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ABSTRACT

In order to obtain detailed characteristics of skipjack tuna (SKJ) supply chain on pole and line
(PL) fishery operates in Indonesia Fisheries Management Area (I-FMA) 714 and its adjacent areas,
the Center for Fisheries Research (CFR)-MMAF with WCPFC carried out a research in Sikka
Regency. Data and information were obtained through port sampling program, observer program,
and stakeholders workshop. Result shows that primary actors and processes of the supply chain
of skipjack tuna on PL fishery based in Sikka consisted of PL fishers (skipper and crews), collector
and traders, processors, and market. Total active PL boats were 67, which were supported by ± 40
lift-net (bagan) to provide 300-400 tonnes live bait, 11 small-medium scale and 5 large scale
collectors and traders, 5 small and 4 large processors, and local, domestic, and export market.
About 3,556.9 tonnes SKJ caught by PL based in Sikka in 2017, about 56% were processed as
katsuobushi (smoke fish) for being exported to Japan, 35 % were frozen processed for being
exported and marketed to Europe-US as well as domestic market in Makassar, Bali, and Surabaya.
Only about 9% of the total catch of PL fishery based in Sikka were locally marketed as cold-fresh
SKJ.
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INTRODUCTION

As an archipelagic country, the illegal, unreported,
and unregulated (IUU) fishing is very potential
(Muhamad, 2012) and remains to occur in Indonesia
(Inayati, 2019). Being convinced that one of the tools
for combating IUU fishing is catch documentation
schemes (CDS). The CDS is a “traceability framework”
or system, and the supply chain is a fundamental
attribute determining the success of a CDS (Hosch,
2016). Supply chain describes the full range of product
flow and activities needed from production to the final
product at the end consumers, through the various
stages of production, including production inputs,
physical transformation of the product, and product
distribution to final consumers (Beamon, 1998,
Kaplinsky & Morris 2001; Gereffi et al., 2005; Bjorndal,
et al. 2014). Gibbon et al. (2008) and Bair (2009) added
the supply chain needs to integrate to attributes of
actors involved in each node (called: sector) from
production to marketing. Conducting business requires
an integrated network of firms competing with each
other in “supply chain” (Christopher, 2011). In the tuna

including skipjack fisheries case, the supply chain
covers information related to activities and inputs
needed at harvesting node as well as fishers attributes,
processing activities and characteristics of processing
companies, and types of wholesalers and traders as
well as the nature in which catches are distributed
between domestic and export markets.

Skipjack tuna was commercially exploited in
Indonesian waters including I-FMA 713-717, which are
parts of the Western and Central Pacific Fisheries
Commission (WCPFC) statistical areas. In Indonesia,
skipjack tuna is caught mostly with tuna purse seiners
(PS), pole and lines (PL), trolling lines, and surface
handline and long line (HL-TR) and to a small extent
by drifting gillnets (d-GN) and tuna long line (LL).
Except d-GN and LL, the fishing gears mostly use
Fish Aggregating Devices (FADs) in their fishing
(Widodo et al. 2020). Research on the supply chain
in Indonesia has been widely carried out including
Sari (2015), Athaillah et al. (2018), and Barclay et al.
(2020). Unfortunately, the researchers did not provide
detailed information on each node attribute of the
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supply chain. Meanwhile, it is very important, as it
will provide better understanding of conditions affecting
the occurrence of risk events, their causes, and
relevant mitigation strategies (Sutrisno, et al., 2019).
Naziratil et al. (2020) mentioned that the importance
of knowing skipjack tuna supply chain systems is to
reduce the risk of uncertainty, in the form of both
production and distribution. In order to obtain detailed
view of supply chain of skipjack tuna caught by PL in
I-FMA 714 and adjacents, the Center for Fisheries
Research-MMAF Republic of Indonesia had a
collaborative research with WCPFC that was funded
by WCPFC-WPEA Project year of 2017 and carried
out in Sikka Regency.

MATERIALSAND METHODS

The selected fishing gear used in the study is PL
or ‘huhate’ based in Sikka Regency with the main
fishing grounds are in Banda Sea (I-FMA 714) and its
adjacent waters (Figure 1). The main target of PL is
skipjack tuna (SKJ) with bycatch includes juvenile of
yellowfin tuna (j-YFT), juvenile of bigeye tuna (j-BET),
neritic tuna particularly kawa-kawa (KAW), and
several big pelagic fish species as well.

The data and information were obtained through
port sampling program, observer program, and focus
group discussion (FGD). Port sampling program was
conducted by four enumerators, who collected data
of catch (kg) and biology aspects (species and size
of species) of every PL landing in the private fishing
port of Karya Cipta Buana Sentosa (KCBS) Co. Ltd
and in Wuring Fishing Port every day in January-
December 2017.

Observer program was carried out by two observers
who were deployed in PL boats at sea. Observer
program conducted for three months (October –
December 2017). The data collected on the observer
program covers fishing operational data, catch, and
biology aspects, i.e. species and size. Focus Group
Discussion (FGD) was conducted in Maumere-Sikka
Regency in the middle of November 2017. The
participants of the stakeholders workshop or FGD
were PL fishers (skippers and crews), PL owners,
tuna traders, tuna companies, Sikka DKP officers,
researchers, and DGCF officers. The data collected
in FGD covers social-economic data and information
including fish price and type of tuna companies.

Figure 1. Location of Study Site (red box).

Data Analyses

Descriptive analyses are often used in social
science and business research (Baha, 2016), in which
the research on supply chain can be cate gorized.
Therefore, descriptive analysis was considered to be

used in this study to describe the characteristic nodes
(sectors), including harvesting, processing and
distribution. The nominal Catch Per Unit Effort (CPUE)
of PL in the harvesting node was calculated using
equation by Petrere et al. (2010) below:
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where, c
i

is catch (tonnes), and f
i

is respective
fishing effort (effective day of fishing). The results
of analyses are presented in tables, graphs and in
interpreted narration.

RESULTS AND DISCUSSION
Results

The skipjack tuna (SKJ) supply chain in Sikka
consists of several nodes (sectors) including the
harvesting sector, processing sector and distributing
sector.

Harvesting Node

The harvesting node consists of fishing gear and
fleet, fishing operation (fishing ground, live bait use,
and catch) and socio-economics of fishers.

Fishing Gear and Boat

Mainly, the fishing gears for catching skipjack in
Sikka were pole and line (PL), local name ‘huhate’,

combination of surface hand line and trolling line (HL-
TR). HL-TR were usually operated by fishing boats
under a local name called ‘kapal penongkol’. The
fishing operated alternately depending on season,
prevailing seas, sea conditions, and catch success.
PL fisheries contribute almost 80% of total SKJ that
were landed in Sikka in 2017, and about 20% was
caught by a variety of fishing gear including s-GN and
the HL-TR. PL fishery based in Sikka started from
one unit boat in 1980, then 9 unit boats in 1983,
afterward 19 boats in 1985 and became 48 boats in
1988. All boats used during that period were made by
wooden boat construction. Partnership collaboration
project between Directorate General of Capture
Fisheries and a fishing company called PT. Bali Raya
constructed 26 fiberglass fishing boats (Fig. 2), and
in 1988 became 74 units. Mr. Heribertus Krispinus,
the Head of Marine Affairs and Fisheries Office or
Kantor DKP of Sikka Regency in 2017, added that
the size of wooden boats were 20-35 GT, whereas
fiberglass boats ranged 15-20 GT.

The number of the PL boats that registered in DKP-
Sikka in 2017 were 75 units but only 67 units were
actively operated, mostly 30-35 GT (Fig. 3).

f

c

fi
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Figure 2. Type of PL boats 20 GT (fiberglass) based in Sikka and adjacent areas.
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Figure 3. Registered PL boats in Sikka Regency (DKP Sikka, 2017).

Fishing Operation

The PL fishing method involved two interlinked
fisheries; those were live bait and tuna fisheries. Live
bait was provided by lift-net (called bagan) fisheries.
Presently, the total bagan registered in DKP Sikka
are about 145 units, whereas in 2017 it was only about
40-50 active bagan (DKP Sikka, 2017). The sources
of live bait were supplied from inshore of several
islands in Sikka Regency; however, the main live bait
fishing grounds were in the waters around Ndete and
Pemana Islands. Each PL boat needs about 2-3
buckets (approx. 60-70 kg per bucket) live bait every
day. Total production of bagan that provides live bait
is estimated at approximately 300-400 tonnes per
year. The observer noted that primary species of live
bait fish include anchovies (Engraulis spp.), juvenile
stage of scads and sardine. About 70 % of total
production of lift-net (bagan) or about 210-280 tonnes

were used for live bait of PL boats, and the rest was
for human consumption. During focus group
discussion (FGD) in Sikka (Mid November 2017), it
was noted that the PL fishermen had experienced
scarcity of live bait catch in recent years. In one year,
there were several months that PL fisheries were not
operated due to the lack of live bait availability for
fishing operation. The fishermen mentioned that the
live bait scarcity was generally because of (1)
overfishing or depletion of live baitfish resources, and
(2) competition with human preferences for food.

There were 2 (two) approaches of PL fishing
operation in Sikka, i.e. free shoaling and the use of
FADs fishing. The fishing grounds of PL based in Sikka
were mostly in I-FMA 714 and its adjacent waters
including I-FMA 713. Figure 4 shows the fishing ground
location of PL boats based in Sikka during the observer
program in 2017.

Figure 4. Fishing ground of PL boats based in Sikka.
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Catch results of skipjack in Sikka during 2013-
2017 was 2,898.1 – 4.148,9 tonnes (Table 1) with an
average of 3.801,0 tonnes (DKP Sikka, 2017). Within
the year of 2017, there were approximately3,556.9

tonnes of 3.952.1 tonnes (85 %) had been caught by
PL boats and the remains by s-HL-TR, i.e. about 395.2
tonnes (15%).

Table 1. Skipjack (SKJ) production in Sikka (2013-2017)

Year Total of SKJ
Catch (tonnes)

Catch of SKJ From PL
Fisheries (tonnes)

Catch of SKJ from other
Fisheries (tonnes)

2013 2898.1 2492.4 405.7
2014 3938.2 3505.1 433.1
2015 4067.6 3489.1 569.5
2016 4148.9 3651.0 497.9
2017 3952.1 3556.9 395.2

Average 3801.0 3340.7 460.3
Source: DKP Sikka (2017)

A total of 309 fishing trips of PL were sampled
during the port sampling program from March to
November 2017 in Sikka. The sampling sites were
PT. KCBS and Wuring Fish Landing. The results
showed that the catch rate of PL boats ranged from
628 to 1,969 (average 1,020) kg per daywith the lowest
catch rate was in June and highest catch rate was in
March (Table 2). The target of PL boats was skipjack
tuna (Katsuwonus pelamis) with by-catch of juvenile
of yellowfin tuna (Thunnus albacares) or j-YFT) and
juvenile of bigeye tuna (Thunnus obesus) or j-BET

and few of neritic tuna as well. Neritic tunas caught
by PL boats include kawa-kawa (Euthynnus affinis)
or KAW, longtail tuna (Thunnus tonggol) or LOT, frigate
tuna-(Auxis thazard) or FRI, and bullet tuna (Auxis
rochei) or BLT. The results of a port sampling program
in Sikka in 2017 showed that the catch compositions
were SKJ, j-YFT, j-BET and neritic tuna in percentage of
76.6 %, 13.4%, 0.4% and 9.6%, respectively. Size
distribution (

cm
FL) of SKJ ranged between 28-65 cm.

The average of live bait used was 1.75 buckets kg/day/
boat, so that tuna-baitfish ratio was about 9.5 : 1.

Table 2. CPUE (kg/day) of PL boats based on port sampling program in Sikka (March-November 2017).

Month Gear NL OD
Catch (kg) CPUE

(kg/day)SKJ YFT BET Other Total
Mar-2017 PL 45 48 75,906 14,367 515 3,730 94,518 1,969
Apr-2017 PL 63 61 35,807 11,726 370 8,249 56,152 921

May-2017 PL 47 24 33,750 5,323 195 5,030 44,298 1,846
Jun-2017 PL 9 10 4,655 1,020 0 600 6,275 628
Jul-2017 PL 9 9 4,060 875 90 915 5,940 660

Aug-2017 PL 38 39 20,224 3,989 0 5,756 29,969 768
Sep-2017 PL 49 71 49,243 4,085 0 2,815 56,143 791
Oct-2017 PL 19 20 12,650 1,909 0 1,340 16,099 805
Nov-2017 PL 30 34 21,235 1,935 20 3,875 27,065 796

T o t a l - 309 316 257,730 45,229 1,190 32,310 336,459 1,020
NL = number of landing; OD = operation day

Socio-economics of fishers

The results of stakeholders FGD showedthat there
were two systems of PL fleet ownership, i.e. individual
and companies owner. There were 67 PL boats in
Sikka, 63 boats owned by individual fishermen, while
the remaining 4 boats belonged to KCBS Co. Ltd.
This company also has a fishing and processing unit
company. It is also obtained from the workshop that
at least three business collaboration/partnership
models (patterns) among PL boats owners, SKJ
collectors/buyers and SKJ processing as follows:

- independent model: PL boat owners that have no
collaboration with any collecting company/buyers;

- plasma model: PL boat owners that have mutual
relationships with collecting/processing companies
including operational cost support. The company
first provides the operational cost of the fishing
operation; the cost is then balanced from the total
revenue to recover the first cost.

- company owned PL boats: legal status of
company can be either CV or Co Ltd.; may have a
particular fishing company or integrated operation
with a processing company.

Characterizing of Skipjack……………… In Sikka Regency, West Nusa Tenggara-Indonesia (Widodo, A.A., et al)
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Independent model was the fisheries model owned
by individuals or groups and independently operated,
not supported by other counterparts, either from the
capital aspect or any other kind of support. Plasma
model is the model developed by a processing
company that was integrated with some PL fishers
as their plasma. The company supports in a form of
logistics and provides FishAggregating Devices (FAD)

to fishermen, and vice-versa, where the plasma
fisherman might be available to sell their catch product
to the processing company. The ownership model
company was the model owned by processing
company and PL boats where the boat’s fishing catch
was used as the raw materials of the processing unit.
The price of SKJ in Sikka in 2017 were varied based
on the size and quality or grade (Table 3).

Table 3. Price of SKJ in Sikka (2017)

Quality (grade) Price (IDR)
Grade A 15,550
Grade B 14,350
Grade C 14,000
Grade D 13,350

Processing Node

The number of fisheries companies based in Sikka
were 26 (DKP Sikka, 2017), which varied on business
scales, i.e. fishing company, processing company,
as well as fish traders/collectors (Table 4). There were
three SKJ main companies: PT. KCBS, PT.
Shitaratian, and PT. Okishin Flores, which had
business operations as fisheries companies,
collectors and processing companies. From total fish
caught by PL boats (3,556.9 tonnes), about 2011.9
tonnes (±56.6%) were processed as smoke fish

(katsuobushi) by PT. KCBS, 1,224.9 tonnes (±34.4%)
as frozen fish by PT. Shitaratian and PT. Okishin
Flores and the remains, about 320.1 tonnes (±
9.0%),were marketed locally as cold-fresh skipjack.
Katsuobushi products were exported to Japan, while
frozen SKJ to Europe and USA via Bali, Makassar
and Surabaya. Some frozen SKJ was marketed to
the domestic market, primarily Surabaya, for cannery
row material as well. Figure 5 presented katsuobushi
processing in PT. KCBS and a typical local market of
fresh SKJ in Wuring Fishing Port.

Table 4. Skipjack and other fisheries companies in Sikka (DKP Sikka, 2017)

No
Company (Co
Ltd.)/Trader

Address Scale of Business

1. KCBS (Co Ltd.) Wailiti Fishing, collecting, processing (katsuobushi and
tuna loin)

2. Shitaratian (Co Ltd.) Hewuli Collecting, processing (frozen skipjack and tuna
loin)

3. Okisin Flores (Co Ltd.) Wuring Fishing, collecting, processing (fresh skipjack and
tuna)

4. Biru Laut (Co Ltd.) Wolomarang Collecting of octopus and processing of tuna loin
5. Agita Best Seafood (Co

Ltd.)
Paga Collecting of fresh octopus

6. Camar Laut (Trader) Wolomarang Processing of tuna loin, and collecting of fresh
reef fish

7. Panca Putra Mandiri
(Trader)

Wolomarang Processing of tuna loin

8. Pulau Mas Bahari (Trader) Kolisia Collecting of life grouper and lobster
9. Dwi Putri (Trader) Parumaan Collecting of life grouper and fresh demersal-reef

fish
10. Bintang Mulia (Trader) Wolomarang Processing of fish meal
11. LH. Corido (Co Ltd.) Alok Timur Collecting of fresh neritic tuna, octopus, pelagic

fish
12. Mahadhita Karya (Co Ltd.) Alok Timur Collecting of fresh sheerfish, octopus, demersal

fish
13. Abdul Wani (Trader) Kojodoi Collecting of fresh demersal-reef fish, octopus,

small pelagic fish
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14. Denpa Halang (Trader) Nanghale Collecting of fresh sea cucumber, octopus,
demersal-pelagic fish

15. Herman Kondi (Trader) Waiara Collecting-processing of frozen skipjack.
16. Taufik M. Damin (Trader) Nangahale Collecting of demersal fish, octopus, sea

cucumber
17. M. Saleh Said (Trader) Wuring Collecting-processing of tuna loin and frozen

skipjack
18. Hasmi (Trader) Wuring Collecting-processing of tuna loin
19. Pampilus Pala (Trader) Lepolima Collecting of fresh demersal, pelagic fish
20. Saudi (Trader) Kolisia Collecting of fresh octopus, pelagic fish, demersal

fish
21. Ishak (Trader) Nangahale Collecting of fresh octopus and demersal fish
22. Suwandi Junaidi (Trader) Wolomarang Collecting of fresh skipjack and neritic tuna
23. Yasintus Thomas (Trader) Kloanglagot Collecting of fresh demersal and pelagic fish
24. Yosef Beator (Trader) Ipir-Bola Collecting of fresh pelagis fish and neritic tuna
25. Hadrawi Taher (Trader) Nanghale Collecting of fresh octopus and demersal-reef fish
26. Hartonnesneso (Trader) Pemana Collecting-Processing of fresh demersal fish and

tuna loin

Figure 5. Katsuobushi plan at KCBS Co. Ltd (A) and fresh SKJ including j-YFT and j-BET that were sold in
Wuring fishing Port (B).

Persons and Processes

All fisheries business persons and processes in
SKJ product road on PL fishery from ocean to plate
should be identified clearly. Supply chain mapping
was a key activity to ensure that all persons and
processes were identified. Through field observation
and stakeholder meetings, the information of persons
and processes involved in SKJ road products on supply
chain PL fisheries based in Sikka has been identified
(Table 4). The overview of SKJ supply chain of PL
fishery based in Sikka is presented in Figure 6.

Live baits from bagan (lift-net) were bought by PL
fishers in Ndete and Pemana Islands. The total of
registered lift-nets (bagan) in Sikka were about 145
units but approximately 30-40 only were active.About
300-400 tonnes of mix anchovies and juvenile scads
and sardine were caught by the 30-40 active bagan
(lift-net) yearly, comprising around 30 % fresh
anchovies for food and 70% live anchovies for bait.

Total registered PL boats in Sikka were 75 but
only about 67 boats were active in 2017, consisting 5
(7%) PL boats owned by companies, 20 (30%) boats
owned by individual fishers, which were under mutual
agreement between partnership plasma and
companies, and 42 (63%) boats were independent.
The company-owned boats and plasma boats usually
landed their catch in a private port owned by KCBS
Co Ltd, and the independent boats usually landed
the fish in Wuring (Government) Fishing Port. The fish
catch landed in a private port then was brought down
to large scale processor (called: katsuobushi
processing) plants and cold storages. Whereas the
catchlanded in the Government Fishing Port was
processed in small-medium and large processors by
small-medium and large traders-collectors. Figure 6
presents a full flow chart of the SKJ road line from the
ocean to the end consumer.
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Table 4. Actors and processes on the product of SKJ journey on supply chain PL fisheries based in Sikka.

Actors Processes

PL Fishers (captain and crew)
- 67 active boats (20-40 GT) including 4 dependent boats and 63
independent boats.
- Supported by + 40 active lift-net (bagan) and ± 60 FADs.

Fishing (FADs and non-
FADs)

Collector and Traders
- 11 small-medium scale including papalele/tibo-tibo
- 5 large scale, called Co. Ltd.

Trading

Processors
- 5 small scale processor including fresh-cold, loin and abon
- 4 large scale processor including frozen and smoke (katsuobushi)

Processing

Market
- Local including Sikka and adjacents including traditional markets
and restaurants
- Domestic including Bali, Makassar, and Surabaya.
- Export including Japan, Europe, and the USA.

Distributing

Figure 6. Road overview of SKJ on PL fisheries based in Sikka, East Nusa Tenggara, Indonesia
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Discussion

In general, the tuna, including SKJ, supply chain
in eastern Indonesia involves numerous persons or
performers that play different roles. For example, tuna
supply in Bitung involves small and large-scale fishers,
small and large-scale suppliers, processors or
canneries, as well as exporters (USAID, 2017; Firbiani,
2018). Sari (2015) explained that tuna supply chain
in Indonesia were very complex, as illustrated that
the Indonesian PL supply chain structure describes
production inputs for bait and fuel, vertically integrated
and fragmented fishers, types of fishers including
household and industrial scales, type of fishing port;
and distinction between domestic and export
marketing distribution. Nevertheless, the results of
research about ‘Gender in tuna value chain: Case
studies from Indonesia and Solomon Islands’ (Barclay
et al. 2020) noted that one notable difference between
Indonesian and Solomon Islands tuna industries was
the Indonesian value chain was much shorter because
the fish product just passing through fewer businesses
in the road from the ocean to the plates or dishes. By
looking up Barclay et al. (2020) research results, the
SKJ supply chain in Sikka-based PL fisheries (current
research) also represented shorter than in Solomon
Islands. It was realized that the results of current
research were still lacking of quantification including
the products, number of fishermen, and marketing
performers and their business scales that was
suggested for a supply chain study. On the other hand,
a quantities approach can inform a better strategy of
harvest strategy development because it is able to
calculate a number of fishers affected and economic
impacts. Therefore, quantitative research at the time
of data collection is needed to complement the results
of the current research.

CONCLUSIONS

The primary persons or performers and processes
of skipjack supply chain on PL fishery based in Sikka
consist of PL fishers (captain and crew), collectors
and traders, processor companies and market. There
were 67 active PL boats, which are supported byabout
40 lift-nets (bagan) to provide 300-400 tonnes live bait,
11 small-medium scale and 5 large scale collectors
and traders, 5 small scale and 4 large processors,
and local, domestic, export market as well. From total
3556.9 tonnes SKJ caught by Sikka PL based in 2017,
about 56% were processed as katsuobushi (smoke
fish), which were mostly exported to Japan, 35% were
processed as frozen SKJ, which were exported and
marketed to Europe and USA, as well as domestic

market, including Makassar, Bali and Surabaya, and
the remain, about 9%,were marketed to local
consumers as cold-fresh SKJ.
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