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ABSTRACT
Abralia veranyi and Abraliopsis morisii were the most abundant cephalopods caught during epipelagic and
mesopelagic surveys off the Canary Islands and accounted for 26% and 35% of the cephalopod catch,
respectively. Diel vertical migration patterns were observed in both species. At night, A. veranyi was recorded
at depths as shallow as 38–90 m, whereas Abraliopsis morisii occurred at depths of 98–219 m. As individuals
grow inmantle length, their diet changes substantially. Abraliopsis morisii showed ontogenetic shifts at 22.9mm
and 35.3 mm dorsal mantle length (DML), while A. veranyi showed ontogenetic shifts at 20.5 mm and
30.9 mm DML. Prior to the first ontogenic shift, both species fed mainly on copepods and mysids. After
this shift they fed on larger prey, such as decapods and fish; the diets of larger individuals also contained
cephalopods.

INTRODUCTION

Cephalopods are common inhabitants of the mesopelagic zones of
the ocean and occupy key roles in many marine ecosystems, both
as predators and prey (Clarke, 1996; Piatkowski, Pierce & Morais
da Cunha, 2001; Boyle & Rodhouse, 2005). Although mesopelagic
cephalopods are globally widespread, they live in inaccessible envi-
ronments, so little is known about their behaviour. According to
Xavier et al. (2015), knowledge about noncommercially exploited
oceanic cephalopods is scarce, with most of this knowledge hav-
ing been obtained from the analysis of the stomach contents of
predators (e.g. Hernández-García, 1995; Clarke, 1996). As has also
been reported for fish and planktonic crustaceans (Torres et al.,
2018), many mesopelagic cephalopod species migrate vertically
over hundreds of meters to feed near the surface during the night,
returning to deep water at dawn (Clarke & Lu, 1974; Roper &
Young, 1975). This behaviour facilitates the transfer of energy and
organic matter from productive shallow waters to the deep ocean
(Ariza, 2015).
While the importance of mesopelagic cephalopods in oceanic

ecosystems has been described by several authors (Clarke, 1969;
Clarke & Lu, 1974; Vecchione & Roper, 1991; Shea et al., 2017),
their role in the trophic relationships of open-ocean ecosystems
is poorly understood (Clarke, 1962; Rocha & Cheikh, 2015). The
enoploteuthids are likely to be ecologically particularly important.
They constitute a large biomass at depths between 200 and 400 m
(Laptikhovsky, 1999) and are an important and abundant prey

source for many predators (Anastasopoulou et al., 2013; Kousteni
et al., 2018).
The enoploteuthids Abralia veranyi (Rüppel, 1844) and Abraliopsis

morisii (Vérany, 1839) are important components of themesopelagic
fauna of the warm waters of the Atlantic Ocean, including the
Mediterranean Sea and the Gulf of Mexico (Nesis, 1987). Despite
this, the feeding behaviour of these two species, particularly in the
eastern North Atlantic, is still poorly known. Using data gathered
in the Canary Current region of the eastern North Atlantic, we
describe the diets of A. veranyi and Abraliopsis morisii and detail the
daily migratory patterns and distribution of these species in the
water column.

MATERIAL AND METHODS

Sampling

Cephalopods were collected off the Canary Islands (eastern North
Atlantic) during five research surveys carried out by the vessel R/V
LA BOCAINA between 1997 and 2002 (Fig. 1). Depths ranging
from 8 to 1,035 m were sampled. Abralia veranyi (n = 763) and
Abraliopsis morisii (n = 1,026) were caught using a commercial semi-
pelagic otter trawl net (5 mm mesh size at the cod-end). Trawling
was carried out at different times of the day, and both diurnal and
nocturnal trawls were conducted. The net used was an open net
lacking closing doors. The net was dropped from the ship until it
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Figure 1. Map of the Canary Islands, showing locations sampled on the
research cruises of the R/V LA BOCAINA.

sank to a particular trawl depth, after which trawling was carried
out at a constant depth (capture depth). The trawls were monitored
through acoustic telemetry using a SCANMAR net-sensor system;
this systemmeasured parameters such as depth, position, speed and
both the vertical and horizontal opening of the net’s mouth (see
Bordes et al., 1997, 2002). Once the trawling was finished, the ship
came to a complete halt and the net was hoisted vertically. At the
moment of hoisting, the bulk of the net was pulled down by its
own weight to form a bag and this closed the mouth of the net; the
mouth of the net was demarcated by lines of buoys and plumbs.
The hoisting speed was adjusted to prevent the mouth of the net
from accidentally opening.
Captured cephalopods were classified and preserved in 70%

ethanol for later analysis. Specimens of Abraliopsis morisii and A.
veranyi were identified with the aid of the key developed by Nesis
(1987). For each individual, the following measurements were taken
in the lab: (1) dorsal mantle length (DML), measured to the nearest
0.1 mm; (2) total wet weight (TW) to the nearest 0.1 g; (3) head
weight (HW), including the arms and tentacles, to the nearest 0.1 g;
and (4) weight of the stomach contents (i.e. following extraction
from the stomach) to the nearest 0.001 g. Length frequency dis-
tributions were quantified for the different depths of fishing, and
the trawls were separated into nocturnal and diurnal captures.
The DML data for the analysed specimens were not normally
distributed in relation to depth; thus, a nonparametric test was used
to determine if there were significant differences or not. The diet
of the two species was analysed for samples of multiple individuals
(A. veranyi, n = 119; Abraliopsis morisii, n = 119).

Breakpoint analysis

A model II piecewise linear regression (PLR) was carried out to
detect possible ontogenetic shifts (Shea & Vecchione, 2002) in the
growth of Abraliopsis morisii and A. veranyi. The relationship between
TW and HW was analysed to detect possible growth-related differ-
ences in diet. This was done by loge transforming the variable HW
and plotting it against loge TW. Following Shea &Vecchione (2002),
we used the reduced major axis regression model and changed the
LOSS default function to LOSS= (y−(a+ bx)) 2/ABS (b), where x
is the independent variable, y is the dependent variable and a and b
are the intercept and slope of the line, respectively.
To analyse the breakpoints, a simple linear regression (SLR)

was plotted using model II; A. veranyi and Abraliopsis morisii showed
a patterned residual and this allowed possible breakpoints to be

deduced. Subsequently, an iterative PLRmodel was employed, with
the first test breakpoint being used to analyse multiple subsequent
breakpoints (for each iteration the breakpoint increased by 0.1). The
number of iterations performed was 22 for Abraliopsis morisii and 26
for A. veranyi. For each iteration, R2, LOSS and residues were saved.
As more than one breakpoint was observed for both species, the

values of R2 and LOSS for each segment were analysed to see
if the PLR segments were better adapted to the data than the
SLR segment. After obtaining the two possible breakpoints, the
equation for each segment and its 95% confidence intervals (CI)
were calculated. The slopes were considered different if the slope
of segment 2 was outside the CI of segment 1 and the slope of
segment 3 was outside the CI of segment 2.
If the slope analysis showed that the R2 and LOSS values,

along with their respective residuals, improved in comparison with
SLR results, but the slope was within the 95% CI, the breakpoint
was rejected. If, however, the new segments were associated with
improved values of R2, LOSS and residuals of the SLRmodel, and
the slope of the new segment was not in the 95%CI of the previous
segment, the breakpoint was accepted. Allometric parameters were
calculated for each segment (Table 1). All statistical analyses were
carried out using R v. 3.4.2 (R Core Team, 2019).

Diet analysis

The stomach fullness index (SF) was calculated using the following
equation:

SF =
(
wet weight of stomach content
wet weight of individual

)
× 100

Prey items (hard and soft tissues) were identified to the lowest
possible taxonomic level. However, due to the heavily digested state
of food items, identification to the family or species level was usually
not possible. Plankton and decapod taxa were identified using the
guides by Zariquiey (1968), Estrada & Genicio (1970) and Newell
& Newell (1970). The index of relative importance (% IRI) was
calculated as described by Pinkas, Oliphant & Iverson (1971):

IRI i = (Ni + WW i) × Oi ,

where N = numerical frequency, WW = % wet weight, O = fre-
quency of prey occurrence for all stomach analyses (including
empty stomachs) and i = number of prey analysed.
A Kruskal–Wallis test was used to test for significant differences

between the SF index of individuals captured during nighttime and
daytime hours. This was followed by a post hoc Tukey honestly
significant difference (HSD) test to determine at exactly which hours
there were significant differences in the SF index. On the basis of
the breakpoint analysis, individuals of both species were grouped
into three length classes and growth-related differences in diet were
analysed (See Results for further details); a χ2 test was used to assess
if differences in diet were significant.

RESULTS

A total of 20 species of cephalopods were identified from the
mesopelagic and epipelagic trawl samples taken at depths ranging
from 8 to 1,035 m. Enoploteuthids represented 65.4% of the cap-
tured cephalopods, with Abraliopsis morisii being the most frequently
captured species (35.1%). Other sampled enoploteuthid species
included A. veranyi (26.1%) and Enoploteuthis anapsis (0.1%). Small
individuals (DML <12 mm) were scarce in the trawl samples (11
and 4 individuals of Abraliopsis morisii and A. veranyi, respectively).
This may possibly have been due to the fine mesh size of the trawl
net, with specimens of DML <5 mm generally not been captured.
Most of the small specimens captured had been damaged in the
cod-end (i.e. due to the weight of the rest of the catch).
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Table 1. Allometric parameters and breakpoints for Abraliopsis morisii and Abralia veranyi for the relationship between logeTW and logeHW.

Species Breakpoints

(TW, g)

Allometric parameters

Segment 1 Segment 2 Segment 3

Intercept Slope 95% CI Intercept Slope 95% CI Intercept Slope 95% CI

Abraliopsis morisii 0.9 & 2.58 −0.83 0.94 0.47–1.12 −0.71 1.26 1.15–1.36 −0.88 0.67 0.49–0.87

Abralia veranyi 1.2 & 2.35 −0.99 0.58 0.27–1.14 −0.87 1.27 1.07–1.37 −0.48 0.70 0.37–1.22

The relationship consists of three segments: 1, points < breakpoint 1; 2, points between breakpoints 1 and 2; 3, points > breakpoint 2. Intercept and slope for

the regression result for each segment are also given. When the slope = 1 the growth is isometric. ‘CI’ is the confidence interval.

Table 2. Number of individuals of Abraliopsis morisii and Abralia veranyi (by length class) caught at different depths during nighttime (00.00–06.30 and 18.30–
00.00) and daytime (06.30–18.30) sampling.

Time (UTC) Depth (m)

Abraliopsis morisii DML <22.9 mm DML = 22.9–35.3 mm DML >35.3 mm

00.00–06.30 38–40 m (n = 11) 38–40 m (n = 2) 38–40 m (n = 2)

06.30–18.30 356–402 m (n = 5) 356–402 m (n = 10) –
18.30–00.00 38–49 m (n = 7) 38–90 m (n = 49) 38–90 m (n = 33)

Abralia veranyi DML <20.6 mm DML = 20.6–30.9 mm DML >30.9 mm

00.00–06.30 – – –
06.30–18.30 308–1,035 m (n = 19) 308–1,035 m (n = 39) 308–1,035 m (n = 15)

18.30–00.00 98–219 m (n = 4) 98–219 m (n = 27) 98–219 m (n = 15)

We analysed the capture depth of Abraliopsis morisii and A. veranyi
as a function of hour of the day (Table 2). Specimens of Abraliopsis
morisii were caught during the night at depths of 38–90 m. While
this represented 87.4% of the total number of individuals obtained
for this species, 12.6% were caught during the day at depths
ranging from 356 to 402 m. Similarly, for A. veranyi, 63.0% of
individuals were captured during the night (between depth of 98–
219 m) and 37.0% were obtained during the day (depth of 308–
1,035m). AKruskal–Wallis test indicated nonsignificant differences
in the vertical distribution of the DML of A. veranyi (H = 116.11,
df = 114, P = 0.43) and Abraliopsis morisii (H = 113.22, df = 111,
P = 0.42). Both enoploteutid species were caught during nighttime
hours by deep-water trawls and during daytime hours by near-
surface trawls, indicating that these cephalopods show a clear diel
migratory pattern.
The breakpoint analysis showed significant morphometric

changes during ontogeny for both Abraliopsis. morisii (SLR:
R2 = 0.95, LOSS = 1.43; PLR: R2 = 0.97, LOSS = 1.38; Fig. 2)
and A. veranyi (SLR: R2 = 0.96, LOSS = 2.51; PLR: R2 = 0.97,
LOSS = 2.01; Fig. 3). The relationship between loge TW and loge
HW showed that for both species there were two morphometric
changes during growth. Abraliopsis morisii had two ontogenetic
changes at a TW of 0.68 g and 2.29 g, respectively, while for A.
veranyi these occurred at a TW of 0.81 g and 2.27 g, respectively
(Figs 2, 3). In both species, the rate of increase of HW relative to
TW was high after the first slope change, but declined after the
second slope change (Figs 2, 3). These ontogenetic changes show
that Abraliopsis morisii has its first morphometric change at 22.9 mm
and the second one at 35.3 mmDML, while in A. veranyi they occur
at 20.6 mm and 30.9 mm DML (Figs 2, 3). On the basis of the
breakpoint analysis, each of the two species was grouped into three
length classes: small (corresponding to data points occurring in the
plot up to the first slope shift), medium-sized (data points between
the first and second slope change) and large (data points after the
second/last observable slope change).
Study of stomach contents showed that prey belonged to four

taxa (Table 3). While a maximum of three prey items was found

in a single stomach (this stomach appeared to be distended to
maximum capacity), the stomach of 79.7% and 86.8%, respectively,
of Abraliopsis morisii and A. veranyi individuals contained only a
single prey item. Stomach fullness was quite variable, but typically
lower during the day than at night (Fig. 4), indicating nocturnal
feeding. A Kruskal–Wallis test showed significant differences in
stomach fullness between nighttime and daytime for both A. ver-
anyi (H = 54.51, n = 119, P < 0.00001) and Abraliopsis morisii
(H = 12.30, n = 119, P = 0.015). A Tukey HSD post hoc test
(α = 0.05) also found significant differences between daytime and
nighttime in both species (P < 0.03; Fig. 4).
Crustaceans were the most abundant prey items in the stomachs

of both species. Food items, when present, were heavily digested,
making identification of prey species difficult. Nonetheless, we
found that decapods constituted a large proportion of the crus-
taceans. A χ2 test showed highly significant differences in the diet
of the three length (DML) classes of Abraliopsis morisii (P < 0.01).
The smallest specimens (DML<22.9 mm) of Abraliopsis morisii were
shown to feed mainly on copepods (IRI = 83.7%), unidentified
crustaceans (IRI = 14.4%) and mysids (IRI = 1.9%), while indi-
viduals in the medium-sized length class (DML = 22.9–35.3 mm)
preyed almost exclusively on decapods (IRI = 91.0%). The largest
specimens (DML >35.3 mm) also preyed mainly on crustaceans
(IRI = 78.3%), but fish (IRI = 16.7%) and cephalopods (5.0%)
were prevalent components of their diets. The possibility that the
cephalopods were preyed upon when the captured study animals
were in the net was rejected. This was because prey items were
found to be in an advanced state of digestion, despite the fact
that the stomachs containing them were extracted and preserved
(in 70% ethanol) immediately after the capture of individuals of
Abraliopsis morisii and A. veranyi. Abraliopsis morisii showed a high
stomach fullness index at night, indicating that this species feeds
preferentially during nocturnal hours (Table 3).
As with Abraliopsis morisii, a χ2 test showed highly significant

differences in diet among the three length classes of A. veranyi
(P < 0.0001). The diet of the smallest individuals (DML
<20.6 mm) consisted mainly of copepods (IRI = 59.9%), other
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Figure 2. Breakpoint analysis for Abraliopsis morisii. A. Linear regression (SLR) for the relationship between total weight and head weight (R2 = 0.946,
LOSS = 1.43). B. Plot showing residuals from the SLR. C. PLR showing regression line with two breakpoints at 0.68 g and 2.29 g TW (corresponding to
22.9 mm and 35.3 mm DML, respectively; R2 = 0.967, LOSS = 1.38). D. Plot showing residuals from the PLR. Note the lack of a pattern. Graphs shown
in A and B are plotted with untransformed data for clarity; graphs C and D are plotted with loge transformed data.

Figure 3. Breakpoint analysis for Abralia veranyi. A. Linear regression (SLR) for the relationship between total weight and head weight (R2 = 0.957,
LOSS = 2.51). B. Plot showing residuals from the SLR. C. PLR showing regression line with two breakpoints at 0.81 g and 2.27 g TW (corresponding
to 20.6 mm and 30.9 mm DML, respectively; R2 = 0.969, LOSS = 2.012). D. Plot showing residuals from the PLR. Note the lack of a pattern. Graphs
shown in A and B are plotted with untransformed data for clarity; graphs C and D are plotted with loge transformed data.

unidentified crustaceans (IRI = 18.0%) and mysids (IRI = 7.0%),
while medium-sized individuals (DML = 20.6–30.9 mm) preyed
more frequently on decapod crustaceans (IRI = 85.3%), other
crustaceans (IRI = 10.7%) and, to a much lesser extent, fish
(IRI= 2.5%). The diet of the largest specimens (DML> 30.9 mm)
of A. veranyi consisted of fish (IRI = 49.3%), crustaceans, mainly
in the form of decapods (IRI = 26.8%), and cephalopods
(IRI = 10.6%; Table 3). In contrast to Abraliopsis morisii, medium-
sized individuals and adults of A. veranyi preyed on fish at any time
of the day, but on cephalopods only during daylight hours (Table 3).

Figure 4 shows the prey composition of the diet in relation to
depth for both species. Crustaceans were recovered from the stom-
ach of individuals caught across the whole depth range sampled
(8–1,035 m depth). While copepods (27% and 42% IRI for A.
veranyi and Abraliopsis morisii, respectively) were the most abundant
prey in the diet of individuals caught in the upper 200 m of the
sea, decapods predominated in the diet of individuals from waters
between 200 and 500 m, reaching an IRI value of 88.7% for
A. veranyi, but only 1% for Abraliopsis morisii at that same depth
interval. In relation to depth intervals, fish were more abundant in
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Table 3. Relative importance index (IRI) for the different prey taxa found in the stomach contents of Abraliopsis morisii and Abralia veranyi during daytime
and nighttime.

DML <22.9 mm DML = 22.9–35.3 mm DML >35.3 mm

% IRI % IRI % IRI

Total (n = 20) Night (n=15) Day (n = 5) Total (n = 64) Night n = 51) Day (n = 13) Total (n = 35) Night (n=35) Day (n = 0)

Abraliopsis morisii

Copepods 83.7 35.3 80.0

Mysids 1.9 12.7

NI crustacea 14.4 1.8 20.0 76.2 98.6 98.1 78.3 80.2

Decapod crustacea 23.5 0.0 1.9

Cephalopods 0.2 0.7 5.0 5.6

Fish 0.1 0.7 16.7 14.2

DML <20.6 mm DML = 20.6–30.9 mm DML >30.9 mm

% IRI % IRI % IRI

Total (n = 23) Night (n = 4) Day (n = 19) Total (n = 66) Night (n=27) Day (n = 39) Total (n = 30) Night (n=15) Day (n = 15)

Abralia veranyi

Copepods 59.9 59.9 0.8 0.9

Mysids 7.0 7.0 0.7 0.8

NI crustacea 18.0 18.0 10.7 78.6 5.0 13.2 57.3 9.6

Decapod crustacea 15.1 15.1 85.3 14.5 91.5 26.8 31.3

Cephalopods 0.04 0.1 10.6 12.4

Fish 2.5 6.9 1.7 49.3 42.7 46.7

Data are presented in relation to the length classes of the two species. ‘NI crustacea’ indicate non-identified crustacea.

Figure 4. Relationship between stomach fullness and trawl time. A. Abralia veranyi (n = 119). B. Abraliopsis morisii (n = 119).

the stomach contents of A. veranyi caught between depths of 500–
1,000 m (18.2% IRI) than in the stomach contents of individuals
from shallower waters. In the case of Abraliopsis morisii, fish were only
present in the stomach contents of individuals caught in shallower
waters (0–200mdepth; IRI of 5.7%).Mysids and cephalopods were

relatively scarce in the diet of both species; they were most common
in A. veranyi caught at depths of 500–1000 m. For Abraliopsis morisii,
cephalopods were found only in the stomachs of individuals from
depths between 0 and 200 m and mysids were recorded only from
individuals caught between depths of 200–500 m (Fig. 5).
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Figure 5. Relationship between taxa found in the stomach contents and depth. A. Abralia veranyi (n = 119). B. Abraliopsis morisii (n = 119). Non-identified
crustacea are indicated by ‘NI.Crust’.

DISCUSSION

Abralia veranyi and Abraliopsis morisii feed mainly on zooplankton,
particularly on copepods, mysids and the early growth stages of
decapod crustaceans. Despite similar feeding behaviour, these two
enoploteuthid species differ in the prey composition of their diets.
Moreover, the diet of both species showed variability in relation
to their circadian cycles; this was particularly marked in Abraliopsis
morisii.
Our observations indicate that the diet of both species changes

significantly with growth, with the diets of larger individuals con-
taining a greater share of other cephalopods and fish than smaller
individuals. During ontogeny, individuals of both enoploteuthid
species undergo two changes in the growth cycle and these probably
relate to rapid changes in the ecology of these species; similar
changes have been described byCastro &Hernández-García (1995)
and Shea & Vecchione (2002) for other cephalopod species. As the
body and head increase in size during growth, the buccal mass also
increases in size. This facilitates the capture and consumption of
larger, more robust prey, and studies have shown a direct relation-
ship between the size of individuals and the type of prey consumed
(Castro & Hernández-García, 1995; Sugimoto & Ikeda, 2013). The
capacity to feed on larger prey is also associated with a significant
increase in swimming speed and mode of hunting (Sugimoto &
Ikeda, 2013). These changes in ontogenetic growth and diet may
also be indicative of growth-related habitat shifts or the capacity
for greater vertical movement through the water column (Shea &
Vecchione, 2010).
The presence of copepods in the diet of smaller individuals

of Abraliopsis morisii and A. veranyi can be explained by the rela-
tively high abundance of this zooplankton group in surface waters.
Hernández-León, Gómez &Arístegui (2007) have shown that cope-
pods are extremely abundant in the shallow waters off the Canary
Islands, where they represent c. 90%of the zooplankton community.
Although the presence of members of the family Enoploteuthidae
in epipelagic waters (0–200 m depth) has been reported by Roper
(1972), our observations indicate that smaller individuals (DML
<12 mm) of both Abraliopsis morisii and A. veranyi occur in surface
waters, particularly at night. However, we did not find significant
differences in depth distribution among small, medium-sized and
large individuals of the two species. Nevertheless, it is obvious that
increases in bodymusculature allow these species tomigrate into the
deeper mesopelagic layer (Röpke, Nellent & Piatkowski, 1993). This
ontogenic change in behaviour is believed to result from reduced

visual predator–prey interactions in the light-limited deep sea, as
has been described for other cephalopod species (Hunt & Seibel,
2000).
Changes in the prey composition of the diet in relation to onto-

genetic shifts have been reported for mesopelagic fish (Watanabe,
Kawaguchi & Hayashi, 2002; Bernal et al., 2015) and epipelagic
cephalopods (Castro &Hernández-García, 1995; Mouat, Collins &
Pompert, 2001). As we observed, Abraliopsis morisii and A. veranyi are
distributed throughout the mesopelagic layer during the daytime
and ascend at night to the epipelagic region to feed (the two species
feed at different depth levels and this may reduce interspecific
competition). This feeding migration resembles that described by
Sassa et al. (2002), Yatsu et al. (2005) and Takagi et al. (2009) for
mesopelagic fish.
We found heavily digested prey items in the stomach of most of

the individuals investigated and this suggests that most individuals
had fed during the hours prior to capture. Contrastingly, we also
found that many individuals had empty stomachs, indicating that
these individuals had yet to feed. Sassa et al. (2002) has reported
vertical migratory behaviour for mesopelagic fish, with some myc-
tophid fish species being shown to have a diel vertical migratory
pattern related to feeding. Most studies of vertical migration have
focused on fish (McClatchie & Dunford, 2003; D’elia et al., 2016)
and comparable data on the migration of mesopelagic cephalopods
are scarce (Young, 1995; Hernández-García, Bordes-Caballero &
Almonacid, 2006). Vertical migration to feed during nocturnal
hours is common in mesopelagic fish (Yatsu et al., 2005; Takagi
et al., 2009), but has been less extensively described in mesopelagic
cephalopods (Passarella & Hopkins, 1991). Our study has shown
that the cephalopods Abraliopsis morisii and A. veranyi feed between
dusk and dawn in the epipelagic zone (0–200 m depth), pointing to
the possibility that these species play a key role in the oceanic food
web (Clarke, 1996; Ariza, 2015) and in the sequestration of carbon.
We found that individuals of both species exhibited greater stomach
fullness during nighttime hours compared with daytime hours, and
this observation is consistent with vertical migration to the surface
at night to feed.

ACKNOWLEDGEMENTS

We would like to thank Arminda Garcia Marrero and Jessica Her-
rera Perdomo for their assistance with sample collection. We also
wish to thank two anonymous referees for valuable comments and

32

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ollus/article/86/1/27/5673512 by guest on 10 April 2024



DIEL MIGRATION IN ABRALIA VERANYI AND ABRALIOPSIS MORISII

suggestions and editor Janet Voight for helping us to substantially
improve the manuscript.

REFERENCES
anastasopoulou, A., mytilineou, C.H., lefkaditou,

E., kavadas, S., bekas, P., smith, C.J., papastamou,
K.N. & christides, G. 2013. The diet and feeding ecology of
Conger conger (L. 1758) in the deep-waters of the Eastern Ionian Sea.
Mediterranean Marine Science, 14: 365–368.

ariza, A.V. 2015. Micronekton diel vertical migration and active flux in the
subtropical Northeast Atlantic. PhD thesis, Universidad de Las Palmas de
Gran Canaria.

bernal, A., olivar, M.P., maynou, F. & fernández de
puelles, M.L. 2015. Diet and feeding strategies of mesopelagic
fishes in the western Mediterranean. Progress in Oceanography, 135: 1–17.

bordes, F., barrera, A., carrillo, J., castillo, R.,
castro, J.J., gómez, J., hansen, K., hernández, V.,
moreno, T., pérez, F. & ublein, F. 1997. Evaluación acústica
de los recursos epipelágicos y estudio de la capa de reflexión profunda en Lanzarote,
Fuerteventura y Gran Canaria (Islas Canarias). Informe Técnico. Viceconsejería
de Agricultura, Pesca y Alimentación.

bordes, F., hernández, V., moreno, T., caballero,
C., bècognèe, P., ojeda, A., cuyás, C., barrera, A.
& pérez, F. 2002. Recursos pesqueros epipelágicos en Canarias: evaluación
acústica y estudio ecológico de las interrelaciones tróficas y espaciales alrededor de
islas oceánicas. Viceconsejería de Pesca, Gobierno de Canarias.

boyle, P. & rodhouse, P.G. 2005. Cephalopods: ecology and fisheries.
Blackwell Science, Oxford.

castro, J.J. & hernández-garcía, V. 1995. Ontogenetic
changes in mouth structures, foraging behaviour and habitat use of
Scomber japonicus and Illex coindetii. Scientia Marina, 59: 347–355.

clarke, M.R. 1962. Stomach contents of a sperm whale caught off
Madeira in 1959. Norsk Hvalfangst-Tidende, 5: 173–191.

clarke, M.R. 1969. Cephalopoda collected on the SONDCruise. Jour-
nal of the Marine Biological Association of the United Kingdom, 49: 961–976.

clarke, M.R. 1996. The role of cephalopods in the world’s
oceans. Philosophical Transactions of the Royal Society of London, 351:
977–1112.

clarke, M.R. & lu, C. 1974. Vertical distribution of cephalopods
at 30◦N 23◦W in the North Atlantic. Journal of the Marine Biological
Association of the United Kingdom, 54: 969–984.

d’elia, M., warren, J.D., rodriguez-pinto, I., sutton,
T.T., cook, A. & boswell, K.M. 2016. Diel variation in the
vertical distribution of deep-water scattering layers in the Gulf of
Mexico. Deep Sea Research Part I: Oceanographic Research Papers, 115:
91–102.

estrada, J.C. & genicio, M.F. 1970. Nota sobre el plancton de la
costa noroccidental Africana. Boletin del Instituto Espanol de Oceanografia,
140: 1–38.

hernández-garcía, V. 1995. The diet of the swordfish Xiphias
gladius Linnaeus, 1758, in the central east Atlantic with an emphasis on
the role of cephalopods. Fishery Bulletin, 93: 403–411.

hernández-garcía, V., bordes-caballero, F. &
almonacid, E. 2006. Can the bathymetric distribution of
cephalopods be studied with commercial fishing gears? Acta Universitatis
Carolinae-Geológica, 49: 129–134.

hernández-león, S., gómez, M. & arístegui, J. 2007.
Mesozooplankton in the canary current system: the coastal–ocean tran-
sition zone. Progress in Oceanography, 74: 397–421.

hunt, J.C. & seibel, B.A. 2000. Life history of Gonatus onyx
(Cephalopoda: Teuthoidea): ontogenetic changes in habitat, behaviour and
physiology. Marine Biology, 136: 543–552.

kousteni, V., karachle, P.K., megalofonou, P. &
lefkaditou, E. 2018. Cephalopod prey of two demersal
sharks caught in the Aegean Sea (eastern Mediterranean). Jour-
nal of the Marine Biological Association of the United Kingdom, 98:
81–88.

laptikhovsky, V.V. 1999. First data on fecundity of the
squid Abralia veranyi (Cephalopoda: Enoploteuthidae). Journal
of the Marine Biological Association of the United Kingdom, 79:
1135–1136.

mcclatchie, S. & dunford, A. 2003. Estimated biomass
of vertically migrating mesopelagic fish off New Zealand.
Deep Sea Research Part I: Oceanographic Research Papers, 50:
1263–1281.

mouat, B., collins, M.A. & pompert, J. 2001. Patterns in
the diet of Illex argentinus (Cephalopoda: Ommastrephidae) from the
Falkland Islands jigging fishery. Fisheries Research, 52: 41–49.

nesis,K.N. 1987.Cephalopods of the world. TFHPublications, NeptuneCity,
NJ.

newell, G.E. & newell, R.C. 1970.Marine plankton: a practical guide.
Edn 5. Hutchinson Educational, London.

passarella, K.C. & hopkins, T.L. 1991. Species composition and
food habits of the micronektonic cephalopod assemblage in the eastern
Gulf of Mexico. Bulletin of Marine Science, 49: 638–659.

piatkowski, U., pierce, G.J. & morais da cunha, M.
2001. Impact of cephalopods in the food chain and their interaction
with the environment and fisheries: an overview. Fisheries Research, 52:
5–10.

pinkas, L., oliphant, M. & iverson, Y. 1971. Food habits
of albacore, bluefin tuna and bonito in Californian waters. California
Department of Fish and Game: Fish Bulletin, 152: 1–105.

R CORE TEAM. 2019. R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org. Accessed 2 August 2019.

rocha, F. & cheikh, I. 2015. Cephalopods in the canary current
large marine ecosystem. In: Oceanographic and biological features in the Canary
Current Large Marine Ecosystem (L. Valdés & I. Déniz González, eds). IOC
Technical Series, No. 115, pp. 245–255. IOC-UNESCO, Paris.

roper, C.F.E. 1972. Ecology and vertical distribution of Mediterranean
pelagic cephalopods. In: Mediterranean biological studies, final report, part 5,
pp. 282–344. Smithsonian Institution Press, Washington, D.C.

roper, C.F.E. & young, R.E. 1975. Vertical distribution of
pelagic cephalopods. Smithsonian Contributions to Zoology, 209:
1–51.

röpke, A., nellent,W. & piatkowski, U. 1993. A comparative
study on the influence of the pycnocline on the vertical distribution of
fish larvae and cephalopod paralarvae in three ecologically different
areas of the Arabian Sea. Deep Sea Research Part II: Topical Studies in
Oceanography, 40: 801–819.

sassa, C., kawaguchi, K., kinoshita, T. & watanabe,
C. 2002. Assemblages of vertical migratory mesopelagic fish in the
transitional region of the western North Pacific. Fisheries Oceanography,
11: 3–204.

shea, E.K. & vecchione, M. 2002. Quantification of ontogenetic
discontinuities in three species of oegopsid squids using model II piece-
wise linear regression. Marine Biology, 140: 971–979.

shea, E.K. & vecchione, M. 2010. Ontogenetic changes in diel
vertical migration patterns compared with known allometric changes
in three mesopelagic squid species suggest an expanded definition of a
paralarva. ICES Journal of Marine Science, 67: 1436–1443.

shea, E.K., judkins, H., staudinger, M.D., dimkovikj,
V.H., lindgren, A. & vecchione, M. 2017. Cephalopod
biodiversity in the vicinity of Bear Seamount, western North Atlantic
based on exploratory trawling from 2000 to 2014.Marine Biodiversity, 47:
699–722.

sugimoto, C. & ikeda, I. 2013. Comparison of the ontogeny of
hunting behavior in Pharaoh cuttlefish (Sepia pharaonis) and Oval squid
(Sepioteuthis lessoniana). The Biological Bulletin, 225: 1–50.

takagi, K., yatsu, A., itoh, H., moku, M. & nishida, H.
2009. Comparison of feeding habits of myctophid fishes and juvenile
small epipelagic fishes in the western North Pacific.Marine Biology, 156:
641–659.

torres, A.P., regledo, P., hidalgo, M., abelló, P.,
simão, D., alemany, F., massutí, E. & dos santos, A.
2018. Contrasting patterns in vertical distribution of decapod crus-
taceans throughout ontogeny. Hydrobiologia, 808: 137–152.

33

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ollus/article/86/1/27/5673512 by guest on 10 April 2024

https://www.R-project.org


A. GUERRA-MARRERO ET AL.

vecchione, M. & roper, C.F. 1991. Cephalopods observed from
submersibles in the western North Atlantic. Bulletin of Marine Science, 49:
433–445.

watanabe, H., kawaguchi, K. & hayashi, A. 2002. Feeding
habits of juvenile surface-migratory myctophid fishes (family Myctophi-
dae) in the Kuroshio region of the western North Pacific.Marine Ecology
Progress Series, 236: 263–272.

xavier, J.C., allcock, A.L., cherel, Y., lipinski, M.R.,
pierce, G.J., rodhouse, P.G., rosa, R., shea, E.K.,
strugnell, A.M., vidal, E.A.G., villanueva, R. &
ziegler, A. 2015. Future challenges in cephalopod research.
Journal of the Marine Biological Association of the United Kingdom, 95:
999–1015.

yatsu, A., sassa, C., moku, M. & kinoshita, T.
2005. Night-time vertical distribution and abundance of small
epipelagic and mesopelagic fishes in the upper 100 m layer of the
Kuroshio–Oyashio transition zone in spring. Fisheries Science, 71:
1280–1286.

young, R.E. 1995. Aspects of the natural history of pelagic cephalopods
of the Hawaiian mesopelagic-boundary region. Pacific Science, 49:
143–155.

zariquiey, A.R. 1968. Crustáceos decápodos ibéricos. Investigación
Pesquera, 32: 1–510.

34

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ollus/article/86/1/27/5673512 by guest on 10 April 2024


	Migratory patterns, vertical distributions and diets of Abralia veranyi and Abraliopsis morisii Cephalopoda: Enoploteuthidae in the eastern North Atlantic
	INTRODUCTION
	MATERIAL AND METHODS
	Sampling
	Breakpoint analysis
	Diet analysis

	RESULTS
	DISCUSSION 


