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Abstract

During a plankton survey along the edge of the continental shelf south of New Jersey in February 1969, II/ex sp. larvae were caught
in the vicinity of the Florida Current between Cape Hatteras and central Florida (28°3Q'N, 8QoQQ'W). The larva from the latter area
represents the most southwesterly capture that has been reported to date. IIlex sp. larvae were also caught during surveys in
February-March of 1981 and 1982 south of Newfoundland in the northern part of the Gulf Stream, the most easterly capture being at
4QoQ9'N 53°QQ'W and northerly capture at 41°QQ'N 56°QQ'W. The larvae taken off Florida were 1.1-6.2 mm mantle length (ML) and
those from the region south of Newfoundland were 2.4-6.6 mm. From the observed distribution and sizes of larvae in relation to water
masses associated with the Gulf Stream System and in the light of recent observations on II/ex illecebrosus spawning in captivity and
temperatures required for embryonic development, it is considered that spawning probably occurs pelagically and mainly in the winter
months within the Gulf Stream or in the Gulf Stream-Slope Water frontal zone south of Cape Hatteras.

Introductlon

The short-finned squid (lIIex illecebrosus) is a
highly migratory cephalopod with a known distribu­
tional range that extends from Florida in the south to
Labrador and Newfoundland waters in the north
(Roper et al., 1969; Lu, MS 1973). Aspects of the life
history of this species are poorly understood, particu­
larly its reproductive biology and longevity, in part
because the time and location of spawning are
unknown. Short-finned squid are believed to live for
approximately 1 year (Squires, 1967) or 18 months
(Mesnil, 1977) and to die after spawning. Spawning
adults and egg masses have yet to be encountered in
nature, but laboratory experiments have provided
some insight into the processes of maturation and
spawning, as well as embryonic and early larval devel­
opment (O'Dor et al., 1977,1982; O'Dor and Durward,
1978; Durward et al., 1980).

Ommastrephid larvae, termed "rhynchoteuthion",
are characterized by the absence of the fou rth (ventral)
pair of arms and the fusion of the tentacles into a single
appendage (Chun, 1903, 1910; cited by Vecchione,
1978). Three types of rhynchoteuthion larvae have
been described in the western North Atlantic (Roper
and Lu, 1978). Rhynchoteuthion Type A is believed to
be the larval form of Ommastrephes sp., Type B may be
the larval form of Ornithoteuthis sp., and Type C is the
larval form of IIlex sp. (Vecchione, 1978). Type C larvae
from the region south of New Jersey cannot be posi­
tively identified to the species level because IIlex oxy­
gonius is sympatric with I. illecebrosus in that area

(Roperand Lu, 1978). However, TypeClarvaefromthe
region north of New Jersey are assumed to be I. illece­
brosus because no other species of the genus are
known to occu r in northern waters.

A major oceanographic feature of the Northwest
Atlantic is the Gulf Stream System, which extends
throughout much of the known distributional range of
I. illecebrosus and thus is a possible mechanism for
transport and dispersion of the young of that species
(Trites, 1983). This paper presents a brief review of the
physical oceanography of the Gulf Stream System and
describes the distribution and sizes of IIlex sp. larvae
which were captured in the western North Atlantic
during plankton surveys in 1969 and 1981-82. The data
are considered in relation to other studies of I. illece­
brousus, with a view toward providing further insight
into possible spawning areas and the mechanisms of
larval dispersal.

Materials and Methods

Information on distribution and size of IIlex sp.
larvae was obtained from surveys by the Canadian
research vessels A. T. Cameron in 1969 and Gadus
Atlantica in 1981 and 1982 (Table 1). The 1969 survey
was conducted along the edge of the continental shelf
in the southern part of the range of I. illecebrosus. The
surveys in 1981 and 1982 were conducted seaward of
the continental shelf south of Newfoundland in the
northern part of the distributional range of the species.
Plankton tows during the 1969 survey were made with
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TABLE 1. Plankton surveys in 1969 and 1981-82 to study the distribution of tliex sp. larvae in the Northwest
Atlantic.

Maximum No. of
Year Dates Area Sampling gear depth of tow tow

1969 12-22 Feb New Jersey to 3-m \-K midwater trawl" Variable 2
Florida 1-m plankton net" Surface 52

Near-bottom 51

1981 22 Feb-Q7 Mar South of New- 61-cm bongo sampler" 50 m 6
found land 200 m 22

1982 21 Feb-Q8 Mar South of New- 61-cm bongo sampler" 50 m 46
foundland 200 m 46

a lsaacs-Kidd trawl with codend mesh size of 0.471 mm.
b Mesh size of 0.471 mm.
C Paired nets with mesh sizes of 0.333 and 0.505 mm.

an Isaacs-Kidd midwater trawl and 1-m plankton nets
at variable depths. Sampling methodology during that
survey was described by Mercer (MS 1970). During the
1981-82 surveys, oblique tows were made with paired­
net bongo samplers which were used according to the
procedures outlined by Smith and Richardson (1977).

All plankton samples were initially preserved in 5°1o
buffered formalin and later examined for cephalopods
and rhynchoteuthion larvae. Specimens from the
1981-82 surveys were measured as dorsal mantle
length (ML) to the nearest 0.1 mm. Similar measure­
ments were made on the 1969 larvae which had been
preserved for nearly 15 years in 70°/0 ethanol. Four
juvenile IIlex sp. (>8 mm ML),were also taken during
the 1969 survey, but these are not considered here.

It was not possible to examine larval squid catches
in relation to water masses for the 1969 survey,
because no temperature or salinity data were recorded
for the Isaacs-Kidd midwater trawl tows and only sur­
face and bottom temperatures (and sometimes salin­
ity) were taken at the sites of the 1-m plankton net tows.
The 1981 and 1982 surveys were conducted along
parallel transects which were approximately perpen­
dicular to the flow of the Gulf Stream. Sectional plots of
temperature, salinity and density, as well as
temperature-salinity (T-S) diagrams, made it possible
to identify the water masses in which the larval IIlex sp.
were caught. Temperature and salinity data were
obtained with Kindsen bottles at several "depths to
500 m in 1981 and at standard depths to 200 m in 1982,
but density sections and T-S diagrams could not be
prepared for the 1981 survey because of problems with
the temeprature data from the reversing thermometers.
The sectional plots of temperatu re for both surveys
were based on frequent casts of expendable bathyther­
mographs (XBT) to 500 m. When fine resolution was
required to elaborate detailed features of the sectional
plots, XBT casts were made at intervals of 5 km or less.
Satellite-derived oceanographic analysis maps, which
are produced twice-weekly by the U.S. National Earth
Satellite Service (NESS), and sea-surface temperature

charts, which are produced by the Canadian Meteoro­
logical and Oceanographic Centre (METOC), were
used to identify the position of the Gulf Stream and
other circulation features.

To facilitate discussion of the transport and dis­
persion of larval squid from the potential spawning
areas, the general oceanographic features of the
region, which includes most of the distributional range
of I. illecebrosus, are briefly reviewed. The physical
oceanography of the Gulf Stream and associated
waters, collectively termed the "Gulf Stream System",
has been described in detail by various researchers
(Iselin, 1936; McLellan, 1957; Stommel, 1958; Gatien,
1976; Worth ingto n, 1976; Fofonoff, 1981 ) , an d on Iy the
general features of circulation are outlined here.

General Oceanographic Features

The Gulf Stream, which bounds the northern and
western margins of the Sargasso Sea, exists as a single
current between Florida and the Newfoundland Ridge.
Characteristics and sources of water masses of the
Gulf Stream and Sargasso Sea have been described by
Iselin (1936), Worthington (1959), Wennekens (1959)
and McCartney et al. (1980). The southern part of the
Gulf Stream from Florida Straits to Cape Hatteras
(termed the Florida Current by Iselin, 1936) generally
flows northward along the slope of the continental
shelf and is relatively stable in position.

The Gulf Stream leaves the continental shelf off
Cape Hatteras and, in the absence of topographic res­
trictions, meanders extensively as it flows to the north­
east. Stream velocity, which is greatest at the surface,
decreases in the downstream direction. Surface veloc­
ity is generally 140-180 cmlsec between Florida Straits
and Cape Fear (Richardson et al., 1969), 120-150
emlsec from Cape Hatteras to approximately 60oW,

and apparently much less to the east of 600W (Trites,
1983). Southeast of the Grand Bank, the Gulf Stream
divides into two branches, one flowing southeastward
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On transect I (56°W) in 1981 (Fig. 3), sharp
temperature and salinity gradients indicated that the
Coastal Water-Slope Water boundary was located very
close to station 1 (about 43° 23'N). Slope Water
extended south to station 6 (about 41°QO'N) and Gulf
Stream water was present at all other stations, as is
evident from salinities exceeding 36.00 in the upper
100-200 m. It appears that transect I intersected a
northward meander of the Gulf Stream, with stations
8-10 inside the peiphery of the meander, as indicated
by a near-surface core of maximum temperature

Larval distribution and water masses, 1981

For the 1981 survey, maximum depths of the
oblique bongo tows and the catches of II/ex sp. larvae
are shown on sectional plots of temperature and salin­
ity by depth for stations on three north-to-south tran­
sects (Fig. 3-5).

one on the 53° W transect. In the following analyses of
larval catches in relation to water masses, it must be
recognized that larvae may have been caught any­
where in the water column from maximum depth of tow
to the surface.
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83°

Fig.1.

Catches of II/ex sp. larvae

In February 1969, the su rvey extended along the
edge of the continental shelf from New Jersey south­
ward to Florida (Fig. 1). Twenty-nine II/ex sp. larvae
were caught between Charleston, South Carolina, and
Cape Canaveral, Florida.

During February-March of 1981 and 1982, surveys
were conducted along transects over the deep ocean
south of Newfoundland (Fig. 2). In 1981, 38 II/ex sp.
larvae were caught at stations along the 56° W transect,
but none were found at stations to the east. In 1982, 17
II/ex sp. larvae were taken along the 56°W transect and

Although multiple currents exist in the Slope
Water (Fuglister, 1951), flow is predominantly east­
ward within the Slope Water Current (McLellan, 1957).
The westward-flowing Slope Water Countercurrent
lies between the Slope Water Current and the Gulf
Stream. Also found within the Slope Water are clock­
wise-rotating eddies with a warm core of Sargasso Sea
Water. These eddies, which develop from northward
meanders of the Gulf Stream (Wiebe, 1982; Trites,
1983), may exist for several months before being I

absorbed into the Gulf Stream. They entrain large
quantities of Gulf Stream water and represent an
important mechanism for mixing of Coastal, Slope,
Gulf Stream and Sargasso Sea Waters (Halliwell and
Mooers, 1979).

Survey Results

The relationship between the Gulf Stream and
associated water masses northeast of Cape Hatteras
has been described by McLellan et a/. (1953), McLellan
(1957) and Gatien (1976). Coastal Water overlies the
continental shelf and Labrador Slope Water, with
temperatures less than 10° C and salinities less than 35.
Between the Coastal Water and the Gulf Stream, warm
Slope Water occupies the upper layer with salinity
values between 35 and 36. North Atlantic Central Water
of Sargasso Sea origin lies beneath the warm Slope
Water between the Gulf Stream and Labrador Slope
Water. Closely-spaced near-vertical isotherms repres­
ent frontal zones between the warm Slope Water and
its adjacent water masses (Coastal Water and Gulf
Stream). The northern boundary of the Gulf Stream at
a depth of 200 m is delineated approximately by the
15°C isotherm. That criterion also indicates the
approximate location of the maximum surface velocity
core of the Gulf Stream, which is located generally
about 15 km seaward of its northern edge (Fuglister
and Voorhis, 1965).

and the other continuing northeastward as part of the
North Atlantic Current (Mann, 1967; Clarke et al., 1980;
Mountain and Shuhy, 1980).
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Fig. 2. Locations of plankton stations and catches of lttex sp. larvae in surveys south of Newfoundland during (A) 22 February-7 March 1981 and (B)
21 February-8 March 1982. (Transects are numbered I, II, III and IV for convenience in describing subsequent illustrations)

(19° C) and salinity (36.50). NESS sateJlite-derived
oceanographic analysis maps of the region just prior to
the survey showed a northward meander of the Gulf
Stream along the 56° N transect, but cloud cover at the
time of the survey prevented clear delineation of the
northern edge of the Gulf Stream. However, the survey
data indicate that the Gulf Stream core of maximum
surface velocity, labelled GSC in Fig. 3, was probably
located north of station 14 at about 38°37'N. This was
consistent with its approximate location on the rele­
vant NESS oceanographic analysis maps and METOC
charts.

(Fig. 4). The temperature and salinity features in the
vicinity of stations 17 and 18 indicate that the transect
may have intersected the periphery of a northward
meander of the Gulf Stream. Surface temperature as
high as 18° C was evident only at station 19, south of
the core of maximum surface velocity. Transect III
(500W) extended southward from station 20 which was
located within the core of the Gulf Stream (Fig. 5). The
18°C isotherm surfaced well south of the Gulf Stream
core, in contrast to the more westerly transects. Only
station 22 was associated with 19° C temperature and
36.50 salinity values.

On transect I, II/ex sp. larvae were caught only at
stations where Gulf Stream Water was dominant in the
upper 200 m (Fig. 3). Apart from three larvae at stations
14 and 15 south of the Gulf Stream core, the remainder
were taken in Gulf Stream water north of the core. Ten
larvae were collected in a single tow at station 12 where
18° C water was present at the surface, and 24 speci­
mens were caught in five tows at stations 8-10 within
the maximum temperature and salinity zone of what
probably was a northward meander of the Gulf Stream.

Larval distribution and water masses, 1982

For the 1982 survey, maximum depths of the
oblique bongo tows and the catches of II/ex sp. larvae
are shown on sectional plots of temperature, salinity
and density by depth for stations on four north-to­
south transects (Fig. 6-9). The main feature of the
distribution of II/ex sp. larvae in 1982 was quite similar
to that of the previous year, in that most of the larvae
were taken in Gulf Stream water along the western­
most transect I.

No II/ex sp. larvae were caught at stations along
two other transects to the east in 1981 (Fig.4 and 5). On
transect II (53°W), station 16 was located within Slope
Water, whereas Gulf Stream water was present at sta­
tions 17-19 as indicated by salinities exceeding 36.00

On transect I (56°W) in 1982 (Fig. 6), the Coastal
Water-Slope Water boundary was located in the vicin­
ity of station 5 (41°45'N), as indicated by surfacing of
the 10°C isotherm and 35.00 isohaline at that location.
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Fig. 3. Locations of plankton tows and catches of II/ex sp.larvae at maximum depth of tow on transect I (56QW) during 22-28 February
1981, in relation to (A) temperature and (B) salinity. (Gulf Stream core is labelled GSC.)

Slope Water persisted southward to station 9, and Gulf
Stream water, with salinity exceeding 36.00, was pres­
ent to varying depths at all other stations to the south.
The Gulf Stream core, as indicated by the 15° C iso­
therm at 200 m (Fig. 6), was probably located just north
of station 15 (39° 00' N), but the closely-spaced isopyc­
nals indicate that the area of maximum velocity was
apparently located between stations 15 and 16 (about
38° 50'N). The narrow deep band of Slope Water
«36.00 salinity) just north of station 15 and the pre­
sence of Gulf Stream water (>36.00 salinity) northward
to station 10 indicate the presence of Gulf Stream

meanders or a warm-core eddy. Both the NESS ocea­
nographic analysis maps and the METOC charts indi­
cated that warm-core eddies were present in Slope
Water north of 40° N at the time when transect I was
surveyed. Thus, the presence of Gulf Stream water
north of the core at stations 12-14 (temperature higher
than 17° C and salinity higher than 36.00) may have
been related to a warm-core eddy or a northward
meander of the Gulf Stream.

No larvae were caught in the 50-m and 200-m
oblique tows at stations 1-9, which were located in




