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Marmara purse seine fishery. For this aim, a sheet of netting piece, larger mesh size and thicker

Received: 09.02.2020 diameter, is rigged on the bunt-end of the purse seine net. The jellyfish mass on the netting piece are
Received in revised form: 27.02.2020 slipped by rolling over the headline (floating line) after partially hauling or drying-up the net while it
Accepted: 27.02.2020 is still in the water. In this study, the catch amount of this slipping was roughly estimated with the
Available online: 24.03.2020 introduction of the slipping process only used by the purse seiners in the Sea of Marmara. There were
Keywords: eight successful purse seine operations conducted between 8 and 11 September 2018 in depth ranged

77 to 677 m. The percentage of landed species versus to jellyfish varied between 23% and 85%. The

Jellyfish mean landed anchovy amount is 4379 (£3756.6) kg for per operation. The mean slipped amount of
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jellyfish. For this reason, this study is important to presented preliminary results regarding amount
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Introduction

Purse seining is energy efficient, environmentally friendly
fish capture methodology generally targeting large and small
pelagic fish shoals (Handegard et al., 2017) with sonar
detection, light sources or Fish Aggregation Devices (FAD).
Purse seining solely accounts for about 30% of the world’s total
fisheries catch (Watson et al., 2006) and approximately three
out of four domestic catch of Turkey (TurkStat, 2018). The
fishing operations is performed in the Sea of Marmara by 122
purse seiners registered to the various ports and the amount of
landings according to the record of the 2017 fishing season
varies between 20000-25000 tons (TurkStat, 2018). Anchovy
(Engraulis encrasicolus) is dominated fish species landed with
8340 tons. It is followed by European pilchard (Sardina
pilchardus) with 5685 tons, two kind of horse mackerels
(Trachurus trachurus, T. mediterraneus) with 4447 tons,
Atlantic bonito (Sarda sarda) with 1103 tons, bluefish
(Pomatomus saltatrix) with 720 tons, mackerel (Scomber
scombrus) with 287 tons, grey mullet species with 239 tons,
chub mackerel (Scomber japonicus) with 147 tons and garfish
(Belone belone) with 93 tons. Almost all of these landed species
are captured by the purse seiners.

The Sea of Marmara, connected to the Black Sea and the
Aegean Sea by the Straits of Istanbul and Dardanelles, is an
inland sea that forming a transition zone and one of the most
important migratory routes between the Black Sea and the
Aegean Sea for many commercially valuable species (Yildiz and
Karakulak, 2016). Additionally, due to the high level of
nutrients and plankton abundance, it is reproduction and
growth area for many species (Yiiksek, 2016).

In recent years, the warning signs of ecological deterioration
such as algal blooms, fishery collapse, massive mucilage events,
and jellyfish blooms have increased significantly in the Sea of
Marmara (Isinibilir and Yilmaz, 2016). Overfishing as a major
anthropogenic impact that causes increasing jellyfish blooms
through removing jellyfish predators and competitors
(Daskalov et al., 2007). Latest studies also showed that
quantities of jellyfish have been increasing in the Sea of
Marmara in the last decades and Aurelia aurita is the most
important jellyfish species for the basin with yearlong
occurrence and prolonged blooms with higher biomass
(Isinibilir and Yilmaz, 2016).

Despite advances in sonar technology and highly
experienced fishermen, it is currently difficult to determine a
reliable quantity and a size-range for the fish before the catch
has been densely crowded at the end of the haul (Breen et al,,
2012). Purse seines, particularly for small species, are generally

considered to be a non-selective fishing gear once a target shoal

has been encircled, primarily because of the small mesh sizes
used in the main body of the net, typically lower 20 mm
(Marcalo et al., 2019). Therefore, the release of unwanted catch
(UWC) generally happens by “slipping” all or part of the UWC
out of the net while it is still in the water or by “discarding”,
when the catch is taken aboard and any unwanted components
are removed and returned to the sea alive or dead (Margalo et
al., 2019).

Releasing or slipping is not a new strategy to remove
unwanted catch from the purse seine net. Slipping of the entire
or portion of the catch from the purse-seine is a common
practice method due to a variety of economic (catch quality,
market price/demand) and regulatory (quotas, sizes, protected
species) drivers in European Atlantic waters (Margalo et al.,
2019). Due to aforementioned reasons, there has been a
common practice of discarding unwanted catch by rolling the
fish over the headline of purse seine net in British mackerel
fishery (Lockwood et al, 1983), in western Australian
Sardinops (Sardinops sagax) fishery (Mitchell et al., 2002), in
Norwegian mackerel (Huse and Vold, 2010) and herring
(Clupea harengus) (Tenningen et al., 2012) fisheries, in Spanish
anchovy fishery and Portuguese sardine fishery (Margalo et al.,
2019). In these processes, entire or part of the catch is released
by rolling the fish over the headline (floating line) of the net
after partially hauling or drying-up the net. However, a
modified slipping procedure is developed by Margalo et al.
(2018) enable the fish to escape through an opening (escape
window) created by adding weights to the float line. In this
procedure, the net was bunted (manually hauled) and 445 sets
of 10 kg weights were put along the headline to form an escape
opening. In the slipping, sardines freely swimming out of the
net through the opening.

When the slipping not performed in good conditions, it can
highly
Unacceptability high rates of mortality resulted by the

cause significant mortality in released fish.
conventional slipping for mackerel (Lockwood et al., 1983;
Huse and Vold, 2010), herring (Tenningen et al., 2012), sardine
(Stratoudakis and Margalo, 2002; Margalo et al., 2006; Margalo
et al., 2010) and Sardinops (Mitchell et al., 2002). However,
various modified slipping procedures tested by Huse and Vold
(2010) and Margola et al. (2018) significantly reduced the
highly significant mortality.

Excluding a substantial amount of jellyfish is a common
slipping process in the Sea of Marmara purse seine fishery
(Tosunoglu and Kasapoglu, 2019). Experienced skippers of the
purse seiners have developed a different slipping process to
exclude jellyfish in the Sea of Marmara for a long time. For this
aim, a sheet of netting piece, larger mesh size, and thicker

diameter, rigged on the bunt-end of the net. First of all,
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jellyfishes are intensified in the bunt of the net, just like fish and
bycatch with the crew hauling the net aboard the vessel by
manually. When reached the netting piece, the crew haul only
the netting so that fishes pass the larger mesh while jellyfish
retained on the net. At the latest stage, the jellyfish on the
netting piece is slipped by rolling over the headline (floating
line) of the net after partially hauling or drying-up the net while
it is still in the water (Figure 1). After the slipping finalized, the
netting sheet is opened from side-end and the fish pump is
submerged to concentrated fish in the bunt-end section for the
transfer of the fish to the deck of vessel. The main purpose of
the study is to introduce the slipping process only used by the
Sea of Marmara purse seine fishery. In addition, it is roughly to

estimate about the amount of slipped jellyfish.

Figure 1. Jellyfish slipping over the headline from the bunt-end

section of a purse seine net in the Sea of Marmara

Material and Methods

In the Sea of Marmara purse seine fishery, a shoal of fish is
commonly aggregated to artificial light or rarely detected by the
sonar. The season of fishing with light is restricted between 15
September and 31 October. Once, the skipper evaluates the fish
composition, shoal size, and chances of capturing the
aggregation, and then the purse seine vessel sets the net around
the aggregated fish to quickly encircle them within the purse
seine net. When the shape of net becomes a circular, purse seine
vessel and skiff come back together and the gear is closed by
hauling the purse line running through the rings at the bottom
of the net (pursing). Then, until the volume of the net becomes
smaller, the net is pulled out of the water and stacked back on
the deck of fishing boat with the aid of the hydraulic power
block and the crew (hauling). The concentrated fish (dense
mass) in the section of net which is hauled last (bunt-end) in is
transferred by a fish pump to the sieve on the deck of the vessel.
This final stage of hauling (crowding in the bunt) is often done
manually (i.e. with the crew hauling the net aboard the vessel
by hand). After the catch is inspected, if the decision is made to
harvest it, it is then transferred it into the boat. If the catch
volume is lower, a larger scoop called kital or netting sheet is

used by driven of a winch otherwise fish pump is engaged.

Table 1. Details of the purse seine operations in the Sea of Marmara

Depth Shoal Light duration Netlength  Net depth
Date Operation Vessel Coordinates Wind
(m)  depth (m) (min) (m) (m)
40°44’073”N
8-9.10.2018 1 A 366 10-40 20.30-12.50 (260) North 2-4 840 146
29°17°237"E
40°44’668"N
2 A 201 10-30 01.15-03.15 (120) North 2-4 840 146
29°17°486"E
40°41°134”N
3 A 397 10-20 05.15-05.45 (30) North 1-2 840 146
29°16’215”E
40°53’142”N
9-10.10.2018 1 B 677 10-40 22.00-01.00 (180) North 2-4 600 (720) 164
28°40’848”E
40°52’543”N
2 B 183 10-20 04.00-05.15 (75) North 2-4 600 (720) 164
28°41°062"E
40°47°238"N
1 C I 220 10-20 22.30-00.30 (120) North 3-5 600 (800) 164
29°09°917"E
40°46’164"N
2 C 329 10-20 01.15-03.15 (120) North 2-4 600 (800) 164
29°10°273”E
40°56’575”N
10-11.10.2018 1 B 92 10-20 01.10-03.10 (120) North 2-4 600 (720) 164
28°44’802"E
40°55’691”N
2 B o 77 10-30 04.30-06.30 (120) North 2-4 600 (720) 164
28°43’936"E
77
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There were eight successfully purse seine operation realized
during the study period in the Sea of Marmara (Figure 2).
However, one operation was abandoned due to aggregation of
the fish shoal under the light vessel was not enough amount to
catch it. Stages of operation in the first paragraph, details
regarding the purse seine operations and vessels characteristics
used are given in Table 1 and Table 2, respectively.

2000 -1000 0 1000 2000 Elevation (m}

]

. . » 40°N
26°E 27°E 28°E 29°E 30°E

Figure 2. Purse seine operation locations realized in the Sea of

Marmara

The operating depths were greater than the depth of purse
seine net in seven operations whereas only two were shallower
(Table 1). Captured shoals generally detected at 10-20 m depth
ranges in water column by echo-sounder. During the study
period, the moon was in the dark phase. For this reason, the
duration of the artificial light was changed between 30 and 180
min generally 120 min. Four operations were realized by the
purse seiner B and her light vessel Bb, three operations by A and
Aa and two operations C and Cc (Table 1 and Table 2). The full

Table 2. Technical characteristics of the purse seiners and light vessels

lengths of the nets in many operations were not used depending
on the size of the shoals aggregated under the light vessel.

On the contrary to traditional using in the Sea of Marmara,
a slipping method was adapted in purse seine fishing targeted
anchovy, horse mackerels and bluefish to release jellyfish by
scrolling a special netting sheet from the bunt-end section of
the net which called pelte net in the Turkish fishermen. Details
of the netting piece (drawn in green) rigged over the bunt-end
were given without scale for only anchovy purse seine in figure
3. The pelte net consists of a 45x45 m square netting piece. The
mesh size and thickness of the net is 68 mm and 210d/72 no,
respectively. Thanks to pelte net, larger sizes of commercial fish,
vulnerable species (shark and rays) and cetacean can pass
through the meshes of the net and easily slipped by the net and
roll over the floating line of the purse seine net. All the sides of
net except left are rigged strictly to the bunt-end. Left side is
always open, because the net is opened from this side and
aggregated fish in the bunt-end is transferred by a fish pump on
the deck of the purse seiner, easily.

The mesh size of the purse seine nets was 15 mm because
the size of the targeted fish anchovy was a small pelagic. To
estimate total catch of anchovy, styrofoam fish boxes filled with
the fishes were converted to kg (each of 15 kg). In addition, the
amount of jellyfish estimated visually confirmed by
experienced skipper and crew just like Huse and Vold (2010).
Difference between landed and slipped fish amounts was

assessed using a Student’s t-test.

Main Vessel Light Vessel Main Vessel Light Vessel Main Vessel Light Vessel

A Aa B Bb C Cc
LOA (m) 39.6 10.7 239 12.7 36.0 11.2
Width (m) 8.0 2.9 11.0 4.6 9.2 8.4
Draft (m) 3.1 1.1 2.7 1.4 2.7 1.0
Gross tonnage (GRT) 213 7.17 202 14.08 189 9.5
Main engine (kW) 581.88 126.87 448.51 104.44 601.00 100.7
Auxiliary engine (kW) 487.14 434.17
Generator (kW) 406.57 44.70 340.30 20.00 402.84 20.00
Port of Registry Istanbul Yalova Gemlik Gemlik Yalova Yalova
Building Year 1989 1987 2018 2006 1993 1988
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Bunt Shoulder

Slipping net

PA 15 mm 210 d/12 no

00°Sv1L

0068
00691

PA 15 mm 210 d/9 no
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Figure 3. Slipping netting piece (in green square) rigged on

bunt-end of the purse seine net

Results

The percentage of landed species versus to jellyfish varied
between %23 and %85 and mean percentage of landed fish is
nearly same like slipped jellyfish. There was no statistical
difference between amount of landed and slipped fish
(p=0.790). The maximum landed amount of fish is 10755.8 kg,
whereas slipped jellyfish is 7800.0 kg. The percentage of jellyfish
amount is not same for all the operations (Table 3).

Table 3. Catch amounts and percentages of landed and slipped

fishes in the Sea of Marmara purse seine fishery

Catch Amount (kg) Percent (%)

Haul Landed Slipped  Total Landed Slipped

1 1519.9 50215  6541.4 23 77
2 1655.6  4510.6  6166.2 27 73
3 9804.8  3150.0 12954.8 76 24
4 3400.4 600.0  4000.4 85 15
5 2311.1 7800.0 10111.1 23 77
6 10755.8  6103.3 16859.1 64 36
7 1470.0 1200.0  2670.0 55 45
8 4200.2  3301.2 7501.4 56 44
Total  35117.7 31686.6 66804.2 53 47

Anchovy is the most important landed fish species for the
Sea of Marmara purse seine fishery in this period. The mean
landed amount is 4379 (£3756.6) kg for per operation. The
mean slipped amount of jellyfish is 3812.5 (£2404.4) kg.

However, both anchovy and jellyfish are the vast majority
species that landed and slipped, respectively (Table 4).

While anchovy constituted 99.8% of the landed species,
slipped jellyfish percentage was 96.3% (Figure 4). In the
beginning of fishing season anchovy is the only dominated fish
species that targeted by the purse seiners. Very little amount (86
kg) of horse mackerel, Atlantic bonito, garfish, sprat, sardine,
bluefish etc. caught as by-catch (Table 5). Approximately 100
boxes of anchovy (1180 kg) also slipped with the jellyfish
releasing operations. In the operations larger size two shark
individuals and bonito individuals were seen over the netting
sheet. While the bonito individuals collected by a scoop net over
the netting piece, the sharks were slipped to the sea over the
floating line of the net.

Table 4. Descriptive statistics of the landed (anchovy) and
slipped (jellyfish) fishes in the Sea of Marmara purse seine

fishery

Statistics Anchovy Landed Jellyfish Slipped Total
Mean 4379.0 4389.7 38125 3960.8 8350.5
Standard error 13282 13324 850.1 853.2 1672.5

Standard deviation 3756.6 3768.7  2404.4 2413.2 4730.6

Range 9230 9286 7000 7200 14189
Minimum 1470 1470 500 600 2670
Maximum 10700 10756 7500 7800 16859
Total 35032 35118 30500 31687 66804

Table 5. Landing and slipped amounts of fish species caught by
purse seiners in the Sea of Marmara

Landed Slipped
Species Amounts (kg) | Species Amounts (kg)
Anchovy 35032.0 | Jellyfish 30500.0
Horse mackerel 72.1 | Anchovy 1180.0
Atlantic bonito 5.5 | Atlantic bonito 4.3
Garfish 2.9 | Shark 2.3
Sprat 1.8
Sardine 1.7
Bluefish 1.0
Chub mackerel 0.3
Round sardine 0.2
Golden mullet 0.2
Whiting 0.1
Seahorse 0.02
Total 35117.7 | Total 31686.6
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Others
86 kg
0.2%

Figure 4. Landed (a) and slipped (b) amounts and percentages
of fishes

Discussion

In this study, a different slipping procedure to exclude
jellyfish from the captured commercial fish in the bunt-end of
the purse seine net was investigated for the first time in the Sea
of Marmara. The purpose of the slipping process is totally
different from conventional slipping procedure used by North
Atlantic countries e.g. Norway, Portugal and Spain (Margalo et
al,, 2019). In an ordinary or modified slipping procedure, the
crowded fishes in the bunt-end of a purse seine net are released
over the headline of the net for the market (quality) and
regulation (size and quota) reasons. However, in this procedure
that used only in the Sea of Marmara as far as we know, the
unwanted jellyfish excluded by roll over headline of the bunt
end of the purse seine net by a special netting which has a larger
mesh size and thicker diameter. All the purse seiners occupy
only in the Sea of Marmara have to use the special netting for
operational and handling reasons. Because, it is impossible that
commercial catch does not separate from jellyfish when the
mixed fish and jellyfish directly goes pump to the deck by purse
seiner.

In the excluding operations, a little amount of commercial
catch (anchovy) released over the headline of the purse seine
nets. However, this amount is very small when compared to the
total jellyfish amount (approximately 1/30). In the meanwhile,
larger sizes commercial species such as Atlantic bonito and
unwanted species shark were seen over the netting piece before
slipping practise started. Excluding of jellyfish started after
individuals of bonitos were picked up by a scoop in a short time
(2 min). Sharks were seen alive during the slipping process.
Although this process thought to be useful for the survival of
the larger vulnerable species, the complete pulling up and
ultimately slipping over the headline causes more physical
injury and reduces the probability of survival of slipped small
size pelagic fish (Margalo et al., 2018). Since survival of the
jellyfish and little amount of anchovy after excluded from bunt-
end of the purse seine net is not known, this issue should be

examined by scientific methods. Slipping practises are rarely
applied by the Aegean purse seiner in Turkey for regulation and
market reasons. However, there is no information regarding
slipping amount and the survival rate of the species caught by
the purse seiner.

Survival ratio of slipped species can be affected by different
factors such as holding time and catch density in the bunt, size
of the fish and condition factor, scale loss and water
temperature (Margalo et al., 2018). In the bunt, the catch can
become highly crowded, and can be fatally harmed by oxygen
depletion, exhaustion and physical injury from contact with the
net and catch (Tenningen et al., 2012). The mortality is directly
related to their treatment within the bunt-end and increase with
density and crowding duration (Lockwood et al., 1983;
Tenningen et al., 2012; Margalo et al., 2010). In the slipping
process, before the catch does not become too crowded, survival
can be higher. If the whole catch is to be released, the bunt
end/wing is opened and several purse rings are released
(Margalo et al., 2019). However, if only a portion of the catch is
to be released, opening must be adjusted carefully. According
to European Union regulations, slipping of mackerel and
herring is completed before 80%/90% of the net has been hauled
(the point of retrieval) in NW waters and the North Sea
(Margalo et al., 2019).

Conclusion

Although slipping practised rarely in Turkey, all the purse
seiner in the Sea of Marmara have to use the adapted slipped
process to get rid of jellyfish. However, there are no records and
scientific findings regarding slipped amount of the jellyfish. For
this reason, this study is important to presented preliminary
results regarding amount of the jellyfish. In conclusion, this
study is extended completely the Sea of Marmara practised to
understand the dimensions of jellyfish amount and slipping

process.
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