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Abstract
In the Norwegian Sea in June 1994, young Gonatus fabricii with dorsal mantle length from 10

to 70 mm constituted at least 1.5 m mill. tonnes of biomass in the upper 30 m. At a length of 50
to 70 mm the species disappears from the surface layers, and are found from 400 m and

Gonatus fabricii has Frgrjl__ ed hmmaqq nf on r_mﬂ, rnnneq “The most lmnortant nredators of
Gonatus fabricii are the bottlenose whale and the sperm whale. They are estimated to eat 480

n ~
(00 and 364 500 tonnes respectively. Hooded seals also eat a considerable amount of Gonatus
fabricii . The present authors think that a surpius production of Gonatus fabricii takes place.
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Introduction.

Gonatus fabricii (Lichtenstein, 1818) is the most abundant squid of the arctic and subarctic
waters of the North Atlantic. This squid was studied intensively in the eighties and is the best

known oceanic cold water squm LMlbLt‘.]lbb'Il 1983). In his work about the biology of Gonatus
jabrzcu Kristensen (1983} COHCLLlut:b "Gonatus fabricii hatch at a size of 0.3 cm PL (Pen
Length. Present authors noie). As juveniles of 0.3-4.0 cm the species lives in the uppermost 80

m of the water column. At increasing size they live deeper, and as sub-adults and adults they
live above the bottomn from 200 m downwards, but migrate upwards at mght Growth is about
8 mm per month and they reach a size of about 10 cm PL the first year.”

Until 1995 only 7 mature specimens of Gonatus fabricii were recorded and only one specimen
closer described (Kristensen 1981, 1984 and Sennikov ef al. 1989). These specimens were
recorded at depths varying from 2700 m to 160 m. In 1995 three mature males and two mature
females were caught with a pelagic trawl in depths varying stepvise from 270 m to 820 m over
depths of 1350 m off Andenes (Fig. 1) (Bjgrke and Hansen 1996).

In the Norwegian Sea, larger Gonatus is one of the main items in the diet of sperm whales,
bottlenose whales, Berardius, and narwhales, and is also consumed by pilot whales, white
whales, Sowerby “s whale and other cetaceans, Greenland seals, hooded seals, sea birds _
including the albatross, cod, saithe sea perch, the Greenland shark, grenadiers (Macrurus spp.)
blue ling and greenland halibut (Nesis 1956, Kristensen 1983, Wiborg et al. 1984).

Timmrmgcme Trmmirrladaa olaad thn sl A s

Increased knowledge about the biology and abundance of Gonafus fabricii and abundance
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estimates of of its predators make it possible to evaluate its ecological importance as food
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Materials and methods
Sampling -

Materials were mamly collected dunng four cruises; one in the period 30 May 15 Au

covering most of the Norweglan Sea (ua.lpauaao ef al. 1598), one in the penou 17-2

A T .

1996 off Andenes, Nor*rav (Fig 1), one 1n the penud 20 July-15 Aug. 1596 coverin;
Norwegian Economica. Zone and one in the perir:1 8-18 April 1998 off Mere, Norway

ust 1994
1y .
he

Flg' -

s‘: Jo =il
.—n- L...

~}



1). In addition, deep pelagic trawl hails have been made occasionally during summer cruises in
the Norwegian Sea.
The materials were sampled Wlth a pelaglc Akra trawl with an opemng of 30m*30m

{Valdemarsen and Misund 1995, umyauauu et al. 1998)..

Biomass of smaller Goratus

The pelagic trawl used during the 1994 summer coverage was fishing at the surface with a
eed of 2.5 to 3 knots, and the duration of the haul was 30 min. Nothing is known about the
herdmg effect on Gonatus. Godg et al: ( 1994) found insignificant herding effect of the large
meshes in front of the trawl on cod larvae smaller than 65 mm and W, Valdemarsen (Institute
of Marine Research, Norway, pers. commn.) estimated an effective catching opening of 30
m*:10m? of the trawl in sampling young cod. Using the same reasoning for Gonatus, the
integrated amount of young Gonatus in Fig. 1 constituted 3.0, 2.0 and 1.5 mill. tonnes with
an effectlve catching opening of 20m?, 30m’ and 40m* respectlvely Assummg an effective .
catching opening of 40m’ the biomass of Gongtus shown on Fig 1 constitute 1.5 mill. tonnes.
'The biomass estimates are based on traw& catches in the upper 30 m.: This is a very low
estimate since theoretically only 6.32 (40 %) m of the water column is sampled effectively.
Usually a continous layer of plankton and juvenile fish is observed in the upper 50-60 m during
summer and autumn surveys made in these waters (Sundby et al. 1989). Dalpadado ez al.
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over an area to estimate the total amount present.

Length-weight relationship

Based on data on length and weight from the field in 1996, a length-weight relationship for
Gonatus was established. The data comprised 34 length and weight measurement of Gonatus in
the length range 100 to 360 mm ML for the two sexes combined. The length-weight
relationship was described by the equation W=al’ , where W is weight in grams and L is
dorsal mantle length in mm. A linear regression of lov-transformcd data gave a=1.912" 10”° and
b=2.99. The observations and the estimated relatlonsh_lp are shovn on Flg 2.
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Fig Lengtn-welgm reiauonsmp for Gonaius (sexes co
lncmmng 34 specunenb in 1996. The observations ‘&1 8 10¥
relationship according to the equation W=1.912' 107 L*%.)
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Biomass estimates of larger Gonatus
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(equalhnc 0.06 month™), whe 5% of the individuals have died. The remaining 5% of the -
cohort spawn and die in the 24™ month. Growth in length is constant and equals 14 mm
month” Weight is related to length according to the equation Weight=1.912 10° ‘Length®®,
when weight is measured in grams and lenght in mm. All individuals are assumed to be hatched
in January. The calculations are further based on a measured biomass in July of 1.5 million -
tonnes, corresDondmg to 140 billion individuals, and number hatched in January is then 275: -
billion individuals. The production is. calculated by multtplymg the number of 1nd1v1duals djnng_--
each month by their mean weight. - -
The production (Fig. 3) is seen to increase slowly from almost nil durmg the first month to.
about 1 million tonnes near the end-of the two-year life cycle. When the spawning stock, -
constituting about 7.5 million tonnes die in connection with spawning the outputfproduction o
reaches 8 million tonnes in month'no. 24. During this period the cumulative production,
however, amounts to more than 20 million tonnes, of which 85% are output during the second -
year of life. In a steady situation, the production of one cohort during its lifetime is equal to the .
total production of one cohort during-one year. This means.that about 20 million: tonnes of

Gonatus dies of natu:ral causes each year.
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Fig. 3. Output from the production of Gonatus fabricii described in the text.
Biology of Gonatus fabricii

Distribution

Gonatus fabricii - is found in offshoré arctic and subattic waters of the northern North Atlantic .
from the Newfoundland Basin, around Greenland and-eastwards to the Barents Sea (Roper et
al. 1984).



Hatching and spawning area
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and Hansen (1996) suggested that Gonatus fabricii females matared at lengths between 190

and 250 mm while males did so at smaller lengths.
Fig. 1 shows recordings of mature Gonatus fabricii by other authors ( Kristensen 1981,
Sennikov ef al. 1989) and of specimens larger than 200 mm sampled in the period 1995-1997.
Larger Gonatus seems to be distributed all over the Norwegian Sea (Fig. 1), and are canght
whenever the a traw] haul is made at depths of 1000 m or deener This distribution and the
distribution of younger specimens (Fig. 1) indicate that spawning and hatching takes place over
large areas. Wiborg (1979) suggested that areas with high abundance of bottlenose whale
could be spawning ground for Gonatus fabricii since Gonatus is the main food item for
bottlenose whale (Fig. 5). Bjgrke er al. (1997) found eggs of Gonatus of € Andenes (Fig. 1) in
July.
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By bac kcalculatmg length dlstrlbutlon Bjgrke (1995) su ggested that hatching took place dlli'an
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than 10 mm; 1. e. less than one month old have been recorded in plankton sampled off the
Norwegian shelf in January, April and July

Vertical distribution of Iargcr Gonatus

During the preliminary sampling in 1997 off Andenes three hauls of three hrs. duration were
taken in 1000-900 m, 800-700 m and 600-500 m to locate the vertical distribution of Gonats
fabricii . Individuals larger than 200 mm were only found in the deepest haul. Most of the hauls
were later taken at depths of 1100 m, which was the maximum depth of the gear. The
sampling was done with 24 hrs. daylight. Gonatus fabricii larger than 200 mm have, however,
been sampled in shallower depths (Sennikov ef al. 1989, Wiborg 1984), and during a cruise in
April 1998 Gonatus fabricii larger than 200 mm were found at depths as shallow as 400 m both
day and night. This was at the bottom of a scattering layer extanding from 250 to 400 m
(Skjoidai‘ etal. WJ ) However, Gonatus fabricii 1argcr than 200 mm were recorded at all
depths down io 1200 m which was the maximum depth fished.

ine
Shoaling
Nesis (1963) and Kristensen (1983) reports that Genatus is a shoaling squid. When trawling at
random in the Norwegian Sea at depths larger than 1000 m (Fig. 1) one or more Gonatus larger
than 200 mm were atways canght. r@m this it can be concluded that Gonatus does does not
it
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Predators

Of the mammals mentioned above which prey upon larger Gonatus the abundance of sperm
whale, bottlenose whale and hooded seal in the Norwegian Sea can be estimated. The
cephalopod consumption by sperm whale, bottlenose whale and hooded seat is further
investigated. Hence it is possible to make a rough estimation of the consurnption of Gonatus
fabricii by some of these predators.
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Fig. 4 shows the distribution of sperm whales (Physeter macrocephalus) in the Norwegian Sea -
during summer 1995. They are distributed all over the Norwegian Sea, but there is a tendency
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Fig. 4. Distribution of sperm whale sightings during NASS-95. From Namco (1997)
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to concentrate in the eastern part of the ocean. Usually cephalopods are the main diet of sperm
whales (Kawakami 1980), but Roe (1969) found that fish was the dominant food of the sperm
whales caught off Icelan'd This was later confirmed by Martin and Clarke (1986) and they

. PR SN 1 1 R e 2 i e o
found that squlub Dclonglng to the families cranchidae and histioteutidae contributed 25% and
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38% 0 Luc wclg,m of chuauupuua €aten and gonatidac 3%
The food of sperm whale from the Norwegian Sea is not mn.stigated but Hjort and Rund

(1929) classified it as large fish and squids. Benjaminsen ( IMR, Bergen pers. comm. )
investigated briefly the stomach contents of 12 sperm whales caught off Andenes during the
surnmer 1971. Two of the stomachs were empty, four contained beaks of squids only, and six
both beakg and fish remains. Santos et al. (1996) found that Gonatus sp. constituted more than
0) % of the stomach content in weight of six sperm whales stranded near Aberdeen, and they
snggested that concentrations of spawning Gonatus fabricii probably represent an important
recource for sperm whales in the North Atlantic. This is also suggested by Clarke (1996) and
the present authors believe that Gonatus fabricii is the main food item for the sperm whales in
the Norwegian Sea. During the sampling of the larger Gonatus fabricii shown in Fig. 1, 189
kg of cephalopods were sampled and 72% of this represented the octopod Cirrotenthis mullerz
(Eschricht). This is, however, a slow swimming species and is oversampled compared to the
much quicker Gonatus fabricii, but it might be eaten by the sperm whale. Of other cephalopod
species was only found one specimen of feuthowenia megalops.

Christensen et al. (1992) estimated the abundance of sperm whales in the northern part of the
Norwegian Sea to be 2500 individuals. @ien (IMR Bergen, Norway, pers. comnt) estimated
roughly the average welght of the sperm wales to be 30 tonnes with a daily consumption of 3
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period. Using these and Santos et af . (199 K}

Gonatus fabrcii by sperm whale 1s calculated to be 364500 tonnes per year.
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Fig. 5. Locations of bottlenose whale (Hyperoodon ampullanw) caught by Norwegian whalers

in the period 1938-1972. From Benjaminsen and Christensen 1979.
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Northem bottlenose whale as predator -

Nammco (1995) made a sighting estimate of 8827 bottleriose whales (Hyperoodon ampullatus) '
in the North Atlantic. Use of correction factors due-to the long dive time of this-species led to +
an estimate of around 40,000 animals. Benjaminsen-and Christensen (1979) investigated the
stomach content of 46 bottienose whaies caught northieast off Iceiand in 1576. Of these 40 had -
eaten only Gonatus fabricii while four had eaten fish and Gonatus fabricii . The bottlenose
sighting map for the 1995 Surveys shows that bottlenose whales also was observed outside the :
Norweglan Sea Le. in the Irmmcer Sea and south of Iceland- (Nammco 1995). In this areathie:
di that of G. fabricii so theoretically some of the 40,000
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surveys t ¢ area northeast of Iceland towards Jan Mayen-had far the greatest abundance of
bottleniose whales (75%) (Sigurdjénsson and Vikingsson 1992). Assuming the same
distribution in the 1995 surveys this means that at least 75 % of the 40,000 whales were
recorded in the North Atlantic where only Gonatus fabricii is to be found. Assuming the
number of bottlenose whales around Iceland and ad1 acent waters to be 41625 whales,
SlEU.I'dIOIISSOIl and Vikingsson (1992) estimated the consum of cephalopods to be 650,851
tons. ThlS means that at Jeast 480 000 (75%) tonnes of Gonatus sp. eaten by the bottlenose
whale 1s Gonatus fabncu
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Hooded s'ee'd as predator

The West Ice stock of hooded seal (Lystophora crzsmta), which spend most of theirJife in the

Norwegian Sea may court in the order of 250 UUU ammals, with an average weight- or i70 Kg

(Folkow and Blix 1995).

Potelov et al .(1997) investigated stomach content of hooded seal during moulting off the east
coast of Greenland and found that Gonatus fabricii constituted 79.2 % of the prey biomass in
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% (1995) examined the distribiticn and diving behaviour of h

may dive repeatedly to >1,000 m, but usually dive to 100-600 m depth After moult the
satellite tagged seals performed excursions which lasted for approximately 3-7 weeks to such
distant areas as the waters off the Faroe Islands, the Irmmger Sea, north/northeast of Iceland,
areas in the Norwegian Sea and along the continental edge from Norway to Bear Island.
Investigations of the seals diet in this areas have not been made, but the the authors suggested
that the spatial and temporal distribution of the seals off the Faroe Islands and west of Ireland
correlated well with the known distribution of the blue whiting (Micromesistus poutassou). The
tagged seals spent 16 % of the seal days in these areas. They were calculated to consume 105
000 tonnes of blue whiting during this period. In the Irminger Sea the seals spent 3.8 % seal
days and the authors suggested that the seals most: likely fed on redfish. The consumtion of
seals spent 38 % seal days. This is much ‘more than what is needed. 1701 oreeamg and moumng
when the seal is-fasting. It is thus reasonable io believe ihat ai least 100 000 tonnes of Gonaius
is consumed by the hooded seal in thls area.

Pilot whale as predator.

The Pilot whala rr‘lnhmenhnln molm-\ 18 lmmxm to be a squid eater (Desportes and Mmm tsen
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1988, Nesis 1965). Desportes and Mountsen (1988) investigated the diet of pilot whales

caught at the Faroe Islands. In years- when Todarodes saggitatus was present beaks of this
species was found in all the stomachs, and represented 96 % of the beaks. Gonatus sp.
appeared in 40 % of the stomachs but contributed oniy 4 % of the beaks. In years when no
Todarodes were landed, Gonatiss sp. was recorded in 80 % of the stomachs and represented 80 °
% of the beaks, The Gonatus species eaten was most probably Gonatus fabricii since the - -
whales were reported to feed north of the Faroe Islands. However, the pilot whale is not very
common in the Norwegian Sea (Christensen, IMR, Bergen, Norway pers. commn.). Although



in most probably feed on Gonatus fabncu in the Norweglan Sea occationally,.the biomass
consumed is probably small compared to that of the sperm vhale. _

Discussion

A yearly production of 20 mill tonnes of Gonatus is rather high, knowing that the spawning
stock of herring in the Norwegian Sea is about 9 mill. tonnes. Nesis (1997), however,
investigated the yearly production of gonatid squids in the subartic North Pacific and estimated
the yearly production to be in the order of 50-80 mill tonnes. Hence a yearly production of 20
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spavnmg takes pxace and the individeals die the production is about 15 mill. tonnes. Most

probably it is this production that is preyed upon. Summiog up the amount of Gonatus eaten

by the assumed most important predators the amount eaten is around 1 mill. tonnes. If the
calculations above is correct, this means that 14 mill. tonnes of Gonatus could be eaten by the
other predators mentioned above. This amount is rather high and the present authors think that
some n'F the r'nrgary,_g is not eaten by the predators mentioned above and that a surplus

This is su_pported by the fact that in 1890, before the hunting on the bottlenose whale started,
the stock of bottlenose whale was estimated to be in the order of 120 000 specimens
(Christensen 1. IMR pers. commn.).

Although both the model and the assumptions underlymg may be questioned, these results
indicate that Gonatus in these areas provide a substantial food supply to its predators.

Conclusions

The yearly production of Gonatus fabricii in the Norwegian Sea is estimated to be 20 mill.
tonnes. The most important predators of Gonatus fabricii are the bottlenose whale and the
sperm whale. They are estimated to eat 480 000 and 364 500 tonnes respectively. Hooded
seals also eat a considerable amount of Gonatiis Jabrzai The present authors think that 2
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surplus production of Gonatus fabricii takes place.
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