Pelagic ecology

Phytoplankton distribution across the Atlantic Ocean

and the neutral theory of biodiversity

Guillem Chust?, Xabier Irigoien®, Jerome Chave*, Roger P. Harris!

Recent analysis of diatom diversity suggested that global
diatom distribution is not limited by dispersal both for extant
species and in the fossil record, but rather that environmental
filtering explains their spatial patterns of distribution. Hubbell’s
neutral theory of biodiversity (Hubbell, 2001) has generated a great
deal of attention because it provides an integrative framework in
which to test these alternatives. Initially, tests and applications of
the neutral theory of biodiversity and biogeography have been
restricted to tropical forests, but since then they have also been
applied in marine ecology, and scarcely tested on planktonic
species assemblages (but see, for instance, Irigoien et al. 2011).
Our aim is to test whether the structure of marine phytoplankton
(diatoms, dinoflagellates, and coccolithophores) assemblages
across the Atlantic Ocean (from 50° North to 50° South) agrees
with neutral theory predictions, using datasets from theAtlantic
Meridional Transects (AMT, see http://www.amt-uk.org/). We
asked: 1) whether inter-site variance in phytoplankton diversity
(B-diversity) is explained predominantly by dispersal limitation
or by environmental conditions; and 2) whether empirical species
abundance distributions are consistent with those expected by the
neutral model.

To address our objectives, the relative contribution of
environmental factors and geographic distance to phytoplankton
composition was estimated using similarity matrices, Mantel tests
and variation partitioning of the species composition across sites
based upon canonical ordination methods. The empirical species
abundance distribution of phytoplankton was compared with
Hubbell’s neutral model using the Etienne’s maximum-likelihood
inference method.

Our findings indicate that phytoplankton communities of
diatoms, dinoflagellates and coccolithophores across the Atlantic
Ocean are more determined by niche segregation (24%) than by
dispersal limitation (17%). This suggest that phytoplankton groups,
a priori subjected to similar oceanographic conditions and passive
dispersal, have adaptive strategies and life cycle traits different
enough to respond specifically to the environment. However, there
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is also evidence that dispersal limitation and ecological drift has
a role in to some extent structuring phytoplankton communities.
Especially in tropical zones, where oceanic gyres enclose large
stable water masses, most communities appear neutral with low
species immigration rates; in contrast, communities in temperate
areas, out of the oligotrophic gyres, show higher rates of species
immigration and neutrality can not be confirmed nor refuted. Our
findings suggest that niche assembly is the key factor to explain
phytoplankton community structure, although a non negligible
role of dispersal limitation is acting along latitudes. Neutrality in
phytoplankton is still open to debate.
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Figure 1. Oceanographic sampling stations (white circles) corresponding
to AMTI1 (1995), AMT2 (1996), and AMT3 (1996) overlain
on a satellite image of ocean colour (blue, green, yellow and
red represent increasing values of sea surface chlorophyll-a
concentration; mean annual of 2010, MODIS sensor). Arrows
indicate the main Atlantic oceanographic gyres.
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Zooxanthellae importance in the development of the
pelagic phase of the blooming jellyfish Cotylorhiza
tuberculata (Scyphozoa: Rhizostomeae)

Diana Astorga?, Javier Ruiz?, Laura Prieto®

Cotylorhiza tuberculata is a common symbiotic rhizostome
scyphozoan from the Mediterranean Sea. Special attention has
been accorded to this species recently given the extremely high
medusa abundances it has reached in the Mar Menor coastal
lagoon (Pérez-Ruzafa et al., 2002) and the unique conditions that
enabled to establish causal relationships between blooms and
environmental variables (Prieto et al., 2010; Astorga et al., 2012;
Ruiz et al., 2012). In the context of an apparent global increment
in number of scyphozoan blooms (Purcell, 2012; Condon et
al., 2012), the study of fundamental aspects of the ecology and
physiology of scyphozoans represents a research challenge.

This study pretends to evaluate a key physiological aspect
involved in the possible competitive advantage of symbiotic
jellyfish in eutrophic habitats. In order to determine zooxanthella
importance along the pelagic phase of C. tuberculata, algal
density, size and pigment composition were analysed and related
to medusa diameter, wet weight and dry weight. Medusa samples
included ranged between 2.5 and 28 cm of diameter. Animal and
algal fractions were separated according to the protocol described
by Verde & McCloskey (1998). Chlorophyll a concentration was
determined by photometry and cell count and size were established
by means of optic microscopy. Additional pigments were analysed
in a small fraction of medusa samples.

Results indicated a direct relationship between chlorophyll a
(and other pigments) content and medusa size. Algal cell size was
independent of animal size. Medusa growth did not affect algal
cell size and no clear relationship was established between algal
cell number and medusa size. Pigment analysis confirmed the
suspicion of the increasing importance of zooxanthellae for the
nutrition and development of the pelagic stage of C. tuberculata
deduced in a previous study (Astorga et al., 2012). Ecosystem
implications and trophic interactions are discussed.
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Reproduction and respiration of a climate change
indicator copepod Centropages chierchiae: effect of

temperature and variable food supply
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Santos?, Pedro Ré"

The calanoid copepod Centropages chierchiae is found in
tropical and subtropical waters, restricted to the eastern Atlantic,
Mediterranean and western Indian Ocean. In the early years
of the last century, C. chierchiae records in the northern limit
of its distribution were very scarce. For the last half century,
the abundance of C. chierchiae has increased at the northern
limits of its distribution, mainly due to oceanic climate forcing,
suggesting this as a key species in monitoring climate changes.
In northern Portuguese shelf waters this species is one of the
most abundant of the zooplankton community in summer/autumn
period. Furthermore, C. chierchiae is also considered an important
diet item to the commercially important small pelagic fish such
as Engraulis encrasicolus and Sardina pilchardus, inhabiting
Peninsula Iberia Atlantic waters. Hence, it becomes necessary to
investigate the factors that influence basic biological processes
like metabolic and reproductive rates. Copepod respiration rate
as an index of metabolism has been shown to be dependent of
habitat temperature and body mass. Reproductive traits are mainly
affected by temperature, food quantity and quality (eg. toxicity
and production of inhibitory compounds by phytoplankton).

In this work, laboratory experiments were conducted to study
the combined effect of temperature and food type and concentration
on the egg production rate (EPR) and hatching success (HS) of the
copepod C. chierchiae. Females were fed two monoalgal diets of
similar sizes (the dinoflagellate Gymnodinium sp. and the diatom
Phaeodactylum tricornutum) at two levels of concentration (60
and 300 pg C L") and at three different temperatures (13, 19 and
24 °C). Respiration rates of both males and females were measured
at four different temperatures (8, 13, 19 and 24° C). The energy
required to maintain the routine metabolic rate estimated at the
different experimental temperatures was calculated in terms of
prey concentrations of P. tricornutum and Gymnodinium sp.

EPR was significantly different between temperatures and
food concentration, showing higher values when exposed to
higher food levels at 19°C. Prey type influenced significantly EPR
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given that P. tricornutum resulted in higher egg productions than
Gymnodinium sp. EPR values reached a maximum of 36 + 4 and
29 + 14 eggs female day!' with P. tricornutum and Gymnodinium
sp., respectively, at 19° C and 300 pg C L' (Fig. 1). HS was
significantly reduced at lower temperatures (13 °C) and was
highest using Gymnodinium sp. as prey. In fact, the percentage of
nauplii hatched ranged from 21 to 52% at 13 °C and between 55
and 95% at 19 and 24°C. Respiration rates were sex independent
and increased exponentially with temperature (Q,, values between
2 and 3). Oxygen consumption ranged between 2.7 + 1.0 and 2.8
£ 0.9 pL O,mg"' DW h" for females and males, respectively at
8 °Cand 13.1 £ 3.5 and 153 £ 2.9 uL O,mg"' DW h' at 24 °C.
The minimal food intake of P. tricornutum ranged on average
from 0.4 to 1.8 pg C and Gymnodinium sp. from 0.06 to 0.27
pg C, and daily rations from 2.78 to 14.72 % and 0.41 to 2.17
%, respectively, in order to maintain the basal metabolism of C.
chierchiae. Comparing the values of average daily food ingested of
feeding rates experiments previously conducted with the minimum
carbon requirements calculated in the present work, food intake
was always in excess in terms of the metabolic requirements,
excepting for higher temperature (24 °C). For concentrations of
dinoflagellates (Gymnodinium sp.) found in nature during periods
when the temperature ranges between 13 and 19 °C, the metabolic
energy needs are below the quantity of energy obtained from food
intake.

In summary, reproduction of the copepod C. chierchiae is
more effective at temperatures around 19 °C, lower at 13 °C and
intermediate values at 24°C. This species is usually more abundant
in temperatures between 13 and 20°C below or above which it is
only present in very low abundance or even absent. This fact can
explain the low productivity observed at 13°C which seems to be
its lower temperature optimal limit. C. chierchiae is usually found
in high abundances during summer months in the west Portuguese
coast, when upwelling events take place. Average temperatures
in these conditions are usually around 19°C only rising to values
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around 24°C in the south Portuguese coast, where upwelling is
less frequent and weaker. The diatom P. tricornutum used as
prey, induced a higher egg production than the dinoflagellate
Gymnodinium sp., but the opposite occurred for hatching success.
This suggests that different factors inherent to food quality trigger
the success of these two biological processes. Further experiments
should be conducted using different prey such as ciliates, taking
into account the biochemical composition of food, copepod females
and eggs. C. chierchiae metabolic rate varied with temperature
and was sex independent. The majority of copepods present this
temperature-dependence with only few exceptions that are found
for estuarine species that need to adapt to sudden environmental
fluctuations or species with ubiquitous distributions. In situ
feeding experiments should be done in order to investigate the
food regime seasonality and its capability to assure the metabolic
energetic demands of this species. Moreover, it would be of great
interest to compare both C. chierchiae populations from the Iberian
Peninsula and northern areas, in terms of respiration, reproduction
and feeding.
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Patch dynamics and early life stages mortality of
anchovy (Engraulis encrasicolus L.) in the south-eastern

Bay of Biscay

Paula Alvarez?, Maria Santos?, Unai Cotano?, Xabier Irigoien” and Andrés

Uriarte®

Abstract

In situ information on patchiness dynamics and eggs and larval
mortality and growth provides crucial parameters for simulating
the recruitment process of small pelagic fishes in hydrodynamic
models. Patch dynamics and mortality rates of anchovy Engraulis
encrasicoulus L. eggs and larvaec were estimated in the south-
eastern Bay of Biscay in spring 2009. GPS buoys, which were
used as Lagrangian reference points, were deployed to mark dense
patch of anchovy eggs and a series of 14 cycles of samplings were
conducted using a Bongo net around the buoy every 6 hours over
a period of 3 and a half days. Each cycle consist of 4 stations
located 0.5 nm apart from the central point (figure 1) resulting 5
sampling stations per cycle. The experiment lasted 83 hours and
during this period the buoy moved 17.3 nm at an average speed of
0.38 km/h. Vertical profiles of temperature and salinity showed
a weak thermocline and picnocline at 15-20 m depth. Maximum
concentration of chlorophyll was found at surface, and a second
peak of abundance was frequently observed at 30m depth. Eggs
staging revealed that the samples were composed of 4 cohorts
(figure 2); however only 1 of them was successfully sampled to
be used in mortality analysis. Egg mortality was estimated using
Bayesian ageing method resulting a Z value of -1.190 (SE =
0.0090), which represented around 70% of daily mortality. Larval
range varied from 2.0 to 15.7 mm SL. Statistically differences of
captured larval at size during day and night was observed for two
upper size ranges (4-8 mm and > 8mm). Polynomial regression
between larvae’s size and time revealed that the maximum capture
of larvae bigger than 8 mm occurred at night (01:35 hour). Larval
growth rate was estimated considering the mean larval length at
each cycle. Growth rate varied from 0.547 mm/day (including the
whole data) to 0.845 mm/day (when the last 4 cycles were excluded
from the analysis). /n situ information on patchiness dynamics and
eggs and larval mortality and growth provides crucial parameters
for simulating the recruitment process of small pelagic fishes in
hydrodynamic models.
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Figure 1. Diagram showing the adaptive sampling carried out during the
survey. Each square represents a cycle of 5 stations which moves
according to the radio-buoy displacement.
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Figure 2. Evolution of anchovy egg cohorts (A, B, C and D) throughout
the drifter experiment. Egg abundance in number/m?.
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Comparative analysis of the larval growth patterns of

five fish species in the Bay of Biscay

Unai Cotano®, Itziar Estensoro®, Paula Alvarez®, Egoitz Etxebeste?, Xabier

Irigoien®

The main aim of fisheries science is to achieve a sustainable
exploitation of this natural resource by which fishing mortality does
not exceed the renewable production of fish biomass. Adequate
management measures to avoid the overfishing require a detailed
understanding of the populations’ dynamics. Annual recruitment
fluctuations in fish populations have big influence on stock size
and are largely dependent on the species’ mortality, especially
during the early life stages, which are the most vulnerable ones.
Thus several studies have demonstrated that small differences
in mortality rates during the early life stages may generate large
differences in the subsequent recruitment. Therefore survival
and successful growth of eggs and larvae are determinant for
the recruitment (Hunter, 1980). However, larval ecology is still
poorly understood because their fragility limits our ability to
do experimental studies in the field and requires of laboratory
rearing of the species. Field studies of the diet also present
difficulties for general interpretation of the strategy of different
species because the labour involved in obtaining data for different
species under comparable food field conditions and also because
smaller larvae ingest items (eg. microzooplankton) that cannot be
identified in the guts (Pepin and Dower 2007). In general it can
be said that little is known about the survival strategies of fish
larvae. One useful approach to investigate fish larval ecology is
that of comparative studies of the allometric growth. Because
morphology reflects evolutionary adaptation to different surviving
strategies, the comparison of growth can provide valuable
information about those strategies (Huxley 1924). Five different
species of commercial interest for the fishing fleet in the Bay
of Biscay: hake, (Merluccius merluccius), mackerel (Scomber
scombrus), horse mackerel (Trachurus trachurus), anchovy
(Engraulis encrasicolus) and sardine (Sardine pilchardus) larvae
were collected in the Bay of Biscay during several cruises between
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2001 and 2005. Morphometric analyses and ageing on the basis
of the otolith microstructure were carried out in order to compare
the early growing patterns. Hake, mackerel and horse mackerel
larvae head and mandibles developed faster than for sardine and
anchovy. On the other hand anchovy and sardine body length
increased faster than that of hake, mackerel and horse mackerel.
This suggests different strategies (finding prey vs. escaping)
that correspond with the environmental characteristic found in
spawning areas of these species.
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Cannibalism and IntraGuild predation on anchovy
(Engraulis encrasicolus L., 1758) eggs in the Bay of

Biscay

Eneko Bachiller?, Unai Cotano?, Xabier Irigoien®

Most pelagic fish species, and in particular anchovy (Engraulis
encrasicolus) and sardine (Sardina pilchardus) in upwelling
systems, undergo large interannual and interdecadal fluctuations
in abundance (Cury, 1988; Lluch-Belda et al., 1989; Baumgartner,
1992; Schwartzlose et al., 1999; Chavez et al., 2003). Anchovy and
sardine have a central place in upwelling ecosystems where they
constitute an important part of commercially exploited species
(Uriarte et al., 1996; Sanchez & Olaso, 2004; ICES, 2011). Anchovy
in particular has an important role from the economic point of view
for the commercial fleet. Additionally it also plays a role as forage
fish for numerous predators e.g., tuna (Goiii ez al., 2011).

Different hypotheses have been suggested to explain
interannual and long term variations in fish abundance. In the
case of small pelagic species like anchovy, it is generally assumed
that environmental conditions regulates in some way the annual
recruitment of these species (Borja et al., 1996, 1998, 2008) but
our knowledge of the mechanism thorough this control is exerted
is limited and in many cases is quite difficult to establish the
cause-effect relationships. The Cantabrian Sea Waters are heating
0.5°C every decade (Kotsikopoulos et al., 1998; Planque et al.,
2003; Llope et al., 2007; DeCastro et al., 2009). This warming is
related to changes in the frequency and intensity of the upwelling
(Llope et al., 2006, 2007). It is known that anchovy populations are
sensitive to changes in water temperature (Chavez et al., 2003) and
upwelling intensity (Borja ez al., 1998), and probably also to other
effects related to water warming. Taking into account that anchovy
is better adapted to high temperatures (Planque et al., 2007) than
other coexisting pelagic species in Cantabrian Sea (sardine, Atlantic
mackerel and Atlantic Chub mackerel, Atlantic horse mackerel and
Mediterranean horse mackerel, sprat and bogue) the strong reduction
in anchovy biomass during the last years invites to think that intra
and inter-species interactions could be exerting an important role
on the control of anchovy biomass in the Bay of Biscay. Recently,
Aldanondo (2010) showed that anchovy recruitment, which mainly
regulates the population dynamics seem to be largely regulated by
mortality rates of early life stages.

Inter-specific interactions and particularly predator-prey
interactions is one of the major topic of discussion in fisheries
research. These relationships have been postulated in several
occasions as a cause of the cycles and changes in abundance between
guild species (Walters et al., 1986; Polis et al., 1989). Moreover
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the cannibalism has been described as a mechanism providing the
upper limit to population density (Ricker 1958, 1973; Hunter &
Kimbrell, 1980; MacCall, 1981; Alheit, 1987; Valdés Szeinfeld
et al., 1987), exerting a self-regulation in population abundance.
On the other hand, predation by other guild species is commonly
considered as a regulation mechanism between competing species
(Fox, 1975). In this sense clupeiform fish are probably the most
important predators of fish eggs because they are abundant and
travel in large schools (Hunter & Kimbrell, 1980; Hunter, 1981).

Among the causes of egg mortality, egg cannibalism has
been reported for engraulid populations in anchovies all over the
world, such as the European anchovy (Tudela & Palomera, 1997;
Plounevez & Champalbert, 1999, 2000). However, many studies
have noted a strong evidence of a decrease in egg cannibalism
as copepod density increased (Valdés Szeinfeld, 1991; Péajaro et
al., 2007) as well as a relationship between consumption rate and
density of plankton eggs (Hunter & Kimbrell., 1980; Pajaro et al.,
2007). On the other hand, because small pelagic fish (e.g., sardines
[Garrido et al., 2007]) filter larger volumes of seawater their
potential to prey on fish eggs is likely to cause a great mortality of
such an early stage of fish population. For example, sardines in the
South Africa can cause a greater mortality of anchovy eggs than
cannibalism by the anchovy itself (Valdés Szeinfeld, 1991).

In this study, a total 0f 992 fish stomachs are analyzed and ingested
fish eggs (i.e., anchovy eggs and eggs of other fish species) and fish
(i.e., Clupeids and others) counted. Anchovy eggs are found at least
in the 18% of stomachs of each sampled predator species (including
cannibalism), with the exception of horse mackerels. Presence of
other fish eggs was achieved in the 25% of analyzed stomachs,
including all sampled predator species. Although predation upon
Clupeiforms (larvae and fish) was rarely observed in number, it was
achieved in most of the sampled predator species. Moreover in case
of mackerels predation upon other fish species was also observed

To our knowledge there is no previous study about the impact
that anchovy egg consumption could have in anchovy population
density of the Bay of Biscay. Therefore, the main objective of this
study is to provide empirical evidence on anchovy cannibalism
and predation of the main small pelagic fish species on anchovy
eggs. In addition, information about anchovy and other fish egg
consumption as well as fish larvae and adult predation by the
different predator species sharing the same niche is provided.
Finally, since the 91% of anchovy eggs (79% considering also
eggs of other fish species) were found in stomachs of sardines, the
global impact that sardine egg predation could have on anchovy
egg mortality in the area is estimated together with the effect of the
cannibalism by the anchovy itself.
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Environmentally sensitive recruitment embedded in a
Bayesian model for the European anchovy

Margarita Maria Rincon?, Javier Ruiz?, and Diego Macias®

The physical environment affects fish stocks and landings (Lloret
et al., 2001 Erzini, 2005),particularly for short-living pelagic species
like clupeoids (Nakata et al., 2000; Guisande et al., 2004; Basilone
et al., 2006). Environment restrains survival of clupeoid at early
life stages and engenders recruitment failures which are thought to
influence interannual fluctuation of catches more than variations
in fishing effort (Cingolani et al. 1996; Dimmlich et al., 2004).
Recruitment failure under adverse meteorology, intense easterlies
and low precipitation, is considered to decrease anchovy landings at
the Gulf of Cadiz (Ruiz et al., 2006). Although a similar features are
also observed in other anchovy fisheries (e.g. Motos et al., 1996), it is
seldom implemented in management models (Freon et al, 2005). Lack
of an underlying hypothesis and abuse of inferences driven by data
are among the flaws leading to this failure (Barange et al., 2001).

In addition to these limitations, uncertainty owing to model
imperfect representation of recruitment and its connection with
the environment is barely accounted for in these approaches.
Uncertainty is a key component to compute in the implementation
of any science aimed to support the taking of decisions (Lindley,
1971). When applied to fishery research, Bayesian space-state
approaches compute this uncertainty as a natural output after
application of Bayes theorem (Millar and Meyer, 2000; Punt and
Hilborn, 1997). Implementation of state-space schemes of stock
dynamics under the Bayesian approach transforms into uncertainty
both observational and hypothesis errors (Meyer and Millar, 1999;
Rivot et al., 2004). As a result, they elude the dichotomy between
mechanistic (e.g. Fasham-like ecosystem models) or purely data
driven (e.g. generalized additive models) inference techniques and
assimilate all available information to reduce uncertainty. This is
particularly useful when connecting information sources with
different origin and format as in small pelagic fisheries.

The present text describes the conceptual frame to adapt the
general bayesian state-space population dynamics model (GPDM)
developed in the ECOKNOWS project (Méntyniemi, 2012) to
stocks like anchovy where the environment cannot be ignored in the
dynamics of the population.

The model formulation proposed for the Gulf of Cadiz includes
a recruitment process environmentally-sensitive, forced mainly by
temperature, easterlies and discharges from Guadalquivir river (Ruiz

“ Instituto de Ciencias Marinas de Andalucia (ICMAN), Consejo Superior
de Investigaciones Cientificas (CSIC) .Av. Republica Saharaui 2, 11519,
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etal., 2009). The first life stages processes are modelled considering
a weekly time resolution for eggs and larvae according to the
spawning periodicity and the synoptic metereological time scale
while the latest stages are defined in a monthly resolution determined
by the monthly records of catches and it’s length frequency. This
double resolution provides the adequated time-steps to resolve the
environmental and anthropogenic effects on each stage endowing a
suitable framework to model other small pelagic fisheries.
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La edad y el crecimiento del atin rojo Atlantico

(Thunnus thynnus thynnus)

José L. Cort?

La edad y el crecimiento del atin rojo Atlantico (7hunnus
thynnus thynnus) han sido ampliamente estudiados a lo largo de la
historia de este pez. Corson (1923) hizo la primera determinacion
de la edad del atin rojo del Atlantico basdndose en las escamas
de pequefios ejemplares muestreados en Long Island (NY, USA)
en septiembre de 1923. de Buen (1925) y Sella (1929) fueron
los primeros cientificos europeos que aportaron datos de edad
basados en el estudio de partes esqueléticas, vértebras en este
caso. Recientemente, Rooker et al. (2007) citan diez trabajos de
crecimiento hechos en el Atlantico oriental y Mediterraneo, y siete
mas del Atlantico occidental llevados a cabo en las ultimas seis
décadas. Posteriormente a este estudio, otros sobre el mismo tema
han sido publicados por: Neilson & Campana (2008), Santamaria
et al. (2008), Secor et al. (2009), Luque et al. (2011) y Landa
et al. (2011). La mayor parte de ellos se basan en el modelo de
crecimiento de von Bertalanfty (1938).

Los resultados muestran una considerable heterogeneidad de
los parametros de la ecuacion de von Bertalanffy, por lo que en el
presente estudio se dan normas basadas en diversas metodologias
y en una extensa revision bibliografica para determinar los valores
reales de los mismos.

Bibliografia

Bertalanffy, L. von, 1938. A quantitative theory of organic growth
(Inquiries on growth laws. II). Human. Biol. 10: 181-213.

Corson, R.H., 1923. The “weight for age curve” of tuna. Fishing Gazette,
London 87: 519-520.

de Buen, F., 1925. Biologia del atin, Orcinus thynnus (L.). Resultado de
las campafias realizadas por acuerdos internacionales, 1. Madrid, 118

p.

Landa, J., Rodriguez-Marin, E., Lastra, P., Ruiz, M. & Quelle, P., 2011.
Growth of bluefin tuna (Thunnus thynnus) in the North-eastern
Atlantic and Mediterranean based on back-calculation of dorsal spine
annuli. ICCAT, SCRS/2011/178, 12 p.

Luque, P., Rodriguez-Marin, E., Ruiz, M., Quelle, P., Landa, J. & Macias,
D., 2011. A review of direct ageing methodology using dorsal
fin spine from Atlantic bluefin tuna (Thunnus thynnus). ICCAT,
SCRS/2011/176, 22 p.

Neilson, J., Campana, S. E., 2008. A validated description of age and
growth of Western Atlantic bluefin tuna (Thunnus thynnus). Can. J.

“ Instituto Espariol de Oceanografia, Santander (Esparia)

jose.cort(@st.ieo.es

Fish. Aquat. Sci. 65, 1523-1527.

Rooker, J., Alvarado, J., Block, B., Dewar, H., De Metrio, G., Prince,
E., Rodriguez-Marin E. & Secor, D., 2007. Life and Stock Structure
of Atlantic Bluefin Tuna (Thunnus thynnus). Reviews in Fisheries
Science, 15: 265-310.

Santamaria, N., Bello, G., Corriero, A., Deflorio, M., Vassallo-Agius, R.,
Bok, T., De Metrio, G., 2009. Age and growth of Atlantic bluefin tuna,
Thunnus thynnus (Osteichthyes: Thunnidae), in the Mediterranean
Sea. J. Appl. Ichthyol. 25, 38-45.

Secor, D.H, Wingate, R.L., Neilson, J.D., Rooker, J.R. & Campana, S.E.,
2009. Growth of Atlantic bluefin tuna: direct age estimates. Collect.
Vol. Sci. Pap. ICCAT, 64 (2): 405-416.

548 | Revista de Investigacion Marina, 2012, 19(6)



Pelagic ecology

Stock structure of some deep sea fishes (Helicolenus
dactylopterus and Pontinus kuhlii) in Azores Archipelago

using otolith elemental fingerprints

Alberto Teodorico Correia*’, Eduardo José Isidro¢, Ruth Margareth Higgins®

Oceanic circulation patterns in the Azores are complex and
seasonally variable, which is likely to be linked to the fisheries
recruitment processes taking place in this Atlantic area. In the
Azores, Helicolenus dactylopterus and Pontinus kuhlii are among
the most valuable fish species captured and represents a major
target of the bottom long-line fisheries. Although the overall stock
structure for both species remains unclear, based on the current
knowledge they are considered to constitute a single resource
pool. Otolith fingerprinting can significantly increase the accuracy
of population discrimination, particularly in resolving dispersal
and connectivity among sub-populations within genetically
homogeneous meta-population complexes. Where movement
between populations is limited, elemental fingerprints can be
used to identify fish from a particular region, namely if these
individuals are under the influence of water bodies with markedly
different composition. In this study sampling took place aboard
of the RV Arquipélago in deep waters (100 to 900 m depth) of
the Azores along the east (S. Miguel), central (Terceira) and
west (Flores and Corvo) groups during 2004 and 2005. Ninety
individuals of similar length of each species were choose, 30 fish
per location (east, central and west areas, respectively). Whole
otolith elemental composition was determined using solution-
based inductively coupled plasma mass spectrometry (SB-ICP-
MS). Prior to chemical analysis, otoliths were weight, cleaned
and decontaminated according to usual standard protocols. Otolith
fingerprint analysis detected the presence of several informative
trace elements (Ca, Sr, Ba, Mg, Mn, Zn, Cd, Cu, Li and Pb) for
both species. Molar concentrations for each site were analysed
through uni- and multivariate statistical tests, independently for
each species. Linear discrimination function analysis allowed us to
discriminate the individuals with respect to their fishery sampling
origin. By exploring the obtained spatial patterns of the species-
specific elemental signatures we shed light on whether these
species should be regarded as a single stock in the Azores region,
or by contrary the juvenile fish mix partially and, therefore, cannot
be assumed to be separate units for fisheries management purposes.
This question should be addressed in light of global depletion of
fish stocks, since is essential for a rational and sustainable aquatic
living resources management.
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The “jelly-carbon-shunt”: metabolism of Cotylorhiza
tuberculata at different light treatments

Diana Astorga?, Javier Ruiz?, Laura Prieto®

When a gelatinous zooplankton bloom occurs in a pelagic
ecosystem, there are relevant impacts in the food chain as depletion
of other zooplankton biomass (Roohi et al., 2008), increase on
phytoplankton biomass by decreasing the grazing impact due to
zooplankton biomass (Roohi et al., 2010) together by increasing
the nutrients available in the water column due to excretion caused
by the gelatinous organisms (Pitt et al., 2009; Condon et al.,
2011), plus long term effects on catchability of fisheries caused by
predation on fish eggs and larvae (Kideys, 2002).

In the present study, respiration and excretion experiments were
conducted under controlled laboratory conditions with freshly
collected specimens of the blooming symbiotic scyphozoan
Cotylorhiza tuberculata at different light treatments and nutrient
concentrations in order to evaluate its contribution to the “jelly-
carbon-shunt” in its natural environment. Besides oxygen
generation or depletion, nutrient analysis included ammonium,
nirite, nitrate, phosphate and organic carbon and nitrogen.

Experimental results were contrasted with respiration and
excretion rates of other zooxanthellate scyphozans and compared
to those of non-symbiontic species. Given the importance of C.
tuberculata suumer blooms in the Mar Menor coastal lagoon
since 1995 (Pérez-Ruzafa et al., 2002), the implementation of a
local program for medusa removal provides the tools to evaluate
ecosystem implications based on metabolic and feeding rates
(Purcell et al.,, 2010). The role of zooxanthellae in jellyfish
adaptation to the eutrophic environmental conditions of the Mar
Menor is also discussed.
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Composicion, abundancia y distribucion de zooplancton
en aguas de la ZEE del noroeste peninsular

Ana Miranda?, Gerardo Casas®, Gonzalo Gonzalez- Nuevo?®, Santiago Lens®

Durante el transcurso de la campana CODA (Cetacean Offshore
Distribution and Abundance in the European Atlantic) en julio de
2007, se llevaron a cabo una serie de estaciones oceanograficas para
caracterizar el habitat de los cetaceos.

Para el estudio de la composicion, abundancia y distribucion de
la comunidad de zooplancton se realizaron 42 arrastres verticales
diurnos y nocturnos hasta 300 m de profundidad con una red WP2
de 65 cm. de diametro de boca y con apertura de malla de 200 um.
Los datos hidrograficos se obtuvieron por medio de un CTD. Las
estaciones estuvieron comprendidas entre los 42° y 45° N, 7,5° y
14°W. (Fig.1)

La temperatura en superficie vari6 entre 17,8 y 20° C y las
salinidades entre 35,5 a 35,9 con la termoclina localizada en torno
alos 50 m.

Se utilizo un método de cluster para agrupar las estaciones atendiendo
a la composicion taxonomica de los grupos de mesozooplancton
(Tabla I). El grupo 1 de estaciones se caracterizd por tener densidades
y diversidad bajas; en contraposicion al grupo cuatro que tuvo las
estaciones con abundancias mas altas y con mayor diversidad, los
dos grupos restantes presentaron valores intermedios. Los grupos se
asocian con caracteristicas fisicas distintas. El grupo 1 y el grupo 3
tuvieron temperaturas y salinidades bajas a 150 m (12,23° C ,35,67 y
12,36 ° C y 35,69 respectivamente ) mientras que en el grupo 2 y el
grupo 4 fueron parecidas en temperatura 12,52° Cy 12,51° C y con la
misma salinidad (35,7). En el caso de la termoclina, el grupo 3 presenta
una estratificacion mayor (profundidad 30 m) respecto al resto de los
grupos, situandose en ellos a profundidades mayores que 40m.

Los principales grupos de zooplancton obtenidos en el analisis
taxondémico fueron: copépodos, apendicularias, radiolarios y
tintinidos. Dentro de los copépodos dominaron las siguientes
especies: Oithona plumifera, Calanus helgolandicus, Paracalanus
parvus 'y Centropages spp.

La abundancia de zooplancton fue baja, variando entre 70 y 1225
ind./m?.

En cuanto a la distribucion de zooplancton, los copépodos, las
apendicularias y los radiolarios se observaron en toda la zona de
estudio, mientras que los tintinidos estan en la zona norte mas alejada
de la costa.

Cabe destacar que, en toda la campafa, las especies mas
abundantes de copépodos fueron de pequefio tamano (Oithona
plumifera presente en todas las estaciones con valores entre 11y 199
ind/m’. y Paracalanus parvus valores entre 6 y 343. nd/m’.) y de
individuos juveniles, (Calanus helgolandicus jovenes entre 6 y 200
ind/m’.y Centropages spp jovenes con un maximo de 67 ind/m? en

“ Instituto Esparniol de Oceanografia (IEO) Cabo Estai. Canido 36390.
Vigo (ana.miranda(@yi.ieo.es)

la zona media del area estudiada).

Las estaciones del grupo 1 presentan diferencias significativas
en su composicion especifica con respecto al resto de los grupos.
Estas estaciones coinciden con un frente salino, poseen una baja
abundancia de zooplancton y ademas se observaron un numero alto
de avistamientos de rorcuales comunes (Balaenoptera physalus).
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Figura 1. Campaifia Coda: Muestreos W-P2 Vertical y CTD.

Tabla 1. Distribucion de las estaciones en diurnas y dentro de las nocturnas
la separacion de los 4 grupos por el analisis de Cluster.

ESTACIONES
DIURNAS GRUPO1 GRUPO2 GRUPO3 GRUPO4

6 7 4 3 11
10 9 5 8 12
14 39 21 16 13
18 40 28 17 15
19 29 25 22
20 31 27 23
26 32 35 37
30 33 36

34 41

38

42
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Vertical distribution of meroplankton in the Antarctic

Sound, Antarctica

Julia Ameneiro®, Juan Bellas”, Jorge Hernandez’, Cristian Henriquezd, Gonzalo
Macho?, Esther Pérez*, Carmen Primo®, Pablo Sangra', Cristina Sobrino®, Elsa

Vazquez®

As in other oceans, planktonic larvae also seem to play a key role
in benthic recruitment in So uthern Ocean since recent investigations
haverevealed arelatively high diversity and abundance of larval forms
(Bowden et al. 2009; Sewell and Jury 2011). The persistence of adult
population of these organisms depends on the successful recruitme nt
of their larvae which is dependent on the larval dispersal (Shanks et
al. 2002). Although larvae are dispersed as passive par ticles (Shanks
et al.2003), meroplankton populations often vary their horizontal
distributions by adjusting vertical position i n the presence of current
shear (Kimmerer and McKinnon 1987). Their vertical distribution is
largely determined by diel ve rtical migration (Lampert et al. 2003).
The most common pattern of vertical migration is an evening ascent
and a morning descent (Lampert 1989), although three other patterns
of migration have been recognized such as twilight, reverse and tidal
patterns (Rawlison et al. 2004). This vertical migration behaviour is
considered mainly as a response to avoid the predati on (Lampert
et al. 2003), however, another factors such as food availability and
temperature can influence vertical distribut ion (Lampert et al. 2003).
Therefore, this patterns of zooplankton vertical movements are
difficult to interpret because of multiple and complex environmental
factors.

The present study investigates the changes in vertical distribution
of abundance and compossition of pelagic larvae of marine
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invertebrate and their relationship with the hydrographical properties
of the water column during a 24-h period near Joinville Island in the
Antarctic Sound, Antarctica.

During the multidisciplinary survey COUPLING-10 on board the
RV Hespérides carried out in January 2010 around of South Shetland
Islands, zooplankton amples were collected at 6-h intervals during
a 24-h p eriod at Antarctic Sound (63°25°45”S 56°38°45”°W) (Fig.1)
using of a modified MOCNESS plankton net at 5-depth interva Is
(300-200, 199-100, 99-70, 69-40, 39-10 m). In addition, vertical
profiles of temperature, salinity and in situ fluorescen ce were obtained
using a Conductivity-Temperature-Depth sensor (CTD) attached to
the rosette equipped with Niskin bottle s, except at third time due
to electric problems with the CTD connection. Samples were
collected on each CTD cast fo r determination of size- fractionated
chlorophyll-a concentratio s. On the other hand, the maximum
photochemical efficien cy of photosystem Il was assessed using a
Fast Repetition Rate fluorometer (FRRf). This technique allows a
rapid in situ ana lysis of the physiological status of the phytoplankton
in the water column. Measurements of velocity in the w ter column
werre obtained using acoustic Doppler current profilers (ADCP).
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Figure 1. Study area and location of circadian station
at Antarctic Sound. Table show the date and
time of sampling.
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The main hydrographical features were the internal waves
and tidal waves which might be related with the strong tidal
flows and the abrupt bathymetry, producing an intense mixing of
water column (Fig 2).
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Figure 2. Vertical profiles of potential density for the circadian station at
Antarctic Sound.
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We found 19 larval types, being ascidian larvae and nectochaetae
of polychaetes the most abundant followed by the nudibranch
veligers and echinoderm larvae, mainly echinopluteus larvae.
Due to their great dominance, the distribution pattern of ascidian
larvae reflects that of the total meroplankton (Fig 3). By contrast,
Ameneiro et al. (2011) describe a predominance of brachiolaria
larvae of asteroids followed by nectochaetaec of polychaetes
around the South Shetland Islands. The high abundance of
different larval types may occur as a result of high abundance of
benthic fauna in the area since the geomorphology of the area and
the hydrographical features can contribute to the larval retention
(Absher et al. 2003, Ashjian et al. 2004; Sewell 2005).

In general, at each time, the larval densities were much lower
within first few meters of water column. The highest total larval
abundance was registered at depth range of 70-40m at 4:00
a.m. whereas at 11:10 p.m. these values decreased

substantially at the same depth range increasing, subsequently
again at 19:10 p.m. (Fig.3).

The distribution patterns of pelagic larvae are different along
the 24-h period and it might be influenced by the tidal waves
registered in the area, as well as by the sunlight penetration in
the water column. Solar radiation, mainly UVR, limited the depth
of protected areas which were also rich in healthy phytoplankton,
along the photic layer.
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Figure 3. Abundance (larvas 100m™) of major meroplanktonic larval groups at Antarctic Sound.
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Sobre la distribucion de Aristeus Antennatus (Risso,
1816) en el talud de la costa catalano-levantina e Islas

Baleares (Mediterraneo Occidental)

Mariano Garcia-Rodriguez

La gamba roja (Aristeus antennatus, Risso 1816) es una
especie ampliamente distribuida en el Atlantico oriental desde
Portugal hasta las islas Azores y las de Cabo Verde, alcanzando en
su extremo septentrional el Banco de Galicia. Presente en el Indico
hasta las Maldivas, se distribuye ampliamente por las tres cuencas
del Mediterraneo a excepcion del Adriatico y Egeo (Holtius, 1987).
Es objeto de una pesqueria muy concreta, siendo de gran aprecio en
el mercado: En el Mediterraneo espafiol es una especie explotada
tradicionalmente en Baleares, fundamentalmente en el Canal de
Ibiza, asi como en Cataluna, Levante, Murcia, Almeria e isla de
Alboran. Estos crustaceos se localizan en el talud continental e
insular, como en el caso de las Baleares, en profundidades que
van de los 200 hasta fondos superiores a los 1000 m.(Cartes,
1991), concentrandose en fondos fangosos entre los 350 y 800 m
de profundidad. Llevan a cabo importantes migraciones, tanto de
caracter nictemeral como estacional, moviéndose no s6lo desde
los 200 m de profundidad que puede llegar a alcanzar durante la
noche, hasta mas de 800 m durante el dia, sino que también son
capaces de cambiar de localizacion a lo largo del afio (Cartes,
1991). Esta especie ha sido objeto de numerosos estudios en las
costas espafiolas, fundamentalmente en la zona comprendida entre
el Golfo de Vera y el Cabo de Creus asi como en las Baleares,
especialmente en sus aspectos bioldgicos y pesqueros.

La distribucion y abundancia de las especies estan directamente
relacionadas conlas condiciones ambientales con que se encuentran.
En nuestro caso estas condiciones podrian ser la profundidad,
temperatura, salinidad, el grado de inclinacién (pendiente) del
talud continental (Cartes y Sardd, 1992; Cartes et al, 1994; Sarda
et al, 1994) y la intensidad luminica (Tobar y Sarda, 1992). Por
otra parte su distribucion espacial estd directamente ligada con la
geomorfologia del substrato, ya que su presencia esta relacionada
con la existencia de caflones submarinos en las proximidades
(Demestre y Martin, 1993, Martinez-Bafios, 1997), teniendo
gran importancia la granulometria del sustrato, ya que, al ser una
especie caracterizada por explotar recursos de tipo endobentonico
de fondos fangosos (Cartes, 1991), tiende a localizarse en fondos
de tipo arenoso-fangoso y fangoso, tipicos del talud en zonas
de hidrodinamismo poco acentuado. Esta especie presenta
movimientos estacionales caracteristicos, llegando a desaparecer de
amplias zonas durante ciertas épocas, debido, quizas, a intrusiones
de masas de agua de distintas caracteristicas a aquellas en las que
normalmente desarrollan su actividad bioldgica, apuntandose la

Instituto Espaiiol de Oceanografia. Servicios Centrales, Corazon de
Maria 8, 28002-Madrid (Espaiia). mariano.garcia@md.ieo.es

posibilidad de la influencia de la circulacion del Agua Profunda
del Mediterraneo Occidental (WMDW) en los desplazamientos
estacionales que muestra esta especie (Demestre y Martin, 1993).
Por otra parte, fendmenos de “cascading” pueden conllevar
la desaparicion temporal de la especie en sus zonas de pesca
habituales produciendo un colapso de la pesqueria (Company et
al, 2008). Definida como una especie estenoterma y estenohalina
su distribucion también se ha relacionado con el Agua Intermedia
Levantina (LIW) (Garcia-Rodriguez, 2003; Garcia-Rodriguez
et al, 2010). En este sentido, se ha observado que las hembras
adultas estan correlacionadas con la LIW, mientras que los machos
adultos y los juveniles de ambos sexos lo estan con la WMDW
(Guijarro et al., 2008). En Cerdefia, Sabatini et a/ (2010), también
relacionan su distribucion con la LIW, pero en aguas mas frias y
de menor salinidad que las preferidas por Aristeomorpha foliacea
(Risso, 1827), especie que se concentra en las zonas este y sur de
la isla.

El area de estudio comprende los fondos situados entre cabo de
Palos y el cabo de Creus y que constituyen la fachada Catalano-
Levantina del Mediterraneo espafiol (FAO-GFCM Geographic Sub
Area 06, GSA 6), asi como las Islas Baleares, que constituyen la
GSA 5 (Fig. 1). Las muestras fueron recolectadas en el transcurso
de sucesivas campaiias primaverales de pesca de la serie MEDITS
entre los afios 2007 al 2011, a bordo del Cornide de Saavedra,
siguiendo la metodologia estandar internacional (Relini et al.,
2008). El arte de pesca empleado fue una red de arrastre de fondo
GOC de 20 mm de luz de malla en el copo; el muestreo fue un
aleatorio estratificado, en el que se consideraron cinco estratos de
profundidad (0-50 m; 50-100 m; 100-200 m; 200-500 m y 500-
800 m) siendo muestreados con una intensidad proporcional a sus
superficies relativas. La geometria del arte fue controlada por un
sistema SCANMAR vy, paralelamente al arrastre, se recolectaron
datos de profundidad, temperatura y salinidad por medio de una
sonda CTD SBE-37 colocada en la boca de la red, lo que permite
obtener datos “in situ” de las variables consideradas. Una vez
procesada la muestra sus datos, junto con las caracteristicas del
muestreo, son introducidos en una base informatica, obteniéndose
los valores de abundancia y biomasa por area barrida, expresandose
en individuos y kilogramos respectivamente por kilémetro
cuadrado.

Sobre estos datos se realizé un analisis preliminar, obteniendo
sus estadisticos descriptivos, analizando la correlacion entre las
distintas variables consideradas, tanto ambientales (profundidad,
temperatura y salinidad) como poblacionales (abundancia,
biomasa y talla media). Se determino la existencia de diferencias
en sus medias, entre las distintas GSAs muestreadas, mediante un

554 | Revista de Investigacion Marina, 2012, 19(6)



Pelagic ecology

test t realizado sobre la transformacion logaritmica de los valores.
Seguidamente se realizaron una serie de analisis por medio de
Modelos Lineares Generalizados (GLM) al objeto de modelar la
respuesta de las variables poblacionales, transformadas a Ln +1,
valorando las relaciones de los diferentes factores (afio y GSA)
y variables ambientales (temperatura, salinidad y profundidad)
por medio de regresiones multiples. La normalidad de la variable
respuesta transformada fue contrastada por medio de un test
de Kolmogorov-Smirnov y se aplico un modelo sencillo sin
interacciones con una funcion de union de identidad:

Ln (BIOMASS. )=u+Yj+Gj+Tl+Sm+Dk+e¢

ijklm- ijklm

donde: pi: media total; Yi : efecto del afio i; Gj: efecto de la GSA
J; TL: efecto de la temperatura 1; Sm: efecto de la salinidad m; Dk:
efecto de la profundidad k; €: error, asumido como de distribucion
normal.

Se realizd un andlisis de la desviacion para evaluar la
significacion de los factores y las variables en el modelo. La
desviacion representa la variacion presente en los datos de
forma similar a un ANOVA. En esta tabla cada variable muestra
la variacion de la respuesta explicada por cada término. Estos
analisis fueron realizados usando el S-PLUS software (MathSoft,
Seattle, WA, USA).

Durante el periodo considerado, 2007-2011, se recogieron en el
area de estudio un total de 615 muestras en las que A. antennatus
aparecio solo en 71 de ellas (12 %). La distribucién geografica
de estas apariciones (Fig. 1) resulta muy amplia, aunque no
puede consideradse restrictiva ya que, algunas zonas de presencia
constatada de la especie como frente a Castellon (Garcia-Rodriguez
et al, 2007), no han podido ser muestreadas debido a limitaciones
operativas (tiempo de disposicion del barco).

Los principales estadisticos de las variables contempladas
aparecen en la Tabla 1. En la zona de estudio, las variables
abioticas (profundidad, temperatura y salinidad) muestran una
alta correlacion significativa entre ellas, estando la profundidad
negativamente correlacionada con la temperatura y positivamente
con la salinidad (Garcia-Rodriguez et al, 2011). Por otra parte,

23N

12w

IBERIAN PENINSULA }

Figura 1. Localizacion de los puntos de aparicion de A. antennatus.

las variables poblacionales (abundancia, biomasa y talla media)
también lo estan entre si, siendo muy significativa la correlacion
abundancia-biomasa (R>=0.93). Sibien el rango de profundidad de
aparicion de la especie puede ser considerado amplio (414 m), los
rangos de temperatura y salinidad observados son muy estrechos y
muy similares a los ya observados previamente en la zona (Garcia-
Rodriguez et al, 2011) lo que confirma el caracter estenotermo y
estenohalino de la especie. Las variaciones de biomasa durante
el periodo de muestreo no resultan significativas. Si comparamos
las medias y varianzas (t-test) de las distintas variables entre
las dos GSAs muestreadas (Fig. 2), vemos que las diferencias
en las medias obtenidas en las variables ambientales resultan
significativas, mientras que las de las variables poblacionales no
muestran diferencias significativas entre si.

Tabla 1. Principales valores estadisticos de las variables abioticas consideradas (profundidad, temperatura y salinidad) asi como de las variables poblacionales
(abundancia, biomasa y talla media) de las muestras donde aparecio 4. antennatus.

GENERAL
PROFUNDIDAD TEMPERATURA SALINIDAD ABUNDANCIA BIOMASA T. MED

(m) ()] (0/00) (n/Km?) (kg/Km?) (mm)

Min 405.0 12.89134102 38.46708418 11.432 0.183 24.8
Max 818.9 13.29375480 38.53991380 2536.554 33.622 424
Media 655.9 13.05773859 38.49437418 788.075 12.097 33.0

(=SD) 80.4 0.11310494 0.01699503 629.061 8.631 3.9
Rango 4139 0.40241378 0.07282962 2525.122 33.439 17.6

Ampliando el andlisis a los cuatro sectores estudiados,
Baleares Este y Oeste (Menorca-Mallorca), Levante (Sur del
Ebro) y Catalufia (Norte del Ebro) observamos que las diferencias
significativas en las variables ambientales se localizan entre
los sectores Este y Oeste de Baleares, mostrando medias mas
altas en todas las variables, excepto profundidad, en la zona de
Menorca que en Mallorca, mientras que en el talud Peninsular

las diferencias entre sectores no son significativas, resultando las
medias significativamente menores en profundidad y mayores
en temperatura y salinidad que las de las Baleares. Por tanto,
las variables ambientales nos indican una zona mas o menos
homogénea en el talud peninsular y otras dos zonas en Baleares,
con diferencias no significativas entre ellas, quiza debidas a la
presencia de estructuras de mesoescala en la zona (Lopez-Jurado
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et al, 2008). Con respecto a las variables poblacionales, en la época
de muestreo, muestran una homogeneidad poblacional bastante
uniforme, con pequefias diferencias no significativas entre las dos
zonas de Baleares.

Los resultados del GLM (Tabla 2) nos muestran que el modelo
general explica un 24% de la variabilidad observada, con la
salinidad (8%) y la temperatura (5%) como las variables mas
explicativas y significativas (p<0.05), y mostrando ademds una

alta linearidad con la variable respuesta (Fig. 3). El factor tiempo
(afo) muestra pequefas variaciones no significativas, mientras
que el factor espacial (GSA), a pesar de mostrar diferencias entre
GSAs, tampoco resulta significativo. La profundidad que, debido
a su alta correlacion con las variables temperatura-salinidad, ha
sido colocada en ultimo término para evitar enmascaramientos con
ellas, muestra una moderada linearidad con la variable respuesta
no resultando significativa.
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Figura 2. Diagramas de caja de las distintas variables estudiadas, tanto las ambientales (profundidad, temperatura y salinidad) como las poblacionales
(abundancia, biomasa y talla media); las medias de las variables ambientales resultaron ser significativamente diferentes entre GSAs.

Tabla 2. Resultados del analisis GLM de las variables consideradas, con la biomasa como respuesta, y mostrando la desviacion explicada para cada variable

y su significacion.

DEVIANCE

RESID.

RESID. DF DEV % DEV. F VALUE PR (F)
NULO 70 55.14784

ANO 3.224992 66 51.92285 5.85 1.186903 0.3254299
GSA 0.049764 65 51.87309 0.09 0.07326 0.7875474
TEMPERATURA 2.895868 64 48.97722 525 4263099 0.0431378
SALINIDAD 4.624174 63 4435304 8.39 6.807394 0.0113637
PROFUNDIDAD 2237247 62 421158 4.06 3.293522 0.0743916
TOTAL (%) 23.63
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Los resultados obtenidos sugieren que, durante la primavera,
la distribucion de 4. antennatus en las zonas de estudio es muy
estable a lo largo del tiempo y su poblacion esta repartida por
el talud, tanto peninsular como insular, con caracteristicas muy
homogéneas entre si, con pequefias variaciones no significativas
entre las islas Baleares. La especie se distribuye entre los 400 y
800 m de profundidad en el talud peninsular, y entre los 600 y
750 m en el de las Baleares: Las diferencias encontradas entre las
zonas peninsulares e insulares fundamentalmente en el rango de
distribucion en profundidad, mas amplio en la peninsula que en
Baleares, puede atribuirse a circunstancias hidrologicas, como la
formacion durante la época de muestreo de una amplia zona de
surgencia (upwelling) en el talud peninsular (Bakun and Agostini,
2001) que permitiria el acceso de la especie a fondos mas someros
de los habituales, mientras que en las Baleares la existencia de
estructuras de mesoescala (Lopez-Jurado ef al, 2008) reforzadas
con fenémenos de hundimiento de masas de agua (downwelling)
(Bakun and Agostini, 2001) mantendrian a las poblaciones

confinadas en profundidades mayores. En cualquier caso, los
estrechos rangos mostrados por la temperatura (0.4024 °C) y la
salinidad (0.07284 psu) en la zona estudiada, refuerzan el caracter
estenotermo y estenohalino de la especie. Las caracteristicas
medias de las variables ambientales encontradas en las masas
de agua las caracterizan como pertenecientes a Agua Intermedia
Levantina (LIW) especialmente en sus valores locales (Lopez-
Jurado et al, 2008), lo que liga a la distribucion de esta especie, en
el rango de profundidad estudiado, a las fluctuaciones de ésta masa
de agua. Por debajo de los 800 m, profundidad no muestreada en
este trabajo, se ha observado que los machos adultos y los juveniles
de ambos sexos estan relacionados con la WMDW (Guijarro et al.,
2008). Si bien la distribucion de las variables poblacionales es
bastante homogénea, se observa una clara tendencia a aumentar
los valores de abundancia y de biomasa conforme disminuye
la temperatura y aumenta la salinidad, siendo éstas variables y
especialmente la salinidad las que mas afectan a la distribucion de
la biomasa de la especie.
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Figura 3. Graficas de los residuos parciales de las variables en el modelo general para 4. antennatus. Los puntos se corresponden con los valores observados
de biomasa, y su linea de regresion ajustada, con respecto a cada variable.
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Datos preliminares sobre la biologia de Engraulis
encrasicolus (Osteichthyes: Clupeiformes: Engraulidae)

en las Islas Canarias

V. Garcia-Martin, D. Herniandez-Castro, E. Capote, J.A. Gonzalez y J.G. Pajuelo

El estudio tiene como finalidad dar a conocer la biologia
de la anchoa (boquerén o longoron), Engraulis encrasicolus
(Linnaeus, 1758), en aguas de Canarias. Se trata de una especie
altamente migratoria, de crecimiento rapido y aparicion ocasional
en la mayor parte del Archipié¢lago. Esta especie presenta un alto
interés pesquero y un enorme valor ecologico, por lo que es de
suma necesidad conocer los parametros biologicos de la especie
en estas aguas.

Se muestrearon un total de 4225 ejemplares de longoron
obtenidos de capturas efectuadas por barcos cerqueros artesanales
en aguas de Gran Canaria entre abril y diciembre de 2011.
Como talla de referencia de los ejemplares se considerd la
longitud total (mm), por sus implicaciones en la regulacion
pesquera. En una submuestra representativa (n =1735) de todas
las clases de talla, adicionalmente se tomo el peso eviscerado
y el peso gonadal (0,01g), se determiné el sexo y el estado de
madurez sexual a nivel macroscopico (escala de 5 puntos) y
se extrajeron y conservaron goénadas (en formol tamponado al
4%) y otolitos (en seco). Se llevo a cabo un analisis histologico
gonadal en individuos superiores a 55 mm, debido a que los
inferiores a esta medida fueron considerados indeterminados
microscopicamente. El estudio de la histologia gonadal confirmé
la tipologia sexual establecida por asignacion visual del sexo y
la estrategia reproductora, verificindose los estados de madurez
sexual asignados de visu. Los otolitos permanecen conservados
para realizar el estudio del crecimiento. A fin de comprobar o
descartar que la poblacién de Canarias sea la misma que la de
las vecinas aguas de Marruecos (region de Agadir), se realizd
un andlisis meristico basado en el ntimero de radios blandos
de las aletas dorsal, pelviana, pectoral y anal, y en el numero de
branquispinas en el l6bulo inferior del primer arco branquial.

La talla de los individuos de la muestra total oscilo entre 41 y
146 mm. De los 1634 individuos examinados microscopicamente,
correspondientes a los boquerones superiores a 55 mm, 745
(45,46 %) fueron machos y 889 (54,54 %) hembras. Los machos
variaron entre 55 y 140 mm y las hembras desde 55 hasta
146 mm. Se observaron diferencias significativas entre la
talla media de machos (86,33 mm) y hembras (89,77 mm)
(z-test, =-3,332; P<0,0001). La relacion talla-peso para todos

Grupo de Ecologia Marina Aplicada y Pesquerias, Universidad de Las
Palmas de Gran Canaria (veronica@biologiapesquera.org)

los individuos es descrita por los parametros: a=0,00000358
y b=3,122; el coeficiente de alometria analizado mediante el
test-t de Student puso de manifiesto que los machos presentaron
una relacion isométrica, sin embargo las hembras y el total de
ejemplares mostraron una relacion alométrica positiva (>t s,
n-2>500=1,98). La tipologia sexual observada fue gonocorismo.
El valor de sex-ratio es de 1 macho por cada 1,19 hembras,
observandose diferencias significativas con la relacion teodrica
1:1 (Pearson y’-test, x’=12,69 > y,’=3,84; P<0,0001). Se observo
actividad reproductora en ambos sexos durante todos los meses
muestreados, donde los valores medios del IGS fueron altos (entre
2 y 4) con un maximo en julio (IGS cercano a 7 en hembras).
La talla media de primera madurez sexual (Lmsy) en machos
y hembras fue 90 y 83 mm respectivamente. La talla media de
madurez masiva (Lmgs) en machos y hembras fue 128 y 110 mm
respectivamente. No se observaron diferencias significativas en el
nimero medio de radios en ninguna de las aletas entre las muestras
de Canarias y sur de Marruecos, n=52 y n=96 respectivamente,
ni en el nimero medio de branquispinas (t-test, P>0,1). El rango
del niimero de radios de las aletas y del nimero de branquispinas
no mostraron diferencias significativas entre Canarias y Marruecos
(Z-test de Kolmogorov-Smirnov, P>0,1).

Como acciones de investigacion inmediatas para completar este
estudio, se hace necesario analizar las muestras de los tres meses
siguientes (enero a marzo de 2012) con el objetivo de analizar,
como minimo, un ciclo anual completo que permita verificar los
resultados obtenidos y realizar el estudio del crecimiento. Ademas,
se estima oportuno comparar genéticamente las muestras de
Canarias y Marruecos para determinar si forman parte o no de la
misma poblacion, dado que no se puede descartar, de momento,
la llegada de individuos de esta especie, en fase larvaria o adulta,
desde la costa noroeste-africana hasta Canarias por medio de
filamentos originados en los procesos de up-welling.
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Stable isotopes and trophic position of commercially
exploited Mediterranean littoral fishes

Salud Deudero?®, Ariadna Tor*, David Diaz®, Sandra Mallol* and Raquel Goiii®

Stable carbon and nitrogen isotopes signatures have been
determined for littoral fishes from the Balearic Islands and
Columbretes Islands MPA (NW Mediterranean) for trophic
assessment. With the aim of investigating the aspects of fish
feeding and to compare trophic levels between locations subject
to different protection status, four species of fishes associated
to by-catch in the Spanish lobster fishery were analyzed (Phycis
phycis, Raja polystigma, Scorpaena scrofa and Zeus faber). The
sampling was performed during summer 2009, in two locations
in Columbretes Islands MPA, one where fishing is forbidden and
another where it is permitted; and two locations in the Balearic
Islands, Cala Ratjada (Mallorca) and Ciutadella (Menorca).
Variation in the isotopic composition was examined at multiple
levels: individual organism, individual populations and at area
effects (different locations) with a distance based permutational
analysis of variance (PERMANOVA). When analysing spatial
differences, all fish species exhibited significant differences in
both 3"*C and 3'°N for the pairwise test Columbretes- Cala Ratjada,
and Columbretes- Ciutadella. Fish specimens from Columbretes
showed an enrichment in 8"°C ranging from 0.7 %o to 1.77 %o
compared to Cala Ratjada specimens, and between 1.55 %o and
1.82 %o compared to those from Ciutadella. For 8N, the amount
of enrichment was very similar, with Columbretes specimens
showing a mean enrichment between 1 to 1.6 %o compared to Cala
Ratjada specimens and from 1 %o to 1.75 %o compared to Ciutadella
specimens. In relation to the protection status, S. scrofa and Z.
faber showed an slight enrichment in both carbon and nitrogen
and a higher trophic level between samples from Columbretes
Islands and Cala Ratjada (p<0.05), suggesting that both species
from Columbretes occupy a higher trophic position compared to
specimens from Cala Ratjada. These significant differences also
appeared when we compared samples inside the protected are
and outside the protected area within Columbretes Island MPA.
Regarding trophic level, the majority of fishes appeared to occupy
a trophic level between 3.01 and 4.22 with a mean value of 4.08
for fish from Columbretes Islands, 3.51 for those from Cala

“ Instituto Espaiiol de Oceanografia, Centro Oceanogrdfico de Baleares,
Muelle de Poniente s/n, 07015, Palma
b email: ariadna.tor@ba.ieo.es

Ratjada and 4.2 for those from Ciutadella. The results highlighted
the potential of carbon and nitrogen stables isotopes to gain extra
insights into the functionaning of marine ecosystems, and in
particular in elucidating trophic relationships.
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Caracterizacion morfologica de vértebras en 6 especies
de gadiformes mediterraneos y su aplicacion en estudios

de ecologia trofica

Manuel Juan Mota, Lluis Gimeno, Javier Guallart

La caracterizacion de restos esqueléticos de peces resulta de
gran utilidad en estudios de ecologia trofica de especies ictivoras.
Estos son hallados a menudo en los contenidos estomacales
y su identificacion permite determinar las especies de presas
consumidas.

El objetivo del presente trabajo es realizar con este fin una
descripcion comparativa de las vértebras de 6 especies de peces
gadiformes mediterraneos: Merluccius merluccius (Merluccidae)
y Micromesistius poutassou (Gadidae), Phycis blennoides, Phycis
phycis, (Phycidae), Molva dypterigia (Lotidae) y Mora moro
(Moridae).

Los ejemplares estudiados proceden de pescas realizadas
por barcos de arrastre en el Golfo de Valencia (Mediterraneo
occidental).

La extraccion del esqueleto se realizdo mediante coccion suave
utilizando un horno microondas, el cual permite la separacion de
la masa carnosa sin apenas desarticular las piezas esqueléticas.
Posteriormente se realizd una limpieza minuciosa de cada una
de las vértebras y fueron fijadas y conservadas en formalina
tamponada.

La columna vertebral fue separada en su conjunto, registrando
en cada el ejemplar el numero total de vertebras

Se han distinguido 6 regiones en la columna vertebral con fines
descriptivos: atlas, abdominales iniciales, abdominales finales,
caudales iniciales, caudales finales y urostilo.

Los rasgos morfologicos de las vértebras analizados
principalmente son la forma, tamafio y orientacion de las apdfisis
dorsales y ventrales, la presencia de foramen neural y espinal, el
tamafio y la morfologia de las espinas hemales, espinas neurales
y del centrum.

Se han hallado diferencias a nivel especifico entre la morfologia
de las vértebras en cada una de las regiones. El atlas es una de
las vértebras mads caracteristicas en este sentido. Las vértebras
abdominales presentan marcadas diferencias sobre todo para algunas
especies como Meluccius merluccius, que presenta una morfologia
muy caracteristica en sus espinas hemales. Las vértebras caudales
presentan diferencias sobre todo en cuanto a la orientacion y tamafio

Universidad Catdlica San Vicente martir (UCV)
(Manolo.j. m@hotmail.es)

de las apofisis. Por su parte el urostilo es asimismo caracteristico
para algunas especies como Molva dipterygia, en que tiene una
tamafio muy reducido y forma alargada.

Sin embargo la utilidad de cada tipo de vértebra en la
identificacion de restos de los contenidos estomacales esta
influida tanto por su resistencia a la digestion como por el hecho
de que habitualmente los esqueletos se hallan desarticulados. En
este sentido, por ejemplo el urostilo presenta escasa utilidad. En
cambio las vertebras caudales iniciales como finales presentan
caracteristicas de mucha mayor utilidad.

Se presenta una tabla en la que sintetizan las diferencias
entre las diferentes especies, ser utilizadas para la identificacion
especifica de restos hallados en los contenidos estomacales.
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Nuevos datos biométricos y descripcion del otolito
sagitta de Physiculus cyanostrophus (Osteichthyes:
Gadiformes: Moridae) en las Islas Cabo Verde

Triay, R.%, O. Tariche®, T. Gonzalez-Herrera?, C. Monteiro®, J.I. Santana‘, A.
Martins®, V. Garcia-Martin®, D. Hernandez-Castro?, E. Capote?, S. Jiménez-
Martin®, M. Romero-Esparrach?, J.A. Gonzilez** & J.G. Pajuelo™*

Este estudio forma parte de los proyectos PROACTIVA 1-2
(2009-2012) de cooperacion transnacional para el desarrollo,
subvencionados por la Direccion General de Relaciones con
Africa del Gobierno de Canarias.

La descripcion morfologica de una especie, basada en
caracteristicas morfométricas y meristicas, es fundamental para
su correcta identificacion. La descripcion de una especie sera
mas precisa cuanto mayor sea el rango de tallas de los individuos
estudiados, puesto que sus caracteres morfologicos suelen variar
en funcion de la edad (crecimiento) de los ejemplares. En este
sentido, en la literatura apenas existe informacion descriptiva
de Physiculus cyanostrophus Anderson & Tweedle, 2002
(Osteichthyes: Gadiformes: Moridae), mas alla de su descripcion
original (12 ejemplares de Angola) y de su primera cita (3
ejemplares) para Cabo Verde (Gonzalez et al., 2010).

Esta especie epibentonica forma parte del by-catch de interés
comercial de la futura pesqueria cabo-verdiana de camaro6n soldado
(Plesionika edwardsii), mediante tren de nasas camaroneras semi-
flotantes (operan a casi 3 m sobre el fondo), entre 100 y 300 m
de profundidad. Por esta razon, hemos emprendido el estudio
morfoldgico y bioldgico de la especie.

Sehananalizadountotalde 158 ejemplaresdel Ph. cyanostrophus
obtenidos durante el transcurso de las campafias Cabo Verde 2010-
04 y Cabo Verde 2012-02 a bordo de los Buques Oceanograficos
“Profesor Ignacio Lozano” del ICCM y “Sinagoga” del INDP
respectivamente, operando con nasas bentonicas y epibentonicas
enun intervalo de 96 a 304 m de profundidad. Las medidas en mm
y los recuentos en los ejemplares siguen los criterios establecidos
por Paulin (1989) y Trunov (1989).

El estudio morfométrico del material examinado en laboratorio
ha abarcado un rango de tallas entre 139 y 348 mm de longitud
total (longitud méaxima observada en la especie) y entre 125y 317
mm de longitud estandar (LS). Expresados como porcentaje de
LS: longitud cefalica LC (19,6-25,1), longitud del hocico (4,6-

4 Grupo de Ecologia Marina Aplicada y Pesquerias, Universidad de Las
Palmas de Gran Canaria (ULPGC) (raul@biologiapesquera.org).
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6,0), diametro ocular (4,2-6,7), longitud de la aleta pectoral (15,3-
21,6), altura corporal a nivel de la primera aleta dorsal (16,2-22,8)
y distancia interorbitaria (4,5-6,0). Expresados como porcentaje
de LC: longitud del hocico (16,4-28,7), didmetro ocular (18,8-
25,8), distancia interorbitaria (21,0-25,4) y longitud de la barbilla
mental (3,2-7,4). La distancia entre el 6rgano luminoso (ol) y el
ano (A) se han expresado como porcentaje de la distancia entre la
linea inter-ventral (LiV) (a nivel del inicio de las aletas ventrales)
y el inicio de la aleta anal (aa), es decir, LiV-aa: LiV-ol (30,0-
43,7), ol-A (13,1-23,9). Un total de 38 ejemplares (el 20,3%) han
presentado la aleta caudal seccionada y regenerada.

El estudio meristico ha ampliado significativamente los rangos
de las variables recontadas en los trabajos de Anderson & Tweedle
(2002) y Gonzalez et al. (2010). Férmulas radiales: primera aleta
dorsal, 7-9; segunda dorsal, 64-73; anal, 65-82; pectoral, 19-26;
ventral, 5-7; aleta caudal, 22-28. Branquispinas en el primer arco
branquial: 3-4 superiores, 9-11 inferiores, 12-15 totales. Radios
branquidstegos, 7. Escamas: serie longitudinal, 121-134; serie
oblicua (entre la base de la aleta dorsal y la linea lateral), 8.
Numero de ciegos piléricos, 11. Formula vertebral, en estudio a
partir de radiografias.

Se ha verificado que los otolitos sagitta izquierdo y derecho de
esta especie son subiguales en todos los individuos. De acuerdo con
las caracteristicas propuestas por Tuset et al. (2008), se ha descrito
la morfologia de la sagitta. Otolito de contorno sagitiforme. Sulcus
acusticus heterosulcoidal, posicionado en la linea longitudinal
del otolito con cauda y ostium bien diferenciados; la primera
ampliamente en el margen del otolito y el segundo cerrado.
Ostium, menor que la cauda, largo y eliptico con una terminacion
muy proxima al margen anterior. Cauda en forma de embudo y
ligeramente convexa. Region anterior ligeramente puntiaguda.
Region posterior muy puntiaguda, con postrostrum largo, estrecho
y puntiagudo y antipostrostrum corto, estrecho y puntiagudo.
Excisura caudalis con una muesca profunda y aguda. Se aportara
la primera fotografia del otolito de la especie para la ciencia.
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Aspectos de la biologia de Torpedo torpedo, Scorpaena
scrofa, Mullus surmuletus, Uranoscopus scaber and
Synaptura lusitanica, de la costa de Cullera (Valencia,

Sureste Ibérico, Espaia)

Angela-Maria Jaramillo-Londoiio* , Alejandra-Vanina Volpedo® , Maria-Eugenia

Rodrigo-Santamalia®, Vicent Bendito-Dura“

En el Mediterraneo, como en la gran mayoria de las zonas
pesqueras del mundo, los recursos pesqueros vienen mostrando
sintomas de agotamiento y sobrepesca y en muchos casos se
conoce poco de la biologia de las especies capturadas.

Este estudio se llevo a cabo en la bahia de Cullera (39° 12’ a 38°
59’ N, and 0° 09’ a 0° 15° O) en donde se hicieron analisis sobre
algunas especies de peces bentonicos que son pescadas cominmente
mediante pesca artesanal y trasmallo a una profundidad maxima
de 30 m. El muestreo se realizo entre julio de 2004 y enero de
2006. Se analizo el estado de madurez, la edad y el crecimiento de
63 torpedos, Torpedo torpedo (L., 1758); 115 escorpas, Scorpaena
scrofa (L., 1758); 280 salmonetes, Mullus surmuletus (L., 1758);
139 ratas, Uranoscopus scaber (L., 1758), y 476 lenguados tigre,
Synaptura lusitanica (C., 1868). No obstante la gran cantidad de
trabajos que tratan sobre la biologia de multitud de especies de
peces, destaca el hecho que no existen muchos trabajos sobre las
especies elegidas para este estudio, atin cuando son peces de interés
comercial. Unicamente Mullus surmuletus es la especie que cuenta
con mayor informacion bibliogréfica acerca de su biologia.

La longitud total (LT) de las especies estudiadas oscilo entre
8,9 y 44,2 cm. La longitud con respecto al sexo mostro diferencias
significativas entre hembras y machos unicamente en M.
surmuletus and S. lusitanica. La relacion entre la talla y el peso fue
idéntica para ambos sexos en todas las especies: W=0,00002LT>"
T torpedo, W=0,00003LT>* S. scrofa; W=0,000004LT>* M.
surmuletus; W=0,000008LT*" U. scaber; y W=0,000002LT?2¢
S. lusitanica. Segun los datos obtenidos en este estudio, el 50%
alcanzaria la madurez sexual a una talla entre los 20 y 36,5 cm y
una edad entre 2 y 6 aflos (36,5cm, Torpedo torpedo; 25 cm 'y 4
aflos, Scorpaena scrofa; 20 cm'y 2 — 3 afios, Mullus surmuletus;
23,5 cm y 3 aflos, Uranoscopus scaber, y 25 cmy 5 — 6 aios,
Synaptura lusitanica).
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La mayoria de las especies tienen su periodo de maduracion
sexual y desove en los meses de primavera y comienzo del
verano; excepto 7. forpedo que se reproduce en invierno. Estas
¢épocas coinciden con periodos de reclutamiento de juveniles,
siendo ademas favorables en cuanto a la acumulacion de reservas
energéticas corporales.

Para la determinacion de la edad se visualizaron los anillos
de crecimiento de los otolitos mediante el conteo de las bandas
hialinas y opacas, las cuales revelan una pauta diferencial anual que
permite determinar la edad del pez. Adicionalmente, las relaciones
entre la talla y la edad dan una idea de la curva de crecimiento
seguida por la especie. El rango de edad para S. scrofa y U.scaber
estaba entre 1 y 8 afios, para M. surmuletus entre 1 y 4 afios y para
S. lusitanica entre 4 y 12 afios.

Se calcularon los pardametros para la ecuacion de crecimiento
de von Bertalanffy mediante analisis de regresion no lineal. La
ecuacion de crecimiento de von Bertalanfty para S. scrofa fue
LT=37(1 - -2+ 039 para M. Surmuletus fue LT =31,5(1 - e©
038+ 05): para U. Scaber fue LT =35,5(1 - e02t+208): y para S.
Lusitanica fue LT =34,3(1 - e014t+2.100)

Los parametros bioldgicos estimados en este estudio pueden
ser utilizados como herramienta para el analisis y evaluacion
del estado de los stocks pesqueros. Esta revision indica que las
especies estudiadas estan siendo pescadas en tallas pequeias
con relacion al crecimiento potencial de la especie. Hace falta
ampliar los estudios acerca del stock de pesca, el reclutamiento
y las épocas reproductivas, especialmente para S. lusitanica, S.
scrofa y U. scaber; sin embargo, nuestros resultados apuntan a
que debe revisarse la gestion de la actividad pesquera de las cinco
especies que componen este estudio, con el objetivo de buscar la
sostenibilidad del medio, los recursos y la actividad econémica a
largo plazo, mediante la implementacion de una o varias figuras de
gestion dentro de las que se encuentran: establecimiento de areas
marinas protegidas, medidas técnicas de conservacion (vedas,
mallas y tallas minimas), limitaciones directas al esfuerzo de pesca
(dias de pesca, nimero de barcos) o indirectas (totales admisibles
de captura y cuotas), planes de gestion y de recuperacion,
esquemas de compensaciones y estimulos a la retirada o cambio
de técnicas.
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Influence of permanent and intermittent streams
discharges on the structure of fish communities of
Melides and Sto. André lagoons, Southwest Portugal

Félix PM 2, Correia MJ?, Chainho P?, Cabral HN*?, Costa MJ*P, Costa JL*¢,

Cancela da Fonseca L¢

Melides and Santo André are small lagoons (0.4 and 2.5 km?,
respectively) located in the southwest coast of Portugal. Both
systems are characterized by having small stream networks (63 and
96 km?, respectively) contacting with the top detritic layer of Sines
aquifer system and with a short annual connection period with the
sea. Groundwater-dependent permanent streams that discharge in
the Melides and Santo André lagoons are expected to have different
geochemical and biological characteristics than runoff-dependent
intermittent streams and consequently give different contributions
to the lagoonal system. Water characteristics of areas outside
the direct influence of both types of streams are also expected
to be different. The aim of the present work was to investigate
variations in the structure of fish communities of Melides and
Santo André lagoons related with the presence of groundwater-
dependent permanent streams and runoff-dependent intermittent
streams. Samplings were conducted in two different periods
(before and after connection of lagoons with the sea, in February
and July 2011) and fishes captured using several fyke nets arrays
at growing distances from the permanent and intermittent streams
discharge points. Environmental characterization of the sampling
areas was performed at the same time of fishing operations with
measurements of depth, temperature, dissolved oxygen, salinity,
electrical conductivity, transparency, total dissolved solids, pH,
nutrients and chlorophyll a. Total organic content in the sediment
and sediment grain size were also determined. A total of 3179
individuals of 17 different fish species were captured in both
lagoons. The sea-bass Dicentrarchus labrax, the thin-lipped grey
mullet Liza ramada, the Senegalese sole Solea senegalensis, the
European eel Anguilla anguilla and the white sea bream Diplodus

@ Centro de Oceanografia, Faculdade de Ciéncias da Universidade de
Lisboa, Campo 10 Grande, 1749-016 Lisboa, Portugal

(main author: pmfelix@fc.ul.pt).

b Departamento de Biologia Animal, Faculdade de Ciéncias da
Universidade de Lisboa, 16 Campo Grande, 1749-016 Lisboa, Portugal.
¢ Universidade Lusofona de Humanidades e Tecnologias, Campo Grande
376, 1749-024 18 Lisboa, Portugal.

4 Centro de Ciéncias e Tecnologias da Agua, Universidade do Algarve.
Campus 22 de Gambelas, 8005-139 Faro, Portugal.

¢ Laboratorio Maritimo da Guia/Centro de Oceanografia (FCUL), Av. N*.
Sré. do Cabo, 24 939, 2750-374 Cascais, Portugal.

sargus dominated these fish communities with more than 400
specimens captured in each case. Multivariate and univariate
analysis revealed that fish communities’ structure of both lagoons
was more dependent of general environmental conditions than
from the proximity of permanent or intermittent streams, although
the distribution of species also varied according to the proximity
to the sea, between more and less tolerant species, followed by
opportunistic trophic associations. High motility of these animals
certainly contributed to the observed results. Less mobile species,
namely benthic invertebrates may produce better results in
differentiating the influence of permanent or intermittent streams
in lagoonal biodiversity.
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Population dynamics of European hake, Merluccius
merluccius (Linnaeus, 1758), in the Northwest

Mediterranean

Andrea Massaro®, Mario Sbrana®, Paolo Sartor®, Alessandro Ligas®

The European hake, Merluccius merluccius (Linnaeus, 1758),
represents one of the most important demersal species in the
Mediterranean Sea both for abundance and commercial value.
This species is intensively exploited by professional fleets
operating with different methods of fishing, such as bottom
trawling and gill nets. In many areas, this exploiting pattern has
led to situations of over-fishing, mainly due to the removal of
juveniles.

The present work is aimed to study the biology and population
dynamics of the European hake in order to assess the state of
exploitation of the stock in the FAO-GFCM geographic sub-area
9 (GSA9), which extends from the Ligurian Sea to the central
Tyrrhenian Sea. The data used for the study have been collected
in the period 2007-2009 in the ambit of the EC Data Collection
Framework from commercial fisheries and by means experimental
trawl surveys (MEDITS). While, the monitoring of commercial
fishing provides the main biological parameters of the species,
as well as the demographic structure of catches obtained
from different fishing gears, the trawl survey provides data to
analyze the structure of the population, its abundance and spatial
distribution through a standardized sampling design.

As concerns the biology of the species, several aspects
have been tackled, such as reproduction (sex ratio, size at
first maturity) and growth (size-weight relationship, age-size
relationship, estimation of Von Bertalanffy growth parameters).

The sex ratio showed a trend as a function of size: while the
ratio did not differ significantly from 1 at size less than 26 cm

TL (total length), individuals of larger sizes were represented
almost totally by females. The size at first sexual maturity was
respectively 23.7 cm TL and 31.1 cm TL for males and females. The
length-weight relationship resulted positive allometric in both sexes.
The parameters of the Von Bertalanffy Growth Curve (VBGF) were
the following parameters: Lo, = 54.8 cm; k = 0.19; tg = -1.5 for
males and Lo, = 90.0 cm; k = 0.10; tg = -1.66 for females.

Demographic structures derived from the analyses of both
commercial catches and surveys and biological parameters were
used to assess the state of exploitation of the stock. The analyses
were carried out by means of population dynamics models such

“ Universidad de Las Palmas de Gran Canaria — Las Palmas de Gran
Canaria — Spain (andreamassaro@live.it)
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as the cohort analysis (LCA) and the virtual population analysis
(VPA), which estimates the decrease of a cohort due to both
natural and fishing mortality. These models allowed to evaluate
the effort that should be exerted on this resource to achieve the
maximum sustainable yield (MSY), preserving the stock from the
effects of overfishing.

The results showed that the European hake stock in the GSA9
is overfished; transition analysis, which simulate changes in
fishing effort, showed an improvement in the state of the stock
corresponding to the increase of mesh size combined with a
general reduction of fishing effort.
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Dietary changes in two coexisting skates (Raja clavata
and Raja montagui) associated to a shift in their spatial

distribution

ucia Lopez-Lopez?, Izasku i y io Punzon?, uis Gutiérrez-
Lucia Lopez-Lopez?, Izaskun Preciado?®, Antonio Punzon?, Jose Luis Gutiérre

Zabala®

The skate species thornback ray (Raja clavata) and spotted ray
(Raja montagui) have shifted the focus of their distribution along
the Cantabrian Sea since 1993, expanding their spatial distribution
range well into the Galician continental shelf where they were
previously rare. We determined annually the geographical
variability in the diet of these species, documenting the implication
of this geographical shift for their individual feeding habits.
The diet analyses were performed maintaining the population
ontogenetic structure. We established three ontogenetic size classes
for R. clavata and two for R. montagui. Along their life cycle both
skate species fed consistently on crustaceans, increasing during
their ontogeny feeding motility (from benthic to benthic- pelagic
prey) and prey size. Smaller individuals (R. clavata <21 cm and
R. montagui < 37 cm) fed preferentially on benthic shrimps from
the family Crangonidae (68% and 23% respectively). The medium
size class of R. clavata (21 cm< R. clavata < 54 cm) predated
mostly on benthic shrimps (e.g. Solenocera membranacea) and
both species shifted at larger sizes (R. clavata > 54 cm and R.
montagui > 37 cm) to a diet dominated by the swimming crab
Polybius henslowi. We analysed for each species and ontogenetic
group the annual changes of diet based on a series of explanatory
variables, including longitude and depth, sediment type and ray
abundance using the STATICO co-inertia analysis which allows
identifying how the importance of variables driving diet variability
change across years.

“IEO Centro Oceanogrdfico de Santander, Promontorio San Martin, s/n.
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Deep-water chondrichthyan species caught in the
Galicia Bank (NE Atlantic)

C. Rodriguez-Cabello®, M. Pérez’, A. Serrano?®, R. Baiion® and F. Sanchez!

A number of chondricthyan species were caught in the Galicia
Bank (NE Atlantic) during a multidisciplinary survey carried out
in 2011 within the framework of INDEMARES Project aimed
at obtaining information for the identification of valuable areas
for the Natura 2000 Network. Galicia Bank is a large seamount
located 120 miles offshore the west of Galicia coast. The top of the
Bank is at 600 m depth, reaching to 4000 m in its deepest side. It
has a length of about 50 km in the direction East-West and 90 km
in the NS axis direction. A total of 10 hauls were performed in the
Galicia Bank during summer 2011 using a GOC-73 otter trawl (20
mm mesh size at cod-end), haul duration was 30 min and depth
range 750-1800 m. A total of 94 fish species were identified and
among these 14 chondrichthyan species belonging to six families:
Chimaeridae, Hexanchidae, Scyliorhinidae, Centrophoridae,
Etmopteridae and Somniosidae. To confirm the identification of
some species, mainly those from genus Apristurus, total genomic
DNA was extracted from ethanol-preserved muscle tissue using
FENOSALT method (Pérez and Presa, 2011). A fragment of the
COI locus was amplified and sequenced using the primer pair
FishF2 and FishR2 (Ward et al., 2005). Identification was made
using i) Basic Local Alignment Search Tool (BLAST, Zhang et
al., 2000) available in GenBank and ii) the identification engine
provided in the Barcode of Life Data Systems (BOLD). The main
chondricthyan species in biomass were Centroscymnus coelolepis
(Barbosa du Bocage and Capello, 1864) and Scymnodon ringens
(Barbosa du Bocage & de Brito Capello, 1864) and Deania calcea
(Lowe, 1839) while in terms of number were Etmopterus princeps
(Collett, 1904), Galeus murinus (Collet, 1904) and Centroscymnus
coelolepis. In addition some chondrichthyan species were recorded
for the first time in these waters such as Apristurus profundorum
(Goode & Bean, 1896), Apristurus aphyodes (Nakaya and
Stehman, 1998), Galeus murinus (Collett, 1904), Raja bigelowi
(Stehmann, 1978), Hydrolagus affinis (de Brito Capello, 1868)
and Chimaera opalescens (Luchetti, Iglésias & Sellos, 2011).
Some environmental variables, such as temperature, salinity
and type of sediment were also recorded during this survey and
examined to investigate the ecological preferences of these deep-
water chondrichthyes.

“ Instituto Espariiol de Oceanografia. Apdo. 240. Santander 39080. Spain.
(email: c.cabello@st.ieo.es)

b Instituto Esparniol de Oceanografia. Apdo. 1552. Vigo 36200. Spain.

¢ Xunta de Galicia. A Coruiia. SPAIN

570 | Revista de Investigacion Marina, 2012, 19(6)



Pelagic ecology

Nuevos datos biométricos de Myroconger compressus
(Osteichthyes: Anguilliformes: Myrocongridae) de las

Islas Cabo Verde

Gonzalez-Herrera, T.?, O. Tariche®, R. Triay?, C. Monteiro®, J.I. Santana®, A.

Martins®, J.A. Gonzalez** & J.G. Pajuelo™*

Mpyroconger compressus (Giinther, 1870) es una especie muy
poco frecuente de congrio perteneciente a la familia monotipica
Myrocongridae, donde otras cuatro especies han sido identificadas
(M. gracilis Castle, 1991; M. prolixus Castle & Bearez, 1995;
M. nigrodentatus Castle & Bearez, 1995; M. seychellensis
Karmovskaya, 2006) (Smith, 1990; Froese & Pauly (eds.), 2012).
Existen muy pocos ejemplares de estos congrios poco conocidos
cuya distribucion estaba restringida al Atlantico Oriental.
Recientemente ha sido citada una sexta especie, que aun no ha
sido descrita (Myroconger sp. Paiva et al., 2011), capturada en el
Atlantico Occidental (Brasil).

M. compressus es una especie demersal tropical conocida de
unas pocas localidades dispersas por el Atlantico Oriental: Santa
Helena, Dakar en Senegal (Smith, 1990), Santo Tomé y Principe
(Smith, 1990; Afonso et al., 1999, registro sin confirmar), Islas
Cabo Verde (Brito et al., 1999; Gonzalez et al., 2004; Menezes et
al., 2004; Gonzalez & Tariche (eds.), 2009) y Vavilov Underwater
Ridge (Parin et al., 2010). Los trabajos de Gonzdlez et al.
(2004) y Gonzalez & Tariche (eds.) (2009) amplian el material
recolectado en Cabo Verde hasta casi un centenar de individuos.
A la vista de su peculiar biogeografia, debe ser considerada como
un endemismo de esta region del Atlantico Oriental, con escasa
literatura descriptiva y una redescripcion del holotipo y de un
espécimen incompleto (Smith, 1984, 1989).

En el presente estudio se ha realizado un estudio morfolégico
y bioldgico de esta especie en el marco de los proyectos de
cooperacion transnacional para el desarrollo PROACTIVA
1-2 (2009-2012), subvencionados por la Direccion General de
Relaciones con Africa del Gobierno de Canarias, que han aportado
nuevos ejemplares de Cabo Verde.

M. compressus es una especie bentdnica y epibentonica que ha
formado parte del bycatch de la pesqueria prospectiva de camaron
soldado (Plesionika edwardsii) mediante nasas en aguas de Cabo
Verde.

Un total de 60 ejemplares de Myoconger compressus capturados
con nasas camaroneras semi-flotantes y bentdnicas, entre 108
y 265 m de profundidad, han sido analizados. La metodologia
utilizada para el estudio biométrico se ha basado en los criterios
establecidos por Bohlke (1982, 1989) para Anguilliformes (Fig.
1). En cada ejemplar se midi6 la longitud total (LT), longitud

% Grupo de Ecologia Marina Aplicada y Pesquerias, Universidad de Las
Palmas de Gran Canaria (ULPGC) (tgonher@gmail.com).

Instituto Nacional de Desenvolvimento das Pescas (INDP) de Cabo
Verde.
¢ Grupo de Biologia Pesquera, Instituto Canario de Ciencias Marinas
(ICCM-ACIISI), Gobierno de Canarias.

estandar (LS) y longitud del tronco (TR) al mm; la longitud
predorsal (PD), longitud cefélica (LC), altura corporal a nivel de
la apertura branquial (ACAB), altura corporal a nivel del ano o
poro urogenital (ACA), longitud preanal (PA), longitud de la aleta
caudal (AC), longitud del hocico (H), el diametro ocular (DO),
distancia interorbitaria (DI), longitud de la mandibula superior
(M), distancia interbranquial (DIB) y longitud de la aleta pectoral
(P) con precision de 0,01 mm; el peso total (PT), peso eviscerado
(PE), peso gonadal (PG) y peso hepatico (PH) con precision de
0,01 g. También se han determinado el sexo y el estado de madurez
sexual a nivel macroscopico (inmaduro I, en reposo II, maduro III,
maduro y en puesta IV y post-puesta V) (Holden & Raitt, 1975),
y se han extraido los otolitos de cada individuo aunque no son
objeto del presente trabajo.

Los radios de la aleta pectoral (RP) y el numero de poros de la
linea lateral (PLL) en cada flanco de los ejemplares muestreados
se han determinado utilizando una lupa binocular. Posteriormente,
el examen de una serie de mamografias permitira establecer la
formula vertebral y las restantes formulas radiales. La formula
vertebral sera expresada como niimero de vértebras predorsales
(VPD), preanales (VPA), precaudales (VPC) y totales (VT). Las
formulas radiales incluiran los radios dorsales totales (RD), radios
dorsales anteriores al nivel del ano o poro urogenital (RDA) y
radios anales (RA).

En la muestra examinada de Myroconger compressus, 37
individuos fueron machos y 22 hembras; 1 individuo deteriorado
no pudo ser asignado a ningun sexo. El rango de tallas muestral
varié entre 308 y 611 mm LT y entre 303 y 599 mm LS. El PT
oscilo entre 54,66 y 529,60 g. La talla de los machos vari6 entre
308 y 582 mm LT y el peso entre 54,66 y 415,86 g. En hembras, la
talla oscild entre 360 y 611 mm LT y el peso entre 94,15 y 529,60
g. No se encontraron diferencias significativas entre la longitud
total (LT) y el peso total (PT) de ambos sexos (Ttest, P=0,281).

Los parametros morfométricos del conjunto de la muestra y por
sexos, expresados como porcentaje de LT y LC, se indican en la
Tabla 1. No se hallaron diferencias significativas en la totalidad de
las medidas tomadas entre ambos sexos (Ttest, P> 0.05), excepto
para la longitud del hocico (H) (Ttest, P=0,043).

El estudio meristico del conjunto de la muestra revela que el
nimero de poros de la linea lateral, caracteristica distintiva de
la familia Myrocongridae, difiere para cada lado del cuerpo en
el 72,2% de los casos (Fig. 2). El numero de poros de la linea
lateral en cada flanco, para el total de ejemplares y por sexo, se
indica igualmente en la Tabla 1. No se encontraron diferencias
significativas en el nimero de poros de la linea lateral entre ambos
flancos (prueba Wilcoxon de los rangos con signo de muestras
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relacionadas, P= 0,861). La formula de la aleta pectoral (Fig. 3)
se sefiala en la Tabla 1. No se hallaron diferencias significativas
en el numero de radios pectorales entre ambos sexos (prueba de
medianas de muestras independientes, P=0,553).
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Figure 1. Esquema de las medidas tomadas en Myroconger compressus. Abreviaturas: ACA, altura corporal a nivel del
ano o poro urogenital; ACAB, altura corporal a nivel de la apertura branquial; DIB, distancia interbranquial;
DO, distancia ocular; H, longitud del hocico; LC, longitud ceféalica; M, longitud de la mandibula superior; P,
longitud de la aleta pectoral; PA, longitud preanal; PD, longitud predorsal; TR, longitud del tronco.
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Tabla 1. Datos meristicos y morfométricos de Myroconger compressus para el conjunto de la muestra, por sexos separados y para los ejemplares descritos

por Smith (1984).
Mpyroconger compressus Smith (1984) Presente trabajo Machos Hembras
Longitud total (LT mm) 366 308-611 308-582 360-611
Datos meristicos
N.? poros linea lateral (izquierdo) 5.7 3-9 3-9 4-8
N.° poros linea lateral (derecho) 3-8 4-8 3-7
Radios pectorales 16 15-20 15-20 17-20
Radios dorsales a nivel del ano ? en estudio
Radios dorsales totales ? en estudio
Radios anales totales ? en estudio
Vértebras predorsales ? en estudio
Vértebras preanales 47 en estudio
Vértebras precaudales 52 en estudio
Vértebras totales 131 en estudio
Datos morfométricos (% LT)
Longitud estandar 98 95.74 - 99.21 95.74 -99.21 97.81 - 98.87
Longitud preanal 45 41.61 -47.95 42.58 -47.95 41.61 -47.02
Longitud predorsal 12 10.75 - 14.75 10.75 - 14.45 11.12 - 14.75
Longitud cefalica 14 13.04 - 17.47 13.04 - 17.47 13.57 - 16.06
Altura corporal a nivel del ano - 5.79 - 10.51 5.79 -10.51 7.00-9.12
Altura corporal a nivel de la apertura branquial - 6.53-10.36 6.77 - 10.02 6.53-10.36
Longitud del tronco - 28.31-33.40 28.31-33.40 28.91-32.34
Longitud de la aleta caudal - 30.41 - 58.39 30.41-58.13 52.65 - 58.39
Datos morfométricos (% LC)
Longitud del hocico 24 17.72 - 32.81 17.72 - 30.36 23.30-32.81
Diametro ocular 12-14 12.56 - 17.35 13.07 - 16.76 12.56 - 17.35
Distancia interorbital - 16.67 - 25.35 16.67 - 25.35 17.04 - 23.56
Longitud de la mandibula superior 48 38.39 - 56.83 38.39-56.83 41.32-53.23
Distancia interbranquial 10-12 10.90 - 17.29 10.90 - 16.31 11.60 - 17.29
Longitud de la aleta pectoral 19-22 18.44 - 30.88 20.75 - 30.88 18.44 -29.79

Fig.ure 2. Detalle del ntimero de poros de la linea lateral para cada flanco
de Myroconger compressus.

Figure 3. Detalle de los radios de la aleta pectoral de Myroconger
compressus.
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Analysis of environmental forcing on the population
dynamics of the ctenophore Bolinopsis vitrea in the Bay

of Cadiz

Laura Prieto”, Margarita Maria Rincon’, Antonio Moreno®, Maria Ferrer?,
Ioanna Barmpetsea®, Juan F. Martinez’, Simone Taglaliatela®, Gabriel Navarro®

and Diego Macias®

Large accumulations of gelatinous zooplankton occur in
many coastal regions worldwide (Mills 2001), and they provoke
wide environmental and economic impacts on human activities
occurring in the shore (Purcell etal. 2007; Yamamoto etal.

2008; Purcell 2012). At the North East Atlantic coast,
particularly in an area less expose to the open ocean, the Bay
of Cadiz, there is a stable population of a ctenophore from the
order Lobata and the family Bolinopsidae, (as Mnemiopsis leidyi),
whose population dynamics and environmental controlhas not
been studied yet. It is the only group of blooming gelatinous
zooplankton in that ecosystem. This ctenophore is Bolinopsis
vitrea, differentiated from Mnemiopsis leidyi based on the length
of the lobes relative to the body, but with similar size range
and general body shape. Bolinopsis vitrea lobes are relatively
shorter and they originate about halfway between the mouth and
the infundibulum (Mayer, 1912). Bolinopsis vitrea has been
observed in the South Atlantic Ocean in the Table Bay (Africa),
in the tropical Atlantic (Bahamas) (references in Mianzan, 1999)
and also in the Brazilian coast (Oliveira et al., 2007). Inside
the Mediterranean it has been observed in the Alboran Sea by
scuba diving (Mills et al., 1996) and in the Northern Aegean Sea
(Shiganova et al., 2004). In this study, the natural population of
Bolinopsis vitrea was sampled every 7-15 days during 2 years
in the inner part of the Bay of Cadiz, on the Southwest coast of
the Iberian Peninsula (36° 31’55 N, 6° 12’ 56”’E), together with
different environmental variables as temperature, salinity, wind,
precipitation, tidal height, zooplankton biomass and turbidity.
Also, to understand the mechanisms driving Bolinopsis vitrea
swarms, several experiments were performed to parameterize
the physical control on this ctenophore, and the impacts of the
blooms over other trophic levels of the system. The population
dynamics of this ctenophore during the 2 years sampled is
then discussed based in the effects of the diverse environmental
variables covered in the study.
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Efectos de las defensas estructurales en la herbivoria
de la comunidad ictica de fondos rocosos de las islas

Canarias

Laureano Gonzalez?, Jana Verdura?, José Carlos Hernandez?, Mikel A. Becerro®,

Carlos Sangil** & Sabrina Clemente®

La herbivoria es una de las interacciones mas importantes en
la estructuracion de los sistemas marinos, con efectos directos
sobre la base de las cadenas troficas (Crawley 1983, Horn 1989).
Tanto peces como invertebrados marinos herbivoros influyen en la
abundancia y composicion de las comunidades algales (Lubchenco
& Gaines 1981, Choat 1982, Sala & Boudouresque 1997). Los
estudios de herbivoria se han centrado mayoritariamente en evaluar
los efectos de los invertebrados (Ruitton et al. 2000). Sin embargo,
hay evidencias que sefialan que esto no es siempre asi (Lewis &
Wainwright 1985, Carpenter 1986, Hixon & Brostoff 1996), sobre
todo en ecosistemas mas tropicales donde los peces herbivoros
juegan un papel clave en el mantenimiento de las comunidades
de macroalgas. El nivel de herbivoria difiere de forma importante
entre las especies de algas debido a caracteristicas estructurales o
quimicas propias de cada especie, que actian como mecanismos
de defensa. De esta forma, el consumo preferente de determinadas
especies algales por parte de la comunidad ictica pueden modificar
la abundancia relativa de las mismas y la estructura de las
comunidades de macroalgas (Sammarco 1982). Los fondos de la
franja submareal somera de la isla de la Palma, dominados por
algas (>30% cobertura de macroalgas erectas) o alternativamente
por poblaciones de equinoideos que constituyen blanquizales
(>4 indiv de Diadema aff. antillarum/m? y dominancia de algas
coralinaceas costrosas), proporcionan el marco ideal para estudiar
las interacciones de herbivoria en dos ambientes con disponibilidad
de alimento vegetal y diferente grado de palatabilidad.

En este estudio determinamos, mediante experimentos de
eleccion multiple, la tasa de herbivoria de la comunidad de peces
herbivoros sobre diversas especies algales comunes en los fondos
rocosos sublitorales someros de Canarias (Sangil et al. 2011),
comparando los resultados obtenidos entre localidades situadas
en los dos tipos de habitats diferentes (blanquizal y algal). Los
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experimentos se llevaron a cabo en cuatro localidades de la isla
de La Palma (Islas Canarias), dos con habitats algales y dos con
blanquizales. Se utilizaron como unidades experimentales unas
cuerdas de 80 cm, donde se colocé al azar y a intervalos de 10
cm volumenes comparables de material de 7 especies diferentes
de algas (Gelidium arbuscula, Haliptilon virgatum, Lobophora
variegata, Stypopodium zonale, Lophocladia trichoclados,
Cystoseira abies-marina y Asparagopsis taxiformis). Cada cuerda,
estaba provista de un plomo a la parte inferior y una boya a la
parte superior para mantener la posicion vertical en la columna
de agua (Fig. 1A). En cada localidad se colocaron 20 cuerdas de
3.5-6 m de profundidad, dispuestas al azar, siguiendo un transecto
paralelo a la costa y con una separacion minima entre cuerdas de
3 a 5 m. El seguimiento de los experimentos se realizo alas 2 hy
a las 5 h de su colocacion, a fin de poder detectar las preferencias
de consumo de las distintas algas. Cuando el consumo no llegd
al 50% del material algal durante este tiempo, el experimento se
prolong6 hasta las 30 h. Se registrd el porcentaje de consumo de
las distintas especies en las siguientes categorias: 0%, 25%, 50%,
75% y 100% del material consumido). Las tasas de herbivoria de
esta forma se analizaron mediante un ANOVA ejecutado por 9999
permutaciones y basado en distancias euclideas (Anderson 2004).
Se utilizé un disefio de 3 vias, en el que los factores “Especie” y
“Habitat” fueron tratados como fijos y el factor “Localidad” como
aleatorio anidado en “Habitat”; y se realizaron comparaciones a
posteriori de los niveles de los factores significativos. Finalmente,
en una serie de experimentos adicionales, se elimind la estructura
fisica de las especies algales, utilizando material liofilizado y
pulverizado en un preparado de agar, para determinar su efecto
en la seleccion de las presas por la comunidad ictica (Fig. 1B).
Este experimento se realizd tinicamente en dos localidades de
estudio, por restricciones logisticas y en base a que los resultados
de la experiencia anterior no arrojaron diferencias significativas
en el consumo entre los habitats estudiados. El seguimiento del
consumo de los preparados de algas se realizé de la misma forma
que en el experimento anterior. Los datos se analizaron mediante
un ANOVA de una via ejecutado por permutaciones y basado en
distancias euclideas (Anderson 2004), donde el factor especie
se tratdé como un factor fijo, seguido de las correspondientes
comparaciones a posteriori. Todos los analisis se realizaron con el
programa estadistico PRIMER 6 & PERMANOVA+.

El ANOVA de la tasa de herbivoria mostré una interaccion
significativa de los factores “Especie x Localidad (Habitat)”
(Tabla 1), de forma que la herbivoria que soportan las distintas
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algas depende de la localidad considerada dentro de cada uno
de los habitats estudiados (Fig. 2). Sin embargo, no se encontrd
ningtn efecto del habitat sobre la tasa de consumo de las algas, ni
de la interaccion de factores “Especie x Habitat” (Tabla 1). Los
resultados de los analisis a posteriori mostraron que el consumo
del alga roja Lophocladia trichoclados, muy palatable, fue
superior que el registrado sobre la mayor parte de las otras especies
estudiadas, principalmente en las localidades de habitat algal
(Tabla 2, Fig. 2). Estos resultados contrastan con los obtenidos
en los experimentos al eliminar la estructura fisica de las especies
algales, donde no se registraron diferencias significativas en el
consumo de los preparados de agar de las diferentes especies
estudiadas (Tabla 3, Fig. 3).

Nuestros resultados ponen de manifiesto que ni la presion de
herbivora ni las preferencias de consumo sobre las especies de
algas empleadas en el estudio dependen de los habitats estudiados.
Sin embargo, parece haber una variacion local en los patrones
de herbivoria de los peces, con un consumo preferencial de L.
trichoclados frente a otras especies en las localidades de habitat
algal, en comparaciéon con las de blanquizal. En éste ultimo
habitat, ademads, varias especies adicionales son consumidas
en igual magnitud, lo que manifiesta el papel de la herbivoria
por peces como controladora de sus poblaciones. El estudio de
herbivoria donde se elimind la estructura de las algas pone de
manifiesto la clara influencia de la morfologia de las algas en
las tasas de consumo de los peces, ya que una vez se elimina las
defensas estructurales de las especies estudiadas, no se encuentran
diferencias en el consumo.

Por lo tanto, la herbivoria ejercida por la comunidad ictica
parece influenciar la estructura y composicion de las comunidades
algales de los fondos subtropicales someros de las islas
Canarias, especialmente de aquellas especies mas vulnerables
y estructuralmente mas apetecibles para los consumidores. En
conclusion, las defensas estructurales de algunas especies de algas
parecen ser efectivas para disminuir la depredacion por peces
herbivoros.

Bibliografia

Anderson MJ (2004) University of Auckland. Choat JH (1982) Annu Rev
Ecol Syst 13: 423-449

Clemente S ef al. (2010) Mar Ecol Prog Ser 413: 55-67

Crawley MJ (1983) Univ California Press. Lubchenco J & Gaines SD
(1981) Annu Rev Ecol Syst 12: 405-437

Hernandez JC et al. (2008) Aquat Conserv 18: 1091-1108

Hixon MA & Brostoff WN (1996) Ecol Monogr 66: 67-90

Horn MH (1989) Oceanogr Mar Biol Ann Rev 27: 167-272

Ruitton et al. (2000) Estuar Coast Shelf Sci 50: 217-230

Sala E & Boudouresque CF (1997) J Exp Mar Biol Ecol 212: 25-44

Lewis SM & Wainwright PC (1985) J Exp Mar Biol Ecol 87: 215-228

Sammarco PW (1982) J Exp Mar Biol Ecol 65: 83-105

Sangil C. et al. (2011) Estuar Coast Shelf Sci 94: 322-333.

Tabla 1. ANOVA de 3 vias por permutaciones de la tasa de herbivoria,
comparandola segun la especie algal, el habitat y las localidades
dentro de cada habitat [ns: no significativo; * p<0.05; **

p<0.01].

Fuente variacién gl SC MC |Pseudo-F P
Especie 6 47317 | 7886.1 8.52 ok
Habitat 1 3731.3 | 37313 1.14 ns
Localidad (Habitat) 2 6600.2 | 3300.1 6.81 ok
Sp x Habitat 6 4508.3 | 751.38 0.81 ns
Sp x Loc (Habitat) 12 11181 | 931.79 1.92 *
Residual 479 232000 | 484.34
Total 506 309090

Tabla 2. Contrastes a posteriori para la interaccion significativa “Especie
x Localidad (Hébitat)”. Se compara la tasa de herbivoria sobre
cada especie algal en las distintas localidades estudiadas [ns: no
significativo; * p<0.05; ** p<0.01].

Talavera |P. Espindola| Salemera Bajita
Especie
t p t p t p t p

Loph | 1.76 | ns | 432 | ** | 145| ns | 249 | *
Gel 1.79 | ns | 1.85| ns | 0.17| ns | 1.21 | ns
Sty 1.68 | ns | 1.04| ns | 143 | ns | 0.00 | ns
Cys 0.82 | ns [ 265 * 10.16| ns | 0.64| ns
Asp 285 * |051| ns |035] ns | 021 | ns
Hal 146 | ns | 127 | ns | 099 | ns |249 | *

Lob vs.

Gel 349 | ** | 713 | ** | 149 | ns |3.01 | **
Sty 332 *k | 593 | ** | 333 | *¥* | 243 | *
Lophvs. Cys 239 * | 863 | ** | 175| ns | 1.56| ns
Asp | 438 | ** | 443 | ** | 137 | ns | 233 | *
Hal 3.03 | ** | 587 | ** |2.86| ** |3.60 | **

Sty 000 | ns |085| ns |224| * 1.10 | ns
Cys 069 | ns [ 078 | ns | 039| ns | 1.30 | ns
Asp 138 ns | 1.11 | ns | 022 | ns | 0.59| ns
Hal 0.11 | ns | 048 | ns | 1.59 | ns | 0.88 | ns

Gel vs.

Cys 0.66| ns | 1.66| ns | 153 | ns |0.62| ns
Sty vs.  Asp 1.14| ns [ 040 | ns |[2.85| * |020| ns
Hal 0.10 | ns [ 030| ns |1.07| ns |2.14 | *

Asp 1.61 | ns | 1.76 | ns | 0.62| ns | 0.69 | ns
Hal 053] ns | 120 ns | 097 | ns | 1.86 | ns

Cys vs.

Aspvs. Hal 1.13 ] ns | 0.64| ns |[2.06| ns | 1.18 | ns

Tabla 3. ANOVA de 3 vias por permutaciones de la tasa de herbivoria,
comparandola segln la especie algal, el habitat y las localidades
dentro de cada habitat [ns: no significativo; * p<0.05; **

p<0.01].

Source| df | SS | MS |Pseudo-F|P(perm)| L9 | povic)
perm

Sp 6 | 165 |0275] L1711 | 0,106 | 38 | 0,117

Res 203 32,617 | 0,160

Total 209 | 34,267
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Figura 1. Unidades experimentales para valorar las tasas de consumo,
empleando A) algas frescas y B) algas liofilizadas y pulverizadas
en un preparado de agar.
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Figura 2. Tasa de herbivoria media (+DE) registrada sobre las distintas especies de algas estudiadas en cada una de las
localidades de la isla de La Palma.
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Figura 3. Tasa de herbivoria media (+DE) registrada en los experimentos donde se elimind la estructura
fisica de las algas, utilizando material liofilizado y pulverizado en un preparado de agar de siete
especies algales diferentes
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Feeding strategies of Nezumia aequalis (Giinter, 1878)
(Pisces: Macrouridae) in three deep-sea areas with
different trophic pathways (southern Bay of Biscay)
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The diet of the macrourid Nezumia aequalis is described for
three areas located in the southern Bay of Biscay and characterised
by different environmental conditions: Le Danois Bank, Aviles
Canyon, Galicia Bank. Both Le Danois Bank and Aviles Canyon
(Cantabrian Sea) displayed rich deep-sea benthic communities
(Sanchez et al., 2008), whereas Galicia Bank is characterised
by oligotrophic waters and poor benthic communities. It is well
known that suprabenthic peracarids and eucarids are typical prey
resources for many demersal fishes (Cartes, 1998; Preciado et al
2009; Lopez-Lopez et al., 2011). The macrourid Nezumia aequalis
is a typically benthic-feeder predator (Mauchline and Gordon,
1984; Madurell and Cartes, 2006) and significant changes in its
diet will be expected in areas with different benthic assemblages.
The aim of the present study was to determine the shifts in diet
composition between the three areas studied in relation with
prey availability and other environmental variables. A detailed
taxonomic study of the most characteristic prey groups has been
conducted in order to estimate the degree of predation on different
benthic compartments.

A total of 111 specimens of Nezumia aequalis were
measured (total length, cm), and stomach contents analysed

Aviles Canyon

within the ECOMARG and INDEMARES projects (LIFE + 07/
NAT/E/000732). Quantitative diet estimation was obtained in
the three study areas. In the present study the stomach content
analysis was based on prey number and volume, as percentage
abundance (%N, %V). Only stomachs with food have been taken
into account. Prey were separated and identified to species level.
Clustering methods were applied to analyse prey affinities between
the three areas. SIMPER analysis was used to identify prey species
that contribute most to the similarity of each group resulting from
the hierarchical analysis.

Size distribution of N. aequalis in the three study areas is shown
in Figure 1. Specimens of Galicia Bank were smaller than that
found in Aviles Canyon, whereas in Le Danois Bank a bimodal
distribution can be found. In Aviles Canyon and Le Danois Bank,
at total of 68 and 66 prey taxa were found respectively (Table
1), whereas only 24 prey taxa were found in Galicia Bank. Also,
the highest trophic diversity was found in Aviles Canyon. In
Galicia Bank the main prey taxa were Copepoda Calanoidea and
Ophiuroidea. However, in Aviles Canyon and Le Danois Bank, V.
aequalis fed mainly on a great variety of suprabenthic prey such
as amphipods, isopods and polychaetes.
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Figure 1. Size distribution of N. aequalis in the three study areas (N,
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Table 1. Summary of number of hauls, depth range (m), total number of stomachs with food, total number of prey taxa, mean species richness and mean

trophic diversity (H’ )

Galicia Bank Aviles Canyon Le Danois Bank
Number of hauls 4 2 8
Depth range (m) 750-850 900-1000 600-1100
Stomachs with food 26 18 76
Total number of prey taxa 24 68 66
Mean species richness 10 48 20
Mean trophic diversity (H’n) 1.72 3.29 2.38

The cluster analysis of prey affinities between hauls depicted
three main groups (Figure 2). One consisted of hauls belonging
to Galicia Bank where N. aequalis fed on epibenthic fauna (i.e.
Ophiuroidea, Polychaeta) according to the SIMPER analysis.
The second one is made up of hauls carried out in Aviles Canyon
and in Le Danois Bank. Prey characteristics of this group were
Polychaeta, Mysidacea and the mysid Parapseudomma calloplura.
The third group corresponded exclusively to Le Danois Bank hauls
carried out in spring 2004. SIMPER analysis revealed that the
amphipod Ampelisca sp., the polychaete Laetmonice philicornis
and copepods Calanoidea contributed most to the similarity of
this group. Abundance (mean prey number) and trophic diversity
(mean H’ ) were significantly higher in Aviles Canyon (p<001)
than in the other two areas (Figure 3).

Feeding habits of N. aequalis were significantly different in
Galicia Bank due to different food availability. Also, specimens
were smaller than the other two areas. It seems that both variables
(size and diet) are somehow linked. These results show that feeding
ecology of N. aequalis in Aviles canyon is highly influenced by the
high prey availability of suprabenthic prey and we hypothesized
that the presence of small-bodied specimens in Galicia Bank could
partially be caused by the low food availability of suprabenthic
assemblages.

Galicia Bank Aviles Canyon + Le Danois Bank
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Figure 2. Dendrogram of prey affinities between hauls of the three study
areas based on Bray-Curtis similarity of prey volume. Taxa
below show species that contribute most to the similarity of each
group according to the Simper analysis.
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Figure 3. Differences in abundance (mean prey number) and trophic
diversity (mean Shannon diversity, H’ ) between the three study
areas.
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The migratory flow of the North East Atlantic Mackerel
(Scomber scombrus) in the Cantabrian Sea

Punzén?, A., Villamor?, B., Gonzalez-Quiros, R., Abaunza?, P. and G., Costas*

The Northeast Atlantic mackerel (Scomber scombrus, L.1758)
spawns over the edge of the continental shelf from the south of the
Iberian Peninsula up to Scotland. The main spawning areas are to
the west and south west of Ireland, the Celtic Sea slope and the
Cantabrian Sea. In the first 6 years of this century there has been a
one-month delay in the arrival of the mackerel spawning grounds
in the Bay of Biscay. Mackerel in their reproductive migration
runs from east to west along the Cantabrian shelf. It is unknown
how this migration occurs, and as takes place back to the feeding
grounds.

The annual start of the Spanish mackerel fishery in the Cantabrian
Sea and north west is determined by this migration. The resource
is exploited by a large number of fisheries, but the handline fishery
is the most important, and makes over 50% of landings. This fleet
has been used as sampler to identify the delay in the migration.
Vessel Monitoring by Satellite (VMS) Data and landings by trip
will be used to characterize the migration of mackerel, analyzing
how it is produced, speed, and what oceanographic conditions
when this takes place. Furthermore, information sampling size is
to analyze how the migration flow occurs in the Cantabrian Sea.
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Population structure of bottlenose dolphins in the
Balearic Islands based on carbon and nitrogen stable

isotope analysis

Carme Alomar®, Salud Deudero?, Ariadna Tor?, José Maria Brotons®

Stable isotopes were determined for bottlenose dolphins
(Tursiops  truncatus) from the Balearic Islands, western
Mediterranean, to study population structure. Several sampling
sites were considered: Formentera, Andratx, Migjorn and Canal.
Samples for isotopic determination were obtained from dolphin
muscle tissues by means of remote biopsy. In this region of the
Mediterranean, a genetic survey provided some evidence of
population structuring amongst bottlenose dolphins (Natoliet al.,
2005). Carbon and nitrogen stable isotopes and organochlorine
concentrations of stranded dolphin tissues have also been used
to investigate population structures in the Iberian Peninsula
(Catalonia and Valencia), Balearic Islands and Atlantic adjacent
waters (Borrell et al., 2005) but until now, no studies using
only stable isotope analysis of biopsies have been conducted.
Carbon and nitrogen stable isotopes have been used as tracers
to examine trophic relationships and origins of prey in marine
food webs. Nitrogen isotopic values can be used to quantitatively
asses trophic level, while carbon isotopic values are generally
applied to indicate relative contributions to the diet of different
potential primary sources in a food web, giving evidence of
inshore versus offshore food intake (Rau et al., 1992, Hobson et
al., 1995, Smith et al 1996, Lepoint et al.,2000). A permutational
analysis of variance (PERMANOVA) has been applied to study
significant differences between bottlenose dolphins populations
around the Balearic Islands. Results show differences amongst
locations on carbon and nitrogen stable isotopic values amongst
these populations. Individuals from the Canal site are the most
enriched in nitrogen with mean values of 15,31 £ 0,62%o while
individuals from the Andratx site are the most depleted in nitrogen
with mean values of 12,87 + 0,30%o. For carbon isotopic values,
individuals from the Migjorn site are the most enriched with mean
values of -14,55 + 0,32%o and individuals from Andratx are the
least enriched with mean values of -15,24 + 0,32%o. It has been
seen that isotopic analysis can be an efficient tool, complementary
to other analytical techniques, to determine population dynamics
of bottlenose dolphins.

“Instituto Espaniol de Oceanografia. Centre Oceanografic de les Balears.
Moll de Ponent s/n, 07015 Palma de Mallorca, Spain.
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Exploring Common dolphin vocalisations in Irish
waters: a preliminary study on noise compensation

behaviour

Lidia Sarra Alarcon?, John Cunningham®, Pauline Anne King”

Cetaceans use sound for navigation, prey detection and capture
(Richardson et al., 1995; Aguilar de Soto et al., 2004), making
it an essential tool. The emitted sounds are reflected by nearby
objects, which gives them information about their surrounding
environment (Richardson ef al., 1995). However, over the past 50
years, man-made activities such as shipping have increased the
level of background noise in the marine environment. Sound in
water travels five times faster than in air (Berta et al., 2006) and
it may be audible over much longer distances (Richardson et al.,
1995). This makes marine species like cetaceans susceptible to
the negative effects of man-made noise and therefore can cause
behavioural or physical changes by blocking them from acquiring
information acoustically (Richardson ez al., 1995; Holt et al.,
2009; Jensen et al., 2009). Noise is now defined as a pollutant
under the Marine Strategy Framework Directive (MSFD) EU
Directive 2008/56/EC.

The objective of this study was to analyse the sounds produced
by short-beaked common dolphin (Delphinus delphis) from two
areas off the South of Ireland with different degrees (intensities)
of vessel traffic.

The short-beaked common dolphin (Delphinus delphis) is a
small cetacean species that is considered to be of high abundance
with a worldwide distribution (Oswald et al., 2003; Santos et al.,
2004; Neumann & Orams, 2005). It reaches lengths of <2,15m
and weight up to 200kg (Dailey & Browell, 1972; Scullion, 2004;
Bush, 2006).

The recordings were carried out during daylight hours (between
noon and 4pm) in two areas: off Galley Head in Cork (A) and off
the Blasket Islands in Kerry (B), (Fig. 1). Three different surveys
were conducted in each area and two hydrophones were used due
to their high sensitivity, low noise and flat frequency response
over a wide frequency range. The Cork files were recorded using a
Cetacean Research C54XRS, while the Blasket files were recorded
using a Reson TC4032. The recordings were done randomly and
therefore no visual observations are available. Also, the number of
individuals as well as their distance from the boat is unknown.

“Research Group Biologia Animal-Ictiologia, University of Girona,
Spain. (u1903397@campus.udg.edu,).

*Marine and Freshwater Research Centre (MFRC), Galway-Mayo
Institute of Technology (GMIT), Galway, Ireland.
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Figure 1. Map of the survey areas; Cork (A) and Blasket (B), (modified
from www.wikipedia.org). The blue marks () represent the
vessels that can be found in the area (information extracted from
www.marinetraffic.com).

The files were analysed using a combination of two programmes,
Adobe Audition version 1.5 (Adobe Systems Incorporated)
and MATLAB version 7.4 (R2007a), (The MathWorks, Inc.).
Dolphins produce a large variety of whistle-like sounds. Whistles
are narrowband tonal calls, frequency modulated signals used for
communication (Aguilar de Soto et al., 2004; Hildebrand, 2007,
Rankin et al., 2008). Their frequencies oscillate between 2 and 30
kHz (Hildebrand, 2007; Rankin et al., 2008) and their duration is
up to a few seconds (Ansmann et al., 2007).

The recordings were run through Adobe Audition and only
clear whistles were extracted and then imported into MATLAB
where spectrograms for each whistle were created. According to
Oswald et al. (2003), clear whistles are those which can be easily
detected aurally and by visual inspection of the spectrogram. From
the spectrograms five variables were obtained for each whistle:
(1) duration (s), (2) start frequency (Hz), (3) end frequency (Hz),
(4) minimum frequency (Hz), (5) maximum frequency (Hz). A
Wilcoxon Rank Sum test was conducted on the data.

A total of 1,26 hours of recordings were collected off Galley
Head in Cork and it was possible to extract and analyse 282 clear
whistles; whereas off the Blasket Islands a total of 0,73 hours of
recordings were collected and 80 clear whistles were visually
detected and extracted for analysis. For each location, the range,
mean and standard deviation for the different parameters were
calculated.

We have observed (Table 1) that the minimum values for
the frequency parameters were approximately equal; but the
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maximum values for the same parameters in the recordings
from Cork (A) were considerably higher (even though the
standard deviation values are very high). While being aware of
the limitations of these preliminary findings (limited number of

recordings and limited data on vessel activity off the Irish coast),
results indicate that some external factors are forcing dolphins to
increase the volume or frequency of their sounds in order to be
able to communicate.

Table 1 CORK (A) BLASKET ISLANDS (B)
Min Max Mean Std. Dev. Min Max Mean Std. Dev.
Duration (s) 0.089 2.007 0.857 0.274 0.3964 1.6484 0.9126 0.2531
Start Freq (Hz) 4500 27800 13437.589 4400.553 6000 22000 12975 4459.225
End Freq (Hz) 4550 20800 11004.61 3710.895 4500 20000 11610 4210.072
Min Freq (Hz) 4500 18800 8667.553 1871.553 4500 15400 8523.75 1972.067
Max Freq (Hz) 8200 27800 17025.71 2900.252 11300 22000 16499.38 2878.604

Various authors have reported changes in the frequency content
or source level of the sounds for some species, even birds, in order
to decrease the masking effect of anthropogenic noise (Holt et al.,
2009; Jensen et al., 2009). A study on killer whales conducted
by Holt et al., (2009) showed that killer whales adjust their
vocal behaviour (signal amplitude, duration, repetition rate and
frequency) to compensate for background noise.

In conclusion, the effect of vessel noise on long-lived marine
species like cetaceans is something that needs to be looked into
further in order to identify the impact on these species. In the
future, more studies should be carried out with the objective to try
to find solutions that minimize noise in the marine environment. To
this end, Galway-Mayo Institute of Technology (GMIT), Ireland
are currently undertaking research to assess and monitor ocean
noise in Irish Waters (EU/STRIVE program).
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iNo te comas la cabeza!... la importancia de preservar
las grasas acusticas para un delfin comun (Delphinus

delphis) en estado de inanicion
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Rodriguez Ramallo®?, Covadonga Rodriguezb, Natacha Aguilar de Soto?

Introduccion

las buenas condiciones de transmision de las ondas actsticas
en el medio marino favorece el uso de sefiales sonoras en los
cetaceos del suborden Odontoceti (cetaceos con dientes), que
utilizan tanto para la comunicacion, como para la navegacion y
deteccion de presas a través de la ecolocalizacion (Richardson,
1995). Los odontocetos producen sonidos gracias a un sistema
neumatico compuesto por un complejo sistema de sacos nasales,
que funcionan como reservorios de aire para la produccion
acustica en condiciones de apnea. Los sonidos son producidos
cuando un pequefio volumen de aire presurizado se mueve desde
los sacos nasofrontales hasta los vestibulares, pasando por una
estructura denominada “labios fonicos” (Ridgway & Carder,
1988). El paso de aire por los labios fonicos, en forma de micro-
burbujas, produce la vibracion de los mismos, de forma analoga
a como lo hacen nuestras cuerdas vocales (Cranford, 1992). Estas
vibraciones se acoplan a los tejidos grasos del melon (en el caso
de los delfinidos), con una impedancia acustica similar a la del
agua marina, lo que favorece la transmision del sonido al medio.
En el caso de los chasquidos de ecolocalizacion los sonidos salen
del melon en forma de haz sonoro con una alta direccionalidad
(Au, op. cit.). En cuanto a la recepcion del sonido, los cetaceos
han perdido la pinna auditiva y su meato actstico esta taponado
por tejido conjuntivo (Norris, 1968; Varanasi & Malins, 1971,
1972; Varanasi et al., 1975; Norris & Harvey, 1974). Todas
las evidencias apuntan a que los sonidos son recibidos via un
adelgazamiento en la zona posterior de la mandibula inferior, la
“ventana acustica”, y desde ahi son transmitidos por un canal de
grasa intra-mandibular hasta el complejo timpanoperidtico, que
contiene el oido medio e interno. En este trabajo se analiza la
composicion en clases lipidicas y de acidos grasos de los tejidos
adiposos del melon y de la mandibula inferior de un delfin comun
adulto varado en estado de inanicion. Se discuten los resultados
en base a la proporcion de los componentes de las grasas actisticas
y de aislamiento, destacandose la importancia que tiene para los
cetaceos el preservar el sistema de emision y recepcion acustica
incluso en situaciones de emergencia.

“Grupo de investigacion BIOECOMAC. Universidad de La Laguna.
Departamento de Biologia Animal. (U.D.I. Ciencias Marinas),
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Figura 1. Esquema que muestra las estructuras anatomicas principales
asociadas a la emision y recepcion acustica en el delfin comun.

Material y métodos

Se tomaron muestras de tejido graso de un macho adulto
de delfin comun que aparecio varado en los Gigantes (sur de
Tenerife, Islas Canarias) el 30 de Abril de 2006 en estado fresco,
de tres zonas diferentes: i) zona interna (central) del melon,
ii) zona externa del melon y iii) grasa intramandibular. No se
pudieron extraer muestras de grasa subcutanea, ya que el animal
no presentaba rastros de esta capa, probablemente debido a su
metabolizacion durante un periodo prolongado de inaniciéon, ya
que el tracto digestivo se encontraba lleno de restos plasticos. Las
muestras fueron transportadas en frio y conservadas a -80°C hasta
su andlisis. Se realizaron anélisis de caracterizacion de clases
lipidicas y de composicion de acidos grasos.

La extraccion de lipidos se realizd siguiendo el método
descrito por Folch ef al. (1957). Esta técnica se basa en la
utilizacion de una mezcla de cloroformo-metanol sobre el tejido
previamente descongelado y pesado. Para la determinacion
de las diferentes clases lipidicas se utilizo la cromatografia en
placa fina de alta resolucion (HPLC), utilizando dos mezclas de
solventes: una que arrastra los lipidos polares y otra que arrastra
los neutros. Posteriormente se procedid a su tincion con acido
cuprico, combustion a 160 °C, y lectura en un densitometro. La
interpretacion de los resultados se realizd en base a un patrén de
clases lipidicas determinado en huevas de bacalao.

Para la determinacion de la composicion en acidos grasos se
procedid a la extraccion de los lipidos con una mezcla de cloroformo/
metanol (2:1 v/v) que contenia hidroxitolueno butilado (BHT)
como antioxidante (Christie 1982). Se evapor? el solvente organico
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bajo una atmosfera de nitrogeno y se sometieron los lipidos a una
transmetilacion por catalisis acida durante 16 horas a 50 °C usando
tolueno y acido sulfrico al 1% en metanol. Se Obtuvieron asi ésteres
metilicos de los acidos grasos (FAME, fatty acid methyl esters),

que fueron purificados por cromatografia en capa fina (TLC, thin
layer chromatography). Finalmente estos acidos grasos metilados
fueron redisueltos en hexano, para ser separados y cuantificados
posteriormente por cromatografia de gases.
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Figura 2. A) Corte de la zona del melon, donde se muestran las dos zonas del melon de donde se tomaron las muestras. B) Delfin comun varado del que

proceden las muestras.

Resultados y discusion

las proporciones de clases lipidicas muestran grandes
similitudes entre la grasa interna del melon y la grasa mandibular
(Figura 3), ambas implicadas directamente en la transmision del
sonido desde y hasta el sistema actstico del animal. En estos
tipos de grasa dominan las ceras y el colesterol, normalmente
asociados a una funcion estructural en las grasas, y que ademas
se caracterizan por una baja temperatura de fusion. En contraste,
la grasa externa del melon presenta altos valores de triglicéridos
y diglicéridos, normalmente asociados a funciones de reservorio
energético. A nivel de los acidos grasos también se observan
similitudes entre los dos tejidos con funciones actsticas frente a
la grasa externa del melon (Figura 4). La longitud de las cadenas,
el grado de insaturacion y la configuracion de las moléculas de
acidos grasos tienen efectos determinantes en la velocidad del
sonido (Malins & Varanasi 1975), por lo que la diferencia en las
proporciones de acidos grasos entre las grasas internas del melon
y de la mandibula, con respecto a la grasa externa del meldn, es
consistente con una funcion acustica comun en las dos primeras, y
una funcion distinta de la capa de grasa externa del melon.

La grasa externa del melén realiza, en principio, una funcién
equivalente a la capa grasa hipodérmica que rodea casi todo el
cuerpo de los cetaceos. Esta capa juega una importante funcion
en la termorregulacién, de modo que la parte mas externa no es
normalmente movilizada con una funcion energética (Koopman,
1996). Es destacable que el delfin estudiado se encontraba
completamente emaciado, habiendo consumido el paniculo adiposo
de aislamiento en todo el cuerpo excepto en la zona del melon. Se
observa en la Figura 1 que esta capa de grasa externa del meldn aun
mantiene un grosor normal. Esto puede deberse a la importancia del
aislamiento del sistema acustico de ecolocalizacion, del que dependen
los delfinidos para su alimentacion. La grasa interna del melon ha de
mantener una impedancia acustica similar a la del agua, y para ello
carece de tejido conjuntivo, por lo que necesita para mantener su

estructura una alta composicion de colesterol y ceras. La consistencia
gelatinosa de la zona interna del melon se mantiene también por estar
rodeada de tejidos conjuntivos y musculares muy irrigados, pero
debe requerir de la capa aislante termorreguladora. Asi se observa
que el delfin, incluso en una situacioén de inanicion prolongada, no
ha consumido ni las grasas acusticas ni la de aislamiento, necesarias
para el funcionamiento adecuado de las mismas.
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Figura 3. Diagramas de sectores que muestran las proporciones relativas en tipos lipidicos de los distintos tejidos analizados. Se puede observar que existen
grandes similitudes estructurales a nivel de tipos de grasas en los tejidos con funciones acusticas (grasa melon interno y grasa mandibular). La
grasa externa del melon por el contrario se diferencia claramente de estas y su alto porcentaje en triglicéridos apunta a una funcién parcial como

reservorio de energia.
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Figura 4. Diagramas de barras mostrando las proporciones relativas en acidos grasos de los distintos tejidos analizados. Se puede observar que existen
grandes similitudes estructurales a nivel de acidos grasos en los tejidos con funciones acusticas (grasa melon interno y grasa intramandibular). La

grasa externa del melon por el contrario se diferencia claramente de estas
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Ecological niche segregation among the North West
Iberian Peninsula toothed whale species as evidenced
using ecological tracers
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The waters off the Northwest Iberian Peninsula (NWIP) are
characterized by high marine biodiversity and productivity,
supported by the nutrients made available by seasonal upwelling,
and a relatively narrow (20-35 km wide) shelf. Sixteen species of
cetaceans have been recorded in this very restricted area; hence,
we hypothesise that niche partitioning allows their coexistence.
Thus, this study aims to assess niche segregation among the five
main toothed whales inhabiting this area: the common dolphin
(Delphinus delphis), the harbour porpoise (Phocoena phocoena),
the bottlenose dolphin (Tursiops truncatus), the striped dolphin
(Stenella coeruleoalba) and the long-finned pilot whale
(Globicephala melas). We used cadmium (Cd) and stable isotopes
(6"C and §'°N) as ecological tracers to assess degree of segregation
in diet/trohpic level and in foraging habitat, over various time-
scales. Cd in the liver and kidneys and stable isotopes in teeth
provide information over a time-scale of several years, while
stable isotopes in muscle provide information over a time-scale
of several months. Carbon isotopes values highlighted different
habitat and Cd results highlighted different feeding between
oceanic and neritic species. Moreover, nitrogen stable isotope
values suggest different trophic levels and/or foraging habitat
within each species. Thus the results reveal long-term segregation
among the five toothed whales that coexist in the NWIP. In
addition, our results demonstrate the ability and simplicity of
ecological tracers to discriminate ecological niches among closely
related species in a common restricted range.
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Using multitable techniques for assessing the temporal
and spatial variability of zooplankton data in a marine

protected area

Susana Mendes®, Sénia Cotrim Marquesb, Ulisses Miranda Azeiteiro®, M* José
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In a recent ecological study of the Berlengas Natural Reserve
(Portugal), a Portuguese marine protected area, (Fig. 1),
Mendes et al (2011) presented the Partial Triadic Analysis (PTA)
(Thioulouse and Chessel 1987; Kroonenberg 1989; Blanc et al.
1998), following the procedure described in Jaffrenou (1978).
The data (originally in (Mendes et al. 2011) consist in densities
of zooplankton species at 6 stations, located along a transect
perpendicular to the coastline (between the Peniche coast and
Berlenga islands) from February 2006 to February 2007. In their
discussion of the uses and aims of PTA, it is stated that
there are two possibilities for treating these data: either as a
chronological series of matrices [stations x densities] (one matrix
for each sampled month); or as a series of matrices [months x
densities] (one matrix for each station). The authors indicated
that (1) different results will be obtained according to the point
of view taken, and (2) the choice between the two possibilities is
strictly one of the aim of the study.

The aim of this study is to show that the data can be analyzed in
such a way that both perspectives can be treated simultaneously,
and in fact one can even include a third perspective by considering
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the data: as a series of matrices [months x stations]. This point
of view would concentrate on the spatial-temporal relations for
each variable. To achieve this objective, the Mendes et al (2011)
study is here revisited in order to use the Tucker3 model (Tucker
1966).

The comparison of the two methods is done on the same
tridimensional matrix (species, dates and sites) comprising 50
columns and 72 rows. These data offered the possibility to study
the three-dimensional array in two ways (Fig. 2): (A) the spatial
variability of the zooplankton community and its dynamics in
time (data were organized as a series of tables for each date,
where each column corresponded to the species density and each
row corresponded to a sample) and (B) the dynamic trajectories
of the zooplankton community per site (data were considered as
a series of tables for each site, where each column corresponded
to the species density and each row corresponded to a sample).

The results will be explored from a rather practical point of
view, on their respective graphical outputs and on their global
properties. Additionally, advantages and disadvantages of the
two methods in addressing the problem of analyzing series of
tables are presented. Hence, some differences between the
results of PTA and the Tucker3 model can be expected due
to the different objectives of the methods. Tucker3 model is
a decomposition model, which fit the original data as well as
possible. It allows easier visualization of the data structure
highlighting each source of variability, in particular capturing
species assemblages’ distribution which is common in ecological
studies. Moreover it provides a better insight into data structure,
since it take into account the three-dimensional structure of the
data. Besides Tucker3 model reduce the noise, and shows which
of the original variables are correlated and which of them are
the most significant for a certain (environmental) problem
description. On the other hand, PTA reveals proximities
(or similarities) among the successive data tables (arranged
according to different scales, time vs. space) by defining a
consensus configuration. Nevertheless, both methods provided
interpretable results and proved to be useful for investigating
biotic structures and detecting different patterns in the temporal
development and spatial distribution of zooplankton communities
of the Berlengas Natural Reserve.

Also, this study demonstrated that more complex methods can
lead to more compact presentations of patterns in data and improve
the knowledge of the dynamics of species assemblages.
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Figure 1. Map of the Berlengas Archipelago and the location of the 6 sampling sites. The rectangle represents the marine protected
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Figure 2. Tridimensional table of data (dates,

Sampling sites

sites, zooplankton density) used
in the PTA and Tucker3 methods.
Way (A) — Identification of a spatial

species

Sampling dates

structure (first mode) common to the
12 dates (third mode) and study of
the temporal permanence. Way (B) —
Identification of a temporal structure
(first mode) common to the 6 sites
(third mode) and study of the spatial

species

permanence.

590 | Revista de Investigacion Marina, 2012, 19(6)



