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I TRODUCTION

Spawning adults and egg masses of Illex 
and so the site of spawning remains unknown.
distribution of larvae and juveniles has thus
the distribution of much younger stages is ne(
of spawning.

llecebrosus have not yet been encountered in nature
Consideration of the spawning site based on the
far been largely speculative. Information concerning
essary to gain more insight into the time and location

Three types of ommastrephid rhynchoteuthion larvae have been described within the Northwest
Atlantic (Roper and Lu MS 1978). Rhynchoteuthion Type A is believed to be the larval form of a
species of Ommastrephes whereas Type B may be,that of Ornithoteuthis antillarum (Roper and Lu MS
1978). Rhynchoteuthion Type C is the larval -form of Illex (Roper and Lu MS 1978, Vecchione MS
1978). Two species of Illex occur in the Northwest Atlantic. Illex illecebrosus ranges from central
Florida to Newfoundland and southern Labrador, whereas the sympatric species, Illex oxygonius,
occurs from Florida to New Jersey and in the Gulf of Mexico (Roper and Lu MS 1978). Rhynchoteuthion
larvae previously collected between Virginia and George's Bank were believed to be Illex illecebrosus 
(Roper and Lu MS 1979, Vecchione MS 1978, Lu and Roper 1979). Some insight as to the distribution
and development of egg masses and larvae of 	 	  illecebrosus has been gained from laboratory
experiments (Durward et al. 1980, O'Dor et al: MS 1980, O'Dor et al. MS 1981).

Based on times of the year when larvae we
of juveniles and adults, it is believed that s
the year (Roper and Lu MS 1978, Lu and Roper 1
Lange MS 1981). Several theories have been pr
sites including spawning on the Continental Sh
MS 1981). It has also been suggested that spa
15°C (Lu and Roper 1979), or in warmer water s

e captured as well as size composition and maturity
awning occurs, at least to some extent, over most of
79, Froerman et al. MS 1981, Dawe and Drew 1981,
posed regarding the possible location of spawning
if and slope (Roper and Lu MS 1978, Froerman et al.
ning may occur in deep offshore water at less than
award of the Gulf Stream (Dawe MS 1981).

This paper presents location of capture a d sizes of rhynchoteuthion larvae collected in the
Northwest Atlantic during surveys conducted between 1967 and 1981. Two relatively large samples of
larval Illex are described from extreme region of the area of distribution of Illex illecebrosus.
Distribution of catches and sizes of larval 11  ex are considered in relation to previous studies
toward providing new insight regarding spawnin g site and mechanisms of transport.
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Details of methodology and results of bottom
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During 1967 plankton sampling during March 21-April 6 extended from La Have Bank to Cape Hatteras.
Eight tows of the 1 m plankton net included 3 tows to near bottom of 4-40 min duration and 5 surface

tows of 5-125 min duration. There were 3 IKMT tows of 40-60 min duration at depths of 99 and 150 m.
Plankton sampling in 1968 was carried out between Atlantis Canyon and Raleigh Bay during August 16-
September 1. Sampling included 28 tows of 3-26 min duration of the 1 m plankton net to near bottom
and 5 IKMT tows of 60-120 min duration at depths of 46-458 m. During February 12-22, 1969 plankton

sampling extended between Raleigh Bay, North Carolina and Fort Pierce, Florida. There were 103 tows
of the 1 m plankton net which included 52 30 min surface tows and 51 tows to near bottom of 2 min
33 sec to 10 min 50 sec duration.

In 1980 plankton sampling employed 333 mm mesh bongo nets along pre-established transects
between the slope of the Grand Bank and 39°59'N. Transects extending true south were located at
55°W, 54°W,w and 53°W. At 15 stations plankton sampling consisted of an oblique tow to 200 m using
standard MARMAP technique. Hydrography included a bathythermograph cast to 265 m, surface temperature
and salinity as well as collection of temperature and salinity data at 200 m and 400 m using reversing
bottles.

In 1981 during a cruise of the GADUS ATLANTICA, plankton was sampled from February 22-March 7
along four equally spaced transects between 56°W and 47°W. At each station a standard oblique tow
to 200 m was executed using 505 pm mesh bongo nets. Occasionally, a tow to 50 m was also conducted.
Thus, for the entire cruise there were 22 tows to 200 m and 6 tows to 50 m. Hydrography included

XBT casts to 750 m, surface temperature, and sampling of temperature and salinity at 50 m, 100 m,

300 m, and 500 m using reversing bottles. At some stations temperature and salinity were sampled at
standard depths to 200 m. Since temperature and salinity data at 200 m were not available for some
sets larval catches from bongo tows to 200 m were plotted in relation to temperature and salinity at
a depth of either 100 m or 200 m. It was felt that although temperature and salinity data were not
always available for maximum depth of tow this comparison would serve to identify water masses in

which larvae were captured. Details of midwater trawling operations have been described elsewhere
(Dawe et al. MS 1981). The location of stations and number of sets at stations for the various
cruises are presented in Figures 1-4.

Cephalopods encountered in plankton collections for all cruises were identified at Huntsman
Marine Laboratory. For rhynchoteuthion larvae and juvenile Illex, the dorsal mantle length was
measured to the nearest 0.1 mm. Measurements were performed on preserved specimens.

RESULTS

During February 1969, 30 Illex larvae and four juveniles were captured on the Continental Shelf
between Cape Kennedy, Florida and Charleston (Fig. 1). Two Rhynchoteuthion Type A larvae with
mantle lengths of 1.8 mm and 2.4 mm were also collected. Most Illex larvae were captured in two
sets of the IKMT and none were collected at stations along the continental slope from Long Bay north
to Delaware Bay. Table 1 shows that Illex larvae were captured in areas where surface temperature
and salinity were high, ranging 19.4-22.3°C and 36.31-36.33°/ 00 , respectively, for sets where hydrographic

data are available.

Illex larvae were not captured during March-April 1967 between Cape Hatteras and Chesapeake Bay
on the continental slope and further offshore (Fig. 2), but three Rhynchoteuthion Type A larvae with
mantle lengths 1.1 mm, 1.4 mm, and 1.8 mm were collected. During August-September 1968 there were
also no larval Illex collected at stations on the Continental Shelf and slope between Raleigh Bay
and central New Jersey (Fig. 3). However, three Rhynchoteuthion Type A larvae were collected along
the slope at the southern extreme, between 34°28'30"N and 36°03'30"N. These were of similar size to
those collected in the same area during March-April 1967, with mantle lengths 1.1 mm, 1.4 mm, and
2.9 mm.

During February-March 1981 a Rhynchoteuthion Type A larva was collected in the Gulf Stream at
56°00'W. A second Type A larva, with'mantle length 1.8 mm was captured south of the southern tip of
the Grand Bank at 39°16 1 30"N, 49°59'40"W. Four Rhynchoteuthion Type B larvae (2.9-3.8 mm) were
collected in Slope Water near the northern boundary of the Gulf Stream at 56°W. A large collection
of 38 rhynchoteuthion Type C (Illex) larvae came from 0-50 and 0-200 m bongo tows along a transect
at 56°W, including two large catches of 10 and 12 larvae (Fig. 4). A Temperature-Salinity diagram
(Fig. 5) indicates that four of these larvae from two sets were found within the Gulf Stream,
where temperature was 18°C or greater and salinity was approximately 36.5°/. 0 in the upper 200 m.

However, most frequent and greatest catches occurred in Slope Water near the northern boundary of
the Gulf Stream where temperature and salinity at 100 m or 200 m were less than 15°C and 36.10°/.0,
respectively. There were no catches of larval Illex at stations east of 56°W (Fig. 4). Similarly,
during a cruise in early March 1980, only a single larval Illex of 6.6 mm mantle length was captured
at 55°00'W. No larval Illex were captured at stations to the east (Fig. 4).
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Size compositions are described for Ill
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DISCUSSION

Samples of rhynchoteuthion Types A and
patterns of distribution. It is noted howev
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d of the Shelf within Slope Water at 56°W during 1981.

Distributions of Rhynchotheuthion Type
and northeastern records of larval Illex doc
Illex as far south as Virginia. Data presen
a joint Canadian/Soviet survey in 1979 larval

larvae presented here represent the most southwestern
mented to date. Vecchione (MS 1978) reported larval
ed by Amaratunga et al. (MS 1980) indicated that during
captures extended almost as far east as 56°W.

The species identity of larval Illex cap
within the range of distribution of both Ille

 

ured in 1969 is unknown since these catches occurred
illecebrosus and Illex oxygonius. During this cruise

sing bottom trawl (Mercer MS 1970). It has been
hoteuthion Type C larvae have occurred north of and
Illex illecebrosus is the more abundant species, then
lecebrosus (Roper and Lu MS 1978, Vecchione MS 1978).

larger specimens of both species were caught
suggested that since previous catches of Rhyn
within the range of Illex oxygonius and since
those larvae to the south may also be Illex
Other observations which suggest that larvae
fact that most previous catches further north
1978) and that during 1969 Illex larvae were
central Florida. Further, catches in 1969 oc
Current which flows northeast doubling in vol
Gulf Stream (Worthington 1976). Rhynchoteuth
are undoubtedly Illex illecebrosus.

The capture of many Illex larvae as smal
Bay suggests that spawning occurs in this are.
the precursor of the Gulf Stream. Durward et
larvae are 1.1 mm mantle length. 	 It is also I
spawning occurs in the Gulf Stream. This is
here no larvae were captured near Cape Hatter.
slope. Further, on the slope of the Continen
between Chesapeake Bay and New Jersey during
Hatteras, which is the southern limit of the
to flow away from the Continental Shelf (Wort
slope and rise, the smallest larval Illex cap
This specimen was not likely newly hatched si
after hatching (Durward et al. 1980). During
Jersey and Virginia the smallest Illex larva
surveys did not extend into the Gulf Stream.

  

ollected in 1969 may be Illex illecebrosus include the
occurred during the same time of year (Vecchione MS
of caught at the most southern stations, south of
urred within or in close proximity to the Florida
me transport at Cape Hatteras where it merges with the
on larvae captured at 56°W during February-March 1981

as 1.1 mm mantle, length between Cape Kennedy and Long
, within or in close proximity to the Florida Current,
al. (1980) noted that newly hatched Illex illecebrosus 
elieved that from Cape Hatteras to the northeast
onsistent with the fact that for cruises described
s and to the northeast over the Continental Shelf and
al Shelf only three fully mature females were captured
ugust-September 1968 (Dave and Drew 1981). At Cape
abrador Current and Slope Water, the Gulf Stream turns
ington 1976). From an earlier study over the continental
ured between 38°N and 41°N was 1.5 mm mantle length.
ce in captivity a larva was only 1.25 mm eight days
another cruise on the outer Continental Shelf off New
aptured was 2.4 mm (Vecchione MS 1978). These earlier

It has been suggested that Illex illecebrosus spawns over a broad area which extends north of
New England (Roper and Lu MS 1978) but may be southwest of the Nova Scotian Shelf (Froerman et al.
MS 1981). The likelihood of spawning to the no rtheast is supported by the finding of larvae as
small as 2.4 mm at 56°W in 1981. However, the absence of minimum-size larvae at 56°W indicates that
spawning does not occur in this general area. During a survey in 1979 only four of 32 larvae captured
were to the east of 62°W (Amaratunga et al. MS 1980). If spawning does occur to the northeast of
Cape Hatteras, then suitable conditions for bo t h spawning and embryological development would likely
only exist in the pelagic zone of the Gulf Str am and its northern boundary where temperature exceeds
13°C. O'Dor et al. (MS 1981) showed that fertilization rate is very low at 7°C and that embryological
development requires temperatures in excess of 10°C. Thus egg masses would be neutrally buoyant
within a favourable environment at a certain d pth within the Gulf Stream. This depth would be
regulated by density, as determined by tempera ure and salinity. This is in keeping with the findings
of O'Dor et al. (MS 1980) that in the Aquatron Laboratory egg masses became neutrally buoyant when
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water density increased. They also noted that there is high mortality of eggs within masses which
rest on bottom. Temperatures suitable for fertilization and embryonic development also exist within
the Sargasso Sea but transport of young stages could likely only occur within its northern boundary,
the Gulf Stream.

Since the Gulf Stream decreases greatly in strength and volume transport to the east of a line
between Nova Scotia and Bermuda (Worthington 1976), the existance of small larvae at 56°W may in
part be due to passive transport of egg masses. Egg masses could be transported from the spawning
site for a period of approximately 8-11 days, after which they hatch (O'Dor et al. MS 1981). Young

stages could become concentrated near the northern boundary of the Gulf Stream through passive
mechanisms. Illex larvae were not found east of 55°W, which may reflect either a decline in the
rate of passive transport or an eastern limit of passive transport due to changes in the dynamics of

the water masses in this region. It has been reported that a small anticyclonic gyre exists in the
eastern Slope Water region, formed by the opposing Slope Water Current and Slope Water Countercurrent
(Worthington 1976).
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Table 1. Temperature and salinity at surface and bottom in relation to Illex catch for sets of
1 m plankton net during A.T. CAMERON Cruise #157, February, 1969.

Set	 Surface	 Bottom	 Catch Illex 
No.	 Depth of Tow	 Temp. (°C) Salinity %	 Temp. (°C) Salinity %	 Larvae Juvenile

2	 40.26-0 m	 3.8	 33.44	 4.09	 33.49	 0	 0
4	 surface	 9.5	 33.30	 10.10	 33.21	 0	 0
5	 87.84-0 m	 9.5	 33.30	 10.10	 33.21	 0	 0
7	 surface	 10.1	 35.02	 10.15	 35.05	 0	 0
8	 128.10-0 m	 10.1	 35.02	 10.15	 35.05	 0	 0

10	 surface	 10.1	 35.07	 10.57	 35.34	 0	 0
11	 228.75-0 m	 10.1	 35.07	 10.57	 35.34	 0	 0
13	 surface	 10.2	 35.01	 6.74	 35.03	 0	 0
14	 428.22-0 m	 10.2	 35.01	 6.74	 35.03	 0	 0
16	 surface	 11.6	 35.50	 10.93	 -	 0	 0
17	 87.84-0 m	 11.6	 35.50	 10.93	 -	 0	 0
19	 surface	 11.5	 35.39	 11.65	 35.41	 0	 0
20	 151.89-0 m	 11.5	 35.39	 11.65	 35.41	 0	 0
22	 surface	 11.6	 35.41	 11.47	 35.44	 0	 0
23	 219.60-0 m	 11.6	 35.41	 11.47	 35.44	 0	 0
25	 surface	 18.1	 35.34	 18.10	 -	 0	 0
26	 42.09-0 m	 18.1	 35.34	 18.10	 -	 0	 0
28	 surface	 19.2	 36.47	 17.34	 36.17	 0	 0
29	 87.84-0 m	 19.2	 36.47	 17.34	 36.17	 0	 0
31	 surface	 19.5	 36.36	 17.04	 36.18	 0	 0
32	 133.59-0 m	 19.5	 36.36	 17.05	 36.18	 0	 0
34	 surface	 19.4	 36.38	 14.14	 35.90	 0	 0
35	 179.34-0 m	 19.4	 36.38	 14.14	 35.90	 0	 0
37	 surface	 19.1	 36.38	 14.10	 36.00	 0	 0
38	 228.75-0 m	 19.1	 36.38	 14.10	 36.00	 0	 0
40	 surface	 19 6	 36.38	 14.05	 36.13	 0	 0

Set	 Surface	 Bottom	 Catch Illex 
No.	 Depth of Tow	 Temp. (°C) Salinity %	 Temp. (°C) Salinity %	 Larvae Juvenile

41	 278.16-0 m	 19.6	 36.38	 14.05	 36.13	 0	 0
43	 surface	 19.0	 36.36	 -	 35.19	 0	 0
44	 362.34-0 m	 19.0	 36.36	 -	 35.19	 0	 0
47	 42.09-0 m	 19.4	 36.44	 19.38	 36.33	 0	 0
49	 surface	 19.5	 36.44	 17.78	 36.26	 0	 0
50 •	 91.50-0 m	 19.5	 36.44	 17.7836.26	 0	 0
52	 surface	 19.0	 36.38	 15.90 

	

36.08	 0	 0
53	 146.40-0 m	 19.0	 36.38	 15.90	 36.08	 0	 0
55	 surface	 21.4	 36.33	 15.26	 36.02	 0	 0
56	 201.30-0 m	 21.4	 36.33	 15.26	 36.02	 0	 0
58	 surface	 21.5	 36.26	 14.60	 35.90	 0	 0
59	 241.56-0 m	 21.5	 36.26	 14.60	 35.90	 0	 0
61	 surface	 19.5	 36.31	 19.50	 36.80	 1	 0
62	 45.75-0 m	 19.5	 36.31	 19.50	 36.80	 0	 0
64	 surface	 19.5	 36.27	 17.55	 36.36	 0	 0
65	 135.42-0 m	 19.5	 36.27	 17.55	 36.36	 0	 0
67	 surface	 20.8	 36.31	 14.00	 35.75	 0	 0
68	 247.05-0 m	 20.8	 36.31	 14.00	 35.75	 1	 0
70	 surface	 19.6	 36.33	 17.34	 36.29	 0	 0
71	 87.84-0 m	 19.6	 36.33	 17.34	 36.29	 0	 0
73	 surface	 19.1	 36.31	 15.59	 36.20	 0	 0
74	 142.74-0 m	 19.1	 36.31	 15.59	 36.20 0	 0

36.0076	 surface	 19.5	 36.31	 15.72	 0	 0
77	 188.49-0 m	 19.5	 36.31	 15.72	 36.00	 0	 0
79	 surface	 19.4	 36.29	 15.28	 35.93	 0	 0



Tabel 1.	 (Continued)

Set
No. Depth of Tow

Surface	 Bottom Catch Illex

Temp.	 (°C)	 Salinity, %	 '	 Temp.	 ( 6C)	 Salinity % Larvae Juvenile

80 225.09-0 m 19.4	 36.29 15.28	 35.93 0 0
82 surface 19.9	 36.33 14.60	 35.84 0 1
83 279.99-0 m 19.9	 36.33 14.60	 35.84 0 0
85 surface 19.8	 36.31 7.53	 36.71 0 0
87 surface 19.8	 36.27 7.48	 34.88 0 0
91 surface 19.8	 36.33 17.09	 36.24 0 0
92 87.84-0 m 19.8	 36.33 17.09	 36.24 0 0
94 surface 19.7	 36.29 17.03	 36.29 0 0
95 133.59-0 m 19.7	 36.29 17.03	 36.29 0 0
97 surface 19.8	 36.29 15.87	 36.11 0 0
98 179.34-0 m 19.8	 36.29 15.87	 36.11 0 0
00 surface 19.8	 36.31 14.15	 35.86 0 0
01 237.90-0 m 19.8	 36.31 14.15	 35.86 1 0
03 surface 19.4	 36.31 10.77	 35.37 0 0
04 270.84-0 m 19.4	 36.31 10.77	 35.37 1 0
06 surface 19.8	 36.29 8.04	 34.99 0 0
07 356.85-0 m 19.8	 36.29 8.04	 34.99 0 0
09 surface 22.1	 36.09 7.09	 35.16 0 0
10 439.20-0 m 22.1	 36.09 7.09	 35.16 0 0
13 surface 20.2	 36.26 16.58	 36.04 0 0
14 87.84-0 m 20.2	 36.26 16.58	 36.04 0 0
16 surface 20.6	 36.29 16.13	 36.02 0 0
17 133.59-0 m 20.6	 36.29 16.13	 36.02 0 0
19 surface 20.6	 36.26 15.51	 35.95 0 0
20 179.34-0 m 20.6	 36.26 15.51	 35.95 0 0

Set Surface Bottom Catch Illex

No. Depth of Tow Temp.T5T)	 Salinity % Temp.	 (°C)	 Salinity % Larvae Juvenile

122 surface 20.5	 36.22 11.50	 36.00 0 0
123 225.09-0 m 20.5	 36.22 11.50	 36.00 0 0
125 surface 20.9	 36.27 8.91	 35.01 0 0
126 278.16-0 m 20.9	 36.27 8.91	 35.01 0 0
128 surface 20.9	 36.38 8.91	 34.87 0 0
129 351.36-0 m 20.9	 36.38 8.91	 34.87 0 0
133 surface 22.3	 - 18.78	 - 0 0
134 89.67-0 m 22.3	 - 18.78	 - 1 0
136 surface 23.1	 - 14.00	 - 0 0
137 179.34-0 m 23.1	 - 14.00	 - 0 0
139 surface 22.9	 - 12.50	 - 0 0
140 225.09-0 m 22.9	 - 12.50	 - 0 0
142 surface 23.7	 - 9.56	 - 0 0
143 270.84-0 m 23.7	 - 9.56	 - 0 0
145 surface 23.9	 - 8.20	 - 0 0
146 356.85-0 m 23.9	 - 8.20	 - 0 0
149 surface 22.2	 - 19.30	 - 0 0
150 87.84-0 m 22.2 19.30 0 0
152 surface 22.3	 - 15.93	 - 0 0
153 133.59-0 m 22.3	 - 15.93	 - 0 0
155 surface 22.5	 - 11.16	 - 0 0
156 179.34-0 m 22.5	 - 11.16	 - 0 0
158 surface 23.6	 - 9.40	 - 0 0
159 225.09-0 m 23.6	 - 9.40	 - '	 0 0
161 surface 24.2	 - 8.94	 - 0 0
162 301.95-0 m 24.2	 - 8.94	 - 0 0
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