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Fisheries Research Institute, National Institute of Fisheries Science, Gangneung, Republic of Korea

In this study, experimental fishing trials were performed to quantitatively evaluate
and compare the fishing performance of trammel nets, tie-down gillnets, and
single gillnets used for catching blackfin flounder. A total of eight cruises
performed at depths of 100-140 m in the waters near Yangyang, Gangwon-
do, Korea. Fisheries laws in Korea currently restrict the use of trammel nets due to
concerns about overfishing and bycatch. Tie-down gillnets have a support line
that changes their stretched height, thus increasing their catch rate, and are an
attractive alternative to trammel nets or single gillnets; unmodified gillnet. Due to
a lack of quantitative evaluation of their fishing performance, the performances
of these three types of gillnets quantitatively compared. The number and weight
of fish, particularly blackfish flounder, caught by each net under similar
circumstances were compared. Our results suggest that the fishing
performance of trammel nets and tie-down gillnets is much higher than that
of single gillnets. Compared to single gillnets, trammel nets performed better by
2.98 times and 2.45 times, in terms of the total number and weight of fish caught,
respectively, and tie-down gillnets performed better by 2.09 times and 1.97
times, respectively. In addition, the bycatch rate of tie-down gillnet for immature
blackfin flounder with the total length less than 20 centimeters was similar to
single gillnet; single gillnet 17.5% of immature blackfin flounder, tie-down 20% of
immature blackfin flounder, trammel net 62.5% of immature blackfin flounder.
Given that many flat fish such as flounders fall out of the net during the fishing
process after being stuck in single gillnets, fishermen hope to use trammel nets.
However, the relatively high catch rate of trammel nets likely necessitates
restrictions for their use. This study suggests that tie-down gillnets are an
option for sustainable fishing practice given that they perform better than
single gillnet and reduce bycatch of immature blackfin flounder when
compared to trammel nets.
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1 Introduction

The gillnet and trap are commonly practiced fishing gears along
the East Sea fisheries of Koera, where gillnets mainly catch snow
crab (Chionoecetes opilio), blackfin flounder (Glyptocephalus
stelleri), herring (Clupea pallasii), and blackfish (Arctoscopus
japonicus), whereas trap fishing mainly catch octopus
(Enteroctopus dofleini), sea snails (Buccinum spp.), and red snow
crab (Chionoecetes japonicus).

Aside from large fisheries such as trawls, most flounder in this
area are caught by gillnets. The annual catch of blackfin flounder
(Glyptocephalus stelleri, Figure 1) as of 2020 is 1,492 tons, of which
about 49%, or 734 tons, were caught with coastal gillnets (KOSIS,
2020). Gillnet has a structure in which float line is installed on the
upper part of a gear vertically in the water column, and a lead-like
sinker were attached to its lower part to expand the gillnetting gear
up and down in the water. To catch fish, nets were installed into the
underwater area where the fish school move, and the fish are caught
when their gills or another part of their body gets entangled in the
net. However, most of the fish caught in gillnets must be spindle-
shaped to be able to stick to the net well. On the other hand, flat fish
that have a relatively wide body, such as flounder, are often caught
or surrounded by a net rather than becoming stuck in it (An et al,
2003; Park and Bae, 2017; Kim et al., 2021).

Flounder, the main target species of gillnets off the east coast of
Korea, sometimes entangle in a gillnet their gills caught in gillnets;
however, because they have flat, wide bodies, they do not entangle a
gillnet completely and often fall into the sea when the net is hoisted
up with a hauler. Trammel nets are similar to regular gillnets but are
made up of three layers of netting. Fishermen consistently demand
permission to use trammel nets that show better fishing
performance since they catch a high proportion of live fish when
compared to single gillnets. However, the use of trammel nets is
prohibited by the Fisheries Act in Korea because of their tendency
to lead to bycatch and their high catch rate of immature fishes.
Recently, fishermen have been using tie-down gillnets as an
alternative to trammel nets, where strings are vertically tied to a
single gillnet at regular intervals and the net’s original deployment
height is reduced to create a large pocket similar to a trammel gillnet
(Kim et al,, 2021). Tie-down gillnets are known to catch more
flounder than single gillnets, however, there are not many
systematic studies of tie-down gillnets. Few studies has been
carried out abroad to reduce the bycatch. The research of
flounder fishery in the United States showed that gillnets with
lower height reduced the bycatch of Atlantic cod (Gadus morhua)
while maintaining comparable catch of flounders. In blackfin
flounder fishery, tie-down gillnet with different mesh sizes could
be reduce the bycatch of the immature flounders and the research
on mesh size selectivity in trammel nets were conducted for 17
species in the Atlantic oceans; however, their performance is
unclear while further studies are still needed in different areas and
methods (An et al., 2003; He, 2006; Park and Bae, 2017; KOSIS,
2020). Recently, researches were conducted on selectivity as a
function of different mesh sizes (Cho et al., 2000; Park et al,
2003; Haas, 2010). It was reported that the fishing performance of
gillnets varies depending on the stretched height of the net between
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the float line and the foot rope, mesh size selectivity and that the
shape of gillnets (e.g. trammel nets vs. single gillnets) makes
differences in fishing performance (Cho et al., 2000; Kim and Lee,
2002; Fabi et al., 2002; Erzini et al., 2006; He, 2006).

In this study, it was quantitatively compared the fishing
performance of three types of gillnets (trammel nets, tie-down
gillnets, and single gillnets), using blackfin flounder inhabiting the
waters off the eastern coast of Korea as the target fish. We use the
results of this study to clarify the fishing performance of each type of
gillnet and establish a plan for the efficient and sustainable use of
blackfin flounder, which is considered as one of the fisheries
resource recovery species in Korea.

2 Materials and methods

2.1 Gillnets

The trammel nets, tie-down gillnets, and single gillnets used in
this study were manufactured to have the same mesh size as that of
the blackfin flounder nets used in Yangyang, Gangwon-do, Korea.
The trammel nets (Figure 2A) and the tie-down gillnets (Figure 2B)
were produced in the same way as commercial nets with a height of
3.07 m. In addition, in consideration of the vertical development
and the shape of the mesh, a single gillnet (Figure 2C, unmodified
gillnet) was manufactured to have a height of 4.2 m, the same as that
of commercial nets.

For the trammel net, its inner net was the same as that of a
single gillnet, and the nylon net (mesh size 450 mm, height 6.5
meshes, 12 braids) was used for its outer net. The ratio of the
stretched height of the outer net (6.5 meshes x 450 mm) to the
stretched height of the inner net (50 meshes x 90 mm) was 0.65.

The height of the support line in the tie-down gillnets was
2.47 m, and the ratio of the vertical direction of the mesh to the
height of the support line was about 55%. The polyethylene support
line’s diameter was @ 1.4 mm; its two strands were vertically

FIGURE 1
Blackfin flounder (Glyptocephalus stelleri, Figure 1) were selected as
the target fish for this study.

frontiersin.org


https://doi.org/10.3389/fmars.2023.1034999
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Kim et al.

3.07m

307m

10.3389/fmars.2023.1034999

Float line length 75.4 m

»—» PP 08,0 mm
""""""""" A PP 09.0 mm

Y

0 @ ‘ ' ' ’.;:::mes les
{& : (Net ‘I?cighl I2.47 m)
RO

5 )
#‘f){ TN
,;};;”:W‘L}Qgg_”;,%g eie- —v PP 04,0 mm

Float line length 75.4 m

ey —v PP 0 8.0 mm
", PP 09.0 mm

50 meshes

_' :: (Net height 2.47 m)

Tie-down gillnet

420m

Float / Buoyancy 180 g

mesh size
90 mm

Float line length 75.4 m

—» PP 0 8.0 mm
A PP 09,0 mm

Sink line length 93.3 m

Single gillnet

FIGURE 2

Construction of the experimental gillnets for blackfin flounder used in the sea trials; (A) trammel net, (B) tie-down gillnet, and (C) single gillnet.

lowered from the float line to the foot line, and the middle part of
the support line was tied to the mesh once. The length of the float
line of all nets was manufactured to be 75.4 m and the length of the
sinker line 93.3 m. Nets were made of nylon, and the monofilament
diameter of the twine was @ 0.286 mm. The inner diameter of the
nets was measured 20 times as a proxy for its mesh size, and the
average value was 90.2 + 4 mm. The design specification of all nets is
shown in Table 1, and their basic structures in accordance with the
types of gillnet are shown in Figure 2.

Three gillnets were sequentially and repeatedly arranged four
times, and 12 panels were configured as one set were used in each
field experiment. The distance between different gillnets was
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approximately 1.5 meters. A typical arrangement of the test nets
is shown in Figure 3. The experimental fishing gears are deployed

from inshore to offshore at the depth range between 100 m
and 140 m.

2.2 Sea trials

A total of eight sea trials were conducted between February
2020 and December 2020 by chartering a coastal gillnet fishing
vessel (Gross tonnage: 3.90 ton, Engine propulsion: 268.4 kW) in
the waters surrounding Yangyang-gun in Gangwon-do. The single
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TABLE 1 Composition of the experimental gillnets for comparison of fishing performance.

Vertical . . . . . . . Remark
Horizontal mesh ~ Hanging ratio (%, float Hanging ratio (%, sink = Net height :
Net type mesh il e i il (applied to all
(mesh) nets)
40 (inner) 49.5 (inner)
Trammel net 50 2,094 3.07
40 (outer) 44.4 (outer) Float line 75.4m
Sink line 93.3 m
T.le—down 50 2,094 40 495 .07 Stretch mesh size 90
gillnet mm
Single gillnet 50 2,094 60 80 4.20

< r

] Water depth 100 — 140 m
‘/ PP 9010 mm

1 set was composed of 12 panels

T — T Tt —]

S o] g YNNG
X’ne-%own %lllnet Single glinet &@ el et /|

% N X
Wbt
(
@2 stone, 20 kg Stone, 30 kg
FIGURE 3

Arrangement of three types of gillnets for fishing performance experiments.

*;

trial took two days. The deployment of the net was conducted at
4:00 AM following the departure of the fishing vessel, and the
hauling net was carried out at the same time the next day. Nets were
immersed for one day, and the depth of fishing was about 100- 42°N
140m. The experimental fishing operation location is shown in
Figure 4. The catches were screened for all fish. The catches were
separated by net type, classified by fish species, and then measured.
The length of each fish caught was measured in millimeters on the 40N
measuring board and their weight was measured in grams using an
electronic scale (CAS SW-1, Korea) to compare and analyze the
catch performance of each net. In addition, the catch performance 38N
of each net was evaluated using the commercial statistical software
IBM SPSS Statistics 27 (IBM, U.S.A.). Kolomogorov-Smirnov tests
were used to test the normality. One-way ANOVA (Analysis of
Variance) was applied to identify the differences between the 36°N
control and experimental gillnets’ catch in weight. The used data
were the sums of the single gillnet and experimental gillnets;
trammel net and tie-down gillnet in each fleet. Comparisons were
made among gear types. The catch in weight was considered count 34N
data and was calculated from the catch weight of blackfin flounder

by gillnet types. CPUE (Catch Per Unit Effort) was calculated by 124°E 128°E 132E
divided the pooled catch weight of target species into the number of FIGURE 4
panels used; g/panel. Location of sea trial sites for comparison of fishing performance.
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3 Results . 3
RS- - -
A total of eight trials were deployed using experimental gillnets S8
and compared their catches. Four sets of the nets were deployed. o - .
Each set consisted of three nets; one single gillnet, one tie-down g § § o a
gillnet, and one trammel net. We captured 2,842 (415,474 g) total -
fishes of 20 difference species. Among them, blackfin flounder were
the highest catch (1,627; 186,503 g), which accounted for 44.9% of (E 2 © - o
the total catch. Black edged sculpin (Gymnocanthus herzensteini) - -
showed the second highest catch rate (11.7%), and whip sculpin
(Gymnocanthus intermedius) the third highest catch rate (11.5%). = 0 - - -
The catches and catch rates for each net are shown in Table 2. g & £ S S
Trammel nets showed the highest catch with a total of 1,395 fish
(187,621 g), followed by tie-down gillnets with a total of 979 fish % = " - -
(151,258 g), and lastly single gillnets with a total of 468 fish (76,595 @ % b S s =
g). The fishing performance among the three types of gillnets =
showed significant differences in a statistical test. From the one %’ 8 3 < - -
way ANOVA test, the catch of blackfin flounder has significant & = =) o
difference (Kolomogorov-Smirnov test, df=8, p = 0.236>0.05; one
way ANOVA test, df=2, p = 0.0001<0.05). There was no significant
difference between trammel net and tied-down gillnet (Tukey HSD 1= 2 < ° o
test, p = 0.977>0.05), tie-down gillnet and single gillnet (Tukey HSD
test, p = 0.052>0.05). However, there was a significant difference
between trammel net and tie-down gillnet (Tukey HSD test, p = s 8 Q 2 o
0.036<0.05). The test with total length less than 20 centimeters, = & B 4 =
prohibited length of blackfin flounder, there was a significant
difference in weight caught among the gear types (Kolomogorov- T 8 S 5 @ ©
Smirnov test, df=8, p > 0.05; one way ANOVA test, df=2, p = = § * s < <
0.001<0.05). There was no significant difference between trammel ?
net and tie-down gillnet (Tukey HSD test, p = 0.457>0.05). On the _§ i g - a =
other hand, there was a significant difference both trammel net @ g = - " -
((Tukey HSD test, p = 0.01<0.05) and tie-down gillnet (Tukey HSD =
test, p = 0.02<0.05) to the single gillnet.
The catch results for the main fish species of this study, b 8 ~ “° N
flounder, showed the highest catch with trammel nets (886 fish;
103,963 g), followed by tie-down gillnets (538 fish; 60,575 g) and -
single gillnets (203 fish; 21,965 g) being the poorest performer. The ) % 2 3 2 8
catch per unit effort (CPUE) was 3,248.8 g/panel for trammel nets, é @ = “ " -
1,893.0 g/panel for tie-down gillnets, and 686.4 g/panel for ?x
single gillnets. % . é 3 g 2 g
It was found that the blackfin flounder caught by trammel nets £ F&
were relatively diverse in size (Table 3; Figure 5). In addition, é’. E - -
although fish under 200 mm in length were not caught in large _;. g é @ i R o
numbers, which is currently prohibited by the law, the three types of £ = - -
gillnets did not show statistically significant differences in catch 3
numbers for such fish (trammel nets, 28; tie-down gillnets, 8; single ~ § 2 - . . -
gillnets, 7). In terms of bycatch rate on immature blackfin flounder § -
less than 20 centimeters in total length, tie-down gillnet was similar &
to single gillnet as 20% and 17.5% respectively. However, the é _ _
bycatch rate of trammel net was 62.5% (Table 3). g = B é\ § <
The number and distribution of blackfin flounder, the target o 3 3 ~§ § g 5
species of this study, caught by each net was different in accordance E —i: é £ 4 § % % %
with the gillnet types (Table 3). Total length distributions of the § L2 g ER - A § 3¢
flounder was similar in all three net (Figure 5). When the fishing g § fé E g Eié é g —S: 7;:
performance of single gillnets is set as 1, trammel nets performed 'g _§ =0 E T 3 =< ;‘g ‘§ ]
4.36 times better in terms of the number of blackfin flounder i -
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TABLE 2 Continued

Trammel net Tie-down gillnet Single gillnet Total
i . Catch = CPUE . Catch . Catch CPUE . Catch
Species Number = Weight Number = Weight Weight Number = Weight
caught Q) rate (9/ caught © rate (9/ Q) rate (9/ caught Q) rate
(%)' | panel)? (%)'  panel)® %)'  panel)® (%)'
Other fish
Blackedged sculpin
L. 44 13,918 7.42 434.94 67 20,509 13.56 640.91 44 13,955 18.22 436.09 155 48,382 11.65
(Gymnocanthus herzensteini)
Pacific cod
9 9,480 5.05 296.25 16 22,923 15.15 716.34 16 15,298 19.97 478.06 41 47,701 11.48
(Gadus macrocephalus)
Whip sculpin
X i 90 5,076 271 158.63 80 4,453 294 139.16 98 5,750 7.51 179.69 268 15,279 3.68
(Gymnocanthus intermedius)
Spinyhead sculpin
. 25 11,983 6.39 374.47 14 4,908 324 153.38 9 2,936 3.83 91.75 48 19,827 4.77
(Dasycottus setiger)
Atka mackerel
5 3,423 1.82 106.97 4 2,740 1.81 85.63 2 1,167 1.52 36.47 11 7,330 1.76
(Pleurogrammus azonus)
Pacific herring
i 2 771 0.41 24.09 4 2,032 1.34 63.50 2 1,054 1.38 3294 8 3,857 0.93
(Clupea pallasii)
Sandfish
X i 3 291 0.16 9.09 2 187 0.12 5.84 3 299 0.39 9.34 8 777 0.19
(Arctoscopus japonicus)
Salmon snailfish
i 1 406 0.22 12.69 3 1,037 0.69 32.41 1 340 0.44 10.63 5 1,783 0.43
(Careproctus rastrinus)
Smooth lumpsucker
X 1 1,094 0.58 34.19 0 0 0.00 0.00 0 0 0.00 0.00 1 1,094 0.26
(Aptocyclus ventricosus)
Sculpin
o . . 0 0 0.00 0.00 0 0 0.00 0.00 1 55 0.07 1.72 1 55 0.01
(Hemilepidotus gilberti)
Mollusks
Schoolmaster gonate squid
. . 0 0 0.00 0.00 0 0 0.00 0.00 3 1,049 1.37 32.78 3 1,049 0.25
(Berryteuthis magister)
Japanese flying squid
X 0 0 0.00 0.00 1 31 0.02 0.97 4 80 0.10 2.50 5 111 0.03
(Todarodes pacificus)
Octopus (Octopus spp.) 1 132 0.07 4.13 1 137 0.09 4.28 0 0 0.00 0.00 2 269 0.06
Gastropods
Whelk
X 3 107 0.06 3.34 1 44 0.03 1.38 2 96 0.13 3.00 6 247 0.06
(Neptunea constricta)
(Continued)
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caught, and 4.73 times better in terms of the total weight of blackfin
flounder caught, when compared to single gillnets. In addition, it
was found that the tie-down gillnet, which is an intermediate type
between the trammel net and the single gillnet, shows higher fishing
performance by 2.65 times (the number of blackfin flounder caught)
and 2.76 times (the total weight of blackfin flounder caught), when
compared to the single gillnet. Therefore, the fishing performance of
gillnets for blackfin flounder was shown to be in the following order:
trammel nets > tie-down gillnets > single gillnets. In addition, when
comparing the total catch including other species, trammel nets
performed better by 2.98 times and 2.45 times in terms of the
number and weight of the fish caught, respectively, and tie-down
gillnets performed better by 2.09 times and 1.97 times, respectively,
when compared to single gillnets (Table 4).

Crabs are liable to get caught in gillnets by their claws or feet.
During the experimental fishing period, the catch rate was 10.4% for
the snow crabs and 4.1% was the female snow crabs among them,
the catch of which is prohibited all year round in Korea. 6.3% was
for male snow crabs. In our study, trammel nets showed 20 times
higher bycatch numbers than that of single gillnets, regardless of
the sex of the crabs caught; tie-down gillnets also showed about
10 times higher bycatch numbers than that of single gillnets
(Figures 6, 7). Different types of nets showed the following order

TABLE 3 Length frequency distribution of blackfin flounder caught by
experimental gillnets.

Total length Net type

class Trammel = Tie-down Single
(TL, mm) net net gillnet

< 160 0 0 0 0
160 ~ 170 2 0 0 2
170 ~ 180 4 2 0 6
180 ~ 190 6 4 1 11
190 ~ 200 13 2 6 21
200 ~ 210 24 13 10 47
210 ~ 220 29 21 10 60
220 ~ 230 70 43 15 128
230 ~ 240 114 78 32 224
240 ~ 250 175 117 44 336
250 ~ 260 162 111 29 302
260 ~ 270 127 72 21 220
270 ~ 280 83 43 24 150
280 ~ 290 39 19 9 67
290 ~ 300 25 7 1 33
300 ~ 310 7 3 1 11
310 ~ 320 5 3 0 8

320 < 0 0 0 0

Total 885 538 203 1,626

07 frontiersin.org


https://doi.org/10.3389/fmars.2023.1034999
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Kim et al.

200 1 Trammel net
180 4 N=885
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FIGURE 5

The distribution of the number of blackfin flounder caught in three
types of gillnets as a function of their total length.

of performance in terms of bycatch of snow crabs: trammel nets >
tie-down gillnets > single gillnets. Nets that have pockets showed
higher bycatch rate than single gillnets in terms of bycatch.

4 Discussion

The number of commercial fish species appearing off the east
coast of Korea is limited. Among the fish species that can be caught
year round, blackfin flounder are abundant and an important
source of income for fishermen. Flounder often were mostly
caught by gillnets in coastal areas and by trawls offshore. In the
past, single gillnets were mainly used in the fishing industry, but
they were dropped out during the hauling process without landing
properly, resulting in frequent loss of catches. Because of this
problem, some fishermen mainly used trammel nets that consist

10.3389/fmars.2023.1034999

of three layers of nets. However, the use of trammel nets is now
prohibited by the law, as they contribute to bycatch. According to
reports, trammel nets show 1.4 to 2 times higher fishing
performance than single gillnets (Kitahara, 1968; Fujimori et al.,
1996; Akiyama et al.,, 2004; He, 2006; Wakayama et al., 2006).
Recently, tie-down gillnets, an intermediate between the trammel
net and the single gillnet, have been widely used to create pockets in
the netting by reducing the height of the gillnet. However, it is
known that there is a risk of overfishing and bycatch because tie-
down nets also act like trammel nets because of their pockets;
however, detailed research on their performance is still lacking
(Ishida, 1962; Millar and Fryer, 1999; Kim and Lee, 2002; Lopez-
Barrera et al,, 2012). Tie-down gillnets have recently attracted a lot
of attention due to their increased usage, so studies on fishing
performance and mesh size selectivity are being conducted (Kim
et al,, 2021).

According to recent regulations related to the protection of
fisheries resources, the minimum landing length for blackfin
flounder, a major fish species in the East Sea, is strictly
implemented as a means of resource management. From this
point of view, we sought to quantitatively evaluate the fishing
performance of trammel nets, tie-down gillnets, and single gillnets
used to catch flounder so as to obtain data that can be used to
efficiently manage fisheries and limit fishing gears in consideration
of their fishing performance (Baranov, 1914; Thomas et al., 2003;
Kim et al.,, 2021).

The results showed that trammel nets performed up to 4 times
better than single gillnets. In the blackfin flounder catch, trammel
nets was relatively diverse in size distribution. In addition, although
fish under 200 mm in length were not caught in large numbers,
which is currently prohibited by the law, the three types of gillnets
did not show statistically significant differences in catch numbers
for such fish (trammel nets, 28; tie-down gillnets, 8; single gillnets,
7). In terms of bycatch rate on immature blackfin flounder less than
200 mm in total length, tie-down gillnet was similar to single gillnet
as 20% and 17.5% respectively. In particular, fishing of snow crabs is
prohibited in the East Sea during the certain period, from June 31 to
November 31, where snow crabs are more strictly managed than
flounder including the spawning season; fishing of male snow crabs
with a length of less than 90 mm is forbidden during the fishing
season, and fishing of female snow crabs is prohibited year round. In
our experiment, not only flounder, but also a significant number of
snow crab were caught, and among them, the trammel nets caught
more male and female snow crabs when compared to the
single gillnets.

TABLE 4 The relative fishing performance of three types of gillnets, based on the catch number or weight of blackfin flounder and total catch.

Blackfin flounder

Total catch
Remarks

Weight?

Catch number?

Net type
Catch number' Weight'
Trammel net 436 4.73
Tie-down gillnet ‘ 2.65 2.76
Single gillnet 1 1

2.98 2.45 Treatment 2
2.09 1.97 Treatment 1
1 1 Control

"The relative catch number and weight of blackfin flounder caught in each net type when these numbers for single gillnets are set to 1.
*The relative catch number and weight of total fish caught in each net type when these numbers for single gillnets are set to 1.
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The distribution of the number of snow crabs caught in three
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FIGURE 7

180 4
160 A
140 A
120 A
100 A
80 1
60 A
40 A

Catch number

i

10.3389/fmars.2023.1034999

The results of this study therefore suggest that it is necessary to
limit and manage the use of trammel nets for the efficient use of
resources and the management of prohibited fish species. The tie-
down gillnet can serve as a compromise between ensuring
profitability for fishermen and the government’s fisheries resource
management, thus contributing to a sustainable fishing industry.

We think that the shape of each type of net investigated in this
study changes differently in underwater currents. In particular,
trammel nets and tie-down gillnets are expected to form pockets
from two sheets of the outer nets and support lines, respectively, as
shown in Figure 8. We speculate that these pockets play a role in
enclosing or entangling fish in a net rather than the fish getting their
gills stuck in the net, which is the unique fishing mechanism of
gillnets. It can be inferred that this shape of net may contribute to
high fishing performance and the fishing of individuals of

various sizes.

5 Conclusions

In this study, the fishing performance of three types of gillnets
was compared—trammel nets, tie-down gillnets, and single
gillnets—that are used to catch blackfin flounder in the East Sea
of Korea. A total of eight cruises were performed at depths of 100-
140 m in the waters near Yangyang, Gangwon-do, Korea. The
results showed that, when compared to single gillnets, trammel

154
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nets performed better by 2.98 times and 2.45 times, in terms of the
total number and weight of fish caught, respectively, and tie-down
gillnets performed better by 2.09 times and 1.97 times,
respectively. We found that tie-down gillnets have an
intermediate fishing performance between single gillnets and
trammel nets. In addition, when the main target, blackfin
flounder, was used as a standard, trammel nets showed higher
fishing performance by 4.46 times (number of fish caught) and
4.73 (weight of fish caught), while tie-down gillnets showed higher
fishing performance by 2.65 times (number of fish caught) and
2.76 times (weight of fish caught). Many instances were recorded
of flounder being caught and then dropped out of the single
gillnets. In addition, as for the bycatch of snow crab, a major
commercial species off of the east coast, trammel nets showed 10
times higher number and weight of snow crabs caught when
compared to single gillnets. Snow crab is a species that is heavily
regulated for fisheries resource management, having both a
closure and a ban on the capture of small individuals.

The use of trammel nets is currently prohibited due to their
high fishing intensity. However, fishermen would like to use
trammel nets because many flat fishes, like flounder, fall out of
single gillnets. Given that our results show that trammel nets have
better fishing performance and higher fishing rates of non-target
fish and small individuals when compared to single gillnets, we
conclude that restrictions are indeed required for the use of
trammel nets. In addition, flounder, including blackfin
flounder, have recently been intensely regulated under a law
that imposes a prohibited length in an effort to protect fisheries
resources. From this point of view, it is necessary to closely
evaluate different types of nets to ensure the efficient use and
fisheries management of resources. In terms of flounder fishing
off of the east coast, tie-down gillnets show better fishing
performance than single gillnets and are more effective in
reducing bycatch of non-target fish than trammel nets. In this
regard, one solution can be to optimize the tie-down gillnet
through meetings between stakeholders as a sustainable fishing
gear. However, further researches on tie-down gillnets are also
required to quantitate the fishing performance in accordance with
the tie-down length, thickness of tie-down, tie-down composition
for the sustainable use of the gillnet. Taken together, we envision
that this study can be used as basic data in the design of nets to
effectively manage the fishing of flounder that also secures the
livelihood of fishermen.
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