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Natatolana borealis were collected with baited traps at two localities near Bergen, Norway in 1977-78 
and 1991-96, and faunistic surveys carried out with grab, detritus sledge and epibenthic sampler in 
Norwegian waters, including the northern Norwegian Trough, from 1981 to present, and in Faroese 
waters in the years 1987-90.

Catches of N. borealis by epibenthic sledge in the Norwegian Trough were significantly larger at 
night than in daylight. Laboratory observations and trap experiments indicate that feeding activity is 
regulated by in situ illumination and degree of hunger. The species appears to be an opportunistic 
omnivore scavenger and might use a combination of ‘sit and wait’ and ‘swim across the current’ 
foraging strategies. The content of the anterior hindgut averaged 42 % of the total body dry weight 
after unlimited access to food for 24 h. A full gut enabled survival without further feeding for > 6 
months. The assimilation efficiency of N. borealis feeding on fish flesh was estimated to be > 90 %.

Recent records of N. borealis indicate a northern distribution limit at ca 70°N on the coast of Nor
way. At the Faroe Islands it was only found in water-masses dominated by Atlantic Water and not in 
water-masses dominated by the colder Arctic Intermediate Water or the cold Norwegian Sea Bottom 
Water. The usual temperature range of waters inhabited by V. borealis in the East Atlantic is about 
5-14 °C. It occurs in a wide range of sediments (from gravelly sand to fine silty clay) into which it 
burrows.

Per-Otto Johansen, N-5240 Valestrandsfossen, Norway. — Torleiv Brattegard, University o f  Bergen, 
Department o f  Fisheries and Marine Biology, Bergen High-Technology Centre, N-5020 Bergen, Nor
way. E-mail: torleiv.brattegard@ifm.uib.no

K e y w o r d s :  Natatolana borealis', behaviour; distribution; feeding; isopod; scavenger.

INTRODUCTION

Natatolana borealis ( L i l l j e b o r g ,  1851) is a voracious 
scavenger, attacking any dying and dead fish, leaving 
only skin and skeleton ( S c h io d te  1866; H a n s e n  1890). 
It plagues long-line fisheries in the north-western North 
Sea (L o k k e b o r g I  990) and severely affects catches offish 
in bottom set gill-nets south-west of the British Isles 
( B e r r o w  1994).

A commercial company has investigated the possibil
ity of using substances present in N. borealis as addi
tives in feed pellets for young fish in culture ( L a r s e n
1991).

Recently W o n g  &  M o o r e  (1995) examined aspects 
of the feeding of A) borealis, T a y l o r  &  M o o r e  (1995) 
the burrows and physiological adaptations to a burrow
ing lifestyle, and W o n g  &  M o o r e  (1996) presented ob
servations on the activity, and life history.

N. borealis has been reported from the coast of Nor
way to the coast of West Africa in the East Atlantic and 
off South Carolina and Florida in the West Atlantic

( K e a b le  &  B r u c e  1997). It has been reported frequently 
from  N orw egian coastal w aters south of 
Trondheimsfjorden (ca 64°N), but has been assumed to 
be absent (D o n s  1935, as Cirolana borealis) or rare 
(N ie l s e n  1967) north of Trondheimsfjorden.

In this paper we add some observations on the behav
iour of N. borealis based on field and laboratory experi
ments. Records of N. borealis from the northern border 
of its distribution area in the northeastern Atlantic are 
reviewed and some aspects of the distributional ecology 
of N. borealis are discussed.

MATERIAL AND METHODS

Natatolana borealis was caught in baited traps deployed in 
1977-78 and 1991 at 90-100 m depth in Skogsvâgen (60°16'N, 
5°06'E) south of Bergen, and at 40-90 m depth in Raknesvâgen 
(60°34'N, 5°26'E) north of Bergen in 1992-96. The tempera
ture in the near-bottom water was 6.6-9.9 °C in Skogsvâgen 
and 7.4-8.5 °C in Raknesvâgen ( J o h a n s e n  1980, 1996).

J o h a n s e n  &  B r a t t e g a r d  (1996) described the different traps 
used. The main trap used in Skogsvâgen was a PVC-tube per-
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forated with small holes (3 mm diameter) and an entrance fun
nel in one end. The main trap used in Raknesvâgen was a cyl
inder-shaped metal trap with plankton net (1 mm mesh size) 
surrounding the funnels at both ends. The diameter of the en
trance funnel holes were about twice the maximum width of 
adult N. borealis. The traps were usually baited with frozen 
fish (cod, saithe, ling, tusk, halibut, salmon or silvery pout) 
and retrieved from the bottom after 24 h.

Three baited traps were placed on hard bottom and on soft 
bottom, respectively, near Raknesvâgen in September 1992. 
The distance between the soft and hard bottom collection sites 
was 500 m. The depth at both sites was 40 m. The bottom 
types of the localities were examined by grab sampling.

N. borealis was also searched for in samples of hyperbenthos 
and benthos taken along the coast of Norway using a modified 
Rothlisberg & Pearcy epibenthic sampler (RP-sledge: see 
B r a t t e g a r d  &  F o s s â  1991): 103 samples from the Norwegian 
shelf and Norwegian Trough taken between 87 and 517m depth 
(near-bottom water temperature 4.0-10.0 °C), and 208 sam
ples from Norwegian fjords taken between 31 and 1280mdepth 
(near-bottom water temperature 6.3-11.8 °C). Numbers of speci
mens were standardized to numbers per 1000 m haul length. 
The differences between day and night catches were tested us
ing the Mann-Whitney U-test.

Per J. Johannessen and his co-workers at the Department of 
Fisheries and Marine Biology, University of Bergen have pub
lished 143 reports between 1990-96 (in the report series IFM  
Rapport, ISSN 0803-1924) containing species lists from 824 
grab stations sampled from 4.5 to 1100 m depth on the western 
coast of Norway from ca 59°40' to 67°17'N (Per J. Johannessen 
pers. commn). These lists have been searched for records of N. 
borealis.

N. borealis was encountered near the Faroe Islands during 
the BIOFAR programme 1987-90 using a RP-sledge and a de
tritus sledge ( S n e l i  1998). The RP-sledge was deployed 76 times 
at depths between 35 and 2420 m, and the detritus sledge was 
deployed 165 times (between 70 and 1223 m). For data on the 
BIOFAR stations, see N o r r e v a n g  & al. (1994).

Survival
Survival of individuals kept separately in 10 x 4 x 5 cm glass 
jars was recorded. The jars were placed in running sea water. 
Survival was examined on 20 arbitrarily chosen individuals 
after unlimited access to food for 24 h. The temperature of the 
sea water varied between 6.5 and 10.0 °C during the observa
tion period of 448 days.

Activity at day and night
N. borealis was caught in 20 separate day and night deployments 
in 1993-1994 at 40-50 m and 80-90 m in Raknesvâgen. The 
day catches were caught under different light conditions (sun
shine vs total cloud cover) in traps set after dawn and retrieved 
before sunset. Catch sizes were expressed as catch (number of 
individuals) per unit of effort ( 10 h on the bottom). During trap 
deployments daylight illumination 5 m above sea level was re
corded automatically every third minute by a Silkeborg 
Pyrheliometer (± 5 %) connected to a datalogger. The illumi
nation sensitivity related to temperature variation of the 
pyrheliometer was automatically corrected. The amount of sub
marine daylight at 80 m was estimated roughly for a two-layer

situation (brackish water on top of normal sea water) following 
the procedures advocated by W e in b e r g  (1976). The differences 
between day and night catches were tested using Wilcoxon’s 
non-parametric test.

Burrowing
The burrowing of 13 individuals from Skogsvâgen was stud
ied in a dark room in a tank (30 x 10 x 25 cm) carefully filled 
with a 20 cm thick layer of natural sediment from Skogsvâgen. 
After 24 h one tank wall was removed and the digging depth of 
the isopods in the sediment measured. Burrowing behaviour of 
starved N. borealis from Raknesvâgen was studied in a beaker 
filled with 8 cm coarse sand and sea water at 12 °C.

Feeding
Feeding of N. borealis was studied using specimens trapped 
with the bait enclosed in bags made of double plankton cloth 
(1 mm mesh size) to prevent direct access to the bait. Speci
mens from Skogsvâgen were given fish flesh for 24 h two days 
after trapping. After feeding the anterior hindgut was removed 
from 27 randomly selected specimens and the body and the 
content of the anterior hindgut were dried separately. Two days 
after being trapped the feeding behaviour was observed on 8 
specimens from Raknesvâgen when given fish flesh in beakers 
filled with sea water at 12 °C. After feeding the anterior hindgut 
was removed and the content studied with a dissection micro
scope.

Fish fluid was produced by leaving fish flesh overnight in 
sea water and filtering the sea water through 0.168 mm mesh 
size.

Assimilation
Assimilation efficiency (U’, see C o n o v e r  1966) of N .  borealis 
was estimated using the ratio between ash-free dry weight 
(AFDW) and dry weight (DW) in the ingested food (I’) and the 
faeces (E’): U ’ = (F -  E ’) • 100 % / [(1 -  E’)*I’]. Nine out often 
specimens examined from the pool of individuals used had an 
empty anterior hindgut, while one had some food in the hindgut. 
After being offered flesh of saithe (Pollachius virens) without 
skin for 24 h, twice during a fortnight, 28 adult N .  borealis 
were transferred to individual glass jars. The temperature of 
the laboratory sea water was between 5 and 9 °C during the 
experiment. Biological material was dried for 24 h at 70 °C 
and burned in a muftle furnace for 12 h at 500 °C. Biomass 
was determined with an accuracy of ± 0.02 mg.

RESULTS

Survival
N. borealis lived for long periods under laboratory con
ditions and even moulted. After being fed fish, 9 males 
and 11 females were kept in separate beakers without 
access to food. Males survived longer than females. The 
first male died on day 276 and the next on day 290, 324, 
335, 339, 349, 395, and 407. The first female died on 
day 7, and the next on day 43, 101, 104, 122, 266, 290, 
315, 328, and 429. When the experiment was terminated 
after 448 days, one individual of each sex was still alive.
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Nine of the 11 females were developing eggs during this 
period. Through the transparent venter of the females 
the ripe eggs could easily be seen as a large, light yellow 
mass, different from the white, orange or yellow 
hepatopancreatic glands.

When well-fed N. borealis were handled, they often 
vomited some of the content of the alimentary tract, but 
they did not seem to suffer from this.

Search for food
More than 150 newly trapped N. borealis were kept in a 
tank without sediment and without access to food. All 
the animals were lethargic in daylight and none of the 
animals could be induced to swim by disturbing the sur
face water mechanically. In the evening and during the 
night most animals swam around.

After a frozen piece of herring (Clupea harengus) was 
put gently into the surface water, most of the animals 
were swimming about half a minute later. The search for 
the fish flesh seemed to be random within the relatively 
small space of the tank. Within a short time the piece of 
fish was almost completely covered by N. borealis. Af
ter feeding, the isopods became lethargic by day and 
night.

More than 200 newly trapped N. borealis were kept in 
a tank without sediment but with access to food. In day
light all were lethargic. After a frozen fish was lowered 
into the surface water only 3-4 individuals became ac
tive after several minutes. The low number of active in
dividuals persisted for 30 minutes (the observation pe
riod).

The effect of fish odour was tested on 20 individuals 
of N. borealis kept in a small container without access to 
food. After five drops of sea water containing fish fluids 
were introduced to the test-group all individuals became 
very active within a few seconds. The activity lasted 5-10 
minutes. When more drops were added the same intense 
response occurred again. Five drops of sea water with
out fish fluids introduced to the control group elicited 
no reaction. The experiment was repeated 24 h later. The 
former test-group was then the control-group, and vice 
versa. Once more, the test-group showed a very high 
activity for 5-10 minutes, while the control-group showed 
no activity.

Day and night activity
Baited traps deployed in April 1993 during the night, at 
depths of40-50 m and 80-90 m, caught significantly more 
N. borealis than identical baited traps deployed during 
daytime (Table 1). During daytime none was caught at 
40-50 m depth, but 1-2 specimens were caught at the 
darker site at 80-90 m depth.

The catches at 80-90 m were significantly lower on 
sunny days than at night (p = 0.014) (Fig. 1). On cloudy

Ö  Rain/cloudy ¡Successive night

O 40

Ö  Sunny/some clouds I Successive night

April June Oct Dec
Fig. 1. Numbers (Catch Per Unit Effort) of Natatolana borealis 
caught in successive day and night deployments of baited traps 
at 80-90 m in Raknesvâgen, western Norway in 1994. Average 
illumination (W/m2) and Secchi depth (Ds) are given for each 
daylight deployment.

days there was no significant difference between day- 
and night-catches (p = 0.24). Irradiance measured in 
H erdlafjorden (part of the fjord system in which 
Raknesvâgen is situated) from 0 to 60-70 m and extrapo
lated to 80 m to in March, May, October, and December 
1994 showed that 0.08-0.008 % of the surface irradi
ance (500 nm) remained at 80 m depth (Rune Rosland 
pers. commn). The average in situ day irradiance (500 
nm) at 80 m in Raknesvâgen was estimated roughly to 
be between IO“2 and IO“4 watt • n r2.

The catches of N. borealis in successive day and night 
RP-sledge hauls along a transect in the Norwegian 
Trough at 135 to 382 m depth in M arch 1985 
( B r a t t e g a r d  &  F o s s â  1991) were significantly higher 
at night (N = 12, 0.01 < P < 0.025), especially at 176 to 
314 m depth (N = 8, 0.0025 < P < 0.005).

Table 1. Numbers of Natatolana borealis caught in baited traps 
at 40-50 m and 80-90 m depth at night and on sunny days in 
Raknesvâgen, western Norway in April 1993.

Depth Night Day Day Night
2-3 April 3 April 5 April 5-6 April

40-50 m 98 0 0 84
80-90 m 56 1 2 100
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Fig. 2. Natatolana borealis: Relation between the capacity of 
the anterior hindgut and pleopod length of 27 specimens from 
Skogsvâgen, Raunefjorden, western Norway.

Burrowing
The sediment taken by core sampler from Skogsvâgen 
consisted of oxidized sandy silt through the entire sam
ple depth (6 cm). The sediment in Raknesvâgen at 40 m 
depth was coarser consisting of 46 % clay/silt, 30 % sand 
and 24 % gravel ( T v e d te n  & al. 1993).

Three traps, which were placed on soft bottom at 40 
m depth off Raknesvâgen, trapped 28, 47, and 60 speci
mens. When the same traps were deployed at 40 m depth 
on a rocky hard bottom 0, 0 and 5 specimens of N. 
borealis were trapped.

When TV. borealis began digging into sediment of sandy 
silt, the body was positioned at 30-40° inclination head 
down. This resulted from the posterior legs being sig
nificantly longer than the anterior. Initially the pleopods 
beat rapidly before the highly setose pereiopods pushed 
the sediment sideways and backwards. The highly setose 
pereopods pushed away the compact sediment and the 
isopod was covered by sediment within 0.5-2 minutes.

TV. borealis was found from 2.5-6.5 cm below the sedi
ment surface in laboratory aquaria; on average their po
sition was 4.4 cm (SD = 1.3, N = 13) from the surface. 
There was no correlation between depth and pleopod 
length (r = 0.017) and no significant difference between 
males and females in the positioning below the sediment 
surface. After having made a burrow in the sediment, 
some individuals were observed close to the opening of 
the burrow with the front part visible and the second 
antennae pointing upwards, above the sediment. N. 
borealis kept in a large aquarium with transparent walls 
under artificial light conditions for several months had 
made permanent burrows to about 10 cm below the sedi
ment surface. Several brooding females were found 
among these animals.

The concealment of 10 individuals digging into coarse 
sand (Raknesvâgen) was complete after 30-60 seconds 
but the burrows made collapsed when N. borealis 
emerged.

Feeding
N. borealis was sometimes observed eating dead or dy
ing conspecifics in the laboratory. The soft parts were 
primarily ingested leaving most of the exoskeleton. Ex
amination of gut contents of N. borealis kept in a stor
age tank together with amphipods (Tmetonyx spp.) con
firmed the observations of cannibalism and that it also 
could eat Tmetonyx spp.

Keeping large numbers of N. borealis in containers 
without sediment was, however, never a problem as long 
as the isopods were fed dead fish. N. borealis, which 
was offered pieces of fish with skin, searched the piece 
until they reached exposed flesh. N. borealis was once 
observed eating along the edge of a wound in the fish 
skin and once along the lips of a cod after an unsuccess
ful attempt to penetrate the skin of the fish. They crawled 
slowly while they fed. The gut content of these individu
als consisted of slender tissue slices with a length of 
0.5-3 cm. Slender slices of food were occasionally ob
served in vomited gut contents of newly trapped N. 
borealis.

Specimens offered fish flesh without skin finished 
feeding in less time than those offered fish totally cov
ered with skin. The observed feeding of A. borealis lasted 
3-13 minutes. When the gut was filled with dark mate
rial the outline of the gut was visible from the dorsal 
surface. The digestive system of N. borealis narrows 
considerably at the mouth and in the pleon, with the 
broadest part being in the posterior pereion. The flexible 
anterior hindgut of N. borealis is slightly pigmented. 
When fish carrion was available, the animals filled the 
anterior hindgut. The internal organs were pressed against 
the body walls and the soft ventral integument swelled 
as a result of the full gut. None of the examined females 
had visible ova in their ovaries.

The relative amount of food ingested seems to be in
dependent of the size of the animal (Fig. 2). The content 
of the gut varied from 25.7 to 53.4 % of the total body 
DW. The average content was 48.3 % for the males and
40.5 % for the females. For the total sample the average 
content of the anterior hindgut was 42 % (SD = 6.77) of 
the total body DW.

Some sediment was occasionally observed in the an
terior hindgut of recently captured juvenile and adult N. 
borealis. This consisted of fine and coarse particles, in
cluding uncrushed specimens of some Foraminifera spe
cies. In some cases also polychaete setae and echinoid 
spine fragments were observed in the anterior hindgut.

Assimilation
The AFDW of fish flesh which was used to feed N. 
borealis, was on average 93.7 % (SD = 0.30, N = 5) of 
the total DW. When fish flesh was kept in sea water for
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24 h, organic material leaked out resulting in relatively 
lower AFDW, on average 81.6 % (SD = 0.89, N =10) 
AFDW. The first faeces of N. borealis were found 37 
days after ingestion. The organic content of pooled sam
ples of faeces averaged 21.6 % (SD = 3.35, N = 7). The 
assimilation efficiency calculated (formula of C o n o v e r  
1966) from fish flesh which was not kept in sea water, 
was on average 98.1 % (SD = 0.39, N = 7). The assimi
lation efficiency calculated from fish flesh which was 
kept 24 h in sea water, was on average 93.7 % (SD = 
1.32, N = 7).

Northern distribution
New and old records of Natatolana borealis made north 
of 61°N, from the Faroe Islands to northern Norway, are 
listed in Appendix 1. Most of the records are also shown 
in Fig. 3. The northernmost record of N. borealis is from 
70°10'N, 17°53'E at 324-333 m, sandy mud, WNW of 
Rebbenesoy, Troms County.

N  borealis was caught more often by RP-sledge on 
the Norwegian shelf and in the Norwegian Trough than 
in Norwegian fjords (Table 2; Appendix 1). On the shelf 
and in the Trough the highest frequency of catches (34 %) 
and the largest catches (up to 135 specimens per 1000 
m2) were taken in the 200-299 m depth zone. In Norwe
gian ijords it was caught only twice: in Risnefj orden at 
110 m depth, and in Sulafj orden at 450 m.

The range of temperature of the near-bottom water at 
the deployment sites where N  borealis was caught was 
6.5-8.2 °C.

N  borealis was present in samples at 37 out of 824 
grab stations sampled by Per J. Johannessen’s group. N  
borealis occurred in samples from between 15 and 205 m 
depth. The northernmost record with grab was made 
15 km west of Bodo at 67°17.1'N, 14°00.9'E.

At the 37 stations 125 samples were taken of which 
49 contained a total of 70 specimens of the isopod: 41 
samples with one specimen in each sample, 4 samples 
with 2 specimens, one sample with 3 specimens, 2 sam
ples with 4 specimens, and one sample with 10 speci-

10°

NORWEGIAN SEA
ICEL'AND

FAROE ISLANDS

TRONDHEIM

NORWAY
— 60c

NORTH SEA

20°0°

Fig 3. Records of Natatolana borealis from north of latitude 
61°N, from the Faroe Islands to northern Norway. All records 
with details are listed in Appendix 1.

mens. The number of specimens per station where N. 
borealis was caught varied from 0.2 (SD = 0.447, N = 5) 
to 2.0 (SD = 4.47, N = 5) specimens per 0.2 m2, or 
1.0-10.0 per m2.

The sediment of grab samples in which N. borealis 
occurred varied in its composition from silty clay (98 % 
clay/silt, 2 % sand) via sand (96 % sand, 4 % clay/silt) to 
gravelly sand (66 % sand, 26 % gravel, 8 % clay/silt) 
with organic content, measured as «loss on ignition», 
between 2.3 and 10.6 %.

The temperature of the near-bottom water at the grab 
stations where it was caught was between 5.0 and
13.8 °C.

In the area around the Faroe Isles specimens of N  
borealis were caught in 3 RP-sledge hauls and 4 detritus

Table 2. Number of sites (S) and deployments (D) of Rothlisberg & Pearcy epibenthic sampler (RP- 
sledge) with number of records (R) of Natatolana borealis in depth zones in the Norwegian Trough 
and Norwegian shelf waters (T), and in Norwegian fjords (F) north of 61°N.

Depth 
zone (m)

ST STR DT DTR SF SFR DF DFR

31-99 1 0 1 0 10 0 17 0
100-199 20 4 29 6 21 1 38 1
200-299 27 8 37 12 22 0 40 0
300-399 17 2 24 6 16 0 20 0
400-499 11 0 11 0 17 1 36 1
500-599 1 0 1 0 9 0 19 0
600-1280 0 0 0 0 21 0 38 0

Sum 88 14 103 24 116 2 208 2
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sledge hauls during the BIOFAR programme. Catches 
of A. borealis were confined to depths between 235 and 
350 m (see Appendix 1).

The average bottom temperatures at all the RP-sledge 
(76) and detritus sledge (165) hauls in the Faroe area 
ranged from -0.92 ± 0.02 to 9.1 ± 1.8 °C. A. borealis 
were collected from six stations in Faroese waters within 
a temperature range of 6.5 ± 1.6 to 7.9 ±0.8 °C and from 
one station (Stn 174) where the estimated average tem
perature of the highly variable bottom water is 6.1 ±
6.5 °C.

DISCUSSION

Survival
After only one meal, A. borealis could live for long pe
riods (more than 448 days) under laboratory conditions 
and even moult, and many females had produced almost 
ripe eggs. W o n g  &  M o o r e  (1995) estimated from the 
trend in change of WW that the acquired weight from a 
single meal was reduced by 50 % in about 100 days. 
They also kept A. borealis separately for at least four 
months without feeding but the specimens became le
thargic and in poor condition.
The observed vomiting can be explained as a reaction to 
unfavourable conditions in the laboratory. Z w a a n  &  
S k j o l d a l  (1979) noted that when A. borealis was sub
jected to experimental anoxia, they expelled their gut 
contents. If vomiting occurs in the habitat it could be a 
way of avoiding an attacking predator as the releasing of 
food may confuse a predator.

Search fo r  food
Response to food odour involves sensory organs situ
ated on the antennules and the antennae in A. borealis 
(W o n g  &  M o o r e  1995).

Introduction of diluted fish fluids to A. borealis, re
sulted in immediate activity which ceased soon after. 
When more fluid was introduced, i.e. an increase in con
centration, the activity recommenced. The gradual de
crease of activity indicate olfactory fatigue at constant 
odour concentration level.

Presence of odour gradients may be necessary to stimu
late search activity in A. borealis. J o h n s o n  (1976a) ob
served Cirolana harfordi L o c k in g to n  swimming towards 
the bait in a characteristic zigzag pattern while waving 
the antennae rapidly. W o n g  &  M o o r e  (1995) suggested 
a more haphazard swimming towards the bait in situ by 
A. borealis. The lysianassid amphipod Boeckosimus 
affinis (E L ansen) swam with a back-and-forth ‘ sweeping’ 
pattern outside the odour plume and swam directly 
upcurrent towards the bait within the odour plume 
( B u s h d o s h  & al. 1982). Olfaction, combined with

rheotactic swimming behaviour, is probably the princi
pal means of detection and localisation of bait by 
lysianassid amphipods ( S a in t e - M a r i e  1992).

Day and night activity
The active search of A. borealis for bait in the traps, 
during April 1993, took place only at night at 40 m depth. 
Some specimens which were caught at 90 m in day-time, 
indicate a possible longer feeding period in deeper wa
ter. The active feeding period at 90 m seems to be fur
ther extended on cloudy, rainy days by low surface illu
mination and reduced transparency in the sea. An in
creased period of feeding activity should then be expected 
in deeper water. This agrees with W o n g  &  M o o r e ’s 
(1996, table 4) catches at 190 m off Sgat Mohr which 
usually contained more than 150 specimens of A. borealis 
during mid-day after 2 h 45 min deployment.

The spectral sensitivity of the eye of A. borealis has a 
maximum between 495 and 528 nm corresponding to a 
visual pigment of 514 nm ( L in d s t r ö m  &  N i l s s o n  1983). 
The threshold of damage of the retinula cells lies be
tween 0.47 and 4.9 watt n r 2 and thus the eye of A. 
borealis is strictly adapted to dim light environment 
( N i l s s o n  &  L in d s t r ö m  1983). A. borealis presumably 
avoids illumination above the level of retinula cell dam
age. The eye is well adapted to 0.001 % of the surface 
irradiance (500 nm), which in Norwegian northern lati
tudes can reach 4 • 10~3 watt • n r 2 at noon in summer 
( L in d s t r ö m  &  N i l s s o n  1983). This corresponds roughly 
to the light level at 100 m depth in oceanic water.

Unfed specimens of A. borealis were attracted to car
rion in daylight in the laboratory, while fed individuals 
were lethargic. Retinal damage ( N i l s s o n  &  L in d s t r ö m  
1983) of light-exposed individuals may have caused feed
ing activity in the laboratory during daytime.

The observed spontaneous nocturnal activity of unfed 
A. borealis at night in the laboratory accords with the 
endogenous circadian rhythm of spontaneous emergence 
from the substratum and swimming activity reported by 
M a c q u a r t - M o u l i n  &  K a ïm - M a l k a  (1994). The irradi
ance level at 400 m in the northwestern Mediterranean 
appears sufficient to synchronise the endogenous rhythm.

The catches of A. borealis in RP-sledge from the Nor
wegian Trough and the shelf (Buagrunnen and Ona) be
tween 136 and 314 m depth were significantly higher at 
night than in daylight indicating swimming activity at 
night. Nightly swimming activity supports a ‘swim across 
the current’ strategy which will increase the chances of 
detecting up-current food falls.
The feeding activity of non-breeding A. borealis in the 
field seems to be mainly regulated by the in situ illumi
nation and the degree of hunger. Breeding females do 
not feed in situ during incubation of eggs ( J o h a n s e n  
1996).
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Burrowing
N. borealis was caught on several kinds of soft bottom 
at the coast of Norway, such as clay, mud, sand and gravel 
and it seems to avoid hard bottoms. When baited traps 
were placed on hard bottom, fewer isopods were cap
tured than on soft bottom. On hard bottom there is little, 
if any, sediment to hide in. The isopods must then swim 
a longer distance to reach the carrion. According to fish
ermen hooked fish attract more crustacean scavengers 
when the longlines are set on soft bottom than on rocky 
bottom.

N. borealis is able to dig in sediment varying from 
clayey silt to sand and can make burrows in sandy silt to 
silty sand reaching down to 10 cm below the sediment 
surface. It seems to dig in the same manner as W ä g e le  
&  B r u c e  ( 1 9 8 9 )  reported for N. pastorei (G ia m b ia g i,  
19 2 5 ): the anterior pereiopods push the sediment later
ally and caudally and the posterior pereiopods push the 
sediment caudally.

N. borealis from Loch Fyne swam rapidly head-first 
into consolidated mud, with sediment expelled behind 
them, helped by the beating activity of the pleopods 
( T a y l o r  &  M o o r e  1 9 9 5 ). Initial concealment was rapid, 
often taking no longer than 5 seconds, but the construc
tion of the hole burrow took up to 24 h. The permanent 
U-shaped burrows extended 7 -1 0  cm into the sediment 
( T a y l o r  &  M o o r e  1 9 9 5 ). The sediment from Sgat Mohr, 
Loch Fyne was a sandy mud ( T a y l o r  &  M o o r e  1 9 9 5 ; 
W o n g  &  M o o r e  1 9 9 6 )  finer than that in Skogsvâgen. 
The disparities in digging speed and digging behaviour 
of N. borealis reported from Loch Fyne and western 
Norway may be caused by the differences in the sedi
ment composition.

T a y l o r  &  M o o r e  ( 1 9 9 5 )  reported that N. borealis, 
within an artificial laboratory burrow, usually remained 
quiescent close to the opening. We observed individuals 
in the laboratory with their antennae raised extending 
from the opening in the sediment. This position may also 
indicate a ‘sit and wait’ foraging strategy. N. borealis 
may thus use a combination of ‘sit and wait’ and ‘swim 
across the current' foraging strategies.

Feeding
Various food items have been reported in the literature: 
bony fishes (see T a t t e r s a l l  1 9 0 5 ;  N i e r s t r a s z  &  
S te k h o v e n  1 9 3 0 ; A n o n .  1 9 6 9 ; B e r r o w  1 9 9 4 ; W o n g  &  
M o o r e  1 9 9 6 ) ,  cartilaginous fishes ( N i e r s t r a s z  &  
S t e k h o v e n  1 9 3 0 ;  B e r r o w  1 9 9 4 ) ,  and invertebrates 
(W o n g  &  M o o r e  1 9 9 5 ). The occurrence of remains of 
slow-moving species such as infaunal polychaetes in the 
gut of iV. borealis ( W o n g  &  M o o r e  1 9 9 5 )  may indicate 
opportunistic predation. Foraminifera found in the gut 
were not crushed but swallowed intact. This may indi
cate accidental swallowing of detritus when it is feeding

on bait on the bottom.
N. borealis consumed any food item that it was of

fered in the laboratory unselectively. It fed primarily on 
the soft parts of the fish and used more time to consume 
intact fish than fish cut into pieces. In spite of its power
ful mandibles with sharp teeth, N. borealis finds tough 
skin and hard material of fish-scales difficult to cut. When 
it has a choice between several fish species it seems to 
prefer those with delicate or soft epidermis ( B e r r o w  
1 9 9 4 ; P.-O.J. own obs.).

N. borealis has been found in fish roe several times 
(cod(RAiTT 1 9 2 9 ; ELal v o r s e n  1 9 6 5 ; V a d e r & R o m p p a in en  
1 9 8 5 ); saithe ( B e r l a n d  1 9 8 3 ); tusk (A n o n . 1 9 6 9 ) )  and 
B e r l a n d  ( 1 9 8 3 )  reported it from the body cavity of a 
spurdog (Squalus acanthias). Fish infested by N. borealis 
do not always show any exterior signs of damage. It seems 
able to enter the opening of the anus and thereby the 
ovaries and other organs in the body cavity of living fishes 
( R a i t t  1 9 2 9 ; ELal v o r s e n  1 9 6 5 ; also reported for Cirolana 
diminuta M e n s z ie s  by S te p h ie n  &  B r u s c a  1 9 8 5 ).

Cannibalism of damaged or moulting individuals of 
N. borealis was frequently observed in traps and in tanks, 
as also observed by W o n g  &  M o o r e  (1 9 9 5 ) . Intraspecific 
feeding might be an artifact due to crowding of unfed 
animals in the traps and the tanks. On the other hand, 
dead or dying conspecifics may be a possible resource 
in food-scarce environments.

We conclude that N. borealis should be classified as 
an opportunistic omnivorous scavenger.

Laboratory observations of N. borealis from western 
Norway showed that they needed only 3 -1 3  min to fill 
their guts with fish flesh. This accords with 3 -5  min re
ported by W o n g  &  M o o r e  (1 9 9 5 ) .  The time needed to 
fill the gut may depend partly on the pre-fed condition 
and partly on the condition of the food (soft vs. tough 
tissue). The food capacity of the anterior hindgut in rela
tion to the total body DW of N. borealis was on average 
4 2  % after feeding on de-skinned fish flesh. With the gut 
empty before the meal, N. borealis was able to increase 
the body DW by 7 3  %, on average. The body WW of N. 
borealis increased, on average, by 52  %  (3 3 -7 8  % ); W o n g  
&  M o o r e  ( 1 9 9 5 )  reported that the body volume in one 
animal expanded by 3 5 .4  % and that return to pre-fed 
volume took some six weeks. When the alimentary tract 
was empty, the gut did not fill the visceral cavity of N. 
borealis (P.-O. J. own obs.). It may be expected that N. 
borealis is able to fill the anterior hindgut to some ex
tent before the body volume increases. The proportion 
of the increased volume of N. borealis will then be less 
than the increase in WW after a single meal. C a r v a l h o  
&  F o w l e r  ( 1 9 8 5 )  found an average WW increase 2 6  ±  
1 7  % (N = 2 0 )  in N. borealis from the Mediterranean. 
The variation in the measurements of increased WW may 
depend on the amount of food in the gut before the meal.
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N. borealis is able to store large amounts of food in 
the gut. Such ability has also been reported for other 
scavenging crustaceans like the intertidal Cirolana 
harfordi ( J o h n s o n  1976a) and some deep-sea bait-attend
ing lysianassid amphipods ( D a h l  1979; S a i n t - M a r i e
1992).

Assimilation
The assimilation efficiency of carnivorous isopods seems 
to be high: assimilation of food energy by Cirolana 
harfordi feeding on fish muscles averaged 88 % ( J o h n s o n  
1976b), the isopod Glyptonotus antarcticus E i g h ts  as
similated over 90 % of ingested benthic shrimps ( C l a r k e  
1979), and Cirolana imposita ( B a r n a r d )  assimilated 88- 
98 %ofpolychaetes(SHAFiR& F ie ld  1980). If AÍ borealis 
ingested the food efficiently, the assimilation efficiency 
was calculated to be 98.1 %. When 12 % loss of organic 
solubles to the sea water from the fish flesh was accounted 
for, the assimilation efficiency was 4.4 % lower. The 
mean loss to the sea water of protein by maceration of 
the food item when Glyptonotus antarcticus was feed
ing, was on average 13 % oftheA FD W ( C l a r k e  1979). 
Because N. borealis usually fed quickly and cut the food 
into slices, the organic loss from the food should be ex
pected to be low. Loss of organic substances from fae
ces to the sea water increases the estimation of assimila
tion efficiency. If the fish flesh was consumed immedi
ately by N. borealis and the loss of organic solubles from 
the faeces to the sea water was 12 %, the assimilation 
efficiency was on average 99.2 % (SD = 0.29). Assimi
lation of some ash in the gut of N. borealis might be 
expected to vary with the moult cycle. The assimilation 
efficiency was, on average, 96.6 (SD = 0.55) and 94.1 % 
(SD = 0.87) when the loss of ash from the faeces was 
calculated to 12 % and 25 %, respectively. When or
ganic assimilation is > 90 %, ash assimilation must be > 
50 % to have any marked effect on the value of organic 
assimilation as calculated by Conover’s method ( C l a r k e  
1979).

Estimation of the energetics of a female N. borealis 
which had filled the gut with fish-flesh, showed that sur
vival, the development of ova and maintenance of 
postmarsupial development for 6-7 months was possi
ble without need of additional feeding ( J o h a n s e n  1 9 8 0 ). 
This explains the consistent lack of ovigerous females in 
trap catches. Covert hiding in burrows by ovigerous fe
male N. borealis is probably favourable for survival of 
the species. When feeding is extremely sporadic, the 
ability to store large quantities of food is an important 
survival factor.

Our findings support the theory that a beneficial sur
vival strategy for scavengers consists of rapid response 
and localisation of food, consumption of a large quan
tity in a short time, ability to store food over long peri

ods, and efficient assimilation ( D a h l  1979; S m ith  &  
B a l d w i n  1982; W o n g  &  M o o r e  1995). The high assimi
lation efficiency of N. borealis may give some energy- 
gain from a poor food-item like sediment in times when 
no carrion is available.

Northern horizontal distribution 
S a r s  (1899, appendix p. 248) refers to E Io ek  ( 1882) writ
ing: ‘Distribution. - The Barents Sea (Eloek)’. E Io ek  
( 1882), however, actually wrote that the R/V W. Barents 
caught four individuals on 24 May 1878 at 61°52.5'N, 
1°42.1'E, northwest of Shetland Islands. The ‘Barents 
Sea record’ of N. borealis from the Barents Sea Expedi
tion thus seems to be erroneous. K e a b l e  &  B r u c e  (1997) 
refers to a specimen in Nationaal Natuurhistorisch Mu
seum, Leiden collected by ‘Barents Sea Expedition, 
1878’. This specimen is probably from the same mate
rial as E Io ek  (1882) reported (C. Fransen, pers commn).

G u r j a n o v a  (1933) mentioned that A. borealis was oc
casionally found north of the Arctic Circle (66°33'N), 
but she listed no localities.

The earlier records of N. borealis along the coast of 
northern Norway have mainly been linked to reports of 
isopods found in cod roe at the dinner table. The reli
ability of these reports has been questioned because of 
the mobility of the host fishes. B e r l a n d  (1983) surmised 
that only fishes caught in bottom nets and long-lines may 
become infested, while all free swimming fishes caught 
by hand-line, trawl, purse-seine and probably drift-net 
will be ‘clean’ of N. borealis, implying that N. borealis 
live at or near the site where the fish was caught.

N. borealis has now been found in northern Norway 
on the continental shelf off Troms County (70°10'N, 
17°53'E), and in the subarctic fjord Malangen (69°20'N, 
18°30'E) (Wim Vader pers. commn) (Fig. 4). These 
records support the supposed presence of the species in 
northern Norway. Lopphavet, at ca 70°30'N, is now re
garded as the geographical boarder area between the West 
Norwegian Sub-Province and the colder Finnmark Sub- 
Province (see B r a t t e g a r d  &  E I o l th e  1997).

The northern distribution of N. borealis is from ca 
70°N off the coast of northern Norway and south along 
the Norwegian shelf and coast to the continental edge 
north and east of the Shetland Islands and west to the 
Faroe Islands. It is probably common in the Faroe area 
because the scavenger is well known by Faroese fisher
men. It has not been found on the Icelandic shelf or coast 
(S te p h e n s e n  1938; Jörundur Svavarsson pers. commn) 
(Fig. 4).

Northern depth distribution
From Norwegian waters N. borealis has been reported 
from 30 to 270 m by D o n s  (1935) and from 40 to 690 m 
(Korsfjorden) by N ie ls e n  (1967). Despite extensive sam



Johansen & Brattegard -  Behaviour and distribution o f  Natatolana borealis 355

pling efforts in Norwegian and Faroese waters from 5 to 
2420 m depth, samples of N. borealis were obtained only 
from depths o f235 to 350 m in Faroese waters and 15 to 
450 m in Norwegian waters.

N. borealis occurs rarely in shallow water. Quantita
tive catches of adults at 40-50 m and 80-90 m in 
Raknesvâgen, western Norway were not significantly 
different ( J o h a n s e n  &  B r a t t e g a r d  1996). However, the 
catches of postmarsupial instars 1-3 were significantly 
lower at 40-50 m than those at 80-90 m. L in d s t r ö m  (1990) 
suggested that the eyes of N. borealis are better adapted 
to the dim light of deep water and are probably damaged 
when they are exposed to daylight in shallow water. The 
occasional occurrence in shallow water might be a result 
of nightly swimming from deeper water in search of food.

The deepest records of N. borealis are from 1478 m 
southwest of Ireland (N o r m a n  1904), 1000 m in the Bay 
of Biscay (Jean-Claude Sorbe pers. commn), and 1210 
m in the Mediterranean ( D o l l f u s  1903). Being able to 
live in such deep waters but only down to 390 m in 
F aroese waters, ca 400 m in Norwegian shelf waters and 
690 m in Norwegian fjords indicates that hydrostatic 
pressure is not the factor limiting vertical distribution 
along its northern boundary.

Northern temperature conditions
The range of near-bottom temperature at the epibenthic 
sampler and detritus sledge stations during the fauna 
surveys off the Faroe Islands and the Norwegian shelf 
and coast was from -0.92 to 11.8 °C, and for the grab 
stations on the Norwegian coast it was from c a 4 t o l 5  °C 
(Per J. Johannessen pers. commn). H a n s e n  (1916) re
ported N. borealis at the Faroes in 7.8 °C and the 
BIOFAR samples were collected from stations in water 
of 4.9 to 9.1 °C which means water masses dominated 
by Atlantic Water. It was never found at stations within 
water masses dominated by Arctic Intermediate Water 
(1.5-3.5 °C) nor Norwegian Sea Bottom Water (<0 °C). 
In Norwegian waters N. borealis was found in bottom 
water of 5.0 to 13.8 °C. The temperature of the basin 
water at 400-650 m depth in Korsfjorden varied between 
5.3 and 7.4 °C in the period 1968-1977 ( M a t t h e w s  &  
S a n d s  1973; B a k k e &  S a n d s  1977). The minimum tem
perature (March-May) of the basin water of the fjord 
Malangen, northern Norway (3.3-5.4 °C, S æ le n  1950) 
is usually 2-4 °C lower than the more stable basin water 
temperature of deep fjords in western Norway. The low 
temperatures in the spring in Malangen may retard the 
reproduction of N. borealis (see below).

It is interesting that on the west coast of Morocco N. 
borealis is present in the area of relatively cool upwelling 
water ( G r u n e r  1966) with temperature less than 15 °C. 
In the western Mediterranean the temperature is between
12.8 and 13.0 °C below 200 m ( F r e d j  &  L a u b ie r  1985)

where it seems to be common ( C a r t e s  &  A b e l l ó  1992; 
C a r t e s  1993, 1994).

Laboratory experiments ( J o h a n s e n  1996) showed that 
the development of embryos and larvae were arrested or 
slow at temperatures from 3.7 to 6.5 °C. This, and that 
the usual temperature range of this species in the field 
seems to be between 5 and 14 °C, indicate that tempera
ture might be an important factor limiting its ability to 
live in deep, cold water masses and its distribution to
wards north.

Northern distribution -  abundance
Patchiness in the distribution of scavengers might be 
expected since a foodfall will aggregate the scavengers 
(R ic e  &  L a m b s h e a d  1994). However, endogenous night 
activity ( M a c q u a r t - M o u l i n  &  K a ïm - M a l k a  1994) and 
postprandial activity (W o n g  &  M o o r e  1995) will dis
perse aggregations of N. borealis.

The catches of N. borealis with van Veen grab in Nor
wegian coastal waters were low except for one single 
instance when the grab contained 10 specimens (0.2 m2). 
The grab is not suitable to catch actively swimming ani
mals just off the bottom. The specimens caught in the 
grab were presumably lodged in their burrows within 
the sediment. Grab catches probably underestimate the 
abundance of N. borealis.

The RP-sledge is theoretically able to sample N. 
borealis swimming above the sediment in a stratum 26- 
59 cm above the bottom provided the sledge does not 
sink into the sediment ( B r a t t e g a r d  & FossA 1991). In 
reality the sledge is not a quantitative sampling gear. It 
will catch less than 30 % of the hyperbenthic animals, 
and even fewer of the fastest swimmers, and it usually 
also catches some of the fauna in the uppermost part of 
the sediment. Animals living in burrows are only occa
sionally caught. To estimate abundance from catch fig
ures obtained by the RP-sledge the numbers should prob
ably be multiplied with a correction factor higher than 3. 
A corrected estimate, but still an underestimate, points 
to an abundance in places of up to 0.4 specimen of N. 
borealis per m2.

The catch of N. borealis by an epibenthic sledge (dif
ferent from the RP-sledge) in the Bay of Biscay was 0.258 
specimen per m2 10-40 cm above the bottom and 0.313 
specimen per m210-145 cm above the bottom ( E l i z a l d e  
& al. 1993). These values may also be underestimated.

The catches of N. borealis from Sgat Mohr were oc
casional in an epibenthic sledge, but abundant in baited 
traps at 190 m (W o n g  &  M o o r e  1996, table 1). Baited 
trap catches of N. borealis from Raknesvâgen at 80-90 
m were from 45 to > 200 specimens after 24 h. Increas
ing amounts of bait seemed to increase the catch of N. 
borealis ( J o h a n s e n  &  B r a t t e g a r d  1996)andupto 1230 
specimens were caught in Skogsvâgen ( J o h a n s e n  1980).
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If the initial density was 0.4 specimens per m2 the bait 
attracted the whole population from an area of over 3000 
m2. Use of baited traps seems to result in higher total 
catches of scavengers than it is possible to obtain with 
grabs and sledges.

A. borealis has been recorded from the western At
lantic from off South Carolina and Florida, and ( K e a b le  
&  B r u c e  1997) reported only slight morphological dif
ferences between populations of A. borealis in the east
ern and the western Atlantic. It has not been found be
tween the Faroe Islands and northeastern America and 
seems, therefore, to have a discontinuous geographical 
distribution. A. borealis avoids shallow water but can 
live down to 1500 m depth. It seems to avoid water with 
temperature below 4-5 °C and to require silty sediments 
in which it can make burrows to hide in while digesting 
the usually large meal.

The depth of the Faroe-Iceland Ridge is mainly less 
then 450 m. Sill depths of ca 450 m are found near the 
Faroe shelf and the Iceland shelf ( A k e n  &  E ism a  1987). 
The depth, as such, is probably not a hindrance for A. 
borealis to reach from the Faroe area to Icelandic wa
ters. Sediments of the right kind are probably present. 
Water with temperatures near zero overflows the ridge 
(L e e  1963). The temperature below 500 m is higher 
(2-7 °C) on the southern slope of the ridge than on the 
northern slope (< 0 °C) (A k e n  &  E ism a  1987, fig. 5). 
The cool overflowing bottom water along the Faroe-Ice- 
land Ridge may, thus, prevent the distribution of A. 
borealis to Iceland. At times when bottom water with 
temperature above 4-5 °C was present at suitable depths 
(less than 1500 m) the southern slope of the Faroe-Ice- 
land Ridge might have acted as an east-west corridor for 
dispersal of A. borealis. Later cooling of the North At
lantic may have separated East and West Atlantic 
populations of A. borealis and eliminated populations 
in Icelandic waters.

SUMMARY

Trap catches of Natatolana borealis were usually larger 
at night than during daytime. Trap catches in daylight at 
80-90 m depth seemed to depend on the in situ illumina-
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tion. Catches by epibenthic sledge were larger at night 
than during daytime in the Norwegian Trough.

Laboratory observations and trap experiments indicate 
a combined ‘sit and wait’ and ‘swim across the current’ 
feeding strategy. Feeding activity of non-breeding N. 
borealis may be regulated by hunger and illumination. 
The presence of odour gradients was necessary to main
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The assimilation efficiency of A. borealis was estimated 
to be higher than 90 %.
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Islands, along the continental edge north and east of 
Shetland to 70°N on the coast of northern Norway. It 
was not caught deeper than 350 m at the Faroes and 450 
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temperature where A. borealis has been caught in the 
northeastern Atlantic was about 5-14 °C.

A. borealis has been collected from bottom types rang
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pleopods and the pereopods were involved in digging in 
sediments suitable for making burrows.
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Appendix 1. Records of Natatolana borealis from north of latitude 61°N, from the Faroe Islands to northern Norway, listed
according to longitude from west to east, see also Fig. 3.

Near Faroe Islands:
61°06'N, 09°21'W, SW of the Faroe Islands, 395 m (= 210 Danish fms), 7.8 °C. Nine specimens, on bait on long-lines, 14 August 

1902, ‘Michael Sars’. Coli. A. Jensen ( H a n s e n  1916; K e a b l e  &  B r u c e  1997).
61°35.0'N, 08°05.4'W, SW of the Faroe Islands, 322 m, soft bottom, 7.9 ± 0.8 °C. 10 specimens, Sneli detritus sledge, daylight 

sample, 20 July 1987, BIOFAR Stn 65.
61°39.3'N, 07°48.9'W, SW of the Faroe Islands, 350 m, fine sand, silt, clay, 7.9 ± 0.8 °C. Seven specimens, epibenthic sampler (= 

RP-sledge), daylight sample, 20 July 1987, BIOFAR Stn 62.
61°25.6N, 06°17.3'W, SE of the Faroe Islands, 235 m, soft bottom, 7.1 ± 2.0 °C. One specimen, Sneli detritus sledge, daylight 

sample, 19 July 1987, BIOFAR Stn 52.
61°24.3'N, 06°10.9'W, SE ofthe Faroe Islands, 235 m, soft bottom, 7.1 ± 2.0 °C. One specimen, RP-sledge, daylight sample, 19 July 

1987, BIOFAR Stn 51.
61°17'N, 05°24.9'W, SE of the Faroe Islands, 201 m, hard bottom with sand and cobbles, 7.5 ± 1.4 °C. Seven specimens, Sneli 

detritus sledge, night sample, 13 May 1988, BIOFAR Stn 235.
62°10'N, 04°41.6'W, E ofthe Faroe Islands, 251 m, fine sand, coarse cobbles and stones, 6.5 ± 1.6 °C. Two specimens, Sneli detritus 

sledge, 5 October 1990, BIOFAR Stn 764.
62°16.1'N, 04°09.9'W, E of the Faroe Islands, 300 m, gravel, 6.1 ± 6.5 °C. One specimen, RP- sledge, night sample, 9 May 1988, 

BIOFAR Stn 174.

Near Shetland, north of 61°N:
61°18'N, 01°22'W, N of Shetland, 210 m (Nielsen 1967).
61°18'N, 01°12'W, N of Shetland, 197 m, sand with shell fragments (Z ir w a s  1910).
61°31'N, 00°39'W, N of Shetland, 196 m. Seven specimens, 21 July 1905, ‘Thor’ Stn 121 ( H a n s e n  1916; K e a b l e  & B r u c e  1997).
61°49'N, 00°09'W, NE of Shetland, 224 m. ‘M. Sars’ 1906 (N ielsen 1967).
61°31'N, 00°34'E, NE of Shetland, depth not noted. Two specimens ( K e a b le  &  B r u c e  1997).
61°43'N, 01°16'E, NE o f Shetland, 190 m. «M. Sars» 1906 (Nielsen 1967).
61°16'N, 01°18'E, NE of Shetland, 150 m, sand, some stones and shells. 31 May 1899 ( O h l i n  1901; K e a b l e  & B r u c e  1997).

Norwegian Trough north of 61°N:
61°52.5'N, 01°42. l'E, SE of Stadt, 130 fathoms = 238 m, mud (feiner Schlick) ( H o e k  1882).
61°30.0'N, 02°00.1'E, 311 m, soft bottom, 8.2 °C. 23 specimens, RP-sledge, night sample, 17November 1983. Coll. T. Brattegard.
Each of the following six localities were sampled with RP-sledge twice at night (n) and twice in daylight (d) during 20-23 March 

1985 by T. Brattegard:
61°00'N, 02°19'E, 136-137 m, soft bottom, 7.7 °C. Specimens: 0 (d), 2 (d), 0 (n), 9 (n).
61°04'N, 02°27'E, 174-176 m, soft bottom, 7.8 °C. Specimens: 0 (d), 0 (d), 5 (n), 8 (n).
61°06'N, 02°31'E, 209-213 m, soft bottom, 7.8-8.0 °C. Specimens: 1 (d), 3 (d), 11 (n), 15 (n).
61°08'N, 02°35'E, 255-260 m, soft bottom, 7.7-8.0 °C. Specimens: 0 (d), 2 (d), 19 (n), 22 (n).
61°12'N, 02°43'E, 314-317 m, soft bottom, 7.7 °C. Specimens: 3 (d), 4 (d), 5 (n), 44 (n).
61°14.6'N, 02°50.2'E, 382 m, soft bottom, 7.3 °C. Specimens: 0 (d), 0 (d), 0 (n), 1 (n).

Norwegian shelf, coast and fjords north of 61°N:
Somewhere between 62° 26' - 62°56'N, 02°48' - 03°42'E, NW  of Stad (= Stadt, Statt), 150 m (N ielsen 1967).
61°35.7'N, 05°05.8'E, Solheimsfjorden near Floro, 54 m, shell sand and stones. One specimen, 0.2 m2, 0.2 m2 van Veen grab, 6 

August 1986 ( J o h a n n e s s e n  &  S t e n s v o l d  1987; K e a b l e  &  B r u c e  1997).
61°06.7'N, 05°16.7'E, outer Sognefjorden, 151 m, sandy silt, ca7.7 °C. One specimen in 0.4 m2, 0.2 m2 van Veen grab, 5 May 1993 

( B o t n e n  & al. 1993).
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Appendix 1. continued

Ca 63°05'N, 05°20'E, Storegga, two localities at 38 n.m. and 39 n.m. WNW of Ona, 200 m and 220 m. Year 1931 ( D o n s  1935). 
61°01.3'N, 05°28.6'E, Risnefjorden, side-armto Sognefjorden, 110 m, soft bottom, 8.0 °C. One specimen, RP-sledge, day-sample, 

23 November 1984. Coll. T. Brattegard.
62°03.2'N, 05°28.8'E, Vanylvsfj orden, 46 m, silt and sand, between 6.1 and 6.8 °C. One specimen in 0.6 m2, 0.2 m2 van Veen grab, 

30 April 1993 ( B o t n e n  & al. 1994).
63°04'N, 05°47'E, Kalvhola W of Buagrunnen, 217 m, soft bottom, 7-8 °C. 83 spec., RP- sledge, night sample, 15 March 1981. Coll. 

T. Brattegard.
63°05.7'N, 05°46.8'E, Kalvhola W of Buagrunnen, 210 m, soft bottom, 7-8 °C. 51 spec., RP-sledge, day sample, 18 March 1981. 

Coll. T. Brattegard.
62°25'N, 06°02.3'E, Sulafjorden, 450 m, soft bottom, 7.2 °C. One specimen, RP-sledge, night sample, 19 March 1981. Coll. T. 

Brattegard.
63°00.3'N, 06°20.3'E, Buagrunnen, 160 m, sand, gravel and stones, 7-8 °C. Seven specimens, RP-sledge, day sample, 16 March 

1981. Coll. T. Brattegard.
63°24.9'N, 06°04.9'E, NW of Buagrunnen, 272 m, sandy silt, 7-8 °C. 15 specimens, RP- sledge, night sample, 17 March 1981. Coli. 

T. Brattegard.
62°58.7'N, 06°28.0'E, Buagrunnen, 147 m, sand, gravel and stones, 7-8 °C. 49 specimens, RP-sledge, night sample, 18 March 1981. 

Coll. T. Brattegard.
62°36.2'N, 06°16.4'E, Vigrafjorden, E of Lepsoy, 25 m, soft bottom, some stones and shells, 8.5 °C. Two specimens in 1.0 m2, 0.2 m2 

van Veen grab, 10 November 1986, Stn LR1 ( S t e n s v o l d ,  S j c t u n  &  J o h a n n e s s e n  1987).
62°55.1'N, 06°27.8'E, NW of Ona, 201 m, soft bottom, 6.8 °C. 23 specimens, RP-sledge, night sample, 10 June 1981. Coll. T. 

Brattegard.
Ca 62°55'N, 06°28'E, NW of Ona, 215 m, soft bottom, 7-8 °C. One specimen, RP-sledge, day sample, 15 March 1981. Coll. T. 

Brattegard.
Ca 62°40'N, 06°30'E, Haroyfjorden, two localities, 30-40 m  and 50-100 m  ( D o n s  1935).
64°48'N, 06°32'E, W of Haltenbanken, 283 m, sand-clay, 6.9 °C. Number of specimens not noted, 21 August 1876, The Norwegian 

North-Atlantic Expedition 1876-1878, Stn 79 ( S a r s  1886).
Ca 62°50'N, 06°50'E, near Aukra, two localities, 60-70 m  and 70-80 m . Year 1931 ( D o n s  1935).
65°19.44'N, 07°15.16'E, NW of Haltenbanken, 339 m, clay/silt, sandy (f), some gravel and small stones, 7.0 °C. One specimen in 0.5 

m2, 0.1 m2 van Veen grab, 24 June 1988, Stn 6 ( B a k k e  & al. 1989).
65°19.93'N, 07°18.17'E, NW of Haltenbanken, 338 m, silt/clay some sand, 6.9 °C. One specimen in 0.5 m2, 0.1 m2 van Veen grab, 

25 June 1988, Stn 15 ( B a k k e  & al. 1989).
65°18.60'N, 07°21.36'E, NW of Haltenbanken, 335 m, clay/silt, 6.9 °C. One specimen in 0.5 m2, 0.1 m2 van Veen grab, 25 June 

1988, Stn 17 ( B a k k e  & al. 1989).
63°07'N, 07°41'E, Bremnesfj orden, between Klubbneset and Staveneset, 200-180 m, stones, gravel and sand. One specimen, rectan

gular dredge, 9 July 1970 ( B r a t t e g a r d  &  V a d e r  1972).
63°07.8'N, 07°43.8'E, near Kristiansund, 70 m, silty sand, 5.0 °C. One specimen in 1.0 m2, 0.2 m2 van Veen grab, 27 March 1996 

( B o t n e n  & al. 1996).
63°09.8'N, 07°51'E, Hammersund, Talgsjoen near Kristiansund, 120-80 m, stones and sand. One specimen, triangular dredge, 9 July 

1970 ( B r a t t e g a r d  &  V a d e r  1972).
63°41'N, 09°23'E, N of Storfosna outside Trondheimsfjorden, 50 m. One specimen, dredge, 23 August 1961, Leiden Biol. Exped.

Stn 16, ( L a n d  1966; K e a b l e  &  B r u c e  1997).
63°42'N, 09°27'E, Grandeviken outside Trondheimsfjorden, 70-20 m, sand with shell fragments and stones. Dredge, 26 August 

1965, Leiden Biol. Exped. Stn 114 ( L a n d  1966).
6 7 ° 2 1 .1 'N ,  1 2 ° 0 2 .1 'E ,  S of Rost, outer Lofoten islands, 1 8 5 - 1 9 0  m  ( N i e l s e n  1 9 6 7 ) .

Ca 67° 05'N, 13°40'E, Sorfugloy, from cod roe ( B e r l a n d  1983).
67°17.1'N, 14°00.9'E, near Bliksvær W of Bodo, 190 m, fine sand, 6.3 °C. Two specimens in 0.6 m2, 0.2 m2 van Veen grab, 31 

August 1994 ( T v e d te n  & al. 1995).
Ca 67°17'N, 14°20'E), Bodo, from cod roe. Coll. K . Andersen ( K e a b le  &  B r u c e  1997).
Ca 67°03'N, 14°35'E, Beiam, two old samples, identified by G.O. Sars ( K e a b le  &  B r u c e  1997).
Ca 68°10'N, 15°30'E), Hamaroy, the newspaper ‘VG, Oslo 7 April 1990, probably N. borealis.
69°11.38'N, 16°11.94'E, Andfjorden, E of Andoya, 250 m. Ca 100 specimens, R/V Johan Ruud Stn 468-97 (Wim Vader pers. 

commn).
Ca 68°50'N, 16°40'E, Harstad, from cod roe. Ident. P.-O. Johansen.
Ca 69°40'N, 17°40'E, Husoy, in cod roe (Wim Vader & Robert Barrett pers. commn).
70°09.6'N, 17°53.0'E, WNW of Rebbenesoy, 324-333 m. Three specimens, Sneli detritus sledge, sampled at 0200 hr on 9 June 

1993, R/V Hàkon Mos by. Ident. T. Brattegard.
Ca 69°30'N, 18°E, Malangen, 300-400 m ?, dredge ? (Wim Vader pers. commn).
Ca 69°50'N, 21°E, Storslett, Nordreisa, from cod roe. Ident. Ola Vahl (the newspaper ‘Nordlys’ 12 & 13 December 1978).


