologia

(http://amsglossary.allenpress.com/glosagl/ ‘clima’ son las variaciones

lentas del sistema atmosfera-hidrosfera-tierra yadésticamente se
caracteriza en términos de medias de larga-es@daafios) y en la
variabilidad de elementos climéticos como la terapga, las precipitaciones,
el viento,... La ‘variabilidad climatica’ es la vati@n temporal en torno a
esa media, que se asocia a escalas temporales sgil@anode meses a

milenios, lo que es mas que lo relacionado a esedi@ ‘tiempo’; la
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variabilidad climatica natural hace referencia aadiacién solar, erupciones
volcanicas o a la propia dinamica interna de laabdidad del sistema
climatico, pero ninguna de estas variaciones estérculadas a las
actividades del ser humano. En este aspecto, ehbica climéatico’ es
cualquier alteracion sistematica estadisticamearigalde los elementos del
clima de un estado a otro, donde la nueva situas@mronserva durante
varias décadas, o incluso mas. El ‘cambio climagsocconsecuencia tanto de
factores naturales como antropogénicos. En cualgaso, la Convencion
Marco de las Naciones Unidas para el Cambio ClooaCMNUCC) ha
restringido el uso de este término a los cambisemados que sean debidos,
directa o indirectamente, al hombre y como sinéniambién la acepciéon de
‘Calentamiento Global’; la ‘variabilidad climaticajueda asi relegada a
aquellas consecuencias que se asocian Unicameatgagiabilidad natural
del sistema. Al margen de todo esto, el concepteatabio de régimen’ se
usa mucho dentro de la literatura oceanograficccwano al cambio
climético y a la ecologia marina, incluyendo prasede muy diversa escala
(cambios abruptos y de decadales a cuasi-decadélmskwater y
colaboradores, 2010).

El clima sobre la Tierra nunca ha sido el mismmguf 2). Los
registro paleoclimaticos muestran que se han idediando periodos de
cambios del clima moderados y abruptos (glaciasianénterglaciaciones),
que incluyen cambios multicentenales de periodtidosa(p.e.: el Periodo
Célido Medieval) a periodos frios (p.e.. la Pequdfdad de Hielo)
(Drinkwater y colaboradores, 2010). Testigos sedtar@os extraidos de la
cuenca del Pacifico, muestran que se han dado rueniedos glaciales
intensos pero graduales, seguidos de rapidos aat@ritos durante los
ultimos 750 afios del dltimo milenio (Fagan, 20@&m@ndo la duracién de los
periodos frios mucho mas larga que la de los cdliddemas, Bent Aaby
(1973) argument6 que los ciclos hiumedos y fresdsnaban con los

calidos y secos cada 260 afios aproximadamentealgss que encierra esta
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periodicidad siguen siendo inciertas, aunque algunentificos apuntan a las
intensas actividades volcanicas (Fagan, 2007). smmo de esta
variabilidad hizo que hace 20 000 afios, el NorteEdmpa se encontrara
bajo un glaciar de 3 Km de espesor, pero con ebade la 6rbita terrestre,
los veranos se hicieron mas calidos y el hielo eeitdb completamente
(Fagan, 2007). Hace dieciocho mil afios, el cenéréiincia era un desierto
subértico sin arboles ni valles, hoy sin embardmindan los bosques y el
agua (Fagan, 2007), lo que no es mas que un indiad coémo ha cambiado
el clima. El nivel del mar estaba por ese entong@anetros por debajo del
actual y el Mar Béltico no existia, ya que se etredba congelado. Por otra
parte, hace 17 000 afios, la temperatura aumentsidesablemente, pero
hace 15 000 (comienzos del Holoceno) tuvo lugadréstico periodo de
calentamiento (Fagan, 2007), cuando el Ultimo perfoio habia ocurrido 21
000 afios antes. Ese ultimo proceso de calentamigritdujo una migracion
hacia el norte de los mamut, bisontes y zorrosagténtre otras especies; en
su lugar crecieron abedules y bosques de hoja aadragan, 2007). Hace
once mil afios, el clima se caracterizé por unaisemuy severa que duré
1000 afios y es lo que se conoce como el Dryas mecig algo similar
ocurrié unos 6200 afios a. C., pero en esta ocdsi@ 400 afios. Este tipo
de eventos, paran la circulacion del Océano Attanii en el Ultimo caso
acontecido (6200 afios a. C.), ésta no se reanwsta Bhafio 5800 a. C., lo
que favorecié que volviera el clima templado quemsmtuvo durante los

siguientes 2000 afios.

En el afio 850 a. C. la actividad solar disminuyél jlujo de rayos
césmicos aumentd (Fagan, 2007) produciendo una megaotidad de
isétopos de carbono-14'C) en la atmésfera, lo que se tradujo en un periodo
frio que afectdé a una region muy amplia del PlanBste parece ser el
mecanismo que subyace a los registros que se pdseeeriodos frios y
humedos en latitudes medias y altas. En el AtlanNorte, procesos de

calentamiento y enfriamiento se han ido sucediamtoximadamente cada
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1500 afios. La Pequefia Edad de Hielo (1300-1860Ifukimo de los frios
(Figura 2); y una reduccién de la actividad solmiilar a la registrada en el
850 a. C., tuvo lugar entre 1645y 1715 d. Cque coincide con el minimo
de temperatura registrado durante la Pequefia Exlatietb y que se conoce
con el nombre de Minimo de Maunder (Figura 2). ktadgion entre la
temperatura global y &fC para los tltimos 1000 afios, medida en los anillos
de los arboles es casi perfecta, lo que signifialgs cambios temporales de
larga escala en la radiacién solar pueden tenergepiones muy importantes
en el clima de la Tierra (Fagan, 2007). Hoy en tHaactividad solar se
conoce mucho mejor que antafio; se sabe, por ejempéo el numero de
manchas solares fluctda entre maximos y minimasatos de 11 afios. En la
década de 1890, Sporer y Maunder citaron la auseixsoluta de manchas
en el sol a finales del siglo XVll-principios deMMI (Fagan, 2000) y este
fendmeno es el que dio lugar al periodo que secewomo Minimo de

Maunder.
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Figura 2: Evolucién de las temperaturas en el Hiemgs Norte (eje y) durante el
ultimo milenio (eje x), de acuerdo con una simdacbasada en temperaturas del
subsuelo (boreholes). (Fuente: Gonzalez-Rouco, 2B88aida y modificada de:
Uriarte, 2010).

183



Spanish Summary/Resumen en Espafiol

Entre el 900 y 1300, el tiempo era calido y estahi verano, pero
los inviernos se caracterizaban por ser frios mémtosos. Este periodo de la
Historia se conoce como el Periodo Célido Medi¢kFaban, 2007), donde
las sequia resultaron ser mas intensas que encéasopnes anteriores. El
mejor registro que lo muestra es el extraido ecuknca de Santa Barbara
(sur de California) (Fagan, 2007). En los testigessedimentos marinos
extraidos de esa regién, se puede encontrar quiz d#s450 al 1300, la
temperatura del mar cay6 de forma abrupta, alcalwzaalores de 1.5 °C por
debajo de la media normal para esa region, commiti con una severa
sequia, en el Holoceno. Otras sequias intensagnfl@s que tuvieron lugar
en 500-800, 980-1250 y 1650-1750. Ademas, desadgi@I900 al 1300 el
afloramiento en esa costa se intensific6 mas deilmal y, por esta razén, la
produccion de peces fue muy alta (Fagan, 2007¢. liestho destaca entre los
afios 1150 y 1200 debido a una reduccion de laidatiwolcanica mundial y
a un aumento en el nimero de manchas solares (F2@@n). Esto generd
condiciones climaticas similares a las que se dgmdpndiciones de La Nifia
(Ver Anexos), una de cuyas consecuencias son seguiel Este Tropical del
Océano Pacifico. Después del afio 1300, la temparatapezé a subir y tras
dos siglos, la intensidad del afloramiento dismiénugsto trajo consigo una
menor produccion biolégica, como por ejemplo, lsminucién en la
abundancia de anchoas (Soutar, 1967; Soutar es|sd869, 1974). Al
margen de todo esto, hay que destacar que las asedidradiocarbond’C)
de los anillos de los arboles muestran un picoctigidad solar entre el afio
1100 y el 1250 (mediados del Periodo Calido Medjd¥agan, 2000).

Tras mediados de 1300, el clima en Europa se&ohy inestable,
con veranos calidos y primaveras muy lluviosas, gaealternaban con
periodos frios y fuertes olas de calor hasta & 3| (Fagan, 2000). Desde
1315 a 1319 se registraron los afios mas lluviostre 298 y 1353, lo que
coincidié con la ‘Gran Hambruna’' (Fagan, 2000). dlgarecido tuvo lugar

entre 1399 y 1403, aunque se trato de un eventosniatenso (Fagan, 2000).
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Desde el afio 1430, se comenzaron a registrar wresién de inviernos
extremos, con heladas de mas de siete afios daduyafuertes tormentas,
todo ello asociado a un sistema de altas presiqnesse situé sobre la
Peninsula Escandinava. Entre 1460 y 1550, la dativisolar volvio a
alcanzar otro minimo (Minimo de Spoérer. FiguraB)final de la Pequefia
Edad de Hielo (Gltima década del siglo XVI y prpios del VXII) se
caracteriz6 por un tiempo atmosférico extremo (Rag2000). Afos
calurosos o de frio inesperado, como el que seuhante la helada de 1607,
también se fueron registrando como los cuatro desiode frio intenso
(1641-1643, 1666-1669, 1675 y 1698-1699) que ssideraron debidos a la
actividad volcanica que tuvo lugar esos afios; agimippguno fue tan intenso
como el registrado en el verano de 1601. Esto $& @eque el polvo
generado por la actividad volcanica produce uneatest de la temperatura
global (Fagan, 2000). Independientemente de este] &céano Pacifico se
detectaron cuatro ciclos de sequias en los trodeognebro y de pino,
originadas por el desplazamiento hacia el nortdadeorriente de chorro
atmosférica, la primera de ellas comenzé en elddioy finalizdé en el 1350;
pero en estas mediciones, también se encontragistreglos los cuatro
periodos mas célidos entre los siglos XIV y X, dieel mas relevante el de
1118 a 1167. El mismo fenémeno se dio en 1976-Wigiando una gran
sequia en la region de California (Fagan, 20008200

Durante el siglo XVIII, la imprevisible variabilad climatica se
caracteriz6 por inviernos frios y secos y veranosnéntosos que se
alternaban con algunos inviernos suaves y humedesayios calidos (Fagan,
2000). Muchos investigadores sugieren que estatainiidad climatica
termind con la tendencia actual al calentamientspdés de 1860. En la
década de 1870 el tiempo era célido y a partir &i€&5 Jos veranos fueron
muy hamedos, a pesar de ello, en 1879 una olaidea$old Europa hasta
finales de la década de 1880. Entre 1890 y 194@di&e de Oscilacion del

Atantico Norte (OAN. Ver Anexos) era alto (en lasvanta permanecié en
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valores altos durante mas afios de lo normal) (Fa&f200), lo que conllevé
un buen tiempo debido a la ubicacién en el NortEg®pa de un sistema de
bajas presiones, contrario a lo que se tuvo aeindel siglo XVII. 1963
registré el invierno mas frio del siglo XX, con teenaturas medias de -2 °C
(Fagan, 2000); este valor es inferior a los regikis en los siglos XVII y
XVIII cuando el Rio Tamesis se helo (Figura 3. Fa@p00, 2007).

Figura 3: Habitantes de Windsor caminando sobféwlesis helado. Vista del puente
de Windsor fotografiado el 24 de enero de 1963.

(http://www.thameweb.co.uk/windsor/ windsorhistorgéze63.html

Fagan (2000) apunta a que una de las razoneswvéeiddilidad del
clima actual pueda ser un fenébmeno natural, lid@acon el Sol. Existen
varios procesos solares que pueden estar jugandapah fundamental como
controladores del clima (p.e.: manchas solarestwisolar,...). Ademas,
sefiala que la radiacion solar nunca es constantisHiltimos 20 afios, las
medidas de esta variable revelan ciclos de 11 gfiescoinciden con los
ciclos de las manchas solares y lo que es masdawdidirectas de anillos
de arboles y testigos de hielo corroboran la extsée de esos ciclos,
confirmando las fluctuaciones de larga escala adasial Sol que han tenido

lugar en los ultimos siglos. En cualquier casoddek950, la actividad solar
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si se ha mantenido estable, lo que significa gaecéanbios en la actividad
solar a penas explican el 50% del calentamientosguebservé en el siglo
XX (Fagan, 2000). En este sentido, el cambio ddbpe célido, de la década
de 1930 a la de los sesenta, a uno frio en 1980-49%a llamado Oscilacion
Multidecadal del Atlantico (OMA. Ver Anexos) y seta de un ejemplo
actual de variabilidad climatica de larga escaldro®© ejemplos de
fluctuaciones decadales son la Oscilacion del AténNorte (OAN), El

Nifio/Oscilacién del Sur (ENOS. Ver Anexos) o la ison Decadal del

Pacifico (ODP. Ver Anexos) (Kerr, 2000; Drinkwayecolaboradores, 2010).

Relacioén histérica entre el clima y las pesquerias

Ya en la década de 1870, Spencer Fullerton Baobrocié la
importancia del forzamiento ambiental en las flactanes que mostraban los
stocks de peces (Lehodey y colaboradores, 2006k®ater y colaboradores,
2010). En ese sentido, Cushing y Dickson (1976)ragntaron que existen
dos tipos de posibles respuestas a las fluctuasiditeaticas de larga escala:
() periodos de registros de presencia/ausencig pefiodos de bajas/altas
capturas; en ambos casos hablando en escala diadé@=bido a cambios en
el reclutamiento a la pesqueria. Un ejemplo de &sto que sucedio en 1904
con el arenque Atlantoescandinavo y sus descemrdigirante seis décadas,
o la explosién de gadidos que tuvo lugar en el t&drNorte en 1962 y que
se ha mantenido a pesar de haber finalizado @rfdesencadenante, que fue
un descenso de la temperatura (Cushing, 1982).chasios de pequefia
escala (de afio en afio) en las pesquerias, tamdmédesectables, como se
observa en el bacalao, el arenque o el salmén(@jshing, 1982). Lo que
sucede es que aquellos stocks que cuentan contalistjrupos de edad
reducen la variabilidad interanual del reclutanvera fecundidad de la
poblacién con la que cada afio cada grupo de edaikpa representa la
media de varios afios (Cushing, 1982). Respuestaspmaunciadas de las
especies a la variabilidad climatica son mas dkficide detectar, pero

capturas inusuales como las citadas a comienz@stdetexto son algunos

187



Spanish Summary/Resumen en Espafiol

ejemplos de este tipo de hechos. En cualquier asos no parecen ser
relevantes porque los datos de capturas normalnsentegistran por meses,
disminuyendo la importancia de estas capturas pleg{Cushing, 1982). En
la década de los noventa se empezd a considevari#bilidad climatica de
larga escala, dentro de la ecologia marina, comfrmamiento fisico casi
siempre asociado a patrones atmosféricos que anflaila temperatura del
mar (Forchhammer y Post, 2004; Solari, 2008; Sglanlaboradores, 2010).
Sin embargo, la forma en la que el clima influyeada organismo, poblacion
y comunidad del ecosistema marino, sigue sin etdaa. Esto se debe a la
gran cantidad de forzamientos y rutas que puedableser conexiones entre
el clima y los ecosistemas. Una poblacion puedecieaar directamente o
con cierto retraso frente a una accién externa;este sentido, los
forzamientos generan una respuesta rapida envetesibajos de la cadena
tréfica y en los organismos con ciclos de vida@®rpero son mayores en
niveles superiores o en organismos con ciclos da Mrgos (Drinkwater y
colaboradores, 2010; Ottersen y colaboradores,)20b0que evidencia que
no todos los ecosistemas marinos son igual detdesdrente a un mismo
cambio climatico (Beaugrand y colaboradores, 20Q8). ejemplo es la
sustitucion de dos especies de copépodimanus finmarchicusy C.
helgolandicus en el Mar del Norte debido a cambios en la teatpes
superficial del mar (TSM) y en la produccion fitapttonica asociada a la
variabilidad de la OAN (Fromentin y Planque, 1996).

Del mismo modo, el bacala@édus morhuphabita en una amplia
region geografica en el Océano Atlantico (Cushibh§82; Fagan, 2000;
Drinkwater y colaboradores, 2010); se puede enapett el Mar de Barents,
en Vizcaya o en torno a Islandia y Groenlandiap p@mbién en las costas de
América del Norte. Sin embargo, es una especie seagible a los cambios
de temperatura, sobre todo al enfriamiento del.a§ualesarrollo 6éptimo se
da entre 2 y 13 °C y entre los 4 y los 7 °C elalpudesta. Por todas estas

caracteristicas, el movimiento de las masas de gglaavariacion en la
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temperatura del agua de mar afectan mucho a lasqgiofes de bacalao
(Fagan, 2000). Condiciones de mucho frio, comajlesse dieron durante la
Pequefia Edad de Hielo o en el siglo XIll, tieneretetto devastador sobre
esta especie (Cushing, 1982). Contrariamente, eb®#5 y 1851, la
temperatura en las latitudes altas aumentaronydaiemdo el asentamiento
en ese momento del bacalao en las costas de Gnden{®rinkwater, 2005;
Rose, 2007). La OMA (escala multidecadal) calehtigea en las décadas de
1920 y 1930, lo que favorecié que el bacalao dénmdico expandiera su
rango de distribucién hacia el norte unos 1200 Knp largo del oeste de
Groenlandia, Islandia, el Mar de Barents y las apste Spitzbergen; asi
mismo, su area de puesta se amplié hasta las abstéoruega. En una
escala decadal, la OAN también ha influenciadotpashente al bacalao,
favoreciendo su reclutamiento en el Mar de Bargotsun cambio en la
temperatura y en la disponibilidad de alimen@ ({inmarchicuy (Fagan,
2000; Ottersen y Stenseth, 2001; Drinkwater y amiatores, 2010). El
bacalao muestra una respuesta no lineal a la @ariae la temperatura, es
una relaciéon que se ajusta a una forma de domgudéoimplica que un
pequefio cambio climatico produce importantes aliengs en este sistema
ecolégico (Bjornsson y colaboradores, 2001). Pop tdo, el salmén del
Pacifico Oncorhynchus tshawytscheealiza la puesta en agua dulce, y los
juveniles migran al medio marino a los 3 afios,ddose quedan hasta
alcanzar la madurez sexual. Entonces vuelven i swatal para reproducirse
y morir. Esto estéa ligado a la presencia de la QibBndo la temperatura del

agua se calienta (Drinkwater y colaboradores, 2010)

La anchoaKEngraulis encrasicolyses muy abundante en la cuenca
de Santa Barbara (California) debido a la presedeiafloramiento (Fagan,
2008), pero durante los eventos de El Nifio (Verdsg la temperatura del
agua aumenta ya que disminuye la intensidad dalaafliento y esto afecta a

la productividad marina y, en consecuencia, a lamdancia de esta especie
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(Fagan, 2008). La productividad marina ha ido auaredo de forma ciclica

en los periodos de clima frio, y decreciendo ea esjion durante los calidos.

Estos son algunos ejemplos de cémo el clima puestar
controlando a las distintas poblaciones marinasdeltor del mundo. Con
esta perspectiva, el reclutamiento al arte es ueadforma de medir como
el clima afecta a las especies que poseen un d@&hada largo. Lo que se
estd capturando es el resultado de lo que el cioe hubo en cierto
momento hizo sobre la pesqueria en los estadiesrias y juveniles.
Cushing (1982) destac6é el hecho de que la bajanfkdad de algunas
especies (p.e.. el arenque) eran mas vulnerablesleatenso en el
reclutamiento que las de elevada fecundidad (gl.bacalao). Si el efecto de
la sobrepesca en el reclutamiento es desestimadeclatamiento de los
gadidos parecerd inalterable, mientras que el deatenques y salmones
aumentara o disminuird con el tiempo (Cushing, 198®s salmones
parecen ser mas vulnerables a la presion pesqueral enomento del
reclutamiento, mientras que el bacalao resiste m@gocambios ambientales

gue los arenques (Cushing, 1982).

El arenque Clupea harengyses un buen ejemplo de cémo la
aparicién y desaparicién de una especie pudo afattmodo de vida del
hombre en la Edad Media, cuando se observo unenafigia entre las
pesquerias de Noruega y las de Suecia porque & dekMar Béltico se
congelaba muchos inviernos desde el afio 1200 bbsiglo XIV y entre los
siglos XlIl'y XV (Cushing, 1982). También desde Nega se desplaz6 al sur
en busca de aguas de 3-13 °C, lo que tuvo lugab@&d y entre 1680 y 1730
(Fagan, 2008). En este mismo periodo también lagueeias de las Islas
Faroe descendieron por un desplazamiento haciarreties agua del Polo
Norte (Fagan, 2000), que hizo descender la tempar&t°C por debajo de la
temperatura que se registra actualmente. Este famdrtambién conllevo
aparejado tormentas y fuertes vientos en la zondasldslas Britanicas,

aunque aun no esta muy claro lo sensible que asespetcie a los cambios
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térmicos. Sin embargo, se ha observado que haifldota lo largo de los

siglos al margen de la influencia del esfuerzo pess Eran muy abundantes
en el Periodo Calido Medieval (Fagan, 2000; Ro€87® por lo que se

convirtié en una gran industria pesquera en el &rNorte en los siglos

calidos. Posiblemente fueron la demanda de pesgatkl descenso de la

temperatura las causas de que la poblacion dewresgjcolapsara desde el
siglo X1V (Fagan, 2008).

De todo lo anterior se concluye que la intensidadas clases de
edad varia entre especies, pero también que algstomks son mas
vulnerables a los cambios climaticos que otras.t®dw ello, la variabilidad
debe ser considerada por regiones, aunque en peasla influencia se

puede detectar en los stocks a través del océarshif@y, 1982).

Resulta evidente que, entre todas las posibléables climaticas, a
la temperatura se le ha prestado mucha atenci@ibl®mente porque es el
factor climatico que mas domina, en términos deémfcia, a los ecosistemas
marinos. Controla el metabolismo, las migracionkes,puesta, etc. Sin
embargo, esto no excluye la influencia de otroamatros. Ni tampoco hace
disminuir en importancia la respuesta de los etms@s. La estratificacion
de la columna de agua y la profundidad de la capmeizcla (a través de la
produccion primaria), el hielo marino (a travéslaeblooms de primavera),
la turbulencia de la masa de agua o la adveccionlgpdispersion larvaria)
también estan controlando la evoluciéon de las pob@s marinas
(Drinkwater y colaboradores, 2010). El propdsiteed&a Tesis es aumentar la
comprension de como los factores climaticos afe@alas poblaciones

marinas, mas que entender los cambios del clinedpapresente y futuro.
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so OBJETIVOS Y GUION DE LA TESIS «s

La Introduccion resalta la importancia del papet ¢l clima tiene
en el desarrollo de los ecosistemas, pero tamhjée, quedan muchas
cuestiones por resolver. En un intento de ir unopotas alla en la
comprension de como la variabilidad natural delmali afecta a las
poblaciones de animales marinos, el objetivo dadaente Tesis es tratar de
esclarecer el como diferentes parametros climatafextan a distintos

organismos marinos, de diversa forma y escalasdeaigs.

Para alcanzar este objetivo, se evallan cuatedasstemporales. Se
realizan distintos analisis de series temporalea par la posible relacion
entre las especies y el entorno (ver la seccioMdierial y Métodos para
mas detalles). En el presente trabajo, algunos sl@s eanalisis se
seleccionaron como los mas apropiados, sobre todelacién a los datos

gue se poseian (series largas y adecuadas de abiasdao son frecuentes):

X Dias Capitulo 1): Se centra en un fendmeno
de escala temporal “directa”. En este capitul@wsla un nuevo registro de
un pulpo Ocythoe tuberculajaen aguas de Cantabria (Noroeste de Espafa.
2006). Esto es una localizacion al norte de suibligtion habitual, que se ha
acotado para el Mediterraneo y los archipiélagogzimes y Canarias. ¢Se
puede explicar este hecho por un proceso climatieaa ver la posible
influencia de los parametros climaticos en estatucap se recopilaron

observaciones cualitativas directas.

X Décadas Capitulo 2): Las series de capturas
de pulpo comunQctopus vulgarisy de esfuerzo pesquero del sur-oeste e
Gran Canaria (Islas Canarias. 1989-2007) se cadesi@ude una cofradia
local. ¢Puede esta serie ser un buen indicadoredeefias variaciones

climaticas? Son escasos y contradictorios los estugue se han realizado
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del efecto que la variabilidad ambiental tiene @ndefalépodos, en concreto
en el pulpo, pero la temperatura es siempre unn@ré que se destaca.
Ademas, se observan variaciones de comportami@ite @istintas regiones
debido a las condiciones locales. ¢Qué es lo geedsuen la poblacion de
Canarias? Tras un analisis exploratorio de lossja® realizaron un test de
Correlacion de Pearson y un Proceso Autoregresvarden 1 (AR(1)) para
evaluar la relacion entre el pulpo y algunas véeglklimaticas en la region
de Canarias. Finalmente, se realizé un modelo lli(re§ para buscar la
posible relacién lineal, aunque no necesariamesttarentre las variables.

Los resultados obtenidos se validaron con un as@éMonte Carlo.

X De décadas a siglo€4pitulo 3): El atlin rojo
(Thunnus thynngses una especie de aguas templadas que realindegra
migraciones. Se sabe que la temperatura contradacgilos vitales: la
supervivencia larvaria, el metabolismo, las migraes, asi como el
comportamiento reproductivo y la disponibilidad dé#mento. ¢Es la
temperatura el Gnico parametro que controla lagufaciones observadas en
las abundancias desde 1525? Se realiz6 un priraésiarexploratorio de los
datos para averiguar qué procedimiento estadist@@®| mas adecuado para
alcanzar los objetivos del estudio. A continuaciée, relacionaron las
distintas series climaticas con las series de capde atin rojo (ARA)
mediante modelos lineales (ml). Los resultados ifsigiivos de esos
modelos fueron verificados mediante un andlisis t&oap y también se
consider6 el Criterio de Informacion de Akaike (¢l&A&omo una medida de

la bondad del ajuste de los modelos.

X De décadas a mileniosCépitulo 4): Las
series de datos de captura no suelen ser lo sutBoente largas para dar
informacion de la variabilidad de larga escala dela factores distintos al de
la explotacion de los stocks. La region de Calitoes de particular interés
en este tema por las investigaciones paleoecokgiea han tenido lugar ahi

(283-1970). Se han estimado las biomasas de an¢Bongraulis mordaxy
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las sardinasSardinops caeruledisa partir de la deposicién de escamas en el
sedimento. ¢La alternancia en las fluctuaciones wgum respuesta a la
competicion de especies? ¢ Cual es el posible edeet@l ambiente (el clima
y procesos biolégicos) puede tener en dos espeeirglotadas
comercialmente? Una de las ventajas de estas,s@rieargen de su longitud,
es que no poseen valores perdidos. Se llevé a walamalisis exploratorio
inicial para cada serie. El analisis wavelet nomaswestacionaridad de las
series, lo que en este caso es una caracterigtickrhental. Este método
permite analizar las relaciones entre dos sefiale®s especialmente
apropiado para seguir cambios graduales en el rfoerdo realizado por
variables exdgenas. Los resultados de la Coheremaizelet (cow) se
ratificaron mediante un analisis de Bootstrap ést&cio. Finalmente, se
realizé un andlisis de regresién multivariante datana movil para poder

considerar de forma simultinea mas de una varidibiética.
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so MATERIAL Y METODOS 3

Antecedentes

Los estudios de las fluctuaciones de las poblasicuelen consistir
en la monitorizacién de los cambios (medidos aésade la biomasa,
abundancia, nimero de individuos,...) a lo largo nigeriodo de tiempo. El
intervalo de muestrees el intervalo que se fija o el tiempo duranteull

una variable es medida secuencialmente.

Las series temporales se suelen caracterizar p@temdenciay
variacion estacionatjue se pueden modelar mediante funciones matemmatica
temporales. La tendencia es el cambio sistematida®series que aparenta
ser no periddico; el caso mas sencillo es el awmzisminucion lineal. Por
el contrario, la variacion estacional es un pamde se repite entre afios.
También es importante tener en cuenta que obsenexiproximas en la
serie tienden a estar correladas. El modelo ajasthdonjunto de datos es la
base para el test estadistico. Estos tres factorefos que caracterizan a las
series temporales, que son importantes a la hortordar decisiones de
manejo (Cowpertwait y Metcalfe, 2009).

La mayoria de los métodos estadisticos que se pesa@nestudiar
este tipo de series se agrupan bajo el nombemndélsis de series temporales
y son unas herramientas importantes a la horawdstigar las fluctuaciones
de larga escala de las poblaciones de animalesigsadsi como su relacién

con el ambiente, lo que es el objetivo de estasTesi

La razén del andlisis de series temporales esandas propiedades
gue subyacen a los procesos para un conjunto daddskrvaciones. Para
lidiar con estas incertidumbres de las series hay dgfinir un estimador

coherente; este estimador es a su vez, funci6asielservaciones y, en el
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mejor de los casos, dara las propiedades deseadas deries temporales
(Maraun y Kurths, 2004; Hsieh y colaboradores, 2009

Existen diferentes herramientas que se puedenpasarel analisis
de series temporales: (i) el analisis espectralmigoza con una
descomposicion de la serie temporal en sus compesehnarmonicas
basandose en un andlisis de Fourier); (i) modalesles (ml); (iii) modelos
generales linealizados (mgl); (iv) modelos geneaalos aditivos (mga); (v)
modelos autorregresivos (arima); (vi) modelos déadesespacio; (vii)
bootstrap estacionario no paramétrico; (viii) mémdavavelets (en concreto
para series no estacionarias); entre otros. Ladukigia concreta que se usa
en cada estudio de esta Tesis, se describen die @gtaada capitulo.

La mayoria de los analisis estadisticos asumeraguseries tienen
un comportamiento estacionario (i-vi), pero esto suele ser cierto en
ecologia. En este aspecto, existe un numero cteadienarticulos cientificos
que destacan las caracteristicas no-estacionagasa ddinamica de las
poblaciones; p.e. la dindmica puede oscilar enlaseaultidecadales debido
a pequefios cambios ambientales (Cazelles y colddb@as 2008). Para
enfrentarse a este hecho, el Analisis Wavelet @aipitulo 4) ha demostrado
ser una buena aproximacién para evaluar las variesi de potencias
localizadas en series temporales, descomponiéndalad espacio tiempo-
frecuencia para determinar tanto los modos de hitidad predominantes
como cudles de esos modos varian con el tiempagfilag y Compo, 1998).
Esto es, la estimacion de las caracteristicas gafEccomo una funcion del
tiempo (Cazelles y colaboradores, 2008). Se traauda herramienta
recientemente desarrollada dentro de los estu@i@kdlogia, aunque ha sido
ampliamente usada en el campo de la economiagolfsgca. Es un método,
como lo son el de estado-espacio o el bootstraggiesario no paramétrico,
superior al ARIMA o al andlisis espectral, los @slpueden producir
relaciones espureas debido a la asuncion de essaiciad de las series

(Hsieh y colaboradores, 2009). Cabe destacar enpestto, que uno de los
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requerimientos del analisis wavelet es la necesittadue no haya valores
perdidos en la serie de datos. Por esta razonjéxsieca solo se ha podido
aplica a los datos del capitulo 4, donde el regiss completo. Yendo un
poco mas alla, se ha desarrollado recientementeadaptacion de “segunda
generacion” llamada Esquema Alzado que es un @ndkswavelet discreto
gue adapta la forma del muestreo a los puntosaosd en los extremos de
las series. Esto es una caracteristica importargedo se trabaja con series
ecologicas, las cuales suelen ser cortas, irrezgilan el muestreo y ademas
suelen contener valores perdidos (Sweldens, 1988¢lés y colaboradores,
2008).

La idea tras el Modelo Lineal (ml. Capitulos 2y 3}) es buscar
relaciones simples entre pares de variables (nesaeamente regresiones de
lineas rectas). Se asume que un cambio en la lar@edictor (p.e.:
variables climaticas;x produce un aumento o disminucion en la variable

respuesta (p.e.: series de capturgsPFgto puede resumirse como:

Yi = BotPaXite

dondep son los coeficientes vinculados a la variacionxdes; es el término
del error (Verzani, 2005).

El Bootstrap Estacionario (Capitulos 3 y 4) peemiener una
medida estadisticamente robusta, al margen dedidlpao estacionaridad
de las series, mediante un método de remuestresystitucion, donde la

persistencia se conserva (Politis y Romano, 1994d\see, 2003).

Una caracteristica comun a todas estas técnitadigttcas, incluida
la regresion simple, el wavelet y el bootstrapa@steario, es que sélo usan la
comparacion de pares de variables en cada tesenfiargo, es sabido que
en la naturaleza ninguna variable actla indepetatimnte sobre una
poblacién. Con el fin de mejorar este aspecto, @iEeda(Capitulo 4) un

andlisis de regresion multivariante de ventana mque esta incluido dentro
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de los modelos lineales. Este método permite vér wariables afectan
potencialmente en los diferentes periodos de la samporal a la abundancia,
en este caso, de sardinas y anchoas. Esto tambidaied de los posibles
retardos para los que se dan correlaciones sigtiifics entre los distintos

grupos de variables.

Datos

Las series incluidas en esta Tesis han sido rectysi de distintas
fuentes. Su longitud y caracteristicas intrinsestas también especificas de
cada base de datos. Por esta razén, cada unadeelha tratado de forma
diferente (ver cada capitulo para mas detallescuatquier caso, el objetivo

era siempre el mismo y esto se tuvo presenteaado lde todo el estudio.

1. Datos Biolégicos

Los datos décythoe tuberculatg§Capitulo 1) fueron obtenidos de
pescadores de dos embarcaciones pesqueras espafitlaporre Anaiak” y
el “Oskarbi”. No se trata de una serie temporapfmente dicha, ya que son
s6lo dos capturas puntuales que tuvieron lugat rareeste de Espafia, pero
es suficiente para buscar un efecto ambiental 48; denémeno de escala
temporal muy breve). No existe mucha informacididgjica concerniente a

esta especie.

La serie de datos dectopus vulgariCapitulo 2) fue recogida de
una cofradia en el Puerto de Mogan (suroeste den @anaria. Islas
Canarias). Las series (capturas y esfuerzos djacimsienzan en 1989 y
finaliza en 2007 (18 afios; fenomeno de escala tmhgequefia). Estas
series se actualizan mensualmente. El pulpo coraluma especie-objetivo
importante en la pesqueria con trampas a pequeatemn el Archipiélago

Canario.
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El Thunnus thynnugCapitulo 3) ha sido una especie importante
desde tiempos inmemoriales en el Mar Mediterranea gl Atlantico Norte
(Rodriguez-Roda, 1964, 1983; LOpez-Capont, 1998)pér ello que hay
disponibles una gran cantidad de bases de datasgbailtimo siglo. Sin
embargo, hay que tener presente que no todas miderismo parametro
(nimero de atunes, toneladas por captura, nimeioadées,...). Para el
presente trabajo, se recopilé informacion de 16%drabas (nombre del arte
usado en la captura del atun), en nimero de atdeedistintas fuentes (ver
Tabla 1 del Anexo). EI nUmero de afios con datombarentre almadrabas,
pero, por lo general, de 1525 a 1995 se obtuvarmoidén. Sin embargo, el
trabajo se centra en el posible efecto de la vididad climatica en el atin
rojo (T. Thynnusy por ello, sélo se seleccionaron aquellas sexdesmas de
100 afios de datos (11 almadrabas; fendmeno dedacgsa temporal) (Tabla
2 del Anexo).

Finalmente, las series reconstruidas de anchergrgulis mordax
y de sardina del Pacific&érdinops caerulejsdesde 283 a 1970 (fenémeno
de escala temporal muy larga), para la cuenca l®@& por Soutar (1967)
y Soutar e Isaacs (1969, 1974), y obtenidas de Bauner y colaboradores
(1992) se usaron en este trabajo (Capitulo 4). Aprdrachoas y sardinas, son
especies importantes econdémica y ecolégicamentsalBe que fluctian de

forma inversa, aunque las causas de esto siguatiosieciertas.
2. Datos Climaticos
Series de datos de temperatura

Se obtuvieron imagenes de Satélite de la media deeperatura
Superficial del Mar (TSM) desde Junio a Julio d@&@el sensor MODIS
del AQUA-satellite (MODISA Level-3 Standard Mappbkdage). Asi como
imagenes de la anomalia de la TSM para pasos de med sensor AVHRR

del satélite de la NOAA para el mismo periodo queaso anterior. Ambas
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imagenes se usaron en el estudio @elythoe tuberculataCapitulo 1)
cuando se buscaba una relacion ambiental entreéSM ¥ la especie en

cuestion.

Sin embargo, en el capitulo 2 se usaron la seriRelmolds y
colaboradores (2002) para el Atlantico Norte (Didiee 1982-Enero 2007) y
la de Kaplan y colaboradores (1998) de TSM loc8I52N/16.5 °W).

En el capitulo 3, se consideré el proxy de tempesadnual del aire
reconstruida a nivel del mar (TNM) por Mann y caedriores (2009), desde
1525 a 1936, pero considerando sélo la regién&DN/60 °W-20 °E.

Series de indices globales

De todas las series de la Oscilacion del Atlantiarte (OAN)
disponibles en la literatura y en internet, laeehe la NOAA (1950-2000)
fue la que se uso en el capitulo 2 porque inclufedodo de tiempo que se

deseaba y porque se trata de una serie contrastagsistente.

El Nifio/Oscilacion del Sur (ENOS de aqui en adelavier Anexos)
desde 1650 a 1970, reconstruida por McGregor ybootalores (2010) y la
de la Oscilacién Decadal del Pacifico (ODP) desdié0la 1970 (Shen y
colaboradores, 2006), fueron los dos indices gésbasados en el capitulo 4

para buscar relaciones entre el clima y las capemaCalifornia.
Series de parametros solares

Existen muchos parametros que se han establecido adecuados
para estimar la influencia del Sol en los ecosiagerterrestres (rayos
césmicos galacticos, el is6top80, etc.). En el capitulo 3 se us6é una
reconstruccion de la Radiacion Solar de 11 afioRjR&esde 1610 a 1936,
por Lean (2000).
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Otros patrones climaticos

La descarga fluvial puede afectar a los ecosisemmearinos
directamente mediante el aporte de nutrientes, edémentos o debido a
cambios en la linea de costa. Pero también puedensmdicativo de una
estructura climatica mayor. Por ejemplo, el cauulzéde considerarse un
indice indirecto de los desplazamientos globalels dna de Convergencia
Intertropical (ZCIT. Ver Anexos) (Chiang y colabdaaies, 2000), debido al
papel que juega ésta en el desplazamiento de lozdvies, responsables a su
vez de la estacion de lluvias. En el capitulo 4¢aesiderd el caudal del Rio
Sacramento, por ser uno de los rios mas importaputesiesembocan en la
costa de California. Es un reflejo de los period@s frios y lluviosos al
aumentar su descarga. Por esto, se le puede camsideno un indicador del
patron de circulacion atmosférica sobre el norfeGisano Pacifico. Es un
estimador de la ZCIT. Esta serie comienza en el%oy finaliza en 1997
(Meko, 2001).

Softwares

A lo largo de la presente Tesis, para todos lofissmé&stadisticos,
se uso el software R (lenguaje de programacion @stadistica y graficos)

(http://www.r-project.org/ y esta disponible como Software Gratuito (Free

Software Foundation’s GNU General Public Licen3égne disponibles una
gran variedad de técnicas estadisticas (modelealéis y no lineales, analisis
de estadistica clasica, andlisis de series temgmratlasificaciones,
agrupamientos,...) y graficos. Una de las ventajeR ds la calidad y disefio
de los graficos que produce, incluyendo formulaesony simbolos

matematicos en donde se requiere.

R posee caracteristicas comunes con otros lengudes
programacion, ya que las funciones son tratada® abjetos que se pueden
manejar y usar indistintamente (Cowpertwait y Migc2009).
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El software de Matlabhftp://mathworks.com/products/matlatse

uso a la hora de graficar algunos de los mapast@tap 2 y 3). Posee un
lenguaje de programacion de alto nivel técnico eotorno interactivo en el
gue desarrollar los algoritmos, la visualizaciénlae datos, su analisis y la
computacién numérica. Incluye caracteristicas (élgos) graficos

necesarias para la visualizacion de datos ciensific

En el capitulo 4, el software de Ocean Data VieB\{{Pse uso a la
hora de realizar el mapa (Schlitzer, 200@p://odv.awi.d@

204



Spanish Summary/Resumen en Espafiol

5 RESULTADOS 3

Capitulo 1. Nuevo registro deOcythoe tuberculata (Cephalopoda:
Ocythoidae) en el Noreste Atlantico asociado a uralentamiento

del mar

En el verano de 2006, dos embarcaciones de pagptararon dos
ejemplares vivos de pulpo futbd¢ythoe tuberculataRafinesque, 1814) en
las aguas superficiales del noroeste de la Peaitisélica (41 °-42 °N/13 °-
14 °W, al oeste de Portugal el 27 de junio y ef-48 °N/14.5 °-15.5 °W, al

noroeste de Espafia el 18 de Julio).

De su biologia y comportamiento hay poca inforiacsélo se sabe
gue se trata de una especie de habitos pelagi@mseasuele encontrar en
aguas préximas a la superficie durante la nochehidee, 2002). Posee un
marcado dimorfismo sexual, donde los machos suelsr una longitud de
manto inferior a los 3 cm y las hembras alcanpagitudes de hasta 35 cm
de largo de manto (Roper y Sweeney, 1975; Cardd3argdes, 1998). Un
aspecto destacable es el hecho de que las henthrestal especie sean las
Unicas dentro de los cefaldopodos que poseen ungavegtatoria que les
permite controlar su flotabilidad (Packard y Wuit®94) y también son las
Unicas que dan a luz juveniles que se han dessdookn su interior (Naef,
1923).

Se trata de una especie cosmopolita en mares dfepig templados
(Sweeney y colaboradores, 1992; Vechione, 2002hresdodo en el
Hemisferio Norte (Roper y Sweeney, 1975), siendaasdrecuente en el del
Sur. En el Noreste del Océano Atlantico, se halgitgara los archipiélagos
de Azores y Canarias (Cardoso, 1991) y en el atdt®editerraneo (Naef,
1923; Petrus y Pablo, 1993; Ezzeddine-Najai y E¢di[2001).
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Aunque esta especie se ha citado anteriormentel &@oléo de
Vizcaya en 1936, cuando Bouxine y Legendre encamtran ejemplar en el
contenido estomacal de una albacdiaufnus alalungg la presencia de esta
especie al norte del Azores (41 °-45 °N) no sencardgrado en la literatura
cientifica. Suele ser referenciado en aguas méglaelas y, probablemente,
su captura en latitudes tan altas sea debido aroce§p estacional de

calentamiento del agua.

La temperatura superficial del mar (TSM) en Juhitie de 2006, en
el oeste de Portugal y en el Noroeste de Espa®a]lfdC superior a la
temperatura media normal para ambos meses eng@sa.reEste proceso de
calentamiento también se relaciond con un pico af@en la abundancia de
medusas en Junio de 2006 en las costas noroedispiddgia (La Voz de
Galicia, 7/06/2006).

El verano anormalmente calido que se dio en 208&i@ haber
favorecido la presencia decythoe tuberculata@n una region oceanica al
oeste de Portugal y en el Noroeste del Atlanticggciado también al
aumento de la abundancia de medusas.

El proceso progresivo de calentamiento desderehatia el norte,
es un evento ambiental anual normal que puedetdetecdesde finales de
primavera en el Noreste Atlantico, pero esta gsitaera vez que se registra
la presencia d®cythoe tuberculatasociada a un evento de este tipo. En este
sentido, la captura de un pulpo fatbol, debe apdgaidea de que las
poblaciones se pueden desplazar temporalmentitualéet altas cuando se da

un calentamiento anémalo del agua.
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Capitulo 2. El papel de la variabilidad climética @ las
fluctuaciones de pequefia escala en las capturas pelpo en las
Islas Canarias

El pulpo comUn@ctopus vulgarises una de las especies de mayor
interés para la flota pesquera que opera en @nsistde afloramiento del
Noroeste de Africa (Balguerias y colaboradoresp26@ure y colaboradores,
2000). Lo mismo sucede para la pesqueria con tranpgguefa escala de las
Islas Canarias, ya que esta especie representa32¥62del total de las
capturas desembarcadas por la flota local (HerzaGadecia y colaboradores,

1998, 2002; datos sin publicar de los autores).

Una revision bibliografica, no necesariamente esgtiaa, muestra el
efecto que la temperatura tiene en el ciclo de ga&gulpo comuan, debido al
papel que juega en los primeros estadios del adlsa(iMangold, 1983;
Villanueva, 1995). Su biologia, ecologia y pescuéd sido bien descrita de
forma global para la region del Noroeste africadmihatullin y Ostapenko,
1977; Pereiro y Bravo de Laguna, 1979; NigmatulliBarkovsky, 1990;
Balguerias y colaboradores, 2000, 2002). En estéidselos resultados
descritos en este capitulo muestran que la vadatilclimatica afecta a la
abundancia delO. wvulgaris en Canarias, en una escala estacional,
principalmente a través de la Temperatura Supeffael Mar (TSM) a lo
largo de todo el afio. Sin embargo, como afectars gtatrones climaticos no
esta tan bien comprendido.

Este cefalépodo presenta marcadas fluctuacionaa amplio rango
de escalas espaciales y temporales debido a caneioks variables
biologicas y fisicas que resultan ser factores rdetantes en su
supervivencia (Faure y colaboradores, 2000). Daiddisis llevados a cabo,
se obtuvieron diferencias importantes en la digtifn estacional de la
Captura por Unidad de Esfuerzo (CPUE. Figura 3iada- del capitulo 2):
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para invierno fue del 20.87%, del 35.82% en primaven 17.78% en verano

y un 25.52% en otofio.

En las aguas del Archipiélago Canario, la reproiucg puesta se
dan a lo largo de todo el afio (Nigmatullin y Ostdqme 1977; Hatanaka,
1979; Hernandez-Garcia y colaboradores, 2002)gsibargo, existen dos
periodos de maxima actividad reproductiva, unorggcea julio, con un pico
maximo en abiril, y el segundo de octubre a novien@Buerra, 1992; Faure y
colaboradores, 2000; Hernandez-Garcia y colaboead@002; Katsanevakis
y Verriopoulos, 2006a). Esto indica la presenciaalanenos, dos cohortes
anuales que generan picos bien diferenciados detgraaptura, pero la
importancia relativa de estos picos es dependigietelas condiciones
ambientales. Los resultados que aqui se presentastran una coincidencia
directa de estos dos picos estacionales con el nmtomen que la OAN
cambia de valores altos a bajos y viceversa (Thlslaperior del capitulo 2);
por el contrario la relacion de este patron cliow@tion la TSM en la region

de estudio resultd ser inversa para la primaveiaoyofio.

De los modelos lineales se concluye (Tabla 2 deitalo 2) que en
primavera la OAN es la variable que juega un pdpetiamental sobre la
poblacién de pulpo (24.5% de la varianza explicadaente al 11.12%
explicado por la TSM); sin embargo, en otofio, ambpasimetros parecen
ejercer una influencia conjunta sobre esta pobtafi®.71% de la varianza
explicada por el modelo combinado). Otros trabafsovnin, 1995;
Santiago, 1998; Corten, 2011; Mysterud y colaboms|02003; entre otros)
han resaltado que la OAN se ve reflejada en lastuciones de las
pesquerias; pero también se sabe que Canariasigena en el limite sur y
a partir de esta region se pierde fiabilidad adeatde describir fenédmenos
biolégicos y climaticos relacionados con la OAN [(Ga-Herrera y
colaboradores, 2001).
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Lo que este trabajo resalta es la importanciardéte OAN en el
control de la abundancia del pulpo comin en Casatanto directamente
como de forma indirecta a través de la TSM en wstale estacional; en
primavera la OAN sola explica un 28.64% de la var@ade la abundancia y
en otofio lo hace conjuntamente con la temperaaxaljcando 31.13% y

34.21% de la varianza, respectivamente.
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Capitulo 3. Fluctuaciones climaticas e histéricasal atun rojo en

el Estrecho de Gibraltar y en el oeste del Medite&neo

Los registros de capturas histéricas de atun {Bjwinnus thynnys
en la vertiente oeste de la cuenca Mediterraneastran una tendencia
decreciente entre 1525 y 1936, con fluctuacionelicaé que se asocian a
factores climaticos. Esto también se ha detectadotras especies de peces
(Cushing, 1982; Alheit y Hagen, 1997).

Los modelos lineales (ml) realizados en este estouistraron la
influencia de la temperatura del aire a nivel der @n este sistema, como
indicaban trabajos previos (Ravier y Fromentin,40for ser un parametro
determinante en el metabolismo, migracion, compagato reproductivo (el
atin rojo busca temperaturas entre los 24 y 25.5pdfa la puesta),
supervivencia larvaria y disponibilidad de alimer{feepin, 1991; Hazle,
1993; Polovina, 1996; Korsmeyer y Dewar, 2011; $tdra 2001; Graham y
Dickson, 2004); pero también se destaca en edtajdrda posible influencia
de la actividad solar sobre esta poblacién de peeesjue los modelos
resultantes mejoraban cuando estos eran conside(@dbla 2 del capitulo
3), sobre todo los periodos minimos de actividael@epicuando se detecta un
descenso drastico en la disponibilidad de atinpaja la pesqueria (Figura 2
del capitulo 3). En este sentido, los minimos devidad solar de Spoérer
(1460-1530), Maunder (1645-1715) y Dalton (1790€)82escritos por
Gleissberg (1958), incluso el frio que asolé et®ee Europa entre 1560 y
1600 (Fagan, 2000) o el de 1895-1930 (Figuras &l tapitulo 3), coinciden
con los descensos de las capturas en todas ladralvaa (Figuras 2-8 del
capitulo 3). Tras estos descensos en las captsiempre se registrd un
aumento ligado al aumento de la actividad solandmones mas célidas),
sin embargo, no resultaron lo suficientemente riavies como para que se
recuperaran las abundancias que se registrabas efnhadrabas del ducado

de Medina Sidonia (Estrecho de Gibraltar) antesMiglimo de Maunder.
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Resulta evidente que distintas variables mesossalacon diferente
periodicidad, actian como forzamientos externosl @ontrol de la dindmica
poblacional del atan rojo (Ravier y Fromentin, 20@lanzedo-Lépez y
colaboradores, 2009; este trabajo). En este aspactwtividad solar es un
factor que controla las fluctuaciones de larga las@eariabilidad de baja

frecuencia), mientras que la temperatura se comgori una alta frecuencia.

Para las dos regiones integradas, los términosieaiabes del
modelo explicaron entre un 3.43 y un 17.28% dealdanza, el temporal lo
hizo con un 13.71-37.61% de la varianza explicadfinglmente, la parte
compartida de los ml explicaban entre un 8.56 B1rY5% de la varianza
explicada por estas dos variables climaticas, diipado del periodo de
tiempo evaluado. Esta alta variabilidad en los Itadas, se asocia a la
diferente escala temporal que se considera enmadalo (1515-1936, 1610-
1936, 1700-1936) para cambiar la resolucién y pagjemeciar posibles
diferencias. Sin embargo, una gran parte de lab#idad que muestra el
sistema queda sin explicar por los modelos que s&jdiesarrollaron, lo que
posiblemente se deba a eventos climaticos masbgalke los considerados y
a las circunstancias socio-politicas de cada regido largo del tiempo
(guerras, hambrunas, crisis, etc.); aspectos quebiéa pueden estar
generando las diferencias observadas entre lad®inastrecho de Gibraltar
y el oeste del Mediterraneo interior. Los procestenso-dependientes,
reflejados en el término temporal como la autodacién de la propia serie,
deben estar jugando un papel importante para exglcvariacion temporal
en escalas pequefas, oscilando en un periodo de 4&nt 8 afios (Solari,
2008).
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Capitulo 4. Evaluacion de las sinergias climaticague afectan a las
fluctuaciones historicas de la sardina del Pacificg a la anchoa de

California en California (Cuencas de Sta. Barbara ySoledad)

Los pequefios pelagicos, como la sardina del Bagifla anchoa de
California, tienen gran importancia ecol6gica y regmmica en la region de
California, por lo que han sido estudiados duraddeadas (Kawasaki y
Omori, 1988; Silvert y Crawford, 1988; Lluch-Belgiacolaboradores, 1989,
1992; Schawartzlose y colaboradores, 1999; Chawadapboradores, 2003).
Sin embargo, no existen series de capturas loisnf@mente largas que
permitan estudiar las fluctuaciones de larga esgada por esto que las series
reconstruidas son de gran importancia en ested#épevaluaciones. En este
sentido, California se revela como una regidon ey por las
investigaciones paleoecoldgicas que realizaron aBo(it967) y Soutar e
Isaacs (1969, 1974), quienes reconstruyeron la dsande sardinas del
Pacifico y de anchoas de California desde el al@oh28ta 1970, a partir de
las escamas encontradas en testigos de sedimettaikles de las cuencas

de Santa Barbara y de Soledad.

Uno de los temas mas controvertidos en la liteaatoncerniente a
estas dos especies, es la continua competenciexigie entre ellas, por el
alimento y el espacio que ocupan (Soutar e 1sd&3}; Daan, 1980; Silvert
y Crawford, 1988; Baumgartner y colaboradores, 199gashtorin, 1998;
Fredn y colaboradores, 2003; Barange y colaboradd809). En este
capitulo se muestran los resultados obtenidosta garanalisis wavelet, que
no asume estacionaridad ni linealidad en las senesficados luego

mediante un andlisis bootstrap estacionario.

Se encontré una relacion significativa entre sesliy anchoas
(Figuras 2, 6 y 7 del capitulo 4) para el periodedg el afio 940 al 1011,
coincidiendo con el Periodo Célido Medieval en f@atia (950-1220. Li y
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colaboradores, 2000); en el afio 1000, se alcanztéaximo de temperatura
gue resultd perjudicial para la relacion de amispeees. Entre 1324 y 1382,
se encontré una asociacion también significatiteeegllas, coincidiendo con
el Evento del Afio 1300 (Nunn, 2007) y el comienedal Pequefia Edad de
Hielo. Justo después de este periodo, en el afi®, bédirre otro minimo
térmico que acaba con dicha relacion. Estos remdtalan una relacion
indirecta del efecto de la temperatura sobre arebpscies, lo que corrobora
la hipétesis de la Temperatura Optima de Creciriguie es una extension
de la teoria de la Ventana Ambiental Optima de Faka y colaboradores
(2007). Nuestros resultados muestran que tantoladiciones frias como las
calidas pueden alterar la relacion significativeresardinas y anchoas. Esto
no es un argumento a favor de la sustitucién exgpecies, es mas bien una
corroboracion del planteamiento de Barange y co&dmes (2009) sobre la
influencia del clima en las fluctuaciones obsergadatre ambas especies

mas que a una cuestion de comportamiento de lasasis

Por otra parte, se evalud la influencia climatjcae obtuvo una
relacidon en desfase significativa del caudal del ®acramento con anchoas
entre 1300 y 1350 (Figura 3 del capitulo 4) y camiimas entre 1308 y 1324
(Figura 4 del capitulo 4); aunque hay que resajtee la sefial para las
anchoas resulté mucho mas débil que para las sardiEstos dos periodos
coinciden con final del Evento del Afio 1300 y eimienzo de la Pequefia
Edad de Hielo, para cuando también se describabéxistencia de ambas
especies (Figura 2 del capitulo 4). La descargaalllnos esta indicando
desplazamiento hacia el norte de la Zona de Coewerg Intertropical
(ZCIT) y, consecuentemente, de los monzones querdagn una mayor
precipitacion en la regién en estudio y el aumeaitola descarga fluvial
asociado, y por tanto, es un indice indirecto depatnén atmosférico que

afecta a la abundancia de anchoas y sardinasceletiea de California.

Las sardinas también mostraron tener una reac@ativa a la

radiacion solar (medida a través del berilio-10yeed601 y 1680 (Figuras 5
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y 7 del capitulo 4), lo que se puede explicar atipate los habitos
alimenticios de esta especie, que es predominantemigoplanctdnica
(Kawasaki y Omori, 1988). Entre 1645 y 1715, seotel’ minimo solar de
Maunder (Gleissberg, 1958) que debe ser la caussa@erjuicio para las
sardinas por parte de la actividad solar durarie @6 afios; pero la cuestion
gue se nos plantea es ¢por qué este minimo so &fdes sardinas y otros
como el de Sporer (1460-1530), el de Dalton (17829) o incluso el
contemporaneo (1895-1930) no lo hicieron? Estaseeia al hecho de que
el Minimo de Maunder se dio justo después del nonita temperatura de
1400, por lo que la poblacién de sardinas ya estdhacida anteriormente y

el efecto fue mucho mas drastico que para el tEsttasos.

Finalmente, se sabe que las variables climéatioaactian de forma
aislada sobre los organismos, pero este tipo desiargdlo evalian pares de
variables, por lo que se llevd a cabo un analisisegresion multivariante de
ventana movil, que permite ver la sinergia entres & dos variables y se
observo (Figuras 6 y 7 del capitulo 4) que la @s@in Decadal del Pacifico
(ODP) y el EI Nifio/Oscilacion del Sur (ENOS) afecfauntualmente a las
poblaciones de sardinas y anchoas, pero que laciédisolar (B¥) y la
ZCIT (a través del Rio Sacramento) afectan considemente a las anchoas

y, en menor proporcion, también a las sardinas.
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5o DISCUSION GENERAL 3

“La Tierra funciona como un sistema Unico y
autorregulado, formado por componentes fisicos,
guimicos, biolégicos y humanos. Las interacciones y
flujos de informacion entre las partes que lo
componen son complejos y exhiben gran variabilidad
en sus multiples escalas temporales y espadiales
(Lovelock, 2007)

La actual pérdida y alteracion de la biodiversidzl un tema
preocupante. De acuerdo con esto, se ha prestadbamatencion a las
causas debidas al cambio climatico de accién apgeémca, asi como a los
recursos sobreexplotados. En cualquier caso, laeimfia del clima va
mucho mas alla, pero para llegar a comprenderls, dstudios deben
retroceder en el tiempo lo mas lejos posible, aengste tipo de estudio
histérico se encuentra limitado por la calidad aedocumentos requeridos;
de echo, conforme se retrocede mas, el tipo dent@cion que se necesita
es mas escasa Yy dificil de interpretar (Cushing§219.a aparente respuesta
de los ecosistemas marinos a pequefias o decadailgsiones atmosféricas
sugieren que los procesos clima/océano de largdaedeben ser la causa
principal de las fluctuaciones que se observanasnpbblaciones marinas
(Poulard y Balchard, 2005). De acuerdo con estecaspel conocimiento a
cerca de la vinculacién entre la biosfera y la afier@, no es algo nuevo
(Bernal, 1951; Wigner, 1961; Lovelock y Margulli®973); por ejemplo, ya
en 1972, James Lovelock sugiri6 la Teoria de Gasamhdose en la idea de
que ‘1a vida es un elemento de una clase de fendmenestabo de un
sistema en continua reaccién capaz de disminuiersmopia en funcion de
la energia disponible que recoge del ambiente y dgeuelve de forma
degradada. Esto significa que la biosfera y el componeniscd de la

Tierra estan integrados formando un sistema complgfCémo pueden
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aislarse el uno del otro? Es imposible comprendeyule sucede en uno de
ellos sin entender el comportamiento del otro. few a esto, se ha
establecido que los hallazgos y cambios puntuabgsittlo 1) y de media o
larga escala (capitulos 2-4) detectados en losiséep®s marinos son, en
gran medida, debidos a la variabilidad climatica.l&literatura destaca con
frecuencia el importante papel que juegan los paxécales en este tipo de
variabilidad (Cushing, 1982; Caballero-Alfonso ylatwradores, 2010;
capitulo 3), pero recientemente, los procesos démoss de escala temporal
larga, estan ganando interés para la comunidadifaian Los ecosistemas
marinos son un sistema complejo con una gran c@gdale adaptacién
(Alheit y Bakun, 2010), con una caracteristicaingieca asociada a ellos que
es la no linealidad de su dinamica (Ottersen yhmokdores, 2004; Alheit y
Bakun, 2010), lo que implica que pequefios cambioslos patrones
climaticos de larga escala (p.e.: el ENOS o la OANben producir
importantes efectos a distintas especies y/o revéiéficos (Ottersen y
colaboradores, 2010). Debido a esto, es fundamehtgar a comprender
el grado de influencia que el ambiente puede llegéener (Levin, 1998;
Ottersen y colaboradores, 2001).

El objetivo de esta Tesis era poder contribuia @dmprension de
como el clima afecta a los ecosistemas marinogrimer lugar, se realizo
una amplia revisién de los conocimientos histériaazrca de la evolucion
de los ecosistemas marinos, asi como del climaoriracion, se planted
la posible respuesta que algunas de las especissrnpaban frente a los
cambios de algunas variables climaticas, y comoxamiacion al objetivo
planteado, se consideraron tres grupos marinodiferentes mecanismos
biolégicos y, posiblemente, con distinta respu@sia variabilidad natural
del clima. Estos grupos fueron: aquellos con cidovida relativamente
pequefio (cefalépodos), medio (clupeidos) y conoct# vida largo (atun

rojo).
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Los organismos marinos muestran un amplio rangoedpuestas
frente a los cambios ambientales debido a la netaee intensidad de las
fuerzas que actian, pero también se debe a lasterdsticas bioldgicas de
cada poblacién. Esta complejidad en las respugstiesle explicar los
distintos patrones de reclutamiento (Cushing, 1@&®idy y Gulland, 2983),
asi como las variaciones en la biomasa (SpenceoljeC1997) que se
observan para las poblaciones marinas. Los cantbimégicos que se
pueden dar, son observables en multitud de esesfagiales y temporales.
Un ejemplo de como de rapido puede evolucionar potalacion marina
frente a los cambios ambientales, son todos esest@ss de capturas y/o
avistamientos inusuales que se citan en la Int@dnale esta Tesis, que son
s6lo una pequefa representacion de todo lo quaiessepencontrar en la
literatura (Quéro, 1998; Stebbing y colaboradog¥)2; entre otros). Un
caso reciente es la captura de dos ejemplares lge pitbol Ocythoe
tuberculatg en aguas de Cantabria (noroeste de Espafia)elegjfuera de
su rango de distribucién, debido a un calentamiemomalo de la TSM
(capitulo 1). Del mismo modo, éctopus vulgaris(capitulo 2) es una
especie altamente dependiente de la temperaturasuendesarrollo
embrionario, estados paralarvarios, asentamienttbieo y en los picos de
puesta-captura (Boyle, 1983). Los cefalépodos s@garmsmos que
presentan ciclos de vida cortos (Boyle, 1983, 198&nandez-Lopez y
colaboradores, 2001), lo que implica que sus restpsea los cambios
ambientales sean rapidas (Hernandez-Garcia y qaldt@s, 2002; Pierce y
colaboradores, 2008). Si el forzamiento ambientak ge de es Ilo
suficientemente fuerte, la influencia del forzanwesobre las especies se
puede detectar en cuestion de dias con capturasstaraientos inusuales
(capitulo 1), pero lo mas frecuente es que estaacianes se detecten en
una escala estacional como ocurre en la regidénagharias con las capturas
de pulpo cominQctopus vulgaris(capitulo 2), donde las mayores capturas
tienen lugar en primavera (35.82%) y en otofio (2%)p coincidiendo con

los picos de puesta de la especie (Figura 3 —imipHedel capitulo 2).
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También se observé que la temperatura mostrabaelsaon inversa con
las capturas por unidad de esfuerzo (CPUE) delopydpro mas llamativa
fue la relaciébn que se encontré con la OAN, quallt@sser directa y
significativa para esas dos estaciones con la @nan de pulpo cuando el
indice OAN cambiaba de fase; este proceso en peraagxplicaba un
28.64% de la varianza de las fluctuaciones obsesjathientras que en
otofio lo hacia en un 31.13%. Estos resultados tamhis obtuvieron
Polanco y colaboradores (2011), usando un analisigelet que podia
corregir el error asociado a los modelos linealesapui se aplicaron, lo que

da consistencia a los resultados que aqui se ranestr

Boxplot
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Figura 3 (izquierda) del capitulo 2: Diagramas e de la CPUE mensual.
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Como ya establecié Cushing (1982ps‘ stocks de peces estan lo
suficientemente lejos de los eventos climaticosa pagstringir a un
determinado grupo de factores fisicos aquellos spre comunes a ambijos
Esta idea puede extenderse a todas las pobladita@sas, pero también el
interés tiene que centrarse en los detalles deayigbles estan influyendo a
cada poblacién de especies en una mayor o menadandth este sentido,
el conjunto de datos que se esta recopilando y etaripando, asi como los
métodos estadisticos, estan mejorando en calideddg vez representan
mejor lo que realmente esta sucediendo en la hezaraSin embargo, series
climéticas y biolégicas mas largas y veraces debetinuar recopilandose y
poniéndose disponibles para la comunidad cientiffdamargen de esto,
factores como el viento, la temperatura o la vdital en la actividad solar
siguen resultando fundamentales en la determinafgdlas tasas naturales
de aumento o disminucién de los stocks marinosspafecto en las etapas
larvarias y juveniles (Cushing, 1982; capitulos)lydesto también es lo que
se observé para la biomasa de pulpo, para la gt@rperatura y la OAN
resultaron afectar a la supervivencia larvariaata de crecimiento, la edad
juvenil de asentamiento benténico y el momentoegeaduccion, esto es, al

momento de reclutamiento a la pesqueria (capifulo 2

Trabajos anteriores, desde la década de los reov@ttersen y
colaboradores, 2001), también resaltan la infleende los patrones
atmosféricos como el ENOS, la OAN o el desplazatuiete la ZCIT, en
otras poblaciones marinas. Por ejemplo, FromentifPlgnque (1996),
encontraron su influencia en dos especies de zodpla en el Océano
Atlantico, en elCalanus finmarchicugy en el C. helgolandicus Ambas
especies presentan distintos patrones espacid¢agspprales en el Atlantico
Norte y en el Mar del Norte (Fromentin y Planqué9€), presentando
tendencias de larga escala opuestas, debido a&spectivas respuestas al
ambiente y porque estan asociadas a otros factmodgicos. En este

sentido, valores positivos de la OAN se relacioraom abundancias
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pequefias d€. finmarchicusy viceversa, mientras que Fromentin y Planque
(1996) establecieron que la relacion entre la OAN @. helgolandicusra
menos evidente (s6lo un 18% de la variabilidadxgdiaaba por ese patron
climatico, frente al 58% registrado para la otrpeese de copépodo) pero
aun asi se trataba de una relacion positiva. Argiesstndo, valores extremos
de este indice, causan cambios en ambas especiEaatais La diferente
forma en que puede influir el OAN en estas dos aspese asocia a los
factores intermedios que pueden estar actuando,o cemviento, la
temperatura o incluso la competicion entre ellasteAodo, cabe destacar
gue la OAN parece estar detras de sus comportassietiando se analizan
los niveles altos de la red tréfica, también sedatun efecto de la OAN;
por ejemplo, una OAN positiva en el norte de Eur@pgplica periodos frios
en la cuenca Mediterranea) se traduce en afioosdalite favorece mayores
tasas de crecimiento y de supervivencia del bac@amlus morhup en
aguas del Artico, Noruega, el oeste de Groenlandialas aguas de Canada.
Esto conlleva un aumento del consume de capilatidtus villosu$ por el
bacalao en el Mar de Barents; y lo mismo se obsenvel Mar del Norte
(Ottersen y colaboradores, 2001). También se ha gge la OAN causa
cambios termales en el habitat del salmén del #Adan(Salmo salar)
(Ottersen y colaboradores, 2001; Drinkwater y oofaliores, 2010), ya que
su rango de distribucion decrece para valores ipositdel OAN
(condiciones célidas en las latitudes mas al ngrts¢ expande cuando se
dan los negativos. Este mismo comportamiento tamdeédetecta en el Mar
de Barents para el bacalao, el arendilagea harengysy para las sardinas
(Sardina pilchardupsen el norte de Europa (Ottersen y colaborad@@®@3]).
Para los dos Ultimos casos, el arenque se ve fa@dor@or indices OAN
negativos, mientras que las sardinas lo hacen Iparaositivos (Brander,
1995; Alheit y Hagen, 1997; Ottersen y colaboraslo2001). Estas son
respuestas mas o menos directas al efecto de la, @AM otras mas

complejas deben producir otras respuestas fisicdggique modulan la
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dinamica de las poblaciones y las interaccioneseealias (Ottersen y
colaboradores, 2001).

En todos los casos se puede apreciar, que la Oddthaa distintas
especies cuando esta en fase positiva 0 negatival Eapitulo 2 se indicé
que al pulpo comin en las Islas Canarias le afiect@AN cuando esta
cambiando de una fase a otra. Todo esto apuntaecé&sidad de evaluar los
efectos de las oscilaciones climaticas a nivelviddal, poblacional y de
comunidades (Caballero-Alfonso y colaboradores02@apitulo 2), debido
al hecho de que esos patrones afectan a las réspuds reproduccion,
abundancia, distribucién, competicion de especiefero también se
necesita tener una mayor comprensién de los menagsisitermedios entre
la OAN vy las respuestas que se observan en logstmmoas (Ottersen y
colaboradores, 2001).

Al margen de todo lo anterior, no se ha observau® influencia
significativa de la OAN en otras especies, comogjemplo, en el atdn rojo
(Thunnus thynnys (Ravier y Fromentin, 2004; Ganzedo-Lépez vy
colaboradores, 2009), aunque a este respectoag§antl998) publicé una
relacion positiva entre el indice OAN y el atinoroy negativa con la
albacora T. alalungg. A diferencia de lo que sucede con la OAN, la
temperatura ha sido muy considerada como factodiciomante de las
migraciones hacia el norte del atdn rojo en buscsud zonas de puesta en el
Mar Mediterraneo (p.e.: Ravier y Fromentin, 200Bvi@r y Fromentin,
2004), lo que no es trivial, ya que esta varialsldaeque controla procesos
biolégicos como los periodos de reproduccion o eimento de la puesta
(Fromentin, 2006; Goldstein y colaboradores, 208%)cualquier caso, en el
capitulo 3 se resalta la importancia de la actividalar (medida como
radiacion. Lean, 2000) como posible causa de lagtuiciones de larga
escala observadas en la abundancia, junto con faittsres climaticos; en
este contexto, se obtuvo una varianza explicad&&le2% para el area del

Estrecho de Gibraltar (1610-1936), mientras quea pat oeste del
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Mediterraneo (1700-1936) se obtuvo un 46.5% deawas explicada de las
fluctuaciones. Si se profundiza en estos resultatopuede apreciar que los
minimos en las abundancias coinciden con los miid® las variables
ambientales (Figuras 6 y 8 del capitulo 3), a sa) ®stos minimos coinciden
con los minimos en la actividad solar descritodeefiteratura y que, en
Ultima instancia, controlan la temperatura (Glezsgb 1958; Bond y
colaboradores, 2001). En cualquier caso, una p@an@ortante de la
variabilidad obtenida de los andlisis realizadosiedg sin explicar,
posiblemente debido a eventos climaticos de edoald y socio-politicos
regionales que también deberian ser consideradesr&s, hambrunas, crisis,
etc.) ya que histéricamente han afectado a loggaisl Mediterraneo y a las

pesquerias tradicionales.
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Figura 6 del capitulo 3: Rendimiento en el EstredbdGibraltar y modelos para el
periodo de 1610 a 1936 (considerando la TNM yR)IS
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Figura 8 del capitulo 3: Rendimiento en el oesteMisditerraneo y modelos para el
periodo de 1700 a 1936 (considerando la TNM y R)IS

En el caso del atdn rojo (capitulo 3), las carétieas locales
parecen jugar un papel fundamental sobre la aboraae los stocks, ya
gue entre las dos regiones consideradas (Estrext@®ilttaltar y oeste del
Mediterraneo) se pueden observar pequefias difasenEn concreto, se
obtuvo que en el dominio del Mediterraneo las flactones resultan menos
explicadas por los parametros globales que lasEdgkecho de Gibraltar.
También para los cefalépodos, mas que la variadiliglobal del clima, las
caracteristicas locales son importantes debidorapaa respuesta de estos
organismos a los cambios ambientales; en el capitulse mostro la
diferencia para una misma especie de pulpo engienes, por ejemplo,
respecto a la temperatura, Sobrino y colaborad@@32) encontraron las

maximas abundancias de pulpo coincidiendo con Ideinms de la
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temperatura superficial del mar (TSM) en el Golto @adiz, mientras que
Balguerias y colaboradores (2002) y Moreno y calathares (2002)

encontraron para el Banco Sahariano y la costeodedl respectivamente,
gue los maximos de captura coincidian con los ndgime TSM en esas
regiones. Estos son unos ejemplos claros de cérfmzamiento climatico

afecta al reclutamiento y, por tanto, a la abunidade las poblaciones
(capitulos 2 y 3) pero que en ocasiones los adskogueden mover de su
habitat natural en busca de un ambiente con camisi mas favorables

(capitulo 1).

En este sentido, Drinkwater y colaboradores (2@k@)ican que los
cambios observados en los ecosistemas son respuedts condiciones
locales, también que los indices de larga escalersyposeer una gran parte
significativa de esa variabilidad local o regiongkto se debe a que los
cambios climaticos locales generalmente son ungruesta a los procesos de
larga escala, relacionados con varios elementm®d$igtemperatura del aire
y del mar, cobertura de hielo marino, viento,...)oy psto es por lo que se
les puede considerar como representativos del foerdo climatico mas
gue a cualquier variable local (Stenseth y colatames, 2003). Ademas, los
indices locales pueden variar significativament&ninas que los de larga
escala lo hacen de forma mas paulatina, con mesf@s de ruido (Stenseth
y colaboradores, 2003) y lo que es mas, una graedea de ecosistemas y
poblaciones estan reguladas por las oscilacionestotas de larga escala
(Jacobson y colaboradores, 2001; Cazelles y cadooes, 2008; Hsieh y
colaboradores, 2009). Drinkwater y colaborador@9382 indicaron queén
algunos casos los indices de larga escala puedeertéanta, o mas,
varianza explicada de los elementos del ecosistmdos indices locales
La ventaja de usar esos indices climaticos de kesgala es la posibilidad de
vincular el clima con la dinamica inducida a loo®stemas a distintos
niveles troficos, especies y localizaciones gedogaaf (Drinkwater y

colaboradores, 2010).
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Para disminuir la incertidumbre concerniente a@darvariabilidad
natural del clima (larga escala) afecta a lasrdasi poblaciones, las series
temporales de datos deben contener, al menos, enédenl afios con datos
(como se concluye de los analisis de las seriepdmtes incluidos en esta
Tesis). No es frecuente encontrar ni en la litegahi en las bases de datos,
series temporales globales de los ecosistemas asanrero la cuenca de
California es una de las regiones mejor documeasteskpecto al efecto del
clima en los peces, debido al programa ‘Califor@i@operative Oceanic

Fisheries Investigations’ (CalCOFI).

Los ecosistemas pelagicos varian mucho en eseslfeaciales y
temporales (Hayward, 1997; Ottersen y colaboragdog8d0). De los
capitulos 3 y 4 se puede concluir que la respumstégica a la variabilidad
del ambiente difiere de forma considerable entpe@ss. A mediados de la
década de los setenta, aumentaron la temperatunaade la intensidad del
afloramiento de California, aunque este es cowtrarilo que se espera
(Hayward, 1997); sin embargo, esto se midi6é jurio an descenso de la
comunidad macrozooplancténica, y este descensoinaénthasta 1995
(Hayward, 1997). Un descenso en la biomasa de aocign y en la de
anchovetakngraulis rigen¥ también se registrd en el sistema de la corriente
de Perd debido al mismo proceso fisico registrad@alifornia, lo que por
el contrario favoreci6 a la abundancia de sardi(Bardinops saggx
Finalmente, las caballaS¢omber japonicug Trachurus murphyiparecen
no verse afectadas (Hayward, 1997). Una investgachuy importante
relativa a todo esto es la que realizaron Sou87q)ly Soutar e Isaacs (1969,
1974), quienes reconstruyeron series temporaledasiebiomasas de la
anchoa de California Ephgraulis mordax y la sardina del Pacifico
(Sardinops caeruleysa partir de las escamas que encontraron endedlig
sedimentos extraidos de las cuencas de Santa Basbate Soledad

(California).
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Tanto desde un punto de vista econémico, comodgioa, los
pequefios pelagicos como la anchoa de Califoilmgraulis mordaxy la
sardina del PacificoS@rdinops caerulejisson muy importantes (Barange y
colaboradores, 2009). Ademas, se han estudiadotduliécadas (Barange y
colaboradores, 2010; capitulo 4), centrandose komparte del interés en
las fluctuaciones de alternancia entre ambas espédiaan, 1980; Silvert y
Crawford, 1988; Kawasaki y Omori, 1988; Lluch-Belgacolaboradores,
1989, 1992; Baumgartner y colaboradores, 1992; dfiymin, 1998;
Schwartzlose y colaboradores, 1999; Chavez y codalooes, 2003; Freén y
colaboradores, 2003; van der Lingen y colaboradd2666; Takasuka y
colabordores, 2007; Barange y colaboradores, 200@ste respecto, en el
capitulo 4 se concluyé que la alternancia entreaanglspecies parecia estar
vinculada mas a las condiciones climaticas que ahportamiento o
competicion entre especies (Figura 2 del capitplhds resultados que aqui
se presentan, muestran que tanto condicionescisfae muy calidas pueden
hacer variar la relacion significativa que se entigeentre ambas especies,
pero si las condiciones ambientales favorecen daast de crecimiento,
ambas especies pueden coexistir. Al margen de ébditerés que pueda
tener esta relacion, algo importante de la evolutiétérica del clima y de
las pesquerias, es la disponibilidad de las seme®nstruidas largas
(aproximadamente 2000 afios de datos) para estesgesies a partir de las
escamas extraidas de esos testigos de sedimentmsedeas andxicas de
California (cuencas de Santa Barbara y de Solg@ul)tar, 1967). De ellas
se pueden inferir que la biomasa de la anchoa @& era mucho mas
constante que la de sardina del Pacifico paradgbderiodo evaluado. Como
sefial6 Hayward (1997), las fluctuaciones de escddasdales de ambas

especies se pueden correlacionar bien con cambielsoima.
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Figura 2 del capitulo 4: Coherencia wavelet de lambsas de anchoas y sardinas.
La figura superior es la variabilidad de la coher@ry la inferior es la relacion

fase/desfase.

Ademas, en el capitulo 4, se mostro que las fastmes en la
biomasa de la sardina del Pacifico se relacionalaoactividad solar (a
través del berilio-10) (Figura 5 del capitulo 4gn la descarga fluvial del
Rio Sacramento (Figura 4 del capitulo 4); asi cemobservé con la anchoa

de California, que se correlaciona también coreféesdel Rio Sacramento

(Figura 3 del capitulo 4).
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Wavelet Coherence
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Figura 5 del capitulo 4: Coherencia wavelet debiasnasas de sardinas frente al
Berilio-10. La figura superior es la variabilidad l@ecoherencia y la inferior es la

relacion fase/desfase.
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Figura 4 del capitulo 4: Coherencia wavelet debiasnasas de sardinas frente al
caudal del rio Sacramento. La figura superior esf@bilidad de la coherencia y la

inferior es la relacion fase/desfase.
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Wavelet Coherence
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Figura 3 del capitulo 4: Coherencia wavelet de iasnhsas de anchoas frente al
caudal del rio Sacramento. La figura superior esf@bilidad de la coherencia y la

inferior es la relacion fase/desfase.

Esto lo que esté resaltando es la influencia deesas climaticos
de larga escala, como la variabilidad solar o spzamiento de la ZCIT,
en la abundancia de pequefios pelagicos como Ipsidhs. Estos resultados
no contradicen a los estudios previos que resatapapel central de la
temperatura (Takasuka y colaboradores, 2007), exltwi (Rykaczewski y
Checkley, 2008) o incluso de los patrones atmasiéri(Chavez y
colaboradores, 2003), como el efecto negativo dereetel ENOS (El
Nifio/Oscilacién del Sur) sobre la anchoa de Califben el ecosistema de la
corriente de California (Fiedler y colaboradore88@). En los resultados
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obtenidos, no se encontrd ninguna relacion entredgecies y el ENOS o la
Oscilacion Decadal del Pacifico (ODP) en los aislide larga escala,
probablemente porque el ENOS es un fenémeno puintpaktante (una vez
cada 3-7 afios). Por esta razén, la relacion sigitifia y negativa encontrada
por Fiedler y colaboradores (1986) debe estar si@utbestimada, pero no
significa que no exista, en nuestro analisis dgalascala. Estos resultados
ponen de manifiesto el hecho de que existen vasaljue no se consideran
en esta evaluacion, que pueden estar afectandofladtuaciones de anchoa
y sardina. Para reducir esta incertidumbre, sézteah analisis de regresion
multivariante de ventana movil y se observé queagodhs variables
consideradas en este nuevo analisis, estaban pgdgdn papel sobre las
abundancias de sardinas y anchoas en algun mormerito historia de los
peces. Esto pone de manifiesto la falta de mod=lagplejos a la hora de
evaluar la interaccion del clima y los ecosistentads que modelos que
consideren sélo pares de variables. Incluso losefosdno lineales deben
resultar de interés a la hora de evaluar esasagti®nes complejas
observables en los ecosistemas; en este sentichmadibis de regresion
multivariante de ventana movil resulta ser una prarbuena aproximacion

para evaluar la existencia de interacciones eidtmths variables.

En el capitulo 4 se han usado distintas seriegatitas temporales
para tratar de contribuir a la comprension de céidima natural afecta a
la dinamica poblacional de algunas especies marasue se trata mas de
un andlisis descriptivo que cuantitativo. Como apnacién general, hay
gue recordar que hasta cierto punto, los resultatitenidos son funcién de
la longitud y exactitud de las series que se iranhugn los modelos, asi como
de las caracteristicas intrinsecas de los factimgticos y de las especies.
En este contexto también es importante recordarcqaado las series son
reconstruidas, pueden incluir cierto ruido querssladara al modelo. Por
ejemplo, los cefalopodos son organismos con cigovida pequefio (en

torno a 1 afio) y sus procesos de reclutamientol siem@n mas impacto en
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la abundancia de la poblaciéon que aquellas de ¢ielgo (p.e.: el atdn).
Probablemente, la influencia de eventos localegsntyales es similar en los
resultados de mortalidad y supervivencia de los cesos
densoindependientes de casi todas las especidargan pelagicas, pero en
aquellas de ciclos de vida cortos, hay menos gimsides de atenuar dicho
efecto con puestas futuras. Sin embargo, los festdimaticos que actian a
nivel mesoscalar, como la OAN en sus cambios dedds actividad solar,
deben dejar su tendencia marcada en casi todasgasies, con un impacto
mas o menos dramatico, y probablemente puedenr legietectarse con
mayor o menor retardo en las series dependienddosieprocesos de
reclutamiento de las especies, su biologia y, stiute de la forma en que
son registrados los datos, la longitud de las seyida exactitud de las
herramientas matematicas que se utilicen en lobsen&En este sentido,
series largas y completas (p.e.: las reconstruesiaie anchoas y sardinas)
permiten emplear técnicas estadisticas mas safisticy alcanzar resultados

MAs precisos.

Es importante entender las consecuencias del dahpasado para
entender lo que esta sucediendo hoy al margersdetéaacciones humanas,
hecho que ya resalt6 Cushing (1982) y que enfagizda necesidad de
comprender las causas naturales (p.e.: clima) gjpygasen a los cambios en
los stocks de peces a través del efecto de losrésctfisicos sobre el
reclutamiento. Apunté también que la mayoria deefestos ambientales en
los peces y en las pesquerias eran desconocidossiguen siendo. Sin
embargo, en esta Tesis se han aclarado algunasadeirecertidumbres,
mostrando de forma mas clara el efecto del climenalgen del hombre.
Para alcanzar este objetivo de forma precisa, Ggie®n series de datos
largas vy, lo que es mas, las aproximaciones ettadisieben ser cada vez
mas exactas a la hora de explicar la evolucidmsletosistemas relacionada

con los registros historicos del clima.
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5 CONCLUSIONES 3

Las principales conclusiones que se extraen deTesia son:

1. La Oscilacion del Atlantico Norte (que describe los
cambios de la circulacion atmosférica en un rangpli@ en el Noreste del
Océano Atlantico) afecta a la dinAmica poblaciai®lOctopus vulgarisen
la regiébn de las Islas Canarias, en concreto derrded estaciones de
reproduccién de la especie (primavera y otofio)nhaidiendo con los
cambios de la Oscilacion del Atlantico Norte deoves altos a bajos. Este
efecto se detecta sobre todo mediante cambios migeratura superficial
del mar, el viento y las corrientes oceanicas quctan en la distribucion y
en la tasa de supervivencia de las paralarvas rysecoentemente, en el

reclutamiento a la pesqueria de trampa de peqseatae

2. Los resultados del capitulo 3 inciden en la impai@ade la
actividad solar, mas alla del incuestionable pgpeljuega la temperatura del
agua de mar, en las fluctuaciones de larga es@latdn rojo Thunnus
thynnu3 en la region oeste del Mediterraneo, en concrbicante las fases
de minima actividad cuando el atin disponible parpesqueria decrece
drasticamente. A pesar de lo cual, una parte iraptatde la variabilidad en
los analisis llevados a cabo queda sin explicabairlemente debido a los
eventos climaticos de escala local adicionaleslgsacircunstancias socio-
politicas. Concretamente, en la zona interior dekdirraneo las
fluctuaciones parecen estar menos explicadas pame#ros globales que en
la del Estrecho de Gibraltar. En este Ultimo ca&®8.02% de la varianza
queda explicado por el modelo, frente al 46.5% Metliterraneo. Esto se
asocio a las caracteristicas locales, porque ladiét solar y la temperatura
superficial del mar controlan las fluctuacionedaabundancia desde 1525.

Estos resultados sugieren que lo que pasa en giare sistema no se
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puede extrapolar a otras, incluso cuando se enauwelpajo el mismo proceso
global. Esto se debe al hecho de que las cardutasidocales y biolégicas
también deben considerarse, junto con las complgjaso lineales

interacciones entre las variables del sistemagildi$i de contemplar en los

modelos en su integridad.

Ademas de la conclusion anterior, la temperaturdiaaea
nivel del mar, también ha resultado ser un faotor iofluencia directa sobre

las fluctuaciones de atun rojo.

3. La influencia del sol y de la Zona de Convergencia
Intertropical han destacado como factores ambiemtahportantes en el
control de las fluctuaciones dengraulis mordaxy de Sardinops caeruleus
en California. Sin embargo al aplicar un analisisrégresion multivariante
de ventana mavil, se encontr que otras variablebign jugaban un papel
importante en ciertos momentos sobre las poblasionarinas evaluadas,
incluso aquellas que resultaron no significatidasoasiderarlas aisladas. En
este sentido, el presente estudio es un paso s&lelanesa incertidumbre;
pero se deben considerar mas variables y realizagsesiones multivariante
de ventana mévil mas precisas, asi como analisi;eales que incluyan la

complejidad de las interacciones entre las digiptates del sistema.

En esta evaluacién, se encontré una relacion mgtiifa
entre las anchoas y las sardinas. Los resultadesstran que tanto las
condiciones frias como las muy cdlidas pueden nwadifla relacion
existente entre ambas especies. Se asumié queegstma relacion de
coexistencia debida mas a los factores climéaticos g estrategias de

competencia por la fuente de alimento.
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4, Para concluir, la actividad minima solar pareceusédiactor
importante en el control de las fluctuaciones dgdascala del atdn rojo, de
la sardina del Pacifico y de la anchoa de Califorfor otro lado, la
Oscilacion del Atlantico Norte se considera unma@tmosférico importante
dentro del Océano Atlantico Norte, pero en este,caedlo para procesos de
pequefia escala, lo que pone de manifiesto la mixksie construir indices
atmosféricos que expliquen, en mayor proporci@y&iaciones regionales.
Sin embargo, poco se sabe a cerca del efectoesolas poblaciones marinas
debido a que las series de pesquerias que se peseate corta longitud.
Finalmente, se necesitan series con mas de un diglitatos para ver este
tipo de influencias (deben ser series lo mas camplgosibles para aplicar

analisis mas precisos que los modelos lineales).
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so FUTURAS LINEAS DE INVESTIGACION «3

En la presente Tesis se ha destacado mucho dl¢mpee actividad
solar, pero también patrones atmosféricos de laggeala como El
Nifio/Oscilacién del Sur o la Oscilacién del Atl&@atiNorte resultan cruciales
a la hora de describir el comportamiento de laslgoidnes marinas. Sin
embargo, siguen habiendo algunos aspectos que mpedaesolver y que

son puertas abiertas para investigaciones futuras.

En primer lugar, la importancia de recopilar setemporales largas
de abundancia que se puedan comparar con las temmisnes climaticas.
La actividad solar parece ser relevante en lasraotéones ambiente-
ecosistemas, pero para ver esa influencia se teeaegis de un siglo con
datos. También, la reconstruccion del clima pasgtidyal y regional, debe
seguir realizandose porque hay muchos procesosdigue pueden actuar de
diferente manera alrededor del Globo. Por ejengadda visto que durante la
Pequefia Edad de Hielo, el Pacifico tropical se mmaba bajo unas

condiciones relativamente cdlidas y estables (F&2f200).

En segundo lugar, y asociado con las afirmaci@rgsriores, se
deben desarrollar indices atmosféricos localesejgmplo de la importancia
que estos indices locales pueden tener es el iddi€scilacion del Oeste del
Mediterraneo (WeMOi, segun sus siglas en inglésya elefinido por las
medias de un dipolo compuesto por un sistema des gltesiones sobre
Azores y uno de bajas presiones sobre Liguria. ®stauyd para estudiar
fendmenos locales y algo parecido es lo que sesit@cen regiones con
condiciones ambientales especificas como es el, gaso ejemplo, del

Archipiélago Canario.
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Para concluir, se deben realizar analisis mas ogno lineales
del ambiente-ecosistema, incluyendo todas lashbhlagaque sea posible para

alcanzar una mejor comprensién del sistema queates.
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ACF

ACI

A.D.

AMO

9 LIST OF ABBREVIATIONS 3

Autocorrelation Function

Akaike Information Criterion

Anno Domini

Atlantic Multidecadal Oscillation

ARIMA Autorregresivo model

B.C.

Be

BFT

CalCOFlI

Cal

CPUE

ENSO

FAO

GAM

GCM

GLM

Before Christ

Beryllium-10

Bluefin Tuna

California Cooperative Oceanic Fisheriegehbiigations

Cone of Influence

Catch per Unit of Effort

El Nifio/Southern Oscillation

Food and Agriculture Organization

Generalize Additive Model

General Circulation Model

Generalize Lineal Model
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List of Abbreviations/Lista de Abreviaturas

ITCZ Intertropical Convergence Zone

Im Linear Model

NAO North Atlantic Oscillation

NOAA National Oceanic and Atmospheric Administoati
OobVv Ocean Data View

PDO Pacific Decadal Oscillation

SIB Solar Irradiance Background

SLT Sea Level Temperature

SST Sea Surface Temperature

UNFCCC United Nations Framework Convention on Cten@hange
wco Wavelet Coherence

WeMOi Western Mediterranean Oscillation Index

wi Window-size
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9 LISTA DE ABREVIATURAS 3

a. C. Antes de Cristo
A.D. Anno Domini
ARA Atldn Rojo del Atlantico

ARIMA Modelo Autorregresivo

Be Berilio-10

CalCOFI California Cooperative Oceanic Fisheriegehbiigations

(siglas en ingles)

CIA Criterio de Informacion de Akaike

CMNUCC Convencion Marco de las Naciones Unidas pafzambio
Climatico

CDI Cono de Influencia

cow Coherencia Wavelet

CPUE Capturas por Unidad de Esfuerzo

d.C. Después de Cristo

ENOS El Nifio/Oscilacion del Sur

FAC Funcién de Autocorrelacion

FAO Organizacion para la Comida y la Agricultusaglas en
inglés)
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List of Abbreviations/Lista de Abreviaturas

MCG Modelo de Circulacion General

mga Modelo Generalizado Aditivo

ml Modelo Lineal

mig Modelo Lineal Generalizado

NOAA National Oceanic and Atmospheric Administoati(siglas
en ingles)

OAN Oscilacion del Atlantico Norte

ODP Oscilacion Decadal del Pacifico
OobV Ocean Data View (siglas en inglés)
OMA Oscilacion Multidecadal del Atlantico
RSR Radiacion Solar Reconstruida

TNM Temperatura a Nivel del Mar

TSM Temperatura de la Superficie del Mar

WeMOi indice de Oscilacion del Mediterraneo Oestglés en inglés)
wil Tamafo de ventana (siglas en inglés)

ZCIT Zona de Convergencia Intertropical
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s> ANNEXES/ANEXOS 38

Tables

Table 1: Register of the compiled almadraba’s dataces for each period of

time.
Location Almadraba Period registered Source
Portugal Abobora 1885-1933 Ravier, 2003
Sul do Cabo 1896-1917 Ravier, 2003
Carvociro
Ramalhete 1896-1930 Ravier, 2003
Olhos de Agua 1896-1919 Ravier, 2003
Senhora do 1876-1933 Ravier, 2003
Livramento
Senhora da Rocha 1897-1919 Ravier, 2003
Sul da Pta. da 1902-1926 Ravier, 2003
Balecira
Barril 1867-1933 Ravier, 2003
Lemos and Gomes,
1934-1966 2004
Cabo Santa Maria 1896-1933 Ravier, 2003
Forto Novo 1896-1920 Ravier, 2003
Torre de Barra 1897-1917 Ravier, 2003
Medo das Casas 1776-1989 Ravier, 2003
Piccinetti and
Pharol 1898-1914 Omiccioli, 1999
Sol da Ponta 1897-1931 Piccinetti and

Omiccioli, 1999
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Piccinetti and

van 1896 Omiccioli, 1999
Perra da Gale 1896-1902 gﬁi’]ﬁﬁgﬁ“ and
cabeco 8961007 G 00
Ponta do Burgan 1903-1904 Opr::]gg‘lgltlt'laég%
elene 1905 Omicciol 1699
Tore Al 18961004 g o0
Torre Altinha 1896-1909 gﬁﬁ?ﬁfﬂ%@%
e 18961989 Tl 00
Spain Arroyo Hondo 1914-1934 Ravier, 2003
Barbate 1910-1928 Ravier, 2003
1929-1961 ROdrl'lgguGiZt-)Roda,
1962-1972 ROd“’g;%—Roda,
19731975 el 136
Isla Cristina 1916-1924 gﬁiﬁi‘.ﬁff‘fg@%
1929-1961 ROdri]‘f';g:éROdal
1962-1965 Rodrig;%-Roda,
1985 Rey et al., 1987a

286



Annexes/Anexos

Las Torres

Reina Regente

Sancti Petri

Tarifa

Torre Atalaja

Zahara

Conil
Castil Novo
Carboneros

Rio Terrén

1902-1923

1933

1913-1940

1552-1606

1917-1929

1930-1961

1962-1971

1743-1755

1914-1924

1927-1928

1929-1961

1962-1971

1972-1985

1914-1934

1525-1756

1910-1936

1525-1756

1525-1622

1743-1754

1741-1756

1914-1920

Ravier, 2003

Piccinetti and
Omiccioli, 1999

Ravier, 2003
Lépez-Capont, 1997
Ravier, 2003

Rodriguez-Roda,
1964a

Rodriguez-Roda,
1973

Lépez-Capont, 1997

Piccinetti and
Omiccioli, 1999

Ravier, 2003

Rodriguez-Roda,
1964a

Rodriguez-Roda,
1973

Rey et al., 1987b
Ravier, 2003
Lépez-Capont, 1997

Ravier, 2003
Lopez-Capont, 1997
Lépez-Capont, 1997

Lopez-Capont, 1997

Lépez-Capont, 1997

Piccinetti and
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Omiccioli, 1999
. Rodriguez-Roda,
La Linea 1952-1961 1964a
Rodriguez-Roda,
1962-1972 1973
Piccinetti and
Las Cabezas 1914-1928 Omiccioli, 1999
Nuestra Siira. de la Piccinetti and
Cinta 1914-1928 Omiccioli, 1999
. Piccinetti and
La Higuera 1914-1928 Omiccioli, 1999
Piccinetti and
Torre del Puerco 1919-1925 Omiccioli, 1999
Morocco Punta Negra 1936-1957 Lozano-Cabo, 1958
1958-1960 Ravier, 2003
Garifa 1927-1957 Lozano-Cabo, 1958
Las Cuevas 1935-1954 Lozano-Cabo, 1958
Los Cenizosos 1940-1957 Lozano-Cabo, 1958
Jolot 1947-1954 Lozano-Cabo, 1958
Es-Sahel 1948-1954 Lozano-Cabo, 1958
Algiers Aguas de Ceuta 1940-1960 Ravier, 2003
Tunisia Bordj Khadidja 1903-1929 Ravier, 2003
Conigliera 1896-1929 Ravier, 2003
Monastir 1894-1926 Ravier, 2003
Pricipe 1940-1960 Ravier, 2003
Ras el Ahmar 1905-1941 Ravier, 2003
Sidi Daoud 1863-1960 Ravier, 2003
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1986-1994

Piccinetti and

Omiccioli, 1999
El Aouaria 19071930 ot 1060
Ras El Minr 10081011 e e
Ras Marsa 1907-1918 oiﬁgggltutl fggg
Kuria 1001027 e 0
Ras Zebib 19231030 ol ioe
Libya Siten 1025103 g o oo
Gargaresch 1920-1928 oi'q‘f(f!.'fﬁ" fggg
El Mongar 1924-1927 o%?gggﬁu fggg
Mongar El Chebir 1924-1931 o'::ﬁgggﬁtl fggg
Marsa Marrecan 1927-1928 Oi;?gé?:ﬁtl fggg
Marsa Zuaga 1921-1931 oljmlq?g::?gltutl fggg
Marsa Sabrata 1921-1931 oﬁ%?ﬁé?fﬁ“ fggg
Marsa Sorman 1924-1927 o%?gclz?gltutl fggg
Marsa Dila 1927-1928 oilq?g::?gltutl fggg
Ras Lahmar 1920-1929 Piccinetti and

Omiccioli, 1999
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Piccinetti and

Ras Urir 1926-1927 Omiccioli, 1999
Gebbana Sidi Piccinetti and
Mahfud 1921-1927 Omiccioli, 1999
. . Piccinetti and
Sidi Abdul Gelil 1920-1930 Omiccioli, 1999
Sidi Sbeh Lahmar 1923-1931 Piccinetti and
Omiccioli, 1999
- Piccinetti and
Sidi Bu Mefta 1927 Omiccioli, 1999
. Piccinetti and
Dzeira 1920-1931 Omiccioli, 1999
Piccinetti and
Punta Lebda 1921-1924 Omiccioli, 1999
Piccinetti and
Ras El Mseu 1921-1926 Omiccioli, 1999
Piccinetti and
Mellaha 1924 Omiccioli, 1999
Piccinetti and
Marsa Hamra 1924 Omiccioli, 1999
Piccinetti and
Marsa Beltar 1923-1925 Omiccioli, 1999
Italy Saline 1823-1960 Ravier, 2003
Isola Piana 1820-1960 Ravier, 2003
Flummentorgiu 1824-1912 Ravier, 2003
Porto Scuso 1820-1960 Ravier, 2003
Porto Paglia 1830-1960 Ravier, 2003
Piccinetti and
Carloforte 1868-1995 Omiccioli, 1999
Asinelli 1904-1929 Ravier, 2003
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Bonagia
Castellamare
Cofano

Favignana

Formica
Magazzinazzi
Marzamemi

Oliveri

Pizzo

San Cusumano

San Elia

San Giorgio
San Giuliano
San Nicola
Scopello
Secco
Solanto

Tonno

Trabia

1603-1950

1909-1931

1670-1796

1600-1796

1929-1930

1602-1959

1891-1933

1874-1931

1903-1960

1961-1964

1876-1932

1903-1940

1909-1929

1880-1960

1601-1914

1909-1929

1909-1960

1874-1933

1909-1928

1884-1960

1961-1963

1909-1929

Ravier, 2003
Ravier, 2003
Ravier, 2003
Ravier, 2003

Piccinetti and
Omiccioli, 1999

Ravier, 2003
Ravier, 2003
Ravier, 2003

Ravier, 2003

Piccinetti and
Omiccioli, 1999

Ravier, 2003

Ravier, 2003

Ravier, 2003

Ravier, 2003
Ravier, 2003
Ravier, 2003
Ravier, 2003
Ravier, 2003
Ravier, 2003
Ravier, 2003

Piccinetti and
Omiccioli, 1999

Ravier, 2003
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Table 2: Register of the final almadraba’s datarsesi for each period of
time considered in the study.

Location Almadraba Period Reference
Portugal Barril 1867-1933 Ravier, 2003
1934-1966 Lemoszzig(;j4Gomes,
Mgi‘;:;"‘s 1776-1969 Ravier, 2003
Spain Zahara 1525-1756 Lépez-Capont, 1997
1910-1936 Ravier, 2003
Conil 1525-1756 Lépez-Capont, 1997
Italy Saline 1823-1960 Ravier, 2003
Isola Piana 1820-1960 Ravier, 2003
Porto Scuso 1820-1960 Ravier, 2003
Porto Paglia 1830-1960 Ravier, 2003
Bonagia 1603-1950 Ravier, 2003
Formica 1602-1959 Ravier, 2003
San Giuliano 1601-1914 Ravier, 2003
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Brief description of the climate indices
AMO -Atlantic Multidecadal Oscillation-

It is defined by the annual mean of SST averaggcedded over the
North Atlantic. A positive AMO index is associatedth higher than normal
SST throughout most of the North Atlantic and i€ tBST is cooler than
normal, it is a negative AMO index. It has variedtveen positive and
negative indices with a periodicity of about 603&€ars since the late 1880s.
The temperature changes linked to the AMO can obsand exaggerate the
anthropogenic induced warming (Latif et al., 2004 orrelates (Sutton and
Hodson, 2005), particularly, with the air temperatand precipitations over

North America and Europe (extracted from Drinkwagteal., 2010).
El Nifio

El Nifio events are characterized by a significaatming of the
equatorial surface waters; they are a change inntagne current pattern
movements in the intertropical region. During arN\iflo event, the sea level
atmospheric pressure tends to be higher than asealthe western tropical
Pacific and lower than usual in the eastern pdre Westerlies are intensifies,
provoquing a displacement of the warm and shallomegers to the east, to
the American coast. At the same time the thermeclm the west goes

deepest than in normal situations (Fagan, 2008).
ENSO -El Nifio/Southern Oscillation-
SO -Southern Oscillation-

It is an irregular fluctuation that causes a slhift the surface
atmospheric pressure over the western and eastgrital Pacific Ocean.
When the surface pressure is high in the eass, law in the west and vice

versa. In general, this affects simultaneouslysin temperatures. This type
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of shift modifies the rainfall regimes and the wiimdboth regions (Fagan,
2008).

ENSO

In 1960, the meteorologist Jacob Bjerknes, esthbtl a relation
between the SO and El Nifio events. That relatiors weamed EI
Nifio/Southern Oscillation (ENSO), which is the tecommonly used in the
literature (Fagan, 2008). Warm ENSO events areethinswhich both, a
negative SO and an extreme El Nifio occur togethésr;produce an increase
of the upper layer sea temperatures in the ceatichleastern tropical Pacific,
with an associated shift in the rainfall pattermeTinterval between ENSO
events are around 2-7 years (extracted and modified Drinkwater et al.,
2010).

ITCZ -Intertropical Convergence Zone-

The Easterlies winds from the northeast and sostlesmverge near
the Equator, forming a zone of low pressure anglaéng upward the
humidity. This air mass that elevates, gets cadhdensing the water vapour
and generating a band of abundance rainfall thatesiavith the seasons to
where the solar irradiance and the surface temperadre higher. It is
localize in the South Hemisphere from Septembdtebruary and it moves
to the North Hemisphere during it summer. El Niems influence this
pattern, displacing it to the tropical Pacific, whethe SST are warmer

(extracted from Fagan, 2008).

La Nifa

It is characterize by cold temperatures and degeditions over the
central equatorial Pacific than normal due to akeeing of the atmospheric
jet stream. These events, as well as El Nifio, medchanges in the

atmospheric winds over the tropical Pacific Ocdaaluding an increase of
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the easterlies over the surface eastern Pacifiégratiee western Pacific in the
upper layers of the atmosphere. In the ocean thidranslated as a
reactivation of the upwelling in the east coast and cooling of the surface
water (Fagan, 2008).

NAO -North Atlantic Oscillation-

It is the atmospheric pattern over the North AilanOcean
composed by a low pressure sistem over Icelandpfal) and a high
pressure sistem over Azores (subtropic), that teridtensify and weaken at
the same time (Barnston and Livezey, 1987). Thet cam®monly used index
is the avarage of the surface atmospheric pressfieeence between Iceland
and Lisbon (Portugal) from December to March (wWiltAO). The positive
NAO phase is when the Low pressure over Icelangeiskener than normal
and the Azores High is stronger than usual. Thisnisifies the westerlies
winds across the North Atlantic and produce wartesperatures and higher
precipitations than normal in the eastern coasthef United States and
northern Europe and cooling in the eastern Can@deenland and in the
Mediterranean Sea. The opposite occurs duringehative phase. The NAO
has strong influence on the atmosphere and hencehén physical

oceanography of the North Atlantic. (extracted fronmkwater et al., 2010).

PDO -Pacifical Decadal Oscilation-

It is based on the observed monthly SST anoméaligbe North
Pacific north of 20°N, after removing the long-tenvarming. It is a
persistent fluctuation of the Pacific Ocean. Durthg cold phases, it can be
observed a decrease of the SST in the westernagld®acific; meanwhile,
during the warm phases, the western Pacific wamasthe eastern cools.
These changes in the water temperature affect tthesaheric jet stream,
moving it northward in the cold phases. The PDOsphdluctuate in a range

of 20-30 years (extracted from Fagan, 2008).
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Breve descripcidn de los indices climaticos
El Nifio

Los eventos de ElI Nifio se caracterizan por unntab@ento
significativo en la zona ecuatorial del agua supetf son cambios en el
patrén de corrientes marinas de la regién inteitedpDurante un evento de
El Nifio, la presion atmosférica a nivel del mamntie a ser mayor de lo
normal en la parte oeste del Pacifico tropical ¥ indja en la vertiente este.
Los vientos alisios del oeste se intensifican, pcando un desplazamiento
del agua célida hacia el este, a la costa Amerjcahdiempo que la

termoclina en el oeste se profundiza mas de lo aloflragan, 2008).
ENOS -El Nifio/Oscilaciéon Sur-
OS -Oscilacion Sur-

Es una fluctuacion irregular que causa un caminidaepresion
superficial en el oeste y este del Pacifico trdpi€uando la presion es
mayor en la parte oeste, es bajo en el este yefisavEn general, esto afecta
simultdneamente a las temperatures del mar. fstelé cambio de regimen

modifica el patron de lluvias y los vientos en ambegions (Fagan, 2008).

ENOS

En 1960, el meteorélogo Jacob Bjerknes, encomtadrelacion entre
la OS y los eventos de El Nifio, que es lo que saeoa® como El
Nifio/Oscilacion Sur (ENOS), que es el término quésnse usa en la
literatura (Fagan, 2008). Eventos célidos del ENO® aquellos en los que
coinciden valores negativos de la OS y un eventeerte de El Nifio, esto
produce un aumento de la temperatura de las capasfisiales del mar en el

Pacifico tropical este y central, lo que lleva #sba un cambio en el patréon
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de lluvias. La periodicidad entre eventos ENOS lasentre 2 y 7 afios

(extraido y modificado de Drinkwater y colaboradpr2010).

La Nina

Se caracteriza por temperatures mas frias y conéis ambientales
mas secas sobre la region ecuatorial del Pacifictm shormal, debido a un
debilitamiento de la corriente de chorro atmos&ricomo El Nifio, este tipo
de eventos produce cambios en el viento sobreglarrdropical del Océano
Pacifico, provocando un aumento de los alisios réicdes del este en el
Pacifico occidental y en las capas altas atmosfdel Pacifico oriental. En
el océano esto se traduce como una reactivacioafidehmiento de la costa

este y un enfriamiento del agua superficial (Fagaog).

OAN -Oscilacion del Atlantico Norte-

Es un patrén de circulacion atmosférico sobre Do Atlantico
Norte que se compone de un sistema de bajas pesswobre Islandia
(subpolar) y otro de altas presiones sobre Azanaisti(opical), que tienden a
intensificarse o delibitarse al mismo tiempo (B&onsy Livezey, 1987). El
indice mas comun que se usa es la media entrenthicdey marzo (OAN de
invierno) de la diferencia de la presion atmosffeeentre Islandia y Lisboa
(Portugal). La fase positiva de la OAN se da cuaadBaja presién sobre
Islandia se debilita mas de lo normal y la altaAd®res es mayor a lo
habitual. Esto intensifica los vientos alisios aldego del Atlantico Norte,
produciendo temperaturas mas cdlidas y mayorespfieaiones en la costa
oeste de Estados Unidos, Canada Groenlandia y MareMediterraneo. Lo
contrario se da durante las fases negativas. La @é&N: una importante
influencia en la atmésfera y por tante en la ocgeafta fisica(extraido de

Drinkwater y colaboradores, 2010).
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ODP -Oscilacion Decadal del Pacifico-

Se basa en la observacion mensual de las anordeliasTSM en el
Pacifico Norte por encima de los 20° de latitudeéendras quitar la tendencia
de larga escala de calentamiento. Se trata ddugatadcion persistente sobre
el Océano Pacifico. Durante las fases de frio,3MTdecrece al oeste del
Pacifico ecuatorial, mientras que en las calidaseste se calienta y el este
se enfria. Estos cambios en la temperatura del afgasan a la corriente de
chorro atmosférica, desplazandola hacia el nortarde los periodos frios.
Las fases de la ODP fluctuant en un rango de @0te30 afios (extraido de
Fagan, 2008).

OMA -Oscilacién Multidecadal del Atlantico-

Se define como la media anual promedio de la Ti8¥,vez quitada
la tendencia, sobre el Atlantico Norte. Una OMA ipea se asocia con
valores por encima de los normales en la TSM argol de la mayor parte
del Atlantico Norte, mientras que si la TSM es rfiés de lo normal, es un
indice OMA negativo. Desde la década de 1880, sasha que fluctia entre
valores positivos y negativos con una periodicidked 60-80 afios. Los
cambios de temperatura ligados a la OMA puedenreseuy exagerar el
calentamiento debido a causas antropogénicas (Latlaboradores, 2004).
En concreto, se correlaciona (Sutton y Hodson, P06b la temperatura del
aire y las precipitaciones sobre América del NgrtBEuropa (extraido de

Drinkwater y colaboradore, 2010).
ZCIT -Zona de Convergencia Intertropical-

Los vientos alisios del noreste y sureste convergerca del
Ecuador, formando una zona de bajas presionesegmaza hacia arriba la
humedad. Esta masa de aire que asciende se enbfalgnsa como vapor de
agua, generando una banda de abundantes lluviasejueueve con las

estaciones hacia donde la radiacién solar y la ¢eatpra superficial son
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mayores. De septiembre a febrero se encuentra éferaisferio Sur y se
desplaza al Hemisferio Norte en el verano septerir Los eventos de El
Nifio events influyen a este patrén, desplazandatiahel Pacifico tropical,
donde la TSM es mayor (extraido de Fagan, 2008).
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“The science is composed by errors, which in tuenthe steps to the true”
(Julio Verne)

“La ciencia se compone de errores, que a su vezlaompasos hacia la
verdad” (Julio Verne)



The Author/La Autora:

Please, apologize myself for the errors | commiitethe realization of this
Thesis. The biggest lesson | take with me, is #hatlys everything can be
improved somehow.

Por favor, disculpenme por los errores que puedserhaometido en la
realizacion de esta Tesis. La mayor leccién qudlewe, es que siempre todo
se puede mejorar de alguna manera.








