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a b s t r a c t

Between 2007 and 2009, 132,178 cephalopods were sampled in the North Sea during ICES International
Bottom Trawl Surveys. Most abundant were the long-finned squids Alloteuthis subulata (124,751 animals)
and Loligo forbesii (3415 animals). Short-finned squids such as Todaropsis eblanae, Todarodes sagittatus
and Illex coindetii were rare (195 animals). During winter, A. subulata individuals, mostly immature and
eywords:
ephalopods
orth Sea
bundance
istribution

maturing, were concentrated in the central and northern parts of the North Sea. In summer, the abundance
of A. subulata, mostly maturing and mature, increased in the southeastern part suggesting a southward
migration to spawning grounds. L. forbesii individuals, some fully mature, were abundant in the north-
western part of the North Sea during winter indicating spawning areas in this region. In summer, L.
forbesii individuals, mostly immature, occurred in lower numbers throughout the North Sea. Our data
provide new information on abundance, distribution, migration, and possible recruitment areas of North
igration
Sea cephalopods.

. Introduction

Annual cephalopod landings have increased globally since the
950s from about 500,000 tons to more than 4 million tons in 2007
FAO, 2009). With growing stock sizes, marine food chains will
e affected with implications on the recruitment of commercially

mportant fish species (Caddy and Rodhouse, 1998; Piatkowski et
l., 2001). If such a situation occurs in the central and eastern North
ea, where cephalopods have played a minor role in terms of fish-
ries so far, improved assessment and management of stocks will be
equired to ensure an ecosystem-compatible utilization of cephalo-
od resources (Pierce et al., 1998; Bellido et al., 2001; Young et
l., 2004, 2006). In order to achieve this, comprehensive data on
iology, distribution, landings, and stock size of major cephalopod
pecies are necessary.

Since the early 1990s, the ICES Working Group on Cephalo-
od Fisheries and Life History (WGCEPH) has reported annually on
he development of cephalopod fisheries and related research in
he North East Atlantic (e.g. Anonymous, 2008), and during recent
ecades knowledge on biology, abundance, and fisheries of North

ea cephalopods has substantially increased (see review of Hastie
t al., 2009).

Most studies have concentrated on long-finned squid in Scottish
aters or in the English Channel, where major cephalopod fish-
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eries exist. First reports of fishery data of Loligo forbesii appeared
in the 1960s and 1970s (Thomas, 1969; Thomas and Davidson,
1972; Holme, 1974; Howard, 1979). Further studies focused on life
history, stock structure, reproduction, recruitment, and early life
stages (e.g. Lum-Kong et al., 1992; Pierce et al., 1994, 1998; Boyle
et al., 1995; Collins et al., 1999, 2002; Hastie et al., 2009). More
recently, distribution patterns, seasonal migrations, and interan-
nual trends in abundance related to oceanographic factors such as
water temperature have also been investigated in North Sea squid
(e.g. Waluda and Pierce, 1998; Robin and Denis, 1999; Bellido et al.,
2001; Pierce and Boyle, 2003; Zuur and Pierce, 2004; Pierce et al.,
2008; Viana et al., 2009). Information on the distribution and abun-
dance of cephalopods in North Sea regions other than the English
Channel and around Scotland remained poor and was mostly added
to reports on the Scottish squid fishery (Thomas, 1969; Thomas
and Davidson, 1972; Howard, 1979; Howard et al., 1987). The most
comprehensive description of cephalopod distribution patterns in
the entire North Sea and the adjacent western Baltic Sea still dates
back to the work of Grimpe (1925). In recent years the cephalopod
by-catch of ICES International Bottom Trawl Surveys (IBTS) from
central and southeastern parts of the North Sea was investigated
to provide more detailed information on biology and distribution
of major species (De Heij and Baayen, 1999, 2005; Zumholz and

Piatkowski, 2005). The IBTS is a multinational long-term program
to monitor the condition of commercially important fish stocks
in the North Sea. The surveys take place each quarter of the year
at randomized stations in defined geographical rectangles which
are sampled by standardized fishing gear. They are repeated annu-

dx.doi.org/10.1016/j.fishres.2010.06.003
http://www.sciencedirect.com/science/journal/01657836
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Table 1
Cephalopods sampled during IBTS cruise (2007–2009). Participating vessels: WH, FRV Walther Herwig III; En, CEFAS Endeavour; Tr, RV Tridens.

Summer 2007 Winter 2008 Summer 2008 Winter 2009

WH En WH Tr WH En WH Tr

Rectangles 29 72 63 67 24 73 72 56
Trawls (30 min) 134 75 63 67 37 75 72 67

Sepiidae
Sepia elegans 0 0 1 0 0 0 3 0
Sepia officinalis 0 0 1 0 0 0 0 0
Sepiola atlantica 1 0 54 263 1 0 36 0
Sepietta oweniana 0 0 46 0 0 0 10 0
Rossia macrosoma 1 0 7 0 0 0 11 0
Sepiolidae indet. 0 0 0 0 0 0 0 39

Loliginidae
Alloteuthis subulata 5,750 3,170 19,471 30,788 2,643 2,410 32,881 27,638
Loligo forbesii 700 636 635 53 214 529 570 78
Loligo vulgaris 5 0 7 3,228 16 3 5 10
Loliginidae indet. 30 0 26 0 4 0 2 0

Ommastrephidae
Todaropsis eblanae 23 37 29 15 0 6 32 12
Todarodes sagittatus 0 0 2 0 0 0 18 0
Illex coindetii 3 0 3 0 0 0 15 0

Octopodidae
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Eledone cirrhosa 1 0 3

Total 6,514 3,843 20,285

lly, coordinated by ICES, and shared by all countries surrounding
he North Sea. Detailed information on sampling techniques and
trategies is given in the IBTS manual (Anonymous, 2006).

Collecting the cephalopod by-catch of the IBTS samples provides
unique resource to record temporal and geographical changes of
bundance and distribution patterns of cephalopods—prerequisites
o assess cephalopod stock structure and its fluctuations. In our
tudy we have analyzed the cephalopod by-catch of German,
nglish and Dutch surveys from 2007 to 2009. The comprehensive
ataset provides new information on biology, abundance, distribu-
ion and migration of major cephalopod species in various parts of
he North Sea.

. Materials and methods

A total of 132,178 cephalopods were sampled in the North
ea from ICES International Bottom Trawl surveys (IBTS) during
inter (January/February) of 2008 and 2009, and from German

mall Scale Bottom Trawl Survey (GSBTS) and IBTS during sum-
er (July/August) of 2007 and 2008 (Table 1). Sampling followed

CES IBTS standards in defined Roundfish Areas (RFA) and Rectan-
les (RA) of about 30 × 30 nautical miles (see Anonymous, 2006). All
tations were sampled with a GOV bottom trawl and hauls lasted
0 min.

All cephalopods were identified to the lowest possible taxon.
or more detailed analysis 11,062 specimens were selected (10,715
ndividuals from FRV Walther Herwig III samples and 347 speci-

ens from RV Tridens samples). Dorsal mantle length (DML) was
easured to the nearest 1 mm; animals were sexed and maturity

tages were estimated (0, immature; I–III, maturing; IV–V, mature).
Cephalopod catch data were converted into number of speci-

ens caught per hour trawling time. If more than one haul was
erformed in one rectangle, the total number of specimens caught
er hour was divided by the number of hauls. The numbers of inves-

igated RAs during each survey are listed in Table 1. Distribution

aps were created with ArcView Gis 3.2 software (Environmental
ystems Research Institute, USA).

Water temperature and salinity data were only available from
RV Walther Herwig III cruises, where they had been recorded by
0 1 0 3 0

34,347 2,878 2,948 33,586 27,777

a Seabird CTD during the sampling stations. Spearman’s rank cor-
relation coefficients were calculated with R-Statistics to test the
correlation between environmental factors and the abundance of
Alloteuthis subulata and L. forbesii.

Significant length cohorts were determined with FISAT II 1.2.2
(FAO-ICLARM stock assessment tools II) (Gayanilo et al., 2006). For
this purpose, specimens of A. subulata and L. forbesii were grouped
into 5 mm size classes. Sexes (maturing and matured individuals)
were separated and together with juveniles (immature individ-
uals) analyzed by NORMSEP, a modified Bhattacharya’s method
(Bhattacharya, 1967; Pauly and Caddy, 1985).

3. Results

Cephalopod catch data from the four surveys are summarized in
Table 1. In total, twelve species were found which were dominated
by the long-finned squids A. subulata and L. forbesii. Short-finned
squids such as Illex coindetii, Todaropsis eblanae and Todarodes sagit-
tatus appeared in low numbers. The bobtail squids (Sepiolidae)
like Sepiola atlantica, Sepietta oweniana and Rossia macrosoma were
mainly caught during winter surveys. The family Sepiidae was rep-
resented by a few individuals of Sepia officinalis and Sepia elegans,
while Eledone cirrhosa was the only octopod found in the samples.

3.1. A. subulata

The European common squid, A. subulata, dominated all sur-
veys (Table 1). During winter, A. subulata was most abundant
in the central part of the North Sea (Fig. 1). During the winter
cruises all animals were caught between 5.5 and 8.5 ◦C water tem-
perature, 18 and 171 m depth and 34.04 and 35.38 psu salinity
(Fig. 2) with depth (p-value < 0.0002, rho = −0.314) and salin-
ity (p-value < 0.0001, rho = −0.340) showing a negative significant
relationship with abundance of A. subulata. In summer, A. subu-

lata were mainly caught in the southeastern part of the North Sea
while in the central part no A. subulata were present. All specimens
occurred between 8.8 and 13.8 ◦C, 15 and 54 m depth and 32.75 and
35.04 psu salinity. Thereby depth (p-value < 0.0001, rho = −0.782)
and salinity (p-value < 0.0001, rho = −0.813) showed a negative
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Fig. 1. Alloteuthis subulata. Distribution and abundance in summ

ignificant correlation whereas SBT (p-value < 0.0001, rho = 0.817)

howed a positive significant correlation with the occurrence of the
quid.

Females and males showed different length frequency pat-
erns (Fig. 3), both in summer and winter; with males attaining
arger maximum sizes. Length frequency analysis indicates that
07 (a), winter 2008 (b), summer 2008 (c), and winter 2009 (d).

four female size classes were present in summer versus two

in winter, while five male size classes were present in sum-
mer versus two in winter (Bhattacharya’s and NORMSEP analysis;
Tables 2 and 3). In the different RFAs mean water temperature var-
ied, both in winter and in summer (Table 4). Accordingly, there
was a tendency that the mean DML of A. subulata changed, with
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Fig. 2. Scatter plots between numbers of trawled squid during IBTS survey 2007–2009 and sea bottom temperature (SBT), salinity and depth for winter and summer. Line a,
c: Alloteuthis subulata; line b, d: Loligo forbesii.
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Table 2
Alloteuthis subulata females. Length cohorts in mm and standard deviation.

Summer Winter

2007 (n = 1337) 2008 (n = 1468) 2008 (n = 1259) 2009 (n = 1009)

Mean SD Mean SD Mean SD Mean SD

23.5 ±4.7 21.7 ±4.2 53.7 ±10.4 55.3 ±12.0
41.0 ±5.0 41.3 ±5.9 96.9 ±3.4 90.0 ±5.8
62.3 ±10.5 53.0 ±2.5
82.7 ±8.8 71.5 ±11.6

Table 3
Alloteuthis subulata males. Length cohorts in mm and standard deviation.

Summer Winter

2007 (n = 1555) 2008 (n = 1379) 2008 (n = 1390) 2009 (n = 1144)

Mean SD Mean SD Mean SD Mean SD

22.8 ±4.3 21.4 ±4.0 62.7 ±13.3 61.0 ±15.4
61.1 ±15.2 57.8 ±12.9 110.0 ±4.8 119.5 ±10.5

whole North Sea (Fig. 4), between 8.1 and 18.2 ◦C, 20 and 92 m
depth, and 32.75 and 35.34 psu salinity. Only depth showed a neg-
ative significant influence (p-value = 0.001, rho = −0.271) on the
occurrence (Fig. 2).

Table 4
Alloteuthis subulata. Mean DML and mean temperature ± standard deviation for win-
ter and summer in different RFAs and years.

RFA Mean DML
(mm)

SD n Mean
temperature (◦C)

SD n

Winter 2008
1 65.40 ±14.09 1037 7.93 ±0.55 31
2 55.59 ±13.15 1612 7.89 ±0.13 14
3 59.34 ±17.60 562 7.79 ±0.38 12
6 53.00 ±20.11 10 6.51 ±0.12 4

Winter 2009
1 60.78 ±12.98 790 7.60 ±0.45 38
2 57.05 ±13.74 683 6.99 ±0.67 16
3 60.95 ±16.39 581 7.41 ±0.36 12
6 56.22 ±7.93 10 4.66 ±1.78 6

Summer 2007
2 78.11 ±15.87 27 12.96 ±2.87 2
6 70.11 ±23.06 2811 16.27 ±2.22 33
7 67.07 ±25.26 181 9.71 ±2.03 18
ig. 3. Alloteuthis subulata. Percentage length frequency distribution (DML in mm)
f juveniles, females and males sampled during the IBTS surveys 2007–2009 (Q1:
inter; Q3: summer).

onger DML at higher water temperatures in the winter season

Table 4).

The percentage of mature individuals for both sexes was higher
n summer than in winter with male maturity being more advanced
han female in winter and in summer (Table 5). Females tend to
95.8 ±9.2 81.3 ±3.0
116.3 ±10.0 95.2 ±8.8
138.2 ±10.8 123.4 ±9.4

have a faster growth rate than males, while males mature earlier
than females. The data on maturity stages and size-frequency dis-
tributions suggest that main spawning takes place in summer when
A. subulata is distributed in the southeastern part of the North Sea.

3.2. L. forbesii

In winter, most L. forbesii were caught in the northern parts
of the North Sea near the Shetland Islands (Fig. 4). All animals
were caught between 33 and 171 m depth, 6.3 and 9.4 ◦C water
temperature and 34.7 and 35.4 psu salinity (Fig. 2). All three fac-
tors showed a positive significant correlation (p-value < 0.0001;
rho-factors: depth = 0.510, salinity = 0.646, SBT = 0.431) with the
abundance of the species.

In summer L. forbesii occurred in low numbers throughout the
Summer 2008
2 63.15 ±24.62 72 11.23 ±2.81 2
6 53.94 ±25.75 646 16.67 ±2.53 27
7 60.59 ±31.38 75 14.64 ±4.79 3
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Table 5
Maturity stages of Alloteuthis subulata and Loligo forbesii sampled during the IBTS surveys 2007–2009.

Maturity stage Alloteuthis subulata Loligo forbesii

Winter Summer Winter Summer

Male Female Male Female Male Female Male Female
n = 2430 n = 2193 n = 2273 n = 2146 n = 311 n = 260 n = 268 n = 145

1 8.68% 7.16% 6.16% 4.94% 44.05% 16.15% 37.31% 30.34%
21
27
41

4

p
w
S
o
w
m
i
i
i
e

N
f
w
t
s
n

3

L
(
t

T
L

T
L

2 17.45% 64.34% 11.83%
3 54.16% 27.36% 29.21%
4 19.51% 1.09% 30.71%
5 0.21% 0.05% 22.09%

Greater abundance of mature and larger L. forbesii was sam-
led in winter than in summer suggesting main spawning in late
inter and spring (Fig. 5 and Table 5). Bhattacharya’s and NORM-

EP analysis identified a maximum of five different length cohorts
f females in summer and a maximum of eight length cohorts in
inter. There were four length classes of male L. forbesii in sum-
er and seven in winter (Tables 6 and 7). In L. forbesii mean DML

ncreased significantly (p = 0.017) with higher water temperatures
n summer 2007 in the RFAs (Table 8). In summer 2008 there
s a similar trend observable. In winter such an effect was not
vident.

During winter, mature L. forbesii were caught in all parts of the
orth Sea except the south. The highest percentage of mature L.

orbesii was found in the central parts and off the Scottish coast,
hile the highest numbers of mature L. forbesii were caught close

o the Shetland Islands. Because no mature females were caught in
ummer it can be supposed that spawning begins in winter in areas
ear the Shetland Islands.

.3. Loligo vulgaris
L. vulgaris was rare in the North Sea compared to A. subulata and
. forbesii. In summer there were fewer L. vulgaris than in winter
Table 1). L. vulgaris was completely absent in the northern part of
he North Sea and was more concentrated in the southern and cen-

able 6
oligo forbesii females. Length cohorts in mm and standard deviation.

Summer Winter

2007 (n = 188) 2008 (n = 56) 2008 (n = 174) 2009 (n = 275)

Mean SD Mean SD Mean SD Mean SD

45.8 ±4.2 72.3 ±10.1 43.8 ±9.0 36.8 ±8.7
74.4 ±18.0 93.7 ±2.5 77.0 ±9.5 112.5 ±15.1

112.8 ±2.5 111.3 ±5.5 110.5 ±5.8 158.5 ±6.9
135.9 ±14.9 136.2 ±9.7 130.6 ±11.7 185.0 ±5.0

212.5 ±2.5 191.0 ±26.0 217.1 ±14.5
255.6 ±18.2 289.1 ±13.2
334.7 ±24.4
527.5 ±3.7

able 7
oligo forbesii males. Length cohorts in mm and standard deviation.

Summer Winter

2007 (n = 292) 2008 (n = 72) 2008 (n = 173) 2009 (n = 327)

Mean SD Mean SD Mean SD Mean SD

52.0 ±9.4 63.5 ±8.5 38.8 ±7.2 33.4 ±5.6
77.4 ±7.8 78.7 ±3.2 53.6 ±2.5 48.5 ±6.8

107.1 ±17.7 93.6 ±5.6 84.4 ±21.5 114.6 ±13.9
221.2 ±15.3 190.8 ±68.1 135.0 ±14.7 152.6 ±8.3

180.0 ±11.7 181.4 ±16.5
264.7 ±51.8 300.1 ±50.5
441.2 ±61.7 492.5 ±4.9
.30% 21.54% 43.08% 54.10% 68.97%

.35% 8.04% 15.00% 5.22% 0.69%

.80% 24.76% 25.38% 0.37% 0.00%

.61% 1.61% 0.38% 2.99% 0.00%

tral parts. A total of 3233 specimens were sampled in winter 2008
in the central North Sea. DML was between 18 and 60 mm in sum-
mer, and between 72 and 368 mm in winter. In summer maturity
stages were low (0–1), while in winter the maturity stages var-
ied between two and five, suggesting the main spawning season in
winter to spring.

3.4. Ommastrephidae

In winter 2009, 15 I. coindetii were caught in the northern and
central parts of the North Sea (Table 1). During all other surveys the
species was absent or occurred only sporadically. The length fre-
quency distribution revealed small and large I. coindetii in winter
(DML: 39–312 mm; mean: 76 mm, ±59 mm), while the three spec-
imens from summer 2007 were medium sized (DML: 98–148 mm;
mean: 115 mm, ±20 mm). The small squids in winter had a matu-
rity stage between zero and two, the large-sized animals were
mature.

T. eblanae was the most abundant ommastephid in our samples
(Table 1). In winter the species was more common in the central
and northern part of the North Sea. DML ranged from 58 to 212 mm
in winter and from 66 to 205 mm in summer. Summer caught spec-
imens were more mature than those caught in winter suggesting
an autumn spawning season.

T. sagittatus was very rare in the North Sea (Table 1). In sum-

mer T. sagittatus was absent while in winter this species occurred
seldom but constantly in the northern parts. In winter 2008 T. sagit-
tatus was caught near the Shetlands Islands. T. sagittatus specimens
had DML between 165 and 360 mm (mean: 267 mm, ±45 mm), and
most were maturing.

Table 8
Loligo forbesii. Mean DML and mean temperature ± standard deviation for winter
and summer in different RFAs and years.

RFA Mean DML
(mm)

SD n Mean
temperature (◦C)

SD n

Winter 2008
1 121.31 ±82.53 279 7.93 ±0.55 31
2 182.90 ±85.62 39 7.89 ±0.13 14
3 210.69 ±96.31 45 7.79 ±0.38 12

Winter 2009
1 90.05 ±64.06 409 7.60 ±0.45 38
2 166.85 ±112.56 26 6.99 ±0.67 16
3 173.43 ±115.96 14 7.41 ±0.36 12

Summer 2007
1 54.00 ±7.55 3 7.87 ±0.30 21
2 82.23 ±16.75 156 12.96 ±2.87 2
4 56.60 ±11.54 15 8.32 ±0.17 14
6 108.57 ±26.02 101 16.27 ±2.22 33
7 57.35 ±20.20 88 9.71 ±2.03 18

Summer 2008
2 76.14 ±22.61 21 11.23 ±2.81 2
6 89.71 ±33.55 92 16.67 ±2.53 27
7 98.00 ±31.76 4 14.64 ±4.79 3
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Fig. 4. Loligo forbesii. Distribution and abundance in summer
.5. Sepiolidae

Only Sepiolidae sampled during FRV Walther Herwig III cruises
ere identified to species level. In general, the most abundant

epiolidae from these cruises was S. atlantica (52%) followed by S.
(a), winter 2008 (b), summer 2008 (c), and winter 2009 (d).
oweniana (35%) and R. macrosoma (12%) (Table 1). In summer there
were fewer Sepiolidae sampled in the North Sea than in winter.
In winter catches were scattered throughout the whole North Sea,
but tended to be more common in coastal waters, especially in the
northwestern part of the North Sea.
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ig. 5. Loligo forbesii. Percentage length frequency distribution (DML in mm) of juve-
iles, females and males sampled during the IBTS surveys 2007–2009 (Q1: winter;
3: summer).

.6. E. cirrhosa

E. cirrhosa (8 specimens) was the only octopod caught during the
urveys (Table 1). One E. cirrhosa was caught in summer and three

ere sampled in winter for each year. One specimen was caught

n the central part of the North Sea; all other specimens occurred
n the northern part. The largest animal was a female with 180 mm
ML caught in summer. The smallest specimen (DML = 15 mm) was
aught in winter.
earch 106 (2010) 141–150

4. Discussion

During the IBTS surveys, cephalopods were fished with a GOV
net with a stretched mesh size of 20 mm in the codend. Hence, it is
most likely that small-sized cephalopods such as Sepiolidae and
juvenile squid were not caught adequately. Furthermore, atten-
tion must be paid to the patchy distribution of some species, which
might explain the fluctuations of species with general low densities.
Nevertheless, the relatively small-sized loliginid A. subulata was
the most common cephalopod in our samples, indicating its major
position in the North Sea cephalopod fauna. This is in accordance
with recent studies of De Heij and Baayen (1999) who reported
from the central and southern North Sea that more than 90% of
all cephalopods encountered belonged to A. subulata. In our study
99.5% of the cephalopods belonged to long-finned squids (94.5% A.
subulata, 2.4% L. forbesii and 2.5% to L. vulgaris); short-finned squids
accounted for 0.2%, and other cephalopods (Sepiolodae, Octopoda)
accounted for 0.4%.

4.1. A. subulata

There are different views on distribution and migration patterns
of A. subulata. Grimpe (1925) noted that A. subulata individuals were
observed earlier in the year in the German Bight than off the Dutch
southwestern coast, suggesting that they return from the north,
while Kristensen (1966) supposed that they migrate back from the
north and the south. Another opinion is that in response to cooling
during late autumn/winter, the juvenile A. subulata migrate from
the spawning grounds in the southeastern parts of the North Sea to
the deeper, in winter relatively warmer, waters in the central parts
(De Heij and Baayen, 2005). In spring the young adults return to
the warming shallow waters from the Danish to the Belgian coast
and southeastern British coast for spawning (De Heij and Baayen,
1999), which is supported by our data (Fig. 1). During summer,
a large number of mature and large A. subulata was encountered
in the southeastern parts of the North Sea, whereas in the cen-
tral and northern parts this species was not common. In winter,
A. subulata was caught in large numbers in the central and north-
ern parts, suggesting that it lives permanently in the North Sea
with spawning grounds in the southeast in summer and feeding
grounds in the central parts in winter. The length frequency dis-
tribution (Fig. 3) suggests either slightly different growth rates or
slightly different spawning times. This may explain the presence
of different micro-cohorts in the North Sea (Tables 2 and 3), which
might also be attributed to different water temperatures in sub-
areas (RFAs) where A. subulata occurs (Table 4). Likewise, Rodhouse
et al. (1988), studying the English Channel, described three spawn-
ing groups of females that spawn in spring, summer and autumn,
with individuals being recruited to the population in spring and
summer.

The differences between summer and winter length frequency
are due to a combination of the short life span and hence the growth
curve over the season and the part of the population in the North
Sea. Rodhouse et al. (1988) suggested that males mature earlier
than females. The results from this study indicate that females are
larger than males, while males mature earlier than females. This
could mean that males invest their energy in maturation earlier
than females, while females invest their energy in somatic growth,
hence females have a faster growth rate and are larger than males
in summer.
4.2. L. forbesii

In this study, L. forbesii individuals, some fully mature, were
concentrated in the northwestern part of the North Sea during
winter. In summer, L. forbesii, mostly immature, occurred in lower
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distributions give clues on possible spawning sites and seasons.
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umbers throughout the North Sea (Fig. 4). This reflects earlier
esults by De Heij and Baayen (2005) wherein animals caught in
inter were mostly adults, those from summer mostly juveniles,
ith the exception of a few specimens. This suggests a possible

oexistence of two generations. Boyle and Pierce (1994) reported a
pawning season of L. forbesii off Scotland from December to April
nd deduced that, in the two years of their study, there was a sharp
nnual pulse of recruitment to the fishery in April with a second,
ore extended phase of recruitment between July and October.
Collins et al. (1999) analyzed the L. forbesii population off the

cottish west coast and detected an extended spawning season
rom November until April. They found up to three cohorts present
ff the Scottish west coast caused by the extended spawning period
nd different growth rates.

The presence of four to eight length classes in our study suggests
hat it is possible that different populations (North Sea and Atlantic
opulation) occur in the northern and central North Sea and vari-
ble growth rates exists (Tables 6–8 and Fig. 5). The flexibility of
reeding strategies in L. forbesii around Scotland with a variety of

ife-cycle patterns has been well described by Boyle et al. (1995).
he maturity stages of L. forbesii indicate a protracted spawning
eriod in the North Sea (Table 5), which also suggests the existence
f various length classes (Fig. 5).

.3. L. vulgaris

L. vulgaris is rare in the central North Sea. In contrast to L. forbe-
ii, it was only caught in the southern parts of the North Sea, which
s reflected in our winter 2008 samples, when high numbers were
rawled in the English Channel and at one station in the Central part
f the North Sea. It is assumed that L. vulgaris enters the North Sea
rom the south and migrates northwards in spring arriving first at
he Dutch coast and in late summer off the Danish coast for spawn-
ng (Grimpe, 1925; Tinbergen and Verwey, 1945). Spawning occurs
rom April to August (Tinbergen and Verwey, 1945), our results
uggest a main spawning period in spring. The high abundance of
mall L. vulgaris in winter in the central part of the North Sea could
e a school of animals that had hatched in summer. In general the
ccurrence of L. vulgaris was not as constant as that of other loliginid
pecies such as A. subulata and L. forbesii.

.4. Ommastrephidae

I. coindetii was mostly common in winter 2009 at the central part
f the North Sea. In summer 2007 and winter 2008 only three spec-
mens were caught. It is known that the spawning period ranges
rom a few days to several weeks. In the North East Atlantic a sum-

er peak of maturity has been observed (González and Guerra,
996). According to Hernández-García (2002), water temperature

s the main factor influencing the timing of reproduction in I.
oindetii. Our data are too sparse to suggest any information on
pawning or reproduction of this species in the North Sea or nearby
aters.

There are no migration patterns known for T. eblanae in the
orth Sea. In general there were more T. eblanae found in win-

er than in summer. In winter 2008 T. eblanae was concentrated in
he central part of the North Sea while in winter 2009 T. eblanae
as common in the central and northern parts of the North Sea.

he length distribution frequency and maturation stages suggest an
utumn spawning season. Hastie et al. (1994) describes a spawn-
ng season from June to November for Scottish Waters. Zumholz

nd Piatkowski (2005) found maturing males and females in win-
er and summer in the central to northern North Sea, with fully

ature animals only occurring in summer.
The European flying squid T. sagittatus is a neritic to oceanic

pecies which explains its rare occurrence in the North Sea. T.
earch 106 (2010) 141–150 149

sagittatus was only trawled in winter in the northern part of the
North Sea. From June onwards, large schools appear off the south
and southwest coast and in the northwestern fjords of Iceland, the
Faroe Islands, Norway and, in some years, Scotland, where they
stay until about December. Spawning is supposed to take place
on the continental slope in late winter or early spring off north-
ern Europe. In certain years, however, huge aggregations of this
species have been observed in the North Sea, around Shetland
and just off the Scottish coast (Joy, 1990). Our data are too sparse
to suggest any significant information on distribution patterns,
spawning or reproduction of this species in the North Sea or nearby
waters.

4.5. Sepiolidae

Only Sepiolidae caught by FRV Walther Herwig III were identi-
fied to species level. Most were S. atlantica followed by S. oweniana
and R. macrosoma.

S. atlantica is very common in UK waters. In Scottish waters a
peak in maturity is observed in June, but mature specimens were
found from March to August (Yau and Boyle, 1996). In this study 79
individuals were identified from the samples taken by FRV Walther
Herwig III; 76 were caught in winter and only three were fished
in summer. In winter the animals were trawled at the northwest-
ern part of the North Sea. De Heij & Baayen (2005) described that
they caught similar numbers of animals from August to Septem-
ber as in February in some years, while in other years very few
animals were caught or none at all. The small numbers trawled
in summer could be explained by the spawning season. Maturity
stages suggest a spawning period in spring, consequently individu-
als might be too small to be sampled with the standard GOV net in
summer.

S. oweniana individuals were trawled by FRV Walther Her-
wig III only in winter. De Heij and Baayen (2005) sampled in the
central and southern North Sea and reported that this species
was not encountered in February. Four females were caught in
August–September 1999, close to the southern coast of Norway.
In this study S. oweniana was trawled in the northern part of the
North Sea between Scotland and Norway and additionally near
the Danish coast. The reason why there were no S. oweniana in
summer could be due to the timing of recruitment. In Scottish
waters, spawning occurs from September to February and juvenile
individuals (up to 9 mm DML) have been found in plankton sam-
ples between March and September (Yau, 1994). Again, the mesh
size of the GOV may be too large to catch young S. oweniana in
summer.

5. Conclusion

The cephalopod by-catch data of the IBTS samples from summer
2007 to winter 2009 provided new and meaningful information
on the meso-scale distribution patterns of different cephalopod
species occurring in the North Sea. The data identified typical
distribution patterns of A. subulata, L. forbesii and, to some degree,
L. vulgaris during winter and summer. Some information is given
for other cephalopod species, but data of those species are too
sparse for major conclusions. Additionally, our data suggest
typical migration patterns throughout and into the North Sea
for the loliginid species. Maturity stages and length frequency
Size and estimated growth seem to be strongly correlated to water
temperature. The study points out the importance for the need
of more detailed information on major cephalopod species in the
central North Sea, particularly in light of rising sea temperatures
and possible increases of cephalopod stocks in the North Sea.
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