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Development of an escapement device for undersized fishes

in trawls

Sam-Kwang CHO

Department of Fisheries Physics, Graduate School,

Pukyong National University

Abstract

The aims of this study were to develop a Trawl Escapement Device
(TED) to improve the survival rate of undersized fishes that escape from
trawls. The first sea experiments were conducted to investigate the
survival rate of fishes discarded after hauling and to develop fishing
gears and methods for fisheries management which can improve the
survival rate of undersized fishes escaping from the grid and codend.
The trials were carried out in offshore waters of the Korean southern
sea and off Jeju Island. Fish were placed in a fish cage on board to
measure the sustainable survival time. Japanese flying squid (Todarodes
pacificus), mitra squid (Loligo chinesis), large—head hairtail (Trichiurus
lepturus), john dory (Zeus japonicus), Spanish mackerel (Scomberomorus
niphonius), redlip croaker (Pseudosciaena polyactis) and blackthroat
seaperch (Doederliinia berycoides) were found to be dead immediately
after hauling. Survival rates of tiger shark (Scyliorhinus torazame),
conger eel (Conger myriaster), red skate (Dasyatis akajei), black scraper

(Navodon modestus) and Japanese fan lobster (Ibacus ciliatus) were

- Vi -



estimated to be higher after discarding because they survived for long
hours in the fish cage. Blotched eelpout (Zoarces gilli) escaped from the
escapement device (Grid) were dead within 6 hours in the water tank
but 97% of tiger sharks and 729 of conger eels survived over 72 hours.
Red skate that escaped from trawl codend were dead within 60 hours in
the water tank but 25% of octopus (Paroctopus dofleini) and all black
scrapers survived over 72 hours. All rosefish (Helicolenus higendorfi)
that escaped from the codend were dead within 72 hours but 8.3% of the
rosefish that escaped from the escapement device survived over 72 hours.

A second set of sea experiments was carried out to investigate the
survival rate of the fishes that escaped from the TED and codend in off
Geomundo and in the Korean southern sea. A cover—net fish cage was
designed and manufactured to collect fishes that escaped from the TED
and codend. The fish cage was installed at a shallow site where a scuba
diver could observe the surviving fishes in a fish cage separated from
the trawl net. The survival rate of horse mackerel escaped from the
TED was 85.5% after 96 hours while the survival rate for fish from the
codend showed a rapid decrease according to the time elapsed . as follows:
85.0% survival after 24 hours, 76.4% after 48 hours, 62.7% after 72 hours
and 56.1% after 96 hours. Over 90% of red seabream (Pagrus major)
and rock bream (Oplegnathus fasciatus) that escaped from the TED
survived 96 hours and the survival rate of those fishes was excellent
compared with the other fish species. All Korean pomfret that escaped
from both TED and codend died within 48 hours. Most of redlip croaker

also died within 12 hours because of their limited physiological ability to

,iX,



withstand water pressure change. The survival rate of fishes such as
horse mackerel with hard skin was high while survival was low for
soft-skinned species like the Japanese flying squid and large-head
hairtail.

A third set of sea experiments was conducted to develop a Trawl
Escapement Device (TED) which can improve the escapement rate of
undersized fishes that pass through a trawl net. The sea experiments
involved varying the bar space of the device and the bar materials to
identify the best bar space and materials. Trials were carried out in the
Korean southern sea and off Jeju island. Stainless steel pipes and four
kinds of plastics were used to examine the efficiency of different
escapement device materials. Although escapement rates from the MC
bar for the main species were a little higher compared with those
stainless steel pipes, stainless steel pipe was chosen as the material for
the TED. The escapement rate for sort-x type and grid panel type were
also compared. Escapement rates of red-lip croaker, black—throat
seaperch and finespotted flounder (Pleuronichthys cornutus) were 61.7%,
2.0% and 2.7% respectively for the sort-x type and 69.9%, 1.1% and
2.0% for the grid panel type, a.relatively small difference. Escapement
rates in relation to the bar space were estimated using the grid panel
type. The survival rates for redlip croaker for the bar space of 20mm,
2omm, 35mm were 60.3%, 61.0% and 77.8% respectively, and 9.8%,
16.4% and 45.6% for horse mackerel (Trachurus japonicus).

The fourth set of experiments for the study was carried out to

develop a Trawl Escapement Net (TEN) using net material in the



Korean southern sea in May and November, 2005. Three kinds of Trawl
Escapement Net (TEN) were examined to improve the escapement rate
for undersized fishes escaped from the TEN, and catch numbers of
escaped fishes were iInvestigated. The main catch species in the
experimental fishing trials using a V shape TEN (A type) in May were
Korean pomfret (Pampus echinogaster), slimy (Leiognathus nuchalis),
gizzard shad (Konosirus punctatus), white croaker (Pennahia argentata)
and smelt (Sillago sihama). In the experimental fishing trials using a V
shape TEN with a protector for undersized fishes (B type) and a panel
shape TEN with a protector (C type) in November, the main catch
species were horse mackerel, sea pike (Sphyraena japonica), large-head
hairtail, kammal thryssa (Thryssa kammalensis), white croaker, butterfish
(Psenopsis anomala) and red gurnard (Lepidotrigla microptera). Most of
large—sized fish species like Korean pomfret and Spanish mackerel could
not escape through the TEN in the B type and C type. Catches of horse
mackerel were highest in the experimental fishing of November and the
escapement rate of horse mackerel was also highest, at 38.3%, and
escapement rates for most fish species were higher. in the C type

compared with B type.
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Fig. 2.1. Layout of the bottom trawl net used for investigating the
survival rate of discarded fishes after hauling.
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Fig. 2.2. Schematic view .of escapement device cover-net and codend
cover-net attached to trawl.
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T3 EZol o AFaEe ofgdH o7 AEES T3 WHeRE X
Abel Axp Ao A o] (Squid, Todarodes pacificus), &2 7o} (Squid, Loligo
chinesis), Z*(Large-head hairtail, Trichiurus lepturus), 2 317](John
dory, Zeus japonicus), % (Spanish mackerel, Scomberomorus niphonius),
% 7)(Red-lip croaker, Pseudosciaena polyactis) 2 =¥t (Blackthroat
seaperch, Doederleinia berycoides) & W9 offF T Holx +

ol fo] AF Atdeld o, 73] (Tiger shark, Galeocerdo. cuvier),
B0 (Conger eel, Conger myriaster), +=37}2 8 (Red skate, Dasyatis
akajei), =°1(Octopus, Paroctopus dofleini), =F *I(Black = scraper,
Navodon modestus) 2 3] A $-(Japanese fan lobster, Ibacus ciliatus) &

o] =

AF o]F L Fx oA FAIY AEsks Ae® UEstH(Table 2.10).
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Table 2.1. Fishes died within 30 minutes and survived over 30 minutes

Survival time Fish species

Within 30 Squid, Large-head hairtail, John dory, Spanish
minutes mackerel, Redlip croaker, Blackthroat seaperch
Over 30 Tiger shark, Conger eel, Red skate, Octopus,
minutes Black scraper, Japanese fan lobster
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Fig. 2.4. Survival rate of Tiger shark (n=32), Conger eel (n=18) and

Blotched eelpout (n=10) escaped from the escapement device
(bar space 35mm).
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Fig. 2.6. Survival rate of Rosefish escaped from the escapement device
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Table 3.1. Survived number of fishes escaped from codend according to
the time elapse (Unit: Number)

) Fishes escaped from codend
Time

(hour) Horse e o Red Rock Korean Redlip White
mackerel seabream bream pomfret croaker croaker

0 8,373 267 9 6 137 1 14
12 7,815 263 9 6 9 0 0
24 7,115 252 9 6 4 0 0
48 6,396 229 9 4 0 0 0
72 5,250 221 i 4 0 0 0
96 4,697 214 6 = 0 0 0
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Table 3.2. Survived number of fishes escaped from TED according to
the time elapse (Unit: Number)

Time Fishes escaped from TED

(hour) Horse Red Rock  Korean Redlip White
our mackerel Mackerel seabream bream pomfret croaker croaker

0 440 138 9 4 725 14 11
12 428 133 9 4 187 2 0
24 419 125 9 4 18 0 0
48 399 107 9 4 2 0 0
72 336 97 9 4 0 0
96 376 92 8 4 0 0

100

80 |-
9
T 60 -
©
Rt —e— TED
% —&— Codend
N

0

0 o4 48 72 %

Survival time(hours)
Fig. 3.9. Survival rate of Horse mackerel escaped from TED and codend

according to the time elapse. @ Fishes escaped from TED
(n=440) 4 Fishes escaped from codend (n=82373)
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Fig. 3.11. Survival rate of Red seabream escaped from TED and codend

according to the time -elapse. @ Fishes escaped from TED
(n=9) 4 Fishes escaped from codend (n=9)
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Fig. 3.15. Blood sugar level variation of Horse mackerel after hauling.
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Table 4.1. Physical efficiency and price of the TED materials

Ttems Materials of bar Stainless

MC PE PP POM Jyc

Tension

strength 850 250 410 620 5,300

(kg/cm”)

Bending

strength 1,050 30 492 980 2,100

(kg/cm”)

Thermal

change 200 140 132 110 1,100

()

Specific 115 0.92 1.5 141 8.97

gravity ) ’ ’ ' ’

Price

(won/m) 1,500 1,000 1,300 1,800 1,500

¥ MC: Mono Cast Nylon, PE: Polyethylene, PP: Polypropylene,
POM: Polyoxymethylene
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Qolth. 2ol o] FL oA 7 9 F v
gom, the Beld Ha §9eE L 24F B we W Fo] Fo

o] &A= EF ofF2l FE7|(Redlip croaker, Larimichthys polyactis)
7} 20.1mm, X% (White croaker, Pennahia argentata)’} 20.7mm= Y}E}

womw oHAYE @A Bar 145 20mm= Al 263l

Table 4.2. Average head width by 50% maturity length of main species
in Korean coastal and offshore waters

(0] : .
Species 50% maturity length Average head width

(mm) (mm)
Redlip croaker 191(Total Length) 20.1
Hair tail 257(Anal Length) 16.6
Red seabream 260(Folk Length) 32.6
White croaker 200(Total Length) 20.7
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Table 4.3 Number of catches and escapement rate of fishes escaped from
trawl codend and TED

Number of catches Escapement rate(%)

Fish Number

species of total Codend Codend TED Codend TED

cover—net cover—net cover—net cover—net

catches
Redlip
croaker 23 o 1 17 4.3 73.9
White
croaker 146 106 25 15 17.1 10.3
Largehead - B
hairtail 23710 1,965 405 17.1
Korean
pomfret 1,965 941 167 857 85 43.6
Horse
mackerel 11276 7041 3,983 252 35.3 2.2
Mackerel 2,110 1,179 919 1?2 435 0.5
Squid 300 242 18 40 6.0 13.3
Butterfish 582 556 6 20 1.0 3.4
Silver
whiting 1,699 630 149 920 8.3 54.1
Red ~ -
guruard 436 421 15 3.4
Seapike 52 34 6 12 11.5 23.1

_ Catch number ofcover — ne

. t
% Escapement rate{) = Number of fotal catches A - e

,56,



422 23 A2E AF

Bar 714 20mm¢l =H 1= EEZA 9 MCe 25449 s Ae

ARe MCY 2E4Az 113, 2ddels 22442 95 At} of
g9 A o)L 46F0RA o F 36F, TEF 4%, 44F 620

FTol g = 29997+2] (1589kg) 5 152%¢1 456vW2] (11.7kg), ZHIIE = @&
A A FoAdF 1,6867H2](160.0kg) T 11.5%<21 1827+e] (9.1kg)7F &7
A5 T wAurE Qe of g it

Table 4.4 Number of fishes and weighted catches by TED materials

TED Number of Number of fishes Catches(g)

materials ~ experiment Codend .~ Cover net.. Codend  Cover net

MC bar 11 2,543 456 147204 11710
%;?nless 9 1,404 182 150872 9114
Total 20 3,047 633 203076 20,854
o - ENCEREE:

BEE )= Gyaaa s F BT g ) L @

450014 HoAF= vkel ol MCH Z& x| olAl & 71| (Shotted halibut,

Eopsetta grigorjewi), & 7F* * (Blotched eelpout, Zoarces gilli), =&t}

,57,



(Blackthroat seaperch, Doederleinia berycoides), Z7+%](Red gurnard,
Lepidotrigla microptera)”’} Z}Z} 42.3%, 39.0%, 32.2%, 20.6%% Tha =7
ety o 2EHRlE 2 @EAA s =5, 549 (Conger eel, Conger
myriaster), 22 A o] (Squid, Todarodes pacificus), A 78°](Horse mackerel,
Trachurus japonicus)”} ZYZF 28.3%, 29.1%, 19.0%, 81% =4, MCH €&

A= 2HdE A EEAARY Ua 22 EE5ES YERSIT

Table 4.5. Number of fishes and escapement rate by TED materials

MC bar Stainless bar

Fish species
Codend Cover net —ER(%) Codend Cover net ER(%)

Blackthroat

Blackthroat 373 A7 322 190 75 28.3
Shotted 11 /i o3 s : )

Squid 92 2% 214 149 35 19.0
Dlotched 35 23 300 [ 1 16
P 77 20 06 | 34 1 29
E(e)lrc?{eerel 24 9 273 192 17 8.1
Conger 31 5 139 02 9 99.0

* ER: Escapement Rate

,58,
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o, W H(Belanger's jewfish, Johnius grypotus) 59 ©&Eo] WA v

ol Eel §95do] BE4Ae Bar A4l Wl Fod 249 o

T At} Sort-X&E 2 Grid paneld &% A Bar 7F49°] 20mm E T
b2 FES 2t o {7 &K Eolal EXFe ofgd o¥gELe Hx

7], N # A (Seapike, Sphyraena japonica), il (Mackerel, Scomber

japonicus)7t 22.9~333%% UAa A yElg o 3E(Yellow seabream,

Dentex tumifrons), WH & Aol Hlgle] Fds=Ho] Fydoz vtd o
o3 ]

PN
< 4 it

o

Fo A9 BEA 2 Ue
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Table 4.6. Number of catches and escapement rate by TED type

Sort-X type Grid panel type
Fish Escapement rate Catch rate Escapement rate Catch rate
species Under Under
Catch Cover ER 20mm CR Catch Cover 20mm CR
number net (%) head (%) number net (%) head (%)
width °/ width
Redlip
croaker 60 37 617 11 229 372 260 699 95 26.8
Yellow B _ _ _
seabream 348 299 100 33 14 100
Mackerel 42 - - 1 100 366 46 126 17 270

Largehead
hairtail 35 7 200 26 788 246 51 207 181 780

Blackthroat
seaperch 99 2 20 83 976 265 3 1.1 248 98.8

Finespotted
flounder 374 10 27 354 973 459 9 2.0 433 98.0

Sea pike 13 % / 154 ¢ 335 EEhl 54 154 152 30.2

Croaker 66 N - 65 100 16 2 125 14 875

¥ ER: Escapement Rate, CR: Catch Rate

424 E3* Bar (144 8=F

Bare] 7tZ o] 20mm, 2omm 2 35mm¢l 3Fo} Gridd g&4x9 g=
2% A ANEES A An FxV)e g8 > €E4XA Bar (140
20mmol A 25mm, 35mm=E Z7Fste] tEl 25 % 60.3%°A  61.0%,

71.8%%= T7Fet=l, o] Ayt 719 tholord Aol o7k Fx7

it
it
m

of HEE 43%0l w3 181 S7He Ae= yEisth Aol &

e
it
ki

Bar9] zFAo] 20mmolA 25mm, 35mm=z 2 S7hshel] wel &
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9.8%N Al 16.4, 45.6% = F7F8tH L, 5ole] EEELS @+ Bardl 1t
Aol 25mmel A= 45%% YEFGA W 20mmol A 35mm=z Z7}gel] ubzt

11.2%0° 4] 45.0% % ZA Z7}st9 tH(Table 4.7).

Table 4.7. Escapement rate of main species by TED bar space

TED bar space

Fish 20mm 25mm 35mm

species

Cover ER Cover ER Cover ER
Codend net (%) Codend net (%) Codend net (%)

Redlip
croaker 361 549 60.3 292456 610 268 937 718

Horse 2215 242 98 1,948 383 164 782 463 372
mackerel

Mackerel 430 6%y /112 444 21 s 393 321 450

,62,
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Fig. 5.6. Photo of underwater camera and lights attached to the Trawl
Escapement Net.
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Konosirus punctatus) 1™, 71 ¢ XX (White croaker, Pennahia
argentata), Y28 (Smelt, Sillago sihama), "W o](Bigeyed herring,
Sardinella zunasi), <X (Chinese herring, Ilisha elongata), 27+ (Red
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of whel 71zt 334 ol FAH S AAG AuE Avnw, A28 e 37 4
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Table 5.1. Escapement rate and length of main catch species in the sea
experiment of May, 2005

V shape (Al) V shape (A2) V shape (A3)

Fish species  odend TEN ER Codend TEN ER Codend TEN ER
(cm) (cm) (%) (cm) (cm) (%) (cm) (cm) (%)

Korean pomfret 9-15 31.3 9-15 50 9-15 60
Slimy 57 35 o7 89.5 57 93
Gizzard shad - - 10-20 68 10-20 88.1
White croaker 12-15 18.5 12-15 14 - -
Smelt - - - 8.7 - -
Bigeyed herring 9-12 4.2 9-12 - 9-12 95.2
Chinese herring 9-12 % =12 i 9-12 94.8
Red gurnard 29-30 0 25-30 0 25-30 15-30 114

% TEN: Trawl Escapement Net, ER: Escapement Rate
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W 1 9 ME(Butterfish, Psenopsis anomala), 27+o], dE71dE
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Table 5.2. Escapement rate and length of main catch species in the sea
experiment of November, 2005

V shape with a Panel type with a

protector (B type) protector (C type)
Codend TEN ER  Codend TEN ER
(cm) (cm) (%) (cm) (cm) (%)

Fish species

Horse mackerel 12-17 28.2 12-17 38.3
Sea pike 20-25 19.7 20-25 30.7
Largehead hairtail 6-10 30.8 6-10 30.4
Kammal thryssa 12-20 11.7 12-20 76.9
White croaker 19-24 8.6 19-24 24.9
Butterfish - 16.8 12-13 38.3
Red gurnard - 8.4 19-22 85
Cardinal fish 5 5.0 - 44.8
Korean pomfret 12-25 0 12-25 0.4
Spanish mackerel ~ 37-50 0 37-50 3.6
Rock sole 1 0.5 - 0
Fincsported '\ & — 0
Yellow goosefish - 0 - 0.6
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Fig. 6.1. Photos of undersized fishes escaping from Trawl Escapement
Net.
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