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The Effect of Towing Bridles on Net Avoidance by
Micronektonic Fishes in Nighttime
Neuston Sampling

Hikaru WaTtaNaBE' and Kouichi Kawacuchr'

The effect of the towing rope and bridles of the Maruchi A net on net avoidance by micronektonic fishes was evaluated
in comparative sampling with a towing bridle-free ORI neuston net. Thirty samples were collected towing the two nets
alternately at night in June 1996 in Sagami Bay. In spite of the smaller mouth opening, the ORI neuston net was more
effective than the Maruchi A net in collecting the three most abundant species, Myctophum asperum, M. nitidulum, and
Japanese anchovy, Engraulis japonicus, larvae in terms of number and size. For these three species, the ORI neuston net
catches were 2.1 to 5.8 times higher than those of the Maruchi A net. These differences significantly increased with fish
size and were 7.6, 6.8, 10.3, and 18.9 times higher for the 22.0-23.9, 24.0-25.9, 26.0-27.9, and 28.9-29.9 mm size
classes of M. asperum, respectively. The myctophids ranged from 16.0 to 42.0mm in standard length in the ORI
neuston net samples, but the Maruchi A net rarely collected specimens larger than 30 mm SL.
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Introduction

Between 1940 and 1991, the Japanese Fisheries Agency
adopted the Maruchi type A net (henceforth referred to as
the Maruchi net), a conical plankton net with a mouth
130 cm in diameter, as the standard net for egg and larval
abundance surveys of commercially important pelagic
fishes like Japanese sardine, anchovy, saury, and mackerel
(Nakai, 1962; Watanabe, 1988, 1990; Kuroda, 1991). Sam-
ples have been collected for almost 40 years from the
Kuroshio and its adjacent waters, which cover an area of ca.
4001500 km (Kuroda, 1991). These long-term monitoring
samples that have been routinely collected in the same area
using the same method are expected to provide valuable ret-
rospective information on the abundance of various
neustonic organisms. This is fundamental for depicting
decadal changes in the oceanic ecosystems, which is one of
the main components of the ongoing international project
GLOBEC (Global Ocean Ecosystem Dynamics) (e.g. Fran-
cis and Hare, 1994).

In net sampling, net avoidance resulting from the ef-
fect of towing bridles has been shown to be considerable
(UNESCO, 1968; Barkley, 1972; Mori, 1981; Watanabe,
1988; Nakamura, 1994). Due to technical difficulties, how-
ever, knowledge of this effect based on comparative sam-
pling with bridle and bridle-free nets'is extremely limited.
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The ORI neuston net (henceforth referred to as the
ORI-n net) was designed to eliminate the effect of towing
bridles on net avoidance (Matuo et al., 1976). Therefore,
catches with the two nets can be compared to evaluate the
effect of bridles. The purpose of this study is to evaluate the
catchability of micronektonic fishes using standard Maruchi
net sampling, so as to reduce the effect of towing bridles.

Materials and Methods

The two nets were towed alternately for 5min at 2kts
(1 m/s), and 30 samples, 15 for each net, were collected at
night from 21:20 to 01:04 on June 14-15, 1996, within a
radius of 2 nautical miles 34°8'N and 139°6'E, in Sagami
Bay. The sea was dead calm during the sampling (waves
0-1, swell 1, winds 0-2.1 m/s). The sea surface temperature
at each sampling station ranged from 15.6°C to 16.3°C.

Figure 1 shows sketches of the Maruchi and ORI-n
nets. The Maruchi net is a conical plankton net, 4.5 m long,
with a mouth 130 cm in diameter. The mesh in the anterior
3.0m is 2.0X2.0mm and that in the posterior 1.5m is
0.33X0.33mm. The ORI-n net is designed to be towed
from its side otter board, so no bridle, towing wire, or ropes
are present just in front of the net mouth (Fig. 1). The net is
60 cm wideX40 cm high at the mouth and 1.8 m long, with
a 0.5X0.5 mm mesh.

The Maruchi net was towed at the ship’s side with one
third of its mouth above the surface, following the method
adopted by the Japanese Fisheries Agency (Hattori, 1964).
The ship’s light was switched off during the tow. The ORI-n
net was towed in the 0-30 cm layer in the same manner as
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the Maruchi net, with 10 cm of its mouth above the surface.
The ORI-n net was towed further from the ship than the
Maruchi net (8-10 m vs. 1-3 m). All the samples were fixed
in 10% buffered formalin and the standard length (SL), or
notochord length (NL) of pre-notochord flexion larvae, was
measured. The catch was converted into the number of indi-
viduals per 1,000 m*® of filtered seawater.

Results

The species composition and catch numbers are shown in
Table 1. Myctophum asperum was the most abundant and

(a) Maruchi type A net (net mouth 130 cm diameter; 1.3 m2)
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N mesh

N

bridles

Figure 1. Sketches of Maruchi type A and ORI neuston nets.

accounted for 41.1% and 57.5% of the total catches of the
Maruchi and ORI-n nets, respectively. The Japanese an-
chovy, Engraulis japonicus, (40.2% and 22.9%) and M. ni-
tidulum (9.4% and 14.7%) were the other common species.

The size range and catchability of the 6 species, ex-
pressed as average catch in number per tow and per
1,000 m®, are shown in Table 1. The ratio of the ORI-n net
catch to that of the Maruchi net per 1,000 m® (b/a in Table
1) was greater than 1 (1.2-10.4) for every species, indicat-
ing the higher catchability of the ORI-n net. In spite of the
smaller mouth of the ORI-n net, the maximum sizes of the
two abundant myctophid species were larger in the ORI-n
catch than in the Maruchi net catch, although there was lit-
tle difference between the two nets in the size ranges of the
anchovy larvae (Table 1).

In the Maruchi net sampling, the peak catch of M. as-
perum was 11.3%18.0 inds. per 1,000m’ (avg.+S.D.) in
the 18.0-19.9mm size class (Fig. 2a). The catches gradu-
ally decreased down to 0.5%1.2 inds. per 1,000 m® with in-
creasing size up to the 32.0-33.9 mm size class. Individuals
larger than 30.0 mm were rarely collected with the Maruchi
net. In the ORI-n sampling, the peak catch of 46.8+36.5
inds. per 1,000m’ was observed in the 24.0-25.9 mm size
class, which was 6.0 mm larger than the peak size class in
the Maruchi net sample (Fig. 2a). The ORI-n catches of M.
asperum also decreased with increasing size, but this net
caught individuals up to 42.0 mm SL (Fig. 2a). The average
ORI-n catches were 3.0 and 2.8 times higher in the 18.0-
19.9mm and 20.0-21.9mm size classes, respectively (U-
test: p<<0.1). The catch ratios increased significantly with
the size of M. asperum and were 7.6, 6.8, 10.3, and 18.9
times higher for the 22.0-23.9, 24.0-25.9, 26.0-27.9, and

Table 1. The total catch numbers, size range, average catch per 5 minute tow, and corrected average catch per 1,000
m” of filtered water volume for each species collected with the Maruchi A and ORI neuston nets.

Maruchi type A net

ORI neuston net

Total Size Ave. catch Ave, catch Total Size Ave. catch Ave. catch Catch
catch no. range pertow  per 1000 catch no. range pertow  per 1000 ratio
Species inds. (%)  (mm) (n=15) m’ (a) inds. (%) (mm) (n=15) m* (b) b/a
Myctophids (=S.D.) (=S.D.)
Myctophum asperum 193 (41.1)15.2-32.5 12.9+18.3 44.5 188 (57.5) 16.5-42.0 12.5%8.1 2249 5.1
Myctophum nitidulum 44 (94)16.1-21.5 2.9+34 10.0 48 (14.7) 16.1-38.0 3.2x39 57.6 5.8
Symbolophorus evermanni 5 (1.1)17.3-19.1 0.3x04 1.0 5 (1.5) 174-195 0.3*0.9 54 5.2
Myctophum orientale 5 (1.1)18.4-239 03207 1.0 I (0.3) 18.5 0.1+0.2 1.8 1.7
Centrobranchus brevirostris 1 (0.2) 142 0.120.2 0.3 3 (0.9) 142-153 0.2+0.5 3.6 10.4
Others
Engraulis japonicus larvae 189 (40.2) 5.0-27.3 12.6x14.5 43.5 75 (22.9) 6.1-275 5.0=x4.7 90.0 2.1
Other fish larvae and juveniles 33 (7.0) 4.2-83.5 2.2%25 7.6 7 (2.1) 44-37.0 05%0.8 9.0 1.2
Total 470 (100.0) 4.2-83.5 31.0x23.2 107.0 327 (100.0) 4.4-42.0 22.1%x8.1 397.6
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Figure 2. Average catches of (a) Myctophum asperum, (b) Myc-
tophum nitidulum, and (c) Engraulis japonicus, per 1,000 m*
in different size classes with the Maruchi A net (open circles)
and ORI neuston net (closed circles). The bars indicate the
standard error.

28.0-29.9mm size classes, respectively (p<0.01). These
results proved that the ORI-n net collects fish of all size
classes more effectively than the Maruchi net, especially
larger individuals.

In M. nitidulum the peak catch observed was in the
18.0-19.9 mm size class in both nets (Fig. 2b). In this size
class, the average ORI-n catch per 1,000 m* was 4.3 times
larger than the Maruchi catch, i.e. 30.0 vs. 7.0 inds. (p<
0.05). The Maruchi net did not catch individuals larger than
22.0mm SL, while the ORI-n net caught 2.4-10.8 inds. per
1,000 m? in the larger 22.0-29.9 mm class (Fig. 2b). Speci-

mens larger than 30.0 mm SL were rarely collected in either
net, except for a few in the 36.0-38.0 mm range in the ORI-
n net catch (Fig. 2b).

The average ORI-n catches of Japanese anchovy lar-
vae were also larger than the Maruchi net catches for every
size class, although the difference was not significant due to
the large standard deviation in the catches of both nets (Fig.
2¢). The catch ratios (ORI-n net catch/Maruchi net catch)
tended to decrease from 3.3 to 1.3 with size in the three
smaller size classes (5.0-7.9mm NL, 8.0-9.9mm SL, and
10.0-11.9 mm SL) and increase with size from 1.6 t0 3.4 in
larger larvae (18.0-27.5 mm SL), suggesting an effect from
the two different mesh sizes in the Maruchi net (Fig. 2¢).

Discussion

Knowledge on the micro-distribution of myctophids and
anchovy larvae in the upper 1-2m layer of the open sea is
extremely restricted. Surface migratory myctophid fishes
were observed at night from the ship’s side, swimming ran-
domly in the upper ca. 2 m layer and were easily dipnetted.
Anchovy larvae are known to migrate up to the sea surface
at night to inflate their swim bladder to reduce their specific
gravity (Uotani, 1973; Hunter and Sanchez, 1976). But the
sinking rate of individuals with an inflated swim bladder
was measured as 0.5-0.7 cm/s (Hunter and Sanchez, 1976),
suggesting a rather even distribution of the larvae in the
upper 1 m layer at night. Based on the observations of myc-
tophids and anchovy larvae mentioned, we supposed that
their distribution patterns in the upper 1 m layer are even
when comparing the catchability of the two nets. For the
further evaluation, however, more detailed study on the
nighttime micro-distribution is badly needed on 10 cm scale
in the upper 1 m layer.

It is well known that net avoidance increases as the
size of the mouth of the net decreases (Fleminger and Clut-
ter, 1965; McGowan and Fraundorf, 1966; Murphy and
Clutter, 1972; Mori, 1980). Our results showed that the
smaller ORI-n net more effectively collected myctophid
fishes in terms of both number and size. This suggests that
the towing bridles of the Maruchi net have a large effect on
net avoidance by micronektonic and larger larval fishes.
Nakamura (1994) reported a similar result, comparing the
catchability of the smaller bridle-free BONGO net, with its
23.4cm mouth diameter, with that of a larger ring net 130
cm in diameter, in sampling anchovy larvae larger than 7
mm SL.

Turbulence accompanying the ship’s bow wave might
also affect catchability, since the Maruchi net was towed
closer to the ship than the ORI-n net (Matuo et al., 1976).
Myctophids are rather poor swimmers. Remotely operated
vehicle (ROV) observations showed that their usual mode
of escape is slow zigzag swimming, suggesting that turbu-
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lence caused by the bow of a ship cruising at 1 m/s is not

likely to significantly affect the catch of the Maruchi net, -

especially when the sea is dead calm, as it was in this study.
This view is also supported by the fact that the ORI-n net
with its small mouth opening of 0.24 m? collected a consid-
erable number of myctophids.

The average catches with the two nets of M. asperum
and M. nitidulum were not significantly different for juve-
niles smaller than 18.0 mm, indicating a low avoidance rate
in small individuals. The filtering efficiency of Maruchi
nets is reported to be about 75% for nighttime tows (An-
raku and Azeta, 1966), while that of ORI-n nets with a
0.33X0.33 mm mesh aperture is 92% (Matuo, 1980). The
filtering efficiency of an ORI-n net with the 0.5X0.5mm
mesh used in this study is estimated to be close to 100%. If
the filtering efficiency (75%) of the Maruchi net is adopted,
the catch should be corrected by a factor of 0.75. However,
the effect of the smaller mouth area of the ORI-n net would
cancel this factor, since net avoidance with the smaller
mouth of the ORI-n net is thought to be considerably higher
than with that of the Maruchi net (1.3 m?).

For anchovy larvae, the catch ratios of the two nets de-
creased with increasing size from the 5.0 to 11.9 mm size
classes, indicating that the catchability of the Maruchi net
increased with size in larvae smaller than 11.9mm SL,
probably due to a decrease in escape or extrusion through
the mesh. The ratios, however, tended to increase with size
for individuals of 18.0-27.5 mm SL, suggesting that for the
larger fish net avoidance due to the bridles becomes more
significant than escape, extrusion through the mesh. The
funneling effect (Omori et al., 1965) by the adoption of the
2.0 mmx2.0 mm mesh might be expected in the larger lar-
vae in the Maruchi net catch, but the present data showed
no such effect probably because the larger fish avoid the net
by the effect of the towing rope and bridles before entering
into the net.
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