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SUMMARY: These are the first data on the feeding of larval albacore (Thunnus alalunga Bonnaterre, 1788) in the
Mediterranean. Specimens were gathered from day-time bongo-hauls conducted over the SW Mallorcan (Balearic Islands)
shelf-slope. Ninety eight percent of 101 individuals ranging from 2.65 to 9.4 mm standard length (SL) contained 1 to 15 prey
items per gut. Mean number of prey/gut was 3.55 + 2.19 (SD). A positive correlation was found between larval SL and the
number of prey/gut. The analysis of frequency of occurrence (F), numerical frequency (N), weight frequency (W) and the
Index of Relative Importance (IRI) showed a dominance of copepodites and nauplii in the smallest size-class. As larvae
grew, cladocerans and Calanoida copepodites dominated the diet, and cladocerans and copepodites were important in F, N
and W. Piscivory was observed after notochord flexion and was important in terms of W. A positive correlation between
mean prey size and both SL and lower jaw length (LJL) was observed. The niche breadth (S) did not vary with LJL, but the
raw prey size range did. Larger copepodites, the absence of nauplii and the incorporation of fish larvae and a larger number
of cladocerans in the diet accounted for the increase in mean prey size through increased larval size.
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RESUMEN: DIETA DE LAS LARVAS DE ALBACORA THUNNUS ALALUNGA (BONNATERRE, 1788) EN AGUAS DE MALLORCA
(MEDITERRANEO NW). — Se ofrecen los primeros datos sobre la dieta de las larvas de albacora (Thunnus alalunga Bonaterre,
1788) en el Mediterrdneo. Los especimenes se obtuvieron de pescas diurnas con bongo sobre la plataforma-talud al SW de
Mallorca (Islas Baleares). El 98% de 101 individuos de entre 2.65 y 9.4 mm de longitud estdndar (LE) contuvieron entre 1
y 15 presas por digestivo. La media de presas por larva fue de 3.55 + 2.19 (DE), existiendo una correlacién positiva entre el
nimero de presas en el tubo digestivo y la LS. Los indices de frecuencia de ocurrencia (F), frecuencia numérica (N), fre-
cuencia en peso (W) y el Indice de Importancia Relativa (IRI) mostraron un predominio de copepoditos y nauplius en larvas
pequeiias, disminuyendo en importancia a lo largo del crecimiento en detrimento de cladéceros y copepoditos de Calanoida,
que fueron importantes en F, N 'y W. Se observé piscivoria, importante en W, a partir de la flexion de la notocorda. Se detec-
t6 una correlacion positiva entre el tamafio medio de las presas y tanto la LS como la longitud de la maxila (LJL) de las lar-
vas. La amplitud del nicho alimentario (S) no vari6 con la LIL, aunque el rango total del tamafio de las presas si lo hizo. El
aumento de talla de los copepoditos, la desaparicion progresiva de mauplius y la incorporacion de larvas de peces y mds cla-
ddéceros explica el aumento de la talla media de las presas a lo largo del crecimiento larvario.

Palabras clave: Thunnus alalunga, larvas, Mediterraneo, alimentacion, amplitud de nicho.

INTRODUCTION ed, which potentially influences the strength of
recruitment (Anderson, 1988). Variability in growth

The topical “growth-mortality” hypothesis (Hare rates can be attributed to density-dependent mecha-
and Cowen, 1997) assumes that faster-growing or  nisms (Sheperd and Cushing, 1980), differences in
larger-at-age fish larvae have their survival promot- temperature (Pepin, 1991) or to the availability of
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potential food (Ramirez et al., 2004) among others.
However, larval fish feeding is species-specific, and
even within the same genus there are large differ-
ences in feeding habits (e.g. Young and Davis,
1990). Therefore, species-specific dietary data are
necessary to further interpret changes in recruit-
ment, either in correlational or individual-based
modelisation schemes.

The Balearic Islands (NW Mediterranean) have
been recognised as an important spawning ground
for several tuna species including northern Atlantic
bluefin (Thunnus thynnus L.) and albacore (Thunnus
alalunga Bonnaterre, 1788) (Duclerc et al. 1973;
Dicenta et al. 1975, 1983; Dicenta, 1977; Alemany,
1997). This fact could be attributed to the preference
shown by some oceanic migratory pelagic fishes to
spawn around islands (Miller, 1979; Leis et al.,
1991). The Balearic sea constitutes the transitional
area between southflowing surface Mediterranean
Waters (SMW) and surface water masses of recent
Atlantic origin (AW) which reach the archipelago
from the south. Therefore, the confluence of both
water masses and their interaction with the Balearic
islands result in frontal areas, eddies, meanders and
filaments (Millot, 1994; Pinot et al., 2002) that act
as intangible structures that regulate production and
retention and that are used by pelagic species to
spawn and develop.

Despite some evidence of migrations between
the Atlantic and the Mediterranean (Arrizabalaga et
al., 2002), the Mediterranean albacore populations
constitute a genetically differentiated stock (Lopez-
Rodas et al., 2002; Vinas et al., 2004; Nakadate et
al., 2005) that up until now have not been as inten-
sively exploited as Atlantic stocks. Reported land-
ings in past decades have usually fluctuated between
2000 and 4000 tons, with a maximum of 4866 tons
in 2001 (Anon., 2004), most of them captured by
Italian and Greek fleets. In the Spanish
Mediterranean the albacore is seasonally targeted by
the Spanish fleets by bait boats and trollers coming
from Atlantic ports and by Mediterranean surface
longliners, as well as some local artisanal and game
fisheries (De la Serna er al., 2002), with total mean
annual landings of around 300 tons. Due to the lack
of data from the albacore Mediterranean fisheries
this stock has never been assessed (Anon., 2001,
2004). However, the depletion of the bluefin tuna
stock could lead to shifts in the preferences of fish-
ermen, and albacore could also become a main tar-
get species in Mediterranean tuna fisheries during
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the next decades. Little is known about the biology
and ecology of the Mediterranean albacore popula-
tions, and studies focusing on larval stages are even
scarcer. The Balearic sea constitutes a suitable place
to carry out this kind of study, since high concentra-
tions of albacore larvae have been reported in the
area (Alemany et al., 2006). Reproduction in the
Mediterranean occurs from July to September
(Padoa, 1956), with maximum values in August
(Padoa, 1956; Alemany, 1997; Alemany et al.,
20006).

There are few data on the physiological ecology
(sensu Govoni (2005)) of albacore early stages.
Albacore growth and condition have been studied
within the Balearic Islands annual tuna larvae sur-
veys (Garcia et al., 2003; 2006), but there are no
data on the feeding of early stages for this species in
the area. Existing studies on the feeding ecology of
larval albacore in the Indian Ocean show a diet pre-
dominantly consisting of Cyclopoida (Corycaeus
sp., Farranula sp.) copepods, nauplii and cladocer-
ans (Young and Davis, 1990). These authors found
significant differences in the feeding ecology of
three tuna species, and suggested that albacore lar-
vae select corycaeids over calanoids. The present
study offers the first data on the diet of albacore
early stages from early pre-flexion to post-flexion
stages in the Mediterranean to contribute to the
understanding of survival and recruitment processes
of this species, which constitutes a relevant part of
the pelagic ecosystem.

MATERIAL AND METHODS

Specimens of early stages of T. alalunga were
collected during daytime in a small grid of stations
over the shelf-slope zone at the East of Mallorca
island in August 1996 on a single day, and were pre-
served in 4% seawater-buffered formalin. Methods
of collection and description of larval distribution
and abundance are described elsewhere (Alemany et
al., 2006). Specimens were selected from only two
close stations as they showed high larval abun-
dances and a sufficient range of larval sizes. A ran-
dom sample of 100 individuals was first explored to
search for population size structure (mean standard
length (SL) = 4.71 mm, standard deviation (SD) =
0.64, Min = 3.5 mm, Max = 6.5 mm). Subsequently,
the size range of larvae selected for analysis was
widened to include a similar number of larvae in all
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the size-ranges, ending up with 101 larvae analysed
(Table 1).

Larvae were coded and stained for five seconds
in 1% blue-methylene and five seconds in 1% acid
fuchsin (to aid in identifying the gut contents),
cleared in 70% ethanol and measured in pure glyc-
erine under a stereo-microscope. Standard length
(precision = 0.05 mm) was measured from the tip of
the snout to the end of the notochord in pre-flexion
larvae, and to the hypural crease in post-flexion lar-
vae. The lower jaw length (LJL, precision = 0.025
mm) measured as the length of the lower maxilla is
given as a functional proxy of mouth width, as the
latter was difficult to measure in poorly preserved
larvae. No correction for larval shrinkage was per-
formed.

The gut was first excised with a microscalpel and
teased open with 0.1 and 0.2 mm tungsten needles.
All food was observed in the looped gut section, not
the first portion of the stomach, so this work refers
generally to gut contents. Gut fullness was estimat-
ed on a scale from 1 to 5, where 1 = empty; 2 < half
full; 3 = half full; 4 > half full; 5 = full. Prey were
identified to the lowest possible taxonomic level,
counted and measured along the longest and widest
axes (precision = 12.5 ym). For copepods, prosome
length, width and total length were taken. Prey was
classified into broad categories and an estimate of
dry weight for each individual was obtained from
length-dry weight relationships. Literature values
were used for Cyclopoida (Satapoomin, 1999),
Calanoida and general copepoda (Uye, 1982), nau-
plii (Schmitt, 1986) and some cladocerans (Podon

sp. and Penilia avirrostris, Uye (1982)). The clado-
ceran Evadne spinifera constituted over 95% of all
cladocerans in the gut. As no literature data exists
for weight estimation of this species, 5 groups of 4%
formalin-preserved 15-22 E. spinifera each (mixed
males and non-gravid females) were built to obtain
a dry weight per mean body size estimate. The spec-
imens were individually measured along the longest
axis including the spine. Visible salt crystals and dirt
were removed from each individual under the binoc-
ular microscope. Each group was rinsed in 1ml dis-
tilled water, filtered into pre-weighed Whatman
(GF/C) filters and weighted to the nearest 1 #g in an
electronic microbalance after 24 h at 60°C plus 24 h
in a desiccator. The linearised length-weight regres-
sion for E. spinifera was Log,, DW = 0.8605 (+
0.126, SE) + 3.741 (x 0.751, SE) Log,L, r’y, =
0.89, DF = 14, p<0.05, where DW = dry weight
(1g) and L= body length (#m). For the scarce fish
larvae that appeared, one was clearly identified as
Auxis rochei and the rest had a Cyclothone sp. head
shape. Standard lengths were derived from the crys-
talline radius-SL relationships obtained from our
own collections. The DW for A. rochei was estimat-
ed using data from A. Garcia (unpublished), and a
conservative DW of 15 ug was assumed for each of
the other larvae, following existing minimum DW
values for eel-shaped larvae (e.g. Houde and
Schekter, 1983). The weight of a small fraction of
unidentified prey (3-6% of each larval size class)
that could be numbered but not measured was esti-
mated using its relative volume (%) with respect to
the total prey volume (100%) in each stomach, and

TaBLE 1. — Percentage frequency of occurrence (F) and percentage of the index of relative importance (%IRI) for the main prey categories
analysed. Values for numeric and weight percentages are depicted in Figure 1. Calanoida and Cyclopoida are mainly copepodite stages. Errors
are + 1 standard deviation.

SL class: 2.6-3.9 mm class: 4-4.9 mm class: 5-5.9 mm class: 6-9.4 mm range: 2.65-9.4 mm
N 26 larvae 32 larvae 28 larvae 15 larvae Total = 101 larvae
Mean SL 3.61 £0.30 442 +0.29 542 +025 6.56 +£0.92 481 +1.08
Mean LJL 0.59 +£0.09 0.79 £0.11 1.04 £0.09 144 +0.29 0.90 +0.31
Fullness 3.54 +1.03 424 +094 4.66 +0.75 447 +0.67 421+097
Prey category F %IR1 F %IR1 F %IR1 F %IRI F 9%IRI
Copepoda
Calanoida (CA) 30.77 31.62 46.88 28.78 64.29 29.99 60.00 37.82 49.50 35.26
Cyclopoida (CY) 26.92 23.03 50.00 17.68 53.57 8.55 40.00 4.90 43.56 12.03
Nauplii (N) 19.23 11.71 31.25 12.17 2143 2.36 - - 20.79 491
Unid. copepodites (UCO) 38.46 26.69 50.00 25.12 25.00 1.96 20.00 2.14 35.64 9.92
Cladocera (CL) 11.54 6.76 31.25 15.83 7143 56.83 7333 49.18 43.56 36.99
Fish larvae (FL) - - - - 3.57 0.27 20.00 5.81 3.96 0.77
Decapod larvae (DL) - - 3.13 - - - 6.67 0.16 1.98 0.02
Unidentified prey (UP) 3.85 0.20 6.25 042 3.57 0.03 - - 3.96 0.10
Total number of prey items 59 115 115 63 352
Mean no. of prey per stomach 236+ 147 371 +1.90 4.11+£1.83 4.73 £3.31 3.55+2.19
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the downscaled average dry weight for that stomach
was assigned. A category classified as “remains”,
which was formed by gut contents that were either
part of numbered prey (but that could not be
ascribed to a particular category) or that could not be
numbered, was not taken into consideration for cal-
culations. This category came to an average of 17%
in relative volume of the gut contents, with no clear
relationship to size class.

Percentage frequency of occurrence in the stom-
achs (F), percent number (N) and percent weight
(W) was calculated for each prey category and lar-
val size-class, and an index of relative importance
(IRI) for each prey category calculated as IRI =
F*(N+W), and converted to a percentage (%IRI).
Due to the different information provided by each
index (Cortés, 1997), all indices are given in the
results section.

A Kruskall-Wallis test was used for analysing
potential differences in gut fullness. Numbers of
prey per larva was analysed with linear regression
analyses. Relationships between larval body meas-
urements (SL and LJL) and prey mean length and
mean width (both log,, transformed), as well as the
calculation of niche breadth (S, as a measure of
increment in prey size through larval growth (fol-
lowing mostly Pearre (1986) and Pepin and Penney
(1997))) were explored. For prey size vs larval size
analyses, size-class intervals were built for fish lar-
vae (0.2 mm intervals for SL and 0.05 mm for LJL),
in order to obtain a sufficient number of prey per
size-class and a minimum of 20 larval size-classes.
Means and standard deviations of log,-transformed
values of prey length and width were calculated for
each larval size-class. Linear regression analysis
(weighted by the number of prey per size-class) was
used for exploring prey size to larval size relation-
ships. The niche breadth was calculated by regress-
ing the log,-transformed SD of prey width against
larval LJL (number of prey used as weights). In
addition, variation of length and weight of separate
prey categories vs broader larval size classes was
visually explored using means and 95% confidence
intervals.

RESULTS
Feeding incidence

All specimens examined had either identifiable
prey (98% of the larvae) or remains in their guts.
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Gut fullness was relatively high, averaging 4.21,
which corresponded to an average of 3.55 prey/gut
(Table 1). The lowest mean fullness was observed in
larvae ranging from 2.6 to 3.9 mm SL, with an aver-
age of 2.36 prey/gut. The only significant difference
in gut fullness was observed between this group of
small larvae and the rest of the size groups (H =
24.5, p<0.001). The number of identifiable prey
ranged from 1 to 15; the latter was observed in a
larva of 7 mm SL. There was a slight but signifi-
cantly positive correlation between the average
number of prey/larva and SL (1?= 0.10, DF = 97
p<0.01).

Diet composition

The most important feeding categories as deter-
mined by %IRI were, with decreasing importance,
cladocerans (mainly E. spinifera), calanoid and
cyclopoid copepodites, unidentified copepoda, nau-
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plii (mainly copepod nauplii), fish larvae (mainly
Auxis sp. and unidentified), unidentified prey and
decapod larvae (Table 1). The identifiable copepods
included, in order of importance, Calanoida cope-
podites (including Ctenocalanus sp., Clausocalanus
Sp., Paracalanus sp., Euchaeta sp.,) and Cyclopoida
copepodites (including Corycaeus sp., Farranula
sp., Oithona sp., Oncaea sp.). Unidentified cope-
pods included basically copepodites. The amount of
unidentified but numbered prey was low, generally
< 5% in F,N and W (Table 1, Fig. 1).

There was a clear change in diet composition
with larval SL. Copepoda decreased in importance
(%IRI, Table 1) with larval length, mainly as a result
of a decreasing trend in N (from >90% to ca. 55%)
and W (from >75% to 30-40%) (Fig. 1). Within
Copepoda, Calanoida copepodites tended to
increase in F with larval length, whilst nauplii sp.
disappeared from the diet in larvae =6 mm (Table 1,
Fig. 1). In small larvae, nauplii constituted an
important fraction of the diet in terms of N and F,
but not in W. As larvae grew, the decrease in cope-
pod stages in the diet was replaced mainly by clado-
cerans and a few fish larvae, which were particular-
ly important in terms of W (Fig. 1). Cladocerans
increased in F with larval SL from about 10% to ca.
70% (Table 1), which was paralleled by an increase
in N and W (Fig. 1). Piscivory was detected in alba-
core larvae in individuals =5 mm SL, coinciding
with the beginning of the notochord flexion, which
began in larvae of 5-5.5 mm SL. Fish larvae were
not important in terms of %IRI or N but amounted
to ca. 30% in F and W in larvae > 6 mm SL.

Relationship between prey and predator size

The LJL was linearly related to SL by LJL =
—0.4055 (= 0.039, SE) + 0.272 (+ 0.008, SE) SL,
g = 0920, DF = 1,100, p < 0.0001. Weighted
regressions showed positive relationships between
larval SL and LJL vs the average prey log,,length or
log,,width (Table 2) although niche breadth did not
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(lines) of prey width in relation to larval LJL classes; b) Niche

breadth in relation to larval 7. alalunga LIL classes. Raw data are
shifted slightly to the right to facilitate visualisation.

change significantly with larval mouth size (Table 2,
Fig. 2). Nauplii and cladocerans showed similar
lengths regardless of predator size. Cladocerans
were generally significantly larger and wider than
copepodites, and were present in the diet already in
the smallest larvae (Fig. 3). The increase in average
prey length and width was due to the increase in
mean size of calanoida, cyclopoida and unidentified
copepodites, plus the incorporation in the diet of fish

TABLE 2. — Weighted regression parameters and statistics for relationships between larval SL and LJL (mm) vs prey length and width (#m).
SE is 1 Standard Error. DF are degrees of freedom. S is niche breadth.

Predictor Dependent variable Intercept (SE) Slope (SE) R? Adj. DF p

SL Mean Log, prey length 1.809 (0.094) 0.156 (0.018) 0.79 1,19 <0.001
SL Mean Log,prey width 1.610 (0.096) 0.118 (0.019) 0.67 1,19 <0.001
LIL Mean Log, prey length 2.093 (0.071) 0.520 (0.070) 0.72 1,21 <0.001
LIL Mean Log,,prey width 1.809 (0.070) 0.408 (0.068) 0.62 1,21 <0.001
LIL S 0.156 (0.052) 0.068 (0.051) 0.04 1,21 0.194
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larvae and the higher abundance of cladocerans in
larger larvae coupled with the exclusion of nauplii
from the diet (Fig. 3).

DISCUSSION

Feeding incidence found in albacore larvae can
be considered high compared to data on the same
species and stages in the Indian Ocean, where only
55% of larvae collected during the daytime con-
tained food (Young and Davis, 1990). These authors
found a positive correlation between feeding inci-
dence and larval length. In the present study, larger
larvae tended to have more prey items in their guts
than smaller larvae, which can be related to a high-
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er feeding activity with larval growth and/or to a
higher gut capacity. In addition, the mean number of
prey per gut was higher in our study than in Young
and Davis (op. cit.), who attributed the low feeding
incidence to low food abundance in the area. In the
present study, this assumption could not be tested as
microzooplankton samples were not available.
However, the high fullness detected in our samples
suggests that the relationship between empty stom-
achs and food abundance found in albacore larvae
by Young and Davis (op. cit.) may be real, and that
regurgitation is not a major problem in the collection
of this species.

The numerical dominance of Copepoda and the
progressive substitution of nauplii by increasingly
larger copepodites in larger larvae, as found herein,
is a generalised pattern in many marine fish larvae
(Hunter, 1981). Similarly-sized cladocerans (Fig. 3),
mainly E. spinifera, were observed in all larval
length classes. In young larvae, this may result from
a combination of a relatively large mouth and
advanced visual and swimming capabilities. Several
authors have shown that some tuna larvae have a
preference for corycaeids (Cyclopoida), including
albacore (Young and Davis, 1990) and bluefin tuna
(Uotani et al., 1990), a behaviour that opposes the
general calanoid selection observed in larvae of sev-
eral fish species (Pepin and Penney, 1997). In the
present study, the percentage number of Cyclopoida
(mainly corycaeids) varied little through larval size,
although their frequency of occurrence and weight
contribution tended to decrease. It is not likely that
the fraction of unidentified copepodites masked a
possible increase in corycaeids, because the percent-
age of unidentified copepodites tended to decrease
in larger larvae (Table 1). Due to the lack of micro-
zooplanton data, it is not possible to further interpret
the relationship between prey in the environment
and in the guts. The piscivory observed in albacore
larvae was not observed by Young and Davis (op.
cit.) off NW Australia for a similar SL-range.
However, they observed piscivory in other co-occur-
ring larval tuna of slightly larger sizes, like Thunnus
macoyii and Katsuwonus pelamis. The present work
thus describes for the first time this phenomenon in
larvae of this species. Piscivory is, however, a com-
mon feature of larvae of many tuna and related
species, and has even been recorded in first feeding
individuals (Shoji and Tanaka, 2001; Kaji et al.,
2002). It should be stated that although the estimates
of DW are only approximations, the main interpre-
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tations are probably correct, as the relative differ-
ences in weight among the main prey items (small
copepods, nauplii, cladocerans, fish larvae) holds in
all the literature that has been revised. Moreover,
some new estimates of DW that have been made
(i.e. for E. spinifera) are fully consistent with mean
values of DW given in the literature (Walve and
Larsson, 1999) for this species. For fish larvae, DW
estimates are conservative thus W values for ingest-
ed fish larvae might be higher than reported herein.

The higher mean prey size at increasing values of
larval LJL or SL, and the lack of significance in the
relationship between niche breath and larval size is
a common feature in many species of marine fish
larvae (Pepin and Penney, 1997; Sabatés and Saiz,
2000). The importance of calculating the niche
breadth (basically the amplitude of the prey size
spectrum when log,,-transformed values are used)
resides in the hypothesis that a wider niche breadth
implies increased survival capabilities, as a wider
range of prey types/sizes may be exploited by the
larger larvae (Houde, 1997). However, both the
lower and upper limits of the prey size range
increased as larvae grew, which suggests that some
components of the diet are selected against, perhaps
due to their size (nauplii and small copepodites).
This is in accordance with a relatively invariant
niche breadth along larval growth. Nevertheless, the
observation of ingested species-specific prey sizes
(untransformed, Fig. 3) shows that larvae around 6
mm SL start ingesting other fish larvae. This widens
the size-range of raw data enormously and indicates
an ontogenetic shift in diet potentially associated
with the energetic requirements of the early stages
of tuna. In this respect, albacore has been found to
grow rapidly (Garcia et al., 2006), and high energy
and protein input may be crucial for survival at the
juvenile stage.
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