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During the International Bottom Trawl Surveys and International Beam Trawl Surveys from

1996 to 2003, ten cephalopodspecies were encountered in the central and southern North Sea

in six families: Loliginidae(Alloteuthis subulata,Loligo forbesi, Loligo vulgaris), Sepiolidae ( Sepiola

atlantica, Rossia macrosoma, Sepietta oweniana), Sepiidae (Sepia officinalis), Ommastrephidae

(Todaropsis eblanae), Onychoteuthidae (Onychoteuthis banksii), and Octopodidae (Eledone cir-

rhosa). Apart from A. subulata, noneof the species lived in the investigated area in large num-

bers. In general, the central and southern North Sea is not a favourable habitat for cephalopods
due to the shallowness ofthe water. The occurrence of individual species is further restricted

by water temperatureor salinity requirements, as shown by their seasonal migrationpatterns.

These parameters depend on sea depth, time of the year, and influx of water from outside.

Inside the central and southern North Sea, deep waters are relatively cool in summer but rela-

tively warm in winter, while the shallow coastal waters of Belgium and The Netherlands are

warm in summer and cold in winter. This explains the seasonal migration ofAlloteuthis subula-

ta, a species indigenous to the North Sea that prefers relatively warm waters. It migrates north-

westwards before winter and southeastwards in late spring. A similar migration pattern exists

for the two otherspecies in the Loliginidae, Loligo forbesi and L. vulgaris. Temperature require-

ments of Eledone cirrhosa differ, and so does its migrationpattern. For other cephalopods, water

salinity rather than temperature is critical. Rossia macrosoma is restricted to the northern range

of the central North Sea because it requires high salinities. Moderate salinities are endured by

Todaropsis eblanae, a species that occurs in moderate numbers in the western part ofthe central

North Sea. Low salinities are endured by Sepia officinalis and Sepiola atlantica, which spendpart

of their life in the estuaries and may even survive in water with a salinity of only 27‰. While

Sepiola atlantica lives in the entire central and southern North Sea, Sepia officinalis is restricted to

the coastal waters and estuaries. Numerous other cephalopod species occur in the deeper

waters of the Atlantic and the Channel. Incidental findings of unusual cephalopod species in

the central and southern North Sea, such as those ofOnychoteuthis banksii in the present study,

are likely due to animals being taken along with the invading currents ofthe Gulf Stream.

Key words: Cephalopoda,North Sea, life cycle, migration patterns, seasonal distribution, water

salinity, water temperature.
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INTRODUCTION

The present study considers all cephalopod species encountered between 1996 and

2003 in the central and southern North Sea. Data are provided on their occurrence and

migration in relation to water temperatureand salinity. Aim of the study was to elucidate

in how far the cephalopod species living in the central and southern North Sea differ in

ecological niche and seasonal migration patterns.

MATERIAL AND METHODS

Since the 1960s, the Netherlands Institute for Fisheries Research (RIVO) participated
in the International Bottom Trawl Survey in the central and southern North Sea. The

research area covered ICES fisheries areas and divisions IVb and IVc, and small parts of

IVa and Vlld. From 1991 to 1995 these surveys were carried out four times a year, in

February, May, August, and November. A standard bottom trawl (GOV-trawl) was used

as the survey gear. From 1996, the bottom trawl survey was only carried out in February,
while a beam trawl survey was carried out from mid-August to mid-September. In this

study, data were used from 1996 to 2003, and, as a supplement, datafrom other surveys

from 1994 to 1996.

For the sampling grid of these surveys, the North Sea was divided into rectangles of

one degree longitude by half a degree latitude, equalling about 30 * 30 nautical miles. In

every rectangle one or more 30 minutes hauls were made. For each haul the actual sea

depth was recorded. Also, water temperature and salinity were recorded at 5 m depth as

well as at the bottom. Data on temperature and salinity are not available for all hauls (for

Under auspices of the International Council for the Exploration of the Sea (ICES), a

number of European countries perform surveys of the marine fauna of the North Sea.

Fishery surveys of the centraland southern North Sea are conducted by the Netherlands

Institute for Fisheries Research (RIVO), IJmuiden, as part of the International Bottom

Trawl Survey (IBTS) and of the InternationalBeamTrawl Survey (BTS). The mainfocus of

the surveys is to collect dataon a number of commercialfish populations for annual fish-

eries management advice. Biodiversity studies are also carried out. In this study, the

occurrence and seasonal distributionof cephalopod species in the central and southern

North Sea was examined between 1996 and 2003.

The average depth of the central and southern NorthSea, part of the continental shelf

(51°-58° N), is 45 m. Locally, close to Scotland, depths of more than 100 m exist. The bot-

tom of the central and southern North Sea consists of sand withbanks of shingle or clay.
The cephalopod species living in this part of the North Sea therefore are mainly neritic

species, favouring shallow waters, and living either on (benthic species) or just above the

bottom (demersal species). Eighteen species have so far been reported from the central

and southern North Sea (Tesch, 1908;Grimpe, 1925; Stevenson, 1935; Kaas, 1939; Jaeckel,

1958; Kristensen, 1962; Muus, 1963; Lacourt & Huwae, 1981). The dominantcephalopod

species (> 90% of all catches) in the North Sea is Alloteuthis subulata (Lamarck, 1798), a

small squid belonging to the Loliginidae. A. subulata is a permanent inhabitantof these

waters. Migration patterns of A. subulata within the centraland southern North Sea were

studied by De Heij & Baayen (1999). During autumn and early winter, juvenile animals

migrate from the cooling southeastern coastal waters to the deeper, in winter relatively

warmer, waters of the centralNorth Sea. In spring, the young adults return to the warm-

ing shallow waters along the Danish, German, Dutch, Belgian, and southeastern British

coasts. After spawning, most of the adults die (De Heij & Baayen, 1999).
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details, see tables). In this study, we used temperature and salinity at fishing depth.

Fishing was restricted to rectangles in opensea up to six miles from the shore. In February,
about 50 out of the 110 rectangles were sampled with the fisheries research vessel

"Tridens" (length 73 m), using a GOV-trawl. This is a bottom trawl with a high vertical

net-opening of 5 to 6 m and a horizontal opening of approximately 20 m. The cod-endhas

a mesh size of 20 mm (stretched mesh). The GOV-trawl is especially used for sampling

gadoids and herring.
In August-September 85-90 rectangles were sampled, by "Tridens" and by "Isis"

(length 27 m). "Isis" mainly covered the south-eastern North Sea with two to four hauls

per rectangle. The remaining parts of the central and southern North Sea were covered by
"Tridens" (one haul per rectangle). In the summer survey both ships used two 8 m beam

trawls with a 60 cm high net-opening and 4 cm mesh-size in the cod-end. Beamtrawls are

used especially designed for catching flatfish. Due to the relatively low vertical net-open-

ing, they are suboptimal for pelagic cephalopods. Nevertheless, an indicationof cephalo-

pod occurrencewas thus obtained, thanks to the shallowness of the North Sea, the ten-

dency of many species to stay close to the bottom at daytime and swim upwards during
the night, and the large numbers of hauls per year. Only catches from the starboard nets

of both ships were fully analysed. On board of "Tridens", cephalopod catches from star-

board and rare cephalopod species from port side were collected and frozen for further

examination in the laboratory. Cephalopods caught by "Isis" were not collected due to

staff and time shortage.

Cephalopods were identifiedaccording to Roper et al. (1984). For all species found,

numbers ofanimals caught per rectangle per 30 minuteswere analysed. In case of animals

brought ashore, sex was identifiedin so far as possible, and mantle length was measured

for all individuals.

RESULTS

Eight cephalopod species were encountered in the February surveys between 1996

and 2003 (table 1): Alloteuthis subulata (Lamarck, 1798), Eledone cirrhosa (Lamarck, 1798),

Loligo forbesi Streenstrup, 1856, L. vulgaris Lamarck, 1798, Onychoteuthis banksii (Leach,
1817), Sepia officinalis Linnaeus, 1758, Sepiola atlantica d'Orbigny, 1840, and Todaropsis
eblanae (Ball, 1841). Highbut fluctuating numbersof A. subulatawere encountered in this

time of the year, from a total of 1233 animals in 1996 to 20,590 animals in 1998 (approxi-

mately 60,000 animals in total over the 8-year survey period). The number of specimens
of the other species was low, from a mere 395 animals of S. atlantica caught in the 8-year

survey period down to 2 animals of O. banksii caught in 1999but not encountered in any

other year. Using data on the numberof hauls, haul depth, salinity and temperature (table

2), frequency distributionswere calculatedfor each species according to depth, tempera-
ture and salinity (table 3).

Nine cephalopod species were encountered in August - September surveys by
"Tridens" between 1996 and 2003 in deep water: A. subulata, E. cirrhosa, L. forbesi, L. vul-

garis, Rossia macrosoma (Delle Chiaje, 1829), S. officinalis, Sepietta oweniana (d'Orbigny,
1840), S. atlantica, and T. eblanae (table 4). The number of animals per species was low (A

subulata, E. cirrhosa, L. forbesi, S. atlantica) to extremely low (L. vulgaris, R. macrosoma, S.

officinalis, S. oweniana, T. eblanae). Five of these species were also encountered in the catch-

es of "Isis" in shallower water: A. subulata, E. cirrhosa, Loligo spec., S. officinalis, and S.

atlantica. In these shallower waters, higher numbers of A. subulata and S. officinalis were

encountered than in deeper waters, while very low numbers or none at all were encoun-
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(Ball, 1840).

Steenstrup, 1856. 3,Loligo forbesi Loligo vulgaris Lamarck, 1798. 4, Todaropsis
eblanae

Plate 1. North Sea cephalopods collected during the RIVO
surveys. 1, Alloteuthis subulata (Lamarck,

1798), a female, b male. 2,
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(Lamarck, 1798).

Linné, 1758. 4, Eledone cirrhosaSepiaofficinalis(Delle Chiaje, 1829). 3,Rossia macrosoma

Sepiola atlanticaPlate 2. North Sea cephalopodscollected during the RIVO surveys. 1, d’Orbigny, 1840, a

dorsal, b ventral. 2,
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tered for E. cirrhosa, R. macrosoma, S. oweniana, and T. eblanae. Totalnumbersof animals for

the nine species caught in August and September by "Tridens" and "Isis" revealed very

low numbers of A. subulata in September compared with February (table 1). Numbers of

E. cirrhosa, R. macrosoma, and S. officinalis were higher in September than in February.

Using data on the number of hauls, haul depth, salinity and temperature (table 5), fre-

quency distributions were calculatedfor each species according to haul depth, tempera-

ture and salinity (table 6).

Ecological and seasonal distribution patterns for the ten species encountered in this

study are as follows. In the February surveys, A. subulata, E. cirrhosa, L. forbesi, and T.

eblanaewere mainly or exclusively (iE. cirrhosa) present in deeper water (depth class 80 m).
In this time of the year, L. vulgaris and S. atlantica preferred more shallow waters (depth
classes from 23 to 60 m). The species also differed in temperature preference. A. subulata,

L. forbesi, and T. eblanae preferred water temperatures of 8 °C. L. vulgaris and S. atlantica

preferred waters of 8-9.5 °C, while E. cirrhosa preferred relatively cool waters (68 C). Most

species were found at high salinities (35.2 %o), except for S. atlantica, which was found at

salinities of between 34.4 and 34.8 %o. T. eblanae was almost exclusively foundat the high-
est salinity (35.2 %o). In the August and September surveys, A. subulata was mainly pres-

ent in shallow water (23 m and 40 m depth classes) at 15-18 °C. A similar preference was

foundfor L. forbesi and L. vulgaris, species that were found at moderate salinities (34.4-34.8

%o) E. cirrhosa, R. macrosoma, S. atlantica, and T. eblanae preferred deep waters (80 m and

100 m depth classes) with a temperature of 6-12 °C and a salinity of 34.8-35.2 %o.

LOLIGINIDAE Steenstrup, 1861

Alloteuthis subulata (Lamarck, 1798) (Plate 1 fig. 1a, b)

In February, large numbersof A. subulatawere found in deep water (depth class 80 m)

in the central North Sea and close to Scotland, at temperatures around 8 °C and a high

salinity (35.2 %o) (tables 1, 3; fig. 1). Specimens caught in February were relatively young

(mantle length 2-14 cm, mostly 4-6 cm). Sex identification, based onthe morphology of the

hectocotylus, is possible for animals of 6 cm and larger. Males generally were larger than

females; at 8 cm dorsal mantle length, females were dominant, while at 11-14 cm dorsal

mantle length nearly only males were found (table 7). In August-September, low numbers

of A. subulata were encountered, mainly in shallow water (23 m and 40 m depth classes)

at 15-18 °C and 34.4 %o salinity (tables 4, 6).

Loligo forbesi Steenstrup, 1856, and L. vulgaris Lamarck, 1798 (Plate 1 figs 2, 3)

In February, moderate numbersof L. forbesi and L. vulgaris were caught, part of which

were incomplete and could not be identified (table 1). L. forbesi was found at 80 m depth,
8.0 °C and 35.2 %o salinity (table 3), at similar places as A. subulata (fig- 2). L. vulgaris was

found at a slightly wider range of conditions (table 3), in the southern North Sea rather

than close to Scotland as for L. forbesi (fig. 3). Specimens of L. forbesi were slightly larger
(11-43 cm) than those of L. vulgaris (7-34 cm); in both species, males were slightly larger
than females (table 7). In September, both species were found at 23-40 m depth, at tem-

peratures of 15-18 °C and salinities of 34.4-34.8 %o (table 6), in similar numbers as in
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February. Animals caught in winter were mostly adult (table 7). Animals caught in

August-September were mostly juveniles, with the exception of a few specimens of Loligo

forbesi (coexistence of two generations). In August-September, most animals were caught
in the coastal waters of The Netherlands, Germany and Denmark by "Isis" but could

unfortunately not be takenashore for identificationat species level (fig. 4, table4). In gen-

eral, the ecological preference of both species was similar to that of A. subulata (tables 3,

6), but in winter L. forbesi finds the preferred conditions in the north-western part of the

central North Sea, whileL. vulgaris additionally occurs in the English Channel (figs 2, 3).

SEPIOLIDAE Leach, 1817

Sepiola atlantica d’Orbigny, 1840 (Plate 2 fig. 1a, b)

In all years of the study, moderate numbers were caught in February (table 1).
Animals were found at all depths, temperatures and salinities, although warmer waters

(9.5 °C) were favoured as well as moderate salinities (34.4-34.8 %o) (table 3). S. atlantica

was found in the entire central and southern North Sea, particularly close to Scotland and

in the Channel, but not in the colder waters to the north of the Wadden Sea (fig. 5). In

August-September, similar numbersof animals as in February were caught in some years,

while in other years very few animals were caught or none at all (table 4). This species was

encountered again over the full range of depth, temperature and salinity conditions (table

6), with a preference for deeper waters (100 m) as present close to Scotland (fig. 5). In

February, size ranged from 1.0 to 2.5 cm, in August-September from 1.0 to 3.1 cm. Males

and females were equally sized and present in equal proportions (table 8). Frequency dis-

tributions for temperature and salinity classes in August-September suggested that two

populations may be involved, one consisting of larger animals (on average 2.5 cm) pre-

ferring colder waters (9.0-12.0 °C), the other consisting of smaller ones (on average 1.9 cm)

preferring higher temperatures (21.0 °C), and both living at 34.7-34.9 %o average salinity

(table 6).

Rossia macrosoma (Delle Chiaje, 1829) (Plate 2 fig. 2)

R. macrosoma was not encountered in February. In August-September, animals were

caught incidentally in deeper (100 m) and colder (6.0-12.0 °C) waters with a high salinity
(34.8-35.2 %o) (tables 4, 6). The animals were in the size-range of 3-7 cm and consisted

mainly of females (table 8). Differences in size between males and females were not

observed. R. macrosoma was only found in the northernpart of the survey area (fig. 6), in

the rectangles fished in August-September but not in February.

Sepietta oweniana (d’Orbigny, 1840)

S. oweniana was not encountered in February. Four females sized 3.5-4.0 cm were

caught in August-September 1999, close to the southern coast of Norway, in 60 m deep
waters at 6.0-9.0 °C (tables 4, 6 and 8). S. oweniana was only found in the northern range

of the survey area (fig. 7). Since these rectangles were not fished in February, no conclu-

sions can be drawnon seasonal differences in distribution.For these catches no informa-

tion onsalinity is available.
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SEPIIDAE Keferstein, 1866

Sepia officinalis Linnaeus, 1758 (Plate 2 fig. 3)

In February, four incidental females of S. officinalis sized 11-23 cm were found at var-

ious locations and conditions (tables 1, 3; fig. 8). S. officinalis was more regularly caught in

August-September, in shallow (23-40 m depth) and warm (18.0-21.0 °C) coastal waters

and in the Channel (tables 4, 6; fig. 8). The distribution over the size classes (table 7;

including data from "Isis" from 1995) revealed the presence in August-September of two

generations: large numbersof juveniles (2-8 cm; too small for sex identification), and low

numbers of adults (11-20 cm, both malesand females). S. officinalis inhabitswarmer south-

ern waters during winter, and migrates to shallow, warm coastal waters during summer.

OMMASTREPHIDAE Steenstrup, 1857

Todaropsis eblanae (Ball, 1840) (Plate 1 fig. 4)

In February, T. eblanae was incidentally found, except for an invasion of animals in

1998 (table 1). The animals (5-11 cm long; too small for sex identification) lived in deeper

waters (60-80 m) of the northwesternpart of the central North Sea (fig. 9), mainly at 8.0 °C

and 35.2 %o salinity (table 3). In August-September, low numbers of T. eblanaewere found

in most years; invasions were not observed (table 4). The animals lived in slightly deeper
waters (80-100 m) in the same region and at similar temperatures and salinities as in

February (table 6; fig. 9). Females were more abundant and slightly larger than males

(table 7).

ONYCHOTEUTHIDAE Cray, 1849

Onychoteuthis banksii (Leach,1817)

The single findings of O. banksii were made in February 1999. One animal of 11.5 cm

(sex unidentifiable) was caught in the central North Sea at 84 m depth in water of 7°C and

35.0 %o at 56°07' N 2°8' E. A second, female of 17.0 cm was caught in the entrance of the

Channel at 37 m depth in water of 7.4°C and 35.2 %o salinity at 51°25' N 23' E (fig. 10).

OCTOPODIDAE d’Orbigny, 1845

Eledone cirrhosa (Lamarck, 1798) (Plate 2 fig. 4)

In February, E. cirrhosa was incidentally encountered close to Scotland, at 80 m depth,
6.0-8.0 °C and salinities of 34.8-35.2 %o (tables 1, 3; fig. 11). In September, considerably

larger numbers were encountered in the same area and deeper south and east in the North

Sea, in waters with similar depth (60-100 m), temperature (6.0-12.0 °C) and salinity (34.8-

35.2 %o) as in February (tables 4, 6; fig. 11). The small catches in February are likely due to

the use of a bottom trawl that touches the sea bottom much more lightly than the beam

trawls used in August-September, thus allowing animals to escape. The seasonal distri-

butionpattern suggested temporary southward migration of E. cirrhosa from the northern
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North Sea into the northernpart of the central North Sea during spring and summer. The

animals caught in August-September were mainly females. Twenty of the 22 males found

overall years were caught in a single year (2000), despite similar total catches of E. cirrhosa

in autumn of 1998,1999and 2000(table 4). The animalsmainly had a dorsal mantlelength
of 5-8 cm, incidentally up to 14 cm. Individual weight was also recorded, because of dif-

ficulties to measure the dorsal mantlelength accurately. Animal weight increased consid-

erably with size (table 7).

DISCUSSION

Ten cephalopod species were encountered in the central and southern North Sea in

the IBTS and BTS surveys from 1996 to 2003. These species belonged to six families:

Loliginidae (Alloteuthis subulata, Loligo forbesi, L. vulgaris), Sepiolidae (Sepiola atlantica,

Rossia macrosoma, Sepietta oweniana), Sepiidae ( Sepia officinalis), Ommastrephidae

(Todaropsis eblanae), Onychoteuthidae (Onychoteuthis banksii), and Octopodidae ( Eledone

cirrhosa). Of these ten species, R. macrosoma was encountered only at the northernmost

part of the investigated area, while O. banksii and S. oweniana were very rare and seemed

to have entered the central and southern North Sea accidentally. Despite 459 hauls in

February 1996-2003 (equalling 230 fishing hours) and 1114 hauls (557 fishing hours) in

August-September 1996-2003,no more than 2 and 4 animals, respectively, were caught of

the latter two species. The remaining species (A. subulata, L. forbesi, L. vulgaris, S. atlantica,

S. officinalis, T. eblanae, E. cirrhosa) may be considered inhabitantsof the centraland south-

ern North Sea. Of these, only A. subulata lives in the investigated area in large numbers.

The same seven species were also considered regularly present in the "southern North

Sea" (= the central and southernNorth Sea of the present study) by Muus (1963). The lat-

ter author considered Octopus vulgaris Lamarck, 1798 to also inhabit this area, as recalled

by later authors (Janssen, 1975; Lacourt & Huwae, 1991). Grimpe (1925) reported the

species only from coastal waters in Belgium and The Netherlands. Kristensen (1966)

believed that O. vulgaris was a rare invader of the southernNorth Sea. O. vulgaris seems

to have disappeared from the central and southern North Sea around 1965 (Boer, 1971)
and was not recorded in the present study.

The central and southernNorth Sea forms a very shallowpart of the European conti-

nental shelf. The cephalopod species living there are mainly neritic, and oftenbenthic or

demersal, species. Of the 11 orders, 50 families, 154 genera and approximately 718 species
in recent Cephalopoda (Nesis, 2003), 7 families(2 partially), 42 generaand 371 species are

considered neritic or partly neritic. Five of the 7 neritic families inhabit the central and

southern North Sea (neritic: Loliginidae, Sepiolidae, Sepiidae; partially neritic:

Ommastrephidae, Octopodidae). The Onychoteuthidae, represented in our study by two

isolated findings of Onychoteuthis banksii, are oceanic (Nesis, 2003). The Ommastrephidae
are partially neritic and include several very large species believed to belong to the Dutch

fauna (Janssen, 1975; Lacourt & Huwae, 1981) but not encountered in this study. All

reported findings of such large animals pertain to aged animals washed ashore, possibly
after spawning. Such animals have likely entered the waters of the central and southern

North Sea accidentally (Jansen, 1975).

The cephalopod species inhabiting the central and southernNorth Sea (A. subulata, L.

forbesi L. vulgaris, S. atlantica, R. macrosoma, S. officinalis, T. eblanae, E. cirrhosa) cover a mere

1% ofall cephalopod species and no more than2.5%of the neritic cephalopod species. The

central and southern North Sea apparently are not a favourable habitat for cephalopods:

only one species (A. subulata) occurs in large numbers, the others occur in relatively low
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numbers. The quantities of squid caught by commercial fisheries in the northern North

Sea and northwest of Scotland are far higher than those caught in the central and south-

ern North Sea; still larger quantities of squid and also cuttlefish are landed from the

English Channel (Pierce et al., 2002). Landings of E. cirrhosa and O. vulgaris from the cen-

tral and southern North Sea are nearly zero. In contrast, 35 species of cephalopods have

been reported by Muus (1963) from the coastal area of the northeastern Atlantic Ocean.

Ecological constraints are the shallowness of the water, salinity, temperature and depth.

Many cephalopods live in deep waters, and the shallow waters of the investigated parts

of the North Sea do not seem to offer favourable conditions. According to some authors,

animals may encounter problems with the mud on the seabottom coming from the rivers

and settling in shallow waters (Jaeckel, 1957). Remarkably, the Myopsida [including

Loliginidae and Sepiidae (Jaeckel, 1957)], with protective eye lids, dominate in these

waters. A similar protective, moveableeye lid (Jaeckel, 1957) is present in E. cirrhosa, the

single memberof the Octopodidae encountered in this study. Waters with higher temper-

atures (such as the MediterraneanSea) or greater depths (such as the Atlantic Ocean) are

inhabitedby far higher numbers of cephalopod species (Muus, 1963; Collins et al., 2001).

The occurrence, seasonal distribution, ecological niche and migration patterns of the

ten species encounteredin this study are discussed below.

Alloteuthis subulata

A. subulata is a neritic, demersal species associated with sandy and hard bottoms

(Roper et al., 1984). Jaeckel (1958) considers it an necto-pelagic species, living to a depth
of 200 m and preferring sandy, muddy or hard sea bottoms. Stevenson (1935) considered

A. subulata to be the commonest cephalopod in the deep waters [40 fathoms (=72 m) or

more] under the Yorkshire coast in winter and early spring. This agrees with data from

the present (fig. 1) and a previous study (De Heij & Baayen, 1999). Large numbers of

young animals were caught in February, while moderate numbers of full-grown animals

were encountered in August-September, inaccordance with Grimpe (1925). Mostanimals

caught in winterhad probably diedby August-September, after spawning in May or June.

Juvenile animals hatched from the eggs were too small in August-September to be caught;

they are found from November onwards (De Heij & Baayen, 1999). During autumn and

early winter, the juveniles migrate from the cooling southeastern coastal waters to feed-

ing grounds in the deeper, in winter relatively warmer, waters of the central North Sea

and east of Scotland (De Heij & Baayen, 1999). In spring, the young adults return to the

warming shallow coastal waters along the Danish, German, Dutch, Belgian and south-

eastern British coasts for spawning. Ecological niche and seasonal migration in relation to

water temperature have been discussed in detailby De Heij & Baayen (1999). A. subulata

is fully adapted to the ecological conditionspresent in the centraland southern North Sea

and completes its life cycle in these waters.

Loligo forbesi

L. forbesi is a necto-benthic species that prefers deeper waters (to 400 m or more) than

L. vulgaris (Jaeckel, 1958). Grimpe (1925) considered it to inhabit the entire North Sea,

except close to the coast of the Netherlands. On the other hand, Kristensen (1966) report-
ed that L. forbesi migrates in spring from northern waters towards the coastal waters of the

Netherlands to depths of 30 m or, when water salinity is sufficiently high, closer to the
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shore. The present study does not offer any conclusive evidence on the occurrence of L.

forbesi in coastal waters of the Netherlands. However, it is unlikely that L. forbesi occurs

close to the Dutch coast: Vooys et al. (1993) report no findings from 1931 to 1990 within

60-65 km from Den Helder (in the northwest of the Netherlands). In the present study L.

forbesi was abundant particularly close to the Scottish coast (Aberdeen) in February. L.

forbesi is a common target of commercial fisheries from Aberdeen (Pierce et al., 1998 ).

Along the eastern Scottish coast and more to the north, outside of the area investigated in

the present study, L. forbesi is also fished uponbut catches fluctuate from year to year. By-
catch of L. vulgaris here is exceptional (Pierce et al., 1998; Bellino et al., 2001). In the

Channel, L. forbesi is abundant and is also subject to a directed fishery (Pierce et al., 2002).
Near Calais, L. vulgaris is frequently caught along with L. forbesi (Royer et al., 2002). Total

squid landings in Aberdeenand British harbours along the Channel are nevertheless low,

indicating that the central and southern North Sea are a marginal area for L. forbesi. The

central and southern North Sea are probably merely used for feeding: during the spawn-

ing season (December to February), the Scottish population mainly inhabits the waters to

the north and north-west of Scotland (Bellino et al., 2001), and the Channel population
inhabits the western part of the English Channel (Royer et al., 2002).

Loligo vulgaris

L. vulgaris is a necto-benthic species favouring shallow waters, exceptionally up to a

depth of 250 m (Jaeckel, 1958). Roper et al. (1984) consider it a neritic semi-pelagic species.
It is consideredto inhabitthe waters along the eastern coast of the North Sea to the waters

opposing the German and Danish Wadden Islands (the German Bight) (Grimpe, 1925;

Tinbergen & Verwey, 1945). In the present study, L. vulgaris was encountered in February
close to Aberdeen as well as in the Southern Bight (fig. 3). It is abundant in the eastern

Channel in winter (Royer et al., 2002). L. vulgaris enters the southern North Sea in spring
for spawning (Kristensen, 1966; Tinbergen & Verwey, 1945). The egg masses used to be

known among Dutch coastal fishermen as "Grondkwal" (Bottom Jellyfish) (Boer, 1971).
The distribution map for August - September (fig. 3) shows a gap along the coast of the

Netherlands due to unidentified Loligo specimens that were not sampled for later identi-

fication.Vooys et al. (1993) report abundantpresence of L. vulgaris close (60-65 km) to Den

Helder from 1931 to 1990. Most Loligo sp. caught close to the coast of the Netherlands in

August-September likely belong to L. vulgaris. During autumn, L. vulgaris returns to the

south. Someof the animals seem to get mixed up with groupsof L. forbesi: both species are

often caught together. A comparison of the two distributionmaps nevertheless shows that

L. vulgaris is a distinctly more southern species than L. forbesi.

Sepiola atlantica

According to Jaeckel (1958), S. atlantica is a benthic species living mainly on sandy sea

bottoms. Yau & Boyle (1996) considei S. atlantica to be a nectobenthic species. S. atlantica

is endemic for the European Atlantic coast and its bays and coves (Jaeckel, 1958). It is not

uncommon in the North Sea, where it is found during summer very close to the shore in

the sea arms and estuaries and during winter in more deep water (Tesch, 1908; Grimpe,

1925; Stevenson, 1935; Van Moorsel, 2004). In the present study, adults were encountered

both in February and in August-September. With an estimated life of six to eight months,

this indicates that several generations may be produced annually. The figures of Yau &
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Boyle (1996) and remarks madeby Jaeckel (1958) support this conclusion. In the present

study, two populations seemed to occur, the individualsof one of which are considerably

larger (24-31 mm) than regular S. atlantica (maximally 23 mm). Investiga-tions are cur-

rently being carried out at the National Museum of Natural History and Leiden

University to check whether both populations differ in DNA sequences (J. Goud and E.

Gittenberger, personal communication).

Rossia macrosoma

R. macrosoma is a demersal species of shallow to medium deep waters (30-600 m). It

inhabits the deep waters (> 100 m) of the northern North Sea along the Norwegian coast

to the Skagerrak and along the Scottish coast to about 55°30' N (Grimpe, 1925; Jaeckel,

1958). R. macrosoma occurs exceptionally in the eastern part of the Channel (Muus, 1963).

No reports are available from the southern North Sea. During the eight years of the pres-

ent study, merely three animals were caught south of 57°30' N (fig. 6). Only when the fish-

ing area was extended northward to 58°N, in 1998, considerably more animals were

caught. Since the only specimens caught came from the northernmost rectangles that were

surveyed exclusively in August-September, no conclusions on seasonal changes in distri-

bution may be drawn from the present study. According to Roper et al. (1984), R. macro-

soma migrates between deeper (winter) offshore waters and shallow (summer) coastal

waters. Our data suggest that water salinity, rather than depth, may be the critical factor

(table 6). Findings were made in saline waters, whatever the depth or temperature, but

never in less saline waters (compare also fig. 6 with figs 12 and 14). In the central and

southern North Sea, high salinities are limited to the cold, deep waters in the north and

the deep-water Channel just off the Belgian coast (figs 12,14). The common occurrence of

R. macrosoma in the northern North Sea but not in the eastern Channel explains why it

reaches the northern part of the central North Sea but not the southern North Sea.

Sepietta oweniana

S. oweniana is a small nectobenthic species that is found on the continental shelf and

slope of the northeast Atlantic and adjoining seas (Bergström and Summers, 1983). In the

northeasternAtlantic Ocean it is mostly found at 50-100 m (range: 50-600 m) (Roper et al.,

1984). Quetglas et al. (2000) reported S. oweniana from the Baleares from greater depths

(100 m to 600 m), with a preference for depths greater than 200 m. Collins et al. (2001)

reported S. oweniana from the deep waters on the break of the continental slope, to the

south-west of Ireland. The preferred salinity, 34 to 35 %o (Bergström and Summers, 1983),

would not seem to be a limiting factor for geographic distribution. In this study, S. oweni-

ana was incidentally foundto have invaded the central and southern North Sea. Reports
from the Westerscheldt (Tesch, 1908, cited by many authors without further proof) are

questionable.

Sepia officinalis

S. officinalis is a neritic, demersal species preferring sandy and muddy bottoms of

shallow, warm coastal waters (Roper et al., 1984; table6). Theanimalsreproduce in inland

river arms and waters and even occur in coastal lagoons in waters with a very low salini-



De Heij & Baayen: Seasonal distributionof cephalopod species in the North Sea 103

ty (27%o) (Von Boletzky, 1983). Annual counts of animals in the Easterscheldt in the south

of the Netherlands are presented by Gittenberger & Schrieken (2004). In spring, S. offici-
nalis enters the southern North Sea from the Channel (Kristensen, 1966) and migrates

along the eastern shores of the North Sea up to the Skagerrak (Grimpe, 1925; Jaeckel,

1958). It is rarely found along the Yorkshire coast (Stevenson, 1935). S. officinalis is found

in the Easterscheldt from May to November (Gittenberger & Schrieken, 2004). In years

with a strong influx of Atlantic water in the north-western NorthSea, animals have inci-

dentally been found in January or February in Scottish waters (Stephen, 1944). Findings
in the present study follow the same patterns.

Todaropsis eblanae

T. eblanae is a demersal species of the deeper shelf and continental slope, usually asso-

ciated with sandy and muddy bottoms (Wormuth, 1998). In spite of its occurrence in

deeper waters than loliginids (20-700 m), T. eblanae is believed to have a life history and

behaviour more similar to neritic squids than to oceanic ones like the rest of the

Ommastrephidae (citation of Clarke, 1996 in Robin et al., 2002). Grimpe (1925) and Jaeckel
(1958) consider the species to occur exceptionally in the northern North Sea. Along the

eastern Scottish coast, invasions of T. eblanae have been observed (Hastie et al., 1994).

These invasions have been attributed to either an enhanced water salinity resulting from

increased influx of Atlantic water from the north-west, or higher water temperatures,

coinciding with increased numbers of southern species such as Loligo vulgaris and Sepia

officinalis. In the present study, T. eblanae was caught mainly in the north-westernpart of

the central and southern North Sea, with an invasion in February 1998 (table 1). Water

salinity may be the limiting factor (tables 3, 6). In the present study, mainly juvenile ani-

mals were caught in February, as judged from the dorsal mantle length. During summer,

adultmales but no adult femaleswere encountered.Animals are consideredadult and fer-

tile at a dorsal mantle length of 11 cm (males) and 16 cm (females) (Gonzales, 1994;

Wormuth, 1998; Arkhipin & Laptikhovsky, 2000).

Onychoteuthis banksii

O. banksii is an oceanic nectonic squid (Arkhipin & Nigmatullin, 1997) living in warm

and temperate oceanic waters at an average depth of 150 m (range: 0-800 m). Especially
from January to March, it may enter the northeasternpart of the Atlantic Ocean from trop-
ical and subtropical waters, with the warm waters of the Gulf Stream (Roper, 1984).

Grimpe (1925) considers O. banksii to be almost cosmopolitan and reports findings from

the northern part of the North Sea to the Skagerrak and the Kattegat. It is incidentally
found in the central and southern North Sea.

Eledone cirrhosa

E. cirrhosa is a benthic species living from the coastline down to about 500 m depth.
Females lives between 30-80 m depth, males below 100 m. The species is believed to be

rather stationary (Roper et al., 1984). Grimpe (1925) reported E. cirrhosa from the central

and northernNorth Sea, with a few observations from the southern North Sea. Below 30

fathoms (54 m), E. cirrhosa was frequently caught close to the Yorkshire coast (Stevenson,
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1935; Pierce et al., 2002). Kristensen (1966) reported low numbers of E. cirrhosa from the

southern North Sea, especially close to the coast of the Netherlands in years with high
water salinity. In this area the numbers of E. cirrhosa increased from 1931 to 1970, to

decrease again from 1981 to 1990 (Vooys et al., 1993)and eventually disappear entirely. In

the present study, carried out between 1996 and 2003, only a single E. cirrhosa was caught
in this area by "Isis" off the Belgian coast (fig. 11). According to their size (Boyle &

Knoblock, 1982), animals caught in the present study were not more than one year old. E.

cirrhosa has a life cycle of 2-3 years (Roper et al., 1984). We have no explanation for the

large number of males of E. cirrhosa in 2000 (tables 4, 7). E. cirrhosa prefers a water tem-

perature of 12°C, survives in cooler waters, but does not live in waters of 15°C or higher..

CONCLUSIONS

Ten cephalopod species were encountered in the central and southern North Sea in

six families (Loliginidae, Sepiolidae, Sepiidae, Ommastrephidae, Onychoteuthidae, and

Octopodidae). Apart from Alloteuthis subulata, noneof the species lived in the investigat-
ed area in large numbers. Far higher numbers of the same species, even of A. subulata,

occur in adjacent waters (Muus, 1963; Pierce et al., 2002). In general, the central and south-

ern North Sea are not a favourable habitat for cephalopods dueto the shallowness of the

water. The species occurring in the central and southernNorth Sea are neritic, benthic or

demersal, and as such adapted to the specific conditions of these waters.

The seasonal distributionof the cephalopods occurring in the central and southern

North Sea depends largely on temperature and salinity. These parameters depend on sea

depth, time of the year, and influx of Atlantic water (figs 12-14).

In the central and southern North Sea, deeper water is relatively cool in summer and

relatively warm in winter, while the shallow coastal waters of Belgium and The

Netherlands are warm in summer and cold in winter. This explains the seasonal migra-
tion of A. subulata, a species indigenous to the North Sea that prefers relatively warm

waters. It migrates northwestwards before winter and southeastwards in late spring (De

Heij & Baayen, 1999). A similar migration pattern exists for the two other species of the

Loliginidae, Loligo forbesi and L. vulgaris. Additional to that pattern, the occurrence of the

latter two species is also influenced by the influx of relatively warm Atlantic water from

the Gulf Stream into the southern North Sea through the Channel (where L. vulgaris is

abundant), and into the northern part of the central North Sea from the north, along
Scotland (where L. forbesi is abundant). The seasonal distribution of Eledone cirrhosa simi-

larly depends on water temperature. E. cirrhosa prefers a temperatureof about 12°C, sur-

vives in cooler waters, but does not live in waters of 15°C or higher. As a consequence, its

migration pattern differs from that in the Loliginidae.
For other cephalopods, salinity rather than temperature is critical. Rossia macrosoma

and Todaropsis eblanae require high salinities. This seems to be fairly critical for R. macroso-

ma which lives in the northern range of the centralNorth Sea, but less so for T. eblanae, a

species that occurs in moderate numbers in the western part of the central North Sea. In

contrast, low salinities are endured by Sepia officinalis and Sepiola atlantica. Both species

spend part of their life in the estuaries and may even survive in water with a salinity as

low as 27%o (Von Boletzky, 1983).While S. atlantica lives in the entire centraland southern

North Sea, S. officinalis is restricted to coastal waters and estuaries. Since the survey did

only include part of these waters, the numbers of S. officinalis are necessarily underesti-

mated in the present study.

Differing from the previously discussed species, Sepietta oweniana preferentially
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inhabits deep waters (Bergstrom & Summers, 1983; Collins et al., 2001; Quetglas et al.,

2000).

Numerous other cephalopod species occur in the deeper waters of the Atlantic and

the Channel. Incidental findings of unusual cephalopod species in the central and south-

ern North Sea, such as those of Onychoteuthis banksii and Sepietta oweniana in the present

study, are generally made either in the northern part of the investigated area or in the

south. Such findings are probably due to animals being taken along during periods with

a strong influx of Atlantic waters. This also explains the findings along the shores of the

North Sea of large and spectacular animals of exotic species (Stevenson, 1935; Jansen,

1975; Lacourt & Huwae, 1981).
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Alloteuthis subulataLoligo forbesiLoligo vulgarisLoligo sp.Sepiola atlanticaSepia officinalisTodaropsis eblanae

Onychoteuthis banksii

Eledone cirrhosa

Year Total (n)

1996 1233 0 51 0 37 0 0 0 1 1322

1997 5767 2 0 0 41 0 1 0 0 5811

1998 20590 21 11 22 91 1 26 0 1 20763

1999 3782 21 15 0 43 0 2 2 0 3865

2000 3488 7 13 1 31 0 0 0 2 3542

2001 7867 11 33 1 45 1 0 0 0 7958

2002 9879 2 19 57 31 0 1 0 0 9989

2003 7329 59 33 1 76 1 4 0 1 7504

Total (n) 59935 123 175 82 395 3 34 2 5 60754

1)Unidentifiableanimalsbelonging toeither L. forbesi or iL. vulgaris.

Table 2. Number of hauls inFebruary in the IBTS surveys
in the central and southern North Sea with

”Tridens”, average haul depth, and average water temperature and salinity at that depth from 1996 to

2003. Ranges are givenbetween brackets.

Table 1. Cephalopod catches in February in the IBTS surveys in the central and southern North Sea with

”Tridens” from 1996 to 2003. n = number of specimens.

Year Number Depth Temperature Salinity
ofhauls

1996 45 46 (17-90) m 4.0 (-1.3-7.8) °C 34.3 (31.1-35.2) %o

1997 51 47 (18-94) m 5.2 (1.9-7.2) °C 34.4 (31.6-35.0) %o

1998 54 47 (18-87) m 6.6 (4.3-8.0) °C 34.5 (31.4-35.4) %o

1999 53 48 (19-86) m 5.2 (2.9-9.1) °C 34.4 (31.2-35.3) %„

2000 55 49 (16-93) m 6.2 (5.0-7.8) °C 34.3 (30.4-35.2) %„

2001 72 46 (18-96) m 6.1 (3.5-8.3) °C 34.2 (30.0-35.1) %>

2002 61 47 (19-97) m 7.0 (5.4-9.4) °C 34.1 (28.4-34.9) %»

2003 68 42 (15-84) m 5.9 (3.7-7.4) °C 34.2 (30.7-35.5) %o

«V *y s s

Year Total (n)

1996 1233 0 51 0 37 0 0 0 1 1322

1997 5767 2 0 0 41 l) 1 0 0 5811

1998 20590 21 11 22 91 1 26 0 1 20763

1999 3782 21 15 0 43 0 2 2 0 3865

2000 3488 7 13 1 31 0 0 0 2 3542

2001 7867 11 33 1 45 1 0 I) 0 7958

2002 9879 2 19 57 31 0 1 0 0 9989

2003 7329 54 33 1 76 1 4 0 1 7504

Total (n) 59935 123 175 82 395 3 34 2 5 60754

1) Unidentifiableanimalsbelonging to either L. forbesi or L. vulgaris.
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Number of haulsAlloteuthis subulataLoligo forbesiLoligo vulgarisLoligo sp.Sepiola atlanticaSepia officinalis
Todaropsis eblanae

Onychoteuthis banksiiEledone cirrhosa
Depth class

23 m 101 <1 % 0% 7% 1% 23% 63% 0% 0% 0%

40 m 188 2% 7% 55% 16% 25% 31% 0% 32% 0%

60 m 51 20% 23% 9% 83% 38% 0% 15% 0% 0%

80 m 87 78% 70% 29% 0% 14% 6% 85% 68% 100%

Temperature class

3.5 °C 75 <1% 0% 0% 0% 8% 12% 0% 0% 0%

6.0 °C 261 12% 14% 6% <1% 20% 88% 8% 0% 60%

8.0 °C 88 87% 86% 52% 2% 11% 0% 92% 100% 40%

9.5 °C 3 1% 0% 42% 98% 60% 0% 0% 0% 0%

Salinity class

34.0 %o 102 2% 2% 1% 2% 9% 33% 0% 0% 0%

34.4 %o 78 3% 4% 7% 2% 39% 0% 0% 0% 0%

34.8 %o 184 20% 27% 63% 33% 37% 16% < 1 % 25% 80%

35.2 %« 63 75% 67% 29% 63% 15% 51% 100% 75% 20%

Total (n) 427 57710 112 153 57 391 3 33 2 4

Unidentifiableanimalsbelonging toeither L. forbesi orL. vulgaris.

Table 3. Number of hauls and frequency distribution of cephalopodsinFebruary according to haul

depth classes, corrected for the number of hauls, in the IBTS
surveys

in the central and southern North

Sea with ”Tridens” from 1996 to 2003. n = number of hauls or number of specimens.

fj/y

Depth class

23 m 101 <1% 0% 7% 1% 23% 63% 0% 0% 0%

40 m 188 2% 7% 55% 16% 25% 31% 0% 32% 0%

60 m 51 20% 23% 9% 83% 38% 0% 15% 0% 0%

80 m 87 78% 70% 29% 0% 14% 6% 85% 68% 100%

Temperatureclass

3.5 °C 75 <1% 0% 0% 0% 8% 12% 0% 0% 0%

6.0 °C 261 12% 14% 6% <1% 20% 88% 8% 0% 60%

8.0 °C 88 87% 86% 52% 2% 11% 0% 92% 100% 40%

9.5 °C 3 1% 0% 42% 98% 60% 0% 0% 0% 0%

Salinity class

34.0 %<. 102 2% 2% 1% 2% 9% 33% 0% 0% 0%

34.4 %o 78 3% 4% 7% 2% 39% 0% 0% 0% 0%

34.8 %o 184 20% 27% 63% 33% 37% 16% <1% 25% 80%

35.2 %o 63 75% 67% 29% 63% 15% 51% 100% 75% 20%

Total (n) 427 57710 112 153 57 391 3 33 2 4

1) Unidentifiableanimalsbelonging toeither L . forbesi orL. vulgaris.
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Alloteuthis Loligo Loligo Loligo Sepiola Rossia Sepietta Sepia Todaropsis Eledone Total

subulata forbesi vulgaris spec. atlantica macrosoma oweniana officinalis eblanae cirrhosa

Year TRJ IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT

1996 00010112 0 12 077000000000010 10 00030333

1997 19 20 39 3 0 3 0 0 0 0 2 2 1 64 65 0 0 0 0 0 0 0 2 2 1 01 14 0 14 126

1998 128 27 155 7 0 7 0 0 0 0 56 56 18 64 82 1 0 1 0 0 0 0 0 0 9 0 9 47 0 47 357

1999 44 72 116 5 0 5 0 0 0 0 0 0 3 1 4 13 0 13 4 0 4 0 4 4 4 0 4 53 0 53 203

2000 35 277 312 11 0 11 0 0 0 0 12 12 2 1 3 8 0 8 0 0 0 0 26 26 5 0 5 56 0 56 433

2001 24 246 270 1 0 1 0 0 0 0 2 2 9 6 15 9 0 9 0 0 0 0 3 3 5 0 5 18 0 18 323

2002 93 76 169 21 0 21 1 0 1 0 9 9 69 2 71 8 0 8 0 0 0 0 11 11 9 0 9 14 0 14 313

2003 110 536 646 72 0 72 4 0 4 4 55 59 76 2 78 3 0 3 0 0 0 1 0 1 4 0 4 60 2 62 925

Total 453 12541707 121 0 121 17 0 17 4 143 147 178 140 318 42 0 42 4 0 4 1 56 57 37 0 37 265 2 267 2713

1) Unidentifiableanimals belonging to either L. forbesi or L. vulgaris.

Table 5. Number of hauls in August-Septemberin the BTS surveys in the central and southern North Sea with

”Tridens” and ”Isis”, average haul depth, and average water temperature and salinity at that depthfrom 1996 to

2003. Ranges are given betweenbrackets. NA = not available.

Table 4. Cephalopod catches in August-Septemberin the BTS surveys in the central and southern North Sea with

”Tridens” (TRI) and ”Isis” (IS) from 1996 to 2003. TOT = total number of specimens.

Number Depth Temperature Salinity
of hauls

Year

Tridens Isis Tridens Isis Tridens Isis Tridens Isis

1996 44 89 55(18-102)m 32 (16-47) m 9.3 (4.0-16.8) °C NA 34.7 (33.9-34.7) %, NA

1997 43 84 60 (24-101)m 31 (14-49) m 9.9 (6.6-17.7) °C 18.2 (11.2-21.9) °C 34.6 (34.0-35.1) %„ NA

1998 51 70 59 (24-116) m 30 (15-50) m 11.6 (7.5-17.3) °C NA 34.8 (34.0-35.2) %„ NA

1999 61 94 61 (26-115) m 32 (15-50) m 10.5 (7.0-18.0) °C 17.1 (9.4-19.7)
0 C 34.8 (34.1-35.2) %, NA

2000 63 91 59 (23-113)m 33 (15-48) m 10.3 (6.9-17.2) °C NA 34.9 (33.4-35.8) %„ NA

2001 65 70 60 (24-111) m 31 (13-49) m 10.6 (6.1-18.6) °C 17.3 (14.4-20.1) °C NA NA

2002 62 73 62 (22-114)m 32 (13-47) m 10.9 (7.4-18.4) °C 17.6 (12.3-22.2) °C 35.0 (32.1-35.8) %o NA

2003 68 86 61 (29-122) m 31 (15-52) m 11.9 (7.2-18.5) °C 18.6 (17.6-21.4) °C 34.9 (34.3-35.4) %« NA

Alloteuthis Loligo Loligo Loligo Sepiola Rossia Sepietta Sepia Todaropsis Eledone Total

subulata forbesi vulgaris spec.
*

atlantica macrosoma oweniana officinalis eblanae cirrhosa

Year TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT TRI IS TOT

1996 0 0 0 1 0 1 12 0 12 0 7 7 0 0 0 0 0 0 0 0 0 0 10 10 0 0 0 3 0 3 33

1997 19 20 39 3 0 3 0 0 0 0 2 2 1 64 65 0 0 0 0 0 0 0 2 2 1 0 1 14 0 14 126

1998 128 27 155 7 0 7 0 0 0 0 56 56 18 64 82 1 0 1 0 0 0 0 0 0 9 0 9 47 0 47 357

1999 44 72 116 5 0 5 0 0 0 0 0 0 3 1 4 13 0 13 4 0 4 0 4 4 4 0 4 53 0 53 203

2000 35 277 312 11 0 11 0 0 0 0 12 12 2 1 3 8 0 8 0 0 0 0 26 26 5 0 5 56 0 56 433

2001 24 246 270 1 0 1 0 0 0 0 2 2 9 6 15 9 0 9 0 0 0 0 3 3 5 0 5 18 0 18 323

2002 93 76 169 21 0 21 1 0 1 0 9 9 69 2 71 8 0 8 0 0 0 0 11 11 9 0 9 14 0 14 313

2003 110 536 646 72 0 72 4 0 4 4 55 59 76 2 78 3 0 3 0 0 0 1 0 1 4 0 4 60 2 62 925

Total 453 12541707 121 0 121 17 0 17 4 143 147 178 140 318 42 0 42 4 0 4 1 56 57 37 0 37 265 2 267 2713

1) Unidentifiableanimals belonging to eitherL. forbesi or L. vulgaris.
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Alloteuthis subulata

Loligo forbesi

Loligo vulgaris

Loligo spec.Sepiola atlanticaRossia macrosomaSepietta owenianaSepia officinalisTodaropsis eblanaeEledone cirrhosa
Numberof hauls

Tridens Isis Total Tridens Tridens Tridens Isis Tridens Tridens Tridens Isis Tridens Tridens

+ Isis + Isis

Depth class

23 m 32 209 241 30% 46% 88% 50% 8% 0% 0% 62% 0% 0%

40 m 92 168 260 63% 35% 0% 50% < 1 % 1% 0% 38% 2% 2%

60 m 96 11 107 3% 17% 10% 0% 18% 0% 100% 0% 9% 34%

80 m 100 0 100 4% 0% 2% 0% 15% 6% 0% 0% 28% 28%

100 m 31 0 31 0% 1% 0% 0% 59% 93% 0% 0% 61% 36%

Temperature Tridens Tridens

class + Isis + Isis

6.0 °C 99 0 99 <1% 1% 0% 0% 1% 31% 31% 0% 34% 12%

9.0 °C 113 5 118 2% 2% 2% 0% 15% 33% 69% 0% 48% 29%

12.0°C 66 28 94 4% 18% 0% 0% 31% 36% 0% 0% 18% 59%

15.0 °C 50 68 118 31% 53% 57% 30% 2% 0% 0% 0% 0% 0%

18.0°C 23 244 267 51% 26% 41% 12% 3% 0% 0% 69% 0% 0%

21.0 °C 0 43 43 13% 0% 0% 58% 18% 0% 0% 31% 0% 0%

Salinity Tridens 2) Tridens

class

34.0 %o 15 NA NA 20% 0% 0% NA 44% 0% NA NA 0% 6%

34.4 %o 63 NA NA 64% 47% 0% NA 7% 0% NA NA 18% 6%

34.8 %, 169 NA NA 14% 47% 100% NA 43% 12% NA NA 34% 47%

35.2 %o 104 NA NA 2% 6% 0% NA 6% 88% NA NA 48% 41%

Total (n) 351 388 739 1214 104 17 120 229 27 4 15 33 142

1) Unidentifiableanimals belonging toeither L. forbesi orL. vulgaris.

2) Data from "Tridens" only (275 specimens of A. subulata)

3) Data from 'Tridens" only (110 specimens of S. atlantica)

Table 6. Number of hauls and frequency distribution of cephalopodsin August-September according to

haul depth classes, corrected for the number of hauls, in the BTS surveys in the central and southern

North Sea with ”Tridens” and ”Isis” from 1996 to 2003. NA = not available.

%
Number ofhauls *

fro 9
0

% °? o~ %

\. \ v. \ °\ \ \

Tridens Isis Total Tridens

+ lsis

Tridens Tridens lsis Tridens

+ Isis

Tridens Triden?: Isis Tridens Tridens

Depth class

23 m 32 209 241 30% 46% 88% 50% 8% 0% 0% 62% 0% 0"o

40 m 92 168 260 63% 35% 0% 50% <1% 1% 0% 38% 2",, 2%

60 m 96 11 107 3% 17% 10% 0% 18% 0% 100% 0% 9% 34%

80 m 100 0 100 4% 0% 2% 0% 15% 6% 0% 0% 28% 28%

100 m 31 0 31 0% 1% 0% 0% 59% 93% 0% 0% 61% 36%

Temperature Tridens Tridens

class + Isis + Isis

6.0 °C 99 0 99 < 1 % 1% 0% 0% 1% 31% 31% 0% 34% 12%

9.0 °C 113 5 118 2% 2",, 2% 0% 15% 33% 69% 0% 48% 29%

12.0°C 66 28 94 4% 18% 0% 0% 31% 36% 0% 0% 18% 59%

15.0 °C 50 68 118 31% 53% 57% 30% 2% 0% 0% 0% 0% 0"„

18.0 °C 23 244 267 51% 26% 41% 12% 3% 0",, 0% 69% 0% 0%

21.0 °C 0 43 43 13% 0% 0% 58% 18% 0% 0% 31% O'S, 0%

Salinity Tridens 2) Tridens 3)

class

34.0 %o 15 \A NA 20% 0% 0% NA 44% 0% NA NA 0% 6%

34.4 %o 63 NA NA 64% 47% 0% NA 7% 0",. NA NA 18% 6".,

34.8 %o 169 \A NA 14% 47% 100% NA 43% 12% NA NA 34% 47%

35.2 %o 104 \A NA 2% 6% 0% NA 6% 88% NA NA 48% 41%

Total (n) 351 388 739 1214 III! 17 120 229 27 4 15 33 142

*) Unidentifiableanimals belonging toeither L. forbesi or L. vulgaris.

*) Data from "Tridens" only (275 specimens of A . subulala)

3) Data from "Tridens" only (110 specimens of S. atltmtica)
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Dorsal

mantle
length

class
(cm)

Alloteuthis subulata Loligoforbesi Loligo vulgaris Sepia officinalis Todaropsis eblanae Eledone cirrhosa

February August - February August - February August - February August - February August - February August -

September September September September September September

ns nm ns nm ns nm ns run ns nm ns nm ns nm ns nm ns nm ns nm ns nmmw ns nmmw

2 145 ? 16 ? 0 0 0 0 0 2 ? 0 0 0 5? 20

5 1349 9 43 ? 0 3 ? 0 27 ? 0 331 ? 14 ? 0 1 0 50 81 6 70

8 386 87 138 23 0 27 ? 2 0 34 ? 0 11 1 ? 9 ? 4 ? 1 0 183 75 13 211

11 40 36 44 20 2 1 35 6 12 6 5 0 1 0 2 0 1 0 29 14 1 0 365 21 3 512

14 3 3 4 4 6 4 22 8 24 14 0 0 15 3 0 22 2 1 0 618 3 0 676

17 0 0 17 11 15 9 30 8 0 0 17 10 0 0 0 0

20 0 0 25 9 14 8 22 13 0 2 0 2 2 0 0 0 0

23 0 0 13 3 6 6 10 6 0 1 0 0 0 0 0 0

26 0 0 11 50 860 0 0 0 0 0 0

29 0 0 8 7114 3 0 0 0 0 0 0 0

32 0 0 4311100 0 0 0 0 0 0

35 0 0 87220 0 0 0 0 0 0 0

38 0 0 320 0 0 0 0 0 0 0 0

41 0 0 110 0 0 0 0 0 0 0 0

T 1923 135 245 47 98 53 126 41 113 56 66 4 0 380 16 24 0 55 16 4 0 121618522 1490

Sepiola atlantica Rossia macrosoma Sepietta oweniana

February August - August - August -

September September September

Dorsal mantle ns nm ns nm Dorsal mantle ns nm Dorsal mantle ns nm

length class mantlelength length class (cm)

1.0 12 2? 11 1.0 0 1.0 0

1.3 31 12 0 2.0 0 2.0 0

1.6 82 45 3 3 3.0 13 ? 3.0 2 0

1.9 55 23 10 1 4.0 12 2 4.0 2 0

2.2 10 3 7 3 5.0 5 1 5.0 0

2.5 2 0 14 7 6.0 9 1 6.0 0

2.8 0 4 1 7.0 3 0 7.0 0

3.1 0 3 0 8.0 0 8.0 0

of dorsal mantle length class-

esin February and in August-September. Question marks indicate specimen sizes that were too small for

sex identification. Numbers followed by a question mark indicate animals identified as males, but not

excluding the presence of other males.

S. owenianaand:R. macrosoma,S. atlantica,Table 8. Frequency distribution for

animal weight is also given. Question marks indicate animal

sizes that were too small for sex identification. Numbers followed by a questionmark indicate animals

identified as males, but not excluding the presence of other males, ns =number ofspecimens, nm = num-

ber of males, mw = meanweightper specimen (g), T = totals.

E. cirrhosa,

include those

from the ”Isis” survey in 1995. For

S. officinalisof dorsal mantle length classes inFebruary and in August-September. Data for

E. cirrhosaandT. eblanae,S. officinalis,L. vulgaris,L. forbesi,A. subulata,Table 7. Frequency distribution for

ï

I Alloteuthis subulata Loligoforbesi Loligo vulgaris Sepia officinalis Todaropsis eblanqe Eledone cirrhosa

i
1 February August - February August - February August - February August - February August - February August -

—

C

i
September September September September September September

1
5 ns nm ns run ns nm ns nm ns nm ns nm ns nm ns nm ns nm ns nm ns i mw ns nm mw

2 145 ? 16 ? 0 0 0 0 0 2 ? 0 0 0 5 ? 20

5 1349 9 43 ? 0 3 ? 0 27 ? 0 331 7 14 7 0 1 0 50 81 6 70

8 386 87 138 23 0 27 7 2 0 34 ? 0 11 1? 9 7 4 ? 1 0 183 75 13 211

11 40 36 44 20 2 1 35 6 12 6 5 0 1 0 2 0 1 0 29 14 1 0 365 21 3 512

14 3 3 4 4 6 4 22 8 24 14 0 0 15 3 0 22 2 1 0 618 3 0 676

17 0 0 17 11 15 9 30 8 0 0 17 10 0 0 0 0

20 0 0 25 9 14 8 22 13 0 2 0 2 2 0 0 0 0

23 0 0 13 3 6 6 10 6 0 1 0 0 0 0 0 0

26 0 0 11 5 0 8 6 0 0 0 0 0 0 0

29 0 0 8 7 1 1 4 3 0 0 0 0 0 0 0

32 0 0 4 3 1 1 1 0 0 0 0 0 0 0 0

35 0 0 8 7 2 2 0 0 0 0 0 0 0 0

38 0 0 3 2 0 0 0 0 0 0 0 0 0

41 0 0 1 1 0 0 0 0 0 0 0 0 0

T 1923 135 245 47 98 53 126 41 113 56 66 4 0 380 16 24 0 55 16 4 0 121618522 1490

Sepiola atlantica Rossia macrosoma Sepietta owetiiana

February August - August - August -

September September September

Dorsal mantle ns nm ns nm Dorsal mantle ns nm Dorsal mantle ns nm

length class mantle length length class (cm)

1.0 12 2? 1 1 1.0 0 1.0 0

1.3 31 12 0 2.0 0 2.0 0

1.6 82 45 3 3 3.0 13 ? 3.0 2 0

1.9 55 23 10 1 4.0 12 2 4.0 2 0

2.2 10 3 7 3 5.0 5 1 5.0 0

2.5 2 0 14 7 6.0 9 1 6.0 0

2.8 0 4 1 7.0 3 0 7.0 0

3.1 0 3 0 8.0 0 8.0 0
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Fig. 1. Geographic distribution ofAlloteuthis subulata inFebruary and in August-September. The maximum num-

ber ofanimals caught in a single rectangle in February and in August-Septemberwas 1370 and 218, respectively.

Fig. 2. Geographic distribution of Loligoforbesi inFebruary and in August-September. The maximum number

of animals caught in a single rectangle in February and in August-September was 6 and 23, respectively.
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Fig. 3. Geographic distribution of Loligo vulgaris inFebruary and in August-September. The maximum num-

ber of animals caught in a single rectangle in February and inAugust-Septemberwas 12 and 12, respectively.

Fig. 4. Geographic distribution of Loligo spp. (unidentifiable whether Loligo forbesi or L. vulgaris) in August-

September. The maximum number of animals caught in a single rectangle was 8.
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Fig. 5. Geographic distribution of Sepiolaatlantica in February and in August-September. The maximum num-

ber of animals caught in a single rectangle inFebruary and inAugust-September was 23 and 64, respectively.

Fig. 6. Geographic distribution of Rossia macrosoma in August-September. The maximum number of animals

caught in a single rectangle was 6.
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Fig. 7. Geographic distribution of Sepietta oweniana in August-September. The maximum number of animals

caughtin a single rectangle was 1.

Fig. 8. Geographic distribution of Sepia officinalis inFebruary and in August-September. The maximum num-

ber of animals caught in a single rectangle in February and in August-Septemberwas 1 and 10, respectively.
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Fig. 9. Geographic distribution of Todaropsis eblanae in February and inAugust-September.The maximum num-

ber of animals caught in a single rectangle in February and in August-Septemberwas 8 and 4, respectively.

Fig. 10. Geographic distribution ofOnychoteuthis banksii inFebruary and in August-September.The maximum

number of animals caught in a single rectangle in February and in August-September was 1 and 7, respectively.
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Fig. 11. Geographic distribution ofEledone cirrhosa in February and in August-September.The maximum num-

ber ofanimals caught in a singlerectangle in February and inAugust-September was 1 and 7, respectively.

Fig. 12. Depth of the central and southern North Sea. Averages from measurements available for each of the

rectangles.
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Fig. 13. Water temperatureof the central and southern North Sea in February (a) and in August-September(b).

Averages from measurements available for each ofthe rectangles.

Fig. 14. Water salinity of the central and southern North Sea in February (a) and in August-September (b).

Averages from measurements available for each of the rectangles.
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