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Abstract: Large pelagic fish such as tuna, skipjack, and mackerel are key export
commodities for fishers at Bungus Oceanic Fishing Port due to high demand and
their  importance  in  processed  fish  products.  This  study  analyzed  trends,
sustainable potential,  and utilization levels  of  these resources in  the western
Sumatra  Sea.  Research  conducted  from March  17  to  April  1,  2023,  used  a
descriptive  quantitative  survey  and  literature  review,  with  catch  and  effort  data
from 2015 to 2022 processed using Microsoft Excel. Results showed increasing
catch trends, with tuna, skipjack, and mackerel projected to reach 723,417 kg,
462,205 kg, and 706,592 kg by 2025, respectively. The Maximum Sustainable
Yield  (MSY)  estimates  were  532,728  kg/year  for  tuna,  1,047,319  kg/year  for
skipjack, and 10,445,616 kg/year for mackerel. On average, the utilization rate
was  37%,  with  a  fishing  effort  rate  of  24%,  both  categorized  as  moderate.
Although tuna catches exceeded the MSY in 2021 (109.55% utilization), average
exploitation across species remained sustainable. These findings suggest current
fishing  practices  have  not  yet  surpassed  ecological  limits,  providing  room  for
controlled  increases  in  fishing  efforts  to  maximize  yields  while  maintaining
ecological  balance.

Introduction
As  a  maritime  nation,  Indonesia  is  rich  in  marine  fishery
resources distributed across eleven Fisheries Management
Areas  (WPP)  (1-3).  One of  the  key  areas  is  the  Western
Sumatra Sea, part of WPP-572, which includes significant fish
resources,  both  pelagic  and  demersal  (4).  Pelagic  fish,
particularly  large  species  such  as  tuna  (Thunnus  sp.),
skipjack  (Katsuwonus  pelamis),  and  mackerel  tuna
(Euthynnus  affinis),  are  crucial  for  the  economy,  serving  as
major export commodities and raw materials for processing
industries  (5).  These  species  are  characterized  by  their
schooling behavior and migratory patterns, making them a
primary  target  for  fishermen,  especially  those  operating  at
Bungus  Oceanic  Fishing  Port,  a  prominent  hub  for  large
pelagic fisheries in West Sumatra.

Bungus  Oceanic  Fishing  Port,  located  on  the  western
coast  of  Sumatra,  is  a  significant  center  for  the  tuna,
skipjack,  and  mackerel  tuna  fisheries  (6).  The  high
commercial  value  of  these  fish  makes  them  a  key  export
product, necessitating effective management to ensure their
sustainability  (7).  Proper  management  of  pelagic  fish
resources is essential  to control  fishing efforts and maintain
the long-term viability of these species (8, 9). Sustainable
fisheries  management  is  characterized  by  reduced  catch
efforts,  lower  exploitation  rates,  and  enhanced  fish  stocks,
focusing on eliminating destructive fishing practices (10, 11).

Accurately  estimating  the  Maximum  Sustainable  Yield
(MSY)  of  pelagic  fish  in  the  Western  Sumatra  Sea  is  crucial
for successful resource management (12). Misestimating the
sustainable  potential  could  lead  to  ineffective  policies,
overfishing,  and  depletion  of  fish  stocks  (13).
Overexploitation  can  result  in  diminished  resources,
eventually  leading to  the fishery's  collapse.  This  study aims
to  assess  the  sustainable  potential  of  large  pelagic  fish  in
WPP-572, using a case study from Bungus Port, to provide
insights for policy development that will support the long-
term sustainability of these fish stocks.

Methodology
Time and Location of the Study
The  study  was  conducted  from  March  to  April  2023  at
Samudera Bungus Fishing Port, located in the West Bungus
Village,  Bungus  Teluk  Kabung  Subdistrict,  West  Sumatra
Province.

Fishing equipment
The  fishing  equipment  used  in  the  Samudera  Bungus
Fisheries  Harbor  plays  an  essential  role  in  fishing  activities,
particularly in the efficient capture of large pelagic fish. The
performance of fishing gear greatly influences the success of
fishing operations and significantly impacts the sustainability
of  fish  stocks.  Below  are  the  types  of  fishing  equipment
commonly  employed  at  the  harbor.
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Figure 1. Handline (A) and boat (B) used for fishing at Bungus Oceanic Fishing Port.

Purse Seine
The  purse  seine  is  a  highly  effective  fishing  gear  used  to
capture  pelagic  fish  that  tend  to  school  together  in  large
groups. It consists of a long rectangular net deployed around
the  target  fish  school.  The  net  is  pulled  together  at  the
bottom,  trapping  the  fish  inside  (bodynote).  This  method  is
suitable for both nearshore and offshore fishing. The process
includes finding fish schools,  deploying the net,  and hauling
it back to the boat.

Tuna Longline
The tuna longline consists of a mainline with multiple branch
lines, each equipped with a hook and bait. It is operated in
open  ocean  waters,  primarily  targeting  large  pelagic  fish
such as tuna. The gear is set by deploying the line into the
water,  and  after  a  while,  the  catch  is  hauled  back.  This
method  allows  for  targeting  specific  fish  species  while
reducing  bycatch.  The  operation  phases  include  setting,
immersing, and hauling the lines (14).

Pole and Line Line
The  Pole  and  Line  line  is  a  fishing  line  system  commonly
used at Samudera Bungus for catching large pelagic fish like
tuna,  skipjack,  and  other  schooling  fish.  It  is  operated  by  a
boat  pulling  the  line  horizontally  through  the  water.  The
process involves three key stages: searching for fish, setting
the line, and hauling it back with the catch. The Pole and
Line  line  is  efficient  and  ensures  that  fish  are  captured
selectively  (14).

Handline
Handlines  are  a  traditional  and  environmentally  friendly
fishing  method  often  used  by  small-scale  fishermen.  This
fishing gear comprises a fishing line attached to a hook and
bait (see Figure 1). It is used in waters ranging from 18 to
75  meters  deep  and  is  typically  deployed  from  boats.
Handlines  are  low-impact  tools  that  precisely  target  fish
while  minimizing  bycatch.  It  is  commonly  operated  both
during the day and night (15).

Lamp Boat Nets 
Lamp boat nets, also known as Lift Net, are a passive fishing
gear method that uses light to attract pelagic fish exhibiting
positive phototaxis. The light draws the fish toward the boat,
gathering around the light source. The fish are then captured
using nets. This method is predominantly used at night and
effectively  catches  fish  that  swim  near  the  water's  surface.
The gear includes nets, bamboo frames, metal pipes, and
lighting equipment to attract the fish (13).

Research Method 
This  research  employed  a  survey  method  using  a
quantitative descriptive approach and case study. Collected
data  were  analyzed  to  describe  the  condition  of  fishing
activities at the study site, supported by relevant literature.
The  case  study  approach  was  applied  to  highlight  specific
aspects of the observed fishing units or fleets in the context
of operational and technical performance.

Data Collection 
This study utilized secondary data obtained from the logbook
of  Bungus Oceanic  Fishing Port,  consisting of  time series
data on large pelagic fish production from 2015 to 2022. The
data  analyzed  were  classified  into  two  main  categories:
fishing  effort  and  catch  yield.  Effort  variables  included  the
type  and  number  of  fishing  gears,  namely  purse  seine,
handline, tuna longline, trolling line, and boat lift net, as well
as  the  number  of  fishers  as  supporting  data.  Yield  data
covered catch volumes by gear type and the total production
of large pelagic species.

Research Procedure
The  research  procedure  began  with  obtaining  formal
permission from the relevant authorities at Bungus Oceanic
Fishing  Port.  The  researcher  then  visited  the  local
Department of Marine Affairs and Fisheries to collect general
port information and relevant secondary data. All collected
data were subsequently processed using Microsoft Excel.

Data analysis
Trend of Large Pelagic Fish Production
Trend analysis is a prediction technique used to estimate
future  conditions  based  on  past  data  observed  over  a
considerable  period.  This  method  allows  for  identifying
fluctuations  and  contributing  factors  influencing  data
variations. As defined by several scholars, forecasting is the
process of estimating future values based on historical data
through  specific  analytical  techniques  (16).  One  commonly
used prediction approach is the Least Square Method, which
utilizes time series data to predict future trends. This method
requires past data to develop a prediction model and applies
to even and odd datasets. A key characteristic of this method
is  parameter  X,  which  must  have  a  total  sum  of  zero
regardless  of  the  number  of  data  points.  The  method  is
considered  effective  in  generating  predictive  equations  for
estimating  future  values.  The  linear  regression  model  is
expressed by the Equation 1  (17). In trend analysis, the
value  of  x  or  t  is  often  determined using  an  alternative
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Equation  1  |  y  is  estimated  value,  a  and  b  are  the
coefficients, and xt is a specific point in time.

Equation 2 | PGP is production growth percentage, Pn+1 is
production at the end of year n + 1, and Pn is production at
the start of year n.

Equation  3  |  TPc  is  utilization  rate  in  year  i  (%),  Ci  is  fish
catched in year i (kg), and MSY is maximum sustainable yield
(kg).

Equation  4  |  TPf  is  effort  level  in  year  i  (%),  fi  is  standard
fishing effort in year i (trips), and fopt is optimum fishing effort
(trips)

scoring or coding method. The data are typically grouped
into two categories:

Even-numbered data, where the zero point on the x-
axis is placed between the two middle years, resulting in a
two-year interval. The corresponding t values are: ..., -5, -3,
-1, 1, 3, 5, ...

Odd-numbered data, where the zero point is placed in
the middle year, produces a one-year interval on the x scale.
The corresponding t values are: ..., -3, -2, -1, 0, 1, 2, 3, ...

The growth rate of production was then calculated using
the Equation 2.

Standardization of Fishing Gear
In this study, gear standardization is essential due to the use
of multiple fishing gear types targeting large pelagic species
in the waters of the Bungus Oceanic Fishing Port. Since each
gear  type  has  different  levels  of  efficiency  and  selectivity,
standardizing  fishing  effort  is  necessary  before  calculating
Catch Per Unit Effort (CPUE). This process aims to convert all
fishing  efforts  into  a  standard  gear  unit,  ensuring  that
catches from different gears can be quantitatively compared
on  an  equal  basis.  The  procedure  for  standardizing  fishing
gear into a standardized gear unit  can be carried out as
follows:

The fishing gear  with the highest  CPUE is  designated as
the standard gear and is assigned a fishing power index (FPI)
value of 1. The FPI for other gear types can be calculated
using the formula described in (18, 19).

Catch Unit Per Effort (CPUE)
The  value  of  Catch  Per  Unit  Effort  (CPUE)  is  obtained  by
dividing the total catch of large pelagic species such as tuna,
skipjack,  and  mackerel  by  the  corresponding  fishing  effort.
Fishing  effort  is  quantified  through  operational  metrics,
including the number of hauls conducted, the count of active
fishing vessels, or the number of deployed fishing gears.

Maximum Sustainable Yield (MSY)
The  concept  of  total  sustainable  potential  in  fisheries
resources is referred to as Maximum Sustainable Yield (MSY).
According  to  Maunder  (2008),  MSY  is  defined  as  the
maximum  quantity  of  fish  biomass  that  can  be  harvested
from a fish stock within a specified period while allowing the
population to maintain its capacity for regeneration (20). The
estimation  of  MSY  in  fisheries  science  is  commonly
conducted  using  the  Schaefer  surplus  production  model,
which analyzes the relationship between catch per unit effort
(CPUE) and total fishing effort.

The  value  of  MSY  is  influenced  by  the  magnitude  of
fishing  effort  applied  under  each  capture  method.  MSY  is
called  sustainable  catch  production  and  is  typically
calculated  per  fish  species  or  fishery  resource  group.
Required statistical data for MSY estimation include species-
specific catch volumes, catch per fishing gear type, and the
number and type of  fishing gear units  utilized.  Venema and
Sparre (1999) stated that the value of Maximum Sustainable
Yield (MSY) could be estimated using a regression equation
(Equation 1) based on the Schaefer model, which Schaefer
developed (21).

Utilization and Effort Levels
According  to  Sibagariang  et  al.  (2014),  the  level  of  fish
resource utilization can be calculated based on the amount
of  utilization  (22).  The  percentage  value  of  fish  resources
that have been utilized can be determined using Equation
3.

Effort  level  is  conducted  to  determine  the  fishing  effort
exerted  on  large  pelagic  fish  resources,  namely  tuna,
skipjack, and mackerel tuna, in the waters of the Western
Sumatra  Sea,  with  a  case  study  at  the  Bungus  Oceanic
Fishing Port. Effort level can be calculated using Equation 4.

Result and Discussion
Description of the Study Area
The coastal area of Teluk Bungus, located in the southern
part of Padang City (see Figure 2), plays a crucial role not
only  for  West  Sumatra  Province  but  also  for  western
Indonesia. The Samudera Bungus Fishing Port (PPS Bungus)
is a key fishing industry hub, primarily handling large pelagic
fish  species  such  as  Tuna  (Thunnus  sp),  Skipjack
(Katsuwonus pelamis), and Bonito (Euthynnus affinis), with a
smaller  proportion  of  other  fish  species.  As  a  Type  A  port,
PPS Bungus serves vessels ranging from 51-100 GT and acts
as  a  focal  point  for  fishing  activities,  offering  essential
facilities  for  fishermen.  It  also  functions  as  a  center  for
developing  fishing  communities,  marketing,  fish  quality
control, data collection, and resource monitoring. With direct
access  to  the  Indian  Ocean,  PPS  Bungus  holds  significant
potential  for  supporting  large-scale  fisheries  in  the  West
Sumatra  region.

Production Trends of Large Pelagic Fish
According  to  statistical  data  from  the  Samudera  Bungus
Fishing Port,  the three primary fish commodities  landed are
tuna, skipjack, and bonito. Tuna has been captured using
four main types of fishing gear during the 2015–2022 period:
trolling lines (Pole and Line), handlines, tuna longlines, and
purse seines. Skipjack and bonito are primarily caught using
trolling lines, lift nets (Lift Net), and purse seines. The annual
catch  volumes  of  these  species  have  shown  notable
fluctuations  over  the  years.  Multiple  factors,  including  fish
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Figure 2. Location of samudera bungus fishing port (coordinates: -1.03018, 100.39942).

Figure 3. Trend graph of tuna, skipjack, and mackerel tuna catches.

availability,  fishing  effort,  and  operation  effectiveness,
influence  these  variations.  A  trend  analysis  using  the  least
square  method  was  employed  to  forecast  future  catch
trends.  This  time  series-based  approach  allows  the
identification  of  either  positive  or  negative  trends  by
evaluating  long-term  historical  data  (see  Figure  3).

The data analysis in this study, conducted using the least
square  method,  yielded  linear  equations  for  each  major
pelagic  species.  The  linear  equation  for  tuna  is  Y  =
258.940,75 + 35.728,95X,  Y  = 242.252,75 + 16.919,48X
for  skipjack  tuna,  and  Y  =  351.367,38  +  27.324,98X
for mackerel tuna.

The  analysis  of  catch  trends  for  tuna,  skipjack,  and
mackerel landed at Bungus Oceanic Fishing Port from 2015
to 2022 indicates a positive growth trajectory. Based on least
square  forecasting,  the  catch  is  projected  to  continue
increasing  through  2025,  with  predicted  tuna  landings
reaching approximately 580,501.32 kg in 2023, 651,959.23
kg in 2024, and 723,417.13 kg in 2025. For skipjack, the
estimated catches are 394,528.04 kg, 428,366.99 kg, and
462,205.94  kg,  respectively,  while  mackerel  landings  are
forecasted at 597,292.21 kg, 651,942.18 kg, and 706,592.14
kg.  These  projections  suggest  that  the  supply  of  raw
materials for processing and domestic consumption can be
sustained in the near future. Trend analysis serves as an
essential  tool  to  assess  the  risk  of  overfishing.  A  downward
trend  typically  reflects  overexploitation,  which  may  hinder
the sustainability of fish stocks and reduce economic returns

due to premature harvesting. Conversely, an upward trend
indicates  adequate  resource  availability.  Additionally,
integrating external factors such as climatic events (e.g., El
Niño,  Indian  Ocean  Dipole)  and  fisheries  management
policies (e.g., the 2014 moratorium and vessel re-verification
in 2022) would help explain variations in catch volume and
fishing  effort,  offering  a  more  nuanced  understanding  of
sustainability  risks  (23-26).

Challenges  such  as  undersized  catches,  declining  fish
quality,  and  distant  fishing  grounds  must  be  addressed
through sustainable fisheries management (27, 28). Ensuring
selective  fishing  practices  and controlling  fishing  efforts  are
vital to maintaining long-term resource viability. This case
study  highlights  the  importance  of  trend  forecasting  for
strategic decision-making among stakeholders to preserve
tuna, skipjack, and mackerel resources for export and local
demand.

Maximum Sustainable Yield (MSY) and
Optimum Effort
The Maximum Sustainable Yield (MSY) represents the highest
catch level that can be sustainably harvested from a fishery
resource without compromising its long-term viability. As a
fundamental reference in fisheries management, MSY allows
for exploitation while maintaining fish stocks at a biologically
safe level. According to Telussa (2016), MSY refers to the
quantity  of  fish  that  can  be  consistently  harvested  without
depleting  the  resource,  while  the  optimum  fishing  effort
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Figure 4. Relationship between maximum sustainable yield (MSY) and optimum fishing effort for (A) tuna, (B) skipjack, (C) mackerel tuna, and (D) other
big pelagic fish.

Table 1. Fishing gear productivity and fishing power index.

Year

Fishing Gear Productivity (Kg/Trip)

Tuna Skipjack Tuna Mackerel Tuna Large Pelagic Fish

Headline Tuna
Longline

Pole
and
Line

Purse
Seine
Net

Pole
and
Line

Purse
Seine

Lift
Net

Pole
and
Line

Purse
Seine Lift Net headline Tuna

Longline
Pole
and
Line

Purse
Seine
Net

Lift Net

2015 552.77 - - - - 6000.00 - - - 1574.50 552.77 - - 6000.00 1574.50

2016 - 2466.47 - - - - 1911.00 - - 1560.83 - 2466.47 - - 1587.77

2017 1452.83 2554.83 2644.19 - 1243.51 4300.00 100.00 770.77 - 383.40 1452.83 2554.83 1375.75 4300.00 336.17

2018 4168.89 2847.17 879.96 - 1507.51 5764.27 1769.07 663.57 485.00 1015.08 4168.89 2847.17 1345.14 4952.08 1172.97

2019 4668.64 2279.33 3005.55 - 1402.96 1155.00 1227.05 677.50 1157.77 1234.13 4668.64 2279.33 1487.14 1157.12 1233.62

2020 5140.96 - 4506.82 925.72 1370.61 6955.94 403.08 595.79 1721.23 1604.24 5140.96 - 1745.57 2205.19 1497.26

2021 5936.12 - 2392.30 1469.00 1109.98 1550.00 1360.29 500.00 1100.33 731.15 5936.12 - 1430.84 1351.00 1104.70

2022 23690.08 - 3005.75 - - 1046.67 - - - 2400.00 23690.08 - 3005.75 1046.67 2400.00

Total 45610.29 10147.80 16434.57 2394.72 6634.58 26751.88 6770.49 3208.63 4464.33 10503.34 45610.29 10147.80 10390.18 21012.05 10906.99

Average 6515.76 2536.95 2739.10 1197.36 1326.92 3821.70 1128.41 641.73 116.08 1312.92 6515.76 2536.95 1731.70 3001.72 1363.37

FPI 1.00 0.39 0.42 0.18 0.35 1.00 0.30 0.49 0.85 1.00 1.00 0.39 0.27 0.46 0.21

(Fopt)  is  the  level  of  fishing  activity  that  maximizes  yield
without  harming  sustainability  (29).  In  Bungus,  tuna  fishing
primarily  occurs  in  the  Mentawai  waters.  Skipjack  and
mackerel are caught within a 12-nautical-mile radius off the
western coast  of  Sumatra.  This  limited fishing area leads to
high exploitation intensity, particularly for tuna, increasing
the  risk  of  overfishing.  Therefore,  accurate  estimation  of
sustainable  potential  is  crucial  to  inform  effective
management and utilization policies. The graphs illustrating
the  Maximum  Sustainable  Yield  and  optimum  fishing  effort
for Tuna, Skipjack, and Mackerel can be seen in Figure 4.

The estimated Maximum Sustainable Yield (MSY) for tuna
in the Bungus region is 532,728 kg/year, with an optimum
fishing effort of 127.10 trips/year. Analysis of catch data from
2015 to 2022 indicates that tuna catches in all years, except
for 2021, remained below the MSY threshold. In 2021, tuna
catch  exceeded  the  Maximum  Sustainable  Yield  (MSY),
indicating a state of overfishing resulting from fishing efforts
that surpassed sustainable limits. For skipjack, the MSY is

1,047,319  kg/year  with  an  optimum  effort  of  468.40
trips/year, while mackerel scad (Mackerel Tuna) has an MSY
of  10,445,616  kg/year  and  an  optimum  effort  of  14,713.21
trips/year. Based on the catch trends, skipjack and mackerel
scad catches from 2015 to 2022 have not exceeded MSY,
suggesting  potential  for  increased  effort  within  sustainable
limits.  However,  in 2020, the combined catch of all  large
pelagic  species  (tuna,  skipjack,  and  mackerel)  exceeded
their aggregated MSY, coinciding with the highest recorded
fishing  effort  of  410.65  trips.  The  calculated  optimum effort
for large pelagic fisheries is 594.97 trips/year.

Based on Figures 4C and D above, from 2015 to 2022,
the  catch  of  skipjack  tuna  (cakalang)  and  frigate  tuna
(tongkol)  has not yet exceeded the Maximum Sustainable
Yield (MSY). Therefore, the catch data indicate no sign of
overfishing  for  skipjack  and  frigate  tuna,  meaning  that
fishing efforts can still be increased to achieve optimal catch
results but must not exceed the MSY value. Meanwhile, the
catch of large pelagic fish (tuna, skipjack, and frigate tuna) in
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Table 2. Total effort estimation (trips) for tuna, skipjack
tune, mackerel tuna, and other large pelagic fish.

Year
Total Standardized Effort (Trips)

Tuna Skipjack Tuna Mackerel Tuna Large Pelagic
Fish

2015 13.00 1.00 44.00 22.67

2016 5.84 0.30 12.00 8.56

2017 26.74 34.93 11.35 54.88

2018 28.85 75.00 375.12 157.61

2019 81.53 142.22 587.90 316.06

2020 70.11 159.99 967.20 410.65

2021 99.09 69.47 29.53 150.55

2022 13.68 12.00 1.00 18.80

2020  exceeded  the  Maximum  Sustainable  Yield  (MSY),
indicating  an  overfishing  condition  in  that  year.  This  was
caused by  relatively  high fishing efforts,  as  shown in  Table
1, where the fishing effort in 2020 was the highest during the
2015–2022 period, amounting to 410.65 trips. The optimal
fishing  effort  that  can  be  carried  out  to  catch  large  pelagic
fish  resources  is  594.97  trips.  According  to  Desiani  et  al.
(2019),  an  optimal  effort  is  the  fishing  effort  to  obtain  an
optimal catch performed by a fishing unit without damaging
the sustainability of the fishery resource (16).

Standardization of Fishing Gear
This study utilized time series data on the catch of tuna,
skipjack,  and  mackerel  scad  (Mackerel  Tuna),  along  with
fishing effort data for large pelagic species landed at Bungus
Oceanic Fishing Port from 2015 to 2022. Before calculating
indicators  such  as  Catch  per  Unit  Effort  (CPUE),  Maximum
Sustainable  Yield  (MSY),  optimum  effort  (Fopt),  utilization
rate,  and  fishing  intensity,  it  was  necessary  to  standardize
the  fishing  gear  due  to  the  use  of  multiple  gear  types
targeting the same species. Five fishing gears were identified
during the study period: handline, tuna longline, trolling line
(Pole and Line), purse seine, and lift net (Lift Net). Tuna were
caught using four types of gear: handline, tuna longline, Pole
and Line, and purse seine. Meanwhile, skipjack and mackerel
scad were captured using Pole and Line, purse seine, and lift

net.  To  establish  a  standard  gear  type,  the  productivity
values of each gear were first assessed.

Differences  in  catch  performance  among  fishing  gears
necessitate  the  standardization  of  fishing  efforts  before
further analysis. This standardization is achieved by selecting
a gear type with the highest productivity as the reference
gear based on the dominant catch species. Productivity is
measured  as  the  catch  volume  per  unit  effort,  reflecting  a
fishing  gear's  efficiency.  According  to  Syamsuddin  et  al.
(2007),  the Fishing Power Index (FPI)  is  derived from the
average productivity of each gear type, with the reference
gear assigned an FPI  value of 1.  The standard effort is  then
calculated by multiplying the FPI by the number of units for
each gear type (30).

Analysis of gear productivity shows that handline is the
most effective for tuna, purse seine for skipjack, and lift net
(Lift  Net)  for  mackerel  scad.  Overall,  the  handline
demonstrated the highest  productivity  in  harvesting large
pelagic  fish,  making  it  the  standard  gear  with  the  highest
catch  ratio.  In  2022,  the  productivity  of  handline  gear
reached  its  peak,  likely  due  to  favorable  fish  abundance  in
the fishing grounds, high gear productivity typically indicates
high  fish  availability,  which  in  turn  boosts  fishers'  incom
Catch  Unit  Per  Effort  (CPUE).

Catch per Unit Effort (CPUE) serves as a key indicator of
fish  stock  status,  reflecting  the  relative  abundance  of  a
resource. To calculate CPUE, standardized effort must first be
determined,  which  involves  adjusting  fishing  effort  data
based on gear type and catch volume (31).  Standardized
effort is  obtained by multiplying the number of  fishing units
by their  respective Fishing Power Index (FPI),  and annual
total  effort  is  derived  by  summing  all  gear-specific  efforts
(see  Table  2).

Data  analysis  shows  the  highest  standardized  effort  for
tuna fishing occurred in 2021 (99.09 trips), while the lowest
was in 2016 (5.84 trips). For skipjack and mackerel scad, the
peak  efforts  were  recorded  in  2020,  with  the  lowest  for
skipjack in 2016 and mackerel  scad in 2022.  The overall
highest  fishing  effort  for  large  pelagic  species  was  also
observed in 2020 (410.65 trips),  with the lowest in 2016
(8.56 trips).

In Indonesia, fishing activities are heavily driven by catch
results, prompting fishers to increase their effort when yields
are low in hopes of compensation or to exploit high yields for

Table 3. Catch unit per effort of large pelagic fish from 2015 to 2022.

Year

Fishing Gear Productivity (Kg/Trip)

Tuna Skipjack Tuna Mackerel Tuna Large Pelagic Fish

Production
(Kg)

Total
Effort
(Trips)

CPUEs
(Kg/Trip)

Production
(Kg)

Total
Effort
(Trips)

CPUEs
(Kg/Trip)

Production
(Kg)

Total
Effort
(Trips)

CPUEs
(Kg/Trip)

Production
(Kg)

Total
Effort
(Trips)

CPUEs
(Kg/Trip)

2015 7186 13.00 552.77 6000 1.00 6000.00 69278 44.00 1574.50 82464 22.67 3638.01

2016 36997 5.84 6334.73 1911 0.30 6472.15 18730 12.00 1560.83 57638 8.56 6733.02

2017 142998 26.74 5347.14 125590 34.93 3595.21 11937 11.35 1051.34 280525 54.88 511.29

2018 127851 28.85 4430.95 389035 75.00 5186.87 381196 375.12 1061.19 898082 157.61 5698.26

2019 413636 81.53 5073.60 553040 142.22 3888.67 729708 587.90 1241.21 1696384 316.06 5367.35

2020 462969 70.11 6603.26 615279 159.99 3845.69 1574379 967.20 1627.77 2652627 410.65 6459.63

2021 583585 9909 5889.29 234607 69.47 3377.22 23311 29.53 789.46 841503 150.55 5589.65

2022 296304 13.68 21657.24 12560 12.00 1046.67 2400 1.00 2400.00 311264 18.80 16556.10

Total 2017526 338.85 55888.98 1938022 494.91 33412.47 2810939 2008.10 11261.31 6820487 1140 55153.31

Average 258940 42.36 6986.12 242253 61.86 4176.56 351367 253.51 1407.66 852561 142 6894.16
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Figure 5. Relationship of catch unit per effort (CPUE) and fishing effort for (A) tuna, (B) skipjack, (C) mackerel tuna, and (D) other big pelagic fish.

greater  profit.  However,  increased  effort  does  not  always
correlate with higher catches, as external factors such as
adverse weather (e.g., high waves and heavy rainfall) may
reduce  fishing  activity   (32).  Therefore,  calculating  CPUE  is
essential before estimating the Maximum Sustainable Yield
(MSY) for fishery resources.

CPUE  values  for  tuna,  skipjack,  and  mackerel  tuna
fluctuated during 2015–2022. These variations are attributed
to changes in fishing efforts throughout the years. As shown
in Table 3,  the highest CPUE for tuna occurred in 2022,
reaching 21,657.24 kg/trip, while the lowest was recorded in
2015 at 552.77 kg/trip. For skipjack tuna, the highest CPUE
was observed in 2016 at 6,472.15 kg/trip, with the lowest in
2022 at 1,046.67 kg/trip. In the case of mackerel tuna, the
highest CPUE was in 2022 at 2,400.00 kg/trip and the lowest
in 2021 at 789.46 kg/trip. The highest CPUE for large pelagic
fish was recorded in 2022, amounting to 16,556.10 kg/trip.

Generally, higher CPUE values indicate greater catches
obtained with relatively lower fishing effort, while lower CPUE
values  suggest  smaller  catches  despite  increased  fishing
effort.  This  discrepancy  may  be  due  to  various  factors,
including  the  lack  of  proportional  increases  in  fish  stock
availability and changes in environmental conditions such as
high  waves  and  strong  winds.  The  negative  correlation
between  CPUE  and  fishing  effort  implies  that  increasing
fishing  effort  tends  to  result  in  lower  CPUE  values,  thereby
indicating a decline in gear productivity (33). Consequently,
CPUE can indicate the efficiency level of fishing practices and
effort  application.  CPUE  is  influenced  by  the  intensity  and
frequency  of  fishing  efforts  carried  out  during  the  year  to
obtain fish catches.

The  calculation  results  indicate  a  linear  equation
between  the  CPUE  and  fishing  effort  for  tuna  (see  Figure
5A),  expressed  as  CPUE  =  8383  –  32.978x.  Using  the
Schaefer model, the estimated parameters are the intercept
(a)  at  8383  and  the  slope  (b)  at  –32.978,  indicating  a
negative  relationship  between  tuna  production  and  fishing

effort.  Based on this equation, it  can be interpreted that for
every additional unit of fishing effort (trip), the CPUE of tuna
decreases by 32.978 kg/trip. The natural potential CPUE is
estimated to be 8383 kg/trip if no fishing effort is applied.  

The linear equation for skipjack tuna (cakalang) CPUE is
given by CPUE = 4471.9 – 4.7735x, where the intercept (a) is
4471.9,  and  the  regression  coefficient  (b)  is  4.7735  (see
Figure 5B). This indicates a negative relationship between
CPUE  and  fishing  effort.  According  to  the  equation,  each
additional unit of fishing effort decreases skipjack tuna CPUE
by  4.7735  kg/trip.  Without  fishing  effort,  skipjack  tuna's
estimated  natural  CPUE  potential  is  4471.9  kg/trip.

The linear equation for the CPUE of the mackerel tuna
is given by CPUE = 1419.9 - 0.0483x, where the constant (a)
is  1419.9  and  the  regression  coefficient  (b)  is  -0.0483  (see
Figure 5C). This indicates that for each additional unit of
fishing effort (trip), the CPUE for mackerel tuna decreases by
0.0483  kg/trip.  Without  fishing  effort,  the  potential  for
mackerel  tuna  remains  at  1419.9  kg/trip.

The linear equation for the CPUE of large pelagic fish is
represented as CPUE = 7831.9 - 6.5818x. The constant (a) is
7831.9,  and  the  regression  coefficient  (b)  is  -6.5818  (see
Figure 5D).  This implies that for every additional unit  of
fishing effort (trip), the CPUE for large pelagic fish decreases
by  6.5818  kg/trip.  Without  fishing  effort,  the  potential  for
large pelagic fish remains at 7831.9 kg/trip. The CPUE trends
for tuna, mackerel, and skipjack indicate a decline due to the
increase  in  fishing  effort,  suggesting  a  decrease  in  fish
abundance in the respective waters. The rising CPUE trend
indicates  that  fish  resource  exploitation  is  still  in  the
developmental  stage, while a stable CPUE trend suggests
nearing exploitation saturation (34). A declining CPUE trend
signals  the  onset  of  overfishing  if  it  continues.  A  negative
regression coefficient (b) is essential in the Schaefer model,
as  it  shows  that  increased  fishing  effort  leads  to  reduced
CPUE.  If  a  positive  coefficient  is  found,  it  suggests  that
increasing  effort  still  leads  to  higher  catches,  and  thus,
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Table 4. Total allowable catch for tuna, skipjack tuna, mackarel tuna, and other large pelagic fish.

Year
Tuna Skipjack Tuna Mackerel Tuna Large Pelagic Fish

Production
(Kg) TAC Production

(Kg) TAC Production
(Kg) TAC Production

(Kg) TAC

2015 7,186

426,183

6,000

837,855

69,278

8,356,493

82,464

1,863,881

2016 36,997 1,911 18,730 57,638

2017 142,998 125,590 11,937 280,525

2018 127,851 389,035 381,196 898,082

2019 413,636 553,040 729,708 1,696,384

2020 462,969 615,279 1574,379 2,652,627

2021 583,585 234,607 23,311 841,503

2022 296,304 12,560 2,400 311,264

Figure 6. Annual exploration rate of (A) tuna, (B) skipjack, (C) mackerel tuna, and (D) other big pelagic fish. Note: TPc means utilization rate and TPf is
effort level.

further  calculations  for  potential  and  optimum  effort  are
unnecessary. Nabunome (2007) states that CPUE is inversely
related to effort, where increased effort results in decreased
catch  per  unit  of  effort  due  to  the  depletion  of  resources
(35).

Total Allowable Catch (TAC)
Imron  (2000)  stated  that  the  allowable  catch  (TAC)  for  fish
resources is set at 80% of the available stock potential (34).
This regulation not only controls the catch of large pelagic
fish,  such  as  tuna,  mackerel,  and  skipjack  but  also  helps
manage  the  exploitation  rate  of  fisheries  resources.
Combining  JTB  with  a  defined  quota  allocation  facilitates
sustainable  resource  management  by  limiting  overfishing.

Exceeding  80%  of  the  available  fish  resource  potential
indicates  overfishing  if  sustained  over  time.  Data  from  the
Samudera Bungus Fishery Port shows that tuna catches in
2020 and 2021 exceeded the allowable catch limit,  while
mackerel  and skipjack  catches over  the past  eight  years
have  remained  within  the  permissible  limit,  suggesting
potential for optimization without surpassing the MSY (see
Table  4).  Overall,  the  large  pelagic  fish  catch  in  2020
exceeded  the  allowable  catch  and  MSY  limits,  indicating
overfishing.  Establishing  permissible  catch  limits  (JTB)  is  a

critical management tool to ensure sustainable fisheries and
resource renewal.

Utilization and Exploitation Rates
The  calculation  of  utilization  and  effort  rates  aims  to
determine  the  percentage  of  fish  resources  utilized  in  a
specific area, particularly in the western part of the Sumatra
Sea.  Utilization exceeding the maximum sustainable yield
(MSY)  threatens  the  sustainability  of  fish  resources,
disrupting availability and causing stock depletion. Various
factors contribute to utilization, with decreased catches often
linked  to  population  decline  due  to  overfishing.  Utilization
rates are calculated by dividing the catch in a given year by
the MSY. In contrast, effort rates are obtained by dividing the
production  by  the  optimum  effort  (Fopt),  expressed  as  a
percentage.  These  calculations  help  determine  the
proportion  of  fishing  effort  applied.

Based  on  Figure  6A,  the  utilization  rate  of  tuna  at
Bungus Oceanic Fisheries Port fluctuated from 2015 to 2022.
In 2015, the utilization rate was 1.35% with an effort rate of
10.23%,  increasing  to  6.94%  and  4.60%  in  2016  and
reaching 26.84% and 21.04% in 2017. In 2018, the utilization
rate  was  24%,  with  22.70%  effort.  In  2019,  the  utilization
rate  surged  to  77.64%  with  64.15%  effort  and  increased  in
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Figure 7. Catch volume of large pelagic fish (A) and their growth rate of the catch over time (B).

2020  to  86.91% utilization  with  55.16% effort.  In  2021,  the
utilization  rate  exceeded  the  sustainable  yield,  reaching
109.55%  with  an  effort  rate  of  77.97%,  indicating
overfishing. However, in 2022, utilization dropped to 55.62%,
with 10.76% effort, signaling a decrease in exploitation.

The  utilization  rate  in  2021  indicated  overfishing,  which
could  disrupt  the  sustainability  of  tuna  stocks.  This  was
evidenced by the decrease in utilization in 2022. Over the
eight years (2015-2022), the average utilization rate for tuna
was  48.61%,  with  an  average  effort  rate  of  33.33%.  This
suggests a moderate utilization level, meaning that the catch
is still within the sustainable potential, and further increases
in effort could still boost the tuna catch.

As shown in Figure 6B, the utilization rate of skipjack
tuna (Skipjack Tuna) at Samudera Bungus fishing port varied
from 2015 to 2022. In 2015, the utilization rate was 0.57%,
with  an  effort  rate  of  0.21%.  This  decreased  in  2016  to
0.18%  utilization  and  0.06%  effort.  In  2017,  utilization
increased to 11.99% with an effort rate of 7.46% and further
rose  to  37.15%  utilization  with  16.01%  effort  in  2018.  In
2019, the utilization rate reached 52.81% with 30.36% effort
and continued to  rise  in  2020 to  58.75% utilization  with
34.16%  effort.  However,  in  2021  and  2022,  utilization
dropped  to  22.40%  and  1.20%,  with  effort  rates  of  14.83%
and 2.56%, respectively. The maximum utilization of skipjack
tuna  occurred  in  2020  (58.75%),  while  the  effort  did  not
exceed the optimal level (30.36%), indicating that the fishery
may still be underfished.

The average utilization rate for skipjack tuna from 2015
to 2022 was 23.13%, with an average effort rate of 13.21%.
These  figures  suggest  that  the  exploitation  of  skipjack  tuna
during this period remained low, meaning the catches were
still  only  a small  proportion of  the sustainable yield,  and
efforts to increase catch levels are still required.

As depicted in Figure 6C, the utilization rate of mackerel
(Mackerel  Tuna) from 2015 to 2022 at Samudera Bungus
fishing  port  varied,  with  the  highest  utilization  occurring  in
2020 at 15.07%. In 2015, the utilization rate was 0.66%,
rising to 0.18% in 2016 and 0.11% in 2017. In 2018, the rate
increased to 3.65%, followed by 6.99% in 2019 and 15.07%
in 2020. However, the utilization rate dropped again in 2021
and 2022 to 0.22% and 0.02%, respectively. The maximum
utilization  observed  during  this  period  (15.07%)  was  still
classified as low, and the effort rate in 2020 (6.57%) did not
exceed  the  optimal  level,  indicating  that  the  fishery  is  still
underfished.

The average utilization rate for mackerel between 2015
and 2022 was 3.36%, with an average effort  rate of  1.72%.
This indicates that the exploitation of mackerel remains low,
with the catch still  representing a small proportion of the

sustainable  yield.  Therefore,  there  is  still  potential  for
increasing  mackerel  catch  levels  by  improving  fishing
efficiency  and  effectiveness.

Based on Figure 6D, the average utilization rate of large
pelagic fish resources is  37%, which falls  into the moderate
category,  indicating  that  further  increases  in  fishing  efforts
could  still  maximize  catch  yields.  The  utilization  rate  of
pelagic  fish  resources  between  2015  and  2022  exhibited
fluctuations,  which  can  be  attributed  to  various  factors.  A
decline in catch is often linked to decreased population size
due to high fishing efforts  in  previous years.  In  contrast,  an
increase  in  catch  may  result  from  population  growth
following reduced fishing efforts in preceding years (36).

Management  of  fishery  resources  is  crucial  to  prevent
overexploitation that may lead to resource depletion. It is
essential  to  encourage  effective  and  selective  fishing
practices  using  environmentally  friendly  fishing  gear  to
ensure  the  sustainability  of  fish  stocks  (37).  Proper
management  of  fishery  resources  is  necessary  to  maintain
their  long-term  viability.  Continuous  overfishing  can
endanger  the  sustainability  of  these  resources  and  may
eventually lead to their depletion.

The Catch of Large Pelagic Fish at the Bungus
Oceanic Fishing Port in 2015–2022
The  western  waters  of  Sumatra  are  among  Indonesia’s
productive fishing grounds, particularly for capture fisheries.
Increasing human demand has driven intensified exploitation
of  large  pelagic  fish  such  as  tuna  (Thunnus  sp.),  skipjack
(Katsuwonus  pelamis),  and  mackerel  tuna  (Euthynnus
affinis),  which  are  key  target  species  landed  at  the  Bungus
Oceanic Fishing Port. Catch data from 2015 to 2022 show
fluctuating trends (see Figure 7A).

Tuna catches rose significantly from 7,186 kg in 2015 to
a peak of 583,585 kg in 2021 before declining to 296,304 kg
in 2022. Skipjack tuna followed a similar pattern, increasing
from a low of 1,911 kg in 2016 to 615,279 kg in 2020, then
decreasing sharply in 2022 to 12,560 kg. The lowest catches
for both species were recorded in 2015, likely due to the
2014  moratorium  under  Ministerial  Regulation  No.
56/PERMEN-KP/2014, which temporarily halted fishing license
issuance and impacted subsequent catches.

Mackerel tuna catches peaked at 1,574,379 kg in 2020
after declining between 2015 and 2017. However, the lowest
catch  was  recorded in  2022 at  only  2,400 kg,  a  decline
reportedly  linked  to  the  re-verification  of  registered  lift-net
vessels at the Bungus port, which may have affected fishing
operations.
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Growth Trends in the Catch of Large Pelagic
Fish from 2015 to 2022
The intensification of fishing activities has led to an increase
in the production of large pelagic fish resources. This growth
can  be  further  enhanced  by  expanding  the  fishing  fleet,
extending fishing areas, and adopting advanced technologies
(36).  The  waters  off  West  Sumatra  are  considered  one  of
Indonesia’s  productive  fishing  grounds,  with  tuna,  skipjack,
and  mackerel  tuna  serving  as  the  primary  catch
commodities.

As illustrated in Figure 7B, the catch of large pelagic fish
showed  a  fluctuating  trend  between  2015  and  2022.  While
catch volumes increased from 82,464 kg in 2015 to 280,525
kg in 2017, subsequent years saw a decline, with catches
recorded at 898,082 kg in 2018, peaking at 2,652,627 kg in
2020, before dropping to 321,424 kg in 2022. The highest
catch growth occurred in 2017 (3.87%), while the lowest was
in  2016  (−0.30%).  Fish  production  levels  are  influenced  by
the availability of target species and are shaped by internal
factors  (biological  and  ecological  processes)  and  external
factors (marine environment and fishing effort).

Conclusion
Large pelagic fisheries at Bungus Oceanic Fishing Port show
positive growth and remain within sustainable limits,  with
average  utilization  at  37%  and  effort  at  24%.  While  tuna
exceeded its  MSY in  2021,  overall  exploitation levels  are
moderate,  leaving  room  for  controlled  increases  in  fishing
effort.  Future  management  should  use  longer-term  data,
consider external factors, and apply modern technology to
maintain sustainability and support local livelihoods.
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