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ABSTRACT 
Three distinct sampling efforts employing different 

plankton-collecting gears aimed at collecting California 
market squid, Loligo opalescens, in nearshore waters 
from San Diego to Monterey Bay are described. Larval 
Loligo opalescens occurrence in the hauls was low and 
patchy, corroborating the experience of past workers. 
Over the Monterey Jpawning grounds, the use of a spec- 
ially designed bottom-fishing plankton net was fouid to 
be more generally effective than the other gears. 

INTRODUCTION 
The early life history of Loligo opalescens is unclear. 

Fields (1965) suggests that the newly hatched larvae 
may be carried long distances by coastal currents. 
McGowan (1954), from 10-minute tows with a 0.40-m 
net in the vicinity of La Jolla, California, encountered 
few larval squid, even though the area harbored consider- 
able quantities of hatching egg capsules. He concluded 
that the larvae were swept away by currents. Okutani 
and McGowan (1 969) in their studies of CalCOFI sam- 
ples collected 1954-1 957 encountered Loligo opales- 
cens (3.5 to 7 mm dorsal mantle length) at only 93 of 
2,029 inshore stations (1,193 individuals). Offshore sta- 
tions yielded 42 individuals from 1,866 tows. 

The abundance of L. opalescens, though ranked third 
relative to other squid species, was less than 1 % of north- 
ern anchovy, Engraulis mordax, larvae. Okutani and 
McGowan (1969) state that the CalCOFI plankton- 
sampling scheme may have been inadequate for estimat- 
ing absolute abundance of larval L. opalescens. By con- 
trast, Mais (1974), reporting the results of pelagic fish 
surveys (1 966-1 973), using midwater-trawl gear, found 
juvenile and adult L. opalescens in 36.3% of 1,375 tows. 
The apparent scarcity of larval L. opalescens in plankton 
hauls is surprising considering an apparent high juvenile- 
adult biomass (Gulland 1971; Baxter et al. 1968; Voss 
1973; Mais 1974). This paper describes our progress in 
determining distribution patterns of L. opalescens larvae 
in an attempt to understand the scarcity of larvae and 
post-larvae in standard plankton samples. 

METHODS AND MATERIALS 
Several distinct gear types were used in collecting 

larval L. opalescens. In Monterey Bay (Figure 1, inset), 
an opening-closing net with a square-mouth (1.8-m) open- 
ing, as described by Hopkins et al. (1973), was used in 
an attempt to delimit vertical distribution. Depths were 

estimated using an inclinometer and metered block. 
Mesh size decreased from about 6 mm at the mouth to a 
cod-end liner of 1 mm. This gear was fished from Moss 
Landing Marine Laboratories research vessels Artemia 
and Oconostota. 

Nearshore oblique tows in the upper 100 m were taken 
from San Diego to Morro Bay (Figure 1) in an attempt to 
define geographical concentrations of larvae. These tows 
were made with a continuously open net similar in design 
to that used in Monterey Bay but with slightly larger 
mesh. In the case of operation in shallow water, the max- 
imum safe operation depth was shifted upward. In gen- 
eral, the net was allowed no lower than about 25 m from 
the bottom. Mesh sizes decreased from 9 mm to a cod- 
end liner of 1 mm. The tows were taken from the Cali- 
fornia Department of Fish and Game research vessel 
Alaska (Cruise 76A4). 

Larval squid were also collected over the traditional 
spawning grounds near Monterey (Figure 1, inset) adja- 
cent to the bottom by mounting a standard 0.5-m plank- 
ton net to a specially designed frame fitted with sled-like 
runners. This device enabled fishing the net in such a way 
that the lower rim was approximately 10 cm off the sub- 
strate surface. It was used in shallow (20-30 m) water. 
Tows in which egg cases were caught on the sled were 
not included with the data presented, since it could not be 
determined if squid hatched during the process of cap- 
ture. A midwater comparison sample was obtained by 
fastening a 0.5-m plankton net to the wire. A rough 
calculation based on wire angles was used to place the 
comparison plankton net at mid-depth. The research 
vessel Tage of Hopkins Marine Station was used to de- 
ploy this gear. 

The squid captured by the various gear were mea- 
sured from the posterior to the anterior ends of the man- 
tle on the dorsal side (dorsal mantle length). Squid 
caught on the spawning grounds near Monterey were dis- 
sected to determine if the squid were feeding. 

RESULTS AND DISCUSSION 
Our initial purpose in studying larval squid was to 

describe patterns of spatial distribution. We were inter- 
ested in ascertaining the feasibility of using larval squid 
abundance as an index of recruitment. Initially, it was 
decided that a relatively fast-moving plankton sampler 
was required in order to increase fishing success over the 
1-m CalCOFI net, as reported by Okutani and McGowan 
(1969). We presumed that avoidance of the CalCOFI 
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Figure 1. Sampling locations for three methods of collecting larval Loligo 
opalescens. Central figure: 1 .E-m square-mouth trawl, open oblique tow, 
30 May 1976 to 14 June 1976; inset: Monterey Bay, opening-closing 
1 .E-m square-mouth trawl, 15 September 1975 to 10 March 1976; inset: 
South Monterey Bay, bottom and midwater 0.5-m nets,21 July 1976 to 
31 August 1976. 

net was responsible for poor fishing success. 
In an effort to delimit patterns of vertical distribution, 

29 trawls of 10- to 30-minutes duration, day and night, 
using the opening-closing net, were accomplished Sep- 
tember 1975 through March 1976 at various stations in 
southern Monterey Bay and over the axis of the Mon- 
terey Submarine Canyon. An attempt was made to cor- 
roborate Okutani and McGowan’s (1 969) inference that 
the larvae could be expected in the 25- to 40-m stratum. 
Of 29 trawls, 14 occupied that layer. The two most 
successful tows contained 9 and 11 squid. These were 
encountered at 40 m and 30 m, respectively. 

Only 58 larvae, an average of 2 squidhow, were col- 
lected (Table 1). Since the small size of the samples did 
not appear to justify the data-gathering effort, we de- 
cided to attempt locating concentrations of animals be- 
fore investigating further the problem of favored strata. 
We therefore planned to use similar gear but over a much 
more extensive area and throughout the upper 100 m. 

For thirty tows at various nearshore stations (depths 
generally shallower than 200 m, except over submarine 
canyons or escarpments), an average of 1.77 squidhow 
was collected (Table 1). These tows were accomplished 
at night, late May to mid-June 1976. Of the thirty tows 

TABLE 1 

Larval Loligo opalescens Collected with Three 
Distinct Sampling Strategies and Locations in Monterey Bay and 
Nearshore Waters between La Jolla and Morro Bay, California. 

Opening-Closing Open Oblique Tow 
1.8-m Square-Mouth 1.8-m Square-Mouth Bottom and Midwater 
Trawl, South-Central Trawl, La Jolla to 0.5-m Plankton Nets, 

Monterey Bay. M o m  Bay, South Montemy Bay, 
15 September 1975 30 ~a~ 1976 to 21 IUIY 1976 to 
to 10 March 1976 14 June 1976 31 Auaust 1976 

Number stations . . .  
Number positive 
stations . . . . . . . . . .  
Range trawl time 
(min) . . . . . . . . . . . .  
Total number 
squid. . . . . . . . . . . . .  
Range squidhow. . .  
Mean squidhow . . .  
Coefficient of 
variation 
squidhow . . . . . . . . .  
Mean dorsal mantle 
length (mm) . . . . . .  
95% confidence 
interval of mean 
dorsal mantle 
length (mm) . . . . . .  

29 

1 3  

10-30 

58 
0-1 1 
2.00 

156 

3.45 

3.1-3.8 

30 

6 

9-18 

52 
0-34 
1.73 

374 

8.22 

7.35-9.09 

29 

20 

8-12 

320 
0-113 
6.83 

217 

2.10 

2.07-2.13 

ranging in duration from 9 to 18 minutes, two contained 
88% of the squid: 12 and 34 animals. Midway through 
the cruise, it was decided that the low fishing success did 
not warrant further effort. 

Our results thus far paralleled the experience of others: 
larval Loligo opalescens occurrence in the samples was 
low and patchy. It appeared that the larvae were either 
demersal or were elsewhere, perhaps in deep water. To  
test the former hypothesis, we began fishing 0.5-m plank- 
ton nets close to the bottom on the squid spawning 
grounds off the City of Monterey (described in Fields 
1965; Figure 1, inset). The results (Table 1) thus far, 21 
July to 3 1 August 1976, indicate a higher fishing success 
than with the other gears. Samples from the bottom net 

TABLE 2 
Bottom (30 m) and Mid-Depth (15 m) Larval Squid Catch from 0.5-m 
Plankton Nets Near Squid Spawning Grounds, Monterey, California. 

Bottom Midwater 
Date ( 1  976) Tows TotalNo. Tows TotalNo. 

21 July . . . . . . . . . . . . . . . . . . .  2 49 
27 Ju ly . .  . . . . . . . . . . . . . . . . .  3 25 2 7 
3 August.. . . . . . . . . . . . . . . . .  4 181 4 45 
10 August . . . . . . . . . . . . . . . .  2 0 2 5 
17 August . . . . . . . . . . . . . . . .  4 3 4 4 
31 August . . . . . . . . . . . . . . . .  1 1 1 0 

- - 

13 61 Total 16 25 9 
CatcIvTow.. . . . . . . . . . . . . . .  16.2 4.7 
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have been most encouraging (Table 2) with catchhow 
averaging 16.2 in contrast to a midwater mean of 4.7. 

One possible explanation for the high catches with the 
bottom net is that the sled caused eggs to hatch by dis- 
turbing them. LaRoe ( 197 1) found that large numbers of 
the squid Sepioteuthis sepioidea hatched following 
mechanical agitation. This is probably not the case, since 
on some occasions, squid egg cases were caught on the 
runners of the sled or in the cod end of the net and the data 
from such catches were not used. If the sled moved 
through the egg-case clusters, there would probably be 
some egg cases on the sled. Many of the most successful 
tows with the sled had no traces of egg cases. 

One interesting result of comparisons with midwater 
and bottom plankton tows was an increase in catch in the 
midwater net and a concurrent decrease in the catch in 
the bottom net as daylight increased (Table 3). This 
observation might be explained by observations on the 
behavior of newly hatched squid. Fields (1965) found 
that squid usually hatch during the night and that they are 
positively phototactic. Squid hatching at night on the 
spawning grounds would tend to stay near the bottom 
where they would be vulnerable to the bottom net. After 
sunrise, the squid would be attracted to the light at the 
surface and would be more vulnerable to the midwater 
net. 

It is difficult to make comparisons between the three 
differing collecting techniques. Since we have no esti- 
mates of the volume of water filtered by the nets and the 
nets were towed at different speeds, comparisons cannot 
be made of the success of capture/volume filtered, nor 
the successlminute towed. 

One of the new methods of comparison available from 
our data, the means and confidence limits on the means 
of dorsal length are, perhaps, the best. These compari- 
sons show that different nets sampled different sizes of 
squid (Table 1). Since mesh size differed, one explana- 

TABLE 3 

Daylight and Dark Bottom (30 m) and Mid-depth (15 m) 
Larval Squid Catch from 0.5-m Plankton Nets Near 

Squid Spawning Grounds, Monterey, California 

Bottom Midwater 
Date (1 976) Light Condition Squid Catch Squid Catch 

21 July . . . . . . . . . .  
27 July . . . . . . . . . .  - - 

- - 

3 August . . . . . . . . .  113 7 
10 August . . . . . . . .  Full Darkness 0 1 
17 August.. . . . . . .  1 1 
31 August.. . . . . . .  1 0 

21 July.. . . . . . . . . .  49 
27 July . . . . . . . . . .  25 7 
3 August . . . . . . . . .  Daylight 68 38 
10 August.. . . . . . .  0 4 
17 August.. . . . . . .  2 3 

- 

31 Aueust , . , . . , . . - - 

tion for the differences observed is that smaller squid 
escaped the net with larger mesh. The contrasting catches 
might also be explained by the locations in which the nets 
were fished. Nets that sampled away from the spawning 
grounds probably would be expected to catch larger ani- 
mals, since some growth would occur during the move- 
ment off the spawning grounds. 

Although quantitative comparisons cannot be made, 
we believe that the relatively high catches with the plank- 
ton net towed near the bottom are significant. Since these 
tows were relatively short (8-1 2 minutes) and the mouth 
of the net is much smaller than the nets used previously, 
the amount of water filtered was much less; the high 
catches are, therefore, even more pronounced. 

Since little variability was noted in the squid caught 
and all squid examined had large yolk sacs, apparently 
the animals do not remain on the spawning grounds for a 
long time or else, presumably, we would have encoun- 
tered more developed stages. One would expect that 
catching newly hatched squid on spawning grounds would 
be fairly simple, yet McGowan (1954) found difficulty in 
catching them in an area covered with egg capsules. The 
success of the sled in capturing young Loligo opalescens 
is surprising in the light of past experience (McGowan 
1954; Okutani and McGowan 1969). 
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