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Atlantic cod Gadus morhua in the Mediterranean:
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ABSTRACT: A female cod Gadus morhua L. 87.1 cm total length was captured off Mallorca
(Balearic Islands, NW Mediterranean) in June 2009 by a bottom trawler between 63 and 110 m
depth. This is the first documented occurrence of the species in the Mediterranean. The fish was
mature, with a very low hepatosomatic index and atretric gonads. Age assigned from the otoliths
was 4 yr. The otolith chemical composition indicated that this fish entered the Mediterranean late
in its first year of life.
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INTRODUCTION

of this fish and its possible migratory behavior using
the information encoded in its otoliths.

Atlantic cod Gadus morhua L. is widely distributed
throughout the continental shelves in the North
Atlantic. Along the European coasts, it reaches the
Bay of Biscay (ca. 47° N; Cohen et al. 1990), with little
evidence of its presence further south (Bañon et al.
2010). Cod is capable of undertaking long distance
migrations (ca. 1000 km; Jørgensen et al. 2008), and
its migratory behavior and range may change over its
life cycle.
The Mediterranean is a semi-enclosed sea with a
natural entrance in the west, the Straits of Gibraltar.
The inflow of Atlantic waters through the Straits of
Gibraltar has marked the character of the Mediterranean marine biota for the last 5.3 million years,
although in recent years, an increase in the immigration rate from the tropical Atlantic has been observed
(Massutí et al. 2010).
Here, we report the first record of cod in the Mediterranean, which also represents the first occurrence
of a species of boreal Atlantic origin off the Balearic
Islands in the last 40 yr. We explored the life history

On 24 June 2009, 1 cod Gadus morhua was captured by a commercial bottom trawler at ~9 nautical miles off the south coast of Mallorca Island
(39° 15’ 37’’ N, 02° 38’ 43’’ E, western Mediterranean;
Fig. 1) from a 1 h haul at 63 to 110 m depth. The specimen was identified following Cohen et al. (1990) and
deposited in the ichthyological collection of the Societat Balear d’Història Natural (reference number
MNIB/0185).
The fish total length (TL) was measured to the nearest millimeter. The stomach contents were sorted and
classified at species level. The total weight and somatic weight (total weight minus gonad and stomach
content weight) were taken to the nearest gram, and
the liver and gonad weight were taken with a preci-
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Fish characteristics
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Fig. 1. Location (d) of the cod capture off Mallorca. Inset map shows the distribution range (dark grey) of cod off European
coasts (adapted from Drinkwater 2005)

sion of 0.1 g. Fulton’s K and hepatosomatic index
(HSI) were calculated as they are good indicators of
the condition of cod (Lambert & Dutil 1997). The gonadosomatic index (GSI) was used to describe the
maturity of fish, and a portion of the central part of the
right lobe of the ovary was fixed for routine microscopic examination (Luna 1968).

Otolith analysis
The sagittal otoliths were extracted, cleaned and
stored dry before laser ablation inductively coupled
mass spectrometry (LA-ICPMS) analysis, following
methodology described by Morales-Nin et al. (2012).
Ablation spots of 64 µm diameter were located at
80 µm intervals along a transect from the otolith core
to the ventral-distal edge. Twelve isotopes were
measured: 7Li, 23Na, 25Mg, 44Ca, 55Mn, 63Cu, 66Zn,
85
Rb, 88Sr, 114Cd, 138Ba, and 208Pb, together with pelleted fish otolith (FEBS-1, Sturgeon et al. 2005; and
NIES No. 22, Yoshinaga et al. 2000) and glass (NIST
610 and 612) reference materials for calibration and
drift correction. Data processing detail followed
Morales-Nin et al. (2012).
Digital photographs of the sections were taken
after the LA-ICPMS analysis, and the position of each
spot was measured in terms of distance from the core
and location within a seasonal and annual growth

zone, which were determined following the otolith
age estimation protocols of Høie et al. (2009). Variations in the measured otolith element concentrations
were plotted as time series in relation to distance
from the otolith core and actual time based on spot
location within the growth zones.
Potential source populations for this individual
were explored from multivariate otolith element signals of cod from different NE Atlantic populations
(Celtic Sea, Irish Sea, and southern North Sea/Eastern English Channel) following Geffen et al. (2011).

RESULTS
Fish characteristics
The specimen was a female 87.1 cm TL and 5406 g
total weight. The stomach contents, weighing 589.5 g,
were composed of 14 knobby swimming crabs Liocarcinus tuberculatus, 3 squids (Alloteuthis subulata,
Loligo vulgaris, and Illex coindetii), 3 Mediterranean
horse mackerel Trachurus mediterraneus, and 10 European hake Merluccius merluccius. The prey were
likely consumed inside the net during the trawl,
based on the digestion state and the fact that those
species were also part of the capture. No other remains were found in the stomach. Once the stomach
contents were extracted, the cod weighed 4816.5 g.
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Otolith characteristics

Fig. 2. Transverse section of cod otolith, showing annual
growth increments and laser ablation spots from analyzed
transect. Blue dots indicate start of each translucent growth increment. Red spots indicate annual growth increments. Laser
spot size = 64 µm; distance between consecutive laserspot centers = 80 µm. yr +: incomplete annual growth increment
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Fig. 3. Transect of LA-ICPMS analysis spots
across cod otolith from core to edge, traversing
annual growth increments (age 1–4 yr). Profiles
represent concentrations of Na (solid grey line)
and Sr (solid black line) on the left axis, with
Mg (dashed grey line) and Ba (dashed black
line) on the right axis. Dashed vertical lines
represent the transition between opaque (o)
and translucent zones; solid vertical lines mark
the end of the translucent (t) zone and the start
of the next opaque zone and annual increment

Sr and Na concentrations (µg g–1)

The shape of the sagittal otoliths conformed to the
typical characteristics for cod. The growth increments showed wide translucent increments (Fig. 2), which generally reflect life
in relatively warm waters. This individual
0
was in its fourth year of life.
Na, Mg, Sr, and Ba concentrations var4500
ied across the otolith from core to edge,
with peaks associated with the transition
between opaque and translucent zones
4000
(Fig. 3). The first Sr peak, together with
the drop in Na and Mg, preceded the first
translucent zone and may correspond to a
3500
translucent structure often considered to
indicate a settlement mark (Morales-Nin
2000). This peak may indicate a larger
shift in habitat because normally Sr con3000
centrations are low throughout the first
annual increment in cod (Limburg et al.

2011). The translucent zones were marked by generally higher Sr, as observed in previous studies
(Tomas 2000, Limburg et al. 2011). The very wide
first translucent zone, corresponding with an

Mg and Ba concentrations (µg g–1)

The specimen appeared emaciated, as reflected by
the low condition factor (K = 0.68) and HSI (0.90). The
gonads weighed 333.6 g, and the GSI was 7.44. The
ovaries occupied > 75% of the abdominal cavity.
They were granular, fibrous, well vascularized and
orange-yellow. Their section was elliptic and presented a rough appearance, with visible opaque
oocytes. Histological observation of the ovaries
revealed a generalized atresia of vitellogenic oocytes
and the abundance of stroma in ovigerous folds.
Blood vessels were dilated. There were few previtellogenic oocytes in the ovarian lamellae, without any
sign of degeneration. Inside the lamellae, a generalized granulomatous reaction involving groups of
atretic vitellogenic oocytes could be seen. Neither
postovulatory follicles nor healthy vitellogenic
oocytes could be observed. Therefore, the cod was
not preparing for spawning but reabsorbing the vitellogenic oocytes due to a failure in reproduction.
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DISCUSSION
Temperature is a crucial factor in determining the
distribution of cod (Mieszkowska et al. 2009). Adult
cod can occur in temperatures ranging from −1 to
20°C (Mieszkowska et al. 2009). Sea surface temperatures off the Balearic Islands range from 13 to 15°C
during winter to > 25°C during summer. However,
below the 50 m depth thermocline, the water temperature is constant at 13 to 15°C, within the range
for the species. Ocean warming is predicted to lead
to a northward shift in the distribution of cod, especially at the southern limits of its distribution
(Mieszkowska et al. 2009). However, this cod travelled south and was separated by ca. 2000 km from
NW Spain waters, where it is considered sporadic
(Bañon et al. 2010) and represents its southernmost
occurrences along European coasts.
The fish was unlikely to be an aquarium escapee
because enquiries in western Mediterranean institutions, as well as in Lisbon Aquarium, produced negative results. As far as we could assess, no one maintained cod individuals that could account for the
introduction of our specimen.
Therefore, we suggest that this individual entered
the Mediterranean at the end of its first year of life. It
could not be reliably assigned to a specific source
because the population baseline did not include all
candidate sources, for example, the Bay of Biscay or
occasional groups further south.
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