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With a total of 35,228 trawlers of various sizes in
operation, trawling is one of the most important
fishing methods in India (CMFRI, 2012a;b). For
efficient trawling operations, the geometry of trawl,
particularly opening of trawl mouth (horizontal and
vertical) is very crucial (Kunjipalu et al., 1992). There
are different methods to keep the mouth of the net
open during operation and the most popular is use
of shearing boards (otter boards) on each side of
warp to attain horizontal opening. Floats, sinkers
and at times vertical sheer devices called kites are
used to achieve vertical opening of the net
(Boopendranath et al., 1986). Two-boat trawling or
pair trawling, which involves towing a single trawl
by two identical boats is also practised. Though
beam trawls were common, their numbers have now
reduced considerably (Depestele, 2007). In trawling,
the probability of catch is directly proportional to
the swept volume and thus to the mouth opening
of the trawl is very critical. Total drag and net drag
is directly proportional to towing speed (Queirolo
et al., 2009). Weinberg (2002) studied the effect of
towing speed on efficiency of a survey bottom trawl
at three different speeds i.e. 2.5, 3.0 and 3.5 kn.
Fujimori (2005) investigated effect of warp length
and efficiency in terms of opening and reported
improved result with scope ratio of >3. The effect
of speed and warp length on the mouth opening of
an experimental bottom trawl is reported in the
study.

Bottom Trawl System (BTS) with 27 m head rope
length rigged with 126 kg ‘V’ form otter boards was

operated on-board RV Matsyakumari-II, (LOA 17.7 m,
325 hp at 1800 rpm, 66 GRT) (Fig. 1 Table 1).
Experiments were carried out in depth range of 10.5-
15 m off Cochin, during March 2017. Trials were
conducted with six acoustic sensors (NOTUS™,
Canada) two each, attached to otter board and
wings, and one each to the head rope and foot rope
of the bottom trawl system (Fig. 2). Sensors attached
to head rope and foot rope were used for recording
vertical mouth opening of trawl net and those
attached at wings and otter boards were used for
recording horizontal mouth opening and trawl door
spread. All sensors were acoustically linked to
hydrophone which was connected to processor on-
board through cable for real time data recording
using ‘trawlmaster’™ software (www.notus.ca/
trawlmaster-for-multitrawls). The performance of
BTS was evaluated at three different speeds (2.9, 3.3
& 3.7 kn) with three different warp lengths (60, 70
& 80 m). Repetitive tows were made at different
combinations of warp length and towing speed.
Towing speed was increased from 2.9 kn to 3.7 kn,
at interval of 0.4 kn. For each warp length and
towing speed combination, a 10 min were given for
stabilization, before measurements were made. The
measurements were noted in triplicates and were
averaged for final value.

Results showed that, at 60 m warp length the mouth
opening increased from 44.23 to 45.55 m2 with
increase in the towing speed from 2.9 to 3.3 kn,
opening decreases to 31.96 m2 when towing speed
was increased to 3.7 kn (Fig. 3). At warp length of
60 m, the vertical opening was almost similar at 2.9
kn and 3.3 kn towing speed i.e 4.26 m2 and 4.36 m2

respectively, but decreased by 3.13 m2 with increase
in speed from 3.3 kn to 3.7 kn. For warp lengths of
70 m and 80 m, vertical opening reduced when
towing speed increased from 2.9 to 3.3 kn (Fig. 4



and 5). At higher towing speed, the otter board
spread is likely to decrease due to sheer force of the
board and drag of the net. A similar result was also
reported by Park (2007). At very high towing speed,
the angle of attack and coefficient of sheer force of
the board and net drag might change, and the total
mouth opening of net depends upon the resultant
effect of drag from different parts of the net
(Fridman, 1986). In the present study, at 70 m warp
length, the total mouth opening decreased with
increase in speed from 2.9 to 3.3 kn and showed
maximum value at towing speed of 3.7 kn. In 70 m
warp length, the maximum opening was recorded
at a speed 2.9 kn. (Fig. 3). Similar trend was
observed at 80 m warp length. At 3.7 kn towing
speed with 70 and 80 m warp length, the opening

was maximum (Fig. 4). In bottom trawl system; the
distance between otter boards, angle of attack and

Fig. 1. Design of experimental bottom trawl

Fig. 2. Schematic diagram showing location of hydro-
phone and sensors on experimental trawl
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distance between head rope and foot rope are
important for trawl performance. Also the shape of
gear changes with towing speed (Park, 2007).
Somerton & Weinberg, (2001) found improved
spread and thereby better mouth opening by
increasing the towing speed. Weinberg (2003)
reported that the trawl opening is a function of
towing speed and many other factors tend to reduce
the mouth opening. The findings of this study also
follow the pattern reported by the above study.

Satyanarayana et al. (1962) reported that the
horizontal spread reaches a maximum and thereaf-
ter decreases even with increase in speed. They

Fig. 3. Graph showing relation of total opening with
towing speed at different warp length

Fig. 4. Graph showing relation of vertical opening with
towing speed at different warp length

Fig. 5. Graph showing relation of horizontal opening with
towing speed at different warp length

Table 1. Details of Bottom Trawl System (BTS)

Component Material Length (m) Width Weight Diameter
(m) (kg) (mm)

Head rope PP 27 - 2.5 14

Foot rope PP 31 - 2.9 14

Floats (4 nos.) PVC - - 304

Sinkers (100 nos./ spindle shaped) Lead 0.045 - 0.25 Inner: 25
Outer: 35

Warp UHMPE - - - 11

Otter board Steel 1.5 0.9 126 -

Webbing HDPE
(twisted

monofilament) - - 25 0.75

Bridle PP 20 - ~ 3 18

PP: Polypropylene; PVC: Polyvinyl Chloride.; UHMPE: Ultra High Molecular weight Polyethylene; HDPE: High Density
Polyethylene
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reported a maximum opening at a towing speed of
2.5-3.5 kn and corresponding horizontal opening
was 75-84% of the length of rope between otter
boards. The catch volume also influences the door
spread (Daniel & Amelia, 2015).  De Boer (1959)
reported that the horizontal spread increases with
length of warp. Trawling at a depth of 10.5-15 m,
the best result was obtained at 2.9 and 3.7 kn with
70 m warp length. Considering fuel consumption at
higher speed it may be advisable that greater mouth
opening can be obtained at 2.9 kn with 70 m warp
length.  Factors like water current, leeway, torsional
stiffness, bottom friction catch in codend etc. also
affect the geometry of the trawl in addition to warp
length and speed (Madhu & Panda, 2006; Juza et al.,
2010). The results of this study should be considered
as preliminary because other factors that could have
affected the trawl geometry were not included in the
analysis. More detailed analysis using techniques to
quantify the contribution of external factors that
influence trawl geometry are required.

Acknowledgements
Authors are grateful to the Director, ICAR-Central
Institute of Fisheries Technology, Cochin, for providing
necessary facilities for carrying out this work. The whole
hearted co-operation of crew of RV Matsyakumari-II is
greatly appreciated. Authors also would like to acknowl-
edge Mr. Vipin Kumar V. (Sr. Technical Assistant, Fishing
Technology Division) for help rendered in preparing the
line drawings.

References
Boopendranath, M.R., Pllai N.S., Kunjipalu, K.K. and Rao,

K.K. (1986) Effectiveness of sailkite in improving trawl
gear performance. Fish. Technol. 23(1): 45-48

Chidambaram, K. (1952) The experimental introduction
of powered fishing vessels in India and Ceylon. In:
Proc. Indo-Pacific Fish Count. 4(2): 225-233

CMFRI (2012a) Marine Fisheries Census 2010: Kerala. Part
II: 6. Department of Animal Husbandry, Dairying and
Fisheries, New Delhi; Central Marine Fisheries
Research Institute, Cochin. 199 p

CMFRI (2012b) Marine fisheries census 2010 Part-I India,
Department of Animal Husbandry, Dairying & Fish-
eries and Central Marine Fisheries Research Institute,
Cochin. 98 p

Daniel, P. and Amelia, D.L.P. (2015)  Priour Daniel and
De La Prada Amelia (2015) An experimental/numeri-
cal study of the catch weight influence on trawl
behaviour. Ocean Eng. 94: 94-102

De Boer, P. A. (1959) Trawl gear measurement by
underwater instruments. In: Modern fishing gear of
the world, Fishing News (books) Ltd., Landon. pp
225-233

Depestele, J., Polet, H., Stouten, H., Van Craeynest, K.,
Vanderperren, E.  and   Verschueren, B. (2007) Is there
a way out for the beam trawler fleet with rising fuel
prices? ICES CM 2007/M:06

Fridman, A.L. (revised by P. J .G. Carrothers) (1986)
Calculations for fishing gear designs, FAO Fishing
Manuals, Fishing News Books, 241p

Fujimori, Y., Chiba, K., Oshima, T., Miyashita, K. and
Honda, S. (2005) Trawl dimensions and warp length
on trawl dimension and catch of walleye pollock
Theragra chalcogramma in a bottom trawl survey.
Fish. Sci. 71: 738-47

Juza, T., Cech, M., Kubecka, J.,  Vasek, M.,  Peterka, J and
Matena, J. (2010)The influence of the trawl mouth
opening size and net colour on catch efficiency during
sampling of early fish stages. Fish. Res. 105: 125-133

Kunjipalu, K. K., Subramonia Pillai, N., Boopendranath,
M. R. and Rao, K. K. (1992) Effect of horizontal
opening of bottom trawl on fish catch. Fish. Technol.
29(2): 91-94

Kuriyan G.K. (1965) Trends in development in the prawn
fishing techniques in India: A review. Fish. Technol.
2(1): 64-68

Madhu V.R. and Panda S.K. (2009) Effect of Tow Duration
and Speed on the Capture Efficiency of Bottom Trawl.
Fish. Technol. 46(1): 25-32

Park, H. (2007) A method for estimating the gear shape
of a mid-water trawl. Ocean Eng. 34: 470-478

Queirolo, D., DeLouche, H., Hurtado, C. (2009) Compari-
son between dynamic simulation and physical model
testing of new trawl design for Chilean crustacean
fisheries. Fish. Res. 97: 86-94

Satyanarayana, A.V.V. and Nair, R.S. (1962) Preliminary
studies on the characteristics of otter trawls-horizontal
opening and towing resistance. Indian J. Fish. 9(2) B:
133-144

Somerton, D.A. and Weinberg, K.L. (2001) The affect of
speed through the water on foot rope contact of a
survey trawl. Fish. Res. 53: 17-24

Weinberg, K. L., Somerton, D. A. and Munro, P. T. (2002)
The effect of trawl speed on the footrope capture
efficiency of a survey trawl. Fish. Res. 58: 303-313

Weinberg, K. L. (2003) Change in the performance of a
Bering sea survey trawl due to varied trawl speed.
Alaska Fish. Res. Bull. 10(1): 42-49

A Preliminary Study on Trawl Geometry 305



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


