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RESUMEN

La interaccidn entre las especies y las variables ambientales como la temperatura superficial
del mar (TSM), la salinidad, la productividad primaria (Clorofila a) y las variaciones de la
biomasa del zooplancton fueron evaluadas para conocer el impacto que estas pueden
ocasionar en las poblaciones de las especies de calamares. I. argentinus y D. gigas fueron las
dos especies utilizadas para este analisis debido a la disponibilidad de datos. Ambas especies
pertenecen a la familia Ommastrephidae y son abundantes en los ecosistemas y de
importancia comercial para el sector pesquero. Las variables ambientales fueron integradas y
comparadas por medio de andlisis de series temporales, lo que definid la tendencia y los ciclos
que componen a todas las series. El andlisis permitié eliminar del estudio a los datos de
salinidad ya que no presentaron ningin cambio expresado en las anomalias a lo largo de la
serie desde 1970 hasta el 2010. Sin embargo, si se observo una tendencia positiva en las series
de anomalias de la TSM vy la presencia de cambios ambientales que se pueden definir en
estacionales (verano-invierno), interanuales (El Nifio-La Nifia) e interdecadales (periodos
frios y calidos). Estos cambios fueron directamente relacionados con el incremento y
disminucion de Clorofila a y del zooplancton cuyas series reflejaron una tendencia acoplada a
los eventos interanuales de El Nifio y La Nifia. El calentamiento gradual de las masas de agua
de cada ciclo en la TSM vy la disponibilidad de nutrientes dieron como resultado una
disminucién en la productividad primaria. Los afios que presentaron tendencias negativas
fueron 1990-1992, 1994-1996 y finales de 1997-2000 periodos que se corresponden con el

fenémeno El Nifio caracterizado por el incremento de la TSM.

No se encontrd relacion entre las variaciones en TSM con las poblaciones del calamar D.
gigas. En este trabajo se utilizaron las estimaciones de biomasa y capturas de esta especie
para correlacionar con las variables ambientales y al igual que otros autores se observo que la
variacion de la TSM no afecta el desarrollo de la poblacion, debido a la dindmica y plasticidad
de este organismo para habitar en diferentes profundidades en periodos de 24 horas. En el
caso del calamar argentino /. argentinus se observo una relacion positiva con el incremento de
la TSM en la porcidon sur del area de estudio y esta se justifica con la migracién de este
organismo a la region sur durante los periodos célidos. Si bien la TSM puede modificar la
estructura del ecosistema, sus efectos en poblaciones de organismos dindmicos y plasticos

como estas especies de calamares se verdn reflejados en las relaciones tréficas principalmente



en la concentracion de recursos alimentarios. En este sentido se puede describir una trama
trofica afectada por la TSM y sus efectos reflejados en los organismos de niveles tréficos altos
en funcion a la disponibilidad de alimento, por lo que se podria esperar que el efecto de la
variacion de la TSM se refleje en los meses u afios posteriores a cada fendmeno de variacion

en la TSM, para D. gigas el periodo fue estimado en un afio.

En consecuencia si existe una relacion directa entre la productividad primaria y la TSM, asi
como con las comunidades zooplanctonicas. Se puede observar como resultado de la
variacion de la TSM una reestructuracion de las comunidades en el ecosistema y sobretodo
cambios en las relaciones troficas (relacion depredador-presa) que directamente afectan a las
poblaciones de calamares, ya que son especies voraces capaces de alimentarse de cualquier
recurso, incluyendo especies de organismos del zooplancton. En el andlisis de los datos de
biomasa de D. gigas y clorofila a se encontrd correlacion positiva entre ambas con un afio de
desfase y esta relacion se debe principalmente al espectro trofico de esta especie que se
alimenta en gran medida de organismos consumidores primarios como peces mictdfidos y el

zooplancton.

Existe evidencia sobre las relaciones depredador presa de las especies de calamares y se
observé que en las especies D. gigas, I. argentinus, 1. coindetii, T. sagittatus y O. ingens el
grupo de presas mds importante corresponde a la familia Myctophidae, con mas de dos
especies reportadas en la dieta de cada especie de calamar. Los mictéfidos son un grupo de
peces que se considera abundante en todos los océanos por lo que su importancia para el
desarrollo de las poblaciones en los ecosistemas se incrementa. Ademas de los peces
mictdéfidos existen otras especies presa que son consideradas clave para describir el desarrollo
del las poblaciones de calamar y estan son importantes debido a la interaccion en la columna
de agua. D. gigas en particular se ha relacionado con incrementos en biomasa de P. planipes
en el océano Pacifico norte y con V. lucetia en el océano Pacifico sur, mientras que /.
coindetii y T. sagittatus con el crustaceo Pasiphaea multidentata en el noroeste del Mar
Mediterraneo, para I. argentinus y O. ingens el mictéfido Gymnoscopelus sp., y para D. gahi

el grupo de los eufausidos (Euphausia sp., Nyctiphanes sp. y Thysanoessa sp.).

Las relaciones troficas entre estas especies de calamares y sus presas son evidentes durante el
dia y la noche ya que las migraciones verticales refuerzan la depredacidon en aguas profundas

durante el dia y cerca de la superficie durante la noche. Para detectar estas relaciones se



realizaron cruceros cientificos de evaluacidon de recursos peldgicos y calamar en el océano
Pacifico Sur en Pert1 y se detectd que las capturas de D. gigas coinciden con la deteccion de la
sefial de los peces mesopelagicos por métodos hidroacusticos. Los resultados de las
estimaciones hidroacusticas sugieren una relacion muy cercana entre este depredador y su
presa, la cual fue identificada como el pez mesopelagico V. lucetia. D. gigas se alimentd
principalmente de este recurso tanto en el dia como en la noche en esta region, hecho que ya
se habia documentado para la region norte del océano Pacifico pero con una presa diferente la

langostilla Pleuroncodes planipes.

Algunas especies presa suelen ser compartidas entre diferentes especies de calamar, esto se
pudo contrastar en el océano Atlantico sur con 1. argentinus, O. ingens y D. gahi, tres especies
de calamar que han sido encontradas en la misma region. Nuestros resultados demostraron
que tres especies presa son comunes para los tres calamares, estas son el calamar D. gahi, el
grupo de eufdusidos y el pez Salilota australis. Y al igual que en otras especies de calamares
la importancia de estas presas radica en la abundancia y disponibilidad ya que estas presas
generalmente forman densos grupos o cardumenes que facilitan su depredacién. En un
analisis similar pero en el noroeste del Mar Mediterraneo con 1. coindetii y T. sagittatus se
observo que para ambas especies las presas comunes fueron P. multidentata y los anfipodos

Anchilomera blossevillei y Phronima sedentaria.

En forma general se observo que la TSM cambio a partir de 1999 con la disminucién de los
valores maximos de las series analizadas, lo cual result6 en la reestructuracion de las
relaciones troficas, y los efectos se observan directamente en las poblaciones de las presas
potenciales de estas especies de calamar, que pueden afectar su abundancia y distribucion.
Estos efectos fueron detectados con los analisis de ecologia trofica que permitieron identificar
las presas claves, ya que las especies de calamares abordadas en este estudio son capaces de
utilizar un espectro trofico amplio pero que se enfoco a las presas mas abundantes y

disponibles en el ecosistema.






ABSTRACT

The interactions, between species and environmental variables such as sea surface
temperature (SST), salinity, primary production (Chlorophyll a) and variations of biomass
estimates of zooplankton, were evaluated in order to know the impact that the environmental
variables can produce in the squid species. /. argentinus and D. gigas squid species were used
as models because of the availability of fishery and biomass data. Both species are
Ommastrephids squids and they are abundant in the ocean, also they are important resources
in the fishery activity. The environmental variables were tested using time series analysis,
defining the trend and cycles, this analysis eliminated the set data of salinity, because no
change was observed in the time series. We observed a positive trend in the SST series and
changes along the series were observed. These changes were identified as seasonal (summer-
winter), interannual (El Nifio-La Nifia) and interdecadal (cold and warm periods). El Nifio and
La Nifia events were related with the positive and negative tendency of the chlorophyll a and
zooplankton. The gradual warming of the water masses in everyone cycle of the SST and the
availability of nutrients produced a decrease in the primary production that was represented
during 1990-1992, 1994-1996 and at the end of 1997 to 2000. These periods correspond to the

El Nifio event characterized by an increase in the SST.

No relation was found between the SST and D. gigas populations. We used the biomass
estimates and catches of D. gigas to relate with the environmental variables, and as other
authors we observed that the SST variability did not have effects on the development of this
squid, a result of the dynamic and plasticity of this species. In the other hand, I. argentinus
squid was positive related with the SST in the south part of the Patagonian shelf, result related
to the migration from the Brazilian waters to the south distribution area when good conditions
are resulted of the water warming. It is clear that the SST can modify the ecosystem structure,
but the effects in biological populations, such as the dynamic squid species, are represented in
the trophic relationships mainly by the concentration of feeding resources of these predators.
In this way we can describe a trophic web affected by the SST and the effects reflected in the
organisms with low trophic level and then to high levels according to the availability of food,
so that the effects of the SST variability can be reflected in these squid D. gigas and 1.
argentinus populations with months or a year of delay, we determinate that the effects can be

observed with a year delay.



As a result of the interaction between the primary production, the SST and the zooplankton
populations we observed a restructuring of the ecosystem community and also we observed
changes in the tropic relationships with predators, which directly have effects on the squid
populations due to they can feed on different prey resources inclusive zooplankton species. In
the analysis of the D. gigas biomass and chlorophyll a, we found a positive correlation when a
year delay was applied, and that can be a result of the trophic habits of this squid which feed

on preys that are mainly primary consumer, and even of zooplankton species.

The evidence of trophic habits in D. gigas, I. argentinus, 1. coindetii, T. sagittatus, D. gahi
and O. ingens show that the main prey in the diet is the myctophid fish group, which is
represented by more than two species. The myctophid fish are considered as a wide
distribution and high abundance in the ocean so that they are important for predators. Other
fish species were important in the feeding habits and they were considered as key for the
development of squid populations. D. gigas in particular was related with the increase of
Pleuroncodes planipes in the North Pacific Ocean and with V. lucetia in the South, while /.
coindetii and T. sagittatus were related with the crustacean Pasiphaea multidentata in the
Northwestern Mediterranean. 1. argentinus and O. ingens were related to the myctophid
Gymnoscopelus sp., and D. gahi with the euphausiids Euphausia sp., Nyctiphanes sp. and

Thysanessa sp.

The trophic relationships between these squid species and their preys are evident during night
and daytime because the vertical migrations, which enforce the predation on these feeding
resources in deeper waters during day and near to the surface water during night. In order to
know these relations, research cruises were performed in the south Pacific off Peru and we
detected coincidences between the acoustical signals of D. gigas with the mesopelagic fish.
Even the acoustical results showed a close relation between predator and prey, in this case we
detected that V. [ucetia was the main prey for D. gigas, because D. gigas fed on this fish
during day and even night, this behavior had been observed between D. gigas and P. planipes
in the North Pacific Ocean.

Some prey species can be used by different squid species, and we observed this interaction in
the South Atlantic Ocean, because of 1. argentinus, O. ingens and D. gahi were found in the
same area and they fed on D. gahi, euphausiids and the fish Salilota australis. The importance

of these prey are according to their availability for predators and abundance, due to they form

Vi



patches of high abundance in the column water. In the same analysis in the northwestern
Mediterranean with 1. coindetii and T. sagittatus we found that both species preyed on P.

multidentata and the amphipods Anchilomera blossevillei and Phronima sedentaria.

Generally we observed that the SST changed during 1999 and a decrease in the maximum
values in the time series was observed. As a result we got a restructure of the trophic
relationships, and mainly in the prey populations, which were potential preys of our squid
species. The ecosystem restructuring and the good conditions during warming events were the
main vehicles that these squid species used to move and change their distribution and
abundance. And finally the trophic ecology permitted us to identify the key preys in the wide
trophic habits of the six squids of this study.
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Resum

La interaccid entre les especies i les variables ambientals com la temperatura superficial del
mar (TSM), salinitat, productivitat primaria (Clorofil-1a a) i les estimacions de la biomassa del
zooplancton foren avaluades per con¢ixer I' impacte que aquestes poden ocasionar dins les
poblacions de les espécies de calamars. 1. argentinus 1 D. gigas han estat les dues especies
utilitzades per aquesta analisi degut a la disponibilitat de les seves dades. Ambdues especies
pertanyen a la familia Ommastrephidae i son tant abundants als ecosistemes com importants
comercialment pel sector pesquer. Les variables ambientals foren integrades i comparades
mitjancant unes analisi de series de temps 1 han definit la tendéncia 1 els cicles que composen
totes les seéries. L' analisi va permetre eliminar de I' estudi les dades de salinitat ja que no van
presentar cap canvi expressat dins les anomalies al llarg de la seérie desde 1970 fins el 2010,
tot 1 aixi es va observar una tendéncia positiva a les series d' anomalies de la TSM 1 la
preséncia de canvis ambientals que es poden definir en estacionals (estiu-hivern), interanuals
(EI Nifio-La Nifia) i interdecadals (periodes freds i calids). Aquests canvis van ser directament
relacionats amb I' increment i disminuci6é de Clorofil-la a i el zooplancton, les seéries de les
quals van reflexar una tendéncia acoblada als events interanuals de El Nifio 1 La Nifa. L'
escalfament gradual de les masses d' aigua de cada cicle a la TSM 1 la disponibilitat de
nutrients van donar com a resultat una disminucié en la productivitat primaria. Els anys que
varen presentar tendéncies negatives varen ser 1990-1992, 1994-1996 i finals de 1997-2000,
periodes que es corresponen amb el fenomen de El Nifio caracteritzat per 1' increment de la

TSM.

No es va trobar relacid entre les variacions de TSM 1 les poblacions de calamar D. gigas. En
aquest treball es van utilitzar les estimacions de biomassa i captures d' aquesta especie per
correlacionar-les amb les variables ambientals i, com d' altres autors ho han fet, es va observar
que la variacio de la TSM no afecta al desenvolupament de la poblacié a causa de la dinamica
1 plasticitat d' aquest organisme per habitar en diferents profunditats en periodes de 24 hores.
En el cas del calamar argenti /. argentinus es va observar una relacid positiva amb ['
increment de la TSM a la porcio sur de I' area d' estudi, 1 aquesta es justifica amb la migracio
d' aquest organisme a la regi6 sur durant els periodes calids. Si bé la TSM pot modificar 1'
estructura de I' ecosistema, els seus efectes dins les poblacions d' organismes dinamics i

plastics, com ho sén aquestes espécies de calamars, es veuran majorment reflectits a les



relacions trofiques, principalment en la concentracié de recursos alimentaris. En aquest sentit
es pot descriure una trama trofica afectada per la TSM 1 els seus efectes reflectits en els
organismes de nivells trofics alts en funcio a la disponibilitat d' aliment, pel que es podria
esperar que 1' efecte de la variacio de la TSM es reflecteixi dins els mesos o anys posteriors a

cada fenomen de variaci6 en la TSM, per D. gigas el periode estimat va ser d' un any.

En consequeéncia si existeix una relacié directe entre la productivitat primaria i la TSM, aixi
com amb les comunitats zooplantoniques, es pot observar com a resultat de la variacid de la
TSM una reestructuracio de les comunitats dins I' ecosistema 1 sobretot canvis en les relacions
trofiques (relacid depredador-presa) que directament afecten a les poblacions de calamars, ja
que son especies voraces capaces d' alimentar-se de qualsevol recurs incloent-hi espécies d'

organismes consumidors primaris com els peixos mictofids i el zooplancton.

Existeix una evidéncia sobre les relacions depredador presa de les espécies de calamars i es va
observar que en les especies D.gigas, I. argentinus, I coindetii, T. sagittatus 1 O. ingens el
grup de preses majorment representat correspon a la familia Myctophidae amb més de dues
especies reportades a la dieta de cada especie de calamar. Els mictofids son un grup de peixos
considerat abundant a tots els oceans, pel que la seva importancia pel desenvolupament de les
poblacions dins els ecosistemes s' incrementa. A part dels peixos mictofids es donen altres
especies presa que son considerades clau pel desenvolupament de les poblacions de calamar 1
son importants degut a la interaccid en la columna d' aigua. D. gigas en particular s' ha
relacionat amb increments en biomassa de P. planipes 1' ocea Pacific nord i amb V. lucetia a 1
ocea Pacific sud., mentre que I coindetii 1 T. sagittatus amb el crustaci Pasiphaea
multidentata al nordest del Mar Mediterrani, per I argentinus 1 O. ingens el mictofid
Gymnoscopelus sp., 1 per D. gahi el grup del eufausids (Euphausia sp., Nyctiphanes sp. 1

Thysanoessa sp.).

Les relacions trofiques entre aquestes especies de calamars i les seves preses son evidents
durant el dia 1 la nit ja que les migracions verticals reforcen la depredacio en aigiies profundes
durant el dia 1 prop de la superficie durant la nit. Per detectar aquestes relacions es van
realitzar creuers cientifics d' avaluaci6 de recursos pel-lagics 1 calamar a I' ocea Pacific Sud
Pert i es va detectar que les captures de D. gigas coincideixen amb la deteccié de la senyal
dels peixos mesopel-lagics mitjangant metodes hidroacustics. Els resultats de les estimacions

hidroacustiques suggereixen una relacid molt propera entre aquest depredador 1 la seva presa,



la qual va ser identificada com a peix mesopel-lagic V. lucetia. D. gigas es va alimentar
principalment d' aquest recurs tant de dia com de nit dins aquesta regid, fet que ja es va
documentar per la regié nord de 1' ocea Pacific perd amb una presa diferent, la llagosteta

Pleuroncodes planipes.

Algunes espécies presa acostumen a ser compartides entre diferents espécies de calamar, aixo
es va poder contrastar a 1' ocea Atlantic sud amb I. argentinus, O. ingens i D. gahi, tres
especies de calamar que han estat trobades a la mateixa regid. Els nostres resultats van
demostrar que tres especies presa son comunes pels tres calamars, aquestes son el calamar D.
gahi, el grup dels eufausids i el peix Salilota australis. 1 de la mateixa manera que en altres
especies de calamars, la importancia d' aquetes preses radica en 1' abundancia y disponibilitat,
ja que aquestes preses generalment formen densos emplastres que faciliten la seva
depredaci6. En una analisi similar perd al nord-est del Mar Mediterrani amb /. coindetii 1 T.
sagittatus s' observa que per ambdues especies les preses comuns varen ser P. multidentata i

els amfipodes Anchilomera blossevillei 1 Phronima sedentaria.

De forma general s' observa que la TSM va canviar a partir de 1999 amb la disminucié dels
valors maxims de les séries analitzades, la qual cosa va esdevenir en la reestructuracio de les
relacions trofiques, i els efectes s' observen directament a les poblacions de les preses
. . .. .
potencials d' aquestes especies de calamar, que poden afectar tant la seva abundancia com la
seva distribucid. Aquests efectes foren detectats mitjancant les analisi d' ecologia trofica que
van permetre identificar les preses clau, ja que les espécies de calamars abordades en aquest
estudi son capaces d' utilitzar un espectre trofic ampli, perd enfocat a les preses més

abundants 1 disponibles dins ' ecosistema.
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PRESENTACION DE LA TESIS

Dentro de la investigacion desarrollada en esta tesis doctoral se hace notar la importancia que
representa la ecologia trofica en el estudio de los ecosistemas y las interacciones que las
poblaciones de calamares pueden mantener con otras especies y variables ambientales. Para
poder contrastar estas ideas fue necesario identificar las relaciones entre variables ambientales
y las poblaciones de calamares, asi como determinar que especies son las de mayor

importancia en el estudio de los ecosistemas marinos.

La tesis se encuentra organizada en una introduccién donde se explica la importancia de los
cefaldpodos y las especies de calamares en el océano y la justificacidon de esta investigacion,
la descripcion de las especies y sus principales areas de captura; un apartado de objetivos y
premisas; la descripcidon general de la metodologia aplicada; los resultados, divididos en dos
secciones: la primera referida a las relaciones entre la evolucidon de las poblaciones de dos
especies de calamares y las variables fisicas (se presenta la informacion del articulo sometido
a revision), y el segundo donde se abordan las relaciones trdficas y la interaccion en los
ecosistemas (se presenta la informacion de tres articulos de los cuales dos han sido publicados
y uno mas se encuentra aceptado para su publicacion con revisidon menor); finalmente se
encuentra una discusién general de los resultados y las conclusiones finales del trabajo

doctoral.

Para concluir con la estructura de la tesis en forma anexa se presentan tres trabajos que
fueron publicados. El primero es una divulgacidn cientifica citada en la introducciéon de la
tesis y los dos restantes corresponden a los trabajos publicados por revistas cientificas

indexadas (Science Citation Index).
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LA SUCESION ECOLOGICA COMO PROCESO EN EL DESARROLLO DE LOS
ECOSISTEMAS

Durante el proceso de desarrollo de un ecosistema cabe esperar que se produzcan cambios
sutiles en el patrén de funcionamiento de las cadenas alimenticias. En las primeras fases, es
debido a la poca diversidad y a que las relaciones alimenticias suelen ser simples y lineales.
Es mas, la utilizacién heterétrofa de la produccion neta se realiza sobre todo via cadenas
alimenticias originadas en los productores primarios. Por el contrario, en los niveles de mayor
madurez, las cadenas se convierten en redes complejas, en las que la mayor parte de la energia
de origen biologico es transportada por rutas de tipo detritico. La mayor parte de lo
consumido proviene del detritus, a través de mecanismos lentos y complejos que incluyen
interacciones entre animales y microorganismos de las que aun se tiene poco conocimiento. El
tiempo que requiere una sucesion ininterrumpida facilita el establecimiento de asociaciones
muy intimas y de adaptaciones reciprocas entre animales y productores, entre las que destacan
el control por realimentacidon entre plantas y herbivoros, y la presion de los depredadores
sobre los herbivoros. Estos mecanismos permiten a la comunidad biologica mantener una
estructura orgéanica compleja y de gran tamafio, que mitiga las perturbaciones del entorno
fisico. Una situacion de estrés agudo o cambios demasiado rapidos producidos por fuerzas
externas o internas pueden destruir estos mecanismos de proteccidén y permitir crecimientos

acelerados de ciertas especies.

CALAMARES EN LOS ECOSISTEMAS*

*Informacion publicada como: Rosas-Luis R. 2012. Calamares dominan el océano y los
mares mexicanos. Biodiversitas, 100: 11-16

Las especies de calamares, dentro del grupo de los cefalépodos, se han considerado como
organismos de importancia comercial y ecoldgica debido a la plasticidad especifica y
dinamica poblacional dentro de los ecosistemas. Algunas especies de calamares presentan
adaptaciones a los diferentes ambitos marinos, entre estas adaptaciones se encuentra que los
calamares del genero Lolliguncula pueden vivir y reproducirse en aguas con salinidades de
17°/00, algunas otras del Mar Rojo y las costas del sur de la peninsula Ibérica en hébitats con
salinidades mayores a 37°/00, y en el Mar de Marmara en salinidades entre 25 y 18 °/oo

(Pierce et al., 2010). La plasticidad de estos organismos los llevd a colonizar practicamente



toda el area marina, se les encuentra desde la zona intermareal hasta mas de 5000 m de
profundidad. Esta amplia distribucién en la columna de agua propicia que se realicen
migraciones verticales que han sido documentadas en varias familias, los calamares
Ommastréfidos, en especial Dosidicus gigas realizan migraciones verticales que van desde los
20m hasta mas de 1000 metros durante la noche y de los 600 m a mas de 1000m durante el
dia (Gilly et al., 2006). La abundancia de los calamares depende del tipo de especie, pero se
ha planteado que esta varia de acuerdo al habitat y la estacionalidad (Haimovici & Alvarez-
Pérez, 1990; Jackson et al., 1998; Quetglas & Morales-Nin, 2004; Arkhipkin et al., 2006;
Bazzino et al, 2007), pudiendo encontrar pequefios grupos de calamares de apenas unas
docenas de individuos a grupos gigantescos de especies oceanicas o neriticas con millones de

individuos como lo observado en l/lex argentinus en el Atlantico Sur la Patagonia.

De manera general se ha propuesto que la biomasa de este grupo esta incrementandose por
efecto de la disminucion de los depredadores (Caddy & Rodhouse, 1998) y si se considera
que los calamares son un grupo intermedio en la red alimenticia y que los cambios en
abundancia de las especies intermedias pueden influir tanto en el tamafio como en la
distribucion de las poblaciones de sus depredadores (Caddy & Rodhouse, 1998) en el flujo de
energia y biomasa en el ecosistema debido a las interacciones inter e intraespecificas (Diehl,
1992) y en el control de los flujos y transferencia de energia que afectan la diversidad en el
ecosistema, se puede hacer referencia a que los calamares podrian ser un indicador de los
cambios que el ecosistema esta sufriendo. Su abundancia y amplia distribucion los colocan
como organismos ecoldgicamente muy importantes; son presa de un gran nimero de especies
de peces, mamiferos marinos, aves e incluso de ellos mismos (canibalismo); y como
depredadores son organismos voraces capaces de atacar una gran variedad de presas. En
general la distribucidon se encuentra definida por la abundancia y localizacidon de las presas,
por lo que los cambios en las abundancias de estas pueden definirnos patrones de distribucion
y nos permitirdn predecir cudl serd el funcionamiento de las poblaciones de calamares en el
futuro, a la vez es importante evaluar cudles son las consecuencias que la pesca ha traido a los
depredadores de calamares, ya que su abundancia y distribucion han cambiado en las tltimas
décadas. Las especies D. gigas y I. argentinus se han visto beneficiadas con la disminucion en
su depredacidn, ya que su rango en distribucion y abundancia ha incrementado, reflejandose

en un aumento en la depredacion y una mayor variacidn en sus presas (Fig. 1).
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Figura 1.- Alimentacion de D. gigas en el Océano Pacifico (Peces Mictéfidos, langostilla
pelagica, calamares, peces demersales, otros) y I argentinus en al Atlantico Sur. (Peces

Mictéfidos, anfipodos Themisto gaudichaudi, calamares, eufatisidos, otros).

Analizando las capturas de cefalopodos durante todo el tiempo que han sido sujetos de pesca
se observa un incremento considerable a través del tiempo. Para poder entender este
fenomeno algunos autores como Caddy & Rodhouse en 1998 propusieron que la disminucion
en la biomasa de los depredadores es uno de los principales factores que estdn provocando
que la biomasa de los cefalopodos se incremente, provocando una reestructuracion de las
redes y sistemas troficos a nivel global, debido a las relaciones depredador-presa existentes
entre las poblaciones. Este cambio en los ecosistemas puede darse si un grupo sale del
equilibrio desencadenando efectos positivos y negativos en los otros grupos, y su principal
causa es la disminucion en la depredacion (Rinaldi, 1994; Heikkila, 1997), y como ya se ha
observado que a nivel mundial la poblacion de depredadores tope estd en declive (Caddy
& Rodhouse, 1998) es posible esperar que sus presas, principalmente calamares, se vean
beneficiadas incrementando y expandiendo su distribucién y biomasa y lograr un mayor

tamanfo.



Reconociendo que existe la evidencia en el aumento de la biomasa y distribucidon de las
especies de calamares en el ecosistema y que los estudios se han enfocado en determinar
relaciones directas entre las series temporales de temperatura y salinidad y el decremento de
los depredadores tope, se propone este trabajo doctoral que enfoco sus objetivos en describir
la relacidon que puede existir entre algunas otras variables ambientales y bioldgicas como lo

son la clorofila a, la biomasa zooplanctdnica y sobre todo las relaciones depredador presa.

Para poder obtener los resultados deseados se presenta la tesis en dos apartados referentes el
primero a las correlaciones entre series temporales de temperatura superficial del mar,
salinidad, clorofila a, zooplancton, con las capturas y estimaciones de biomasa de dos

especies de calamares ommastréfidos D. gigas y I. argentinus.

El segundo apartado de resultados se enfoca en determinar la ecologia tréfica de seis especies
de calamares (D.gigas, I. argentinus, 1. coindetii, T. sagittatus, D. gahi y O. ingens) que se
pueden considerar de importancia para el desarrollo de los ecosistemas y de las actividades
pesqueras en el océano. Como se verd en esta tesis la ecologia trofica es un complemento
idéneo para entender la evolucidon de las poblaciones de calamares que al ser organismos
dindmicos y de gran adaptabilidad pueden responder de forma diferente a las variaciones

ambientales a las que son expuestos.



PRINCIPALES ESPECIES DE CALAMARES EN LOS OCEANOS

Existen mas de 300 especies de calamares del Orden Teuthida, que corresponden a 28
familias ocednicas distribuidas en todas las latitudes y en todos los ambientes marinos
registrados (Jereb er al, 2010). Alrededor de la década de 1970 los calamares eran
considerados como organismos secundarios y de poca relevancia en las investigaciones
marinas, ya que no representaban impacto en las pesquerias o en los censos de la vida marina
(Fig. 3). A partir de 1980, cuando las poblaciones de los principales recursos pesqueros y de
los grandes depredadores experimentan un declive importante, los calamares comienzan a ser
reconocidos en la investigacion de los océanos. Desde esa fecha los reportes de avistamiento
de calamares en todo el planeta se incrementan y en las regiones pesqueras como México,

Perti, Argentina, Sudafrica y el Mar Mediterraneo se reportan capturas altas (Fig. 3).

El interés por los calamares a nivel global fue reforzado con la aparicion de ejemplares de
diferentes formas y sobre todo tallas. El calamar gigante mas grande registrado fue uno de la
especie Architeuthis dux (Kraken), con una longitud total de 22 metros, en las aguas del
océano Atlantico (Guerra ef al., 2006). Sin embargo éste no es el tnico representante gigante
en las aguas ocednicas, existen al menos 11 especies mas de calamares gigantes entre las que
se encuentran Mesonychoteuthis hamiltoni (9 m), Onykia robusta (5 m), Dosidicus gigas (5
m), Ommastrephes bartramii, Taningia danae, Onykia ingens, Kondakovia longimana,

Thysanoteuthis rhombus y Onykia sp. (2 m), Todarodes sagittatus (1.5 m).

Las capturas de calamares han representado un incremento substancial a partir de la década de
los 70’s incluyendo 12 especies de las familias, Ommastrephidae y Loliginidae (Fig. 2). Del
total de capturas identificadas el 46% corresponde a I. argentinus y Todarodes pacificus, 24%
se puede atribuir a otros Ommastréfidos principalmente D. gigas, y el resto a otros calamares
entre los que destaca Doryteuthis gahi, especie que a partir del 2002 ha reportado capturas
elevadas (FAO, 2012).
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Figura 2.- Histdrico de las capturas de las familias Ommastrephidae en rojo y Loliginidae en

gris.

Las once principales especies que sostienen las capturas se encuentran distribuidas en
diferentes regiones geograficas comprendidas en todos los océanos, desde las aguas mas frias
de ambos polos hasta las aguas célidas de los tropicos, incluyendo el Mar Mediterraneo y el

Mar del Norte, (Figura 3y 4).
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Figura 3.- Distribucion de las principales especies de la familia Ommastrephidae reportadas

en las capturas mundiales.
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Figura 4.- Distribucidn de las principales especies de la familia Loliginidae reportadas en las

capturas mundiales.

Segtin FAO, 2012, dentro de la familia Ommastrephidae, en el océano Pacifico, D. gigas y T.
pacificus son las dos principales especies, en el océano Atlantico las especies Illex
illecebrosus, Illex coindetii, I. argentinus y T. sagittatus son las de mayor importancia. O.
bartramii, Martyalia hyadesi y Nototodarus sloanii son las otras especies de Ommastréfidos
que se encuentra presentes en las capturas. Los calamares loliginidos de mayor importancia
son las especies D. gahi, D. pealeii y Loligo reynaudii. Estas especies de calamar han
incrementado su presencia en las capturas a partir de la década de los 90’s, y para el afio 2002
ya se consideraron de importancia comercial para el sector pesquero. La familia
Onychoteuthidae ha registrado presencia en las capturas a partir del afio 2005 y las dos
especies representadas son O. ingens en el Atlantico sur y O. robusta en el Pacifico norte, de

estas dos especies O. ingens es la Gnica que se ha mantenido en las estadisticas pesqueras.
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DOSIDICUS GIGAS, ILLEX ARGENTINUS, ILLEX COINDETII, TODARODES
SAGITTATUS, DORYTEUTHIS GAHI Y ONYKIA INGENS EN LAS REDES TROFICAS DE
LOS ECOSISTEMAS

Dosidicus gigas

Brazo hectocotilizado
Reino: Animalia -

Filo: Mollusca

Clase: Cephalopoda
Orden: Teuthida

Familia: Ommastrephidae
Género: Dosidicus

Especie: Dosidicus gigas

(D’Orbigny 1835)

Figura 5.- Dosidicus gigas

Dosidicus gigas es considerado como un organismo ecoldégicamente muy importante; es presa
de un gran numero de especies de peces, mamiferos marinos, aves e incluso de ellos mismos;
y como depredadores son organismos voraces capaces de atacar una gran variedad de presas
lo que lo ha clasificado como consumidor secundario preferentemente carnivoro. Su espectro
trofico estd compuesto principalmente por tres grandes grupos: 1) Peces. Sardina Sardinops
caeruleus, anchoveta Engraulis mordax y macarela Scomber japonicus (Klett 1981; Ehrhardt
et al., 1986), mictofidos, engraulidos y cardngidos, este grupo puede representar hasta un 30%
del total de la dieta (Markaida et al., 2008); 2) Moluscos bentdnicos y planctonicos y se ha

observado un comportamiento de canibalismo (atacan a individuos enfermos, lesionados o de
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menor tamafio) que aparentemente aumenta con la talla del calamar (Klett 1984; Ehrhardt et
al., 1986; Markaida-Aburto, 2001); y 3) Crustaceos, pequefias larvas y organismos
planctonicos como eufausidos, langostilla (Pleuroncodes planipes) (Ehrhardt et al., 1986;
Markaida, 2006), y en menor grado bentos. La materia organica no identificada también
puede constituir una parte importante (13 al 66%) del contenido estomacal, dada su alta tasa

de digestion (Markaida, 2006, Markaida et al., 2008).

Debido a su alta dinamica requiere por lo menos cuatro veces mds alimento que otros
animales marinos. Se alimenta durante la noche de mictofidos que forman grandes
agregaciones en la superficie durante sus migraciones (Markaida, 2006, Rosas-Luis et al.,
2011) y durante el dia se han observado alimentandose de langostilla (P. planipes) en las
costas del Pacifico Norte (Salinas-Zavala et al., 2011). La preferencia por ciertas presas ha
provocado que su distribucion se asocie con la de los recursos pelagicos menores como la
anchoveta en Chile, Perq, en la costa oeste de Baja California y con sardinas y macarelas en el
Golfo de California. En las zonas intermedias del Golfo de California, el componente
principal de su dieta son peces batipelagicos, particularmente mictéfidos que por su talla (20
cm) y la formacién de grandes cardimenes en las zonas profundas resultan presa facil

(Ehrhardt et al., 1986).

Dosidicus gigas es parte importante en la dieta de consumidores terciarios y cuaternarios de la
cadena trofica como son los peces pelagicos mayores y medianos, algunos tiburones, lobos
marinos, delfines y cachalotes entre otros (Jaquet & Gendron, 2002). El movimiento de
cachalotes Physeter macrocephalus se ha relacionado con la abundancia de calamar gigante
(Jaquet & Gendron, 2002; Jaquet et al, 2003), y se estima que el cachalote tiene una
preferencia entre el 70% y 90% en cuanto al consumo de calamar gigante (Jaquet ef al.,
2003). Durante las décadas de 1950 y 1970 el consumo en biomasa de cefalopodos a nivel
mundial por parte de los mamiferos marinos se estimé en 60 a70 millones de toneladas por
afio (Caddy & Rodhouse, 1998). En la dieta de peces peldgicos mayores como el marlin
rayado Tetrapturus audax y el marlin azul Makaira mazara (Abitia-Cardenas et al., 2002) el
calamar gigante es el tercer componente en importancia (7.7%); para el pez vela Istiophorus
platypterus puede llegar a ser el principal componente en la dieta durante la temporada de
mayo a julio cuando el calamar es més abundante (Rosas-Aloya et al., 2002). Con respecto a
los tiburones, en investigaciones recientes, se ha encontrado que es parte importante en su

dieta, por ejemplo en contenidos estomacales del tiburén martillo Sphyrna lewini se
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encontraron como principales presas, peces y cefalépodos D. gigas, Abraliopsis affinis,
Onychoteuthis banksii. El tiburon piloto Carcharhinus falciformis se alimenta en Punta Lobos
(costa occidental de Baja California Sur) de calamar gigante en un 37.5% (Andrade-Gonzélez,

2005).
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Illex argentinus

Hectocotilo
Reino: Animalia P

Filo: Mollusca

b

Clase: Cephalopoda

Orden: Teuthida 1
Familia: Ommastrephidae Ventosas tentaculares
Género: Illex

Especie: [llex argentinus

(Castellanos, 1960)

Figura 6.- lllex argentinus.

lllex argentinus al igual que otros calamares ommastréfidos, ha sido considerado como
especie de importancia en los ecosistemas marinos del suroeste del océano Atlantico
(Beddington et al., 1990; Rodhouse & Nigmatullin, 1996). Se han publicado reportes que
describen su espectro trofico practicamente en toda el area de distribucion (Ivanovic &
Brunetti, 1994, Santos & Haimovici, 1997, Arkhipkin & Middlenton, 2002, Ivanovic, 2010),
describiendo una dieta compuesta por peces mictdfidos (34% de la dieta), este grupo es
representado principalmente por ocho especies que cambian de acuerdo a la distribucién
latitudinal. 1. argentinus se alimenta de mictéfidos del género Gymmnoscopelus 'y
Protomyctophum en la parte sur de su distribucién mientras que en el norte se alimenta de
Diaphus. Entre otros grupos de su dieta destacan los anfipodos, copépodos y eufausidos que
estan mayoritariamente representados en el area sur (39% de la dieta), los cefaldopodos
quienes estan representados en la dieta de este calamar en toda el 4rea de su distribucion y que
comprenden el 27% de su dieta y son mds importantes en la porcion norte siendo las especies

de calamar D. gahi y I. argentinus las mas importantes. Como especie presa . argentinus es
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un importante eslabon en las redes tréficas ya que es vehiculo de transporte de energia entre
los niveles bajos y altos de la cadena trofica ocupando un nivel trofico intermedio alto (3.95).
Esta ubicacion en la red tréfica lo convierte en uno de los principales depredadores de peces
demersales, crustaceos y cefalépodos y una buena presa para peldgicos menores y mayores,

mamiferos marinos y aves.
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lllex coindetii

Reino: Animalia Hec/t QCOU] O,

Filo: Mollusca

Clase: Cephalopoda

Orden: Teuthida

Familia: Ommastrephidae Ventosas tentaculares
Género: [llex

Especie: [llex argentinus

(Verany, 1839)

Figura 7.- lllex coindetii

lllex coindetii (Verany, 1839) es una especie de la familia Ommastrephidae que se encuentra
distribuida en el océano Nort-Atlantico, Mar Mediterraneo y citada como especie que habita
las costas escocesas, el Mar del Norte, el canal de La Mancha, el Mar de Irlanda, Caribe,
Golfo de México, las costas de Florida, las costas de Galicia y la costa oeste de Francia
(Gonzales et al., 1996). Su distribucién ha permitido hacer comparaciones entre esta especie y
otros depredadores como la merluza Merluccius merluccius (Rasero et al., 1996), y se ha
postulado que al interactuar como depredadores de las mismas presas un cambio en
abundancia de alguna de ellas puede favorecer a la otra. En este sentido las interacciones
interespecificas en los ecosistemas pueden verse modificadas de acuerdo a otras variables
como pueden ser las ambientales. Estudios que han tratado de ligar las abundancias de esta
especie con factores oceanograficos, como los afloramientos, han obtenido como resultado un
relacion negativa con las abundancias anuales, sin embargo si se corresponden con los

maximos reproductivos (Gonzales et al., 1996).
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1llex coindetii basa su dieta principalmente en el pez Micromesistius poutassou, el cual es una
de las especies de mayor abundancia en el Atlantico Norte asi como en otros peces mictofidos
Maurolicus muelleri, eufausidos, y copépodos (Sanchez, 1982, Sanchez et al., 1998). Sus
habitos alimenticios presentan una amplia variacion a lo largo del afio, relacionada con la
abundancia de sus probables presas. Ocupa un nivel intermedio en las redes troficas de los
ecosistemas, siendo una de las principales presas de peces peldgicos, mamiferos marinos y
aves. Estas relaciones tréficas lo colocan como especie de importancia en el desarrollo del

ecosistema (Petric et al., 2011).
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Todarodes sagittatus

Hectocotllo/,::k g

Reino: Animalia

Filo: Mollusca

Clase: Cephalopoda

Orden: Teuthida

Familia: Ommastrephidae
Género:  Todarodes
Especie: Todarodes sagittat

(Verany, 1839)

Figura 8.- Todarodes sagittatus.

Esta especie de calamar ommastréfido fue descrita por Lamarck en 1798 y es comun
encontrarlo en el nordeste del océano Atlantico desde Guinea y las Islas Canarias hasta el Mar
de Barents, incluyendo el Mar Mediterraneo (Lordan ef al., 2001, Quetglas & Morales-Nin,
2004). Al igual que otras especies de calamares, 7. sagittatus se encuentra tanto en el
ambiente pelagico hasta los 2500 metros de profundidad como cerca de las aguas poco
profundas de la plataforma continental (Arkhipkin ef al., 1999). Las mayores abundancias de
este organismo se han localizado entre los 150-400 metros de profundidad. Los ejemplares de
esta especie pueden alcanzar tallas de hasta 650 mm de longitud de manto. Longitud que
pueden alcanzar en un afio y medio que es la edad méaxima registrada (Arkhipkin et al., 1999),

lo que lo convierte en un organismo de rapido crecimiento y temprana madurez.

Todarodes sagittatus es considerado como un depredador oportunista, consumidor de peces,
crustaceos y otros cefalopodos, aunque la dieta es dominada principalmente por especies

pelagicas (Breiby & Jobling, 1985). Ocupa una posicion clave en las redes troficas de las
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regiones articas en el Atlantico nororiental. Los peces se han reportado como los principales
componentes en la dieta de esta especie, aunque al igual que otros ommastréfidos, 7.
sagittatus puede cambiar su dieta de acuerdo a la abundancia de las especies presa (Quetglas
et al., 1999). Los peces M. muelleri, M. poutassou y Argentina sp. se han reportado como las
presas mas importantes en la depredacion de 7. sagittatus (Lordan et al., 2001), mientras que
en los crustaceos Plesionika spp., Aristeus antennatus, Pasiphaea spp., y en los cefalépodos
Histioteuthis sp., O. banksi, Ancistroteuthis lichtensteinii y otros ommastréfidos han sido
mencionados como las principales presas de esta especie. Como presa 7. sagittatus se ha
considerado de importancia para los niveles troéficos superiores ya que es depredado por peces

pelagicos mayores, aves, y mamiferos marinos.

La poblacion de 7. sagittatus puede ser sujeta a explotacion comercial cuando se concentran
en grandes grupos de alimentacion (Nigmatullin, 1989), sin embargo esta depende de las
estacionalidad anual y de los ciclos de migracion que la especie realiza en los periodos
reproductivos. La presencia y abundancia de este recurso en las costas ha sido relacionada con
la extensa migracion geografica desde las islas Azores, y a la migracion batimétrica. Al igual
que otras especies de calamares, la abundancia de 7. sagittatus puede ser afectada por
cambios ambientales y principalmente se ha observado que la temperatura modifica la tasa de

crecimiento larval y de los ejemplares juveniles de la especie (Quetglas & Morales, 2004).
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Doryteuthis gahi

Hectocotilo
Reino: Animalia 4”{‘&\

Filo: Mollusca

Clase: Cephalopoda

Orden: Teuthida

Familia: Loliginidae

Género:  Doryteuthis

Especie: Doryteuthis
(Amerigo) gahi

(D’Orbigny, 1835)

Figura 9.- Doryteuthis gahi.

Esta especie de calamar pertenece a la familia Loliginidae descrita por primera vez por
d’Orbigny en 1835, y es la que tolera las aguas mas frias dentro de la familia ya que se
encuentra distribuida en aguas derivadas de las masas subsuperficiales subantarticas
(Arkhipkin & Middleton, 2002). Al igual que las especies de ommastréfidos previamente
descritas, D. gahi realiza migraciones dentro de la plataforma continental, siendo los juveniles
y adultos los que se introducen en areas mas ocednicas. Es una especie anual en la que se han
registrado dos periodos de desove, uno en otoflo y otro en primavera, sin modificar las zonas
utilizadas para el desove. La longitud dorsal del manto maxima que se ha reportado es de 19
cm correspondiente a hembras maduras. Los calamares mas grandes se agrupan en aguas

intermedias entre los 200 y 300 metros de profundidad.

A diferencia de los calamares ommastréfidos, D. gahi es una especie de menor talla que se
alimenta principalmente de eufausidos (Euphausia sp., Nyctiphanes sp. y Thysanoessa sp.) y

anfipodos (Primmo sp.), en segundo lugar de cefalopodos (D. gahi y Histioteuthis sp.), en

21



tercer lugar peces como Salilota australis y en menor grado de ten6foros y medusas (Guerra
et al., 1991, Rosas-Luis et al., 2013). La menor talla de estos calamares los convierte en
presas potenciales para una gran cantidad de organismos. Se han reportado como presas de

aves, mamiferos marinos, peces he incluso de otros calamares como /. argentinus y O. ingens.

Doryteuthis gahi es la segunda especie en importancia comercial en el océano Atlantico
suroriental y se ha registrado en las capturas desde 1983. A partir de 1987 se establecio una
pesca dirigida y se ha regulado su explotacion hasta la actualidad (Bruneti, 1988, Agnew

&1998, Agnew et al., 2000, McAllister et al., 2004).
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Onykia ingens

Reino: Animalia Ganchos tentaculares
Filo: Mollusca
Clase: Cephalopoda
Orden: Teuthida

Familia: Onychoteuthidae

Género:  Onykia
Especie: Onykia ingens

(Smith, 1881)

Figura 10.- Onykia ingens.

Onykia ingens es una especie de la familia Onychoteuthidae que se ha relacionado con los
fondos marinos de la plataforma continental alrededor de los 200 metros, habitando los
océanos meridionales con una distribucién circumpolar en la region subantartica. Se han
sugerido migraciones verticales en base a hembras maduras capturadas a mayor profundidad
(740 metros) que los juveniles. Se considera a O. ingens como un desovante terminal por lo
que la migracion a aguas mas profundas y frias permitiria el mantenimiento del tejido de las

hembras después del desove (Jakson et al., 1998).

Es una especie considerada importante en los ecosistemas ya que es abundante en la region
batipeldgica, aunque también es encontrada alrededor de las islas Falklands/Malvinas en
aguas mas superficiales (Phillips et al, 2003). Es utilizada como alimento por varios
depredadores como mamiferos marinos y aves (Jackson, 1995, Clarke, 1996). Entre estos
depredadores destacan el pingiiino rey Aptenodytes patagonicus, los albatros Diomedea

exulans, Diomedea epomophora, Diomedea bulleri, el pingiiino ojo amarillo Megadyptes
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antipodes, los pingiiinos Eudyptes chrysocome, Eudyptes pachyrhynchus, el pingiliino azul
Eudyptula minor, la foca elefante del sur Mirounga leonina, el cachalote P. macrocephalus, la
ballena piloto Globicephalus melaena, y los peces Hoplostethus atlanticus, Macroronus
novaezelandiae, Micromesistius australis, Paranotothenia microlepidota, el pez emperador
Lampris immaculatus (Clarke, 1980, 1985, 1986, West & Inber, 1986, Rosecchi ef al., 1988,
Cooper et al, 1990, Imber, 1992, Green & Burton, 1993). En estudios ecotréficos de
ejemplares grandes de O. ingens se ha reportado que los peces mictofidos son las principales
presas, y esta tendencia se debe a que los organismos mas pequefios depredan crusticeos y
cefalopodos y en etapas juveniles-adultas cambian a wuna alimentacién basada
mayoritariamente por peces y cefalopodos (Jackson et al., 1998, Phillips et al., 2001, Phillips
et al., 2003, Rosas-Luis et al., 2013). Las principales especies de peces que depreda este
calamar en tallas adultas son Gymnoscopelus nicholsi 'y S. australis, en tallas menores depreda
a los eufatsidos Euphausia lucens, la munida Munida gregaria, el anfipodo T. gaudichaudii,
y el calamar D. gahi (Rosas-Luis et al., 2013). Esta diversidad de depredadores y presas

enfatiza la importancia de O. ingens en las redes troficas de los ecosistemas del sur.

A nivel pesquero O. ingens en la ltima década ha sido colectado como captura incidental por

la flota comercial en los océanos del sur, quienes han capturado ejemplares de tallas grandes.
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AREAS DE ESTUDIO

Las especies de calamar que fueron seleccionadas en el presente trabajo han sido explotadas
comercialmente durante varias décadas, a excepcion de O. ingens la cual solo ha sido
capturada incidentalmente a partir del afio 2005. En la figura 11 se muestra la distribucion de
las seis especies de calamares y se enmarcan las 4reas pesqueras que fueron analizadas en el
presente trabajo. Los paises enmarcados dentro de la distribucion de las especies mantienen
una industria pesquera sobre estos recursos, sin embargo también se reporta la actividad
pesquera de otros paises como Espafia, Estonia, Japon, Corea, Taiwan y China en la zona libre

después de las 200 millas nauticas tanto en el océano Pacifico como en el Atlantico.

Figura 11.- Distribucidn total de D. gigas, 1. argentinus, I. coindetii, T. sagittatus, y D. gahi

en amarillo y O. ingens en amarillo con puntos negros. En rojo se representa el area de pesca
de D. gigas en México, en color naranja pesca de D. gigas, D. gahi, I. argentinus y O. ingens
en Pert, Chile y Argentina, y por tltimo en rosa una porcion del area de pesca de 1. coindetii

y T. sagittatus en el Mediterrdneo Occidental.
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Sistemas de Corrientes: México

La Corriente de California en su porcién sur se encuentra afectando a la costa oeste de la
Peninsula de Baja California, en la porcion noroccidental de México entre los 23° y 32° latitud
norte y entre los 120° y 110° longitud oeste (Fig. 11.1). La regién fue monitoreada por las
investigaciones de la Cooperativa de Investigaciones Pesqueras de los Estados Unidos

(CalCOFI) desde 1960 hasta inicios de 1970, actualmente es monitoreada como parte del

proyecto Investigaciones Mexicanas de la Corriente de California (IMECOCAL) desarrollado

n

a partir de septiembre de 1997.

México

Figura 11.1.- Costa Occidental de la peninsula de Baja California. Linea continua-plan de
estaciones Investigaciones Mexicanas de la Corriente de California. Puntos amarillos son las
estaciones del plan general de crucero (linea blanca) de las cuales se obtuvieron los datos de
oceanografia fisica y quimica. Flechas azules representan masas de agua fria de la Corriente

de California y rojas masas de agua calida de la Corriente Ecuatorial.
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El Sistema de la Corriente de California (SCC) Presenta variaciones estacionales al Norte
reguladas por afloramientos costeros de aguas subsuperficiales. Al sur las variaciones
estacionales se deben a la influencia de las masas de agua ecuatorial. El comportamiento de
las surgencias en la zona esta acoplado a dos temporadas de cambios climatologicos. En la
porcion central del SCC la temporada de surgencias costeras se presenta de marzo a
septiembre, cuando los vientos del noroeste se intensifican, asociados a un incremento de la
circulacion ocednica hacia el sur; mientras que en los meses de octubre a febrero desaparecen
y domina el efecto del agua oceanica (Sverdrup & Fleming 1941; Alvarez-Santamaria 1994;

Hickey, 1979; Lynn & Simpson, 1987).

Las propiedades del agua del SCC son atribuidas a la presencia de cuatro masas de agua que
estan definidas por su temperatura, salinidad, oxigeno disuelto y nutrientes. 1.- Agua
Subartica del Pacifico (ASP), el Agua Subtropical Superficial (AStS), el Agua de
Transicion (Atr) y el Agua del Pacifico Ecuatorial (APE) (Lynn & Simpson, 1987; Vélez-
Mufioz, 1981; Gémez-Valdés & Vélez-Muiioz, 1982; Durazo & Baumgartner 2002). Presenta
temperaturas superficiales entre 18°C y 28°C, salinidades entre 33.8°/00 y 34.4°/00 y alto
contenido de oxigeno disuelto (Kind’yushev, 1970; Roden 1971; Hickey, 1979; Lynn &
Simpson, 1987).

El SCC es sensible a los cambios climaticos interanuales, especialmente a los cambios
asociados con el fenomeno de El Nifio y La Nifia (Bograd er al., 2001). Los efectos de El
Nifio dentro del SCC incluyen un calentamiento anémalo del agua superficial, incremento en
la salinidad, disminucién de las surgencias costeras e incremento del nivel medio del mar
(Durazo & Baumgartner, 2002). Esto debido a la composicion propia por mas de un tipo de
corriente, ya que el SCC es integrado por: la Corriente de California (CC), la Contracorriente
Costera (IC; por sus siglas en inglés), a menudo referida como la Corriente de Davidson al
norte de Punta Concepcion, y la Contracorriente Subsuperficial (CU) sobre la plataforma

continental (Hickey, 1979; Lynn & Simpson, 1987).

El SCC es una de las corrientes superficiales limitrofes orientales (Carr, 2002) presenta un
flujo permanente hacia el Ecuador que se forma a los 48° de latitud norte y representa la
extension sur de la Corriente de las Aleutianas (Sverdrup ef al., 1942). Tiene una anchura de
700 a 1000 km y presenta un flujo superficial (0-300 m) con una velocidad promedio de 25
cm/s (Reid et al., 1963) que puede llegar hasta 50 cm/s. Cerca de los 25° N la Corriente de

California comienza a girar hacia el oeste y sus aguas llegan a formar parte del flujo de la
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Corriente Nor-Ecuatorial. La frontera sur del SCC es particularmente compleja debido a la

mezcla de aguas més célidas y salinas.
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Sistemas de corrientes: Peru

La region comprendida frente a las costas de Peru se relaciona generalmente con aguas frias
de la Corriente de Humboldt (CH), sin embargo en la porciéon norte en la frontera con el
ecuador la zona presenta la convergencia con aguas calidad de la Corriente de Ecuador (CE)

(Fig. 11.2).

Océano Pacifico

Figura 11.2.- Costa de Peru influenciada por masas de agua calida del norte de la Corriente
Ecuatorial (Flechas rojas) y masas de agua fria del sur de la Corriente de Humboldt (Flechas
azules). . Puntos amarillos estaciones de muestreo para los datos de oceanografia fisica y

quimica del Instituto del Mar del Peru.
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La incursion de aguas ecuatoriales provoca un incremento considerable de la temperatura y
una evidente disminucidn de la salinidad, tanto a nivel superficial como en la columna de
agua. El incremento en la temperatura puede ser del orden de hasta 6 °C, mientras que la

salinidad varia entre 34.3 y 34.7 ups (Moron et al., 1999, Mordn, 2000).

El calentamiento de las aguas da lugar a una profundizacion y dispersion de las isotermas, por
lo que no hay formacién de termoclina, asimismo provoca la profundizaciéon de las aguas
costeras frias, por lo que el afloramiento costero y su alta productividad se ve restringido. El
afloramiento costero se extiende a lo largo de la costa de Pert entre los 5°S y 18°S con un
impacto de aproximadamente 100 km costa-océano, generando condiciones frias
(aproximadamente 16°C) y una termoclina somera entre los 20-50 m de profundidad
mantenida por una capa de Ekman somera (Halpern, 2002). Una alta productividad
caracteriza a la zona, con altas concentraciones de clorofila principalmente cerca a la costa, y

con una mayor extension entre los 11°-15° S.

Estas caracteristicas en los sistemas de corrientes del Peru son los responsables de una alta
produccion marina que se ve reflejada en el mantenimiento de las pesquerias mas importantes
del mundo lo cual no se explicaria solo por sus niveles de productividad primaria, sino que
intervienen otros factores como lo es la alta variabilidad del sistema la cual podria estar

regulando el funcionamiento y la estructura de estos ecosistemas.
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Sistemas de corrientes: Patagonia

La plataforma patagénica, que abarca profundidades de entre 0 y 200m, se extiende
aproximadamente entre los paralelos 34° y 54° y se encuentra en la zona de confluencia de dos
grandes corrientes ocednicas, por la region norte es influenciada por masas de agua célida de
la corriente de Brasil con una temperatura media entre los 18 °C y 20 °C y con un limite
inferior en los 600 metros de profundidad, y por la regién sur la corriente de
Falklands/Malvinas que se caracteriza por ser de tipo subartico, fria y salina y que fluye hacia

el Norte con una temperatura media superficial de 6 °C (Garlozi & Bianchi, 1987).

Argentina

Figura 11.3.- Area de confluencia entre la corriente cilida de Brasil (Flechas rojas) y la

corriente fria de Falklands/Malvinas (flechas azules) en el océano Atlantico sur.

Ambas corrientes se encuentran en el talud patagdnico aproximadamente a 38° de latitud sur,
como consecuencia de este choque de masas de agua se da lugar a un frente de mezcla
complejo con una longitud aproximada de 1500 km a lo largo de la costa argentina, lo que

intensifica la produccién primaria (Portela et al., 2010).
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Sistema de corrientes: Mar Mediterraneo Noroccidental

El Mar Mediterraneo es uno de los cuerpos de agua mas importantes en el océano Atlantico y
el flujo dentro del mismo es afectado principalmente por la temperatura y las variaciones en la
salinidad. La porcién noroccidental se caracteriza por la circulacién costera relativamente

estable (Fig. 11.3).

Mediterranean Sea

Efectos del Rio Rhone

-1 0 1 2 3 4

Figura 11.4.- Noroccidente del Mar Mediterraneo, influenciado por los aportes de los Rios
Rhoéne y Ebro. La linea azul representa el frente de transicion entre la zona ocednica (menor

produccion primaria en azul) y costera (mayor productividad en verde).

Las aguas superficiales entre los 80 y 0 m de profundidad de esta region son afectadas por
periodos de tres y cinco afios reflejados en la temperatura superficial del mar y que son

relacionados con el intercambio de calor entre la atmosfera y el océano, mientras que aguas de
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mayor profundidad son afectadas por el flujo de agua caliente a otras profundidades (Salat y
Pascual, 2007). La regién se encuentra caracterizada por la permanencia de un frente
transicional que separa las aguas costeras con salinidades mas altas de las aguas del mar
abierto y que es dominada por la corriente que fluye del noroeste al suroeste paralela a la
costa (Salat, 1995). Otro factor que determina la dindmica de este sistema es la presencia de
gradientes de salinidad que son afectados por los aportes de agua dulce proveniente en el
norte del rio Rhone y en el sur por el rio Ebro, ademas de los periodos de lluvia durante otofio
y invierno que favorecen o afectan la formacidon de masas de agua profunda y superficial que
interactuan por medio de procesos de cascada y promoviendo la intensificacion de la
circulacion entre diferentes profundidades (Gonzales-Pola ez al., 2007, Salat et al., 2007). Los
efectos del frente de circulacion se han relacionado con la distribuciéon de poblaciones
planctdnicas, dispersion de larvas de peces y como limite entre la dispersidn de especies

oceanicas y costeras (Sabatés et al., 2004, Olivar et al., 2007)

La productividad primaria reflejada en las estimaciones de clorofila ¢ han mostrado una
amplia variabilidad en tiempo y espacio relacionada a procesos de mesoescala (Veldsquez,
1997). Generalmente se ha observado que la variabilidad de la productividad primaria es

respuesta directa del aporte de agua continental (Gordoa et al., 2008).
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OBJETIVOS E HIPOTESIS

El objetivo general del presente estudio fue determinar el cambio ecoldgico por medio de
procesos fisicos, quimicos y bioldgicos en los océanos, considerando a los calamares como
especies clave. Para ello se determinaron los procesos fisico-quimicos que afectan
directamente el cambio en biomasa y distribucidén de los calamares en el océano, el factor
ecoldgico que lo ha promovido y en que especies se han reflejado. Las especies sujeto de
estudio fueron Dosidicus gigas, Illex argentinus, Illex coindetii, Todarodes sagittatus,

Doryteuthis gahi y Onikya ingens y sus relaciones troficas.

Objetivos especificos

* - Determinar que especies del orden Teuthida pueden considerarse en estudios de

variabilidad ambiental.

* - Determinar cuales son los procesos fisico-quimicos que afectan directamente el cambio en

biomasa y distribucidn de estas especies.

* - Determinar si existe y cudl es la causa biologica que ha promovido el cambio en el

desarrollo de estas poblaciones.

* - Identificar las repercusiones que se han tenido con el cambio en las poblaciones de estas
especies y sus presas: si la distribucién a aumentado y su abundancia también, ;Como se

sostiene este cambio?, ja qué grupo se estd impactando en mayor intensidad?.
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Para ello se considerd que las caracteristicas morfoldgicas de las especies de calamares, su
dindmica, su plasticidad, su adaptacion al medio y su distribucioén practicamente en cualquier
nicho marino, les han permitido responder a los cambios en el medio, lo que ha resultado en la

reestructuracion de los ecosistemas en el océano.

Consideraciones particulares:

I.- Que la disminucion en depredacion y los cambios ambientales reflejados en la
modificaciéon de la temperatura superficial del mar, la salinidad y las estimaciones de

productividad primaria (clorofila @), han favorecido el desarrollo de estas especies, y

2.- Que las relaciones troficas en las especies son el principal factor que ha determinado su

desarrollo.

Por lo que el momento de explosion o decremento de la especie X de calamar se puede

detectar en un incremento o disminucion de la presa preferencial.
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MATERIALES Y METODOS
VARIABILIDAD AMBIENTAL

Series histdricas de TSM, S y Cla

El proyecto doctoral planteo la colaboracion entre diferentes instituciones de investigacion en

Meéxico, Peri, Argentina y Espafla. A continuacion se presenta una relacion de las

aportaciones en materia de bases de datos sobre variables de oceanografia fisica, quimica y

bioldgica, asi como las series de captura y/o estimaciones de biomasa de los cefaldopodos en

cada area estudiada.
Meéxico

Dr. Gilberto Gaxiola Castro

Dr. Reginaldo Durazo

Dra. Bertha Lavaniegos

Dr. Cesar A. Salinas Zavala

Técnico Carlos Pacheco

Peru
Don. Godofredo Cafiote Santamarina
Blgo. Renato Guevara Carrasco

Dra. Carmen Yamashiro

Dr. Martin Salazar, Dr. Ramiro Castillo

Blga. Patricia Ayon

Proyecto IMECOCAL CICESE, Oceanografia

Quimica.
UABC, Oceanografia fisica.

Proyecto IMECOCAL CICESE, Biologia del

Zooplancton.
CIBNOR, Serie capturas de calamar.

CIBNOR, Series de temperatura por método

satelital

Director ejecutivo del IMARPE
Direccion cientifica IMARPE

Invertebrados Marinos, pesca de calamar

gigante D. gigas y otros calamares.

Estimacion de Biomasa por el método

hidroacustico.

Estimacion de biomasas de zooplancton.
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Ing. Luis Pizarro, Ing. Noel Dominguez Oceanografia fisica (Temperatura y salinidad)
Ing. Julio O. Mordn, Dra. Michelle Graco  Oceanografia Quimica (clorofila a)

Blga. Veronica C. Blascovik Huayta Ecologia trofica

Argentina-Espaiia

Dr. José Luis del Rio Instituto Espafiol de Oceanografia, recursos
pesqueros plataforma patagdnica internacional

e Islas Falklands/Malvinas

Las colaboraciones que se obtuvieron con los diferentes investigadores, obedecen a
actividades pesqueras y de monitoreo de variables ambientales que interesan para el

desarrollo del tema doctoral propuesto. Las series de datos corresponden a:

* - Temperatura y salinidad superficial del mar en la porcion sur de la Corriente de California,

especificamente en la estacion .45 de la red de monitoreo IMECOCAL.

* - Serie de concentraciones de Clorofila a a diez metros de profundidad de la red

IMECOCAL.

* - Estimacion de biomasa zooplanctonica en el drea comprendida en la red de estaciones de

monitoreo del proyecto IMECOCAL (1998-2010)

* - Serie histérica de capturas de los principales recursos pesqueros que intervienen en la

dindmica ecologica del calamar gigante D. gigas en el litoral mexicano.
* - Serie historica de capturas de calamar gigante D. gigas en el litoral mexicano.

* - Temperatura y salinidad superficial del mar en la corriente de Humboldt porcion Peru

entre las 50 y 80 millas nauticas de la costa.

* - Serie de concentraciones de Clorofila a a diez metros de profundidad y entre las 50 y 80

millas de la costa del mar del Pert.
*_ - Estimacion de biomasa zooplanctonica en la corriente de Humboldt de Perti (1998-2010)

* - Serie historica de capturas de calamar gigante D. gigas en la corriente de Humboldt Peru.

38



* - Serie de estimacion de biomasa por el método hidroacustico en la corriente de Humboldt

Peru (Vinciguerria lucetia, D. gigas, Pleuroncodes monodon, sardina, anchoveta y merluza).

* - Serie histérica de capturas de los principales recursos pesqueros que intervienen en la
dinamica ecoldgica del calamar /llex coindetii y Todarodes sagittatus en Mar Mediterraneo

noroccidental.

* - Matrices de dieta y estudios de ecologia trofica de D. gigas, I. argentinus, 1. coindetii, T.

sagittatus, D. gahiy O. ingens.

Metodologia de obtencion de datos del programa CalCOFI disponible en
http://calcofi.org/references/ccmethods.html

Metodologia de obtencion de datos del programa IMECOCAL disponible en
http://imecocal.cicese.mx/metodologia.html

Metodologia de obtencion de datos del programa de monitoreo del IMARPE disponible en

http://www.imarpe.pe/imarpe/index.php?id_seccion=I10108010502000000000000
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Seleccion y estandarizacion de las series

Con base en los datos obtenidos en cada uno de los paises mencionados se eligieron areas
donde la presencia de calamar fue importante para las pesquerias. Estas areas fueron la
porcidn central del Golfo de California, la porcion sur de la corriente de California, Paita e Ilo

en Perua y la plataforma continental de Argentina (Figura 11).

Las series de temporales que corresponden a la corriente de california porcién sur (México)
para las variables Temperatura, Salinidad y Clorofila a se desarrollaron desde 1949 y hasta
2010. Los datos desde 1949 hasta noviembre de 1981 fueron obtenidos de la base de datos del
programa CalCOFI, para ello se utiliz6 una red de 2 grados de tamafio obteniendo todos los
datos que se encontraran inmersos en la misma y que corresponden con el area de distribucion
de D. gigas en la Corriente de California México. Para todas las areas en México, Peru y
Argentina la serie de TSM de diciembre de 1981 y hasta septiembre de 1997, fueron
calculados por medio del programa NCCIB que se basa en estimaciones por medio de
imagenes satelitales y el método de Reynolds (Reynols ef al, 2002; Pacheco-Ayub &
Bautista-Romero, 2003). Los datos a partir de octubre de 1997 y hasta el 2010 fueron
obtenidos del programa IMECOCAL.

Para completar la serie y mostrar la tendencia y evolucion de los datos de TSM 1949-2010 se
obtuvieron los valores promedio de 5 meses posteriores y 5 anteriores del mes calculado.
Posteriormente en cada serie de datos se obtuvo el ciclo anual, la variacion estacional a lo

largo del periodo y por ultimo la evolucidn de la tendencia anual en las tres variables.

Los valores de las series de Cl a de las 4reas en Pert fueron obtenidos por IMARPE por
medio de los monitoreos oceanograficos y pesqueros que realiza anualmente, los datos fueron
centrados a las veinte millas de distancia de la costa utilizando un area de 0.5 grados de
diametro. Los valores de Cl a correspondientes a la plataforma continental de Argentina

fueron estimados a partir de los trabajos de Rivas et al., (2006).

Las series de estimaciones de biomasa del zooplancton en México fueron obtenidas para la
estacion .45 del programa IMECOCAL a partir de 1998-2010. En Pert los datos provienen
del IMARPE y se extienden desde 1977-2010. Los mismos valores para Argentina fueron
obtenidos de los trabajos de Sabatini & Alvares, (2001) y Sabatini et al., (2004), y

transformados de acuerdo a Tranter, (1959).
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Las series de captura fueron desarrolladas desde 1980 y hasta el 2010. Las series de captura
de D. gigas en Meéxico fueron obtenidas del Anuario Estadistico de Pesca

http://www.conapesca.sagarpa.gob.mx/wb/cona/cona anuario estadistico de pesca, en Peru

de la Agencia de Produccién del Ministerio de la Produccion y del IMARPE, mientras que
las series para I. argentinus provienen de la subagencia de Pesca y Acuacultura MAGyP
http://www.siia.gov.ar/index.php/series-por-tema/pesca. Las series de estimaciones de
biomasa fueron obtenidos en México de los trabajos de Klet, (1984), Ehrhardt et al., (2001),
del IMARPE en Perti y de los trabajos de Villasante & Sumalia, (2010) para Argentina.
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Validacion de los valores de temperatura en las diferentes fuentes (IMECOCAL y NC-CIB)

Se realizd un andlisis estadistico t de Student a los datos reportados por los cruceros
oceanograficos IMECOCAL desde 1998 hasta 2008 y a los obtenidos por el programa NC-
CIB, con la finalidad de probar si existen diferencias entre los valores promedio mensuales de
cada serie y en base a ello validar su utilidad a lo largo de la serie desde 1969. Los resultados
mostraron que no existen diferencias significativas (t= -0.69, p= 0.24) por lo que se agruparon

en una sola serie (Fig. 11.5).
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Figura 11.5.- comparacion entre los valores promedio de la TSM insitu del programa

IMECOCAL y los obtenidos por el método de Reynolds de imagenes satelitales.
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Anomalias, transformacidn, estandarizacidon y andlisis espectral de las series de TSM, S, Cl a

y Zooplancton

Después de eliminar el componente estacional por medio de los promedios anuales, se
obtuvieron las anomalias de la serie utilizando para ellos el promedio general, obteniendo

como resultado la modelacion de las anomalias de tipo aditiva, esto es:

X(t) =T() + A(t), donde T es la tendencia de la serie y A(?) es ruido blanco.

Y que obedecio a una tendencia lineal del tipo :

T(t)=a + b(t)

Que fué calculada para cada valor desde t=1 y extraida de los anomalias reales.

4,00 y=0,001x - 0,695
3,00
> 2,00
N
= 1,00
= 0,00
g
: -1,00
< -2,00
-3,00
4,00
AN (@) AN (@) (@)} (@) N
<t e} \O >~ o0 (@) (e}
& & 2 2 & 2 S

Figura 11.6.- Ejemplo de la tendencia observada en la serie de TSM de la Corriente de
California. Tendencia en la linea negra, anomalias reales en color azul y anomalias sin
tendencia en rojo.
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La serie de anomalias de la TSM transformada sin tendencia fue estandarizada, esto es:

X, =((x.—%)|s) Donde: x es lamedia y s la desviacién estandar.

Posteriormente la serie fue suavizada utilizando el promedio moévil de 12 términos. Esto es:

v YoX (t—6) + X, (t—5) ++ X, (t+5) + 15 X, (t +6) ,7<t<n-6
s 12

Anomalias TSM

2009

N N (&) [©) N N
<t Ve \O >~ ] N
(@) (@) (@) (@) (@) (@)
— — — — — —

Figura 11.7.- Estandarizacién y suavizado de las series de TSM Corriente de California

México
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La series de TSM resultado del suavizado, fueron sometidas al andlisis espectral usando para
ello el softtware STATISTICA 8.0 Time series analysis/Forecasting. Este andlisis permitid
identificar las frecuencias en afios que estan presentes en las series. El espectro es una
herramienta fundamental para entender la estacionalidad en las series y determinar su periodo.
El método se basa en términos de funciones senoidales (seno y coseno), lo que se conoce
como series de Fourier, el espectro es denominado como la representacion de las amplitudes,
en el eje de las Y, que constituyen los diferentes términos de la serie para toda la gama de
frecuencias (eje de las X) (Storch & Zwiers, 1999). De cada serie se eligieron las 5 principales

frecuencias en el espectrograma para modelar las anomalias.

Anomalias TSM

B R e o o LI I o e e UL B e e e

0.16 037 1949 1969 1989 2009
Frecuencia Afio

Figura 11.8.- Espectrograma y modelado de las anomalias de la TSM de la Corriente de
California. Lineas punteadas del espectrograma corresponden a los limites de confianza de la
frecuencia (linea negra), la linea gris corresponde a la prueba de hipotesis para validar las
frecuencias para el modelado de la serie. Area negra y roja del grafico derecho corresponden

al modelado de las anomalias y en gris las anomalias.

46



Andlisis de regresion lineal multiple

Después de hacer este andlisis se detectd que las series de salinidad no describian ciclos que
permitieran su utilizacion para la comparacion con las series de capturas y biomasa, por lo
que se decidié no utilizarlas. Se relacionaron cada una de las series restantes con los valores
de captura y biomasa de las especies D. gigas y I. argentinus en el periodo 1980-2010 usando
regresiones lineales multiples RLM. Las RLMs fueron realizadas usando un desfase de un afio
y sin desfase y se les aplico un analisis de varianza a cada comparacidon para conocer
comprobar los resultados con una significancia de 5 y 10%. Los andlisis de RLM fueron
aplicados solo a tres areas debido a la disponibilidad de datos para comparar. En México se
usaron los datos de captura total, y los valores TSM, Cl a y Zooplancton de la porcién sur de
la Corriente de California con la finalidad de observar movimientos latitudinales de los
recursos. Para Peru se utilizaron los valores de captura y estimaciones de biomasa, asi como
los de TSM, Cl a y zooplancton de Ilo y Paita, mientras que en Argentina se utilizo la captura
total y las estimaciones de biomasa asi como la TSM, Cl a y zooplancton de la parte central de
la plataforma continental, todo esto con el unico objetivo de mostrar graficamente las posibles

relaciones entre estas variables.

Las graficas que describen las relaciones entre las variables fueron construidas por medio del
método de Kriging el cual es considerado como un método flexible de rejilla para producir

imagenes en SURFER.
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ECOLOGIA TROFICA
Analisis de contenidos estomacales

Se obtuvieron muestras para conocer los habitos alimenticios de D. gigas, 1. argentinus, I.
coindetii, T. sagittatus, D. gahi y O. ingens. Las muestras para determinar los hébitos
alimenticios de D. gigas en la corriente de Humboldt fueron obtenidas y analizadas por el
IMARPE vy correspondieron a tres cruceros de evaluacién pesquera en el B/O BIC Humboldt

y B/O José Olaya Balandra en los meses de junio y julio 2007 y noviembre-diciembre 2008.

Las muestras para los habitos alimenticios de I coindetii y T. sagittatus corresponden a
ejemplares obtenidos en los puertos pesqueros de Barcelona y Vilanova 1 la Geltrii Noreste
del Mar Mediterraneo en los meses de octubre- noviembre 2010, julio 2011 y marzo, mayo-
julio 2012 (Proyecto CALOCEAN del ICM Barcelona). Los calamares fueron colectados al
momento en que los barcos pesqueros arribaron al puerto y se transportaron congelados al
laboratorio de diseccion del Instituto de Ciencias del Mar en Barcelona para su posterior

analisis.

Las muestras que corresponden a I. argentinus, O. ingens y D. gahi fueron obtenidas de las
capturas comerciales de los barcos Espafioles, C/V Costa do Cabo y C/V Playa Pesmar 1, que
operan en las aguas internacionales de la plataforma Patagénica y las Islas
Falklands/Malvinas durante los meses de marzo y abril 2012. Las muestras fueron congeladas

a -20°C y enviadas al ICM para su posterior analisis.

Todos los calamares fueron medidos (longitud dorsal del manto LM), pesados y se les asignd
el sexo siguiendo la clasificacion propuesta por Lipinski & Underhill (1995), el contenido de
cada estdbmago se peso con una precision de 0.01 g, y se le asigno un indice de llenado visual
subjetivo: 0, vacio; 1, restos escasos; 2, medio lleno; 3, casi lleno; y

4, completamente lleno (Breiby & Joblin, 1985).

Se calculo el peso relativo del contenido estomacal respecto al peso corporal de cada calamar
mediante:
%PC = PE/(PT-PE)*100 donde: PE es el peso del estomago, PT el peso total del

calamar.
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El contenido estomacal se vacio sobre una caja de Petri o un tamiz de luz de malla de 0.5 mm,
incluyendo el contenido del ciego y el intestino, y la muestra se lavd con agua para retener

restos utiles para la identificacion y se elimind el resto.

Se identificaron, separaron y pesaron los grupos de presas mas conspicuos. Las muestras se
observaron con una lupa binocular con 60 y 120 aumentos sobre fondo negro y blanco.
Para la identificacion de cada grupo taxonomico se utilizaron diferentes fuentes
bibliograficas. Para otolitos de peces Fitch & Brownell, (1968), Smale et al., (1995), Garcia-
Godos (2001), Lombarte et al., (2006), Tuset ef al., (2008). Para cefalopodos se utilizaron las
guias de identificacidon de Newel (1963), Wolff, (1982); Wolff, (1984); Clarke, (1986), Alamo
& Valdivieso (1987), Xavier & Cherel (2009). Los crustaceos se identificaron con las guias
de Zariquiey-Alvarez (1968), Méndez, (1981), Mauchline (1984), Anonym (1988), y Boschi
et al., (1992).

Para la cuantificacion de la participacion de las distintas presas en el contenido estomacal se
emplearon los métodos de frecuencia de ocurrencia, numérico y gravimétrico de acuerdo con

Cailliet, (1977).

Frecuencia de ocurrencia (%FO): El porcentaje de calamares que se alimenta de una

determinada presa.

Numero (%N): El porcentaje del nimero de individuos de una determinada presa respecto al

total de individuos presa.

Peso (%P): El porcentaje en peso de una determinada presa respecto al total de presas.

Asi mismo se empled el indice de importancia relativa (IIR): Calculado a partir de los tres

métodos anteriores (Pinkas et al., 1971):

1IR = (%N +%P)(%FO)
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La diferencia en frecuencia de presas entre agrupaciones de calamares se analizd
construyendo tablas de contingencia RxC niveles en las que se calculd el estadistico G (Crow,

1982),
G = 2*%i,j Xij In(Xij ( Xi Xj | N)

donde Xij es el numero de presas de la categoria i ingeridas por los calamares de la
categoria j, Xi es el nimero de presas de la categoria i ingeridas por todos los calamares, Xj es

el nimero de presas totales ingeridas por la categoria de calamares j, y N es el nimero de

presas totales ingeridas por todos los calamares. Este estadistico tiene una distribucion X2

de (H-1)(C-1) grados de libertad.
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INTERACCION DEPREDADOR PRESA DOSIDICUS GIGAS Y VINCIGUERRIA
LUCETIA

Datos acusticos

La columna de agua fue estudiada a una profundidad de hasta 500 m, por medio de
frecuencias Simrad EK60 de una ecosonda de 38 y 120 kHz que transmitié la sefial al
calibrador estandar (Foote et al., 1987). Los datos fueron procesados usando Echoview

(Simmonds & MacLennan, 2005).

La estimacion acustica de peces mesopeldgicos se basd en un umbral de -70dB para
minimizar el ruido que se puede ocasionar por otros peces no mesopelagicos. En
complemento a la estimacidn acustica se realizaron muestreos biologicos en los que se
capturaron e identificaron los componentes a nivel especie. Con este método se logrd
diferenciar entre organismos capturados a diferentes profundidades y separar a los diferentes
componentes de acuerdo a su sefial acustica. Los muestreos y estimaciones acusticas se

realizaron a profundidades de 5 y 220 m durante la noche y 5-500 m durante el dia.

Los coeficientes de retroinspeccion del area muestreada (Sa) fueron calculados por cada celda
donde estuvieron presentes los peces mesopelagicos (Sat), lo cual se considera como el

indice de densidad de peces. La expresion para calcularlo es la siguiente:

Biomasa = C-A<S4>
C = Ci/(1000 oxg)
Okg = 471.]0TSkg/10

TSke = TS — 10 log (<w>/1000)

V. lucetia: TS=20 Log L-79.06 (dB), L: 3.5 to 6.5 cm. (Gutierréz & Herrera 1998)
D. gigas: TS=20 Log L-92.82 (dB), L: 65.5t093.5 cm (Castillo & Gonzales 2000)
D. gigas: TS=20 Log L-86.17 (dB), L: 22 to 38 cm (Castillo & Gonzales 2000)
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Donde:
TS es la fuerza de blanco especifica por especie.

<Sa> El promedio de los coeficientes nduticos del 4rea de dispersion (m*nm), media

ecointegrada de la linea isoparitoral.

A, el rea isoparalitoral (nm?)

Okg - seccion acustica retrodispersada (kg).
Ci: Constante instrumental de la ecosonda.
<w>: peso promedio de las especies (g).

L: longitud del cuerpo de la especies blanco.

C: constante acustica.

Consumo de V. lucetia por D. gigas

Para estimar el consumo (Qi) se utilizaron tres parametros: 1.- la biomasa del depredador (bj);
2.- la relacion consumo biomasa de el depredador (Q/B)j (tomada de Alarcon-Muiios ef al.,
2008) y 3.- la composicion (DCij) de la presa (i) en la dieta del depredador (j). La expresion

para calcularla es la siguiente:

Q = Z B; - (Q/B); -DC;

i=1
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CAPITULO II:

RESULTADOS
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VARIABILIDAD AMBIENTAL

Resumen

Este apartado se refiere a las relaciones que existen entre las poblaciones de dos especies de
calamares ommastréfidos Dosidicus gigas y Illlex argentinus con las series temporales de la
temperatura superficial del mar, clorofila a y las estimaciones de biomasa zooplanctonica.
Generalmente se tiene la presuncion de que la temperatura es el principal factor que determina
la evolucion de las poblaciones bioldgicas, sin embargo en este apartado se observa que esta
variable puede afectar directamente a las poblaciones de organismos productores primarios y
a los integrantes del zooplancton, y no asi a los organismos juveniles y adultos de ambas

especies de calamar.

En este sentido se puede observar que en ambas especies la distribucion y abundancia de
presas potenciales es uno de los principales factores que determinan la localizacion y en
algunos casos migraciones horizontales y verticales en el ecosistema. Esto se puede observar
en las relaciones que se encontraron entre las series temporales del zooplancton y las capturas
y biomasas de ambas especies que respondieron negativa o positivamente cuando se aplico un

analisis de desface de un afio y se obtuvieron las correlaciones entre ellas.

La informacion de este apartado es discutida ampliamente en el articulo “Inside of the

relationships of two Ommastrephid squids, the jumbo squid Dosidicus gigas and the short-

finned squid /llex argentinus, with the environmental variability”, acontinuacién se presenta

esta informacion en el formato que fue enviado para su publicacion.
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ABSTRACT

Catches and biomass estimates of Dosidicus gigas and Illex argentinus in the Pacific Ocean
off Mexico and Peru and in the South Atlantic Ocean off Argentina were correlated with the
sea surface temperature (SST), chlorophyll a (Cla) and zooplankton biomass (Zoo) estimates.
We observed a negative relationship between the D. gigas biomass estimates and the SST in
Peru, and a positive relationship for /. argentinus in the South Atlantic Ocean. Cla showed a
positive relationship with D. gigas and a negative relationship with 1. argentines. Zoo showed
a positive relationship with the two squid species when a delay of one year was applied. These
relationships seem to be affected by the oceanographic conditions of each area and the ability

of theses squid species to respond to marine changes.

Resumen

Las capturas y estimaciones de biomasa de Dosidicus gigas en el océano Pacifico en México
y Peru y lllex argentinus en la parte sur del océano Atlantico fueron correlacionadas con la
temperatura superficial del mar (TSM), las estimaciones de clorofila a (Cla) y la biomasa
estimada del zooplancton (Zoo). Como resultados observamos una relacion negativa entre la
estimacion de biomasa de D. gigas y la TSM en Pert, y una relacidén positiva con 1.
argentinus en la parte sur del océano Atlantico. La Cla mostrd una relacion positiva con D.
gigas y negativa con I. argentinus. El Zoo mostro relaciones positivas con las dos especies de
calamar cuando se aplicd un retraso de un afio en el andlisis. Estas relaciones aparentemente
son afectadas por las condiciones oceanograficas de cada area y la habilidad de estas especies

de calamar para responder a los cambios en el medio marino.
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INTRODUCTION

Variation in abundance and distribution of marine organisms and their possible relationships
to changes in physical parameters have been studied in recent decades. Research has focused
on species that are common to marine currents, such as those in California, Mexico, Peru and
southwest Africa where high productivity is associated with upwelling events (Glynn, 1988;
McGowan et al., 1998; Lluch-Belda et al., 1991). These large regions generally contain small
areas that have high biological production in contrast to adjacent water masses, and this

production is maintained in the area and is exported to other ecosystems (Arreguin-Sanchez,

2000).

The regions selected for this study are considered keys areas for the development of jumbo
squid Dosidicus gigas fisheries in the Pacific Ocean (Mexico and Peru) and //lex argentinus
in the South Atlantic Ocean (Argentina). Mexican waters can be divided into three geographic
areas characterized by different environmental conditions that promote the development of
marine populations. The northern region begins at the limit of the temperate conditions of the
California Current System and contains the subtropical area (Lluch-Belda et al., 1991). The
Gulf of California is considered a basin of evaporation that catches heat from the atmosphere
and loses moisture, which promotes the flux of cold and less-saline water from the Pacific
Ocean and results in enrichment that is optimum for high productivity (Lluch-Belda et al.,
1991, Lluch-Cota, 2000). In the south, the Gulf of Tehuantepec is characterized by intense
winds that promote upwelling events during winter and modify the oxygen minimum layer
(Ortega-Garcia et al., 2000). Peruvian waters can also be divided into different areas. The
northern part, off Paita, which is the main fishing area for D. gigas, is directly influenced by
cold waters from the Humboldt current and warm waters associated with the Surface Tropical
and Equatorial Waters (Morén, 2000; Espino & Yamashiro, 2012), which determine the
weather in the region. This area is considered the transition zone between tropical and cold
waters (Waluda et al., 2006; Taylor et al., 2008). The southern part, off Ilo, is influenced by
cold water from the Magallanic region and upwelling events promoted by the rise of the
continental shelf (Moron, 2000). As in the Pacific Ocean, oceanographic conditions also
promote enrichment in the South Atlantic Ocean, determining areas of biological importance.
The South Atlantic Ocean is dominated by the convergence of the warmer south-flowing
Brazil current and the colder north-flowing Falkland-Malvinas Current. The Brazil Current is

warm, salty and relatively oligotrophic (Guerra ef al., 2011). These conditions cause the
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convergence with the Falkland Current to generate a strong thermohaline front. This cold and
nutrient-rich front flows northward along the Patagonian continental slope promoting high
biological productivity (Sabatini & Alvarez-Colombo, 2001; Waluda et al., 2001, Portela et
al., 2010).

Enrichment events are generally influenced by the upwelling of cold, rich, subsurface water to
the surface, which leads to high primary production (Lluch-Cota, 2000). They therefore are
considered to support the biomass of plankton, fish, marine mammal and bird. Consequently,
changes in the intensity, location and periodicity of these events can modify the ecosystem
structure that is related to variability in squid populations (Lluch-Belda ef al., 1991; Garate &
Pacheco, 2004). We described the ecosystem and inferred changes in the population of the
jumbo squid D. gigas and the short-finned squid 1. argentinus in the Pacific Ocean and the
South Atlantic Ocean using the sea surface temperature SST, primary production (chlorophyll
a) and primary consumers (zooplankton Zoo) as factors for determining the periodicity and
intensity of enrichment events. We also considered the trophic relationships in relation to the

primary production to primary consumers as well as higher trophic levels in the ecosystem.
METHOD

We selected areas where the presence of squid was important to the fisheries, the Gulf of
California, the California Current in Mexican waters, Paita and Ilo in Peru and the Patagonian
shelf in Argentina (Fig. 1). We extracted the monthly and annual means of SST, chlorophyll
and zooplankton biomass. Mean values of SST in area 1 (115°W-27.3°N, 112.45°W-25.5°N,
114.7°W-24.32°N, 116.15°W-26.64°N) were extracted from the data set of CALCOFI —
California Cooperative Oceanic Fisheries Investigations- for the period 1949-1981
http://calcofi.org/data.html and IMECOCAL —Investigaciones Mexicanas de la Corriente de
California — for the period 1982-2010. For area 4 (81.55°W-3.50°S, 80.50°W-8.00°S,
82.5°W-6.0°5S, 82.5°W-4.39°S) these factors were obtained from IMARPE —Instituto del
Mar del Peru-, and for areas 2, 3, 5, 6, 7 and 8 (2°x2°) they were obtained from the CIBNC
program, 1981-2010, developed by Pacheco-Ayub & Bautista-Romero, (2003), chlorophyll
data Chl to 10 m deep and zooplankton estimates were obtained from the .45 stations of the
IMECOCAL program 1998-2010 (Mexico), IMARPE 1977-2010 (Peru), Rivas et al., (2006)
(Chl Argentina) and Sabatini & Alvares, (2001), Sabatini et al, (2004) (Zoo Argentina,

transformed according to Tranter, 1959).
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Squid catches series from 1980 to 2010 were obtained from the CIBNOR and the Annual
Fisheries Report in Mexico (Anuario Estadistico de Pesca
http://www.conapesca.sagarpa.gob.mx/wb/cona/cona_anuario estadistico de pesca), the
Production Agency (Ministerio de la Produccion) and IMARPE in Peru, and Bruneti (1988)
and the Subagency of Fisheries and Aquaculture MAGyP in Argentina
http://www.siia.gov.ar/index.php/series-por-tema/pesca. Squid biomass estimates were taken
from Klet (1984), Ehrhardt et al., (1986), Morales-Bojorquez et al., (1997), Hérnandez et al.,
(1998) and Morales-Bojorquez et al., (2001) in Mexico, IMARPE in Peru and Villasante &
Sumalia (2010) in Argentina.

Values of each series were averaged into 12 monthly-means (i.e. the seasonal cycle) that were
subtracted from the original series to compute monthly anomalies (Fig, 2a, b and c).
Anomalies were calculated as deviations from this cycle, and then a spectral analysis was
applied (Storch & Zwiers, 1999) to detrend and standardize the time series. The main
frequencies of the periodogram that modeled the SST were extracted using Fast Fourier
Transform and smoothing with a 12 term spectral window (running average). We related each
series to catches and squid biomass from 1980 to 2010 using multiple linear regressions
(MLR) (the period 1980-2010 was selected due to the availability of data sets). Comparisons
were made using one and two years delay and an analysis of variance was applied to each

comparison to test the relationship using significance levels of 5 and 10%.

We plotted the modeled SST and the squid catches by area to show the trends of each series.
Multiple linear regression MLR was applied only to three of the eight areas due to the
availability of squid catch data and biomass estimates, which were available by country or a
specific region. In Mexico we used the total time series of catch, SST, Chl and Zoo values.
We decided to use the SST, Chl and Zoo values obtained for the California Current Mexico,
in order to explain possible causes for the movements in the area. The total catch, biomass,
SST, Chl and Zoo values for the Humboldt Current off Peru and the northern region off Paita
were used in the correlation. In the South Atlantic Ocean (Argentina) the total catches and
biomass estimates were from Argentina and the SST, Chl and Zoo from the central part of the
Patagonian Shelf. Cycles of SST/Cla and SST/Zoo were plotted using the Kriging method
which is a very flexible gridding method and produces visually appealing maps in SURFER
8.0.
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Figure 1.- The main fishing areas for D. gigas in North Pacific ocean (1- San Quintin and
Cedros Island complex influenced by the California Current system, 2- Gulf of California
influenced by the North Equatorial Current, and 3- Gulf of Tehuantepec influenced by the
Equatorial Counter current), and the South Pacific ocean (4- Paita Peru influenced by the
Humboldt current system and the Equatorial current system, and 5- Ilo Peru directly
influenced by the Humboldt current system). The fishing areas for /. argentinus in the South
Atlantic ocean (6-Santa Cruz Argentina influenced by the Falkland Current, 7- San Antonio
Rio Negro Argentina influenced by the Falkland current and Brazil Current, and 8-Mar del
Plata Argentina influenced by the Brazil Current).
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Figure 2a.- Historical catches of D. gigas in Mexico (historical catches in black bars), the SST
anomalies modeled, and the annual variation of the SST by area. (North Pacific ocean: 1- San

Quintin and Cedros Island complex, 2- Gulf of California, and 3- Gulf of Tehuantepec)
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Figure 2b.- Historical catches of D. gigas in Peru (historical catches in black bars, gray bars

represent fishing with low catches, less than 1000 tons), the SST anomalies modeled, and the

annual variation in the SST by area. (South Pacific Ocean: 4- Paita and 5- Ilo Peru)
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Figure 2c.- Historical catches of 1. argentinus in Argentina (historical catches in black bars),
the SST anomalies modeled, and the annual variation in the SST by area. (South Atlantic

Ocean: 6-Santa Cruz, 7- San Antonio Rio Negro and 8-Mar del Plata, Argentina)
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RESULTS

Anomalies and trends in the SST, Chl and Zoo cycles

The SST anomaly analysis on the west coast of Baja California Peninsula was influenced by
the California Current and the Equatorial Current, and showed short (3-5 years, El Nifio-La
Nifia events) and long (around 20 years) periodicity in warm and cold periods (Fig. 2a), while
in the central Gulf of California and the Gulf of Tehuantepec the SST dynamic was apparently
only affected by short periods (4-6 years)(Fig. 2a). The influence of short periods was also
observed in the Peruvian series (Fig. 2b), in which a constant fluctuation between warm and
cold events was observed in the time series for the period from 1949 to 2010. In the South
Atlantic Ocean (Fig. 2¢) the warm and cold conditions were strongly evidenced by short time
periods and they were enforced by a long period of around 10 years. The high variability in
the SST time series of the California Current off Mexico and the Humboldt Current off Peru
was evident and organized in long periods (17-20 years) before 1965 and between 1980 and

1995; this high variation generally corresponded to warm events as opposed to cold events.

The Chl series for the California Current Mexico (Fig. 3) showed lower primary production
during 1997 and 1998. The values were positive from 1998 to 2003 and 2006 to 2009. In the
Humboldt Current in Peru, the anomalies showed a similar trend: during the periods 1990-
1992 and 1994-1996 the values were mainly negative, and totally negative from 1997 to 1998.
After 1998 the values became positive intensified in cold events. As a long data series is not
available for the South Atlantic Ocean, we only observed a predominance of negative

anomalies from 1997 to 2000 in the area.

Figure 4 shows the anomalies of zooplankton volumes. In the California Current, the Zoo
estimates started in 1998, in Peru the series is longer as it began in 1977, and in the South
Atlantic Ocean data is available from 1991 to 2000. We detected a change from negative to
positive values before 2003 in the California Current. In the Humboldt Current the values
were similar between the northern and southern areas, we observed negative anomalies before
1989 and positive after this year. These positive values decreased between 1995 and 1998 in
summer and spring. A change from positive to negative values in the California and
Humboldt Currents at the end of 1997 was observed in the South Atlantic Ocean; however,
the negative values were predominant during 1998. A period of positive values from 1992 to

1997 was observed in the three areas.
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Figure 4.- SST Anomalies (°C) and volumes of Zooplankton anomalies (ml/1000 m-3) in the
north area of IMECOCAL region (a), Paita (b), Ilo (c), Southern Patagonia Argentina (d). The
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Catch and biomass

The catch series of D. gigas in Mexico and Peru and 1. argentinus in the South Atlantic Ocean
showed similar trends. The three areas showed lower catches before 1990 and a constant
increase after this year (Fig. 5). In Mexico, catch data are available for the Gulf of
Tehuantepec between 1985 and 1989 and for the California Current between 1989 and 1993,
after these years the catches decreased and practically disappeared, as we can observe in the
California Current where the presence of D. gigas in catches was detected until 2005 (Fig.
2a). The main D. gigas fishery in Mexico is based in the Gulf of California and began in
1970. In 1995 the fishery increased its catches from 10,000 to 50,000 tons, and catches have
not decreased from 50,000 tons per year. Catches of the same species, D. gigas, in the
Humboldt Current were lower before 1990, in 1996 they decreased again and then increased
in 2000 (Fig. 2b). In the north part of the Humboldt Current the presence of D. gigas in the
fishery activity has been constant since 1970, unlike in the southern part where D. gigas was
present in 1970 but then disappeared. It reappeared in 2001 and began to show a significant

presence in catches (Fig. 2b).

The squid 1. argentinus in the South Atlantic Ocean was present in the fishery catches from
1973 to 1984, after this time and until 1991 the catches were not important (Figs. 2c and 5). In
1991 a large increase in catches was observed and more than 50,000 tons of squid was
captured in the area. This increase has been maintained and the catches have not decreased
from 50,000 tons per year. 1. argentinus has always been represented in catches taken in the
central part of the Patagonian Shelf, and it is in this area where the largest values in Argentina
are obtained. In the northern part (Mar del Plata) the presence of 1. argentinus was similar to
that in the central part, but the values were lower. In the southern part the presence was

important in the period between 1993 and 2004.

Several biomass estimate methods have been implemented over the last three decades, for this
reason the time series are represented from 1980 to 2010 (Fig. 5). Mexico was the area with
fewest biomass estimates. They were performed at different times and reached values of more
than 100,000 tons. The biomass estimates for the Humboldt Current and the South Atlantic
Ocean were better represented. In Peru the time series started in 1998 with an increase in tons
each year, and showed a separation in 2005 when the biomass estimates decreased to 500,000
tons. Values in the north and south of Peru varied (Fig. 5, B1). There was an interchange of

low biomass in the south and high in the north from 1999 to 2001 and vice versa in 2006-
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2008. In Argentina, the lowest biomass estimates were made for 1995, 2004 and 2009, with
values less than 300,000 tons, which separated the series into high abundance periods of this

organism in the area.
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Figure 5.- Squid biomass estimates (black bars) and fishery captures (gray line). A).- Mexico,
B).- Peru, and C).- Argentina. B1 biomass estimates from the northern (Paita, gray bars) and

southern part (Ilo, black bars) of Peru.
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Relationships between D. gigas and I. argentinus catches and biomass and the factors SST,

Chl and Zoo

The delay analysis between the variables showed that the SST was negatively correlated with
the Chl (California current 7=-0.63, R>= 0.39, F=8.62, p=0.01; Argentina =-0.86, R?>= 0.74,
F=8.62, p=.02), and the r values were negative with delay of one year in the California
Current (r=-0.39, R?>=0.15, F=4.78, p=0.04). In the Humboldt Current the negative values for
a one year delay and positive for a two year delay were no significant (p=0.85). In reference
to the zooplankton, the » values were positive and no significant in the California Current
without delay (+=0.46, R>=0.21, F=2.44, p=0.15). The correlations were not significant in the
Humboldt Current and the South Atlantic Ocean (p=0.31, 0.43 respectively). Catches and
biomass of D. gigas in the California and Humboldt Currents were negative correlated with
SST when a year delay was applied to the series (r=-0.38, R?>=0.15, F=3.79, p=0.06).The
MLR analysis of 1. argentinus and SST showed a good and positive correlation with a one

year delay (+=0.38, R?=0.14, F=4.65, p=.04).

Chlorophyll did not correlate with the zooplankton series in the three areas according to the
analysis without delay (p>0.10); however, when a one year delay was used the correlation
was negative but no significant in the California Current (=-0.45, R?>=0.20, F=1.99, p=0.20).
There was no correlation with D. gigas catches in Peru (p=0.44), but a positive correlation
was observed with the biomass series when a one year delay was applied (r=-0.56, R?=0.31,
F=3.66, p=0.09). I. argentinus catches and biomass were negatively correlated with Cla (r=-

0.88, R?=0.78, F=14.28, p=0.01; r=-0.81, R*=0.66, F=7.74, p=0.05 respectively).

The correlation between zooplankton and D gigas catches was positive in the Humboldt
Current in the three analysis (without: 7=0.52, R?>=0.27, F=7.80, p=0.01, one: r=0.46,
R2=0.22, F=5.85, p=0.02 and two years delay: =0.50, R?=0.25, F=6.40, p=0.02), and positive
with biomass series when a two years delay was applied (+=0.63, R?=0.40, F=5.96, p=0.03). I.
argentinus catches and biomass showed a negative but no significant correlation with the Zoo
series (without a delay: r=-0.66, R?=0.44, F=3.21, p=0.15 and a year delay: 7=-0.67, R?>=0.45,
F=3.21, p=0.15), and a positive correlation with catches when a two year delay was applied

(1=0.79, R?=0.45, F=6.49, p=.06).
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DISCUSSION
Anomalies and trends in the SST, Chl and Zoo cycles

The environmental changes found in the study areas of the Pacific and the South Atlantic
Oceans reflected the high variability these ecosystems are exposed to over time. The
environmental changes detected in the SST series were seasonal (summer-winter), interannual
(El Nifio-La Nifa), interdecadal (Warm and Cold periods) and seculars (high and low
variability) (Wolter, 1987; McGowan et al., 1998, Miller & Schneider, 2000; Espino, 2003;
Espino & Yamashiro, 2012). These changes are directly related to the abundance of primary
producers and primary and secondary consumers because the change in the populations and
their availability to the top predators are related to the environmental conditions in the
medium and long term (Miller & Schneider, 2000; Behrenfeld ef al., 2006; Gaxiola-Castro et
al., 2008; Espino & Yamashiro, 2012). The environmental changes detected in the SST series
were also observed in the Chl and Zoo series; however, these series are shorter than the SST
series so the environmental change recorded to short and medium periods (El Nifio-La Nifia),
although we should not discard the possibility of effects promoted by long-term changes. The
characterization of these periods and the coupling with the Chl and Zoo anomalies are only
evident because the values are measured in a defined space and time; however, using these
analysis allowed us to characterize important years that were essential for determining the

increases in biomass in the primary levels of the ecosystem.

Chlorophyll values promoted ecosystem development because fluctuations in chlorophyll are
important for defining the outbreak dynamic in the trophic levels in the future. Based on the
chlorophyll levels, we observed that in the periods 1990-1992, 1994-1996 and 1997-2000 the
systems showed negative anomalies that were related to the presence of high temperature
during El Niflo events (warm periods), and the opposite was observed in cold periods (Lluch-
Cota, 2000; Miller & Schneider, 2000; Torres, 2005; Behrenfeld ez al., 2006; Gaxiola-Castro
et al., 2008; Lavaniegos, 2009). The gradual warming of water masses and lower nutrient
availability promoted lower primary production, unlike the zooplankton populations, which
increased in biomass in high temperature (McGowan et al., 1998; Ayon et al., 2008, Winder
& Schindler, 2004; Gaxiola-Castro et al., 2008). Francis et al., (1998) documented negative
relationships between zooplankton communities and high temperature, but as we observed in

this work, they are observed when a delay is applied to the analysis. When a one year delay

70



was applied in the California Current system a negative correlation was observed (r=-0.45), as

in Francis et al., (1998), and holds true for significance levels of 15%.

Catches and biomass

The dynamic of D. gigas catches in the Pacific Ocean and /. argentinus catches in the South
Atlantic Ocean were similar. These species are important for fisheries around the world due to
a wide distributions and high abundances. Fishery activity started in 1970 when these squid
were detected near the seashore. The catches were relatively low until 1990, but since then a
constant increase has been documented (Fig. 5) (Basson et al, 1996; Waluda et al., 2006;
Chen et al., 2008; Portela et al., 2010). In Mexico and Peru D. gigas is one of the main fishery
resources (Morales-Bojorquez et al., 2001; Waluda et al., 2006), in 1970 an artisanal fishery
was first set up, and then at the beginning of the 90s the fishery activity was modified and
catches increased to more than 50,000 tons per year in Mexico and 100,000 tons per year in
Peru. Catches of 1. argentinus have remained higher than 50,000 tons per year. It is not usual
to use catch series to determinate the development of a natural population; however, if we are
trying to determine when organisms are present or absent in an area, they are good tool when
complete data are not available. Thus, the catches series, which increased exponentially after
1990 in the three areas, reflected fluctuations in the availability of the squid species, as we can
observe for D. gigas during 1997 and 1998, when a lower fishery activity was observed in
Mexico and Peru (Waluda et al., 2006; Chen ef al., 2008; Rosas-Luis et al., 2008; Keyl et al.,
2008; Espino & Yamashiro, 2012) and /. argentinus during 2003-2004 (Villasante & Sumaila,
2010).

A latitudinal movement was observed in the catch series of the two species D. gigas and L
argentinus. In the northern hemisphere, D. gigas occurred in catches in the Gulf of
Tehuantepec in the periods 1985-1989 and 1995-2004, in the Gulf of California since 1970,
although in lower quantities because the fishery only formerly started in 1985, and in the
California Current during 1989-1993 and after 2005 (Fig. 2a). In the southern hemisphere the
fishing activity increased in Paita at the same time that it decreases in Ilo (Fig. 2b). In the
South Atlantic Ocean Argentina at the central part of the Patagonian shelf was considered the
main fishing area for this squid, and a latitudinal movement was detected between the

northern area (Mar del Plata) and the southern area in the period 1993-1994 (around the
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Falkland Islands) (Fig 2c) according to the availability, and high abundances of these
resources were found. These movements have been described in Peruvian waters, (Waluda et
al., 2006; Chen et al., 2008) and Argentina waters (Basson et al., 1996), and are supported by
the biomass estimates for D. gigas and I. argentinus in these areas, which showed similar
abundance patterns (Fig. 5). In both areas the explanation is the availability of these squid
near the seashore, which promotes increased fishery effort; however, it is important to
highlight that the fishing fleet has remained in these areas each year and the fishing activity is
monitored, and therefore this information could be used to determine this natural movement
of squid. Robinson et al., (2013) found that D. gigas landings in the Gulf of California
responded to the productivity of fishing area (evidenced by the SST and Chlorophyll a), as
there were above-average captures during four continuous years. Field et al., (2007) reported
that the trophic habits of D. gigas in the California Current system were a factor that
determinates their presence of this species in the area. These relations, between squid species

and natural resources enforce the latitudinal movements of squid species in this work.

The catches series of D. gigas in the Pacific Ocean and 1. argentinus in the South Atlantic
Ocean showed variations that may define the abundance cycles of these species. We used the
biomass estimates to corroborate this trend (Fig. 5). In the graphics, D. gigas showed high
abundances in both hemispheres and the biomass in catches constantly increased. High and
low abundances were detected in the biomass estimates for both species, and these led to high
and low abundances in the catches. We also observed lower catches, called fishery collapses
“periodic collapses” that had been previously described by Morales-Bojorquez et al., 2001,
Chen et al., 2008 and Rosas-Luis et al., 2008. Biological populations fluctuate in abundance,
which is also for squid species (Dawe et al., 2002), and therefore it is normal to find trends in
the catches series; however, we have to take into account the kind of fishery management that
is focused on the resource. Thus, in Figure 5 we can observe low abundance periods of D.
gigas in Peru that were not reflected in the catch series due to the good management in this
fishery, which is considered to be a model in the exploitation of natural resources (Waluda et
al., 2006) due to the use of acoustic methods for estimating biomass before squid fishery

activity is carried out.
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Relationships between D. gigas and I. argentinus catches and biomass and the factors SST,

Chl and Zoo

A negative correlation was found between the biomass estimates of D. gigas and the SST in
Peru, and a positive correlation for /. argentinus in the South Atlantic Ocean when a delay of
one year was applied. Morales-Bojorquez, (2002) commented that a direct relationship
between D. gigas abundance and the SST is unlikely due to the characteristics of this
organism, so that a warm period of surface waters will not be reflected in the current D. gigas
population. Brito-Castillo ef al., 2000 found that catches of D. gigas can be affected by the
SST and mainly by the concentration of the squid's feeding resources. Considering these
assumptions and the finding in this work, the effects of the warm or cold events can be seen
the following year as a result of the recruitment event, which is affected by short and medium
SST periods in D. gigas (Waluda et al., 2001; Chen et al., 2008; Camarillo-Coop ef al., 2010;
Staaf et al., 2011). However, 1. argentinus abundances are related to warm waters masses in
the south Patagonia (Arkhipkin & Middleton, 2002) and, unlike D. gigas, the positive

relationship was stronger with a one year delay in the studied area.

Relationships between chlorophyll and zooplankton values and D. gigas biomass estimates
were observed. The areas used in this study are influenced by the environmental variability
and the change between warm and cold periods that generally promote an increase in primary
production (Glynn, 1988; Garate & Pacheco, 2004; Torres, 2005; Behrenfeld ef al., 2006).
Therefore a restructuring of the population results in trophic relationships that directly affect
the D. gigas and I. argentinus dynamics. Squid species are catalogued as voracious organisms
with no selectivity in feeding, and are thus one of the most important predators in the ocean.
They are capable of approaching any feeding resource (Aguiar-Santos & Haimovici, 1997;
Field et al., 2007; Markaida et al., 2008; Ivanovic, 2010; Rosas-Luis et al., 2008; Rosas-Luis
et al., 2011; Braid et al., 2012) including zooplankton, which were directly related to squid
species because they make up 10-20% of the diet of D. gigas and 60-70% of I. argentinus
(Aguiar-Santos & Haimovici, 1997; Field ef al., 2007; Markaida et al., 2008; Ivanovic, 2010;
Rosas-Luis et al, 2011). The positive relationship between Cla and D. gigas biomass
estimates in Peru with a year delay applied could be the result of the trophic relationships in
the ecosystem because D. gigas preys on fish that feed on microorganisms directly related to
primary production (Ayon ef al., 2002, Rosas-Luis ef al., 2011). In contrast, the negative

relationship between Cla and /. argentinus is the result of the oceanographic dynamic. It has
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been suggested that the presence of high concentration of squid in the southern area is the
result of warm water coming from the Brazilian current (Basson et al., 1995), so that a lower
primary production is observed. Nevertheless, zooplankton communities remain and support

squid predation (Sabatini & Alvarez, 2001, Sabatini et al., 2004).

Overall, we observed that the SST variability has changed since 1999. The maximum values
have decreased in the time series, which has led to the restructuring of the trophic
relationships in the ecosystem community. Espino, (2003) and Espino & Yamashiro, (2012)
commented that, in high variability periods, the effects of the El Nifio-La Nifia events are
stronger and the seasonality is marked. Therefore, a decrease in this variability promotes the
homogenization of the system. Considering that these squid species are dynamic and
adaptable, the observed result was a population restructuring that started in the 90s and after
the 1998 El Nifio event, when the D. gigas and I. argentinus populations became major

components of the Pacific and South Atlantic Oceans ecosystems.
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RELACIONES TROFICAS E INTERACCION EN LOS
ECOSISTEMAS

Resumen

Este apartado se enfoca en la importancia que tienen los estudios ecotroficos para definir
tendencias en abundancia y distribucion de las especies de calamares sujetas a estudio en esta
tesis. La informacion esta contenida en tres publicaciones que corresponden a la descripcion

de los habitos alimenticios y la interaccion entre los recursos presa.

Para poder entender las relaciones que estas especies guardan en los ecosistemas fue necesario
implementar los estudios ecotroficos en los que se determino la importancia que representan
estos calamares en las redes troficas como depredadores, asi como la interaccion entre
especies semejantes de calamares con las que pueden compartir su héabitat. Para llevar a cabo
este apartado se seleccionaron tres areas de importancia ecoldgica y comercial, la primera
corresponde al océano Atlantico Sur en la plataforma Patagénica y las islas
Malvinas/Falkland en las que se identificaron tres especies de calamar /. argentinus, D. gahi'y
O. ingens, la segunda corresponde al Noroeste del Mar Mediterraneo donde se identificé a /.
coindetii y T. sagittatus y la tercera al océano Pacifico en las costas de México y Peru para D.
gigas. Los resultados de estos trabajos demuestran que la tendencia de las poblaciones de
estas especies es afectada directamente por las presas mas abundantes y disponibles en el
ecosistema, asi como el desarrollo de relaciones intrinsecas entre algunas especies presa y su

depredador como fue el caso de D. gigas y el pez V. lucetia.

La informacidn de este apartado es discutida ampliamente en los articulos “Trophic habits of

the Ommastrephid squid [llex coindetii and Todarodes sagittatus in the Northwestern

Mediterranean Sea, Feeding habits and trophic interactions of Doryteuthis gahi, Illex

argentinus and Onykia ingens in the marine ecosystem off the Patagonian Shelf, y Trophic

relationships between the jumbo squid (Dosidicus gigas) and the lightfish (Vinciguerria

lucetia) in the Humboldt Current System off Peru”, acontinuacién se presenta esta

informacion en el formato que fue enviado para su publicacion.
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Trophic habits of the Ommastrephid squid Illex coindetii and Todarodes sagittatus in the

Northwestern Mediterranean Sea®
Rosas-Luis Rigoberto, Roger Villanueva and Pilar Sdnchez

Institut de Ciéncies del Mar-CSIC, P. Maritim de la Barceloneta 37-45, 08003 Barcelona
Spain.

®La version de este apartado ha sido sometida y aceptada para su publicaciéon como: Rosas-
Luis R., R. Villanueva & P. Sanchez. Trophic habits of the Ommastrephid squid ///ex
coindetii and Todarodes sagittatus in the Northwestern Mediterranean Sea. (Fisheries

Research)

Abstract

Squids Illex coindetii and Todarodes sagittatus were collected from commercial trawls in the
NW Mediterranean Sea and their stomach contents were analyzed to describe and compare
their feeding habits. Fish, crustacean and squids were found in the stomach contents of both
squid species, but 7. sagittatus had a wide trophic spectrum composed by fifteen prey items
more than I coindetii. This difference was attributed to the availability of feeding resources
in the water column, and the larger size and deeper distribution of 7. sagittatus. The
importance relative index showed that the crustacean Pasiphaea multidentata was the most
important prey for both squids, and that /. coindetii fed secondly on Anchilomera blossevillei,
Pasiphaea sivado and the fish Lestidiops sp., while T. sagittatus fed secondly on Phronima
sedentaria and the fish Arctozenus risso. The feeding habits of the two squids varied in two
prey items at the size interval between 9.1 and 21 cm ML, this difference was found to be by
the presence of the amphipod P. sedentaria and the squid Ancistroteuthis lichtensteinii in the
stomach contents of 7. sagittatus, which are species of a deeper distributions. 7. sagittatus
larger than 21 cm ML preyed on other crustaceans and fish such as big Pandalidae crustaceans
and the gadiform fish. Finally the analysis of the %FO showed that fifteen prey species were
common in the feeding habits of the two squids, but they had not the same importance for
each squid. /. coindetii fed mainly on Lestidiops sp., Chauliodus sloani and P. multidentata
and 7. sagittatus fed on A. risso and P. sedentaria, these species corresponded to mesopelagic
fish, decapods crustaceans and amphipods, which suggests that these species are easily to
predate at different horizons in the water column, which affects the predation and distribution

of I. coindetii and T. sagittatus.
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Resumen

Los calamares Illex coindetii y Todarodes sagittatus fueron colectados por medio de arrastres
realizados por la flota pesquera en el noroeste del Mar Mediterraneo y sus contenidos
estomacales fueron analizados para describir y comparar sus habitos alimenticios. Peces,
crustdceos y calamares fueron las principales presas encontradas en los contenidos
estomacales de ambas especies, sin embargo 7. sagittatus presentd un espectro tréfico mayor
y compuesto de quince presas mds que I coindetii. Esta diferencia se atribuye a la
disponibilidad de recursos alimenticios en la columna de agua y al mayor tamafio, asi como a
la mayor profundidad a la que se encuentra 7. sagittatus. El indice de importancia relativa
mostrd que los crustaceos de la especies Pasiphaea multidentata fueron las presas de mayor
importancia para los dos calamares, en segundo lugar /. coindetii se aliment6 de Anchilomera
blossevillei, Pasiphaea sivado y del pez Lestidiops sp., mientras que en 7. sagittatus las
siguientes presas fueron los anfipodos Phronima sedentaria y los peces Arctozenus risso. Los
habitos alimenticios de los calamares entre los 9.1 y 21 cm de longitud de manto variaron en
dos presas, esta diferencia se debid a una especie de anfipodo P. sedentaria y de un calamar
Ancistroteuthis lichtensteinii en los contenidos estomacales de 7. sagittatus, especies presa
que tienen una distribucién mas profunda que el resto. Por otro lado los calamares T.
sagittatus mayores a 21 cm se alimentaron de crustiaceos y peces mas grandes como los
crustaceos de la familia Pandalidae y peces gadiformes. Finalmente, el analisis del %FO
mostré que quince especies de presas fueron comunes en los héabitos alimenticios de ambas
especies, pero estas no tuvieron la misma importancia para cada especie. I coindetii se
alimentd principalmente de los peces Lestidiops sp. y Chauliodus sloani, asi como de
crustaceos P. multidentata, mientras que 7. sagittatus se aliment6 principalmente del pez A.
risso y el anfipodo P. sedentaria. Estas especies son peces mesopeldgicos, crusticeos
decapodos y anfipodos, lo que sugiere que son facil de depredar en las diferentes
profundidades en la columna de agua, hecho que afecta la depredacion y distribucion de 1.

coindetii y T. sagittatus.

INTRODUCTION
Commercial catches of cephalopods show annual fluctuations generally attributed to the life
cycle and habitat changes of the species (Pierce et al., 2008). Illex coindetii (Verany, 1939)

and Todarodes sagittatus (Lamarck, 1789) are two of the most common cephalopod species
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in the Mediterranean Sea (Sanchez et al., 1998), and are considered equally as important by
catch. Both I. coindetii and T. sagittatus are demersal, neritic species in the Mediterranean
Sea, and the main captures of 1. coindetii are at depths of 60-400 m (Jereb and Roper 2010),
and T. sagittatus is usually captured at depths of 400-800 m (Quetglas et al., 1998). Also they
are important components of the ecosystem due to the marine mammals, birds, and fish use
them as a main feeding resource (Massuti et al., 1998; Santos et al., 2001; Salman, 2004;
Peristeraki et al., 2005; Castriota et al., 2008; Karakulak et al., 2009; Salman and Karakulak,
2009). On the other hand, their low selectivity in food and their voracity are the two
characteristics that make them good predictors of ecosystem changes when the biomass and
distribution of preys are modified (Overholtz et al., 2000; Fabry et al., 2008; Rosas-Luis et
al., 2008; Coll et al., 2012).

Relations between squid species in the ecosystem can be described by using trophic ecology
studies, and generally these relations are stronger when squids form dens aggregations
(Arkhipkin and Middleton, 2002), due to one species may affect another indirectly by
competition or directly by feeding on adults or juveniles. Other factors, such as the
availability, quality, and size of feeding resources, are limitations to squid life cycle, and they
can modify the behavior of predators (Castro and Hernandez-Garcia, 1995). It is know that
the main fishing depths of both squids are different, but they can be found in depths around
the 400 m, so that we described the feeding habits of 1. coindetii and T. sagittatus to
understand the relationships that the squid species have in common, considering that trophic
ecology is useful to explain the interaction of different species, the predator’s distribution, the
diving process, foraging behavior and ecology (Clarke and Kristensen, 1980), and that it is

possible to get conclusions about the ecology of the prey species, and their distribution.

MATERIAL AND METHOD

A total of 121 I coindetii and 161 T. sagittatus were collected from the fishing ports of
Barcelona and Vilanova i la Geltri, Northwestern Mediterranean Sea, captured by the local
bottom trawl fleets during October-November 2010, July 2011 and March, May-July 2012
(Fig. 1). Commercial vessels fished during the daytime, mainly between 08:00 to 15:00 hours
in depths ranged from 110 to 650 m. Squid were collected from the fish market at the time of

vessel arrivals and placed immediately on ice before being transported to the laboratory and
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stored at 4 °C. Fresh squids were dissected during the next 12-24 hours. Mantle length ML
and body weight BW were measured, the sex was noted and the stage of maturity was
assigned according to Lipinski and Underhill (1995), and finally a subjective, visual stomach
fullness index was assigned in every squid: 0, empty; 1, scarce remains; 2, half full; 3, almost
full; 4, completely full (Breiby and Jobling, 1985). Stomach content weight (SCW), and the
fullness weight index FWI (FWI= (SCWx100) / BW-SCW, Rasero et al. 1996) were
calculated in the 121 1. coindetii and 94 T. sagittatus (stomach with food traces). The stomach

contents were frozen in plastic containers at -20 °C for posterior analysis.
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Figure 1.- Fishing ports of Barcelona and Vilanova i la Geltra in the NW Mediterranean Sea.
Gray areas represent the main fishing points lower than 200m depth, and black lines represent
fishing points deeper than 200 m (Figure modified from Lleonart (1990)). The histogram
represents the size distribution of the ML in cm: black bars are for /. coindetii and grey bars

are for 7. sagittatus.

Differences in FWI between samples of the two species were tested using a Kruskal-Wallis
nonparametric ANOVA. Correlation between FWI and BW was also tested. Stomach contents
were observed under a binocular microscope (60-120 magnification) to aid identification and

the most conspicuous prey items were weighed to the nearest 0.01 g.
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Fish sagittal otoliths were identified by consulting Smale et al, (1995), Lombarte et al.,
(2006) and Tuset et al., (2008). Cephalopod beaks were identified following Clarke (1986)
and a personal collection of the first author. Crustaceans were identified by their exoskeleton

and consulting the works of Sars (1899), Zariquiey-Alvarez (1968), and Mauchline (1984).

Frequency of occurrence and numeric and gravimetric methods were used to quantify the diet.
Frequency of occurrence (%FO) was calculated according to the percentage of squid that fed
on a certain prey. The number of individuals of a certain prey relative to the total number of
individual prey (%N), and the weight of a certain prey relative to the total weight of all preys
(%W) (Cailliet, 1976) were also obtained. Graphs of the index of relative importance, IRI=
(%N+%W)*(%FO), were plotted to illustrate the diet by squid species. Only the most
important preys were included in plots. A graphic of the IRI of fish, crustacean and squid
groups were plotted by interval size of each squid, the IRI was expressed as

%IRI=(IRI/ZIRI)*100.

We selected the common and most important prey items (by FO) to compare between the
squid species. Comparisons were tested using contingency tables and by estimation of G

statistics (Crow, 1981). This statistic has a y° distribution.
G= 2*Zi.in/ ln(Xij/(Xin/N))

Where Xij is the FO of prey of the i category ingested by j squid category, Xi is the FO of prey
of the i category ingested by all squid, Xj is the total FO of prey ingested by the j squid
category, and N is the total number of prey items ingested by all squid.

RESULTS
Stomach fullness

Most stomachs were full in . coindetii while in T. sagittatus were half full or had few food
traces (Fig. 2). Fullness weight index (FWI) values were different between both species
(Kruskal-Wallis ANOVA, H(1, N=278)=28.47, p<0.001). And no significant correlation was
found between FWI and the total weight (I. coindetii >=0.04, p > 0.05, N=121, and T.
sagittatus r*=0.007, p > 0.05, N=161).
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Figure 2.- Stomach fullness of squid species collected in the NW Mediterranean Sea,
expressed in frequency distribution of stomach fullness index (upper figure) and relationship
between fullness weight index (FWI) and squid mantle length (lower figure). Black bars are

for I coindetii (n= 121 individuals); gray bars are for 7. sagittatus (n= 94 individuals).

Diet

Three main groups of preys were found in the diet of both squid species: fish, crustaceans and
molluscs (mainly squid). Tables 1, 2 and 3 show the general description of 121 stomachs of /.
coindetii and 94 stomachs of 7. sagittatus. Prey items were similar between females and
males of the same species (Mann-Whitney U Test, p>0.05) and consequently all individuals
were mixed for each species. A total of 34 different preys in 1. coindetii and 49 in T. sagittatus

were identified.

Fish

Myctophidae, Stomiidae, Sternoptychidae, Gonostomatidae, and Paralepididae family fish
were found in the diet of both squids. On the other hand, Labridae and Mullidaec were
identified in [ conidetii, and Evermannelidae, Carangidae, Gadidae, Macrouridae,
Merluccidae, Melamphaidae and Microstomatidae in 7. sagittatus. Results showed that 1.

coindetii fed mainly on the Paralepididae Lestidiops sp. (IRI= 63.4), the Labridae Symphodus
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cinereus and the Stomiidae Chauliodus sloani (IR1=23). T. sagittatus fed mainly on the
Paralepididae Arctozenus risso (IRI= 123), and the Myctophidae Cerastocopelus maderensis

(IRI=21) and Lampanyctus pusillus (IRI=13) (Table 1, Fig. 3).

Crustaceans

Pasiphaeidae, Euphausiacea, Penaeidaec and Phrosinidae (Amphipoda) were the main preys
found in the diet of both squid. Pasiphaea multidentata was the main prey for 1. coindetii
(IRI=2817) and the amphipod Anchylomera blossevillei (IRI=191) the second. T. sagittatus
fed mainly on P. multidentata (IRI= 254) and the amphipod Phrosina sedentaria (IRI=221).
Hippolytidae, Pandalidae, Galatheidae and the amphipods Phronimidae were only identified
in the diet of 7. sagittatus (Table 2, Fig. 3). Isopoda larvae of Gnatia maxillaris was found in

the diet of both species (Table 2).

Molluscs
1. coindetii ted on Todaropsis eblanae, T. sagittatus, Loligo forbesii, and T. sagittatus fed on
1. coindetii, Histioteuthis reversa, and Ancistroteuthis lichtensteinii. The cannibalism was not

important for both squids (Table 3).

I coindetii T. sagittatus
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60.| 33.8 9 .41 1117 212 95,
' 239 4.1 14.8 13.8
Frequency of Occurrence Frequency of Occurrence

Figure 3.- Composition by percentage number (%N) and weight (%W) (vertical axis) and
frequency of occurrence (%FO, horizontal axis) of the main prey items found in the stomach

contents of 1. coindetii and T. sagittatus.
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Table 1.- Index of relative importance (IRI), Frequency of occurrence (FO), number (N), and

weight (W) of fish in the stomach contents of 1. coindetii and T. sagittatus in the NW

Mediterranean Sea (0.0 are values below 0.05).

Number

1. coindetii
Weight

FO

IRI

Number

T. sagittatus
Weight

FO

IRI

Prey

N

%N

W

%W _ FO

%FO

N

%N

W

%W _ FO

%FO

Cordata
Actinopterygii
Aulopiformes
Evermannellidae
Evermannella balbo
Paralepididae
Arctozenus risso
Lestidiops sp.
Gadiformes
Gadidae
Micromesistius poutassou
Macrouridae
Coelorinchus sp.
Merluccidae
Merluccius sp.
Myctophiformes
Mycthophidae
Benthosema glaciale
Ceratoscopelus maderensis
Lampanyctus pusillus
Myctophum punctatum
Notoscopelus elongatus
Unidentified
Osmeriformes
Microstomatidae
Nansenia sp.
Mullidae
Mullus barbatus
Perciformes
Ariommatidae
Ariomma sp.
Carangidae
Trachurus trachurus
Labridae
Symphodus cinereus
Symphodus mediterraneus
Stephanoberyciformes
Melamphaidae
Scopelogadus sp.
Stomiiformes
Stomiidae
Chauliodus sloani
Sternoptychidae
Maurolicus muelleri
Gonostomatidae
Gonostoma elongatum
Gonostoma denudatum
Unidentified fish 1
Unidentified fish 2
Unidentified

119 31.2

13
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0.8
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0.8
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3.5
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0.1

0.1

0.5

0.4
0.5
0.2
0.1
2.7
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1.1
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1.7

47.8

11.9

2.2

23.6
24.9
0.8

1.1

0.4

1.7

53

0.4

32

32
1.8
5.7
0.0
64.7

28.0

0.1
6.2
0.1
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0.2

2.6
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0.2
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32
1.1

1.1

1.1

1.1

1.1

1.1

32

1.1
2.1
2.1
1.1
21.3

2307.5

0.3
123.9
0.8

9.2

0.4

21.9
13.4
0.4

0.3

0.2

0.3

0.7

0.2

2.7

0.8
1.5
1.8
0.1
207.5

Total Number and Weight
Total of stomach analyzed

119
121

102.3

118
94

258.9
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Table 2.- Index of relative importance (IRI), Frequency of occurrence (FO), number (N), and
weight (W) of crustaceans in the stomach contents of 1. coindetii and T. sagittatus in the NW

Mediterranean Sea (0.0 are values below 0.05).

L. coindetii T. sagittatus
Number Weight FO IRI Number Weight FO IRI
Prey N %N W %W FO %FO N %N W %W FO %FO
Crustacea 246 64.4 180.0 59.8 64 52.9 6571.7 263 32.6 276.5 30.0 68 723 4531.6
Amphipoda
Hyalidae
Hyale sp. 1 0.1 0.1 00 1 1.1 0.1
Phronimidae
Phronima sedentaria 83 103 424 46 14 149 2219
Phrosinidae
Anchylomera blossevillei 67 175 106 35 11 91 1914 49 6.1 221 24 9 96 81.1
Phrosina semilunata 17 21 152 16 5 53 20.0
Copepoda
Unidentified 1 0.1 07 01 1 1.1 0.2
Decapoda
Euphausiacea
Thysanopoda sp. 1 0.1 28 03 1 1.1 0.5
Meganyctiphanes norvegica 1 0.1 .1 01 1 1.1 0.3
Unidentified 7 18 28 09 4 33 92 12 15 04 00 3 32 4.9
Galatheidae
Munida intermedia 1 0.1 31 03 1 1.1 0.5
Hippolytidae
Ligur sp. 4 05 49 05 2 21 2.2
Pandalidae
Plesionika acanthonatus 2 02 1.1 0.1 1 1.1 0.4
Plesionika martia 1 0.1 .1 01 1 1.1 0.3
Plesionika heterocarpus 2 02 24 03 2 21 1.1
Plesionika sp. 2 02 54 06 2 21 1.8
Pasiphaeidae
Pasiphaea multidentata 142 372 1382 460 41 339 2817.0 52 6.5 1393 151 11 11.7 2524
Pasiphaea sivado 26 68 279 93 5 41 66.4 8§ 1.0 134 15 7 74 18.2
Penacidae
Parapeneus longirostris 1 03 0.0 00 1 0.8 0.2 2 02 55 06 2 21 1.8
Unidentified 12 15 117 13 12 128 352
Unidentified Nantia 3 04 06 01 3 32 14
Isopoda
Gnathiidae
Gnathia maxillaris larvae 1 03 00 00 1 08 0.2 2 02 0.0 00 1 1.1 0.3
Unidentified 1 03 05 02 1 038 0.3
Unidentified crustacea 1 03 00 00 1 038 0.2 7 09 33 04 7 74 9.2
Total Number and Weight 246 180 263 276.5
Total of stomach analyzed 121 94
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Table 3.- Index of relative importance (IRI), Frequency of occurrence (FO), number (N), and
weight (W) of Molluscs and other preys in the stomach contents of I. coindetii and T.

sagittatus in the NW Mediterranean Sea (0.0 are values below 0.05).

1 coindetii T. sagittatus
Number Weight FO IRI Number Weight FO IRI
Prey N %N W %W FO %FO N %N W %W FO %FO
Mollusca 14 37 171 57 14 11.6 1083 20 2.5 3825 415 17 181 795.7
Cephalopoda
Teuthida
Histioteuthidae
Histioteuthis reversa 4 05 27 03 2 21 1.7
Loliginidae
Loligo forbesii 1 03 34 1.1 1 08 1.1
Ommastrephidae
1llex coindetii 1 03 1.8 06 1 038 0.7 2 02 244 26 2 21 6.2
Todaropsis eblanae 2 05 57 19 2 1.7 4.0
Todarodes sagittatus 1 03 07 02 1 08 0.4 1 0.1 06 0.1 1 1.1 0.2
Onychoteuthidae
Ancistroteuthis lichtensteinii 5 06 11.8 13 4 43 8.1
Unidentified 1 01 2693 292 1 1.1 312
Unidentified squid 1 1 03 00 00 1 038 0.2
Unidentified squid 2 2 05 29 10 2 17 2.5 4 05 728 79 4 43 35.7
Unidentified squid 3 3 08 01 00 3 25 2.0 3 04 1.0 01 3 32 1.5
Unidentified cephalopod 1 03 14 05 1 08 0.6
Gastropoda
Opisthobranchia
Unidentified 1 1 03 04 01 1 08 0.3
Unidentified 2 1 03 07 02 1 08 0.4
Algae
Phaeophyta
Unidentified 1 03 00 00 1 08 0.2
Unidentified organic matter 2 05 14 04 2 1.7 1.6 4 05 41 04 4 43 4.0
Plastic thread 2 02 01 00 2 21 0.6
Total Number and Weight 17 18.46 26 386.7
Total of stomach analyzed 121 94
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Table 4.- Most important prey species, organized by squid mantle length (ML) and percentage of frequency of occurrence (%FO), identified in

the diet of . coindetii and T. sagittatus.

%FO by ML size interval cm. . coindetii and T. sagittatus

Prey

0.0-3.0

3.1-6.0

6.1-9.0

9.1-12.0 12.1-15.0

15.1-18.0

18.1-21.0

21.1-24.0

24.1-27.0

27.1-30.0

30.1-33.0

33.1-36.0

36.1-39.0

39.1-42.0

42.1-45.0

45.1-48.0

Cordata
Actinopterygii
Aulopiformes
Paralepididae
Arctozenus risso
Lestidiops sp.
Myctophiformes
Mycthophidae
Ceratoscopelus maderensis
Lampanyctus pusillus
Myctophum punctatum
Stomiiformes
Stomiidae
Chauliodus sloani
Sternoptychidae
Maurolicus muelleri
Gonostomatidae
Gonostoma elongatum
Gonostoma denudatum

100

68.4 00| 5.4 ST

5.3 3.1

60 |

33
13.3

13.3

20 |
10

Crustacea
Amphipoda
Phrosinidae
Anchylomera blossevillei
Phrosina semilunata
Phronimidae
Phronima sedentaria
Decapoda
Pasiphaeidae
Pasiphaea multidentata
Pasiphaea sivado

100

143

5.3 9.4

34.4
3.1

Mollusca
Cephalopoda
Teuthida
Ommastrephidae
1llex coindetii
Onychoteuthidae
Ancistroteuthis lichtensteinii

15.8 10.9

B EE B B

Total of stomach analyzed

18

A B

12
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Diet by size interval

Generally the feeding habits of the squids were composed by the three prey groups, fish,
crustaceans and squids, but the IRI varied according to the squid size (Fig. 4). The diet of /.
coindetii between 6 and 12 cm ML was mainly composed by fish, and /. coindetii higher than
12 cm ML fed mainly on crustaceans. The feeding habits of 7. sagittatus between 9 and 12
cm ML were mainly composed by fish, and then it changed to crustaceans in size between 12
and 27, apparently 7. sagittatus higher than 33 cm fed mainly on fish. The squid group was
found in the feeding habits of I coindetii between 12 and 18 cm ML and 7. sagittatus
between 12 and 30 cm ML.

100

%IRI

0
9 12 15 18 21 25 27 30 33 36 39 42 45
100

30

60

%IRI

0
9 12 15 18 21 25 27 30 33 36 39 42 45
Mantle length cm

Figure 4.- Percentage of the IRI by interval size for I coindetii (upper graphic) and T.
sagittatus (lower graphic). Black area represents fish, gray area represents crustaceans and the

light gray area represents the squid group.

Table 4 shows the %FO by size interval of both squid species. 1. coindetii was ranged in the
size interval between 0.0 and 21.0 cm ML: an 1. coindetii belonged to the size interval of 0.0-
3.0cm ML fed on the Euphausiacea group, then squids in the size interval between 6.1 and 9.0
cm ML fed on fish, and in the size interval between 9.1 and 21.0 cm ML they fed on P.
multidentata and the amphipod A. blossevillei. Fish were important in the size interval

between 9.1 and 18.0 cm ML and B. glaciale, C. sloani and Lestidiops sp. were the main prey
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species. The fish Lestidiops sp. was found in the stomach contents of squid in the size interval
between 9 and 18 cm ML, and its %FO increased according to the squid’s size. The squid

group was found in the diet between 9.1 and 18.0 cm.

Todarodes sagittatus squids were ranged in the size interval between 9 and 48 cm ML. Squids
at size between 9.1 and 15.0 cm ML fed on G. maxilaris larvae, Plesionika sp., and P.
sedentaria, and squids between 15.1 and 36.0 cm ML fed on a greater number of prey items
(Table 4). The amphipod P. sedentaria was the main prey found in the size interval between
12.1 and 36.0 cm ML, and the crustacean P. multidentata and P. sivado were identified in the
size interval between 15.1 and 33.0 cm ML. Squids at size between 30.1 and 48.0 cm ML fed
on Penaeidae, Hippolitydae, Pandalidae and Galatheidae crustaceans. The myctophid fish
were identified in the stomach contents in the size interval between 9.1 and 12.0, 15.1 and
18.0 cm, and between 24 and 36 cm ML, with C. maderensis and L. pusillus being the main
myctophid species. The paralepididae A. risso was also important in the size interval between
18.1 and 33.0 cm ML. Generally, Molluscs were found as preys in the diet of 7. sagitattus,
and 1. coindetti and A. lichtensteinii were the main prey species identified in the stomach
contents of squids at size between 15.1 and 30.0 cm ML. We also identified plastic thread in
the stomach contents of two squid of 30.1-36.0 cm ML (Table 4).

Common prey items in /. coindetii and T. sagittatus

The main prey items in both squid species were six fish and three crustaceans. The results of
the statistical analysis are showed in Table 5. Myctophidae and Paralepididae fish were the
main families in both species, L. pusillus and C. maderensis were the main myctophid prey
species but there was no significant difference between the diet of 1. coindetii and T. sagittus.
The Stomiidae C. sloani, and the Paralepididae 4. risso and Lestidiops sp. were the three prey
species with significant differences in the diet of both squid species. Lestidiops sp. and C.
sloani had a significant importance for . coindetii and A. risso for T. sagittatus. P.
multidentata and P. sivado were the crustacean preys that had significant difference in their
feeding habits, and according to the analysis of contingency tables P. multidentata had a

major significance for . coindetii and P. sivado for T. sagittatus.
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Table 5.- Frequency of occurrence (FO) of the most important prey items in both squid
species and statistical comparisons. Significance value p= 0.05. (* indicates differences

between species; n.s., not significant)

FO

Prey L coindetii T. sagittatus X2 P
Fish group 72 84 1.5 ns.
Arctozenus risso 3 22 10.70 *
Lestidiops sp. 10 2 836 *
Ceratoscopelus maderensis 5 7 0.01 ns.
Lampanyctus pusillus 4 3 059 ns.
Chauliodus sloani 6 1 537 *
Maurolicus muelleri 4 3 059 ns.
Crustacean group 64 172 5.81 *
Anchylomera blossevillei 11 13 0.09 ns.
Pasiphaea multidentata 41 15 26.20 *
Pasiphaea sivado 5 22 7.25 *
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DISCUSSION

Ommastrephid squid species sampled in this study showed a typical trophic role using a high
diversity of resources as previously reported by Coll ez al, (2012). We inferred that at the
fishing time squids were captured, I. coindetii was feeding, due to all the squids cached
contained prey traces in the stomachs, while it was different for 7. sagittatus (58% of the
squid sampled contained prey traces in the stomachs) (Fig. 2). It is difficult to assess whether
the variation was due to differences in squid size or to the prey availability, but it can be result
of the different deeper distribution. It seems that 7. sagittatus preys actively in deeper waters
where it is found their higher concentrations (Quetglas et al, 1998). Nevertheless the
difference in the sampled stomachs, both squids fed on fish, crustaceans and molluscs that is
common with other cephalopods species, cataloging them as opportunistic and voracious
organisms (Sanchez, 1982, Sanchez et al., 1998, Lordan et al., 2001, Quetglas et al., 1999,
Fanelli et al., 2012). These characteristics in the feeding habits could promote a predation

focused on the most readily available prey species.

This study highlights the particular importance of the crustacean P. multidentata and the
amphipods A. blossevillei and P. sedentaria in the diet of 1. coindetii and T. sagittatus (Table
1), which were the main prey items. P. multidentata was the first feeding resource for both
squid species and its presence in the diet can be due to the high abundance and the densely
concentrated patches in the water column (Abell6 et al., 1988) of the middle slope community
(Cartes et al, 1994). A. blossevillei, P. sivado and Lestidiops sp. represented another
important part of the diet of 1. coindetti, whereas P. sedentaria and A. risso substitute them in
the diet of T. sagittatus. These trophic habits suggest that the distribution of the two squids is
probably affected by the availability of feeding resources in the water column. As A.
blossevillei and P. sedentaria have similar swimming capacity (24.9 m/h and 22 m/h
respectively) (Ponomaryova and Suslyayev, 1980) other factors unrelated to vertical
movement capacity probably influence the predation of . coindetii in the upper water and T.

sagittatus in deeper waters.
The results showed that 7. sagittatus had a wide trophic spectrum, resulting from a wide

vertical and horizontal distribution (Quetglas et al., 1998), so that 7. sagittatus can feed on

species which have a deeper distribution, like the squid H. reversa and A. linchtesteinii.
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However both squid species can be found in depths between 200 and 500 m and preying in
the same feeding resources as it is reported in this work and by Piatkowski et al., (1998), who
mentioned that 7. sagittatus cached near to the coast fed on benthic preys which are common
feeding resources of /. coindetii (Castro and Herndndez-Garcia, 1995). It is important to note
that they can be found in the same water layer, but it does not mean that they are interacting at
the same time. Therefor the interspecific predation was not important as only two 7. sagittatus
fed on /. coindetii and one I. coindetii fed on T. sagittatus, a fact that can be a result of the
narrow depth range the both species have in common. Given this result, it seems likely that

there is no simultaneous predation of both squid species in the same water layer.

The diet of T. sagittatus was composed by 49 prey items, and the one of I. coindetii was
composed by 34. This difference in prey items is the result of the larger size of T. sagittatus
(Table 5) and also can be attributed to the different distribution in the water column of both
squids. When both squid species were ranged in the same size interval between 9.1 and 21.0
cm ML, their feeding habits varied in two prey items (/. coindetii fed on 11 prey items while
T. sagitattus fed on 13 prey items), these two preys were the amphipod P. sedentaria and the
squid A. lichtensteinii, which were found in the stomach contents of 7. sagittatus. They are
species of a deeper depth range distribution (Cartes et al, 1994), which promotes the
predation of 7. sagittatus in deeper water (Sanchez, 1982, Piatkowski ef al., 1998). In addition
the increasing in size of squid species is an important factor determining the prey selection
(Castro and Hernandez-Garcia, 1995, Sanchez et al., 1998a), in this sense the results of the
IRI and %FO by size showed that the diet of squid less than 9 cm ML was composed mainly
by little crustaceans, then it changed to fish and crustaceans in size between 9 and 15 cm ML.
And squid 7. sagittatus larger than 21 cm ML fed on gadiform fish and bigger Pandalidae
crustaceans, which means an addition of new preys to an already existing prey spectrum
coinciding with that described by Piatkowski et al. (1998) for T. sagittatus in the central

eastern Atlantic.

The analysis of the %FO showed that fifteen prey species were common in the feeding habits
of I coindetii and T. sagittatus, which suggests that these species are easily to predate and
also they may be abundant in the midwater zone, but they had not the same importance for
each squid. The fifteen prey species correspond to mesopelagic fish, decapod crustaceans and

amphipods, which form dense patches at different horizons in the water column and mainly in

91



the epipelagic zone (Abello ef al., 1988, Hopkins and Sutton 1998, Cartes et al., 1994), where
it is the apparently depth of most feeding activity of squid species (Quetglas ef al., 1999,
Sanchez, 1982a). These characteristics of the feeding resources promoted that /. coindetii fed
mainly on Lestidiops sp., C. sloani and P. multidentata while T. sagittatus fed on A. risso and
P. sedentaria, which would tend to suggest an active predation during their vertical migration

to deeper water layers where these preys are abundant.

Finally and as conclusion, these results demonstrated that the feeding habits of /. coindetii and
T. sagittatus are composed by a high number of prey species such as fish, crustaceans and
molluscs. Both squids used similar feeding resources and the most important prey species
were P. multidentata, A. blossevillei and P. sedentaria. The dynamic of these prey species
promoted a different trophic behavior between these two squids, and they feed at different
horizons minimizing competition (All 1. coindetii had prey traces in the stomachs, while 58%

of T. sagittatus had prey traces in the stomachs).
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ABSTRACT

311 squid were obtained from commercial catches on the Patagonian shelf grounds during
March and April 2012. Squid were identified as Doryteuthis gahi, lllex argentinus and Onykia
ingens and the stomach contents were sampled to describe their trophic spectrum. The three
squid species fed on fish, crustaceans and molluscs. Squid of smaller size fed mainly on
crustaceans (euphausiids the main prey for small D. gahi, and the Munididae for small 1
argentinus and O. ingens), then the diet changed to fish, and finally, the diet of larger size
squid was composed primarily of molluscs enforcing a considerable niche separation. D. gahi
and smaller I argentinus had frequently consumed D. gahi, Euphausia sp. and Salilota
australis. Larger I. argentinus and O. ingens consumed mostly two fish Gymnoscopelus sp.
and S. australis, two squid species D. gahi and Histioteuthis atlantica, two crustaceans
Munida gregaria and Munida subrugosa and the chaetognatha Sagitta elegans. D. gahi was
the main prey item represented in the diet of O. ingens, and D. gahi (cannibalism), and the
second important prey for /. argentinus, suggesting that this species is an available resource in

the Patagonian Shelf.

Resumen

Se colectaron 311 calamares capturados por la flota pesquera en la plataforma Patagdnica
durante marzo y abril del 2012, fueron identificados como Doryteuthis gahi, Illex argentinus
y Onykia ingens y sus contenidos estomacales fueron analizados para describir sus espectros
troficos. Las tres especies se alimentaron de peces, crustaceos y moluscos. Los calamares de
menor talla se alimentaron de crustaceos (los eufausidos fueron la principal presa de los
calamares mas pequefios de la especie D. gahi, los crustaceos de la familia Munididae fueron
los mas importantes para los mas pequefios de . argentinus y O. ingens), después en tallas
mas grandes la dieta cambi6 a peces y finalmente los calamares grandes se alimentaron
principalmente de moluscos, lo que propicid la separacion en héabitos alimenticios entre las
especies. Los calamares D. gahi y pequefios 1. argentinus se alimentaron de D. gahi,
Euphausia sp. y Salilota australis. Los calamares mas grandes de 1. argentinus y O. ingens
consumieron principalmente los peces Gymnoscopelus sp. y S. australis, dos especies de
calamares D. gahi y Histioteuthis atlantica, dos crusticeos Munida gregaria y Munida
subrugosa, y una especie de quetognatos Sagitta elegans. D. gahi fue la principal presa de la

que se alimentaron los calamares O. ingens y D. gahi (canibalismo), y fue la segunda presa en
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importancia para . argentinus, lo que sugiere que esta especie es un recurso con alta

disponibilidad en la plataforma Patagénica.

INTRODUCTION

Squids are short-lived species, which generally having a lifespan of about one year and dying
after a terminal spawning event. Their highly labile populations show sensitivity to ecosystem
fluctuations (Pierce et al., 2008); to support this life-history strategy, they feed voraciously on
a wide range of prey, exhibiting high growth and metabolism rates (Rodhouse and
Nigmatullin, 1996). Fishing activities targeting Illex argentinus and Doryteuthis gahi in the
Southwestern Atlantic, are among the most important worldwide cephalopods’ fisheries and
are conducted by fleets from Argentina, Uruguay, Spain, Estonia and far eastern countries
such as Japan, Korea, Taiwan and China (Portela et al., 2000). I. argentinus and D. gahi show
dramatic interannual fluctuations in recruitment, with direct impacts on fisheries catch rates
apparently unrelated to fishing effort (Beddington et al., 1990; Rodhouse and Nigmatullin,
1996). They are associated with the Brazil/Malvinas current system (Waluda et al., 2004),
while the populations of the non-commercial species Onykia ingens are generally associated
with the circumpolar waters between the Subtropical Front and the Antarctic Polar Front

(Jackson et al., 2000).

The Southwestern Atlantic Shelf (containing the Patagonian Shelf) extends from Cape Frio,
Brazil (23° S) to Burdwood’s Bank (~ 55°S). Relatively narrow at its northern end, it widens
progressively to the south, reaching a maximum width of approximately 860 km roughly
around the latitude of the Falklands/Malvinas Islands (~ 51°S). The shelf circulation consists
of a northward flow of cold waters in the south -the Falklands/Malvinas Current (FC)- and a
southward flow of warm waters in the north -the Brazil Current (BC) (Bakun and Parrish,
1991; Piola et al., 2000; Palma et al., 2008). Both currents collide approximately at 38°S,
forming the Brazil/Falklands/Malvinas Confluence (BFC), affected by high mesoscale
variability. These characteristics highly influence the variety and abundance of fishery
resources on the Patagonian shelf, including the three squid species considered in this work
(Rodhouse et al., 1992; Ivanovic and Brunetti, 1994; Arkhipkin, 2000; Laptikhovsky, 2002;
Arkhipkin et al., 2004; Barton et al., 2004; Agnew et al., 2005; Waluda et al., 2008; Portela et
al., 2010).
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These three squid species are important ecosystem components, as they constitute an
important diet of marine mammals, birds and some fish (Ivanovic and Brunetti, 1994, Cherel
and Weimerskirch 1999, Mouat et al.,, 2001), while they are themselves important predators
of mesopelagic fish, euphausiids and other cephalopods (Cherel and Duhamel, 2003, Phillip e?
al., 2003, Jackson et al., 1998, Phillips et al, 2001). Therefore the impact of the three
considered squid species in marine ecosystems —and of cephalopods in general- is subject to
annual variation in two different ways: 1) their high predation rates, coupled with high
metabolic efficiency (i.e. growth efficiency) converts into substantial energy and nutrient flux
to higher trophic levels and allow for high fishery catches whenever a strong cohort passes
through a system; ii) predation of a strong cohort of cephalopods on early stages of
commercial fish is likely to affect the recruitment success of fish stocks and therefor reduce

their yield (Rodhouse and Nigmatullin, 1996).

One way to understand the ecosystem dynamics is through trophic ecology studies which
result in a better understanding of the interactions and dependencies between species within
the same ecosystem. Trophic interactions between squid species can support the linked
patterns which are suggested to depend on the Southern Oscillation Index (spawning and
recruitment of . argentinus and D. gahi are strongly correlated with the SOI) (Waluda et al.,
2004): both juvenile and adult are affected by the food availability related to differences in
wind stress and its effect on the mixed layer or effects on ocean circulation patterns promoted
by the SOI. Due to the importance of the squid species in the ecosystem, their importance as
fishery resources, and also their dynamism, the objective of this study was to determinate the
feeding habits and trophic relationships between D. gahi, I. argentinus and O. ingens in the

ecosystem off the Patagonian Shelf.
MATERIAL AND METHOD

A total of 311 squid were obtained from commercial catches of two Spanish bottom trawl
vessels (the commercial vessels C/V Costa do Cabo and Playa Pesmar 1) over the Patagonian
shelf during March and April 2012 (Table 1, Fig. 1). Trawling was conducted between 147 to
220 m using a four-panel trawl gear net of 64.40 x 84.85 m. Figure 1 shows stations with
squid catches off 200 miles to oceanic zones, included samples from around the
Falklands/Malvinas Islands and international waters off Argentina. Three species were

identified and frozen until further analysis in the laboratory.
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Figure 1.- Southwestern Atlantic Ocean and positive catch areas from squid species.
e Doryteuthis gahi, m Illex argentinus, and A Onykia ingens. White line represents the limit

of the Economic exclusive zone.

Table 1.- Summary data for squid D. gahi, I. argentinus and O. ingens collected in the

Patagonian shelf. (One D. gahi unsexed)

Sex proportion Mantle length Weight interval

Species Total F:M (cm) (g)

D. gahi 99 1:1 7-37.0 29 -367
1. argentinus 94 2.76 : 1 21-32.8 188 - 900
O. ingens 118 231:1 19-39.3 260 - 2595

Mantle length and body weight were recorder for all samples as well as sex and maturity
(assigned according to Lipinski and Underhill (1995)). A subjective, visual stomach fullness

index was assigned: 0, empty; 1, scarce remains; 2, half full; 3, almost full; 4, completely full
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(Breiby and Jobling, 1985). Stomach content weight and fullness weight index (FWI) were

calculated as described by Rasero et al., (1996) using the next equation:

FWI= (SCWx100) / (BW-SCW)

Where: SCW is the stomach content weight and BW is the body weight of each squid.

Differences in FWI between samples of the three species were tested using a Kruskal-Wallis
test (nonparametric ANOVA). Correlation between FWI and BW was also tested. Stomach
contents were observed under a binocular microscope (60-120 X) and the most conspicuous

prey items were weighed to the nearest 0.01 g.

Fish sagittal otoliths were identified by consulting the work of Smale ef al, (1995) and
Lombarte et al., (2006). Cephalopod beaks were identified following Clarke (1986) and
Xavier and Cherel (2009). Crustaceans were identified by their exoskeleton depicted by
Anonym (1988), and Boschi et al., (1992).

Frequency of occurrence and numeric and gravimetric methods were used to quantify the diet.
Frequency of occurrence (%FQO) was calculated as the percentage of squid that fed on a
certain prey, number (%N) is the number of individuals of a certain prey relative to the total
number of individual prey, and weight (%W) is defined as the weight of a certain prey relative
to the total weight of all prey (Caillinet, 1976). When graphs of indices of relative importance
(IRI), IRI= (%N+%W)*(%FO), were plotted to illustrate the diet by squid species, only the
most important prey were included. . argentinus samples corresponded to two areas in the
Patagonian Shelf (see figure 1) and in order to compare their diet with O. ingens we combined
the two sampled areas into one. We conducted a Friedman ANOVA analysis, which is a
nonparametric test used to compare the trophic spectrum of /. argentinus in the north and

south sampled areas.

The IRI was used to determinate the main prey items. A nonparametric Mann-Whitney U Test
was used to compare the feeding habits between the sexes of each squid species. We selected

the common and most important prey items (by FO) to compare between the squid species.
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Comparisons were tested using contingency tables and by estimation of G statistics (Crow,

1981). This statistic has a j’ distribution.

G=2*Z.,Xy ln( i//(XiX/‘/N))

Where: Xij is the FO of prey of the i category ingested by j squid category, Xi is the FO of
prey of the i category ingested by all squid, Xj is the total FO of prey ingested by the j squid
category, and N is the total number of prey items ingested by all squid.

RESULTS

Stomach fullness

Independently from sex, most stomachs were empty or had few food traces in D. gahi (42 and
45 respectively) and 1. argentinus (22 and 47 respectively) while in O. ingens stomachs were
full or half full (32 and 55 respectively) (Fig. 2). FWI values differed between the three
species (Kruskal-Wallis ANOVA, H(2, N=242)= 54.52, p<0.001). A significant but lower
correlation between FWI and ML was found in . argentinus (p< 0.001, N=94, r*=0.11).

99



% Frequency
—_— N W = W
= EE > SR < R < S <o | e

0 1 2 3 4
Fullness index

i, 10 ot

- | ™ L ] ”

3 o : - .' H } * ..: 3
DG & m . .

0 - —oocifirirtion S L &

0 5 10 15 20 25 30 35 40
Mantle lenght (cm)
99 D. gahi *94 I. argentinus ®118 O. ingens

Figure 2.- Stomach fullness of D. gahi, I argentinus and O. ingens collected in the
Patagonian shelf, expressed in frequency of stomach fullness index (upper figure) and

relationship between fullness weight index (FWI) and squid mantle length (lower figure).
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Table 2.- Index of relative importance (IRI), Frequency of occurrence (FO), number (N), and weight (W) of prey in the stomach contents of D.

gahi, I. argentinus and O. ingens. (“-*“ values < 0.05).

D. gahi 1. argentinus O. ingens
Number Weight FO IRI Number Weight FO IRI Number Weight FO IRI

Prey N %N W %W FO %FO N %N W %W FO %FO N %N W %W FO %FO
Cordata
Actinopterygii 14 22.6 1.8 7.4 14 24.6 735.7 55 48.7 143.0 49.5 54 72.0 7068.3 45 145 234.1 99 45 38.8 946.2
Gadiformes

Moridae

Notophycis marginata 1 03 1.0 0.0 1 0.9 0.3

Salilota australis 2 32 06 25 2 35 20.2 2 1.8 134 46 2 27 17.1 9 29 73.8 3.1 9 78 46.7
Myctophiformes

Mycthophidae

Gymnoscopelus sp. 50 44.2 122.0 422 50 66.7 5766.0 32 10.3 1245 53 32 27.6 4295

Protomyctophum sp. 1 09 74 26 1 13 4.6

Unidentified 1 09 0.1 1 13 1.2 2 06 348 1.5 2 17 3.7
Unidentified fish 12 194 12 48 12 21.1 509.4 1 09 0.1 1 13 1.2 1 03 _ _ 1 09 0.3
Crustacea 22 355 53 21.6 17 29.8 17025 14 14.0 124 428 15 12.0 16.0 21 6.8 93.1 3.9 14 121 129.1
Amphipoda

Calliopiidae

Stenopleura atlantica 2 0.6 0.8 1 09 0.6

Phrosinidae

Primno sp. 2 32 04 17 2 35 17.2

Vibiliidae

Vibilia sp. 2 20 1.8 1.0 1.3

Unidentified 1 16 00 01 1 1.8 3.0
Decapoda

Euphausiacea

Euphausia sp. 4 65 07 27 4 70 64.0 3 27 24 08 1 13 4.7

Nyctiphanes sp. 6 97 09 37 1 1.8 23.4

Thysanoessa sp. 2 32 20 83 2 35 40.5

Unidentified 9 145 17 69 9 158 3385 1 09 92 32 1 13 54 1 03 0.5 _ 1 09 0.3

Munididae

Munida sp. 4 13 0.7 4 34 4.5

Munida spinosa 2 0.6 72 0.3 2 1.7 1.6

Munida gregaria 1 09 44 15 1 13 32 1 03 06 1 09 03101

Munida subrugosa 6 53 268 93 5 67 972 12 3.6 84.1 3.6 7 6.0 43.0

Unidentified 1 1.6 1 1.8 2.9 1 03 0.5 1 09 0.3




Table 2.- Continued.

Mollusca
Cephalopoda
Teuthida
Bathyteuthidae
Bathyteuthis sp.
Gonatidae
Gonatus sp.
Histioteuthidae
Histioteuthis sp.

Histioteuthis atlantica

Loliginidae
Doryteuthis gahi
Neoteuthidae
Alluroteuthis sp.
Ommastrephidae
1llex argentinus
Onychoteuthidae
Onykia ingens
Unidentified squid

Unidentified cephalopod

Gastropoda
Opisthobranchia
Unidentified

11 17.7 9.6 39.1 11

8 129 80 325 8

19.3 1096.2

1.8 10.7

14.0 636.9 6

35 18.6 3

17 15.0

0.9

53

53
2.7

0.9

97.4 33.7 16 21.3 1040.1 207 66.6 1951.6 82.7

73 25

484 16.8

38.2 132
25 09

1.0 03

1.3

6.7

8.0
4.0

1.3

4.5

147.1

148.2
14.1

1.6

5

3

4

32 103

137 44.1

1

1.6 55.0

1.0 30.0

1.3 12.6
155.3

0.3 1.2

1.6 71.1

2.9 23.8
3.5 1653

23

1.3

0.5
6.6

1437.1 60.9

0.1

3.0

1.0
7.0

72

62.1

2.6

1.7

2.6
12.9

38.8

0.9

2.6

43
6.0

9265.8

10.2

3.9

4.7
218.2

4072.1

0.3

12.0

16.8
63.6

Chaetognatha
Sagittidae
Sagitta elegans
Cnidaria
Cubozoa
Ctenofora
Unidentified
Algae
Phaeophyta
Unidentified
Unidentified eggs
Bird’s feathers

Unidentified organic matter

11 177 72 295 11

19

1.8 4.1 1

193 9113 4

16.8

09

0.9 _

3.5

32 1.1

24 0.8

6.7

1.3

1.3

53

119.6

1.2

1.2

23.3

18

NN =

5.8 11.2

0.3

03 0.1 _

0.6
0.6

39 683

0.5

2.9

DO N ==

1.7

0.9

0.9
0.9
1.7
10.3

10.8

0.3

0.3
0.6
1.1
69.9

Total Number and weight
Total of stomachs analyzed

62 245
57

113
75

288.9

311
116

2359.1
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Diet

Three main prey groups were present in the diet of the studied squid (Table 2): fish,
crustaceans and molluscs (mainly squid); prey items were the same for both sexes of the same
squid species (Mann-Whitney U Test, p>0.05). Crustaceans (followed by squid) were the
main prey items for D. gahi, while fish (preceding squid) appeared to be a major food source
for I. argentinus, in contrast to O. ingens that fed mainly on squid and fish. 12 prey items

were identified for D. gahi, 20 for I. argentinus, and 29 for O. ingens.

Doryteuthis gahi diet

In the 57 stomachs with contents, crustaceans were the main prey items according to the IRI
(Table 2), with Euphausia sp., Nyctiphanes sp., and Thysanoessa sp. being the most frequent
euphausiid species. An amphipod, Primno sp., was also identified in the stomach contents.
Squid were the second prey group and the main species were D. gahi and Histioteuthis sp..
Moridae was the only one fish family represented in the diet and Salilota australis the only

species. Box jellyfish (Cubozoa) was the only Cnidarians group represented.

1llex argentinus diet

The diet of 1. argentinus species caught in the northern part of the study area (17 prey items)
was different from those captured in the southern one (eight prey items) (Friedman ANOVA
Chi Sqr. (N, 84, df, 1) = 32.9048; p<0.001). Nevertheless their principal prey resource
(myctophid fish Gymnoscopelus sp.) was the same, so we combined the samples of both
areas. The main group of prey for I. argentinus was fish, and the Myctophidae fish family was
identified as a main feeding resource (Table 2), with the myctophid Gymnoscopelus sp. being
the main prey item. The squid D. gahi was the main prey item in the squid group and Munida
subrugosa in crustaceans. And euphausiids, amphipods Chaetognatha, Cnidaria and Algae

were also present in the diet (Table 2).
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Onykia ingens diet

Squid formed the main group in the diet of O. ingens. The main prey species were D. gahi and
Histioteuthis atlantica, but five other squid species were identified as well, and cannibalism
was also observed (Table 2). Fish was the second important group, with the myctophid
Gymnoscopelus sp. as main prey item and S. australis as second. The third group was
crustaceans and the main species in the diet belonged to the Munididae family. Munida sp.,
Munida spinosa, Munida gregaria and M. subrugosa were the four species represented in the
diet, with the latter being the most important one. Chaetognatha, Ctenophora and algae were

also identified in the stomach contents.

Diet by size range

According to the %FO, D. gahi of 5.1-15.0 cm ML fed mainly on crustaceans (euphausiids),
while their diet changed to fish (S. australis and unidentified fish) in the next size range (15.1-
25.0 cm ML). Onikya ingens of 15.1-25 cm ML fed mainly on fish (Gymnoscopelus sp.)
while in the next size class (25.1-40.0 cm ML) the diet changed to squid (mainly D. gahi).
Diet by size range did not differ for /. argentinus: they fed mainly on fish (Gymmnoscopelus
sp.). Generally the importance of fish as prey item increased with size for D. gahi and I
argentinus, while it decreased for O. ingens. Importance of squid according to size increased
for D. gahi and O. ingens, while the percentage of crustaceans in the prey decreased in both

species (Table 3).

Common prey item in D. gahi, I. argentinus and O. ingens

D. gahi and I. argentinus fed on D. gahi, Euphausia sp. and S. australis, and there was no
significant difference in the FO of these prey items (Table 4). The difference was found only
when we compared unidentified fish and unidentified euphausiacea (Table 4, Fig. 3): there
were more fish parts and euphausiids in the stomach contents of D. gahi than in 1. argentinus.
In the case of I. argentinus and O. ingens, it was found that they fed on seven common prey
items (identified prey species) (Table 5): two fish Gymnoscopelus sp. and S. australis, two

squid species D. gahi and H. atlantica, two crustaceans M. gregaria and M. subrugosa and
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the chaetognatha Sagitta elegans. We found significant differences in the FO of

Gymnoscopelus sp. that was mainly preyed by /. argentinus and the squid H. atlantica and D.

gahi which were mainly preyed by O. ingens (Fig. 3).

Table 3.- Percentage of the FO of the most important prey species identified in the diet of D.

gahi, I. argentinus and O. ingens in the Patagonian shelf, organized by mantle length.

%FO by ML size interval cm. D gahi, I. argentinus and O. Ingens

Prey

5.1-10.0

10.1-15.0

15.1-20.0

20.1-25.0

25.1-30.0

30.1-35.0

35.1-40.0

Cordata
Actinopterygii
Gadiformes
Moridae
Salilota australis
Myctophiformes
Mycthophidae
Gymnoscopelus sp
Unidentified
Unidentified fish

25

25

21.2

3.0

18.2

273

4.1

22.2

75

75

50 60/ 83

28

60 50
5.6
50

77.8] 25

2.8 6.8

69.415.9
2.8
2.8

8030.8

10, 2.6

7028.2

36.4

18.2
9.1
9.1

Crustacea
Decapoda

Euphausiacea
Euphausia sp.
Nyctiphanes sp.
Thysanoessa sp.
Unidentified

Munididae
Munida sp.
Munida spinosa
Munida gregaria
Munida subrugosa

Unidentified

50

50

333

12.1

3.0
15.2

3.0

22.2

5.6
5.6
11.1

50

25

25

25

13.3] 11

5.6

3.31 5.6

16.715.9

2.8

2.8

2.3
11.179.1

200 7.7

5.1

10
2.6
10 2.6

Mollusca
Cephalopoda
Teuthida
Histioteuthidae
Histioteuthis sp

Histioteuthis atlantica

Loliginidae
Doryteuthis gahi
Ommastrephidae
Illex argentinus
Onychoteuthidae
Onykia ingens
Unidentified squid

15.2

3.0

6.1

50

25
25

30 33

33 17

16.7 63.6

6.8
13.6

11.1/40.9

4.6

4.6
2.8 23

1069.2

17.9

43.6

2.6

107 7.7

81.8

18.2

63.6

9.1

Chaetognatha
Sagittidae
Sagitta elegans

5.6 23

2.6

Total of stomachs analyzed

33

36 44

10 39
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Table 4.- Frequency of occurrence FO of the most important prey items in D. gahi and L
argentinus and statistical comparisons. Values of ¥*> and the significance value p= 0.05. (*

indicates differences between species; n.s., not significant).

FO

Prey D. gahi I argentinus  x2 P

Fish group 14 54 29.2 *
Unidentified fish 12 1 14.20 *
Salilota australis 2 2 0.08 n.s.
Mollusc group (mainly squid) 11 16 0.08 n.s.
Doryteuthis gahi 8 5 1.98 ns.
Unidentified squid 2 6 1.15 ns.
Euphausiacea group 16 2 17.70 *
Euphausia sp. 4 1 2.87 ns.
Unidentified Euphausiacea 9 1 9.67 *

Table 5.- Frequency of occurrence FO of the most important prey items in /. argentinus and
O. ingens and statistical comparisons. Values of y*> and the significance value p= 0.05. (*

indicates differences between species; n.s., not significant).

FO

Prey L argentinus O. ingens  y2 P

Fish group 54 45 20.11 *
Gymnoscopelus sp. 50 32 28.39 *
Salilota australis 2 9 2.17 ns.
Mollusc group (mainly squid) 16 72 30.42 *
Doryteuthis gahi 5 45 24.32 *
Unidentified squid 6 7 0.27 ns.
Histioteuthis atlantica 1 15 7.98 *
Crustacean group 12 14 0.59 ns.
Munida subrugosa 5 7 0.03 ns.
Munida gregaria 1 1 0.09 ns.
Unidentified Euphausiacea 1 1 0.09 ns.
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Figure 3.- Composition by percentage number (%N) and weight (%W) (vertical axis) and
frequency of occurrence (%FO, horizontal axis) of the main prey found in the stomach

contents of D. gahi, 1. argentinus and O. ingens. UOM- Unidentified organic matter.
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DISCUSSION

The different feeding habits of the three squid species analyzed in this study are key to
understand their interactions. The feeding habits of D. gahi, I. argentinus and O. ingens had
coincidences to other squid species reported in previous works performed by Ivanovic and
Brunetii, (1994), Santos and Haimovici, (1997), Jackson et al., (1998), Mouat et al., (2001),
Phillips et al., (2001), Arkhipkin and Middlenton, (2002), Cherel and Duhamel, (2003),
Phillips et al., (2003), Phillips et al., (2003a) and Ivanovic, (2010). They fed on three different
prey groups: fish, crustaceans and molluscs but the predation on these groups varied
according to the size and the squid species. Previous works on feeding habits reported
crustaceans as main prey items in the diet of I argentinus (Ivanovic and Brunetii, 1994,
Santos and Haimovici, 1997, Mouat ef al., 2001, Arkhipkin and Middlenton, 2002, Ivanovic,
2010) while it was fish in the O. ingens diet (Philips et al., 2001, Cherel and Duhamel, 2003,
Philips et al., 2003, Philips et al., 2003a). Our analysis showed that 1. argentinus fed mainly

on fish and O. ingens on Molluscs, promoting a no competition by food resources.

The differences in diet with previous works suggest that feeding habits of these squid species
can vary according to prey availability in the column water, as the region, season and size of
squid are different in each study. Our results represent the feeding habits of the three squid
species during the autumn 2012, and previous reports on feeding habits were performed
mainly during the summer (/. argentinus by Ivanovic and Brunetti, 1994, Mouat et al., 2001,
Ivanovic, 2010, and O. ingens by Jackson et al., 1998, Phillips et al., 2001, Cherel and
Duhamel, 2003, Phillips ef al., 2003), and others during winter and autumn (/. argentinus by
Ivanovic and Brunetti, 1994 and O. ingens by Phillips et al., 2003). Comparing our result with
those of previous reports we identified that the feeding habits of 1. argentinus have a seasonal
variation observed in the presence of fish as main prey during autumn, and crustaceans in
summer and winter. Even we can infer a different feeding habits dependent of the region
where squid is found. Feeding habits of /. argentinus were mainly composed by fish in this
work and those reported in the Bonaerensis zone (influenced by oceanic and deeper waters),
while crustaceans are the most important preys in squid found in the Patagonian Shelf
(Ivanovic and Brunetti, 1994). Feeding habits of O. ingens were mainly represented by fish in

the three seasons and there is not previous seasonal information to compare with the feeding
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habits of D. gahi.

The feeding habits differed between the three squid; twelve prey items were identified for D.
gahi, 20 for I argentinus and 29 for O. ingens. This difference may be the result of the
different sizes of squid species (Phillips ef al., 2003a). D. gahi was present in the small size
interval (5.1-20.0 cm ML), 1. argentinus in the middle (20.1-35.0 cm ML) and O. ingens in
the large interval (20.1-40.0 cm ML), showing a division by size and feeding resources. The
classification by range size (inter and intraspecific) promoted a partitioning in the use of the
prey sources, and it is interesting to note that squid of short size fed mainly on crustaceans
(euphausiids being the main prey for small D. gahi, and the Munididae for small . argentinus
and O. ingens), and then the diet changed to fish, while bigger squid primarily fed on
molluscs, enforcing a considerable niche separation. Philips ef al., (2003) observed this
tendency already in O. ingens and our study now leads to the same conclusions for 1

argentinus and D. gahi.

Our results show that D. gahi, euphausiids, and S. australis were common prey items in the
feeding habits of O. ingens, I. argentinus and D. gahi, but the squid D. gahi was the main
prey item represented in the diet of O. ingens, and D. gahi (cannibalism), and the second
important prey for /. argentinus. Predation on these prey resources can be explained by their
presence in shallow waters where D. gahi and crustaceans such as euphausiids form dense
patches (Arkhipkin and Laptikhovsky, 2010), and also for the vertical migration of the squid
species during night to feed near to the surface waters (Jackson et al, 1998) (O. ingens
generally is found in deeper waters (Jackson ef al., 2000) and /. argentinus in medium depth

waters (Santos and Haimovici, 2000)).

Finally these results demonstrate that the three squid species are able to successfully exploit a
different prey spectrum in relation to the more available prey resources in the area. They can
be found as predator in the same water column, and an interaction can be explained according
to the feeding habits reported in this work, D. gahi was preyed by 1. argentinus and O. ingens,
while 1. argentinus was preyed by O. ingens, a trophic interaction based on the predator size.
In the other hand, as these squid species are voracious and active predators, it seems to be that

pelagic crustaceans (mainly euphausiids), mesopelagic fish (myctophids) and squid (D. gahi)
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are abundant species in the ecosystem, and they are important preys for higher trophic levels,
as seen in the feedings habits of O. ingens and other top predators (Santos and Haimovici,
2000, Piatkowski et al., 2001, Santos and Haimovici, 2002). The importance of squid in the
ecosystem of the Southwestern Atlantic Ocean is on one hand due to their wide interaction in
the trophic chain (Rosas-Luis et al., 2008), and on the other hand based on the economic
importance of their fisheries (Arkhipkin and Middlenton, 2002, Waluda et al., 2004, Portela et
al., 2010).
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ABSTRACT: Acoustic surveys to assess the biomass and distribution for the jumbo squid
(Dosidicus gigas) and the lightfish (Vinciguerria lucetia) were performed in the Humboldt
Current System of Peru in 2007 and 2008. At the same time, 937 jumbo squid were caught
and the contents of their stomachs were analyzed. The diet of the jumbo squid was dominated
by mesopelagic fish. The first component of their fish diet was V. lucetia and the second
component was the myctophid fish Diogenichthys laternatus. Acoustic biomass estimation of
these species shows that V. lucetia is a principal component in aggregative structures in
oceanic waters of the Humboldt Current System of Peru and that its distribution and
movements are closely related to the migratory movements of jumbo squid. These trophic
relationships promote an increase in jumbo squid biomass, similar to the pattern observed in

V. lucetia, encouraging a positive trophic effect in the ocean ecosystem.

Resumen: La biomasa de calamar gigante Dosidicus gigas y el pez mesopelagico
Vinciguerria lucetia se obtuvo a partir de deteccion acustica en la Corriente de Humboldt de
Pert durante 2007 y 2008. Simultdneamente, 937 calamares fueron capturados y se les analiz6
el contenido estomacal. La dieta de D. gigas estuvo dominada por peces, siendo V. lucetia el
principal componente y en segundo lugar el mictéfido Diogenichthys laturnatus. A partir de
la evaluacidn de la biomasa de ambas especies, estimada por el método acustico, se observd
que V. lucetia es uno de los principales componentes en el sistema de la Corriente de
Humboldt de Pert y sus patrones de distribucion y movimientos espacio-temporal estan
fuertemente relacionados a los desplazamientos migratorios del calamar. Estas relaciones
troficas promueven un incremento de la biomasa de D. gigas que es resultado de un patrén

similar en V. lucetia, lo que propicia un efecto troéfico positivo en el ecosistema ocednico.
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INTRODUCTION

The jumbo squid Dosidicus gigas (d'Orbigny 1835) is a voracious predator that is able to
attack a great variety of prey including fish, crustaceans and other invertebrates (Ehrhardt et
al. 1986, Markaida and Sosa-Nishizaki 2003, Markaida et al., 2008). It is considered an
important organism in the ecosystem due to its voracity and its tendency not to feed
selectively (Markaida & Sosa-Nishizaki 2003). It has become an important commercial
resource in the eastern Pacific Ocean, and in Peru jumbo squid fishery has been one of the
most important since 1990 (Yamashiro et al., 1998, Markaida & Sosa-Nishizaki 2003, Rosas-
Luis et al., 2008, Keyl et al., 2008). This species feeds principally at night, but there are
reports about jumbo squid feeding during the daytime in the California current system of
Mexico (Markaida & Sosa-Nishizaki 2003, Rosas-Luis et al., 2008), and in the Humboldt
Current system of Peru (Alegre-Norza, Personal observations, 2010) reflecting vertical (Gilly

et al., 2006) and horizontal movements (Markaida et al., 2005).

In the Humboldt Current System of Peru, upwelling events on the coast produce high
concentrations of primary and secondary production that are exploited by jumbo squid and
other species such as mesopelagic fish. The remarkable features of mesopelagic fish are that
dominant fish such as lanternfish (Myctophidae) and lightfish (Phosichthyidae) undergo
extensive vertical migration and form dense patches. Vertical migration is one of the most
widespread patterns of animal behaviour in the mesopelagic zones (Frank & Widder 2002),
influencing the life history of nonmigrating and migrating fish and cephalopods (mainly
jumbo squid) and the feeding behaviour and spatial distribution patterns of predators
(Konchina 1983, Benoit-Bird & Au 2002, Bertrand ef al., 2002). Aggregation and density of
species and geographic distribution can be quantified and mapped by acoustic methods such
as Sound Scattering Layers (Lapko & Ivanov 1994, Luo et al., 2000, Cornejo & Koppelmann
2006), which are very useful for estimating the abundance of marine organisms. Data from
acoustic surveys can also provide much biological information, such as spatial distribution
patterns and migratory movements. These methods have therefore been used to study the
relationships between predator and prey when species are well discriminated (Miyashita ef al.,
2004). For D. gigas, the acoustic method has been standardized and acoustic detection has
frequently been used to estimate biomass in México and Peru (Benoit-Bird et al. 2008), while

in the lightfish (Vinciguerria lucetia, Garman 1899) acoustic detection is always compared
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with trawls monitored and controlled by an acoustic net-recorder (Marchal and Lebourges

1996, Cornejo and Koppelmann 2006).

Fishing cruiser prospecting

1S b ' 2007-2008

6S I o

11S

Pacific Ocean

16S

218

88W T8W 73W 68W

Figure 1.- Pacific Ocean off Peru, principal area of jumbo squid D. gigas fishing in the
Humboldt Current System (Fishing cruiser prospecting: ®March 2007, *June-July 2008 and,
ONovember-December 2008).

Dosidicus gigas 1s an important commercial resource and like V. lucetia, is important in
marine ecology. V. lucetia is one of the most abundant species of mesopelagic fish in the
eastern Pacific Ocean in tropical and warm waters (Ahlstrom 1968), and it has been reported
in studies on squid feeding (Schetinnikov 1986, Schetinnikov 1989, Markaida & Sosa-
Nishizaqui 2003, Markaida, 2006, Rosas-Luis 2007). Due to the abundance of D gigas, its

feeding behaviour, its importance as a fishery resource, and the dynamism and abundance of
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V. lucetia, the objective of this study was to determine the trophic relationship between D.
gigas and V. lucetia in the pelagic ecosystem in the southeast Pacific Ocean off Peru (Fig. 1),
through the data analysis of acoustic measurements, midwater trawl fishing and stomach

content analysis in 2007 and 2008.

MATERIAL AND METHODS
Biological data

Three bio-acoustic surveys were carried out by the Instituto del Mar del Peru (IMARPE)
aboard the BIC Humboldt and José Olaya Balandra in the Humbold Current system off Peru
in March (summer) of 2007 and June-July (autumn- winter) and November-December

(spring) of 2008.

Jumbo squid were caught and, measured and, the stomach content was sampled. Hard
structures and tissue of fish, cephalopods and crustaceans were used to identify prey in 829
stomach samples of squid, while 108 stomachs were empty. Stomach contents were screened
through a 500 p mesh sieve in the Trophic Ecology Laboratory of IMARPE. Observations
were performed under a binocular microscope (60-120x) over a black and white background

to aid identification.

Hard structures were identified by consulting the work of Fitch & Brownell (1968), and
Garcia-Godos (2001) for fish, Wolff (1984) for cephalopods, Newel (1963) and Mendez
(1981) for crustaceans and Alamo & Valdivieso (1987) for molluscs.

Frequency of occurrence and numeric and gravimetric methods were used to quantify the diet.
Frequency of occurrence (%FO) was calculated as the percentage of jumbo squid that fed on a
certain prey, number (%N) was the number of individuals of a certain prey relative to the total
number of individual prey, and weight (%W) was defined as the weight of a certain prey

relative to the total weight of all prey (Cailliet 1977).

Graphs of the index of relative importance (IRI) were plotted to illustrate fishing cruiser
prospecting diet composition (Pinkas et al., 1971)(Fig. 2). The most important prey according
to IRI were included in plots. IRI= (%N+%W)*%FO.
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content of jumbo squid collected in the Humboldt Current System off Peru (March 2007,

June-July 2008 and November-December 2008). Right: Percentage of V. lucetia found in the

stomach contents of jumbo squid.
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Acoustic data

Acoustic data were collected with a Simrad EK60 dual frequency quantitative scientific echo
sounder that consisted of 38 and 120 kHz split-beam transducers mounted on the ship’s hull,
which were calibrated prior to the survey using standard procedures (Foote ef al. 1987). These
data were processed using Echoview (Simmonds and MacLennan 2005). The water column
was investigated down to depths of 500m. Figure 3 shows the acoustic survey area and the 11
parallel transect lines. Each transect line crossed the continental shelf to oceanic zones (about
300 nautical miles of seashore distance), where sea depths range from 5 to 500 m. A daytime
survey (from 1 h after sunrise to 1 h before sunset) and a night-time survey (from 1 h after

sunset to 1 h before sunrise) were conducted for each transect line within 24 h.

For mesopelagic fish, acoustic detection with -70 dB threshold was applied to minimize bias
due to the integration of noise or nonmesopelagic fish. With this threshold, the nautical-area-
backscattering coefficients were recorded along survey tracks at each 1 nautical mile long
georeferenced elementary distance sampling unit. The result can be considered to represent
mesopelagic fish biomass (Bertrand ef al., 1999, MacLennan et al., 2002). Sometimes several
species were found in mixed concentrations such that the marks on the echogram from each
species cannot be distinguished. From inspection of the echogram, the echo-integrals can be
partitioned to provide data for the mixture as one category, but not for the individual species.
However, further partitioning to species level is possible by reference to the composition of
the trawl catches (Nakken & Dommasnes 1975). To support this process, organism samples
were collected at the same time by pelagic non-closing trawls (Long: 55 m: mesh codend: 13
mm). Commercial midwater trawls were used to determine the taxonomic composition of the
mesopelagic fish in the water column, according to the distribution of Sound Scattering
Layers (SSLs) observed by the echosounder. Acoustic backscatter energy was detected in up
to four layers of 50 m of intervals (5 to 220 m) during night-time and up to ten layers (5-500

m) during daytime.
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Figure 3. Acoustic detection of V. lucetia and D. gigas in 2007 and 2008 in the Humboldt

Current System off Peru. Transect A, B, C, D and E were completed in March 2007; F, G and

H in June-July 2008; and I, J and K in November-December 2008. SD, seashore distance in

nautical miles. Vertical movements of jumbo squid and V. lucetia were clearly detected in the

echogram of transects F and H.
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The nautical-area-backscattering coefficients (Sa) were calculated for each trawl for cells
where fish were present (Sa+), which is an index of fish density. The expression to calculate

the biomass is:
Biomass = C-A<S4>
C = Ci/(1000 oxe)
Okg = 47 10Tk&'10

TSke = TS — 10 log (<w>/1000)

V. lucetia: TS= 20 Log L.-79.06 (dB), L: 3.5 to 6.5 cm. (Gutierrez & Herrera 1998)
D. gigas: TS=20 Log L-92.82 (dB), L: 65.5t093.5 cm (Castillo & Gonzales 2000)

D. gigas: TS=20 Log L-86.17 (dB), L: 22 to 38 cm (Castillo & Gonzales 2000)

Where :
TS : Target strength, specific by species.

<Ss>: Nautical coefficient average of dispersal area (m?*nm), ecointegration average of

isoparalitoral area.

A : Isoparalitoral area (nm?)

oxkg - Retrodispersed acoustic section (kg).
C;: Instrumental constant of echosounder.
<w>: weight average of species (g).

L: Body length of a scatterer (normally the total length in fish and dorsal mantle length in
squid)

C: Acoustic constant.
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Consumption of V. lucetia

Percentage of V. lucetia in the total stomach content of each jumbo squid was calculated and
plotted to show the trophic relationship between these species. To estimate V. lucetia
consumption (Qi ) by D. gigas, three parameters have to be known: (1) the biomass of the
predator (Bj); (2) the consumption-biomass relationship of the predator (Q/B); [taken from
Alarcon-Muiioz et al., (2008)]; and (3) the diet composition (DCij) of the prey (i ) in the

stomach contents of the predator ( ). The expression to calculate the consumption is:

n

Q = Z B; - (Q/B); - DG

i=1
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RESULTS

A total of 937 jumbo squid were obtained and sampled (472 females, 456 males and 9
unknown). Dorsal mantle length was measured, ranging in size between 3.2 and 103.5 cm
Mantle Length ML (Table 1). Principal size in males and females was 10 to 30 cm ML and

jumbo squid with a large size (>70 cm ML) were observed on all research cruises.

Table 1.- Summary data of jumbo squid collected in the Humboldt Current system off Peru in

2007-2008

Sex
Fishing cruiser Date Total Mantle
prospecting Female Male Unknown length (cm)
Bic. Olaya 0702-04 March 3-10 30 29 2 61 14.5-81.5
Bic. Humboldt 0805-07 June 4-July 12 346 313 659  6.7-103.5
Bic. Humboldt 0811-12 November 9- December 18 96 114 7 217  3.2-101.0
Total 472 456 9 937  3.2-103.5

Diet description

The stomach content of D. gigas revealed two principal groups of prey: fish and molluscs
(mainly cephalopods). Fish were found in practically every stomach (81.62% FO) in 2008,
and (18%FO) in 2007, but fish were the most important group in both years. Importance
relevance index (IRI) determines the importance of each group in the diet of D. gigas. In this
case, in 2007 fish and cephalopods (Teuthida) were the most important groups and we
observed that D. gigas fed primarily on these two groups (Fish IRI=1841, Teuthida=1238).
The situation changed drastically in 2008, when jumbo squid were feeding on fish (Fish
IRI=12795.82 and Teuthida=852.5). V. lucetia was the principal item in the jumbo squid diet.
In 2007 it accounted for 44.1%N, IRI=445.4, and in 2008 it was present in over half of the
samples (54% and 69.12% FO) and accounted for 53.3% and 42.6%N (IRI=3734 and 7029).
The second most important fish was the myctophid Myctophum nitidulum, which was present

in both years, showing high values in November-December 2008 (IRI=651). Another
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myctophid was Diogenichthys laternatus, which was only present in 2008 (IRI 268 and 199)
(Table 2).

Cephalopods were next in importance, being found in 19.4% of stomachs in 2007 and 10.8%,
and 5.53% in 2008, and accounting for 19.4% of prey in 2007 and 4.62%, and 0.77% in 2008.
D. gigas was the principal item in the group, being found in 6.45% of samples in 2007 and
accounting for 8.24% of prey (IRI= 364.3). In 2008 its importance in the diet declined
(IRI=479.7 and 69.7)(Table 2).

Other groups were present in the diet (crustacea: Pleuroncodes monodon, pteropoda and

protista) but they were not significant (IRI less than 35) (Table 2).

The stomach samples collected represent the climatic seasons of Peru March (summer), June-
July (autumn-winter) and November-December (spring). The feeding of D. gigas focused on
V. lucetia in the three seasons (Fig. 2) and, the importance of this fish increased throughout
the year (IRI summer= 445.4, autumn-winter= 3734 and spring= 7029.2) (Fig. 2, spelling
bars). As we can see, the diet of D. gigas did not vary throughout the year, as the same groups
of prey were continually found (fish, cephalopods and crustaceans). However the frequency

of occurrence of these groups varied in both years (Table 2).
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Table 2. Frequency of occurrence, number, and weight of prey in the stomach contents of
bo squid in 2007-08, weight
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Acoustic observation of distribution patterns between D. gigas and V. lucetia

Typical echograms at 38 and 120 kHz (Fig. 3) permit explain distribution patterns and
aggregative behavior of D. gigas and V. lucetia in the Humboldt Current system of Peru. We
observed the daily vertical migration of mesopelagic fish distributed in sound scattering
layers. Midwater trawls indicated that these acoustic structures were formed mainly by micro-
nektonic organisms such as V. lucetia. In summer 2007, D. gigas were detected at depths of
between 2 and 215 m, and they were observed interacting with V. lucetia (Fig. 3). Distribution
of the two species was similar between 26 and 290 nautical miles (nm) from the seashore.
Both species were near to the surface water at night, showing a migratory movement to
deeper waters during the daytime. Biomass detection of these species by acoustic methods
showed V. lucetia to be a principal mesopelagic component in the system, and its movements

were related to those of D. gigas.

Transect F and H in Figure 3 show an important interaction between D. gigas and V. lucetia in
2007 and 2008. The echograms were plotted during daytime and night-time. The principal
component in the echogram is the vertical migration of both species; during the daytime, they
were in deeper waters at 120-300 m depth and they returned to the surface water at sunset.
Generally, D. gigas and V. lucetia shared the distribution range at the same time. In the north
area at night-time they were detected in two areas (257-300 nm and 60-160 nm) near to the
surface water and at 50 m depth, whereas in daytime the distribution was between 160 and
250 nm in deeper water (155-250 m depth) (Transect F). In the south part, the same day-night
pattern was found, but the distribution of the two species was between 20 and 160 nm

(Transect H).

Consumption of V. lucetia by D. gigas

Table 3 shows the acoustic biomass estimations of D. gigas and V. lucetia obtained in 2007
and 2008. According to the Q/B and the diet of D. gigas, predation on V. lucetia by D. gigas
was of the order of 5% to 24% of the biomass estimation. The greatest impact of predation
made by D. gigas was in 2008 with 23.3%, reflected in 570 084 tons of V. lucetia consumed.

We averaged the values of diet consumption (DCij=0.30), and using this value an estimation
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of jumbo squid consumption was made from 1998 to 2009 (Fig. 4). Also of importance, is the
apparently positive correlation between the biomass estimations of D. gigas and V. Lucetia.
Accordingly, a moderate correlation was found in the complete series 1999-2009 with an #* of
0.34 (90% confidence limits, P= 0.05). The biomass estimations of D. gigas and V. lucetia
made in 2007 and 2008 were used to contrast the trophic relationships. The regression value
was less than the complete series (7= 0.28) but in both cases the regression values were

positive, showing that there is a moderate relation between D. gigas and V. lucetia biomass

observed in the diet consumption.

Table 3.- Acoustic biomass estimation of jumbo squid and V. lucetia, and estimated
consumption of V. lucetia by D. gigas between 2007 and 2008. Q/B of jumbo squid= 5.8,

taken from Alarcon-Muifioz et al. (2008).

Fishing  DCij Acoustic biomass D. gigas  Acoustic biomass Predation by D.

cruiser D. gigas (t) predation on V. lucetia (t)  gigas on V. lucetia
prospecting V. lucetia (1) biomass %
2007 02-04 0,09 1231713,3 625390,1 5948499,9 10,5
2008 05-07 0,15 717086,8 570084,0 2445635,2 23,3
2008 11-12 0,59 154047,0 481704,9 8317821,4 5,8
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DISCUSSION

Jumbo squid collected in 2007 and 2008 showed a typical trophic behaviour: they fed on fish,
cephalopods and, crustaceans, and discarded the practice of cannibalism. In general, studies
on the feeding behaviour of jumbo squid are influenced by fishing activity because jumbo
squid nibble fishery products, causing a misrepresentation of the feeding activity (Nigmatullin
et al, 2001, Markaida & Sosa-Nishizaki 2003, Markaida 2006, Ruiz-Cooley et al., 2006,
Field et al, 2007, Rosas-Luis 2007, Markaida et al., 2008). However, when the data are
collected by scientific sources, the result can be more reliable: cannibalism is reduced or
absent (Rosas-Luis, 2007), as is reflected in this study. Samples of jumbo squid were taken
from fishing cruiser prospecting and the stomach contents were immediately frozen to
preserve tegument, scales and otoliths, which are the principal structures for identifying prey.
The main group in the diet of the jumbo squid was mesopelagic fish and the principal prey

was the lightfish V. lucetia.

Acoustic biomass estimations made for D. gigas and V. lucetia are considered realistic,
because the target strengths were contrasted in situ with jig sampling in squid and fish trawls
in V. lucetia. The discussion on this topic focuses on the misinterpretation of the acoustic
signal, but in squid the comparison of different ways to obtein the best signal has proved that
the squid length is the principal factor for obtaining the best target strength estimation
(Castillo & Gonzales 2000, Benoit-Bird et al., 2008). In fact, other considerations can modify
the final biomass values (sex proportion, maturity stage or size) but the error is not significant
(Soule et al., 2010). In mesopelagic fish, the way to identify the acoustic signal is devious
because of the aggregation of different fish at the same time. However, an advantage for
correct biomass estimation is the contrast with net trawls, in which the collected organisms
are identified and analyzed, providing a verified tool of fish composition in the column water
(Marchal & Lebourges 1996, Cornejo & Koppelmann 2006). Both D. gigas and V. lucetia
have a typical behaviour to form aggregation. This characteristic, combined with the acoustic
detection, supported the hypothesis of a strong relationship between the two species reflected
in the jumbo squid feeding (Fig. 2) and the vertical migration shown in the echograms (Fig.

3).
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Trophic relationships between D. gigas and V. lucetia are evident during day and night-time
and D. gigas probably feed on V. lucetia in deeper waters. Alarcon et al, (2004), in
experimental fishing with semipelagic trawls for lightfish, recorded high captures of jumbo
squid. On research cruises of pelagic resources done by IMARPE, the captures of jumbo
squid also coincided with the detection of mesopelagic fish layers. According to the acoustic
biomass estimation and echogram signals of D. gigas and V. lucetia in the column water, we
can suggest a close relationship between prey and predator due to the estimated distribution of
jumbo squid near and offshore of the continental shelf break overlapped with V lucetia.
During the night-time, D. gigas are near the surface water surrounded by V. lucetia (Fig. 3).
They were together until the first hours of the day and during this time V. lucetia moved to
mid- and deeper water, as did D. gigas. Both were in the same water layer during the day and
returned to the surface water in the first hours at night-time. This trophic relationship is
reflected in the stomach content analysis, in which V. lucetia was the principal component
(Fig. 2). Evidently, there are more prey items, such as the Peruvian anchovy (E. ringens) and
other Myctophids, which were present in the stomach contents at the same time as V. lucetia.
However, their abundance in the ecosystem was probably less than of V. lucetia, and in
addition, the movements into deeper waters of V lucetia and D. gigas at daytime (Migratory
behavior: Markaida et al, 2005, Gilly et al, 2006) are the factors that determined the

dominance of V. lucetia in the stomach content.

Based on the stomach content analysis of D. gigas and the acoustic detection we can infer that
V. lucetia supported the feeding behaviour of jumbo squid in 2007 and 2008 in the Humboldt
Current System off Peru. Because mesopelagic fish are important components of oceanic
ecosystems, they are abundant and have a wide distribution in the ocean (Ahlstrom et al,
1976). These characteristics of the group are evident in V. [ucetia one of the most important
fish in the Humboldt Current System of Peru. It is found between 5° and 18° S and can
dominate the total catch, comprising 68% in fishing prospections (Cornejo & Koppelmann
2006). This dominance is expressed in other parts of the ocean. In the eastern tropical and
subtropical Pacific, this species is the third in biomass after the northern anchovy Engraulix
mordax and the Pacific hake Merluccius productus (Smith and Moser 1988). According to
acoustic biomass estimations of V. lucetia and D. gigas made in the Humboldt Current

System off Peru since 1998, there is a relation between the two species (Fig. 4). A high
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biomass of V. lucetia has been detected and D. gigas consumption has focused on this species
(Table 3). Like other cephalopods, jumbo squid do not have feeding selection, causing direct
impacts in the biomass of the most abundant species present in the same water layer.

Therefore, the importance of prey species lies in the ability to support jumbo squid predation.

V. lucetia is a species with a dynamic development that promotes a rapid population growth,
reflected in a high abundance and wide distribution in the ocean. If trophic relations in the
ocean ecosystem are influenced by distribution and abundance of prey groups and V. lucetia is
an important mesopelagic component or the principal component in this ecosystem, it can
maintain the biomass of different predators, even D. gigas. Because of these trophic
relationships, an increase in D. gigas biomass may be a result of a similar pattern in V. lucetia,
encouraging a positive trophic effect and promoting the development of other species in the

ecosystem.
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VARIABILIDAD AMBIENTAL EN LAS POBLACIONES DE D. GIGAS Y L
ARGENTINUS

Se identificaron cambios ambientales del orden estacional, interanual, interdecadales y
seculares que se relacionan directamente con los productores primarios y consumidores
debido a que la abundancia de productores primarios y su disponibilidad estan relacionadas
con las condiciones ambientales de medio y largo plazo (Miller & Schneider, 2000;
Behrenfeld et al., 2006; Gaxiola-Castro et al., 2008; Espino & Yamashiro, 2012). Si bien
estos periodos fueron bien definidos para la TSM, la misma sefial en periodos se puede
observar en las series de clorofila a y estimaciones de biomasa, sin embargo estos
corresponden solo a ciclos de periodo corto El Nifio y La Nifia. Por lo tanto las fluctuaciones
entre anomalias negativas y positivas de estas variables definiran la productividad de los
sistemas y la tendencia que estos tendran a desarrollarse. En los ecosistemas del océano
Pacifico y del Atlantico sur analizados en este apartado se identificd que los productores
primarios (series de clorofila a) promovieron el desarrollo del ecosistema (control bottom up)
(Lluch-Cota, 2000; Miller & Schneider, 2000; Torres, 2005; Behrenfeld et al., 2006; Gaxiola-
Castro et al., 2008; Lavaniegos, 2009).

Como resultado del cambio en la TSM se infiere el movimiento de las masas de agua que
afecta a las poblaciones de organismos presas. En este sentido en periodos calidos la corriente
de California pierde fuerza y las masas de agua calida suben mas al norte lo que es
aprovechado por organismos depredadores de rapido movimiento como lo es D. gigas
(Nigmatullin et al., 2001), posterior al periodo célido las aguas de la corriente de California
regresan a ocupar su distribuciéon normal. Este cambio de condiciones a aguas menos calidas
permitié el desplazamiento de especies presa de D. gigas hacia el sur y logré mantener a la
poblacién del pacifico mexicano promoviendo que se crearan dos centros importantes de
abundancia de D. gigas. Estos centros fueron detectados en base a las capturas y estuvieron
representados en el Golfo de California y en la costa occidental de la Peninsula de Baja
California. La abundancia de presas presente a lo largo del Golfo de Tehuantepec y hasta las
costas de Ensenada B.C. durante 1983 y 1985 puede considerarse como la promotora del
desarrollo de la poblacion de D. gigas (Rosas-Luis et al., 2008). Para corroborar el
movimiento o presencia de estas especies resultado de los cambios ambientales se observaron

las series de captura y efectivamente se pudo detectar un movimiento latitudinal. En el
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hemisferio norte D. gigas estuvo presente en las capturas del Golfo de Tehuantepec durante
1985-1989 y 1995-2004, en el Golfo de California desde 1970, y en la corriente de California
durante 1989-1993 y a partir del 2005 hasta la fecha, mientras que en el hemisferio sur en
Peru la actividad pesquera incrementd en Paita al mismo tiempo que decrecio en Ilo. lllex
argentinus presenta un patrén similar de movimiento entre el norte y el sur detectado en la
serie en los afios 1993 y 94. Si bien las capturas no son un descriptor de las poblaciones, si
pueden ser consideradas como herramienta para entender la distribucioén de los organismos en
los ecosistemas y basado en ello los movimientos de las flotas pesqueras obedecen a la

disponibilidad y abundancia de estos organismos.

Los efectos en las poblaciones de calamar ocasionados por el incremento en la TSM no son
instantaneos y dependeran de otras condiciones como lo es la disponibilidad de alimento.
Morales-Bojorquez, (2002) comentd que una relacidon directa entre las abundancias de D.
gigas y la TSM no podria ser posible debido a las caracteristicas de este organismo, por lo
tanto periodos calidos no afectaran a la poblacion actual, sin embargo y como fue explicado
por Brito-Castillo et al., (2000) y este trabajo, los efectos se aprecian cuando se observan las
relaciones troficas y los efectos que la TSM ocasiona a las presas al permitir la concentracion
de grupos alimenticios. Algunos autores han mencionado que si bien el cambio en TSM no
afecta a los organismos juveniles y adultos, si afecta a otros estadios como lo es el larvario y
de reclutamiento (Waluda et al., 2001; Chen et al., 2008; Camarillo-Coop et al., 2010; Staaf
et al., 2011), por lo que la relacion negativa del desfase de un afio que es relacionado entre D.
gigas y la TSM es el resultado de efectos negativos en las larvas y reclutamiento ocasionados
por el incremento de la TSM. El otro caso de estudio I argentinus esta relacionado
directamente con las aguas célidas de la corriente de Brasil (Arkhipkin & Middleton, 2002),
por lo que la relacion positiva con la TSM en la region sur corresponde directamente con el
movimiento de las masas de agua y a un mayor reclutamiento en las regiones del sur cuando

la TSM incrementa.

Ambas especies han sido catalogadas como organismos voraces sin selectividad de presas, y
depredadores importantes en los ecosistemas, por lo que son capaces de alimentarse de
practicamente cualquier tipo de presa (Aguiar-Santos & Haimovici, 1997; Field et al., 2007;
Markaida et al., 2008; Ivanovic, 2010; Rosas-Luis et al., 2008; Rosas-Luis ef al., 2011; Braid
et al., 2012) incluyendo a organismos del zooplancton (10-20 % de la dieta en D. gigas y 60-
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70% de la dieta en I. argentinus, Aguiar-Santos & Haimovici, 1997; Field et al., 2007;
Markaida et al., 2008; Ivanovic, 2010; Rosas-Luis et al., 2011). Conociendo esto, se puede
deducir que la relacién positiva entre la Cl a y la biomasa de D. gigas en Pert cuando se
aplica un afio de desfase puede ser resultado de las relaciones troficas ya que D. gigas depreda
a peces que se alimentan de consumidores primarios que estan relacionados directamente con
la produccién primaria (Ayon et al., 2002, Rosas-Luis et al., 2011) y de organismos del
zooplancton, mientras que la relacion negativa entre la Cl a y 1. argentinus es el resultado de
la dinamica oceanografica, ya que se ha sugerido que la presencia de altas concentraciones de
calamar en las areas del sur oeste son resultado de la introducciéon de aguas calidas de la
corriente de Brasil (Basson et al., 1995) que disminuyen la productividad primaria pero que
favorecen la presencia de 1. argentinus quien se alimenta de las comunidades zooplanctdnicas

(Sabatini & Alvarez, 2001, Sabatini ez al., 2004).

De forma general se observo que la variabilidad de la TSM ha cambiado desde 1999, los
valores maximos han decrecido en las series de tiempo lo que ha permitido la reestructuracion
de las relaciones trdficas en las comunidades del ecosistema. Espino, (2003) y Espino y
Yamashiro, (2012) comentaron que en los periodos de alta variabilidad los efectos de El Nifio
y La Nifia son mayores y se remarca la estacionalidad, por lo que la disminucién de esta
variabilidad promueve la homogenizacion del ecosistema. Considerando que las especies de
calamares son dinamicas y adaptables, los resultados presuponen la reestructuracion del
ecosistema a partir de 1990 y agudizada después del evento El Nifio de 1998, cuando D. gigas

y 1. argentinus se han consolidado como mayores componentes de los ecosistemas.

RELACIONES TROFICAS E INTERACCION EN LOS ECOSISTEMAS

Los diferentes habitos alimenticios de estas especies son claves para entender el orden y
desarrollo de los ecosistema, ya que permitido conocer las relaciones depredador presa que
permitiran determinar la direccion y origen de los flujos de energia, identificar especies clave
para el desarrollo de poblaciones y comunidades, y generar un panorama global del estado del

ecosistema por medio de la recreacion de las cadenas y redes tréficas. El estudio de la
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ecologia trofica de estas especies ha permitido entender la dindmica que representan dentro
del ecosistema y generar la base para el desarrollo de hipdtesis sobre el impacto de cada una
de las presas y la importancia que esta representa no solo a la especie objetivo sino a todo el

ecosistema.

Las especies de calamares ommastréfidos estudiados en este apartado D. gahi, I. argentinus y
O. ingens en el Atlantico Sur y de I. coindetii y T. sagittatus en el Mediterraneo noroccidental
presentaron habitos alimenticios compuestos de tres grupos de presas principales; peces,
crustaceos y moluscos, variando de acuerdo a la talla y la especie de calamar, lo que coincide
con reportes previos en la dieta de estos organismos (Ivanovic & Brunetii, 1994, Santos &
Haimovici, 1997, Jackson et al., 1998, Mouat et al., 2001, Phillips et al., 2001, Arkhipkin &
Middlenton, 2002, Cherel & Duhamel, 2003, Phillips et al., 2003, Phillips et al., 2003a,
Ivanovic, 2010, Coll et al., 2012). Trabajos previos sobre los habitos alimenticios habian
reportado que los crusticeos son las principales presas para D. gahi y I. argentinus (Ivanovic
y Brunetii, 1994, Santos & Haimovici, 1997, Mouat ef al.,, 2001, Arkhipkin & Middlenton,
2002, Ivanovic, 2010), mientras que los peces en la dieta de O. ingens (Philips et al., 2001,
Cherel & Duhamel, 2003, Philips ef al., 2003, Philips et al., 2003a), sin embargo los presentes
resultados de esta tesis demuestran que /. argentinus se aliment6 principal mente de peces y
O. ingens de moluscos, lo que elimina la competencia por los recursos alimenticios entre estas
dos especies. La diferencia en la presencia de presas con otros reportes sugiere que los habitos
alimenticios de estas especies pueden variar de acuerdo a la disponibilidad de presas en la
columna de agua, asi como la region, estacionalidad y la talla de los calamares, mientras que
el espectro de presas se enfoca en la o las presas mas abundantes y disponibles, como podrian
ser los crustaceos del genero Pasiphaea en el Mediterraneo, y los eufausidos y D. gahi en al

Atlantico sur.

La diferencia en talla es el factor que determina la depredacién de las especies ya que
organismos de tallas menores presentaron un espectro de presas limitado y poco diverso, que
se incrementa con forme la talla, en el Atlantico Sur D. gahi estuvo representado en los
intervalos pequefios 5.1-20.0 cm LM, I. argentinus en los intermedios 20.1-35.0 cm LM, y O.
ingens en los intervalos grandes 20.1-40.0 cm LM. Esta clasificacion por rango de talla
promovidé una separacion en el uso de las presas, y es interesante hacer notar que los

calamares pequefios se alimentaron principalmente de crustaceos (eufausidos fue la principal
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presas de D. gahi y crustaceos Munididae para 1. argentinus y O. ingens), después la dieta
cambid a peces y por ultimo los calamares mas grandes se alimentaron principalmente de
moluscos. Incluso el incremento en talla de los calamares refleja una mayor frecuencia de
ciertas presas (Castro & Hernandez-Garcia, 1995, Sanchez et al., 1998), los calamares /.
coindetii menores a 9.0 cm ML se alimentaron mayormente de anfipodos y eufausidos y
posteriormente en tallas mayores la dieta se diversificd con la integracion de moluscos y
peces, mientras que los ejemplares mas pequefios de 7. sagittatus (talla minima 10.1 cm LM)
se alimentaron de crustaceos y peces. Esta tendencia a cambiar de presas ha sido documentada
para otras especies como D. gigas (Markaida et al., 2008) y para O. ingens por Philips et al.,
(2003), ahora con estos resultados se ha llegado a la misma conclusion para 1. argentinus 'y D.

gahi.

El analisis tréfico de estas especies permitio determinar que especies presa han permitido el
desarrollo de las poblaciones de calamares ya que en base a la frecuencia de ocurrencia en los
contenidos estomacales se lograron identificar presas comunes que probablemente sean las de
mayor abundancia en los ecosistemas. En el Atlantico sur, D. gahi, los eufausidos y el pez S.
australis son presas comunes en los habitos alimenticios de O. ingens, I. argentinus y D. gahi,
sin embargo el calamar D. gahi fue la principal presa en la dieta de O. ingens y D. gahi y la
segunda presa para I. argentinus. Mientras que en el Mediterraneo los crustiaceos P.
multidentata y de los anfipodos A. blossevillei y P. sedentaria, y los peces Paralepididae A.
risso y Lestidiops sp., en la dieta de 1. coindetii y T. sagittatus. La depredacion sobre estas
especies puede ser explicada por la presencia de las especies de calamar en la columna de
agua donde las presas como D. gahi, los eufausidos, y peces mesopeldgicos forman densos
parches (Abelld et al., 1988; Cartes ef al., 1994; Arkhipkin & Laptikhovsky, 2010), y sobre
todo por la migracion vertical que realizan durante la noche a alimentarse cerca de la
superficie (Jackson et al., 1998). Ademads de la abundancia de presas, la distribucidon de estos
calamares es afectada por la disponibilidad de las presas en la columna de agua, por lo tanto la
presencia de una presa en la dieta dependerd del movimiento vertical del depredador y de la
presa. Como ejemplo en el Mar Mediterraneo 4. blossevillei se desplaza a una velocidad de
24.9 m/h mientras que P. sedentaria a 22 m/h (Ponomaryova & Suslyayev, 1980), lo que
promueve la separacion en los diferentes estratos de profundidad y refuerza la no competencia

entre /. coindetii en aguas mas superficiales y 7. sagittatus en aguas mas profundas.
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Las especies O. ingens, 1. argentinus, D. gahi en el Atlantico sur y I. coindetii y T. sagittatus
en el Mar Mediterraneo son capaces de explotar un espectro amplio de presas y los héabitos
alimenticios se verdn afectados de acuerdo a la presa mas abundante y disponible en el
ecosistema, ademas de la distribucion propia de cada calamar. En el Mar Mediterraneo 7.
sagittatus se alimentd de especies presas con un rango de distribuciéon mas profundo como es
el calamar H. reversa y A. linchtensteinii, mientras que I. coindetii se aliment6 de especies de
menor profundidad como 7. eblanae y T. sagittatus. Esta separacion de los habitos
alimenticios y la falta de depredacion de una especie sobre la otra indica que no hay
competencia interespecifica (solo dos 7. sagittatus se alimentaron de I coindetii y un L
coindetii se aliment6 de 7. sagittatus) y que no se alimentan en la misma area al mismo
tiempo. Caso contrario en el Atlantico sur donde la interaccion de O. ingens, 1. argentinus y
D. gahi es mas frecuente sobre todo por relacion directa depredador-presa, ya que D. gahi fue

depredado por las otras dos especies.

El uso de los mismo recursos alimenticios es una tendencia que se observa en las redes
troficas y que generalmente esta enfocado en organismos de aguas medias y limitado a grupos
como los peces mesopelagicos, crustaceos decapodos y anfipodos, y que es promovido por la
formacion de agrupaciones y cardimenes propios de estos organismos en la zona epipelagica
(Hopkins & Sutton, 1998), coincidiendo con la aparente profundidad de mayor actividad de
depredacion de estas especies de calamar. Si bien existe esta coincidencia en presas, los
habitos alimenticios permitieron identificar otras especies claves y que fueron de mayor
importancia en la separacion de especies de depredadores. D. gigas se alimentd
principalmente del pez mesopelagico V. lucetia, 1. coindetii se alimentd principalmente de
Lestidiops sp, C. sloani y P. multidentata, T. sagittatus se alimentd de A. risso y P.
sedentaria, mientras que O. ingens se aliment6 principalmente de D. gahi, I. argentinus de los
mictoéfidos Gymnoscopelus sp., y D. gahi de los crustaceos Euphausia sp., Nyctiphanes sp., y

Thysanoessa sp.

Para concluir el estudio entre relaciones troficas he interaccion en los ecosistemas se
identificé la evolucion de los habitos alimenticios de D. gigas y al igual que otras especies de
calamares se encontr6 que el espectro tréfico varia de acuerdo al afio de analisis, sin embargo
se logro identificar a una presa clave para su desarrollo el pez mesopelagico V. lucitia. Esta

relacion se vio reforzada en la columna de agua ya que ambas especies fueron detectadas en la
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misma area. Algunos autores como Alarcon ef al, 2004 mencionaron sobre esta posible
dependencia de D. gigas con algunos peces, hecho que se refuerza con los resultados de esta
tesis ya que cuando se detectd la presencia de V. lucetia, generalmente estuvo acompafiada
por D. gigas. Como es de esperar V. lucetia se ha catalogado como una de las especies de
mayor abundancia con una distribucion global (Ahlstrom et al., 1976). Incluso con los
resultados de este trabajo se observa que existe una relacion directa en tiempo entre este
depredador y su presa, ya que en abundancias altas de V. lucetia, la poblacion de D. gigas
reacciona positivamente. En general si las especies presa claves en los ecosistemas son
dindmicas de rapido crecimiento poblacional, y este se refleja en altas abundancias y amplia
distribucién en el océano, es de esperar que los depredadores se beneficien de ellas. Sin
embargo la importancia de los estudios de este tipo se tiene que enfocar en la correcta
identificacion de la presa y sobre todo mantener el seguimiento de estas relaciones con el paso

del tiempo.
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Para el correcto desarrollo de esta tesis doctoral fue necesario determinar que especies del
orden Teuthida son adecuadas o accesibles para los estudios ecologicos, por lo que se
identificaron y seleccionaron siete especies correspondientes a tres familias: Ommastrephidae
representada por Dosidicus gigas, Illex argentinus, lllex coindetii, Todarodes sagittatus;
Doryteuthis gahi de la familia Loliginidae y Onykia ingens perteneciente a la familia

Onychoteuthidae.

VARIABILIDAD AMBIENTAL EN LAS POBLACIONES DE D. GIGAS Y L
ARGENTINUS

En base a los analisis de las series de tiempo de las variables ambientales y las relaciones con

las poblaciones de D. gigas e I. argentinus se pudo concluir que:

> El desarrollo de los ecosistemas tanto en la costa occidental de la peninsula de
Baja California y Pert siguen un patrén que se basa en los productores primarios y que

es afectado por la variacion en la TSM (Control Bottom up).

> El cambio en la TSM no afecta directamente a las poblaciones de D. gigas y L.
argentinus, esto observado en las tendencias de captura y estimaciones de biomasa, sin
embargo y como se discute en este trabajo el efecto se puede describir con un desfase
de un afio en el andlisis de las series y que serd el reflejo del efecto de la TSM sobre

otros estadios de desarrollo de estas especies.

> Los cambios en la TSM son reflejados en la modificacion de la dindmica de las
masas de agua y en base a ello se pueden detectar movimientos de D. gigas y I
argentinus hacia el norte y sur de su distribucion. Movimientos que les han permitido

permanecer y ampliar su rango de distribucion.
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RELACIONES TROFICAS E INTERACCION EN LOS ECOSISTEMAS

Con respecto a los andlisis de ecologia trofica y relaciones depredador-presa se concluye que:

> Los habitos alimenticios de D. gigas, 1. argentinus, 1. coindetii, T. sagittatus,
D. gahi y O. ingens pueden variar de acuerdo a la disponibilidad de presas en la
columna de agua, asi como la region, estacionalidad y la talla de los calamares,
mientras que el espectro de presas se enfoca en la o las presas mas abundantes y

disponibles.

> El uso de los mismos recursos alimenticios fue una tendencia que se observd
en las redes tréficas de estas especies de calamares y generalmente se enfocd en
organismos de aguas medias y limitado a grupos como los peces mesopelagicos,
crustaceos decapodos y anfipodos. En el Atlantico sur, D. gahi, los eufausidos y el pez
S. australis son presas comunes en los habitos alimenticios de O. ingens, 1. argentinus
y D. gahi. Mientras que en el Mediterrdneo los crustaceos P. multidentata, y de los
anfipodos A. blossevillei y P. sedentaria, y los peces Paralepididac A4. risso y

Lestidiops sp., en la dieta de 1. coindetii y T. sagittatus.

> En base a los andlisis de agrupacion en ecologia trofica se concluye que la
diferencia en talla es el factor que determina la depredacion de las especies ya que
organismos de tallas menores presentaron un espectro de presas limitado y poco

diverso, que se incrementa con la talla.

> Se identificaron las especies claves que determinan el desarrollo de las
poblaciones de estos depredadores en base a los estudios ecotroficos concluyendo que
D. gigas se alimentd principalmente del pez mesopeldgico V. lucetia en el océano
Pacifico Sur, I. coindetii se aliment6 principalmente de los peces Lestidiops sp., y C.
sloani y del crusticeo P. multidentata en el Noroeste del Mar Mediterraneo, T.
sagittatus se aliment6 del pez A. risso y el anfipodo P. sedentaria en el Noroeste del
Mar Mediterrdneo, mientras que O. ingens se alimentd principalmente de los
calamares D. gahi, el calamar argentino /. argentinus se alimentd de los peces

mictéfidos Gymnoscopelus sp., y por ultimo D. gahi se alimentd principalmente de los
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crustaceos Euphausia sp., Nyctiphanes sp., y Thysanoessa sp. en aguas internacionales

de la plataforma Patagdnica.

Las relaciones depredador presa son el principal factor y determinan si las
poblaciones de D. gigas y I. argentinus pueden mantenerse en el tiempo. Esto se
identificd claramente en D. gigas quien presentd un acoplamiento con respecto a la
abundancia de su principal presa el pez mesopeldgico V. lucetia en el océano Pacifico

Sur.

Es necesario que se continuen estudios de habitos alimenticios, ya que como se
observd en este trabajo, para poder hacer comparativas en tiempo es necesario contar
un una base de habitos alimenticios a través del tiempo. Esto con la finalidad de

identificar correctamente a la presa clave en el ecosistema.
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CONCLUSIONES POR OBJETIVOS PLANTEADOS

> Objetivo 1.- Determinar que especies del orden Teuthida pueden considerarse en

estudios de variabilidad ambiental.

Conclusidn: las especies de calamares representadas en los océanos comprenden mas de 300
especies agrupadas en 28 familias. Para poder determinar que especies son claves en el
desarrollo de los ecosistemas es necesario considerar aspectos como abundancia, distribucion,
talla y respuesta a los cambios ambientales, por lo que considerando estos factores y la
importancia de algunas especies a la industria pesquera se determind que tres familias,
Ommastrephidae representada por D. gigas, I argentinus, I coindetii y T. sagittatus,
Lolliginidae representada por D. gahi y Onychoteuthidae representada por O. ingens, pueden

considerarse como adecuadas para describir estudios ecosistémicos.

> Objetivo 2.- Determinar cudles son los procesos fisico-quimicos que afectan

directamente el cambio en biomasa y distribucidn de estas especies.

Conclusion: no se observd un efecto directo de la temperatura superficial del mar en las
poblaciones de D. gigas y 1. argentinus, sin embargo al aplicar los analisis de correlacion
desfasada a las series temporales de captura y biomasa de estas especies y la temperatura
superficial del mar, el efecto fue negativo para las poblaciones de D. gigas en el océano
Pacifico Corriente de California y Corriente de Humboldt, y positivo para /. argentinus en la

plataforma Patagonica Sur.

> Objetivo 3.- Determinar si existe y cudl es la causa bioldgica que ha promovido el

cambio en el desarrollo de estas poblaciones.

Conclusion: se analizé la relacion entre la abundancia de zooplancton y la productividad
primaria basada en clorofila a con las series de captura y biomasa de D. gigas y I. argentinus,

determinando que existen relaciones positivas entre las abundancias de zooplancton y la
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biomasa de estos calamares, sin embargo estas relaciones no son instantdneas y se reflejan a
un afio de desfase. Por lo que se infiere que la productividad primaria y la abundancia del
zooplancton afectan directamente a los estadios larvarios y juveniles de los calamares y no a
los estadios adultos que son sujetos de pesca. Directamente se concluye que las relaciones
troficas son el principal factor que afecta la abundancia y distribucion de estas especies ya que
existe dependencia entre algunas presas y el depredador como fue observado en las relaciones

troficas entre D. gigas y el pez V. lucetia en el océano Pacifico Sur.

> Objetivo 4.- Identificar las repercusiones que se han tenido con el cambio en las
poblaciones de estas especies y sus presas: si la distribuciéon a aumentado y su
abundancia también, ;COmo se sostiene este cambio?, ja qué grupo se estd

impactando en mayor intensidad?.

Conclusion: las especies de calamares que fueron estudiadas en este trabajo mantienen una
clasificacion trofica generalista, enfocada en la disponibilidad de presas y la facilidad de
captura, por lo que el incremento en biomasa de los calamares afectard directamente a las
presas que cumplan con estos criterios. En base a los estudios de contenidos estomacales se
concluye que la presa de mayor importancia para D. gigas en el océano Pacifico sur fue el pez
mesopelagico V. lucetia, para I. coindetii en el noroeste del Mar Mediterraneo fueron los
peces Lestidiops sp., C. sloani y el crustaceo P. multidentata, para T. sagittatus en el noroeste
del Mar Mediterraneo las especies mas importantes fueron el pez A. risso y el anfipodo P.
sedentaria, mientras que para O. ingens, en las aguas internacionales de la plataforma
Patagonica y alrededor de las islas Falklands/Malvinas, las especies presa mas importantes
fueron el calamar D. gahi, para I. argentinus fueron los mictofidos Gymmnoscopelus sp., y para
D. gahi las presas mdas importantes fueron los crustaceos Euphausia sp., Nyctiphanes sp. y
Thysanoessa sp.. Estos resultados podrian indicar que estas especies presa presentan
abundancias importantes en las regiones estudiadas y directamente dan soporte a las

poblaciones de calamares, promoviendo su desarrollo y permanencia en los ecosistemas.
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ABREVIATURAS ESPANOL

°C: Grados centigrados

ANOVA: Andlisis de Varianza

APE: Agua del Pacifico Ecuatorial

ASP: Agua Subartica del Pacifico

AStS Agua Subtropical Superficial

Atr: Agua de Transicion

CALAOCEAN: Proyecto Cultivo larvario de calamares ocednicos

CalCOFTI: California Cooperative Oceanic Fisheries Investigations (Investigaciones
cooperativas Oceanograficas y Pesqueras de California)

CC: Corriente de California

CE: Corriente del Ecuador

CH: Corriente de Humboldt

CIBNOR: Centro de Investigaciones Bioldgicas del Noroeste S. C.

CICESE: Centro de Investigacion Cientifica y de Educacion Superior de Ensenada
Cl a: Clorofila a

CONACYyT: Concejo Nacional de Ciencia y Tecnologia

CU: Contra Corriente Subsuperficial

FAO: Organizacidn de la Naciones Unidas para la Alimentacion y Agricultura
FO: Frecuencia de ocurrencia

IC: Contra Corriente Costera

ICM: Instituto de Ciencias del Mar

IIR: indice de Importancia Relativa

IMARPE: Instituto del Mar del Peru

IMECOCAL: Investigaciones Mexicanas de la Corriente de California

LM: Longitud del manto
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MAGyP: Ministerio de Agricultura, Ganaderia y Pesca
NCCIB: Programa de Interpolacion de datos satelitales de TSM
RLM: Regresion Lineal Multiple

S: Salinidad

SCC: Sistema de Corriente de California

CSIC: Consejo Superior de Investigaciones Cientificas

TSM: Temperatura Superficial del Mar

UABC: Universidad Autonoma de Baja California

ups: Unidades porcentuales de sal

Z00: Zooplancton
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ENGLISH ABBREVIATIONS

°S: Degrees South

ANOVA: Analysis of Variance

BC: Brazilian Current

BFC: Brazil/Flaklands/Malvinas Confluence
BW: Body Weight

CalCOFTI: California Cooperative Oceanic Fisheries Investigations
Cla, Chl: Chlorophyll a

FC: Falklands/Malvinas Current

FO: Frequency of Occurrence

FWI: Fullness Weight Index

IRI: Importance Relative Index

ML: Mantle Length

MLR: Multiple Linear Regression
NWDMediterranean: North West Mediterranean
SCW: Stomach Content Weight

SOI: Southern Oscillation Index

SST: Sea Surface Temperature

Z00: Zooplankton
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Género y especie
Abraliopsis affinis
Anchilomera blossevillei
Ancistroteuthis lichtensteinii
Aptenodytes patagonicus
Architeuthis dux
Arctozenus risso
Argentina sp.

Ariomma sp.

Aristeus antennatus
Bathyteuthis sp.
Benthosema glaciale
Carcharhinus falciformis
Cerastocopelus maderensis
Chauliodus sloani
Coelorinchus sp.
Diogenichthys laternatus
Diomedea bulleri
Diomedea epomophora
Diomedea exulans
Doryteuthis gahi
Dosidicus gigas
Engraulis mordax
Eudyptes chrysocome
Eudyptes pachyrhynchus
Eudyptula minor
Euphausia lucens
Euphausia sp.
Evermannella balbo
Globicephalus melaena
Gnatia maxillaris
Gonatus sp.
Gymnoscopelus nicholsi
Histioteuthis reversa
Histioteuthis sp.
Hoplostethus atlanticus
Hyale sp.

Illex argentinus

lllex coindetii

1llex illecebrosus
Istiophorus platypterus
Kondakovia longimana
Lampanyctus pusillus

Género y especie
Micromesistius poutassou
Mirounga leonina
Mullus barbatus
Munida gregaria
Munida intermedia
Munida spinosa

Munida subrugosa
Myctophum nitidulum
Myctophum punctatum
Nansenia sp.
Notophycis marginata
Notoscopelus elongatus
Nototodarus sloanii
Nyctiphanes sp.
Ommastrephes bartramii
Onychoteuthis banksii
Onykia ingens

Onykia robusta

Onykia sp.
Paranotothenia microlepidota
Parapeneus longirostris
Pasiphaea multidentata
Pasiphaea sivado
Pasiphaea spp.
Phronima sedentaria
Phrosina semilunata
Physeter macrocephalus
Plesionika acanthonatus
Plesionika heterocarpus
Plesionika martia
Plesionika sp.
Plesionika spp.
Pleuroncodes planipes
Primmo sp.
Protomyctophum sp.
Sagitta elegans

Salilota australis
Sardinops caeruleus
Scomber japonicus
Sphyrna lewini
Stenopleura atlantica
Symphodus cinereus
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Lampris immaculatus
Lestidiops sp.

Loligo forbesii

Loligo reynaudii
Macroronus novaezelandiae
Makaira mazara

Martyalia hyadesi
Maurolicus muelleri
Megadyptes antipodes
Meganyctiphanes norvegica
Merluccius merluccius
Merluccius sp.
Mesonychoteuthis hamiltoni
Micromesistius australis

Symphodus mediterraneus
Taningia danae
Tetrapturus audax
Themisto gaudichaudi
Thysanoessa sp.
Thysanopoda sp.
Thysanoteuthis rhombus
Todarodes pacificus
Todarodes sagittatus
Todaropsis eblanae
Trachurus trachurus
Vibilia sp.

Vinciguerria lucetia
Vinciguerria nimbaria
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CALAMARES DOMINAN EL OCEANO

y los mares mexicanos
RIGOBERTO ROSAS LUIS*

Los registros histricos sobre la presencia de calama-
res en aguas ocednicas se remontan a la época de
los exploradores escandinavos y griegos del primer
tercio del siglo XvI, quienes describian a monstruos
marinos que emergian a la superficie y devoraban los
navios y su tripulacion. Con el paso de los afios es-
tos monstruos marinos fueron siendo descritos como
animales de cuerpos alargados, como serpientes, que
asomaban su cabeza y nadaban a gran velocidad.
Estas caracteristicas sélo se pueden apreciar si se ob-
serva de cerca la morfologia de los calamares y los
habitats donde suelen encontrarse. Asi, los ejempla-
res mds grandes de este grupo de animales se hallan
relacionados a zonas marinas de gran profundidad,
por lo que no es de extraiar que los navios guerreros
de los antiguos griegos tuvieran encuentro con ver-
daderos calamares gigantes durante sus travesias por
los océanos. En el pasado los calamares jugaron un
papel importante en la regulacion de los ecosistemas

marinos ya que fueron depredadores activos de los
grandes peces e invertebrados y sirvieron de alimento
a los grandes depredadores, como el mayor tiburén
que ha existido Carcharodon megalodon y las gran-
des ballenas dentadas antecesores de los cachalotes
actuales (Fig. 1). El fin del periodo de los monstruos
marinos, que concluyd paralelamente a la desapari-
cién de los dinosaurios, provocé que los calamares
gigantes declinaran pero no que desaparecieran. Las
suposiciones que se han planteado sobre el destino
de estos ancestros de los calamares actuales se diri-
gen a una disminucion en su talla en respuesta a los
cambios ambientales y a la mengua de sus presas po-
tenciales. Esta disminucion de talla o gigantismo en
estos organismos dio como resultado su diversifica-
cién en el océano, por lo que actualmente se puede
encontrar un digno representante de estos calamares
gigantes ancestrales en practicamente cualquier am-
biente marino.
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Buceo con el Demonio
rojo del Golfo de
California.

Foto: © Carlos Aguilera Calderén



Figura 1. Depredadores
gigantes de los océanos.

Edicién: © Rigoberto Rosas Luis

La forma adecuada para un medio marino peligroso
Que los calamares sean organismos marinos exitosos
se debe principalmente a su forma hidrodindmica y
que acortaron su tiempo de maduracion sexual, lo que
les permitié incrementar su supervivencia individual.
La morfologia de estos organismos los distingue del
resto del reino animal y de sus competidores ocedni-
cos. Si se pidiera a una persona que describiera a un
calamar, lo primero que vendria a la mente serfan los
misiles y torpedos utilizados en la guerra, ya que esta
forma tubular terminada en punta es la mejor para
abrirse paso entre cualquier obstaculo. En el medio
marino la figura de torpedo en los calamares les per-
mite desplazarse con rapidez y a grandes distancias
al romper facilmente con la friccién del agua, sin em-
bargo, no serfa del todo adecuada sin un motor que
propulsase al torpedo. El modo en que los calamares
solucionaron este problema fue el desarrollo de la
propulsién a chorro. Dentro de su cuerpo el calamar
guarda su mejor sistema de propulsién, absorbe agua
y la arroja fuera por medio de un sifén logrando asi
escapar a cualquier depredador potencial.

La propulsién a chorro y la forma hidrodindmica
del calamar son dos de las mejores adaptaciones que
la naturaleza ha mantenido y esto se demuestra por
su gran eficacia en el medio marino y la razén por la
cual los calamares no han modificado su forma en su
historia evolutiva desde su aparicion en el Devénico

12

. Leviathan melvillei extinto
(ancestro de los cachalotes actuales).

2. Carcharodon megalodon extinto
(tiburén ancestro del tiburén blanco).

adoselache sp. extinto
(primer tiburén depredador de calamares).

. Plesoosaurius sp. extinto (reptil marino).

5. Ictiosaurius extinto (reptil con forma de pez).

.- Dosidicus gigas (calamar demonio rojo
presente en el Pacifico mexicano).

. Architeuthis dux (el calamar gigante mds
grande en el Golfo de México y Caribe).

(el fésil de calamar mds antiguo que se tiene regis-
trado es del periodo Jurdsico hace 196.5 millones de
anos). Los grandes representantes de los calamares en
el pasado y los actuales comparten entre si estas ca-
racteristicas. La figura 2 indica cémo la morfologia de
estos organismos se ha mantenido y sélo ha variado
en lo que se refiere a la talla de los ejemplares y en el
largo de los brazos y tentdculos.

Calamares alrededor del mundo

Existen mas de 300 especies de calamares del or-
den Tehutida, que corresponden a 28 familias en el
océano y los encontramos distribuidos en todas las
latitudes y en todos los ambientes marinos registra-
dos. Desde las aguas mas frias de las zonas polares
hasta las mas clidas del ecuador, y desde las zonas
mds oscuras abisales hasta la capa mds superficial
de la columna de agua. La amplitud en el rango de
distribucién de estos organismos y la tolerancia a los
cambios ambientales que representa esta distribucién
demuestran su grado de adaptabilidad.

Alrededor de la década de 1970 los calamares
eran considerados como organismos secundarios y
de poca relevancia en las investigaciones marinas, ya
que no representaban impacto en las pesquerfas o en
los censos de la vida marina (Fig. 3). Sin embargo si
eran importantes para los estudiosos de los grandes
mamiferos marinos, pues se observé que una gran



cantidad de calamares eran devorados por las balle-
nas dentadas. Asf, Clarke y colaboradores en 1992 y
1993, en las aguas del Pacifico Sur ya advertian el pa-
pel importante de los calamares en las tramas tréficas
de estos ecosistemas y dentro del Golfo de California,
Diane Gendron encontraba una relacién directa entre
la presencia de cachalotes y la abundancia de cala-
mares. A partir de 1980, cuando las poblaciones de
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Dosidlicus gigas
Thysanoteuthis rhombus

Lepidoteuthis grimaldii
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Pholidoteuthis adami
Tainius pavo
Sthenoteuthis pteropus
Sthenoteuthis oualaniensis
Galiteuthis armata
Cycloteuthis sirventi
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Dctopoteuthis sicula
Ommastrephes bartramii
Doryteuthis pealeii
Egea inermis
Ancistrocheirus lesueurii
lllex coindetii
Onychoteuthis banksii
Doryteuthis plei
Onnithoteuthis antillarum

los principales recursos pesqueros y de los grandes de-
predadores experimentan un declive importante, los
calamares comienzan a ser reconocidos en la inves-
tigacion de los océanos. Desde esa fecha los reportes
de avistamiento de calamares en todo el planeta se
incrementan y en las regiones pesqueras como Méxi-
co, Per(i, Argentina, Sudafrica y el Mar Mediterraneo
se reportan capturas altas (Fig. 3).
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Figura 2. Calamares de
més de 30 cm de longitud
del manto presentes en
las aguas de los mares
mexicanos.

Edicién: © Rigoberto Rosas Luis

Figura 3. Evolucion de las
principales pesquerfas de
calamares

1y 2. Océano Pacifico
Americano: pesca de
calamar gigante

3. Océano Atlantico
Sur: pesca de calamar
argentino

4. Océano Indico: pesca
de calamar africano

5. Mar Catalan
Mediterréneo: pesca de
calamar /llex

Nota: elaboracién a partir de
datos propios:
© Rigoberto Rosas Luis



Figura 4. Calamares
colosales de los océanos.

Edici6n: © Rigoberto Rosas Luis

. Kraken Architeuthis dux
. Calamar colosal Mesonychoteuthis hamiltoni

3. Demonio rojo Dosidicus gigas

. Calamar gato Taningia danae

El interés por los calamares a nivel global fue re-
forzado con la aparicién de ejemplares de diferentes
formas y sobre todo de tallas. El calamar gigante mas
grande registrado fue uno de la especie Architeuthis
dux (Kraken), con una longitud total de 22 metros, en
las aguas del océano Atlantico. Sin embargo éste no
es el Gnico representante gigante en las aguas ocedni-
cas, existen al menos 11 especies mds de calamares
gigantes entre las que se encuentran Mesonycho-
teuthis hamiltoni (9 m), Moroteuthis robusta (5 m),
Dosidlicus gigas (5 m), Ommastrephes bartramii, Ta-
ningia danae, Moroteuthis ingens, Kondakovia longi-
mana, Thysanoteuthis rhombus y Onykia sp. (2 m),
Todarodes sagittatus (1.5 m). Estas especies de cala-
mares se encuentran en todos los ambientes marinos
conocidos y su presencia y abundancia se consideran
como herramientas para entender la evolucién del
ecosistema y el futuro de los océanos (Fig. 4).

Calamares de las aguas mexicanas

Entre las funciones de los calamares en los océanos
se distingue la de regular las poblaciones de peces y
crustaceos y la de transmitir energfa de un nivel tré6-
fico bajo a los niveles altos, donde estan los grandes
tiburones y las ballenas dentadas. Cuando en el eco-
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5. Calamar lurién Moroteuthis ingens

6. Pota saltadora Ommastrephes bartramii

7. Calamar losange Thysanoteuthis rhombus
8. Calamar volador Todarodes sagitatus

sistema se encuentra el grupo de calamares en los
niveles tréficos medios, se alimentan de una gran
cantidad de peces, crustaceos y moluscos y a su vez
son parte importante en la dieta de los grandes ma-
miferos marinos, tiburones y aves. Esta particularidad
de los calamares es la primordial para entender que
en las aguas de los mares mexicanos los calamares
iniciaron un proceso de colonizacién, expansion y
crecimiento que los ha colocado como uno de los
grupos mas importantes de nuestros ecosistemas.

En las aguas de los mares mexicanos existen 79
especies de calamares de las mas de 300 descritas y
entre ellas dos de las mas grandes que hayan existido
en los océanos: el calamar gigante o demonio rojo
(Dosidicus gigas) que habita el Golfo de California y
el Pacifico Mexicano y el calamar gigante del océano
Atlantico o Kraken (Architeuthis dux). Ademas, uno
de los representantes mds pequefos y que por na-
cimiento e historia de vida es mexicano: el calamar
Pickfordiateuthis vossi de tan sélo dos centimetros
(Gnicamente habita en el Golfo de California y en
la costa occidental de la Peninsula de Baja Califor-
nia). Por su parte, el mds grande de estos calamares
es el Kraken que puede alcanzar hasta los 22 me-
tros de longitud total, mientras que el demonio rojo



del Golfo de California sélo llega a los 4.5 metros.
Ambas especies son depredadores activos capaces de
alimentarse de una gran cantidad de organismos, ya
que no son selectivos en su alimentacién, lo que los
convierte en maquinas devoradoras del mar.

En México los calamares son especies de impor-
tancia comercial, sin embargo una ha logrado posi-
cionarse como la principal y éste es el llamado demo-
nio rojo. Su pesquerfa se inici6 en 1974 debido a la
cercania del recurso a la costa y fue inicialmente de
tipo artesanal. Para 1977, sélo tres afos después, se
incorporaron buques japoneses y hacia 1978 la flota
camaronera, lo que provocé un aumento en las cap-
turas, que se incrementaron exponencialmente en la
década de 1990 y hasta la fecha, pues se han estimado
abundancias de mas de 180 mil toneladas sélo para el
Golfo de California. Otros calamares de importancia
comercial en México son de menor talla como los ca-
lamares blancos del género Loligunculla spp. que no
rebasan los 30 cm de longitud, pero que son siem-
pre reportados en las pesquerias de los diferentes
puertos pesqueros.

En México las pesquerfas de los grandes peces
oceanicos —como los atunes, pez espada, tiburones
y, en el pasado, los mamiferos marinos— han pro-
vocado que estas especies se encuentren en estado
critico; y si a esto se suma la modificacion de las ca-
racteristicas ambientales por el cambio climdtico, no
es raro esperar que el resultado sea un océano prac-
ticamente vacio. Sin embargo, a Gltimas fechas, se ha
observado un resultado favorable en las poblaciones
mexicanas de calamares, las cuales se han adaptado
a estos cambios ambientales y por ausencia de de-
predacién de los grandes peces, tiburones y mamife-
ros marinos, han logrado recuperar sus poblaciones
e incrementar su biomasa y distribucién. Esta recu-
peracion es clave para el desarrollo del ecosistema,
pues las especies depredadoras podran utilizar estos
recursos y regresar a un estado saludable en nuestros
mares mexicanos.

Importancia de los calamares

para los ecosistemas marinos

Por su abundancia y amplia distribucién, los cala-
mares del orden Teuthida estdn considerados como
organismos importantes en términos ecolégicos. Son
presa de un gran nlimero de especies de peces, ma-
miferos marinos, aves e incluso de ellos mismos, y
como depredadores son organismos voraces capaces
de atacar una gran variedad de presas. Esto provoca
que los cambios en su abundancia influyan tanto en
el tamafio como en la distribucion de las poblaciones
de sus depredadores y en el control del flujo de ener-
gia y biomasa en el ecosistema, debido a las interac-

ciones interespecificas e intraespecificas, que afectan
la diversidad en el ecosistema marino.

A nivel mundial se ha observado que la poblacién
de depredadores tope (tiburones, ballenas dentadas
y grandes peces peldgicos) estd en declive y por ello
sus presas calamares han incrementado y estan ex-
pandiendo su distribucién y biomasa, ademéds de lo-
grar un mayor tamano. Esto ha provocado que en el
ecosistema peldgico del océano el flujo de energia
esté siendo regulado principalmente por estos nuevos
depredadores (calamares). En este sentido se puede
acentuar la importancia de los calamares en las re-
des tréficas de los océanos que, en las Gltimas dos
décadas, han logrado posicionarse como los nuevos
depredadores tope de los ecosistemas marinos.

Como punto final se ha dicho que los calamares
y en especial los calamares gigantes pueden ser la
punta de un iceberg que oculta graves lesiones a los
ecosistemas y animales marinos, cuyas repercusiones
ambientales, econémicas y culturales son impredeci-
bles (de acuerdo con Guerra y colaboradores). Si esto
es asi se puede afirmar que los calamares son ani-
males embleméticos y se les podria considerar como
especies clave para el entendimiento de los procesos
ambientales y de la evolucién de nuestros océanos.
Por lo que el estudio de sus habitats y desarrollo de
sus poblaciones nos brindaran una visién panorami-
ca de la evolucién de los ecosistemas marinos y en
particular de los ecosistemas marinos mexicanos.
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Calamar gigante de las
costas de Perd.
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del Golfo de California
y potera de pesca.
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SUMMARY: Acoustic surveys for assessing the biomass and distribution of the jumbo squid (Dosidicus gigas) and the
lightfish (Vinciguerria lucetia) were carried out in the Humboldt Current System of Peru in 2007 and 2008. At the same
time, 937 jumbo squid were caught and their stomach contents analyzed. The diet of the jumbo squid was dominated by
mesopelagic fish. The first component of their fish diet was V. lucetia and the second component was the myctophid fish
Diogenichthys laternatus. Acoustic biomass estimates of these species show that V. lucetia is an important component in
aggregative structures in the Humboldt Current System of Peru and its distribution and movements are closely related to the
migratory movements of the jumbo squid. The trophic relationship observed between D. gigas and V. lucetia promotes an
increase in jumbo squid biomass and, has a positive trophic effect on the ocean ecosystem.

Keywords: jumbo squid, Dosidicus gigas, Vinciguerria lucetia, trophic relationships, acoustic method, Humboldt Current.

RESUMEN: RELACIONES TROFICAS ENTRE EL CALAMAR GIGANTE DoOSIDICUS GIGAS Y EL PEZ LUMINOSO VINCIGUERRIA LUCETIA
EN EL SISTEMA DE LA CORRIENTE DE HUMBOLDT DE PERU. — La biomasa de calamar gigante Dosidicus gigas y el pez me-
sopeldgico Vinciguerria lucetia se obtuvo a partir de deteccién acustica en la Corriente de Humboldt de Perd durante 2007
y 2008. Simultdneamente, 937 calamares fueron capturados y se les analizé el contenido estomacal. La dieta de D. gigas
estuvo dominada por peces, siendo V. lucetia el principal componente y en segundo lugar el mictéfido Diogenichthys latur-
natus. A partir de la evaluacién de la biomasa de ambas especies, estimada por el método acustico, se observé que V. lucetia
es uno de los principales componentes en el sistema de la Corriente de Humboldt de Pert y sus patrones de distribucion y
movimientos espacio-temporal estdn fuertemente relacionados a los desplazamientos migratorios del calamar. Estas relacio-
nes tréficas promueven un incremento de la biomasa de D. gigas que es resultado de un patrén similar en V. lucetia, lo que
propicia un efecto tréfico positivo en el ecosistema ocednico.

Palabras clave: calamar gigante, Dosidicus gigas, Vinciguerria lucetia, relaciones tréficas, método acustico, corriente de
Humboldt.

INTRODUCTION riety of prey, including fish, crustaceans and other
invertebrates (Ehrhardt er al., 1986, Markaida and

The jumbo squid Dosidicus gigas (d Orbigny, Sosa-Nishizaki, 2003, Markaida et al., 2008). It is con-
1835) is a voracious predator that attacks a great va- sidered an important organism in the ecosystem due
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to its voracity and its tendency not to feed selectively
(Markaida and Sosa-Nishizaki, 2003). It has become an
important commercial resource in the eastern Pacific
Ocean. In Peru the jumbo squid fishery has been one of
the most important fisheries since 1990 (Yamashiro et
al., 1998, Markaida and Sosa-Nishizaki, 2003, Rosas-
Luis et al., 2008, Keyl et al., 2008). This species feeds
mainly at night, but there are reports of jumbo squid
feeding during the day in the California Current Sys-
tem of Mexico (Markaida and Sosa-Nishizaki, 2003,
Rosas-Luis et al., 2008), and in the Humboldt Current
System of Peru (Alegre-Norza, personal observations,
2010), which shows that the species carries out both
vertical (Gilly et al., 2006) and horizontal migrations
(Markaida et al., 2005).

In the Humboldt Current System of Peru, upwelling
events on the coast result in high concentrations of pri-
mary and secondary production that are exploited by
D. gigas and other species such as mesopelagic fish.
A remarkable feature of mesopelagic fish, such as the
lanternfish (Myctophidae) and lightfish (Phosichthyi-
dae), is that they perform extensive vertical migrations
and form dense patches. Vertical migration is one of
the most widespread patterns of animal behaviour in
mesopelagic zones (Frank and Widder, 2002), and
influences the life histories of non-migrating and mi-
grating fish and cephalopods (mainly the jumbo squid)
and the feeding behaviour and spatial distribution pat-
terns of predators (Konchina, 1983, Benoit-Bird and
Au, 2002, Bertrand et al., 2002). Aggregations, densi-
ties and the geographic distribution of species can be
quantified and mapped by acoustic methods, such as
sound scattering layers (Lapko and Ivanov, 1994, Luo
et al., 2000, Cornejo and Koppelmann, 2006). This is
very useful for estimating the abundance of marine or-
ganisms. Data from acoustic surveys can also provide
biological information, such as spatial distribution pat-
terns and migratory movements. These methods have
therefore been used to study the predator-prey relation-
ship when species are well discriminated (Miyashita et
al., 2004). For D. gigas, the acoustic method has been
standardized and acoustic detection has frequently
been used to estimate biomass in Mexico and Peru
(Benoit-Bird er al., 2008). However, acoustic detection
of the lightfish (Vinciguerria lucetia, Garman, 1899) is
always compared with trawls that are monitored and
controlled by an acoustic net-recorder (Marchal and
Lebourges, 1996, Cornejo and Koppelmann, 2006).

Dosidicus gigas is an important commercial re-
source and like V. lucetia, it is important to marine
ecology. V. lucetia is one of the most abundant species
of mesopelagic fish in the eastern Pacific Ocean both
in tropical and warm waters (Ahlstrom, 1968), and
it has been reported in studies on the feeding habits
of squid (Schetinnikov, 1986, Schetinnikov, 1989,
Markaida and Sosa-Nishizaqui, 2003, Markaida, 2006,
Rosas-Luis, 2007). Due to the abundance of D gigas,
its feeding behavior and its importance as a fishery
resource, and also the dynamism and abundance of V.
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F1G. 1. — Pacific Ocean off Peru, principal area of jumbo squid fish-
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lucetia, the objective of this study was to determine the
trophic relationship between D. gigas and V. lucetia in
the pelagic ecosystem in the southeast Pacific Ocean
off Peru (Fig. 1), based on the data analysis of acoustic
measurements, midwater trawl fishing and stomach
content analyses in 2007 and 2008.

MATERIALS AND METHODS
Biological data

Three bio-acoustic surveys were carried out by the
Instituto del Mar del Peru (IMARPE) aboard the BIC
Humboldt and José Olaya Balandra in the Humbold
Current System off Peru in March (summer) of 2007
and June-July (autumn-winter) and November-Decem-
ber (spring) of 2008.

Jumbo squid were caught, measured and the stom-
ach contents were sampled. Hard structures and tissues
of fish, cephalopods and crustaceans were used to
identify prey in 829 stomach, while 108 stomachs were
empty. The stomach contents were passed through a
500 w mesh sieve in the Trophic Ecology Laboratory of
IMARPE. Observations were made under a binocular
microscope (60-120x) over a black and white back-
ground to aid identification.

Hard structures were identified by consulting the
work of Fitch and Brownell (1968), and Garcia-Godos
(2001) for fish, Wolff (1984) for cephalopods, Newel
(1963) and Mendez (1981) for crustaceans and Alamo
and Valdivieso (1987) for molluscs.

Frequency of occurrence and numeric and gravi-
metric methods were used to quantify the diet. The
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Fi1G. 2. — Left: Composition by percentage number (%N) and weight (% W)(vertical axis) and frequency of occurrence (%FO, horizontal axis)
of the main prey found in the stomach contents of jumbo squid collected in the Humboldt Current System off Peru (March 2007, June-July
2008 and November-December 2008). Right: Percentage of V. lucetia found in the stomach contents of jumbo squid.

frequency of occurrence (%FO) was calculated as the
percentage of jumbo squid that fed on a certain prey,
the number (%N) was the number of individuals of a
certain prey in relation to the total number of individual
prey, and the weight (%W) was defined as the weight
of a certain prey in relation to the total weight of all the
prey (Cailliet, 1977).

Graphs of the index of relative importance (IRI)
were plotted to illustrate the diet compositions ob-
tained from scientific cruises (Pinkas er al., 1971) (Fig.
2). The most important prey according to the IRI were
included in the plots. IRI= (%N+%W)*%FO.

Acoustic data

Acoustic data were collected with a Simrad EK60
dual frequency quantitative scientific echo sounder that
consisted of split-beam transducers of 38 and 120 kHz
mounted on the ship’s hull, which were calibrated prior
to the survey using standard procedures (Foote ef al.,
1987). The data were processed with Echoview (Sim-
monds and MacLennan, 2005). The water column was
investigated down to depths of 500 m. Figure 3 shows
the acoustic survey area and the 11 parallel transect
lines. Each transect line crossed the continental shelf
to the oceanic zones (about 300 nautical miles from

the shore), where sea depths range from 5 to 500 m.
A daytime survey (from 1 h after sunrise to 1 h before
sunset) and a night-time survey (from 1 h after sunset
to 1 h before sunrise) were conducted for each transect
line within 24 h.

For mesopelagic fish, acoustic detection with a -70
dB threshold was applied to minimize bias due to noise
or non-mesopelagic fish. With this threshold, the nau-
tical-area-backscattering coefficients were recorded
along survey tracks at georeferenced elementary dis-
tance sampling units of 1 nautical mile each. The result
can be considered to represent the biomass of meso-
pelagic fish (Bertrand et al.,, 1999, MacLennan et al.,
2002). Sometimes several species were found in mixed
concentrations so that the marks on the echogram from
each species could not be distinguished. The echogram
shows that the echo-integrals can provide data about
a group of mixed species as one category, but not
about the individual species. However, it is possible
to make further divisions to species level by referenc-
ing the composition of the trawl catches (Nakken and
Dommasnes, 1975). To support this process, organism
samples were collected at the same time by non-closing
pelagic trawls (Length: 55 m: mesh codend: 13 mm).
Commercial midwater trawls were used to determine
the taxonomic composition of the mesopelagic fish in
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F1G. 3. — Acoustic detection of V. lucetia and D. gigas in 2007 and 2008 in the Humboldt Current System off Peru. Transect A, B, C, D and E
were completed in March 2007; F, G and H in June-July 2008; and I, J and K in November-December 2008. SD, seashore distance in nautical
miles. Vertical movements of jumbo squid and V. lucetia were clearly detected in the echogram of transects F and H.

the water column according to the distribution of the
sound scattering layers (SSLs) observed on the echo
sounder. Acoustic backscatter energy was detected in
up to four layers of 50 m intervals (5 to 220 m) during
the night-time and up to ten layers (5-500 m) during
the daytime.

The nautical-area-backscattering coefficients (S,)
were calculated for each trawl for cells in which fish
were present (S,+), which is an index of fish density.
We used the following expression for calculating the
biomass:

Biomass = C-A<S,>
C = C/(1000 oy,)
Oy, = 4 1075k&/10
TS, = TS — 10 log (<w>/1000)

V. lucetia: TS=20 Log L-79.06 (dB), L: 3.5 t0 6.5 cm
(Gutierrez and Herrera, 1998)
D. gigas: TS=20 Log L.-92.82 (dB), L: 65.5 to0 93.5
cm (Castillo and Gonzales, 2000)
D. gigas: TS=20 Log L-86.17 (dB), L: 22 to 38 cm
(Castillo and Gonzales, 2000)

where:
TS: target strength, specific to each species.

<S,>: nautical coefficient average of dispersal area
(m?/nm), ecointegration average of isoparalitoral area.

A: isoparalitoral area (nm?)

Oy, - retrodispersed acoustic section (kg).

C;: instrumental constant of echosounder.

<w>: weight average of species (g).

L: body length of a scatterer (normally this is the
total length for fish, and dorsal mantle length for squid)

C: acoustic constant.

Consumption of V. lucetia

The percentage of V. lucetia in the total stomach
contents of each jumbo squid was calculated and plot-
ted to show the trophic relationship between these two
species. To estimate the consumption rate (Qi ) of V.
lucetia by D. gigas, we determined three parameters:
(1) the biomass of the predator (Bj); (2) the consump-
tion-biomass relationship of the predator (Q/B);j [taken
from Alarcon-Mufoz et al. (2008)]; and (3) the diet
composition (DCij) of the prey (i ) in the stomach con-
tents of the predator ( j). The following expression was
used to calculate the consumption rate:

0, = Y B;(Q/B),;-DC;

i=1
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TABLE 1. — Summary data of jumbo squid collected in the Humboldt Current system off Peru in 2007-2008

Sex
Fishing cruiser prospecting Date Female Male Unknown Total Mantle length (cm)
Bic. Olaya 0702-04 March 3-10 30 29 2 61 14.5-81.5
Bic. Humboldt 0805-07 June 4-July 12 346 313 659 6.7-103.5
Bic. Humboldt 0811-12 November 9- December 18 96 114 7 217 3.2-101.0
Total 472 456 9 937 3.2-103.5

RESULTS

A total of 937 jumbo squid was sampled (472 fe-
males, 456 males and 9 unknown). The dorsal mantle
length (ML) was measured, and ranged in size between
3.2 and 103.5 cm (Table 1). The most usual size of
males and females was 10 to 30 cm ML, and large
jumbo squid (>70 cm ML) were observed on all re-
search cruises.

Diet description

The stomach contents of D. gigas revealed two main
groups: fish and molluscs (mainly cephalopods). Fish
were found in practically every stomach (81.62% FO) in
2008 and (18% FO) 2007, and were the most important
group in both years. The index of relative importance
(IRI) was used to determine the importance of each group
in the diet of D. gigas. In 2007 fish and cephalopods
(Teuthida) were the most important groups and we ob-
served that D. gigas fed primarily on these two groups
(Fish IRI=1841, Teuthida=1238). The situation changed
drastically in 2008, when jumbo squid were found to feed
mainly on fish (Fish IRI=12795.82 and Teuthida=852.5).
V. lucetia was the main item in the jumbo squid diet. In
2007 it accounted for 44.1%N, IR1=445.4, and in 2008 it
was present in over half of the samples (54% and 69.12%
FO) and accounted for 53.3% and 42.6%N (IR1=3734
and 7029). The second most important fish was the myc-
tophid Myctophum nitidulum, which was present in both
years, and showed particularly high values in November-
December 2008 (IRI=651). Another myctophid in the
squid’s diet was Diogenichthys laternatus, which was
only present in 2008 (IRI 268 and 199) (Table 2).

Cephalopods were next in importance, and were
found in 19.4% of stomachs in 2007 and 10.8%, and
5.53% in 2008, and accounted for 19.4% of the prey
in 2007 and 4.62% and 0.77% in 2008. D. gigas was
the main item in the group as it was found in 6.45%
of samples in 2007 and accounted for 8.24% of prey
(IRI= 364.3). In 2008 its importance in the diet de-
clined (IRI=479.7 and 69.7)(Table 2).

Other groups were present in the diet such as the
crustaceans: Pleuroncodes monodon, pteropoda and
protista but they were not significant (IRI less than 35)
(Table 2).

The stomach samples collected represent the cli-
matic seasons of Peru: March (summer), June-July
(autumn-winter) and November-December (spring). D.
gigas mainly fed on V. lucetia in the three seasons (Fig.

2), and the importance of this fish increased throughout
the year (IRI summer= 445.4, autumn-winter= 3734
and spring= 7029.2) (Fig. 2, spelling bars). The diet
of D. gigas did not vary over the year, and we always
found the same prey groups (fish, cephalopods and
crustaceans); however, the frequency of occurrence of
these groups varied in the two years (Table 2).

Acoustic observation of the distribution patterns of
D. gigas and V. lucetia

Typical echograms at 38 and 120 kHz (Fig. 3) al-
lowed us to explain the distribution patterns and the
aggregative behaviour of D. gigas and V. lucetia in the
Humboldt Current System of Peru. We observed the
daily vertical migration of mesopelagic fish distributed
in the sound scattering layers. The midwater trawls
indicated that these acoustic structures were formed
mainly by micro-nektonic organisms such as V. lucetia.
In the summer 2007, D. gigas was detected at depths of
between 2 and 215 m, and it was observed interacting
with V. lucetia (Fig. 3). The distribution of the two spe-
cies was similar at between 26 and 290 nautical miles
(nm) from the seashore. Both species came close to the
surface water at night, and migrated to deeper waters
during the day. Biomass detection of these species with
acoustic methods showed V. lucetia to be a principal
component of the mesopelagic system, and its move-
ments were related to those of D. gigas.

Transect F and H in Figure 3 show important in-
teraction between D. gigas and V. lucetia in 2007 and
2008. The echograms were plotted during day and
night. The vertical migration of the two species is the
main component of the echogram; during the day, they
occupied deeper waters from 120 to 300 m depth and
at sunset they returned to surface water. Generally, D.
gigas and V. lucetia shared the same distribution range
at the same times. In the northern area at night they
were detected in two areas (257-300 nm and 60-160
nm) near the surface water and at 50 m depth, whereas
in the day the distribution was between 160 and 250
nm in deeper water (155-250 m depth) (Transect F).
The same day-night pattern was found in the southern
area, but the distribution of the two species was be-
tween 20 and 160 nm (Transect H).

Consumption of V. lucetia by D. gigas

Table 3 shows the acoustic biomass estimates of D.
gigas and V. lucetia obtained in 2007 and 2008. Ac-
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TABLE 3. — Acoustic biomass estimation of jumbo squid and V. lucetia, and estimated consumption of V. lucetia by D. gigas between 2007 and
2008. Q/B of jumbo squid= 5.8, taken from Alarcon-Muioz et al. (2008).

Fishing cruiser DCij Hydroacoustic biomass D. gigas predation on ~ Hydroacoustic biomass Estimation of predation
prospecting D. gigas (t) V. lucetia (t) V. lucetia (t) by jumbo squid on
V. lucetia biomass %
2007 02-04 0.09 1231713.3 625390.1 5948499.9 10.51
2008 05-07 0.15 717086.8 570084.0 2445635.2 23.31
2008 11-12 0.59 154047.0 481704.9 8317821.4 5.79
120 B fucetia biomass the data come from scientific sources, the results are

100 Consumption of 1V lucenia by D. gigas

0D gigas biomass

20

60

Ton x 100000

A0

20

19981999 2000 2001

Year

F1G. 4. — Acoustic biomass estimates of D. gigas and V. lucetia in
the Humboldt Current System off Peru, and estimates of jumbo
squid consumption on V. lucetia.

cording to the Q/B and the diet of D. gigas, predation
on V. lucetia by D. gigas was of the order of 5% to 24%
of the biomass estimate. The greatest predation impact
by D. gigas was in 2008 with 23.3%, which means that
the jumbo squid consumed 570 084 tons of V. lucetia.
We averaged the diet consumption values (DCij=0.30),
and using this value an estimate of jumbo squid con-
sumption was made for 1998 to 2009 (Fig. 4). We
should also highlight that there was a positive correla-
tion between the biomass estimates of D. gigas and V.
Lucetia. Accordingly, there was a moderate correlation
throughout the entire series from 1999 to 2009 with an
% of 0.34 (90% confidence limits, P= 0.05). The bio-
mass estimates of D. gigas and V. lucetia for 2007 and
2008 were used to contrast the trophic relationships.
The regression value was less than the complete series
(7= 0.28) but in both cases the regression values were
positive. This shows that there is a moderate relation
between D. gigas and the biomass of V. lucetia, which
is expressed in the diet of the squid.

DISCUSSION

Jumbo squid sampled in 2007 and 2008 showed
typical trophic behaviour: they fed on fish, cephalo-
pods and crustaceans, and discarded the cannibalism.
In general, studies on the feeding behaviour of jumbo
squid are influenced by fishing activity because jumbo
squid nibble fishery products, which has led to miscon-
ceptions about its feeding activity (Nigmatullin et al.,
2001, Markaida and Sosa-Nishizaki, 2003, Markaida,
2006, Ruiz-Cooley et al., 20006, Field et al., 2007, Ro-
sas-Luis, 2007, Markaida et al., 2008). However, when

more reliable: cannibalism is reduced or absent (Ro-
sas-Luis, 2007), which is also reflected in this study.
Samples of jumbo squid were taken on fishing cruises
and the stomach contents were immediately frozen to
preserve the tegument, scales and otoliths, which are
the main structures used for identifying prey. The main
group in the diet of the jumbo squid was found to be
mesopelagic fish and the principal prey was the light-
fish V. lucetia.

The acoustic biomass estimates made for D. gigas
and V. lucetia are considered realistic because the tar-
get strengths were contrasted in situ with jig sampling
of squid and fish trawls for V. lucetia. It is possible for
acoustic signals to be misinterpreted; however different
ways of obtaining the best signal for squid have been
contrasted and it has been shown that the squid length
is the best factor for obtaining the best target strength
estimate (Castillo and Gonzales, 2000, Benoit-Bird et
al., 2008). In fact, other considerations can modify the
final biomass values (sex proportion, maturity stage
and size) but the error is not significant (Soule et al.,
2010). In mesopelagic fish is more difficult to identify
the acoustic signal because different fish aggregate at
the same time. However, in order to correctly estimate
biomass the values obtained with the acoustic method
can be contrasted with net trawls, in which the collected
organisms are identified and analyzed. This provides
a tool for verifying the fish composition in the water
column (Marchal and Lebourges, 1996, Cornejo and
Koppelmann, 2006). Both D. gigas and V. lucetia form
aggregations. This characteristic and acoustic detec-
tion supported the hypothesis of a strong relationship
between these two species, which is reflected in the
jumbo squid’s feeding activity (Fig. 2) and the vertical
migrations shown in the echograms (Fig. 3).

Trophic relationships between D. gigas and V. lu-
cetia are evident during the day and night and D. gigas
probably feeds on V. lucetia in deeper waters. Alarcon
et al. (2004) carried out experimental fishing with sem-
ipelagic trawls for lightfish and recorded large catches
of jumbo squid. In research surveys of pelagic resourc-
es carried out by IMARPE, the jumbo squid catches
also coincided with the detection of mesopelagic fish
layers. The acoustic biomass estimates and echogram
signals of D. gigas and V. lucetia in the water column
suggest a close relationship between prey and predator,
as the estimated distribution of jumbo squid near and
offshore the continental shelf break overlapped with
that of V lucetia. During the night, D. gigas was near
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the surface water surrounded by V. lucetia (Fig. 3).
They were together until the first hours of the day when
both V. lucetia and D. gigas moved to mid- and deeper
water. They were in the same water layer during the
day and returned to the surface water in the first hours
of the night. This trophic relationship is reflected in the
stomach content analysis of the squid, in which V. luce-
tia was the main component (Fig. 2). Evidently, jumbo
squid prey on other species, such as the Peruvian an-
chovy (E. ringens) and other Myctophids, which were
present in the stomach contents at the same time as V.
lucetia. However, their abundance in the ecosystem is
probably lower than that of V. lucetia. Moreover that
V lucetia and D. gigas migrate to deeper waters during
the day (migratory behaviour: Markaida et al., 2005,
Gilly et al., 2006) and it is the factor that determines
the dominance of V. lucetia in the squid’s stomach
contents.

Based on the stomach content analysis of D. gigas
and the acoustic detection we can infer that V. lucetia
was the main component of the jumbo squid’s diet in
2007 and 2008 in the Humboldt Current System off
Peru. As mesopelagic fish are important components of
oceanic ecosystems, they are abundant and have a wide
distribution in the ocean (Ahlstrom et al., 1976). These
characteristics of the group are evident in V. lucetia,
one of the most important fish in the Humboldt Cur-
rent System of Peru. It is found between 5° and 18°S
and can dominate the total catch in up to 68% of sci-
entific cruises (Cornejo and Koppelmann, 2006). This
dominance is expressed in other parts of the ocean. In
the eastern tropical and subtropical Pacific this species
has the third largest biomass after the northern anchovy
Engraulix mordax and the Pacific hake Merluccius
productus (Smith and Moser, 1988). The acoustic bio-
mass estimates of V. lucetia and D. gigas made in the
Humboldt Current System off Peru since 1998 show
that there is a relation between the two species (Fig. 4).
When there is a high biomass of V. lucetia, D. gigas
has been observed to focus its feeding on this species
(Table 3). Like other cephalopods, jumbo squid do not
feeding selectively, which causes direct impacts on
the biomass of the most abundant species present in
the same water layer. Therefore, the importance of the
prey species lies in its ability to support jumbo squid
predation.

V. lucetia is a species with dynamic development
that promotes rapid population growth, which is re-
flected in a high abundance and wide distribution in
the ocean. If trophic relations in the ocean ecosystem
are influenced by the distribution and abundance of
prey groups and V. lucetia is an important mesopelagic
component of this ecosystem, then it can maintain the
biomass of different predators, even D. gigas. Due
to these trophic relationships, an increase in D. gigas
biomass may be the result of a similar increase in bio-
mass in V. lucetia, which promotes a positive trophic
effect as well as the development of other species in
the ecosystem.
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Squids Illex coindetii and Todarodes sagittatus were collected from commercial trawls in the NW Mediter-
ranean Sea and their stomach contents were analyzed to describe and compare their feeding habits. Fish,
crustaceans and squids were found in the stomach contents of both squid species; however T. sagittatus
had a wider trophic spectrum composed by fifteen prey items more than I. coindetii. This difference was
attributed to the availability of feeding resources in the water column and the larger size and deeper
distribution of T. sagittatus. The index of relative importance showed that the crustacean Pasiphaea mul-
tidentata was the most important prey for both squids, and that I. coindetii fed secondly on Anchilomera
blossevillei, Pasiphaea sivado and the fish Lestidiops sp., while T. sagittatus fed secondly on Phronima seden-
taria and the fish Arctozenus risso. The feeding habits of the two squids varied for two prey items at the
size interval between 9.1 and 21 cm ML. This difference was due to the presence of the amphipod P.
sedentaria and the squid Ancistroteuthis lichtensteinii in the stomach contents of T. sagittatus, which are
species with deeper distributions. T. sagittatus larger than 21 cm ML preyed on other crustaceans and
fish, such as big Pandalidae crustaceans and gadiform fish. Finally, the %FO analysis showed that there
were fifteen common prey species in the feeding habits of the two squids, but they did not have the same
importance for each squid. I. coindetii fed mainly on Lestidiops sp., Chauliodus sloani and P. multidentata
and T. sagittatus fed on A. risso and P. sedentaria. These species correspond to mesopelagic fish, decapod
crustaceans and amphipods. This suggests that these species are easy to prey at different levels in the
water column, which affects the predation and distribution of I. coindetii and T. sagittatus.

© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Commercial catches of cephalopods show annual fluctuations
that are generally attributed to the life cycle and habitat changes
of the species (Pierce et al., 2008). Illex coindetii (Verany, 1839) and
Todarodes sagittatus (Lamarck, 1798) are two of the most common
cephalopod species in the Mediterranean Sea (Sanchez et al., 1998)
and are considered equally important by catch. Both I. coindetii and
T. sagittatus are demersal, neritic species in the Mediterranean Sea.
The main catches of I. coindetii are at depths of 60-400m (Jereb
and Roper, 2010) and T. sagittatus is usually caught at depths of
400-800 m (Quetglas et al., 1998). They are also important compo-
nents of the ecosystem because they are the main feeding resource
of some marine mammals, birds and fish (Massuti et al., 1998;
Santos et al., 2001; Salman, 2004; Peristeraki et al., 2005; Castriota
et al.,, 2008; Karakulak et al., 2009; Salman and Karakulak, 2009).

* Corresponding author. Tel.: +34 932309605.
E-mail addresses: rigoberto@icm.csic.es, riroluis@yahoo.com.mx (R. Rosas-Luis).

0165-7836/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.fishres.2013.10.009

Moreover, the squid’ low selectivity in food and their voracity are
the two characteristics that make them good predictors of ecosys-
tem changes when the biomass and distribution of their prey are
modified (Overholtz et al., 2000; Fabry et al., 2008; Rosas-Luis et al.,
2008; Coll et al., 2012).

Relationships between squid species in the ecosystem can be
described with trophicecology studies. These relationships are gen-
erally stronger when squids form dense aggregations (Arkhipkin
and Middleton, 2002) because one species may affect another indi-
rectly by competition or directly by feeding on adults or juveniles.
Other factors, such as the availability, quality and size of feeding
resources, are limitations to the squid’ life cycle, and they can mod-
ify the behavior of predators (Castro and Hernandez-Garcia, 1995).
Itis known that the main fishing depths of the squids L. coindetii and
T. sagittatus are different but that they can both be found in depths
at 400 m. Therefore, we described the feeding habits of I. coinde-
tii and T. sagittatus to understand the relationships that the squid
species have in common, considering that trophic ecology is useful
for explaining the interaction of different species, the predator’ dis-
tribution, the diving process, foraging behavior and ecology (Clarke

Please cite this article in press as: Rosas-Luis, R., et al., Trophic habits of the Ommastrephid squid Illex coindetii and Todarodes sagittatus in the
northwestern Mediterranean Sea. Fish. Res. (2013), http://dx.doi.org/10.1016/j.fishres.2013.10.009
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Fig. 1. Fishing ports of Barcelona and Vilanova i la Geltrd in the NW Mediterranean
Sea. Gray areas represent the main fishing points lower than 200 m depth, and black
lines represent fishing points deeper than 200 m (figure modified from Lleonart,
1990). The histogram represents the size distribution of the ML in cm: black bars
are for I. coindetii and gray bars are for T. sagittatus.

and Kristensen, 1980). It is thus possible to make conclusions about
the ecology of the prey species and their distribution.

2. Materials and methods

Atotal of 121 I coindetii and 161 T. sagittatus were collected from
the fishing ports of Barcelona and Vilanova i la Geltrd, northwest-
ern Mediterranean Sea, captured by the local bottom trawl fleets
during October-November 2010, July 2011 and March, May-July
2012 (Fig. 1). The commercial vessels fished during the daytime,
mainly between 08:00 and 15:00 in depths ranging from 110 to
650 m. Squid were collected from the fish market when the ves-
sel arrived and placed immediately on ice before being transported
to the laboratory and stored at 4 °C. Fresh squids were dissected
during the next 12-24 h. Mantle length ML and body weight BW
were measured, the sex was noted and the stage of maturity was
assigned according to Lipinski and Underhill (1995). Finally, a sub-
jective, visual stomach fullness index was assigned to every squid:
0, empty; 1, scarce remains; 2, half full; 3, almost full; 4, completely
full (Breiby and Jobling, 1985). Stomach content weight (SCW), and
the fullness weight index (FWI =(SCW x 100)/(BW — SCW), Rasero
etal., 1996) were calculated for all squids with food remains: n=121
I coindetiiand n =94 T. sagittatus. The stomach contents were frozen
in plastic containers at —20°C for posterior analysis.

Differences in FWI between samples of the two species were
tested using a Kruskal-Wallis nonparametric ANOVA. The correla-
tion between FWI and BW was also tested. Stomach contents were
observed under a binocular microscope (60-120 magnification)
to aid identification and the most conspicuous prey items were
weighed to the nearest 0.01 g.

Fish sagittal otoliths were identified by consulting Smale et al.
(1995), Lombarte et al. (2006) and Tuset et al. (2008). Cephalo-
pod beaks were identified following Clarke (1986) and a personal
collection of the first author. Crustaceans were identified by their
exoskeleton and by consulting the works of Sars (1899), Zariquiey-
Alvarez (1986) and Mauchline (1984).

Frequency of occurrence and numeric and gravimetric meth-
ods were used to quantify the diet. Frequency of occurrence (%FO)
was calculated according to the percentage of squid that fed on a
certain prey. The number of individuals of a certain prey relative
to the total number of individual prey (%N), and the weight of a

[ ]
0 3 9

15 21 27 33 39 45
Mantle lenght (cm)

Fig. 2. Stomach fullness of squid species collected in the NW Mediterranean Sea,
expressed in frequency distribution of stomach fullness index (upper figure) and
relationship between fullness weight index (FWI) and squid mantle length (lower
figure). Black bars are for Illex coindetii (n=121 individuals); gray bars are for Todar-
odes sagittatus (n =94 individuals).

certain prey relative to the total weight of all preys (%W) (Cailliet,
1976) were also obtained. Graphs of the index of relative impor-
tance, IRI= (%N +%W) x (%FO), were plotted to illustrate the diet of
each squid species. Only the most important prey was included in
the plots. A graphic of the IRI of fish, crustacean and squid groups
were plotted by interval size of each squid. The IRI was expressed
as

IRI
SIRT

We selected the common and most important prey items (by FO) to
make a comparison of the squid species. Comparisons were tested
using contingency tables and by estimating G statistics (Crow,
1981). This statistic has a x? distribution.

Xij
G=2x Zi’jx,-j In ( XX /N)>

where Xj; is the FO of prey of the i category ingested by the j squid
category, X; is the FO of prey of the i category ingested by all squid,
X; is the total FO of prey ingested by the j squid category, and N is
the total number of prey items ingested by all squid.

Z%IRI = 100

3. Results
3.1. Stomach fullness

The stomach content analysis for I. coindetii showed that most
stomachs were full, while for T. sagittatus most stomachs were
half full or had few food traces (Fig. 2). Fullness weight index
(FWI) values were different for the two species (Kruskal-Wallis
ANOVA, H(1, n=278)=28.47, p<0.001). No significant correlation
was found between FWI and the total weight (I. coindetii 2 =0.04,
p>0.05,n=121, and T. sagittatus r? =0.007, p>0.05, n=161).

3.2. Diet

Three main groups of preys were found in the diet of both squid
species: fish, crustaceans and molluscs (mainly squid). Tables 1-3
show the general descriptions of 121 stomachs of I. coindetii and 94
stomachs of T. sagittatus. Prey items were similar between females

Please cite this article in press as: Rosas-Luis, R., et al., Trophic habits of the Ommastrephid squid Illex coindetii and Todarodes sagittatus in the
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Table 1

Index of relative importance (IRI), frequency of occurrence (FO), number (N), and weight (W) of fish in the stomach contents of I. coindetii and T. sagittatus in the NW

Mediterranean Sea (0.0 are values below 0.05).

Prey L. coindetii

T. sagittatus

Number Weight FO

IRI Number Weight FO IRI

N %N W W

%FO

N %N w %W FO %FO

Cordata
Actinopterygii
Aulopiformes
Evermannellidae
Evermannella balbo
Paralepididae
Arctozenus risso
Lestidiops sp.
Gadiformes
Gadidae
Micromesistius poutassou
Macrouridae
Coelorinchus sp.
Merluccidae
Merluccius sp.
Myctophiformes
Mycthophidae
Benthosema glaciale
Ceratoscopelus maderensis
Lampanyctus pusillus
Myctophum punctatum
Notoscopelus elongatus
Unidentified
Osmeriformes
Microstomatidae
Nansenia sp.
Mullidae
Mullus barbatus
Perciformes
Ariommatidae
Ariomma sp.
Carangidae
Trachurus trachurus
Labridae
Symphodus cinereus
Symphodus mediterraneus
Stephanoberyciformes
Melamphaidae
Scopelogadus sp.
Stomiiformes
Stomiidae
Chauliodus sloani
Sternoptychidae
Maurolicus muelleri
Gonostomatidae
Gonostoma elongatum
Gonostoma denudatum
Unidentified fish 1
Unidentified fish 2
Unidentified

119 31.2 102.3 34.0 72

0.8
34

3.6
12.9

1.2

13 43

1.8
13
1.0
0.5

0.8
4.4
2.0
0.9

03
1.4
0.7
0.3

© AN AU

24

O wN AN

111 3.7

03 0.4 0.1

7.3 7.1 24

1.6 9.3 3.1

1.6 1.6 0.5

0.3 24 0.8

29 7.6 40.4 134 29

119
121

Total number and weight 102

Total of stomach analyzed

59.5

2.5

1.7
4.1
33
1.7

7.4

0.8

2.5

5.0

33

0.8

24.0

3877.3 117 14.5 258.1 28.0 51 54.3 2307.5

0.1 1.1 0.1 1.1 03

4.9

. 22 2.7
63.4

57.4
1.7

6.2
0.1

13.8
1.2

123.9

28 3.5 47.8 5.2 1.1 9.2

0.1 1.3 1.1 1.5

0.1 2.2 0.2 1.1 0.4

35
11.2
5.6
1.4

0.9
1.5
0.2

23.6
24.9
0.8

2.6
2.7
0.1

6.4
3.2
1.1

21.9
134
0.4

w

45.0

0.1 1.1 0.1 1.1 0.3

03

0.1 0.4 0.0 1.1 0.2

0.1 1.7 0.2 1.1 0.3

24.0

0.1 53 0.6 1.1 0.7

23.0 0.1 0.4 0.0 1.1 0.2

7.0

IS

0.5 3.2 0.3 3.2 2.7

0.9 0.4 3.2 0.3 1.1 0.8

N W

0.2
0.1
2.7

5.7
0.0
64.7

0.6
0.0
7.0

2.1
1.1
213

1.8
0.1

504.0 207.5

118
94

258.9

and males of the same species (Mann-Whitney U test, p>0.05)
and consequently all individuals were mixed for each species. A
total of 34 different preys in I coindetii and 49 in T. sagittatus were
identified.

3.2.1. Fish

Fish from the families Myctophidae, Stomiidae, Sternoptychi-
dae, Gonostomatidae and Paralepididae were found in the diet of
both squids. Labridae and Mullidae were identified in I. conidetii,
and Evermannelidae, Carangidae, Gadidae, Macrouridae, Merluc-
cidae, Melamphaidae and Microstomatidae in T. sagittatus. The
results show that I. coindetii fed mainly on the Paralepididae Les-
tidiops sp. (IRI=63.4), the Labridae Symphodus cinereus and the
Stomiidae Chauliodus sloani (IRI=23). T. sagittatus fed mainly on

the Paralepididae Arctozenus risso (IRI=123), and the Myctophi-
dae Cerastocopelus maderensis (IRI=21) and Lampanyctus pusillus
(IRI=13) (Table 1 and Fig. 3).

3.2.2. Crustaceans

Pasiphaeidae, Euphausiacea, Penaeidae and Phrosinidae
(Amphipoda) were the main prey items found in the diet of the
two squid. Pasiphaea multidentata was the main prey for I. coindetii
(IRI=2817) and the amphipod Anchylomera blossevillei (IRI=191)
the second. T. sagittatus fed mainly on P. multidentata (IRI=254)
and the amphipod Phrosina sedentaria (IRI=221). Hippolytidae,
Pandalidae, Galatheidae and the amphipods Phronimidae were
only identified in the diet of T. sagittatus (Table 2 and Fig. 3).
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Index of relative importance (IRI), frequency of occurrence (FO), number (N), and weight (W) of crustaceans in the stomach contents of I. coindetii and T. sagittatus in the NW

Mediterranean Sea (0.0 are values below 0.05).

Prey I. coindetii T. sagittatus
Number Weight FO IRI Number Weight FO IRI
N %N w W FO %FO N %N w BW FO %FO
Crustacea 246 64.4 180.0 59.8 64 52.9 6571.7 263 32.6 276.5 30.0 68 72.3 4531.6
Amphipoda
Hyalidae
Hyale sp. 1 0.1 0.1 0.0 1 1.1 0.1
Phronimidae
Phronima sedentaria 83 10.3 424 4.6 14 149 2219
Phrosinidae
Anchylomera blossevillei 67 17.5 10.6 35 11 9.1 191.4 49 6.1 22.1 24 9 9.6 81.1
Phrosina semilunata 17 2.1 15.2 1.6 5 5.3 20.0
Copepoda
Unidentified 1 0.1 0.7 0.1 1 1.1 0.2
Decapoda
Euphausiacea
Thysanopoda sp. 1 0.1 2.8 0.3 1 1.1 0.5
Meganyctiphanes norvegica 1 0.1 1.1 0.1 1 1.1 0.3
Unidentified 7 1.8 2.8 0.9 4 33 9.2 12 1.5 04 0.0 3 32 49
Galatheidae
Munida intermedia 1 0.1 3.1 0.3 1 1.1 0.5
Hippolytidae
Ligur sp. 4 0.5 49 0.5 2 2.1 2.2
Pandalidae
Plesionika acanthonatus 2 0.2 1.1 0.1 1 1.1 0.4
Plesionika martia 1 0.1 1.1 0.1 1 1.1 0.3
Plesionika heterocarpus 2 0.2 2.4 0.3 2 2.1 1.1
Plesionika sp. 2 0.2 5.4 0.6 2 2.1 1.8
Pasiphaeidae
Pasiphaea multidentata 142 37.2 138.2 46.0 41 339 2817.0 52 6.5 139.3 15.1 11 11.7 252.4
Pasiphaea sivado 26 6.8 279 9.3 5 4.1 66.4 8 1.0 134 1.5 7 74 18.2
Penaeidae
Parapeneus longirostris 1 0.3 0.0 0.0 1 0.8 0.2 2 0.2 5.5 0.6 2 21 1.8
Unidentified 12 1.5 11.7 13 12 12.8 35.2
Unidentified Nantia 3 0.4 0.6 0.1 3 3.2 14
Isopoda
Gnathiidae
Gnathia maxillaris larvae 1 0.3 0.0 0.0 1 0.8 0.2 2 0.2 0.0 0.0 1 1.1 0.3
Unidentified 1 0.3 0.5 0.2 1 0.8 0.3
Unidentified crustacea 1 0.3 0.0 0.0 1 0.8 0.2 7 0.9 33 0.4 7 74 9.2
Total number and weight 246 180 263 276.5
Total of stomach analyzed 121 94

Isopoda larvae of Gnatia maxillaris was found in the diet of both
species (Table 2).

3.2.3. Molluscs

I. coindetii fed on Todaropsis eblanae, T. sagittatus, Loligo forbe-
sii and L coindetii, and T. sagittatus fed on I coindetii, Histioteuthis
reversa, T. sagittatus and Ancistroteuthis lichtensteinii. The cannibal-
ism was not important for either of the two squids (Table 3).

3.3. Diet by size interval

The feeding habits of the squids were generally composed by the
three prey groups fish, crustaceans and squids, but the IRI varied
according to the squid size (Fig. 4). The diet of I. coindetii between 6
and 12 cm ML was mainly composed by fish, and I. coindetii larger
than 12 cm ML fed mainly on crustaceans. The feeding habits of T.
sagittatus between 9 and 12 cm ML were mainly composed by fish,

I coindetii T. sagittatus
0\ p. multidentata
Z40 A. blossevillei
20 lefstfdfopssp_ P. sedentaria  A. risso
0 Sl 7 Yy
20 Unidentified P-sivado Unidentified 4. blossevillei
? h
%4{} fish P. multidentata  fis
60 55 4.1 1.7 212 . 95,
239 a1 14.8 13.8
Frequency of Occurrence Frequency of Occurrence

Fig. 3. Composition by percentage number (%N) and weight (%W) (vertical axis) and frequency of occurrence (%FO, horizontal axis) of the main prey items found in the

stomach contents of I. coindetii and T. sagittatus.
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Table 3

Index of relative importance (IRI), frequency of occurrence (FO), number (N), and weight (W) of molluscs and other preys in the stomach contents of I. coindetii and T. sagittatus

in the NW Mediterranean Sea (0.0 are values below 0.05).

Prey I coindetii T. sagittatus
Number Weight FO IRI Number Weight FO IRI
N %N w W FO %FO N %N w W FO %FO
Mollusca 14 37 171 5.7 14 11.6 108.3 20 25 3825 41.5 17 18.1 795.7
Cephalopoda
Teuthida
Histioteuthidae
Histioteuthis reversa 4 0.5 2.7 0.3 2 2.1 1.7
Loliginidae
Loligo forbesii 1 0.3 3.4 1.1 1 0.8 1.1
Ommastrephidae
Illex coindetii 1 0.3 1.8 0.6 1 0.8 0.7 2 0.2 244 2.6 2 2.1 6.2
Todaropsis eblanae 2 0.5 5.7 19 2 1.7 4.0
Todarodes sagittatus 1 0.3 0.7 0.2 1 0.8 0.4 1 0.1 0.6 0.1 1 1.1 0.2
Onychoteuthidae
Ancistroteuthis lichtensteinii 5 0.6 11.8 13 4 43 8.1
Unidentified 1 0.1 269.3 29.2 1 1.1 31.2
Unidentified squid 1 1 0.3 0.0 0.0 1 0.8 0.2
Unidentified squid 2 2 0.5 2.9 1.0 2 1.7 2.5 4 0.5 72.8 7.9 4 43 35.7
Unidentified squid 3 3 0.8 0.1 0.0 3 2.5 2.0 3 0.4 1.0 0.1 3 32 1.5
Unidentified cephalopod 1 0.3 14 0.5 1 0.8 0.6
Gastropoda
Opisthobranchia
Unidentified 1 1 0.3 04 0.1 1 0.8 0.3
Unidentified 2 1 0.3 0.7 0.2 1 0.8 0.4
Algae
Phaeophyta
Unidentified 1 0.3 0.0 0.0 1 0.8 0.2
Unidentified organic matter 2 0.5 14 0.4 2 1.7 1.6 4 0.5 4.1 0.4 4 4.3 4.0
Plastic thread 2 0.2 0.1 0.0 2 2.1 0.6
Total number and weight 17 185 26 386.7
Total of stomach analyzed 121 94

and then it changed to crustaceans in the size between 12 and 27.T.
sagittatus larger than 33 cm fed mainly on fish. I coindetii between
12 and 18 cm ML and T. sagittatus between 12 and 30 cm ML fed on
squid.

Table 4 shows the %FO by size interval of the two squid species. I.
coindetii in the size interval 0.0-3.0 cm ML fed on the Euphausiacea
group, then squids in the size interval between 6.1 and 9.0 cm ML

80

60

%IRI

40

20

0
9 12 15 18 21 25 27 30 33 36 39 42 45
100

80

60

%IRI

40
20

0
9 12 15 18 21 25 27 30 33 36 39 42 45
Mantle length (cm)

Fig.4. Percentage of the IRI by interval size for I. coindetii (upper graphic) and T. sagit-
tatus (lower graphic). Black area represents fish, gray area represents crustaceans
and the light gray area represents the squid group.

fed on fish, and in the size interval between 9.1 and 21.0 cm ML they
fed on P. multidentata and the amphipod A. blossevillei. Fish were
important in the size interval between 9.1 and 18.0cm ML and B.
glaciale, C. sloani and Lestidiops sp. were the main prey species. The
fish Lestidiops sp. was found in the stomach contents of squid in
the size interval between 9 and 18 cm ML, and its %FO increased
according to the squid’ size. The squid group was found in the diet
of squid between 9.1 and 18.0 cm.

T. sagittatus squid ranged between 9 and 48 cm ML. Squids
between 9.1 and 15.0 cm ML fed on G. maxillaris larvae, Plesionika sp.
and P. sedentaria, and squids between 15.1 and 36.0 cm ML fed on
a greater number of prey items (Table 4). The amphipod P. seden-
taria was the main prey found in the size interval between 12.1
and 36.0 cm ML, and the crustaceans P. multidentata and Pasiphaea
sivado were identified in the size interval between 15.1 and 33.0 cm
ML. Squid between 30.1 and 48.0 cm ML fed on Penaeidae, Hippoli-
tydae, Pandalidae and Galatheidae crustaceans. The myctophid fish
were identified in the stomach contents in the size interval between
9.1 and 12.0, 15.1 and 18.0cm, and between 24 and 36 cm ML,
and C. maderensis and L. pusillus were the main myctophid species.
The paralepididae A. risso was also important in the size interval
between 18.1 and 33.0 cm ML. Molluscs were generally found as
prey in the diets of T. sagittatus and I. coindetti, and A. lichtensteinii
was the main prey species identified in the stomach contents of
squids between 15.1 and 30.0cm ML. We also identified plastic
thread in the stomach contents of two squid of 30.1-36.0 cm ML
(Table 4).

3.4. Common prey items in . coindetii and T. sagittatus

Six fish and three crustaceans were the main prey items for both
squid species. The results of the statistical analysis are shown in
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Table 4

Most important prey species, organized by squid mantle length (ML) and percentage of frequency of occurrence (%FO), identified in the diet of I. coindetii and T. sagittatus.

%FO by ML size interval cm. 1. coindetii and T. sagittatus

Prey

2.7-3

3-6

6-9

9-12

[ 1215

15-18 |

1821 |

2124 |

24-27 |

27-30 |

30-33 |

33-36

36-39

39-42

42-45

45-48

Cordata
Actinopterygii
Aulopiformes
Paralepididae
Arctozenus risso
Lestidiops sp.
Myctophiformes
Mycthophidae
Ceratoscopelus maderensis
Lampanyctus pusillus
Myctophum punctatum
Stomiiformes
Stomiidae
Chauliodus sloani
Sternoptychidae
Maurolicus muelleri
Gonostomatidae
Gonostoma elongatum
Gonostoma denudatum

100

68.4

53

53

10.5

53

Crustacea
Amphipoda
Phrosinidae
Anchylomera blossevillei
Phrosina semilunata
Phronimidae
Phronima sedentaria
Decapoda
Pasiphaeidae
Pasiphaea multidentata
Pasiphaea sivado

100

53

59.4

3.1

1.6
1.6
1.6

6.3

50.0

9.4

34.4

60

33
133

13.3

U

20

66.7

13.3

Mollusca
Cephalopoda
Teuthida
Ommastrephidae
Illex coindetii
Onychoteuthidae
Ancistroteuthis lichtensteinii

10.9

Total of stomach analyzed

64

12
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Table 5
Frequency of occurrence (FO) of the most important prey items in both squid species
and statistical comparisons. Significance value p = 0.05.

Prey FO X2 p
I coindetii T. sagittatus

Fish group 72 84 1.5 n.s.
Arctozenus risso 3 22 10.70
Lestidiops sp. 10 2 8.36
Ceratoscopelus maderensis 5 7 0.01 n.s.
Lampanyctus pusillus 4 3 0.59 n.s.
Chauliodus sloani 6 1 537 )
Maurolicus muelleri 4 3 0.59 n.s.
Crustacean group 64 172 5.81
Anchylomera blossevillei 11 13 0.09 n.s.
Pasiphaea multidentata 41 15 26.20 :
Pasiphaea sivado 5 22 7.25

n.s., not significant.
" Indicates differences between species.

Table 5. Myctophidae and Paralepididae fish were the main fam-
ilies in both species, L. pusillus and C. maderensis were the main
myctophid prey species but there was no significant difference
between the diet of I. coindetii and T. sagittatus. The Stomiidae C.
sloani and the Paralepididae A. risso and Lestidiops sp. were the three
prey species that represented significant differences in the diet of
the two squid species. Lestidiops sp. and C. sloani had a significant
importance for I. coindetii and A. risso for T. sagittatus. P. multiden-
tata and P. sivado were the crustacean prey items that represented a
significant difference in the feeding habits of the two squid Accord-
ing to the analysis of contingency tables P. multidentata had a large
significance for I coindetii and P. sivado for T. sagittatus.

4. Discussion

The ommastrephid squid species sampled in this study play a
typical trophic role as they us a large diversity of resources, as pre-
viously reported by Coll et al. (2012). We inferred that at the time
(daytime hour) when the squids were caught I. coindetii was feed-
ing, because all the squid caught contained prey remains in their
stomachs; however, this was not true for T. sagittatus (58% of the
squids sampled contained prey remains in their stomachs) (Fig. 2).
It is difficult to assess whether the variation was due to differences
in squid size, the prey availability, or resulting from the sampling
method used (bottom trawl), but it could be the result of the deeper
distribution of this squid. It seems that T. sagittatus preys actively
in deeper waters, where the largest concentrations of this squid
are found (Quetglas et al., 1998). Although there were differences
in the sampled stomachs, both squids fed on fish, crustaceans and
molluscs, like other cephalopods species, classifying them as oppor-
tunistic and voracious organisms (Sanchez, 1982a; Sanchez et al.,
1998; Lordan et al., 2001; Quetglas et al., 1999; Fanelli et al., 2012).
These characteristics in the feeding habits could lead to a predation
focused on the most readily available prey species.

This study highlights the particular importance of the crus-
tacean P. multidentata and the amphipods A. blossevillei and P.
sedentaria in the diets of I. coindetii and T. sagittatus (Table 1), which
were the main prey items. P. multidentata was the first feeding
resource for both squid species and its presence in their diets could
be due toits high abundance in densely concentrated patches in the
water column (Abell6 et al., 1988) of the middle slope community
(Cartes et al., 1994). A. blossevillei, P. sivado and Lestidiops sp. rep-
resented another important part of the diet of I. coindetti, whereas
P. sedentaria and A. risso substitute them in the diet of T. sagittatus.
These trophic habits suggest that the distribution of the two squids
is probably affected by the availability of feeding resources in the

water column. As A. blossevillei and P. sedentaria have similar swim-
ming capacities (24.9 m/h and 22 m/h respectively) (Ponomaryova
and Suslyayev, 1980) other factors unrelated to their vertical move-
ment capacity probably influence the predation of I. coindetii in the
upper water and T. sagittatus in deeper waters.

The results show that T. sagittatus has a wide trophic spec-
trum, resulting from a wide vertical and horizontal distribution
(Quetglasetal., 1998), and therefore T. sagittatus can feed on species
which have a deeper distribution, like the squid H. reversa and A.
linchtesteinii. However, both squid species can be found at depths
between 200 and 500 m and preying on the same feeding resources.
This is reported in this work and by Piatkowski et al. (1998), who
found that T. sagittatus caught near the coast fed on benthic preys,
which are common feeding resources of I. coindetii (Castro and
Hernandez-Garcia, 1995). It is important to note that although the
two squid species can be found in the same water layer, this does
not mean that they are interacting at the same time. Therefore, the
interspecific predation was not important as only two T. sagittatus
fed on I coindetii and one I. coindetii fed on T. sagittatus, which could
be a result of the narrow depth range that the two species have in
common. Given this result, it seems likely that the two squid species
do not feed at the same time in the same water layer.

The diet of T. sagittatus was composed by 49 prey items, and
the diet of I. coindetii was composed by 34. This difference in prey
items is because T. sagittatus is larger (Table 5) and because the
two squid species have a different distribution in the water col-
umn. When the two squid species were in the same size interval,
between 9.1 and 21.0 cm ML, their feeding habits varied in two prey
items (L. coindetii fed on 11 prey items while T. sagittatus fed on
13 prey items); these two preys were the amphipod P. sedentaria
and the squid A. lichtensteinii, which were found in the stomach
contents of T. sagittatus. These species have a deeper distribution
(Cartes et al., 1994), which promotes the predation of T. sagittatus
in deeper water (Sanchez, 1982a; Piatkowski et al., 1998). In addi-
tion, the increase in size of the squid species is an important factor
determining prey selection (Castro and Hernandez-Garcia, 1995;
Sanchez et al., 1998). The results of the IRI and %FO by size showed
that the diet of squid less than 9 cm ML was composed mainly by
little crustaceans, then it changed to fish and crustaceans in the
size range between 9 and 15 cm ML. T. sagittatus larger than 21 cm
ML fed on gadiform fish and bigger Pandalidae crustaceans, which
means an addition of new preys to an already existing prey spec-
trum coinciding with that described by Piatkowski et al. (1998) for
T. sagittatus in the central eastern Atlantic.

The analysis of the %FO showed that there were fifteen common
prey species in the feeding habits of I. coindetii and T. sagittatus,
which suggests that these species are easy to prey on and they
may also be abundant in the midwater zone; however, they did
not have the same importance for each squid. The fifteen prey
species correspond to mesopelagic fish, decapod crustaceans and
amphipods, which form dense patches at different levels in the
water column, mainly in the epipelagic zone (Abell6 et al., 1988;
Hopkins and Sutton, 1998; Cartes et al., 1994), which seems to
be the depth at which the squid species mainly feed (Quetglas
et al., 1999; Sanchez, 1982b). These characteristics of the feed-
ing resources resulted in I coindetii feeding mainly on Lestidiops
sp., C. sloani and P. multidentata, while T. sagittatus fed on A. risso
and P. sedentaria. This suggests active predation during the squids’
vertical migration to deeper water layers where these preys are
abundant.

Finally, and as a conclusion, these results show that the feeding
habits of I. coindetii and T. sagittatus include a high number of prey
species of fish, crustaceans and molluscs. The two squid used sim-
ilar feeding resources and the most important prey species were
P. multidentata, A. blossevillei and P. sedentaria. The dynamics of
these prey species means that these squids show different trophic
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behavior. Moreover, they feed at different depths, which minimize
competition.
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