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Continuous monitoring of catch fluctuation of Japanese common squid
Todarodes pacificus using load data of squid jigging machine
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Technology, Minato, Tokyo 108-8477, Japan

In order to study the process from gathering to capture of Japanese common squid Todarodes pacificus under a
jigging boat, it is necessary to monitor rapid changes of the catch of the squid during jigging operation. For this
purpose, we developed a logging system to record the load of the automatic jigging machine and evaluated the
usefulness of load data for estimating the number of squid caught per unit effort (CPUE). Thirty-four jigging
operations were conducted by R/V Hakusan-maru (167 gross tons) in the Sea of Japan. The squid were caught by
using 14 jigging machines and the load data of each machine were logged every second on a laptop computer.
Number of squid caught was counted by hand or video images and CPUE was calculated. Average load during
hauling of the jig line was closely correlated with the measured CPUE in consideration of body size, and an equa-
tion for estimating CPUE from load data was derived. The estimated CPUE were in good agreement with the
measured CPUE over a wide time scale from one stroke of the jig line to the overall operation. These results indi-
cate that the logging system is especially useful for high time-resolution monitoring of the catch.
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Fig. 1 Data logging system for squid jigging machine.
The load and rotation speed of the machine and depth
of sinker were automatically recorded every second on
a laptop computer.
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Table 1 Records of squid jigging operations in this study

Location No. of ML*3
Date*! squid CPUE*? (cm)
Lat. Lon. caught

June 15, 2010 N 38°01" E 136°21" 4,527 35.9 199
June 16, 2010 N 38°40° E 135°02 284 23 204
June 17,2010 N 39°00° E 133°40" 2,766 22.0 221
June 18,2010 N 39°41° E 134°19° 3,298 26.2  20.7
June 19, 2010 N 39°40° E 135°02" 6,594 52.3 21.7
June 20, 2010 N 40°01° E 135°40° 1,612 12.8  22.0
June 21, 2010 N 39°01° E135°40" 2,859 245  20.7
Aug. 19,2010 N41°30° E 137°29" 3,845 54.3 221
Aug. 20,2010 N40°25" E135°58" 2,880 23.8 23.0
Aug. 22,2010 N39°59" E 135°01" 2,381 216 224
Aug. 23,2010 N39°42° E 134°19° 1,924 17.2 233
Aug. 24,2010 N41°24" E137°25 393 3.8 22.0
Sep. 10,2010 N41°39" E 137°34’ 789 6.0 22.6
Sep. 11, 2010 N43°02" E 137°45" 7,416 76.6  25.5
Sep. 12,2010 N 43°02" E 137°45" 4,259 32.3  25.7
Sep. 13,2010 N41°56" E 137°01" 8,077 723 244
Sep. 14,2010 N 40°28" E 136°05" 7,569 63.4 23.1
Sep. 15,2010 N40°39° E136°09" 1,223 114 239
Oct. 14,2010 N40°55" E 136°15" 6,423 70.1 254
Oct. 15,2010 N 40°45" E 136°13" 5,733 32.8  26.0
Oct. 16,2010 N 40°50° E 136°15" 6,967 73.7 263
Oct. 17,2010 N40°31" E 136°04" 1,570 9.0 254
Oct. 18,2010 N40°05" E 135°05" 4,673 26.7 247
Oct. 19,2010 N39°50" E 134°40" 2,326 13.3 252
Nov. 5,2010 N39°49° E 134°57" 1,500 8.2 257
Nov. 6,2010 N39°09° E 133°38 422 2.3 257
Nov. 7,2010 N38°42" E 133°14" 6,289 40.8  26.9
May 17,2011 N 37°54" E 133°24" 3,644 289 18.1
May 18, 2011 N 38°40° E 133°33" 2,049 16.3 176
May 19, 2011 N 38°57" E 133°53" 1,669 13.2  16.6
May 20, 2011 N 37°53" E 132°33' 47 04 172
May 21, 2011 N37°37° E133°18 1,361 11.8 16.8
May 22, 2011 N 37°42" E 133°58" 1,319 105 17.2
May 23, 2011 N37°31" E 134°08" 3,862 32.5 184

*1 Each operation was conducted between sunset and sunrise of the
next day.

*2 Catch per unit effort (number of squid caught/machine-hour).

*3 Average dorsal mantle length of 200 squid caught (except May
20, 2011).
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Fig. 2 Arrangement of squid jig line and operating condi-
tions of the jigging machine in this study. Average
time taken for one complete to-and-fro motion of the
jig line was 100 seconds.
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Fig. 3 Changes in average load of all jigging machines
during moving up of the jig line and vertical distribu-
tion of the squid from 19:00 on Sep. 11, 2010 to 03:00
of the next day. Load data were averaged for every 2
m depth layer. Density of squid was measured for ev-
ery 5 m depth layer by using a quantitative echosound-
er (split-beam SIMRAD EK 60 system).
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Fig. 4 Relationship between CPUE « MLR? and average
load of jigging machines during hauling of the jig line.
CPUE (catch per unit effort) is expressed as the num-
ber of squid caught per machine-hour. MLR (mantle
length ratio) is the ratio of average mantle length of
each operation to 24 cm, which is the average mantle
length during the main fishing period (August to Oc-
tober) in the offshore area of the Sea of Japan. Data
obtained for each of the port and starboard sides in ev-
ery one-hour period are plotted. Dashed line indicates
quadratic regression (y=ax2+bx+c). ¢ was set to 4.5
because the average load was 4.5 kg during the period
in which squid were not caught. @, b, and p were calcu-
lated by the least squares method using the solver
function in Microsoft Excel. (a) The plot of data
without consideration of mantle length (p=0). (b)
The best correlation was obtained when p=2.25.
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Fig. 5 Changes in average load of all jigging machines
during moving up of the jig line from 21:00 on June 19,
2010 to 04:00 of the next day.
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Fig. 6 Comparison of measured CPUE and estimated
CPUE from the average load of the jigging machine
during hauling of the line. CPUE is expressed as the
number of squid caught per machine-hour. Dashed line
indicates y =x. CPUE were calculated from data of ev-
ery upward stroke of the jig line (a), every 10-minute
period (b), every one-hour period (c) and overnight
operation (d). Number of squid caught was counted by
video images of each selected jigging machine (a, b)
and was counted manually for each of the port and
starboard sides (c, d).
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Fig. 7 Changes in images of sonar (left four images) and
echosounder (right image) and average load of all jig-
ging machines during moving up of the jig line from
18:26 to 18:40 on Oct. 18, 2010 (a) and from 23:09 to
23:23 on June 19, 2010 (b). Range and tilt angle of so-
nar were set to 150 m and 14 degrees on Oct. 18, 2010
and 100 m and 35 degrees on June 19, 2010, respec-
tively. The echo enclosed with a circle is probably a
squid school.
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Fig. 8 Changes in position of the research vessel and esti-
mated CPUE from the average load of jigging
machines for every 10-minute period from 17:30 on
Oct. 15, 2010 to 06:00 of the next day. CPUE (num-
bers in figure) is expressed as the number of squid
caught per machine-hour. Circle size is proportional to
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