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Abstract. Skipjack tuna is an important fishery commodity in the Makassar Strait waters,
exploited by fishermen using various types of fishing gear. The study was conducted in March
2017 to November 2018 with the aim of analyzing the level of sustainability of skipjack fishing
technology in the Makassar Strait waters. Data on biological, technical, economic, social, and
legal aspects are collected through direct observation and interviews. The sustained level of
fishing technologies is analyzed using the scoring method. The results that there are differences
between purse seine operated inside and outside FADs areas in terms of the size structure of
fish, percentage of eligible size to catch, the impact of technologies on the habitat, diversity,
and fishermen, and bycatch. It is not different in terms of the quality of fish caught, the impact
on consumers, the value of the investment, the amount of labor, business profits, and the
legality. The research concluded that purse seines operated outside the FADs areas have a
moderate level of sustainability, and purse seines operated inside the FADs areas have a low
level of sustainability.

1. Introduction

The Makassar Strait waters are part of the Indonesia Fisheries Management Area (WPPRI) 713. The
Makassar Strait waters are flanked by the Pacific Ocean in the north, and the Indian Ocean in the sah
and are thought to be feeding and nursery areas of various large pelagic fishes such as yellowfin tuna
(Thunnus albacares), narrow barred Spanish mackerel (Scomberomorus commerson), Indo Pacific
King Mackerel (Scomberomorus guttatus), skipjack tuna (Katsuwonus pelamis) and others [1]. Of
the various types of large pelagic fish, skipjack fish occupies the first position in the production of
large pelagic fisheries in WPPNRI 713 [2]. Fishermen in skipjack tuna fishing generally use
traditional small-scale fishing technologies such as traditional lift net, hand line, vertical hand line, as
well as medium-scale semi-modern technology such as long surface line, drift surface gill net and
purse seine. In practice, fishermen in Makassar Strait waters use two types of purse seines, namely
purse seines, which are operated in the FAD area and purse seine outside the FAD area [2.3]. The
operation of purse seine in the FAD area can reduce the uncertainty of the fishing area, reduce the cost
of finding a group of fish [4], can irffEBase the productivity of fishing gear [5.6]. However, it can cause
the dominant small-sized tuna fish or young fish in the catch of fishermen [7-11], and increasing the
number of by{th in fishermen catches [5,12-17]. The use of FADs can damage habits in narrow
environments [11].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
[ of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL
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Research on the sustainability of the skipjack purse seine is still lacking. Several recorded studies
are the level of technologif) sustainability of skipjack fishing in Bone Bay waters [11] and in the
Flores Sea waters [2]. The management concept of skipjack tuna fisheries within the Bone Bay zone
in th§erspective of sustainability [18]. environmental friendliness of purse seine in Aceh waters [19],

Based on the description above, it is necessary to study the level of sustainability of the purse
seines that are operated inside and outside the FADs areas. This study aimsff§) compare the level of
sustainability of purse seine inside and outside FAD ardfFd The results of the study can be preliminary
information for decision-makers to determine policies in the development of purse seine fisheries in
the waters of the Makassar Strait.

B Research method

2.1. Time and place

This research was conducted for 24 months, namely from April 2017 - October 2018 in the waters of
the Makassar Strait in South Sulawesi. The research location is presented in figure 1.

2.2. Materials and equipments

Materials used in this study include skipjack fish, some chemicals, and office stationery, while the
research equipment ifffJudes two units of purse seiners, FADs, GPS, digital cameras, measuring
boards, digital scales, computers, and software.

2.3. Data collection

The research data includes the size of skipjack fishermen's catches, bycatch, quality of catches, the
impact of technology on biodiversity, impacts on the habitats, fuel use, investment costs, business
profits, the legality of fishing gear according to national and international regulations as well as local
customs and wisdom. Collected through direct observation during fishing operations take place and
interviews with purse seine fishermen, owners of fishing units, and policymakers.
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Figure 1. Location of the research (Makassar Strait (Source Mallawa, 2020).
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2.4. @hia analysis
The analysis of the sustainability level of purse seine operated in the FAD area and outside the FAD
was analyzed using the scoring method [1], as presented in Table 1.

doi:10.1088/1755-1315/564/1/012079

Table 1. The sustainability analysis of purse seine inside FADs and outside FADs areas.

No Sustainability variables Weight  Value Weight* value
| [@ize structure of skipjack in cathes’ 1.00
1.1 catches dominated by young fish 1
1.2 catches dominated by young & 2
preadult fis|g)
1.3 catches dominated by preadult & adult 3
fish
1 4 catches dominated by adult fish 4
2 Percentage of eligible size in catch 1.00
2.1  0-<l10 % eligible size in catch 1
22 10— <30 % eligible size in catch 2
2.3 30— <50 % eligible size in catch 3
2.4 > 50 % eligible size in catch 4
3 Impact of technology to habitat 0,75
3.1 damaged habitat in the wide area 1
3.2 damaged habitat in the narrow area 2
3.3 damage a part of habitat in the narrow 3
area 4
3.4 safety for habitat
4 Quality of fish product 0,50
4.1 dead and rotten fishes 1
4.2 dead fishes and physical deformity 2
4.3 dead and fresh fishes 3
4.4 live tishes 4
5 The impact of using technology on 0,50
fishermen
5.1 can cause death 1
5.2 can result in defects 2
5.3 can interfere with the user's health 3
5.4 safe for fishermen users 4
6 Impact of the fish product on consumers 0.50
6.1 likely to cause death 1
6.2 cause health problems 2
6.3 relatively safe for consumers 3
6.4 safe for consumers 4
7 By catches 0,75
7.1 bycatch consists of several unsold 1
species
7.2 bycatch consists of several species, 2
and there can be sold
7.3 bycatch < 3 species and sold 3
7.4 bycatch <3 species and high value 4
8 Impact on the diversity of aquatic 0,75
organisms 1
8.1 often captures protected marine
organisms 2
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8.2 several times capturing protected

marine organisms, 3
8.3 have ever captured protected marine
organisms 4
84 never «catch protected marine
organisms
9 The use of fuel oil 0.75
9.1 fuel use > IDR 2 million / trip 1
9.2 fuel usage of IDR 1.0 - 2.0 million / 2
trip
9.3 fuel usage IDR. 0.5 — 1.0 million/trip 3
9.4 fuel use < IDR 0.5 million / trip 4
10 Value of investment costs” 1,00
10.1 investment value > IDR 500 million 1
10.2 investment value of IDR > 400 - 500 2
million
10.3 investment value of IDR 300 - 400 3
million
104 investment value < IDR 300 million 4
11 Total labor use 0.50
11.1 using < 5 workers 1
11.2 using 5 - < 10 workers 2
11.3 using 10 - < 15 workers 3
11.4 using >15 workers 4
12 Value of business profits 0,50
12.1 business profit < IDR 100 million / 1
year
12/2 business profit IDR 100 - < 250 2
million/year
12.3  business profit IDR  250-500 3
million/year
124  business profit > [IDR 500 4
million/year
13 Legal according to national and 0,50
international regulations
13.1 contrary to more two regulations 1
13.2 contrary to two regulations 2
13.3 contrary to one regulation 3
13 .4 not against any of the rules 4
14 Relation to local customs and wisdom 0.50
14.1 very contrary to local customs and |
wisdom,
14.2 contrary to local customs and 2
wisdom,
14.3 slightly contrary to local customs and 3
wisdom,
144 not contrary to local customs and 4
wisdom,

Total weight*value
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Explanation: " young fish (< 40 cm of length), preadult fish (> 40 — 50 cm of length), adult fish (>
50 cm of length), ¥ the cost of procuring one unit of purse seine

The dominant size of skipjack in the catch can be known through descriptive analysis by plotted
the middle-class length value and the relative frequency of each length class and presented in the
@blumn diagram [1]. The percentage of sizeable tuna fish in the catch is obtained by comparing the
number of size fish that have been spawned and the number of fish in the catch. The size of skipjack
tuna that has been spawned is > 55 cmFL [1].

The level of sustainability is calculated using the Mallawa et al. method [20] equation as follow:

SL = (YWi*Vi ) Vf (1)

Where,
SL is sustainability level of technology
Wi is weighted of variable i,
V1 is value of variable 1,
VTt is full value of all variable (40)
i=123,...............n

The categories of the sustainability level of fishing technology are:
> 80%, is high sustainable

> 65 - < 80%, is moderate sustainable

> 50 - <65, is low sustainable

< 50%, 1s not sustainable

3. Results and discussion

3.1 Size structure

The observation results that skipjack tuna catches purse seines inside FADS areas are dominated by
@Inall size fish or young fish, while skipjack tuna catches purse seines outside FADs areas are
dominated by young fish and adult fish (Figure 2 and 3).

3.2 Eligible size to caich
Based on the size of skipjack tuna that has been spawned (55 cm FL), it can be seen that the
percentage of eligible sizes to catch in catches of purse seines inside FADs areas is smaller (6.50%)
compared to purse seines outside FADs areas (17.41%).

3.3 Impact of technology on the habitat
Field observations show that purse seine inside FADs areas causes habitat damage to a narrow extent
and leaves remnants of unused FADs at sea, while purse seine outside is safe for the habitat.

34 Quality of fish products
Skipjack tuna produced in purse seines inside and outside FADs areas has died and fresh. The high
freshness of skipjack tuna is due to handling through the provision of good ice.
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Figure 2. Size structures of skipjack in purse seines inside of the FADs areas.
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Figure 3. Size structures of skipjack in purse seines outside of the FADs areas.

3.5 Impact of technology on fishermen

The practice of detecting the presence of fish in FADs through diving without using standard
equipment on the purse seines inside the FADs area can cause disruption to fishermen's health such as
damage to the eardrum, while on purse seines outside the FADs the practice is not carried out so that it
is safe for fishermen users.

3.6 Impact of fish products on consumers
Skipjack fish and other fish catch purse seines inside and outside FADs areas use post-capture
handling properly and in a fresh condition, so it is safe for those who eat it.
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3.7 Bycatch

Field observations show that in purse seine inside FAD areas, other than skipjack fish, frigate tuna
(Auxis thazard), bullet tuna (Auxis rohei), juvenile of yellowfin tuna (Thunnus albacares), Indian
mackerel (Rastrelliger spp), sardine (Sardinella spp). sharks (Charcahinus sp & Sphyrna sp), the
dolphins, sea turtles (Chelonidia) and others. While purse seines outside FADs arecas bycatch include
juvenile vellowfin tuna, frigate tuna, bullet tuna, Indian mackerel, sardine, and sometimes also caught
dolphins, sharks.

3.8 Impact of technology on the diversity of agquatic organisms

Field observations show that the purse seines inside the FADs areas are always caught by one of the
protected marine organisms, namely sharks or turtles or dolphins, while purse seines outside the FADs
areas are frequently caught one of the protected marine organisms.

3.9 Fuel usages

The observation results that purse seines inside FADs spend less money than purse seine outside
FADs to purchase fuel in one trip. The difference in the value of fuel use between the two
technologies is because the purse seines inside the FADs area go directly to the FADs for fishing,
while the purse seines outside the FADs area go around looking for fish hordes and this uses a lot of
fuel.

3.10 Value of investment

The investment value of purse seine inside and outside FADs areas is not much different. Although the
purse seines inside the FADs area have additional investment to purchase FADs, more investment also
occurs in the purse seines outside the FADs areas in the purchase of fishing gear and vessels. The size
of the purse seines outside the FADs area, and the ship is slightly larger than the purse seines inside
the FADs area.

3.11 Labour usage
The amount of labor used in the operation of purse seines inside and outside the FADs area is almost
the same.

3.12 Value of business profits

The value of business profits is influenced by differences in the amount of investment value that
results in the amount of depreciation value, real operating costs, catches, size of fish caught, or the
price of fish per fish and others. The value of profit between the two technologies is not much
different.

3.13 Legality of technology

The results of the legality assessment of each technology refer to the national, international as well as
local regflations showed that the purse seines inside the FADs area contradict the national regulaff§hs
namely Regulation of Ministry of Maritime and Fishery of Republic of Indonesia number FE) 2016
concerning fishing lanes and the placement of fishing gear [21]. It was also contradicted with the
Code of Conduct for Responsible Fisheries concerning is not catching protected marine organisms
[22]. At the same time, purse seines outside the FAD area are against the regulation of not catching
protected marine organisms.

3.14 Local customs and wisdom

Interview results that purse seines inside and outside FADs areas do not conflict with local customs
and wisdom. Comparison of purse seine inside and outside FADs area according to 14 variables of the
level of sustainability of technology as presented in Table 2.
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Table 2. The 14 sustainability level variables of purse seine inside and outside FADs areas.

Sustainability Variables

Purse Seine Inside FAD

Purse Seine Outside FAD

Size structure of fish in the
catch

Smallest fish 20.5 cmFL
Largest fish 62.5 emFL
Dominant size 27.5-39.5
cm FL

Smallest fish 21.5 cmFL
Largest fish 72.5 cmFL
Dominant size 27.5-48.5
cmFL

(young fishes) (young and  preadult
fishes)
Eligible size to catch 6.50% 17.41%

Impact of technology to
habitats

Quality of fish product

The impact of using
technology on fishermen
Impact of fish product to
consumers

By catches

Impact of technology on

Damage a part of habitat in
the narrow area

Dead and fresh fishes

Can interfere with the
user's health

Fish product is safe for
consumers

Bycatch consists of several
unsold species

Often captures protected

Safety for habitat

Dead and fresh fishes
Safe for fishermen

Fish product is safe for
consumers

Bycatch  consists  of
several unsold species
Several times capturing

the diversity of marine marine organisms protected marine
organisms organisms,

The use of fuel oil (IDR 0.30-0.40 0.50-0.75

million)

Value of investment costs 450 - 500 400 - 500

(IDR million)

Total labor use 10-13 10 - 12

(person/unit)

Value of business profits 350 - 500 300 — 500

(IDR million/year)

Legal according to national
and international
regulations

Relation to local customs
and wisdom

Contrary to two regulations

Not contrary to local
customs and wisdom

Contrary to one regulation

Not contrary to local
customs and wisdom

Based on direct observations and interviews obtained in Ta& 2, and the values that should be
given as shown in Table 1, an analysis of the sustainability of purse seines inside and outside the
FADs areas are presented in Tables 3 and 4.

Table 3. Sustainability analysis of purse seine operated inside FADs areas.

[Flistainability Variables Weight Value*  Weight*Value
(Zthe size structure of skipjack in catch 1.00 | 1.00
Percentage of eligible size to catch in catch 1,00 | 1.00
Impact of technology to habitat 0,75 3 225
Quality of fish product 0,50 3 1.50
Impact of using technology on fishermen 0,50 3 1.50
Impact of fish product to consumers 0.50 4 2.00
By Catch 0,75 2 1.50
Impact of technology on the diversity of marine 0,75 1 0.75
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organisms

The use of fuel oil 0,75 4 3.00
Value of investment costs 1.00 2 2.00
Total labor use 1.00 3 3.00
Value of business profits 0,50 3 1.50
Legal according to national and international 0,50 2 1.00
regulations

Relation to local customs and wisdom 0,50 4 2.00
Total weight*value 24.00
Sustainability level (%) 60.00
Sustainability category Low

sustainable

Note: * Grading is based on Table 2 information and rating system in Table 1

Based on the results of the analysis in Table 3, purse seine fishing tuna in the FAD area is
categorized as a low level of sustainability or quite sustainable. The low level of sustainability of p@e
seines inside the FADs area is due to the structure of catches dominated by young fish, the low
percentage of eligible size to catch, bycatch of more than three species, always the capture of protected
marifffiforganisms, the high value of investment and technology against two regulations.

Based on the results of the analysis in Table 4, purse seines that make arrests of free-swimming
school skipjack categorized as moderate sustainability. Several factors cause purse seines outside
FAIPareas not to be categorized as high sustainability, such as the catches is still dominated by young
and adult fish, the percentage of eligible size to catch is not too high. In addition, bycatch more than
three species, the impact of technology on the diversity of the marine organisms that are often the
capture of protected organisms, and investment are high.

Table 4. Sustainability analysis of purse seine operated outside FADs areas.

Sustainability Variables Weight Value* Weight*Value
(Fhe size structure of skipjack in catch 1,00 2 2.00
Percentage of eligible size to catch in catch 1,00 2 2.00
Impact of technology to habitat 0.75 4 3.00
Quality of fish product 0,50 3 1.50
Impact of using technology on fishermen 0,50 4 2.00
Impact of fish product to consumers 0,50 4 2.00
By Catch 0,75 3 2.25
Impact of technology on the diversity of marine 0.75 2 1.50
organisms
The use of fuel oil 0,75 3 2.25
Value of investment costs 1,00 2 2.00
Total labor use 1.00 3 3.00
Value of business profits 0.50 3 1.50
Legal according to national and international 0,50 3 1.50
regulations
Relation to local customs and wisdom 0,50 4 2.00
Total weight*value 28.50
Sustainability level (%) 71.25
Sustainability category Moderate
Sustainable

Note: * Grading based on Table 2 information and Table 1 values.
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Based offjthe analysis results in Tables 3 and 4, it can be stated that the level of sustainability of
purse seines inside and outside the FADs area is §ffferent. The difference in the level of sustainability
of pyfje seine inside and outside FADs areas is due to differences in the size structure of the caught
fish, percentage of eligible size to catch in catches, the impact of technology on the habitat, the impact
of technology on fishermen, bycatch, the impact of technology on the diversity of protected marine
organisms, and legality aspect. Of the several causes of differences in the two technologies, the five
most prominent factors are size structure of catch, percentage of eligible size to catch, the impact of
technology on diversity on the marine organisms, the impact of technology on the habitats, and
bycatch. These five fings are related to the use of fish aggregation device (FAD).

The difference in the size structure of skipjack tuna catches inside and outside FADs areas is that
the purse seines catches inside FADs area are dominated by young, few preadult and very few adult
fish. While purse seine outside FADs areas dominated by young and preadult fish and the percentage
of adult fish is higher. Skipjack tuna catches purse seine inside FADs areas are relatively smaller than
skipjack tuna catches outside FADs area occurs in Flores Sea waters [10], in Mal§kar Strait waters
[23], in Maldive waters [24], in the Indian Ocean [ 25], central Pacific waters [26], western and central
Pacific Ocean [27-28].

The ditference in the size structure of skipjack fish inside FADs and outside FADs areas is that
small-sized skipck tuna feel more comfortable in a FAD area, and large skipjack tuna has a tendency
to be in deeper waters or known as size-dependent migration [6,20].

The difference in eligibl size to capture in catches purse seine inside and outside the FADs are
mainly due to differences in the size structure of the caught fish. Skipjack tuna caught by purse seines
outside the FAD area has a wider size distribution, and there are more adult@§shes compared to purse
seines inside FADs areas [1,6,10,23]. This also occurs in skipjack tl.m, and pole and line catch inside
and outside the FAD area [29-30]. The use of Fs in tuna fishing in the waters of the Pacific Ocean
caus@@an increase in young fish in catches [7]. The skipjack tuna caught by purse seines in the FAD
area in the waters of the Bone Bay is dominated by small-sized fish, and most are not yet eligible to
catch [31].

The difference in the influence of the two technologies on the diversity of marine organisms is
not only due to the capture of protected marine organisms. The use of FADs can also cause disruption
of adult skipjack fish to spawning areas. Catching tuna species, including skipjack tuna using FADs,
can disrupt fish migration patterns, can change dietary patterns, growth and survival, and measure
structures [8-32].

The difference in the impact of technology on the habitat in the two technologies is caused by the
use of FADs. Installation of FADs standing at the bottom of the water can damage the habitat where
the FADs placed. In addition, the rest of the FADs that are damaged, unused, and abandoned can
pollute the sea [33].

The difference in bycatch purse seines inside and outside FADs areas is due to the many types of
fish that gather in the FAD area. Tuna fishing in the FAD area can increase the type and number of
bycatch [6,15,34,35].

4. Conclusion

The level of sustainability of purse seine inside and outside of FADs areas is different, where purse
seine inside FADs area is categorized as low sustainable, while purse seine outside FADs area is
floderately sustainable. The low level of sustainability of purse seine inside the FADs area is duflo
the use of FADs, whose implications are the predominance of young fish in catches, the low
percentage of eligible size fish to catch, always catching protected marine organisms, damaging
habitats and conflicting with some regulations.
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