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Abstract

The motion of the otter board on a trawl can affect the motion of trawl nets, and the motion of the codend can affect fish selectiv-
ity. Preliminary measurements of the tilt of bottom trawl gear were carried out to compare the tilts of the otter board and codend.
The tilt of the otter board was measured by Vector and tilt at 1.5 m anterior to the end of the codend, and the middle upper panel
was measured with a micro-DST-tilt logger. Tilt data such as yaw, pitch, and roll were analyzed by the fast Fourier transforma-
tion method and global wavelet and event analyses for the period or amplitude. The mean period * standard deviation of the
tilt in the otter board, (5-6) £ 2 s, was similar to the period of the codend, (4-6) £ (2-3) s, whereas the amplitude of the codend
was greater than that of the otter board. The yaw and pitch periods were not significantly different between the otter board and
codend, but roll was different. Furthermore, the tilt period frequencies of the otter board and codend were not significantly dif-

ferent. Accordingly, the tilt motion of the codend was mostly related to the tilt of the otter board.
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Introduction

Selectivity of trawl gear is related to pulsing or fluttering
of the codend by wave and ship motion and by the wake of
the gear (O’Neill et al., 2003; Jones et al., 2008) as well as
by mesh size, hanging ratio, and mesh type such as the square
mesh window. The motion of the codend also causes turbulent
flow inside the codend (Kim and Whang, 2010; Kim, 2013)
which may affect the fish swimming and escape responses
(Broadhurst et al., 1999; Webb and Cotel, 2010).

The motion of the otter board can change the shearing force
or distance between the otter boards and affect net gear motion
in terms of net height or spread (Crewe, 1964; FAO, 1974;
Lee et al., 1986). The tilt of the otter board caused by rigging
(FAO, 1974), wave, and contact with the bottom (Park et al.,
1993; Matsushita et al., 2005; Politis et al, 2012) can be affect-
ed by stability in action and spreading efficiency (Lin et al.,
1989; Matuda et al., 1990). The damping motion of a trawl has

been observed in warp tension (Koyama et al., 1968; Matsu-
shita et al., 2005). However, the variation in warp tension has
not been analyzed in terms of its periodicity or amplitude in
relation to wave or bottom condition. Pulsing codend motion
has been investigated under sea state in field conditions, and
was associated with higher escape rates in high seas (O’Neill
et al., 2003).

The turbulent flow inside the codend has been measured
and analyzed in model experiments (Pichot et al., 2009) and in
relation to tilt of the codend as a certain period with damping
on a shrimp beam trawl (Kim, 2012) and bottom trawl (Kim,
2013). The entire motion of the codend, such as tilt or turbu-
lence, may be closely related to wave motion and the ship’s
motion connected through warp, the otter board, the pendant,
and the wing and bag nets. However, those effects on fishing
gear shape, particularly on variations in partial gear motion,
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Fig. 1. Design of the bottom trawl used in experimental fishing operation.
have not been investigated. The purpose of this study was to Materials and Methods

examine the tilt variations in otter board and codend motion,
particularly in yaw, pitch, and roll, by comparing tilt periods
and amplitudes.

Preliminary experiments on the tilt of bottom trawl gear
used on the training ship Saebada were carried out to compare
tilt in the otter board and codend. The tilt of the otter board was
measured by Vector, which is a built-in three-dimensional tilt
sensor used for flow measurements. Tilt at the end of the co-
dend in the middle upper panel was simultaneously measured
with a micro-DST-tilt logger. Tilt data such as yaw, pitch, and
roll were analyzed for period and amplitude by fast Fourier
transform (FFT), global wavelet, and event analysis methods
and data of the otter board and codend were compared.
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The experimental fishing gear was a bottom trawl towed
by the training vessel Saebada, a 999 G/T stern trawler
(70.57 m, 3000 HP) shown in Fig. 1. The otter pendant of the
trawl measured 13.8 m, the hand rope was 96 m, and the net
pendant was 47 m. The otter board (Fig. 2) was the super-V
type (Baekkyung Ind., Busan, Korea) with height of 3.4 m,
width of 2.0 m, upper tilt of 6° and lower tilt of 12°, and with
an underwater weight of 1,697 kg at a 24° angle of attack.
The codend was made from two panels of 90-mm diamond
mesh composed of 5.7-mm-thick polyethylene and was 140
mesh in length and 160 mesh in circumference. The length
of the codend rope was 12 m, and the height at 3 m anterior
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Fig. 2. Design of the otter board used in experimental fishing operation.
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Fig. 3. Experimental setup of the Vector at the front of the otter board (A) and DST- tilt logger on the codend mesh (B).

to the end of codend was estimated to be 1 m (Kim, 2013).
The tilt of the otter board was measured by Vector
(Nortek, Rud, Norway) (Kim, 2013). The overall length of
Vector was 55 cm, diameter was 7.5 cm, and it weighed 1.5
kg in water. It also included sensors for measuring tempera-
ture (accuracy, 0.1°C), yaw (compass accuracy, 2°; resolu-
tion, 0.1°), tilt (accuracy, 0.2°; resolution, 0.1°), and depth
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pressure (accuracy, 0.25%; resolution, 0.005%) with a 1-s
sampling interval. Vector was fixed 40 cm from the trailing
edge at the upper part of the otter board on the port side us-
ing an extended stainless frame (15-mm diameter), as shown
in Fig. 3A. A positive pitch indicated forward down, and a
positive roll indicated tilt to starboard in the range of £180°
when Vector was positioned vertically parallel to the trailing
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edge of the upper panel of the otter board. Yaw indicated a
compass heading of 360°.

The tilt of the codend was measured by a DST-tilt logger
(Star-Odi, Gardabaer, Iceland) fixed at 1.5 m anterior to the
end of the codend in the middle upper panel, as shown in
Fig. 3B. The specifications of the tilt sensor were diameter
15 mm, length 46 mm, weight in water 12 g, depth accuracy
0.4% (resolution, 0.03%), tilt accuracy 1° (resolution, 0.1°),
temperature accuracy 0.1°C, and sampling interval 1 s. The
yaw, pitch, and roll tilt of the DST-tilt logger were the same
as for the Vector on the otter board.

Seven fishing operations were carried out, mostly south of
Geomun Island in the South Sea of Korea at depths of 90-94
m with warp length of 500 m, except trial 4 west of Galdo with
warp length of 300 m southwest of Tongyoung on October 6-7
and November 28, 2011 (Table 1). During the fishing trials,
sea conditions were mostly calm, with wave heights <1 m.
The towing speed of the fishing boat was determined using
a built-in acoustic Doppler current meter (TS-310; Tokimec,
Tokyo, Japan), and over-the-ground speed was measured us-
ing a global positioning system.

The tilt data from Vector and the DST-tilt sensor were pro-
cessed for periodicity and amplitude to assess the relation-
ship between the otter board and codend. The time series of
the tilt data such as yaw, pitch, and roll were analyzed as
period by FFT in MATLAB software (Matlab, Inc., Natick,
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Fig. 4. Examples of pitch (A) and roll (B) of the otter board (OB) and
codend from trial T7.

Table 1. Conditions for the seven experimental fishing trials using the bottom trawl

Trial No. Date Sampling time Depth Heading Speed Tidal day Wave
(h:m) (m) (deg) (m/s) flow (m)
T1 6 Oct 2011 19:24-20:30 90-93 195-205 1.7-1.8 2, Ebb, E 0.5
T2 7 Oct 2011 4:30-5:35 90-93 345-360 1.7-1.8 3, Flood, NW 0.5
T3 7 Oct 2011 6:32-7:58 90-93 360-345 1.7-1.8 3,EBB,E 0.5
T4 7 Oct 2011 14:18-15:12 41-43 330-340 1.7-1.8 3, Flood, NW 0.5
T5 28 Nov 2011 16:49-18:33 90-94 170-180 1.7-1.8 11, Flood, NW 1.0
T6 28 Nov 2011 19:25-21:00 90-94 15-5 1.7-1.8 11, Flood, NW 1.0
T7 28 Nov 2011 21:57-23:06 90-94 185-175 1.7-1.8 11, Flood, NW 1.0
“West of Galdo.
Table 2. The mean + SD (°) of the measured tilt in the otter board and the codend
Otter board Codend
Trials No. Data*
Yaw Pitch Roll Yaw Pitch Roll
T1 3,929 199 + 4 -7+3 25+8 193+6 4+12 5+19
T2 3,703 355+ 11 4+2 -7+4 341 +8 21 £ 18 28 £22
T3 4,920 354+ 11 4+2 S5+4 343+ 6 20+ 14 26+ 17
T4 3,210 334+5 4+1 S5+4 346 +7 15+15 19+21
T5 6,252 177+2 5+1 19+6 181 +4 16+3 15+52
T6 5,695 11+4 3+1 S5+5 8+4 11+£5 30+9
T7 3,931 179+2 “4+1 21+5 167+3 18+4 27+4
* Equal to sampling time (s).
http://dx.doi.org/10.5657/FAS.2014.0145 148



MA, USA); period estimation using the global wavelet meth-
od and software from Torrence and Compo (1998) was also
performed. However, these methods could only be used for
period without amplitude as angular change and were thus
unsuitable for widespread periodic data. Therefore, event
analyses such as calculation of peak and valley values in
the tilt data were adapted by self-made software referred to
in Narasimha et al. (2007). When the tilt angle increased to
the peak and then decreased in consecutive time-series data,
that peak value was detected as positive, and the lower val-
ley value was detected as a negative valley event value. The
minimum time interval between peaks or valleys was lim-
ited to >3 s, and the threshold value between the peak and
valley had a mean value of £0.5 standard deviations (SDs).
The mean period was estimated from the average of the to-
tal intervals between peaks and between valleys, whereas
mean amplitude was estimated from the angular difference
between a peak event and a valley event occurring consecu-
tively as a pair.

Results and Discussion

The tilt of the otter board and codend varied with towing
time, as shown in Fig. 4, and the mean values and SD of yaw,
pitch, and roll are shown in Table 2. The yaw angle of the ot-
ter board and codend may have been affected by trawler tow-
ing direction. The negative mean pitch of the otter board was
—3 to—7°, and roll ranged from —5 to —25°, indicating that the
orientation of the upper of the part otter board was slightly
backward and outward. The mean value of the pitch or roll in
the codend was slightly deflected to the other side from the
middle angle and was distorted due to the smaller tilt sensor.
However the SD as a measure of tilt fluctuation was the main
interest in this study to analyze the relationship between the
otter board and codend motion. The SD of yaw in the otter
board was included as SD of yaw in the codend (3-8°), and
no significant difference was observed. The SD of pitch in
the codend (3-18°) was greater than that in the otter board
(1-3°), and the SD of roll in the codend (4-22°) was greater
than that in the otter board (4-8°). The large variation in pitch
and roll in the codend may derive from more flexible netting
and its free end motion compared with the otter board. Ad-
ditionally, the SDs of pitch and roll of the codend as recorded
by the DST-tilt logger were greater than those recorded by
Vector in the frame due to differences in the fixing area of the
net panel (Kim, 2013).

The detailed time series of yaw, pitch, and roll tilt of the ot-
ter board and codend are shown in Fig. 5 as examples from trial
T2. The event values of the tilt as peaks and valleys appeared
to be periodic in both the otter board and codend. Therefore,
a period analysis using the traditional FFT method and global
wavelet analysis, followed by self-made event analysis, were
carried out for each tilt of each trial.

Kim (2014) Tilt Variation of Otter Board and Codend of Trawl
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Fig, 5. Examples of yaw (A), pitch (B), and roll (C) in otter board (OB) and
codend (Cod) respectively from trial T2.

The period analysis was obtained by the FFT method us-
ing the tilt time-series data, as shown in Fig. 6 for pitch and
Fig. 7 for roll in trial T7. The dominant peak periods within
30 s mostly appeared in tilt of the otter board, whereas sev-
eral peak periods within 30 s mostly appeared in the tilt of
the codend, indicating that the tilt of the codend revealed a
wide period range. Those dominant peak periods of the otter
board and the shortest period under 10 s of the codend are
shown in Table 3. The shortest periods of roll of the codend

Table 3. Period (s) of the otter board and codend by fast Fourier trans-
form analysis

Otter board Codend
Trials No.

Yaw  Pitch  Roll Yaw  Pitch  Roll
Tl 4.7 4.7 4.7 33 4.6 4.5
T2 4.8 4.5 4.5 4.4 4.8 6.8
T3 4.7 44 43 2.1 44 7.1
T4 4.0 4.5 42 2.4 5.0 8.0
TS 2.5 5.2 6.3 5.0 5.5 5.0
T6 43 5.5 5.0 5.8 10.8 5.9
T7 6.2 6.2 5.8 6.5 6.2 7.0
Mean 4.5 5.0 5.0 4.2 5.9 6.3
SD 1.1 0.7 0.8 1.7 2.2 1.3
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Fig. 6. Examples of periods by fast Fourier transformation for pitch of
otter board (OB) (A) and codend (B) from trial T7.

were slightly longer, with a mean value of 6 s, than were the
periods of the otter board, which had a mean value of 5 s (P
< 0.05), whereas the periods of yaw and pitch did not differ
significantly between the otter board and codend.

Period spectra of tilt in the otter board and codend by
global wavelet analysis are shown in Fig. 8. The dominant
peak periods within 30 s mostly appeared in the tilt of the
otter board; however, several cases appeared with no domi-
nant peak period in the codend. The dominant peak periods
of the otter board and the codend by global wavelet analysis
are shown in Table 4. The dominant period of yaw of the

Table 4. Periods (s) of otter board and codend by global wavelet analysis

Otter board Codend
Trials No.

Yaw  Pitch  Roll Yaw Pitch  Roll
Tl 4.1 4.9 4.9 2.5 33.1 55.6
T2 4.1 4.1 4.1 2.5 16.5 27.8
T3 3.5 4.1 4.1 2.5 19.7 4.1
T4 4.1 49 4.9 2.5 19.7 11.7
TS 2.5 2.5 2.5 13.9 19.7 6.9
T6 4.9 4.9 4.9 5.8 9.8 4.9
T7 5.8 5.8 5.8 5.8 6.9 6.9
Mean 4.1 4.5 4.5 5.1 17.9 16.8
SD 1.0 1.0 1.0 4.2 8.5 18.9
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codend, with a mean value of 7 s, was longer than that of the
otter board, with a mean value of 4 s (P < 0.05). Pitch and roll
between the otter board and codend could not be compared
because the codend values were not available. However, the
periods of tilt in the otter board were similar between the
FFT method and the global wavelet method (P > 0.3).

Additionally, a period analysis event analysis was carried
out to estimate the period and amplitude of tilt. As shown an
example of Fig. 5 one period of tilt was defined as the time
difference from a peak value to the next peak or from a val-
ley point to the next valley point. Then, the amplitude of tilt
was derived as a positive amplitude in the case of a peak pe-
riod and a negative amplitude in the case of a valley period.
The mean values of peak and valley cases and the number of
events for each period as well as its amplitude are presented
by trials in Table 5. The product of the number of events and
the mean period was nearly equal to the total sampling time,
as shown in Table 2. The mean + SD of the yaw period of
the otter board was similar to that of the codend, whereas the
means + SDs of the pitch or roll periods of the otter board
were slightly shorter than those of the codend. Additionally,
period frequencies of the tilt by trial are shown in Fig. 9.
Almost all period frequency and amplitude distributions ap-
peared as normal distributions.

The amplitude of tilt in the codend was greater than that in
the otter board (P < 0.05). The #-test probabilities for all period
values by event analysis are shown in Table 6. The yawing

Kim (2014) Tilt Variation of Otter Board and Codend of Trawl
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Table 5. Periods and amplitudes represented as mean + SD of the otter board and codend by the event analysis

Otter board Codend
Trials No.
Yaw Pitch Roll Yaw Pitch Roll
Tl Period (s) 5.6+2.8 58+£29 5.8+2.1 53+19 59+2.6 5.6+24
Amplitude (°) 9+4 2+1 6+3 17+4 29+ 11 51+12
n 577 556 560 616 548 578
T2 Period (s) 5.7+2.0 52+1.8 5.6+2.5 6.0+2.9 62+29 6.6 +3.8
Amplitude (°) 4+2 3+1 12+4 7+2 7+2 111+£3
n 1,104 1,191 1,111 1,044 1,010 957
T3 Period (s) 6.0 +2.6 52+1.7 5.6+23 6.1 £3.0 6.3+3.3 64+34
Amplitude (°) 4+3 2+1 9+3 8+3 9+4 15+10
n 981 1,096 1,025 936 917 902
T4 Period (s) 57+23 53+£1.7 5.5+2.1 5.8+2.5 6.3+3.2 6.0 +2.8
Amplitude (°) 3+2 3+1 10+3 7+2 8+3 8+3
n 695 747 716 684 628 653
T5 Period (s) 52422 48+ 1.3 48+1.3 5.0+1.7 6.1 £2.8 57+2.7
Amplitude (°) 7+3 7+2 19+4 14+6 26+ 38 46+9
n 764 827 815 792 643 691
T6 Period (s) 5.6+2.6 51+1.8 50+£1.7 53+2.1 5.8+2.7 55423
Amplitude (°) 22+8 4+1 8§+£2 17+6 41+ 13 51+18
n 670 755 742 714 590 603
T7 Period (s) 5.6+£2.6 5.1+£1.8 50+£1.7 53+1.7 5.8+2.7 55423
Amplitude (°) 22+38 4+1 5+2 14+3 32+10 37+12
n 885 979 990 935 852 896
Mean Period (s) 56+24 52+1.9 53+2.0 55+23 6.1 +£2.9 59+28
Amplitude (°) 10+4 4+1 10+3 12+4 22+7 46+ 8
151 http://e-fas.org
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period, i.e., heading in the most of trials was not significantly
different between the otter board and codend, whereas most
of the pitching and rolling periods were significantly different
between the otter board and codend by the #-test. However,
most of the tilt period was not significantly different (P > 0.3)
between the otter board and codend by paired #-test for each
period frequency (Fig. 9), except that the period frequency of
roll at T1 was significantly different (P < 0.013) between the
otter board and codend.

The estimated pulsation period of the codend of a North Sea
bottom trawl during underwater video observations was 3-8 s
in relatively high sea waves of 1.2-2.8 m (O’ Neill et al., 2003).

The tilt period of the codend in the present study, (4-6) +
(2-3) s, was similar to the pulsing period of the codend in the
North Sea study, although sea conditions were different. The
period of warp tension from the short example of 60 s by
Matsushita et al. (2005) can be estimated to be 5-6 s, which
was similar with the period of otter board tilt in this study.
Codend motion can be related to sea conditions through ship
motion and otter board motion in connection with the motion
of flexible bodies such as the warp, hand rope, wing net, and
bag net, and it is also influenced by the inside wake. For ex-
ample, the tilt of the otter board can change due to operating
conditions such as changing direction, warp length, and tow-
ing speed, which were nearly constant except during head-
ings changes at T2 and T3 as shown in Table. Although SDs
of the yaw of the otter board in T2 and T3 were greater than
those in other trials a shown in Table 2, SDs of the codend
were not different. Therefore, tilt variation of the otter board
and gear can be measured by changes in the ship’s heading
and changes in warp length or towing speed. Additionally,
damping motion of the otter board should be investigated in
relation to motion of the trawler as well as three-dimensional
flow around the otter board.

The drag of the codend could increase due to the catch-
associated increase in towing time, as the rear of the codend
was blocked from video observation during field operation
(O’Neill et al., 2003). The flow field definitely changed from
the empty codend to one blocked by the catch (Pichot et al.,

Table 6. Results of probability (P) from a t-test for all periods of tilt and
from a paired t-test for period frequency by the event analysis between
otter board and codend respectively

P by all periods P by period frequency
Trials No.
Yaw Pitch Roll Yaw Pitch Roll
Tl 0432 0366 0438 0457 0431  0.013
T2 0.005"  0.001" 0.114 0.379  0.352  0.398
T3 0.479  0.001" 0.135 0.316 0363 0.454
T4 0.014" 0.001" 0.001" 0300 0406 0.384
T5 0.307  0.001"  0.001" 0.478 0.397 0.402
T6 0.128  0.001" 0.001" 0429 0350 0.405
T7 0.102  0.001" 0.001" 0486 0.329  0.449
“Significant.

http://dx.doi.org/10.5657/FAS.2014.0145

2009). If there was an uneven accumulation of catch at the rear
of the codend, the codend could generate a damping motion,
easily resulting in tilt variation. Therefore, the tension of the
codend in relation to the amount of catch should be examined
as well as the damping motion caused by accumulating catch.
Additionally, fluttering of the codend should be studied in re-
lation to tidal flow of the bottom layer, which may differ from
towing direction.
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