
J. Northw. Atl. Fish. Sci., Vol. 7: 15-24

Diel Movements of Juvenile Illex illecebrosus and
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Abstract

Vertical water structure at two diel stations in the Shelf Water-Slope Water frontal zone seaward of the Scotian Shelf could be
classified into five layers on the basis of some rather specific hydrographic characteristics. The near-surface layer (0-30 m) consisted
of Shelf Water of low temperature and salinity, the second layer (30-100 m) represented the transition from Shelf Waterto Slope Water,
the third layer (100-200 m) consisted of Slope Water with maximum temperature and salinity, the fourth layer (200-300 m) extended
from the lower boundary of Slope Water to the depth of minimum oxygen content, and the fifth layer (300-500 m) extended downward
to the upper boundary of North Atlantic Central Water. Vertical distribution and diel migrations of juvenile II/ex illecebrosus were
closely associated with these layers and differed for the three modal size-groups (3, 5 and 8 ern mantle length) of squid that were
caught in a small-meshed midwater trawl. They preferred the second and fourth layers of increasing and decreasing temperatures
respectively and tended to avoid the maximum temperatures of the third layer. The vertical distribution of other squid species,
euphausiids and planktonic fishes seemed to be closely related to the hydrography of the defined layers.

Introduction

In recent years, there has been much interest in
studying the biology of short-finned squid (II/ex il/ece­
brosus) but little is known about the diel vertical move­
ments of this cephalopod. Studies of this type of
migration are important for obtaining reliable esti­
mates of the abundance of larvae and juveniles in the
Gulf Stream and Slope Water from winter-spring sur­
veys prior to their immigration to the coastal shelves off
the northeastern United States and eastern Canada
where the fishery for them takes place during summer
and autumn.

Short-finned squid larvae have been found mainly
along the northern edge of the Gulf Stream and in the
Gulf Stream-Slope Water frontal zone (Dawe and
Beck, 1985; Hatanaka et al., 1985; Rowell et al., 1985).
At night, they are dispersed in the 0-100 m water layer
above the thermocline, but they move downward dur­
ing the daytime and concentrate in depths of 50-100 m
(Hatanaka et al., 1985). Juveniles with a size range of
11-29 mm ML (mantle length) were found to be abun­
dant at about 100 m during the night but were caught in
smaller numbers and at greater depths during the day­
time (Fedulov and Froerman, MS 1980; Dawe et al., MS
1981). According to Hatanaka et al. (MS 1982) and
Dawe et al. (MS 1982), larger juveniles (>30 mm ML)
were usually found in Slope Water and were more
abundant above the thermocline at stations where it
was well pronounced. Fedulov and Froerman (MS
1980) supposed that their catches of juvenile I. il/ece­
brosus were made above the layer of minimum oxygen
content in Slope Water as deep as 150-300 m. In areas

where the oxygen minimum was deeper (300-500 m),
juveniles were caught in significant numbers in depths
of 200-300 m.

In an attempt to determine the features of the verti­
cal distribution and diel movements of I. il/ecebrosus in
the region of the Shelf Water-Slope Water frontal zone
seaward of the Scotian Shelf, data were collected on a
round-the-clock basis at two diel stations in the spring
of 1983. Diel variability in vertical distribution of several
size-groups of juvenile short-finned squid is related to
variation in their feeding intensity as well as to diel
movements of euphausiids and fish. The pattern of diel
movements of I. il/ecebrosus is compared to those of
other cepahlopods in the catches.

Materials and Methods

Data were collected at two diel stations during a
survey of the research vessel Gizhiga in March-June
1983. Observations at the fi rst station (42 007' N,
63°36'W) began at 2300 hr on 27 April and ended at
1200 hr on 30 April (Fig. 1A). Observations at the
second station (43°07'N, 57°59'W) were made from
0100 hr to 2200 hr on 24 May (Fig. 1B). The sea-surface
temperature fields in Fig. 1 are from Canadian METOC
(Meteorological and Oceanographic Centre) charts for
the weeks in which the stations were occupied. At the
start and end of each station, temperatures were mea­
sured and water samples for salinity and oxygen deter­
minations were taken with Nansen bottles at standard
depths from the surface to 1,000 m. During the opera­
tions at both stations, temperature and oxygen were
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Fig. 5. Vertical distribution of temperature, salinity, oxygen and density atthe second diel station: A, average
for station period; B, T-S diagram with defined water layers at 0-30 m, 30-75 m, 75-180 m, 180-250 m
and 250-500 m.

was divided into layers, similar to those for the first
station, as follows:

a) Layer I (0-30 m) consisted of Shelf Water of low
salinity (33.25-33.75) and moderately low tempera­
ture (8.0° to 10.5° C).

b) Layer II (30-75 m) was intermediate between Shelf
Water and Slope Water with increasing tempera­
ture (8.0° to 11.0° C) and salinity (33.75 to 34.85).

c) Layer III (75-180 m) consisted of Slope Water with
maximum temperature (10.5° to 12.7°C) and salin­
ity (34.85-35.60).

d) Layer IV (180-250 m), which extended from the
lower boundary of Slope Water to the depth of the
oxygen minimum, was characterized by decreases
in temperature (10.5° to 9.0°C) and salinity
(35.40-35.20). The oxygen content continued to
decline (Fig. 5A) and reached the minimum (3.8
mill) at about 250 m.

e) Layer V (250-500 m) extended from the depth of
minimum oxygen to the upper boundary of North
Atlantic Central Water, with decreasing tempera­
ture (9.0° to 5.0° C) and small variation in salinity
(34.85-35.25).

Distribution of I. illecebrosus

Only the short-finned squid data from the second
diel station were analysed. Squid were taken in 7 of 14
trawl tows (Table 4), but most of the specimens were
taken in three tows at 40 and 60 m in layer II, where day
and night catches yielded 1,382 and 219 squid respec­
tively. Very few specimens were taken at 100 m (layer
III) and none in tows at greater depths.

The overall length range of sampled specimens
was 2.0-6.5 cm ML, and the length distributions of the
day and night catches were unimodal with the mode at
3 cm (Fig. 6). The sex ratio was approximately 1:1, and
all specimens were at maturity stage I. Information on
diel feeding was not possible because all specimens
had empty stomachs.

Discussion

Short-finned squid

The results from the diel stations indicated differ­
ences in the vertical distribution of juveniles of the 3,5
and 8 cm ML modal size-groups in the region of the
Shelf Water-Slope Water frontal zone seaward of the
Scotian Shelf.

Juveniles of 3 em modal group. These squid were
caught only at the second diel station. They were con­
centrated in layer II where the hydrographic conditions
were representative of the Shelf Water-Slope Water
transitional zone. Their capture in both day and night
tows at 40 and 60 m and their scarcity at greater depths
imply that they do not undertake larger vertical move­
ments and are not mobile enough to escape the trawl
during the daytime tows. In this transitional zone (layer
II), there are plenty of planktonic organisms (Voronina,
1984) on which these young squid probably feed dur­
ing both day and night. Since the metabolic rate of
small animals is usually quite high, it is not surprising
that the guts of these small squid were empty. It is
unlikely that small squid are affected greatly by preda­
tory stress in layer II, because only a small proportion
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TABLE 4. Numbers of juvenile I. illecebrosus in catches at the second diel station (24 May
1983) by depth, time interval and modal size group. (Night sets in bold type;
number of trawl tows in parentheses.)

24 May Average number
0501 1201 1901 per set
1200 1900 2400 Day Night

0 0(1)
0 0

250 250 216 (1)
0 0(1)

0

4 1,127 1,131 (2) 1 (1)
0 1 1 2

0 2 2 (2) 7 (1)
0 0 0 4

0 0(1)
0 0

0 0 0(1) 0(2)
0 0 0 0

0 0(1)
0 0

254 1,130 0 1,384 (8) 230(6)

7
4

230

o
o

Modal
Depth group

(m) (cm)

25 3
5

40 3
5

60 3
5

100 3
5

150 3
5

200 3
5

300 3
5

Totals

III

v
IV

Depth 0001
layer 0500

Both euphausiids and small fish were plentiful in
layer IV during the day and night periods (Table 3). The

Juveniles of 8 em modal group. The majority of
squid of this size-group were caught only at the first
diel station in the zone of sharp temperature gradient
below the Slope Water but above the level of minimum
oxygen (layer IV), and none were found at greater
depths. Because the illumination at 200-300 m was
much lower than at shallower depths, these squid did
not escape from the trawl and were caught in larger
numbers during the day relative to the 5 cm juveniles,
which were found mainly in layer II where illumination
is much better than in layer IV.

Data on diel feeding behavior can serve as an indi­
rect indication that these small squid remain mainly in
layer II during both day and night. Guts from squid of
this size-group at night and at dawn contained mainly
the remnants of euphausiids (easily identified by their
red color) which were abundant in layer II at these
times. In the daytime, when euphausiids moved to
greater depths, nearly all of the squid stomachs were
empty. If squid of this size-group had moved to layers
IV and V in greater numbers in the daytime, they would
have been caught in larger numbers there and they
would have been feeding throughout the day, as
observed for the 8 mm modal group. It is supposed,
therefore, that the 5 cm squid stayed mainly in layer II
during the daytime.

cant movement. These squid may easily escape from
the trawl during the day when illumination in layer II is
good, whereas they are caught in larger numbers dur­
ing the night when illumination is poor.

Night
N =217

Day
N = 1371

3

60

20

of potential predators (mesopelagic and bathypelagic
fishes) migrate upward into this layer at night. There­
fore, conditions seem to be favorable for young squid
of this modal group to remain in layer II during both
day and night.

Juveniles of 5 em modal group. These squid,
which were dominant at the first diel station, were
abundant in some catches from layer II at night. During
the daytime, catches were usually not large (3-4 speci­
mens per tow) and were mainly from layer IV. It is
possible that the major portion of these squid remained
in layer II during both day and night and that only small
numbers moved to layer IV. Squid of this size-group
are active nektonic animals and depend mainly on eye­
sight when moving through the water. The stomach
contents of juveniles (Froerman et al., MS 1981) imply
that squid as small as 4 cm ML are capable of signifi-
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Fig.6. Length distributions of juvenile I. illecebrosus in day and
night catches from layer II at the second diel station.



ARKHIPKIN and FEDULOV: Diel Movements of Juvenile Squids 23

proportions of squid with full guts during the second
half of the light period (1201-1900 hr) and during dark­
ness (1901-0500 hr) were approximately equal (about
200/0) , but there was a sharp increase in the proportion
with full guts in the morning (600/0). During this period
(0501-1900 hr), the squid evidently fed intensively on
euphausiids and fish which were moving downward
into the mesopelagic zone (layer V and deeper) as
illumination in the upper layers increased.

Other cephalopods

Almost all of the squid species in the catches
(except I. illecebrosus and G. fabricii) are planktonic
and micronektonic animals (Nesis, 1982), which are
not capable of avoiding or escaping from the trawl.
Since the numbers of day and night tows were approxi­
mately equal (Table 1), it was supposed that a species
was absent or very scarce in a layer if none were caught
there in a particular time period. Most of the bathy­
pelagic and mesopelagic squid species were caught in
layers IV and V at night and were virtually absent in all
layers during the daytime (Table 2). Thus, these spe­
cies were believed to be deeper than 500 m in the
daytime although there were no trawl tows to confirm
this view. Despite the small catches of most of these
cephalopods, it was considered possible to classify
them into three types according to their patterns of
vertical distribution.

The first type (A) includes mainly squids of the
family Enoploteuthidae which inhabit layers II to IV.
Abralia sp., Pterygioteuthis gemmata and Pyroteuthis
margaritifera were located mainly in layer IV during the
day and in layer II at night. However, the diel move­
ments of Abraliopsis hoylei were opposite to those of
the other three species, in that they were found mainly
in layers II and III during the day and in layer IV at night.
Roper and Young (1975) observed the same pattern of
vertical movement for Abraliopsis pfefferi. Although no
species of enoploteuthids were found deeper than
200-300 m (layer IV), they have been reported to range
as deep as 1,000-1,200 m (Roper and Young 1975:
Nesis, 1977). The pattern of vertical movements of I.
illecebrosus (3-10 ern ML) was similar in general to that
of the enoploteuthids and it belongs to type A.

The second type (B) represents the squids which
inhabit zones deeper than 500 m in the daytime and
move up at night to the level of oxygen minimum and
increasing temperature (layer IV). These species
include Chiroteuthis veranyi, Galiteuthis armata,
Histioteuthis bonnellii and Mastigoteuthis sp.

The third type (C) represents a group of squids
which are closely related to the second group. These
are found deeper than 500 m in the daytime and move
up to the level of maximum temperature (layer III) and

even shallower (layer II) at night. These species
include Alloposus mollis, Brachioteuthis rissii, Cten­
opteryx sicula, Onychoteuthis banksi and Teuthowe­
nia mega/ops (to layer II), and Octopoteuthis sp. (to
layer III).

Two deepwater species can be considered separ­
ate from the above groups with regard to their vertical
migration pattern. The first species (Gonatus fabricii)
was abundant in the catches from all layers (II to V) at
night and the majority (but not all) moved down to layer
V and possibly deeper during the daytime. Nesis (1977)
noted the same pattern of vertical migration for this
species, but Lu and Clarke (1975) considered that juve­
niles make reverse migrations. The other species (Lea­
chia sp.) occurred during night and day in relatively
large numbers, but they were concentrated mainly in
layer V during the day and in the zone of maximum
temperature (layer III) during the night. Roper and
Young (1975) observed no pattern of vertical migration
in Leachia sp. off Bermuda and considered that the
juveniles concentrated in 50-100 m during both day
and night.

No patterns of vertical movement could be inferred
for Cranchia sabra, Ancistroteuthis lichtensteini, Heli­
cocranchia pfefferi and Ornithoteuthis antillarum,
because only a few specimens were caught.

The available data on diel distribution of cephalo­
pods indicate that layers II, IV and V are the most"
important ones in terms of abundance and diversity of
the squid species (Table 2). The first two layers are
transitional, ecotonic zones. Layer II represents the
transition from cold Shelf Water to warmer Slope
Water, and layer IV represents the transition from warm
Slope Water to colder North Atlantic Central Water. A
peculiar feature was the much greater abundance and
diversity of cephalopods in layers II and IV than in the
intermediate layer III.

In general, the results of this study indicate that
vertical migrations of various squid species depend
mainly on the vertical structure of the water column,
with depth being of lesser importance. Therefore,
trawling at a standard depth (e.g. 100 m) during the
spring survey for juvenile I. illecebrosus, as described
by Froerman (MS 1980), cannot give a valid estimate of
the abundance of juveniles, because different size­
groups (i.e. 3, 5 and 8 cm ML, in this paper) have
different patterns of vertical distribution. In order to
describe the cephalopod fauna in a certain region and
to estimate their abundance, it is necessary first to
divide the water column into zones which are charac­
terized by some specific hydrographic features and
then to make at least one trawl set in each zone during
daylight and darkness but preferably at night.
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