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Executive summary
Small pelagic fish resources are an economically important resource. Among some pelagic resources
in the Indonesian BOBLME region the mackerel is an important resource which is related to the
assumed shared stock with several other countries in the area of BOBLME (Malaysia, Thailand,
Myanmar, Bangladesh, India, Sri Lanka, and Maldives). Exploitation of the mackerel has been going
on for a long time in line with the development of purse seine fishery which is more intensive from
year to year. Research on Indian mackerel fishery (Rastrelliger kanagurta) has been implemented in
the BOBLME area of the Indonesian territory to collect the data of fisheries, catches, biological
sampling and analysis of indicators and parameters which are crucial for identifying the
management options for a sustainable fishery. The research was conducted at three suitable major
landing sites in the provinces of Aceh and North Sumatra and West Sumatra, such as Sibolga, Banda
Aceh and Tanjung Balai, during the period of 2013 to 2014.
Results showed an increase in the utilization of pelagic fish resources which is generally seen at the
base of fisheries that have developed over time (Aceh, Sibolga, Tanjung Balai Asahan), both an
increase in fishing effort (number of units of fishing vessels and gears, number of trips, days at sea)
and an increase in fishing capacity (larger fishing vessels and the use of fish attraction devices (FAD).
In Aceh province, in line with the development of the fishing grounds towards the deep sea of the
western Aceh coast, the fishing strategy changed from hunting and using light attraction strategy to
the use of FADs to collect the fish schools. Species targeted differ depending on the strategy
adopted. The strategy of 'light attraction' has increased the percentage of scads (Decapterus
macrosoma) about 47%, the big-eye scads (Selar crumenophthalmus) and sardines (Amblygaster
sirm); whereas catch of Indian mackerels (Rastrelliger kanagurta) seem to be lower; the increase of
catch per unit effort (CPUE) that occurred in 2008 (to 613 kg/day) decreased again in the next years.
On the strategy of 'FADs' the dominant species of scads (D. macarellus) was also increased about
36%. Increased catches of scads shown in 2012 amounted to 1076 tons with a CPUE of about 610
kg/day. For purse seine catches the peak season using 'lights' is between December and March,
decreased activity between July and December; and on the purse seine using 'FADs', catch peak
season is between September to December and February to March, while between June and August
there is low activity. The activity pattern is expected to be adjusted to fluctuations in fish abundance.
The number of units of purse seine recorded in Sibolga had increased significantly from 102 units of
purse seine (2007) to 180 units in 2012; the fleet capacity is dominated by the vessel category
60-100 tons (118 units or 64%). Two types of purse seine were operated with the different target of
species. In general, those purse seine tend to catch the large pelagic fish, the percentage of large
pelagic was increased from year to year. Increasing effort (in number of trips) was carried out by the
fishing vessels of 60-100 tons (63%). About 55% of the trips (total trip as much as 1864 trips in 2012)
are conducted by the ‘pukat jarang’ (the purse seine of mesh size 2.5 inch), the other (45%) come
from the ‘pukat rapat’ (purse seine of mesh size 1 inch). Main fishing season is from July to August.
Total catch of purse seine landed in Sibolga is approximately 10 529 tons (2012); the small pelagic
fish contribute about 30% (3079 tons) which mostly comes from the ‘pukat rapat’ (68%). The catch
and species composition varies every month. The peak season of abundance of the small pelagic fish
occurred May-June, the lower catch had occurred on mackerels (Rastrelliger). The small pelagic
fisheries are accompanied by the expanding of fishing grounds and an increase in days at sea.
In three main landing sites around the Malacca Straits, i.e. Langsa, Belawan, and Tanjung Balai
Asahan, about 523 units of purse seine (2013) with a fleet (boat) size ranging from 5 GT to 271 GT
was recorded. The active purse seine of 20-30 GT is dominant in the traditional zone, approximately
63% (330 units). Number of trips of this type of fishing vessels is also dominant. In addition,
increasing efforts tend to be seen on the number of trips and the days at sea. Fishing areas for
small-scale fisheries are mainly located in the traditional zone at the east coast of Sumatra which is
concentrated around the Berhala Island, Pandang Island, Salahnamo Island and Jemur Island. These
locations are predicted as a more intensively exploited area than the offshore zone. Fishing activities
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(trip) took place throughout the year with the fishing season for the small-scale fisheries taking place
in March-April and September-November. In general, these fishing grounds were also predicted as
the spawning areas of the two species of mackerel (R. kanagurta and R. brachysoma); it was
assumed that the spawning season of the mackerels begins in April (characterized by a decrease of
Gonado Somatic Index, GSI), along with the fishing seasons.
Through the analysis of the length frequency data the population parameters (L∞, K, M, Z, F) were
obtained, and in turn these indicate that the exploitation rate (E = F/Z) has exceeded 0.5, its mean
that the control of fishing effort is necessary (number of vessels and equipment, the number of trips
and days at sea). The average size of the fish caught (L50%) are generally smaller than the length at
first maturity (Lm) that confirmed that quite a lot of small fish are caught. Maximum gonad
maturation (maturity stage and GSI) is reached in March and declined sharply in April; this indicates
the occurrence of spawning of Indian mackerel occurs in April. Spawning locations may be close to
the fishing grounds, which is around the Berhala Island, Pandang Island, Salahnama Island, and
Jemus Island on the east coast of North Sumatra. Assuming the Indian mackerel is the same stock
unit with the stock of Aceh Province; those two zones should be managed as a single management
unit.
Jakarta, June 2015.
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Fishery and biology of Indian mackerel
(Rastrelliger kanagurta, Scombridae) in Indonesian region of the
Bay of Bengal Large Marine Ecosystem
Suwarso and Achmad Zamroni
Research Institute for Marine Fisheries (RIMF-MMAF),
Jakarta, Indonesia
_______________________________________________________________________

1. Background
The Indian mackerel (Rastreliger kanagurta) is one of the important fishery resources in West
Sumatra, Aceh Province and Malacca Strait; probably it is also a shared stock resource with other
countries namely India, Bangladesh, Malaysia, Myanmar, Sri Lanka and Thailand. The main landing
sites in the areas are Banda Aceh and Idie Rayeuh (Aceh Province), Tanjung Balai (North Sumatra)
and Sibolga (West Sumatra). The estimation of Indian mackerel minimum catch around this area is
about 20,000 t (Hariati and Nugroho, 2010); however, from year to year, the catch tends to decrease
even though the effort is increasing. In the meantime, the fishery biology data and information of
the resource is not sufficient to support both national and regional management plans that is caused
by the lack and inconsistencies of the catch monitoring, biological research, and also the changes of
fishing activities.
In an effort to manage effectively the fish resources both nationally (Indonesia) and regionally
(BOBLME), it is urgently required to collect the fishery biology data accurately to update and
evaluate the existing parameters and indicators of the fish resource that are to be a useful tool to
formulate a sustainable management system for the resource.
The fishery and biological data collecting and analyses activities have been proposed and conducted
in Aceh Province, West Sumatra waters and Malacca Straits for the Indian mackerel, in order to
estimate the population parameters, reproductive aspects and the status of the catch as a basis for
an appropriate sustainable management for the fish resource.

1.1.

Objectives

a. Fishery data collecting (catch and effort data, fishing operational)
b. Fish biology data (size composition, reproductive aspects, and food habit) of the Indian
mackerel
c. Data analyses in order to obtain the fishery (catch rate, fishing activity, effort) and biological
parameters (species composition, population parameters, maturity stage), spawning
estimation and exploitation rate

1.2.

Outputs

A Letter of Agreement (LOA) was concluded in 2013 between RIMF-MMAF and BOBLME-FAO, as part
of the eight country collaboration on Indian mackerel genetics and biology, to achieve above
objectives. The LOA was designed to produce two major outputs:



Improved data base on catch, effort and biological of mackerel with regard to abundance
(catch rate), population dynamic and biological characters
Increased awareness of needs and measures for Indian mackerel resource management
among stakeholders, such as: local and provincial fisheries agencies, the fishermen, traders
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and exporters of mackerels, social institutions of national community, and other NGOs
concerned with the management of mackerel resources.

1.3.
1.
2.
3.
4.
5.

Expected outputs
Fishery information, catch data, and the effort structure (purse seine)
Monthly size composition and the biological data (maturity, Gonado Somatic Index)
Catch fluctuation, species composition and catch per unit of effort
Population parameters and the estimation of exploitation rate
Reproductive parameters and spawning estimation of the Indian mackerel

2. Methods
2.1.

Study and sampling sites

Indonesian waters of the south-eastern part of BOBLME region. The improved data base on
mackerels will be achieved by a one-year survey programme to be implemented at the suitable
three major landing sites in the provinces of Aceh, North Sumatra and West Sumatra, such as,
Sibolga, Banda Aceh and Tanjung Balai (Figure 1).

Figure 1 Study area and sampling sites of fishery and biological data collection of Indian mackerel in Indonesia

2.2.

Data base on Indian mackerels

The catch monitoring and length-frequency data were collected every day during 12 months to cover
seasonal variations and sites variation. The sampling was carried out by an enumerator in each
location. The sampling survey covered the biological reproductive characters of mackerel and fishing
activity observation, i.e. species dominance, fish size (length and weight), maturity development,
and sampling specimen of the gonad (ovary) and guts. Details of this field work and other aspects of
the programme design with regard to its contents and format were determined in consultation with
BOBLME RCU as a first activity immediately after signing the Agreement.
Before commencing the sampling programme, the RIMF conducted a training programme for data
collectors (enumerators) and other scientists engaged in the mackerel-related research in the
sampling routine and data collection. Available guides for sampling procedures and measurement
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(SOP, Standard Operating Procedures) were used in the training, field sampling and measurement.
Forms and procedures for the data collection were developed during the training workshop.
Monthly monitoring was conducted in the meeting of the survey team and supervisors at the end of
field survey; and each quarter to summarize the progress, discuss problems and issues encountered
and arrange for remedial actions if and as required. The outcome of these meetings constituted the
quarterly report submitted to FAO.

3. Results
3.1.
3.1.1.

Fisheries profile
Pelagic fisheries profile in Sibolga

Number of units of purse seine and fleet structure
In 2012, the number of purse seine units recorded in Sibolga is about 180 units, but the active
vessels unloading and monitored by harbour office as many as 141 units; in 2013 and 2014
decreased to 122 and 127 units, respectively. Based on the log-book records on 2012-2013, there
were 196 vessels in 2012 and 172 in 2013. The size of fleet is very diverse ranging from 5-192 GT, the
majority (54%) are between 70-100 GT.
Despite the decline in the number of active vessels of purse seine the number of fishing trips was
greater, about 1871 trips in 2012 and increased to 2215 trips (Table 1). The highest trips (57%) was
also performed by vessel size of 70-100 GT, followed by the vessel size 50-70 GT (20%) and 30-50 GT
(13%), while the other (1%) by the vessel size of 5-30 GT and >100 GT.
Table 1 Number of active vessels and fishing trips according to vessel size (GT), 2012-2014

GT

No. of vessels
2012

2013

3

1

20-30

8

4

30-50

25

50-70

No. of trips
2012

2013

10

6

5

67

49

27

20

17

229

293

173

43

33

36

402

410

276

70-100

100

98

94

1026

1296

1043

100-150

16

15

14

136

154

102

1

2

7

10

5-10

2014

2014

10-20

150-200
>200
Unid

1

Total

196

1
172

168

1871

1617
2215

3248
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Figure 2 Changing of purse seiners effort (number of units and trips) of purse seine relating to the GT-group in Sibolga
harbour, 2012-2014

Fishing grounds
Based on the vessels’ monitoring during 2012-2014 there were five main fishing grounds identified
for fishing by the fishermen, namely (i) waters in the western coast of Aceh province; (ii) waters in
the western coast of West Sumatra province and around Mentawai Islands; (iii) waters around Nias
Island; (iv) waters around Pini to Simuk Islands; and (v) waters around Simeulue Island. Fishing
intensities were variable in each fishing ground but two areas of western Aceh and around Simeulue
Island seem to be the most popular fishing grounds, respectively about 27% and 30% (Figure 3). The
maximum of days at sea can reach of 40-58 days mainly in areas surrounding Aceh and Pini-Simuk
Islands.

Figure 3 Fishing intensity of purse seine around Sibolga at five main fishing grounds

There were two types of purse seine used by the fishermen, namely 'pukat rapat' and 'pukat jarang'.
'Pukat rapat' is a type of purse seine with a 1 inch mesh size, net length 700 m and 60 m depth;
however, 'pukat jarang' have a mesh size of 2.5, 3 and 4 inch, net length 1000 m, and 100 m depth
(Hariati, 2005). Those purse seines are also different in the species targeted; pukat rapat usually
targets small pelagic fish, while the pukat jarang targets large pelagic fish. However, the pukat rapat
also likely caught the small pelagic fish, and vice versa. Catch ratio of the dominant catches (small
pelagic fish or large pelagic fish) indicated the composition of each commodity in the two types of
purse seine catches (Figure 4). In general, the pukat jarang was widely used by the fishermen, about

4

Fishery and biology of Indian mackerel (Rastrelliger kanagurta) in Indonesian BOBLME region

79% in the period 2012-2014; the use of pukat jarang was also varied according to the vessel
categories. About 47% of ‘pukat jarang’ operate around Pini and Simuk Islands.

Figure 4 Catch composition of two types of purse seine in Sibolga

Catch composition of the small and large pelagic fishes in two types of purse seine nets varied over
time, vessel size and fishing ground. Catch composition of the small and large pelagic was relatively
fixed in pukat jarang where the higher catch of large pelagic fish (90%), and the small pelagic fish
was only 10%, whereas the higher contribution of small pelagic fish occurred from 59% (2012) to
82% (2014). The higher catch of small pelagic fish was found on the vessels size of 30-100 GT (83%)
and it was from the waters around Pini and Simuk Islands (87%).

3.1.2.

Banda Aceh

The waters around Banda Aceh are the deep sea, around 100 m depth in the inshore and 1000 m
depth offshore; basic profile is the steep coastal slopes. Utilization of pelagic fish resources is mainly
done by purse seine (77%) and hook and line since 1970.
Number of purse seine, fleet structure and net dimension
The number of active vessels was recorded as 164 units in 2014 (Lampulo fishing harbor). Number of
purse seine decreased during the periods of 2010 (194 units) to 2014 (164 units) (Table 2). Table 2
also presents the number of purse seines recorded in 2014, respectively 32 units, 66 units and 66
units. It is assumed there is a trend toward an increase of larger vessel size (>30 GT).
Table 2 Development of purse seine according to boat structure in Lampulo, Banda Aceh

Year

Boat size

Total

<10 GT

10–30 GT

>30 GT

2010

47

96

51

194

2011

43

86

49

178

2012

21

53

38

112

2013

33

68

67

168

2014

32

66

66

164

Until 2009 the total number of purse seine landing in Lampulo is about 164 units; those are
originated from Lampulo (93 units), Idi Rayeuk (east coast of Aceh, 61 units), and Sigli (10 units). In
the years of 1995-1997 the number of purse seine was only 86 units, where 69 units caught the large
pelagic fish, and 17 units caught the small pelagic fish (Hariati et al., 2000). Since 2009 the purse
seine of small pelagic fish has developed from a volume of 5-10 GT into 10-30 GT, while the purse
seine of large pelagic fish still remained at 19-30 GT with an increasing in engine power from 40 HP
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into 120-160 HP. In 2009 the net length had changed to be a longer one (about 800-1200 meters)
with a relatively fixed depth of 35-40 m; a mesh size of 1.0 inch in the bunt; it have a 1.5 inch, 2.0
inch and 3.0 inch on the net body, and 4.0 inch on the wings. The other materials of the net are
made of nylon multifilament, the poly ethylene, and the kuralon.
Fishing operation and target species
Three types of fishing was found in the area, namely (1) hunting the large pelagic fish (day time); (2)
light fishing for small pelagic fish (night); and (3) fishing with the fish attraction device (FAD,
rumpon). The mercury lamps of 100 Watt are generally used in the light fishing now; however, the
use of FADs is now becoming widespread. The catch of method 1 consists of large pelagic fish such
as skipjack, yellow fin tuna, frigate tuna, shark and others (Bahar, 1994); method 2 usually catch the
small pelagic fish such as scads, Indian mackerel, trevally, and sardines (Hariati et al., 2001); while
species targeted by method 3 are the large and small pelagic fishes especially skipjack, yellow fin
tuna, frigate tuna, scads, and mackerels.
Fishing grounds
In one day fishing activity the fishermen usually operate around Beras Island, Sabang, Pulo Nasi,
Lhok Nga and Peukan Bada; the distance from the fishing base (Lampulo) ranges between 3 to 50
nautical miles (nm). Whereas, a weekly activity of purse seine fishing includes Indian Ocean, Malacca
Strait, and the border of Nicobar Islands (India); the distance of about 15 to 200 nm (Figure 5). At
this time (2013) one day fishing is generally pursued by the light fishing purse seine, and 2-4 days
fishing generally concluded by the FAD strategy. Both activities implemented aim at an optimizing of
capture and fuel efficiency. Fishing grounds of FAD strategy are located around Bananas Island in the
northeast of Sabang with 3-7 days fishing trip.

Figure 5 Fishing grounds of purse seine in Lampulo landing basis, Banda Aceh

3.1.3.

Langsa

Purse seine catch was the most important fish landings in Langsa (61% of the total marine fish
production). As many as 72 units of active purse seine were noted in Kuala Langsa (2014). The fleet
structure of the 6-80 GT vessels consist of the vessels lower than 10 GT (21 units), 10-30 GT
(20 units), and vessels higher than 30 GT (31 units). Almost all purse seines of Kuala Langsa fished in
the Straits of Malacca, on fishing grounds located at the distance of 10-60 nm from Kuala Langsa
(Figure 6).
Of the total landings as much as 11,735 tonnes in 2011 the small pelagic fish give a higher
contribution (56%) of the total landings, the other fish consisted of large pelagic fish (18%), demersal
fish (22%) and other (reef fish, shrimp and other types) of about 4%. Two dominant species of small
pelagic fish were ‘layang pasir’/Russel scads (Decapterus russelli) (29%) and Indian mackerel
(R. kanagurta) 30%; the other species are big-eye scads (Selar crumenophthalmus), trevally
(Selaroides leptolepis), short-bodied mackerel (R. brachysoma), and sardine (Amblygaster sirm).
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Marine fish landing continued to increase in Langsa from 2007 (6,900 tonnes) to 2011 (11,735
tonnes).

Figure 6 Fishing grounds of purse seine in Kuala Langsa landing basis

3.1.4.

Belawan

Number of units of purse seine and fleet structure
In Belawan (North Sumatra) the pelagic fisheries is supported by the mini purse seine (small scale,
5-10 GT and 10-30 GT) and medium/large purse seine (30-161 GT). The total recorded number of
purse seines is as many as 231 units (2012), consisting of small scale vessels (179 units), and as many
as 52 units of the more than 30 GT vessels. Fleet structure and the number of trips landed is shown
in Figs. 7 and Fig. 8. These figures present a decrease of fleet number but increasing fishing trips. The
fishing effort is mainly done by the vessel size 20-30 GT and 34-35 GT. In addition, a number of 57
units of gill nets (10 GT) were recorded.
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Figure 7 Size structure of purse seine in Belawan, North Sumatra, 2012

Figure 8 Number of units and trips of purse seine landed in Belawan, 2012

3.1.5.

Tanjung Balai Asahan

The landing place of Tanjung Balai Asahan (North Sumatra) has a major role in the capture fishery in
the Strait of Malacca. Utilization has been going on for a long time either by small-scale and
commercial fisheries. Fisheries resources in the Strait of Malacca is composed of the pelagic
resources (small and large pelagic), demersal, shrimp, oyster and other crustaceans. According to the
Monitoring and Surveillance office of Tanjung Balai Asahan 2014 there were totally 11 types of
fishing gear used here including purse seine, crab traps, gill nets, bottom long line, shell fish gears,
bouke ami, pelagic danish seine, demersal danish seine and fish net; those gears were operated by
the varied fleets size. Based on the documents of SLO (Surat Laik Operasi) there were a total of 673
units of fleets registered, consisting of the small scale fishery (249 fleet units with size of <10 GT, 341
fleet units of 10-30 GT) and 83 fleet units of more than 30 GT. The contribution of small pelagic fish
is about 85% of marine fish landings, mainly pursued by using the purse seine and ‘jaring kembung’
(gill net).
Small pelagic fishery: Mini purse seine and gill net
Based on the target species caught there were two types of purse seines, namely the purse seine of
1 inch mesh size for catching the scads, and purse seine of 2 inch mesh size for frigate tunas. The
purse seines # 1.0 inch have a net length of 400 m, 40 m deep; usually equipped with a navigation
8
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tool (GPS), fish finder and radio. Fishing grounds are located around Pandan Island, Salah Nama
Island and Berhala Island (Figure 9). Light fishing strategy is usually done at night. The dominant
catch is scads; fishing activity is 2-3 trips/month. The purse seine # 2 inch is equipped with GPS, radio
and fish finder. The nets are of 500 m length, and 60 m deep. Fishing grounds are around Berhala
and Pandan Island (Figure 9). The catch is dominated by mackerel and frigate tuna. The activity of
this type of purse seine is in the day and night by hunting strategy.

Figure 9 Fishing grounds of purse seine and drift gill net (jaring kembung) in Tanjung Balai Asahan, North Sumatra

Gill net for Mackerel (local name ‘Jaring Kembung’)
‘Jaring kembung’ (drift gill net) is designed specifically to catch the mackerel (Rastrelliger spp.).
There are two species of mackerel, namely R. kanagurta and R. brachysoma. Fishing areas are
around Berhala, Pandang and Jemur Islands in the Strait of Malacca (Figure 9). In addition other
species can be caught like Senangin (threadfins), other mackerel, and the croakers. A small boat
(<10 GT) usually used and equipped with approximately a 600 m length of net, 9 m deep; the mesh
size is 1.58 inch.

3.2.
3.2.1.

Catch and effort
Sibolga

The effort (number of trips, days at sea)
In general, the fishing effort (number of trips) fluctuated on a monthly basis with a similar pattern
for each size category of vessel (Figure 10). Increasing effort occurs during June-July and November.
Based on the active vessels recorded in 2012-2013 it was concluded that the average trip number
was about 9.5 trips/boat in 2012, increasing to 13 trips/boat in 2013; the maximum were 24 trips
(2012) and 35 trips (2013). Number of fishing boats with more than 20 trips a year (20-35 times) is
approximately 9.5%, fishing boats with 10-20 trips a year approximately 43.6 %, fishing boats with
5-10 trips a year approximately 25%, and less than 5 trips around 21%. The dominance of effort
(number of trips) was conducted by the purse seine targeting the large pelagic fish (‘pukat jarang’ or
purse seine # 2.5) (Figure 10).
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Figure 10 Effort fluctuation (number of trips) of purse seine landed in Sibolga, 2012-2013

Catch-effort monitoring data during the year 2012 was also indicated that the highest fishing effort
(number of trips) was carried out by the fishing boats of 60-100 GT (63%), followed by fishing boats
of 30-60 GT (20%), of 10-30 (9%), and fishing boats of below 10 GT (7%); either on the purse seine #
2.5 inch (‘pukat jarang’) or purse seine # 1.0 inch (‘pukat rapat’). From the 1864 total trips in 2012 as
much as 55% were contributed by the pukat jarang, the other trips (45%) by the pukat rapat. It is
assumed that there was decreasing effort in 2013, up to September about 1538 trips were recorded.
Figure 10 presented the monthly fluctuation of the fishing activity - either of the ‘pukat rapat’ or the
‘pukat jarang’ - and of a various boat sizes. The higher fishing activity which occurred during
July-August (east season) indicated the peak of fishing season that is possibly related to the weather;
however, a low activity has taken place between April-May. Total trips vary between 63 trips/month
(September 2012) to 264 trips/month (July 2013) with an average of 162 trips/month.
During the period of 2012-2014, the number of day at sea tends to be longer, mainly for the larger
fishing boats (>70 GT); a longer “days at sea” shown by the larger fishing boats (>100 GT); the
average of days at sea about 21 days for the boats of 100-150 GT and 37 days for the boats of >150
GT, respectively. The average of fishing days according to the fishing grounds was about 13-17 days;
longer fishing days are done by the fishing vessels operating around Aceh and Simeulue, and that
can reach 58 days and 40 days, respectively (Table 3 and 4).
The catch
Based on the data monitoring of the 156-295 fishing trips per month (10-13 trips per boat per year)
during 2012-2014, the purse seiner catches ranged between 0.7-107 tonnes (average 12.2
tonnes/trip) with the higher catches present in the ‘pukat jarang’ than the ‘pukat rapat’;
respectively, about 13.9 tonnes/trip for ‘pukat jarang’ and 6 tonnes/trip for the ‘pukat rapat’
(average 12.2 tonnes/trip). Annual and seasonal catch fluctuation had been illustrated by the two
types of purse seine (Figure 10), but the ‘pukat jarang’ may dominate the overall pattern of catch
fluctuations.
Further, the higher catches of small pelagic fish occurred in the ‘pukat rapat’, ranging from 0.7 to 28
tonnes (average of 4.8 ton/trip), while the catch of small pelagic fish in ‘pukat jarang’ ranged from
0.3 to 15 tonnes/trip (average 1.4 tonnes/trip). There were about 743 trips of the total 2791 trips of
purse seine who did not obtain the catch (small pelagic fish). The average of the pelagic fish caught
(CPUE, ton/trip) by the two types of purse seine is shown in Table 5.
A total of about 80% of small pelagic fish caught by the ‘pukat rapat’ consists of some dominant
species such as scads, mackerel, trevallies, big-eye scads and sardines, squids and chub mackerel
also occurred. The most dominant species group in the current ‘pukat rapat’ (2012-2014) is the scads
(Decapterus spp.) which contributes 47% in the catch. However, the Indian mackerel (Rastrelliger
kanagurta) contributes 6% in the ‘pukat jarang’, and is only less than 1% in the ‘pukat jarang’. The
existence of three species of the scads can be found around the waters of Sibolga, i.e. layang scads
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(D. russelli), round scads (D. macrosoma) and mackerel scads (D. macarellus). Species composition of
pelagic fish in the two types of purse seine is presented in Figure 11.

Average

Table 3 Average and maximum of days at sea (unit: days) of Sibolga’s purse seiners according to the fleet size (Gross
Tonnage), 2012-2014

GT

2012

2013

2014

10-20

13

20-30

15

14

15

30-50

15

13

14

50-70

15

13

13

70-100

15

12

13

100-150

17

16

21

36

35

150-200

Max

>200

37

10-20

15

20-30

24

21

20

30-50

30

28

30

50-70

30

26

40

70-100

40

45

58

100-150

35

52

48

46

48

150-200
>200

37

Max

Average

Table 4 Average and maximum of days at sea (unit: days) of Sibolga’s purse seiners according to fishing grounds,
2012-2014

Fishing ground

2012

2013

2014

Aceh

14

13

15

Mentawai

18

16

15

P. Nias

16

14

17

P. Pini-Simuk

15

10

13

P. Simeuleu

14

12

13

Aceh

30

30

58

Mentawai

40

45

34

P. Nias

35

46

48

P. Pini-Simuk

30

52

48

P. Simeuleu

30

28

40
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Table 5 Catch per unit of effort (CPUE, ton/trip) of pelagic fish in two types of purse seine, 2012-2014

Fish

Large pelagic

Small pelagic

Total

Year

Purse seine # 2.5

Purse seine # 1.0

Combined

2012

10,571

3,512

10,271

2013

12,869

809

9,894

2014

13,974

1,082

10,336

Average

12,549

1,080

10,117

2012

1,573

5,030

1,747

2013

1,238

4,994

2,164

2014

1,366

4,595

2,277

Average

1,372

4,820

2,103

2012

12,144

8,543

11,964

2013

14,106

5,849

12,069

2014

15,344

5,889

12,676

Average

13,922

6,017

12,246

Figure 11 Catch composition of pelagic fish (%) caught by the purse seine in Sibolga waters, 2012-2014

Catch of Indian mackerel (R. kanagurta)
During the period of 2012-2014 from the total 592 trips of the ‘pukat rapat’ as much as 165 trips
(28%) did not obtain the mackerel in the catch (Figure 12); wherever recorded, the catch of mackerel
ranged from 60 kg to 3500 kg; the average (CPUE) is 351 kg/trip, or, since the fishing days are about
9-10 days/trip, so CPUE (index of abundance) is about 45 kg/day. Whereas, in the 2199 trips of
‘pukat jarang’ only 34 trips were positive for the mackerel with the mackerel catch ranging between
100-3740 kg, so the average catch of mackerel in ‘pukat jarang’ (CPUE) is only 11 kg/trip or 1 kg/day
(fishing days is 15-16 days/trip). Summary of mackerel catches in two types of purse seine is
presented in Table 6; while Figure 13 illustrates the catch fluctuations of mackerel (CPUE, kg/trip and
kg/day) in the purse seine catch.
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Figure 12 Distribution of the mackerel catch in purse seine; Sibolga, 2012-2014
Table 6 Summary of catch of Indian mackerel (R. kanagurta) in two types of purse seine in Sibolga, 2012-2014

kg/trip

Max catch

kg/day

N

Year

PS # 2.5

PS # 1.0

Combined

2012

26

320

40

2013

7

409

106

2014

2

290

83

2012

3740

1500

3740

2013

900

3200

3200

2014

420

3500

3500

2012

4

38

5

2013

1

55

14

2014

0

35

10

2012

625

33

658

2013

910

298

1208

2014

664

261

925

Fig. 13 shows the fluctuations of index of abundance (CPUE, in kg/trip and kg/day) on mackerel
showing that the catch of mackerel occurred throughout the year, two peak season occurred in
March-April and July-August; the minimum catches occurred in December-January. Fluctuation of
index of abundance (CPUE) of purse seine catch in Sibolga presents in Fig. 14, including the CPUE of
the small pelagic, large pelagic and total catch.
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Figure 13 Fluctuation of index of abundance (CPUE, kg/trip and kg/day) of Indian mackerel (R. kanagurta) in purse seine;
Sibolga, 2012-2014

Figure 14 Fluctuation of index of abundance (CPUE, kg/trip) of small pelagic fish, large pelagic fish in purse seine;
Sibolga, 2012-2014

3.2.2.

Banda Aceh

Catch composition
Purse seine with the lamps as the fish collector. Of the total catch about 981 tonnes in 2011 and 477
tonnes in 2012, the dominant species are round scads (D. macrosoma) 42-47%, Indian mackerel
(R. kanagurta) 1-44%, big-eye scads (S. crumenophthalmus) 17-21%, gold-striped sardinella
(Amblygaster sirm) 15-16% and spotted sardinella (S. gibbosa) 2%; frigate tuna (Auxis thazard) 12%,
and other fish.
Purse seine with the fish aggregation device (FAD). Of the total catch of about 2504 tonnes in 2011
and 2860 tonnes in 2012, the dominant species are skipjack (Katsuwonus pelamis) 41-43%, yellow fin
tuna 13%, frigate tuna (Auxis thazard) 2-10%, chub mackerel 2-3%, mackerel scads (D. macarellus)
27-36%, and other fish. The mackerel scads are caught in oceanic waters with tuna and skipjack.
During the periods 2011-2012 there was a decrease in total catches of purse seine ‘lights’, but an
increase in purse seine ‘FADs’. In general, an increase of CPUE of small pelagic fish from 411.2 kg/day
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(2011) into 610.9 kg/day (2012) due to an increase of catches of mackerel scads from 674 tonnes to
1076 tonnes. In 2008, the CPUE of small pelagic fish caught by purse seine ‘FADs’ in the northeast of
Sabang is 410.5 kg/day.
The lamps strategy in the purse seine has increased the CPUE of small pelagic fish from 322 kg/day
(1995-1997) to 613 kg/day in 2008, but decreasing to 574 kg/day in 2009. In 2011 and 2012, the
CPUE of small pelagic fish in purse seine FADs are 1064 kg/day and 1109 kg/day.
In the purse seine ‘lamps’, monthly fluctuations of the catch occur and the round scads have a clear
pattern and generally dominate in the catch; the lower catch occurs for the big-eye scads and
gold-striped sardinella; however, the catch of Indian mackerel are the lowest; and the lower catch of
sardines also occurred. The average catch of scads tends to decrease and increasingly there is
scarcity for the Indian mackerel. On the other hand, in the purse seine ‘FADs’, the catch of purse
seine with FADs consists of large pelagic and small pelagic fish. The dominant species of small pelagic
fish is the mackerel scads showing an increasing trend of the catch.
The effort (number of days at sea)
Firstly, daily activity occurred by the purse seine Banda Aceh; changing of fishing days had been
done by the purse seine 'FADs' with an average of 3 days per trip (2013). Number of days at sea was
variable every month. In general, during 2011-2013 the number of fishing days of 'light' purse seine
was decreasing.
Index of abundance of purse seine Lampulo
In ‘light’ purse seine of Lampulo the pattern of monthly abundance (CPUE) was commonly similar to
the catch, showing decreasing index of abundance for Indian mackerel; in contrast, increasing
catches occurred on mackerel scads caught by ‘FADs’ purse seine.
Based on the purse seine catch monitoring data in Lampulo (Banda Aceh) during the period
2008-2014, catches fluctuate seasonally (Figure 15); the fishing season was also offset by the higher
production that occurs in March to November with the peak in April to July; the lower fish
production occurs in December to February. But, the higher effort (number of trips) was not
followed by the high catch rate (kg/trip); even in a certain month, the lower number of trips would
produce a higher catch rate.
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Figure 15 Fluctuation of the catch (kg), effort (number of trips) and catch per unit of effort (CPUE, kg/trip) of purse seine
in Lampulo (Banda Aceh), 2010-2014

The small pelagic fishes contribute 28% of the total catch of purse seine (147 tonnes per month);
however, there is a low contribution by the Indian mackerel and short-bodied mackerel in the catch,
which is about 3% and 1%, respectively. Between the twelve dominant species of small pelagic fishes
caught by the purse seine the scads (Decapterus macarellus) is the main catch (66% of small pelagic
catch) (Figure 16).

Figure 16 Catch composition of purse seine landed in Lampulo (Banda Aceh) according to fish commodity (A) and species
group (B), 2008 – 2014
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3.2.3.

Langsa

Daily monitoring of purse seine catch in Kuala Langsa period 2013-2014 shows the little tuna and the
scads (D. russelli) dominate in the catch, respectively 35% and 31% of total catch (Figure 17). The
lower catch of mackerel exists in the catch.

Figure 17 Catch composition of purse seine in Langsa (Aceh Province), 2013-2014

Catch of purse seine fluctuate on a monthly basis. In the period of April 2013 to August 2014 the
average of monthly catches is 398 tonnes/month; the highest production occurred in March 2014
about 783 tonnes. The catch per unit of effort (CPUE, tonnes/trip) is about 1.3 tonnes/trip, the
higher CPUE exist in June 2014 about 2.2 ton/trip. However, in this time (June 2014) the number of
trips was decreased (141 trips) which is related to the longer fishing days.

Figure 18 Trend of fish production, catch rate/CPUE and fluctuation of trips number of purse seine in Langsa,
2013-2014

Purse seine catches also varied based on the capacity of fishing vessels (GT); the category of more
than 30 GT fishing vessels have the biggest catch is about 60% of total catches. The catch of this
category consists of scads as much as 1883 tonnes (44%), little tuna as much as 1565 tonnes (36%)
and other fish (18%). In this category of vessels have 1% catch of Indian mackerel.
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Figure 19 Catch composition of purse seine landed in Langsa according to vessels size (GT)

3.2.4.

Belawan

Total production of purse seine in 2012 was recorded as 26,000 tonnes or 41% of total fish landings
in the port of Belawan (63,000 tonnes). The catch of purse seine 30-60 GT ranged about 0.7 to 6.8
tonnes/trip (average of 1.7 tonnes/trip), purse seine 60-100 GT about 0.7 to 4.9 tonnes/trip (average
of 2.2 tonnes/trip), purse seine above 100 GT is 8 to 40 tonnes/trip (average 20 tonnes/trip). In
general, the purse seine catch in Belawan is mainly landed by the vessels above 100 GT (Figure 20).
Monthly fluctuations are present in the catch and CPUE; the peak season occurred in March,
followed by a decreasing of the catch in April to the minimum catch in October, then the catch
begins to increase in November (Figure 20). Although the larger vessels can also provide higher
catches (tonnes/trip), but it does not describe the actual catch per unit effort (CPUE), because the
large vessels will have a wider cruising range and also need longer days at sea.

Figure 20 Distribution of the catch (left) and monthly fluctuation of CPUE according to the vessel size (GT) of purse seine
landed in Belawan (North Sumatra)

The dominant species include scads (D. russelli) (62%), Indian mackerel (R. kanagurta) (16%) and
little tuna (17%) (Figure 21); however, in the bigger vessel there was lower catch of scads (in %) but
the higher catch (%) of the little tuna and mackerel.
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Figure 21 Species composition of purse seine landed in Belawan by vessel size

3.2.5.

Tanjung Balai Asahan

The main gears to exploit the small pelagic fishes in Tanjung Balai Asahan (North Sumatra) are the
purse seines and ‘jaring kembung’ (gill net type). The species dominant in purse seine generally
consist of sardines, scads and little tuna; however, the Indian mackerel (R. kanagurta) contribute in
the purse seine of 10-30 GT (approximately 19%), and in the purse seine >30 GT about 3% (Figure
22). The similar species composition also existed in the traditional purse seine (<10 GT), except that
the short-bodied mackerel (R. brachysoma) was also caught and contributed approximately 13%.
Species composition varies seasonally when the scads and sardines are more common (Figure 23).
Figure 23 presents the higher catch of short-bodied mackerel occurred during April to October
(Figure 23A), while Indian mackerel is more common during August to March while the minimum
catch occurred during April to July (Figure 23B), whereas the lower contribution of Indian mackerel
(3%) occurred from May to July in the catch of purse seine >30 GT (Figure 23C). The dominance of
recorded small pelagic fishes was significantly present in the purse seine catch. Figure 24 illustrates
the purse seine catch fluctuation of small pelagic fishes and mackerels. Almost 99% (56 tonnes) of
the catch is the small pelagic fishes in the purse seine <10 GT, 85% (1844 tonnes) in purse seine
10-30 GT, while in the purse seine >30 GT it is about 92% (11727 tonnes).
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Figure 22 Catch composition of purse seine landed in Tanjung Balai Asahan according to vessel category (GT),
2013-2014

Figure 24 and 25 illustrate the catch fluctuation and index of abundance (catch per unit of effort,
CPUE) of the total small pelagic fishes and mackerels. Around the traditional zone (by the purse
seine <10 GT) the peak season of small pelagic fish occurred during April to June and November,
while the peak season for the short-bodied mackerel occurred in February and June to July; the
higher CPUE of short-bodied mackerel in this zone occurred around June to August, November, and
January to February. In the further areas, the peak season of small pelagic fish caught by the purse
seine (category 10-30 GT and >30 GT) occurred during March to November; however, the peak
season of the Indian mackerel was around June and October to November. The value of index of
abundance (CPUE) confirms that the higher catch of Indian mackerel occurred around September to
November (by the purse seine 10-30 GT) and May to July (by the purse seine >30 GT); whereas the
peak season for short-bodied mackerel occurred in January to February and June to August (by the
purse seine <10 GT). On March to June (by the purse seine 10-30 GT) and August to January (by the
purse seine >30 GT) the minimum catch of Indian mackerel occurred (Figure 25). Other main gear to
exploit the mackerel is ‘jaring kembung’ (gill net type) which has the short-bodied mackerel
(R. brachysoma) as the target species.
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Figure 23 Monthly species composition of the purse seine catch landed in Tanjung Balai Asahan according to vessel
category, 2013-2014.

Figure 24 Catch fluctuation small pelagic fishes including mackerel from the purse seine landed in Tanjung Balai
Asahan, 2013-2014
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Figure 25 Fluctuation of index of abundance (CPUE) of mackerel caught by the purse seine landed in Tanjung Balai
Asahan, 2013-2014

3.3.
3.3.1.

Biological aspects
Number of samples

A total of 2356 individuals of Indian mackerel (R. kanagurta) can be measured during the sampling
period of September 2013 to November 2014 at three sampling sites, i.e. in western area of North
Sumatra (Zone I), waters north of Banda Aceh (Zone II), and eastern coast of Sumatra and Malacca
Strait (Zone III), sample sizes are 519 fish, 166 fish and 1671 fish respectively. In addition, the
measurement of short-bodied mackerel (R. brachysoma) was also performed on as much as 100 fish
in Zone I and 1502 fish in Zone III; it couldn’t be sampled in Zone II.
The distribution of samples according to location and sampling period was presented in Table 7 and
Table 8; whereas Figure 26 shows the distribution of samples according to the length. Biological
samples of Zone I were collected from fishing ground of Banyak Island and west coast of Sibolga;
Zone II is derived from the waters of north of Banda Aceh and Lokhseumawe, while Zone III (Malacca
Strait) comes from the east coast of Langsa, Berhala Island, Pandan Island, Jemur Island, east coast
of Tanjung Balai and Tanjung Pandan.
Table 7 Number of biological samples according to sampling sites

Zone I
Zone II
Zone III

Location

R. kanagurta

Sibolga

519

Banda Aceh

66

Lhoksemawe

100

Langsa

110

Tanjung Balai

1561

Total

2356
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Table 8 Number of biological samples according to sampling sites and sampling periods

Zone I
Sep
2013

2014

Zone II

Zone III

66

Oct

298

Nov
Dec

66
278

676

152

62

214

69

66

135

Jan

333

333

Feb

131

131

Mar

79

79

Apr

118

118

Jun

145

145

Jul

317

317

Nov

142

142

1671

2356

Total

519

100

Total

166

Analysis of reproduction aspects was implemented using individuals of adult fish which are visually
the male and female fishes that can already be distinguished, i.e. more than 14 cm FL in the Indian
mackerel; all samples of short-bodied mackerel are generally present as an adult fish (from size 13
cm FL).

3.3.2.

Sex ratio

Sex ratio of male and female adult fish of the Indian mackerel shows that more female fish during
July and Nov-Dec are found of the 21-23 cm length size; while in short-bodied mackerel more female
fish were encountered in April-July on the 18-19 cm length (Table 3 and Figure 26). The overall
finding based on the location, time and length-class, shows the sex ratio was 1:1.
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Figure 26 Length distribution of biological samples of Indian mackerel (R. kanagurta) and short-bodied mackerel
(R. brachysoma)

3.3.3.

Gonad maturity and spawning estimation

Development of gonad maturity in the form of gonad volume/weight (ovary) would increase
corresponding to the size of fish, until a certain size. This particular size varies such as a 24-25 cm
length-class in Zone I, a 20-21 cm length-class in Zone II, and a 22-23 cm length-class in Zone III
(Figure 28). This size may be related to the size of the reproductive activity associated to the
spawning and length-at-first-maturity (Lm).
Based on the different biological sampling periods in each zone (Zone I is between
September-December 2013; Zone II is September-October 2013; Zone III is September 2013 to
November 2014) the Indian mackerel generally shows the dominant ‘maturing’ stage in the adult
female fish, each as much as 52% in Zone I and 62% in Zone II, but 39% in Zone III; a more complete
sampling period was carried out in the Zone III (one year sampling period). Development of gonad
maturity was shown through the visual condition of the gonad/ovary (physical characters and gonad
weight); the more mature gonads will present a gonad with a greater volume/weight accompanied
by the development of the eggs size (ova). Table 8 and Figure 29 show the development of maturity
and corresponding Gonado Somatic Index (GSI).
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Table 9 Sex ratio (Female:Male) of Indian mackerel (R. kanagurta) and short-bodied mackerel (R. brachysoma)
according to the location, month and size in the Indonesian region of the BOBLME

R.kanagurta

R. brachysoma

Location

Female

Male

N

Zone I

1

1.2

229

Zone II

1

1.1

61

Zone III

1

0.9

735

Combined

1

1.0

1025

Month

Female

Male

N

Jan

1

1.0

304

Feb

1

1.4

131

Mar

1

2.4

57

Apr

1

1.4

118

Jun

1

1.3

145

Jul

1

0.6

283

Sep

1

1.3

16

Oct

1

1.1

526

Nov

1

0.o

331

Dec

1

0.7

135

Combined

1

1.0

2046

Male

N

Length-class Female
(cm FL)

Location
Zone I
Zone III
Combined

Female
1
1
1

Male
0.9
1
1

N
79
1494
1573

Month
Jan
Feb
Mar
Apr
Jul
Aug
Sep
Nov
Dec
Grand total

Female
1
1
1
1
1
1
1
1
1
1

Male
1.1
2.1
1.4
0.8
0.7
1.3
1.0
1.2
1.3
1.1

N
206
104
75
149
208
226
377
64
164
1573

Male

N

1.6

3
100

14.0-15.0

1

1.8

11

15.0-16.0

1

0.5

6

16.0-17.0

1

1.0

20

17.0-18.0

1

1.2

135

Length-class Female
(cm FL)
13.0-14.0
14.0-15.0
1

18.0-19.0

1

1.0

367

15.0-16.0

1

1.2

319

19.0-20.0

1

1.2

495

16.0-17.0

1

1.1

785

20.0-21.0

1

1.0

539

17.0-18.0

1

0.9

351

21.0-22.0

1

0.7

227

18.0-19.0

1

0.6

13

22.0-23.0

1

0.6

110

19.0-20.0

1

1.0

2

23.0-24.0

1

1.3

83

Combined

1

1.1

1573

24.0-25.0

1

1.3

37

25.0-26.0

1

0.3

14

26.0-27.0

1

27.0-28.0

1

Combined

1

1.0

2046
25
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Figure 27 Sex-ratio of Indian mackerel (R. kanagurta) and short-bodied mackerel (R. brachysoma) according to location,
month and size

Figure 28 Development of gonad maturity of Indian-mackerel (R. kanagurta) according to the maturity stage and
length-size

26

Fishery and biology of Indian mackerel (Rastrelliger kanagurta) in Indonesian BOBLME region

Table 10 Distribution of the Gonado Somatic Index (GSI, %) of Indian mackerel (R. kanagurta) in Malacca Strait (Zone III)

GSI min

Mean GSI

GSI max

I.

(Immature)

0.024

0.269

1.633

II.

(Developing)

0.084

1.795

4.096

III.

(Maturing)

1.101

3.421

9.680

IV.

(Mature, gravid)

3.706

6.880

15.394

V.

(Spent)

0.833

1.24

1.746

Remarks

Figure 29 Development of gonad maturity stage according to the Gonado Somatic Index (GSI, in %) of Indian mackerel
(R. kanagurta) in Malacca Strait (Zone III)

Changing of female maturity composition in the three locations is shown in Figure 30. Only a small
number of females in fully mature and spent condition were found, each only about 6% in Zone I
(Sep-Dec), 16% in Zone II, and 4% in Zone III, respectively. Fully mature females in the Straits of
Malacca (Zone III) were found during January to March (peak in March) and October-November
(6.4%). The spent female fish was found in April.
Based on this maturity condition the Indian mackerel might start to spawn on April; besides, the
spawning may also take place after November. Fluctuation of GSI (Gonado Somatic Index, in %) as
shown in Figure 31 confirms this. Between January to March there was development of maturity,
and it reaches a maximum in March (average of GSI is 5.07%; maximum GSI is 15.4%). This female
fish with a maximum GSI has a gonad/ovary weight about 12.3 grams, the length is 17.2 cm FL.
Based on the collected maturity data the analysis of length at first maturity (Lm) of R. kanagurta and
R. brachysoma by using the Udupa method (1986) is 22.3 cm and 16.9 cm, respectively.
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Figure 30 Variation of female maturity stage composition of Indian mackerel (R. kanagurta) in the Indonesian BOBLME
region

Figure 31 Monthly fluctuation of Gonado Somatic Index (GSI, %) of Indian mackerel (R. kanagurta) in the Indonesian
BOBLME region
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3.3.4.

Population dynamics of R. kanagurta

During the sampling periods of 2013-2014 length frequency measurements had been done of
R. kanagurta from purse seine catch in some landing sites. As much as 2644 individual fish of
R. kanagurta could be measured (Figure 32).

Figure 32 Length-frequency distribution of Indian mackerel (R. kanagurta) in Indonesian BOBLME region, 2013- 2014

The size of R. kanagurta ranged from 14.25 cm to 22.75 cm FL with a mode size of the class length
from 19.5 to 22.0 cm (Figure 33). Monthly length distribution data according to the length-classes
was then analysed with FISAT program to trace the modal progression. A growth rate (K) for
R. kanagurta is 1.84 per year, the maximum length (L∞) is 24 cm.

Figure 33 Length-frequency distribution of Indian mackerel (R. kanagurta) tracing with ELEFAN

Based on the growth parameters (K = 1.84 per year and L∞ = 24 cm) and by using the catch curve
plot, the estimated value of Z for R. kanagurta is 7.66 per year (Figure 34). Then, by using the
empirical formula of Pauly (1985) the estimated value of natural mortality rate (M) is 2.93 per year.
So, the fishing mortality (F = Z - M) was calculated as F = 4.73 per year. Therefore, the exploitation
rate (E = F/Z) of R. kanagurta is E = 0.62 per year. This parameter indicates that the rate of
exploitation (E) of this species is high enough.
The estimated value of natural mortality rate (M) for R. brachysoma is M = 2.81 per year, and the
estimated value of fishing mortality (F = Z – M) for R. brachysoma is F = 10.58 per year. Therefore,
exploitation rate estimation of R. brachysoma is E = 0.79. This means that the rate of exploitation (E)
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of the two species of mackerels in the fishing grounds is already excessive and constitutes
unsustainable exploitation.
The average size of mackerel caught by purse seine can be obtained from a logistic curve which is
based on the plotting the cumulative frequency with the fish length classes where the intersection
point of the curve with 50% cumulative frequency is the length of 50% of the fish caught. The
estimated mean length of mackerel (R. kanagurta) is 19.7 cm (Figure 35). A summary of the
population parameters of R. kanagurta is presented in Table 9.

(a)

(b)

Figure 34 Estimated total mortality (Z) of R. kanagurta from length-converted catch curve in Malacca Strait, 2014
R. brachysoma

R. kanagurta

75

75

Frekuensi kumulatif (%)

100

Frekuensi Kumulatif (%)

100

Lc = 19,7 cmFL

50

25

50

Lc = 16,4 cmFL

25

0

0
14

16

18

20

22

10

24

12

14

16

18

20

22

Panjang Cagak (cm)

Panjang Cagak (cm)

(b)

(a)

Figure 35 Estimated mean length of mackerel (R. kanagurta and R. brachysoma) in Malacca Strait, 2014
Table 11 Population parameters of two species of mackerel (R. kanagurta and R. brachysoma) in Malacca Strait, 2014

Species

L∞ (cm)

K

Z

M

F

E

L50%

Total sample

R. brachysoma

19,1

1.22

13,39

2,81

10,58

0,79

16,4

2867

R. kanagurta

24

1,84

7,66

2,93

4,73

0,62

19,7

2644
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4. Discussion
4.1.

The fishery

The small pelagic fisheries are the small-scale and medium scale, both were supported by purse
seine and ‘jaring kembung’ (gill net type). In western waters of North Sumatra (landing basis at
Sibolga) 172 units of purse seine (2013) were recorded, with the size of fleet very diverse ranging
from 5-192 GT, the majority (54%) are between 70-100 GT. In three main landing sites around the
Malacca Straits, i.e. Langsa, Belawan, and Tanjung Balai Asahan, 523 units of purse seine (2013) were
recorded, with a varied fleet size ranging from 5 GT to 271 GT. The small-scale purse seine which are
operated in the traditional zone were recorded about 30 units, but in this coastal zone many ‘jaring
kembung’ (gill net, the size category of 5-10 GT) can be found, there were 317 units in Langsa, 60
units in Belawan and hundreds in Tanjung Balai Asahan. The active purse seine with size 20-30 GT is
dominant in the traditional zone, approximately 63% (330 units). Number of trips of this type of
fishing vessels is also dominant. Around Aceh Province there are more than 100 units of purse seine
registered, but more than half of this purse seine with the target of large pelagic fish (purse seine in
Lampulo). In addition, increasing effort tends to be seen on the number of trips and the days at sea.
Fishing areas for small-scale fisheries are mainly located in the traditional zone at the east coast of
Sumatra which is concentrated around the Berhala Island, Pandang Island, Salahnamo Island and
Jemur Island. These locations are predicted as more intensively exploited than the offshore zone.
Fishing activities (trips) took place throughout the year with the fishing season for the small-scale
fisheries taking place in March to April and September to November. The sampling for fish biology
was also conducted at those locations. In general, these fishing grounds were also predicted as the
spawning areas of the two species of mackerel (R. kanagurta and R. brachysoma); it was assumed
the spawning season of the mackerels begins in April (characterized by a decrease of GSI), along with
the fishing season.
There is an indication that stocks are vulnerable, and this is caused by the fishing pressure such as
evidenced by the biological parameters. The average length (L50%) is lower than the length at first
maturity (Lm); for R. kanagurta the value of L50% = 18.4 cm is lower than the value of Lm = 22.3 cm,
and in R. brachysoma L50% = 15.5 cm was also lower than Lm = 16.9 cm. The length frequency
analysis showed that the rate of fishing activity (E = F/Z) has exceeded 0.5, this means that there is
need to control the fishing effort, such as the number of vessels and gears, number of trips and
number of fishing days. Average length (L50%) generally smaller than the size at first maturity (Lm)
also underlines that the resources utilization is less responsible for the small size of fish (young fish)
caught. With regard to the fisheries crowded conditions in the traditional fishing areas by small-scale
fishery, a census to obtain the realistic amount of vessel numbers should provide the possible
number of units. However, the peak of fishing season and fish season (CPUE) is assumed at the same
time. In the medium-scale purse seine fishery (>30 GT) there is an expansion to further coastal areas.
Another spawning area is located in the offshore waters of northern Aceh (Hariati, 2007).
Total production of small pelagic fish in three main locations of Langsa, Belawan and Tanjung Balai
Asahan was approximately 55,000 tonnes (2013). Purse seine catches vary according to the vessel
size and fishing areas, and fluctuate seasonally. A CPUE of mini purse seine (<10 GT) is close to 1
ton/trip/day, gill nets 600 kg/trip/day; purse seine 10-30 GT is about 2.5-3 tonnes/trip, while the
larger vessels (>30 GT) reach 26.5 tonnes/trip.
R. brachysoma is more dominant in the neritic zones so it is highly caught by the traditional fishery
(purse seine <10 GT and gill nets), otherwise R. kanagurta is further offshore in the coastal areas and
is caught by the larger purse seine. Both species of mackerels are known have a different habitat;
R. brachysoma as the neritic species inhabits the neritic zones, while R. kanagurta is an oceanic
species (Potier & Sadhotomo, 1996). The same conditions were found in Sibolga waters, where
R. kanagurta is caught by the medium/big purse seine, while R. brachysoma is caught by the fish net.
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Regarding the gonad maturity data, the value of GSI (Gonado Somatic Index) and the composition of
maturity state showed a maximum condition reached in March, followed by the significantly
decreasing maturity in April. Decreasing GSI indicates an occurrence of spawning of mackerel in
Malacca Strait. Decreasing GSI can be interpreted as a decrease in the number of individuals with
mature gonads (the maximum gonad weight and GSI) since the 'spawning stock' is out of the fishery
(not captured) to migrate to the spawning ground. In fact, it is shown that individual young fish
(immature, TKG I+II) become more abundant in the fishing areas. Early spawning season begins in
April and is still on-going in June as confirmed by the larval survey in June around the fishing
grounds.
In Sibolga the number of purse seine units recorded had increased sharply from 102 units in 2007 to
180 units in 2012. The fishing capacity is dominated by fishing vessels of 60-100 GT (118 units or
64%). Two types of purse seine operate in the western part of Sibolga with different target species.
In general, the fishing activities tend towards to catch the commodity of large pelagic fish, the
percentage of this large pelagic fish is greater from year to year; the percentage is less than 10% in
2007-2008, but in the last two years reaches 61-72 % (2012-2013). In the meantime, the purse seine
# 1-inch was also catches the two dominant species of scads: D. russelli and D. macrosoma in a
higher catch, that was about 20% in 2007, and 38% in 2008, and reach 45% in 2012. The highest
effort (in number of trips) was carried out by the purse seine 60-100 GT (63%), followed by the
vessels 30-60 GT (20%), 10-30 (9%) and the vessel of 10 GT (7%). Of the total trips (as much as 1864
trips in 2012), 55% of which come from purse seine # 2.5 inch, the purse seine # 1 inch contributes
as much as 45%. Fishing season occurred during July to August, while in April to May there is low
activity. The average number of trips is about 162 trips/month, ranging between 63-264
trips/month.
Total catch of purse seine landed in Sibolga in 2012 is approximately 10,529 tonnes; the small
pelagic fish contributes about 30% (3079 tonnes) which mostly comes from purse seine # 1 inch
(68%). The catches and species composition varies every month. The peak season of abundance of
small pelagic fish happened on May to June. Two species of scads (D. russelli and D. macrosoma) are
the dominant species (45%), while D. macarellus the dominant species in the purse seine # 2.5 inch
(81%). Other species are trevally and sardine; the lower catch present consists of mackerels
(Rastrelliger). The catch per unit of effort (CPUE, in kg/trip) of the small pelagic fish is about 2.5
tonnes/trip on the purse seine # 1 inch, while on the purse seine # 2.5 inch it is about 0.9
tonnes/trip. Small pelagic fisheries had developed intensively; there is an expansion of the fishing
grounds and an increase in days at sea.

4.2.
4.2.1.

Biological aspects of mackerels
Population dynamics of Indian mackerel (R. kanagurta)

The growth parameter of R. kanagurta obtained in this study, L∞ = 24 cm, K = 1.84 per year, is lower
than the value obtained around Pelabuhan Ratu (southern coast of West Java) about L∞ = 31.5 cm
(Nasution, 2014). Nurhakim et al. (1995) obtained a value of L∞ = 26.2 cm, K = 0.65/year and t0
= - 0.26 in the Java Sea. In the Gulf of Suez, Mehanna (2001) obtained the growth parameters of
Indian mackerels such as L∞ = 29.5 cm, K = 0.66/year and t0 = - 0.1.
The difference in growth parameters can be caused by the differences of the sampling periods, size
of fish samples and the fishing ground (Moazzam et al. 2005). According to Widodo (1988), the
differences of growth parameters are more influenced by the size composition of the samples than
by the methods used. If the fish sample is predominated by the small size fish so a higher growth
coefficient will be obtained, otherwise if the fish samples consist of the larger fish then a smaller
growth coefficient would be obtained. The basic problems on the length-based methods for
estimate the population parameters are the nature of schooling habits of the pelagic fish, including
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the mackerels, with schools consisting of individuals of the same age/size group, making it difficult to
obtain a representative sample of the length frequency of a fish population (Merta, 1992).
In Banten Bay (north coast of West Java) the value of mortality of R. kanagurta is M = 0.38 (female),
F = 1.65 for female, F = 2.19 for male, and E = 0.51 (male) (Prahardina, 2013). For R. kanagurta in
Jakarta Bay M = 0.31 and F = 0.62 were recorded (Perdanamihardja, 2011). The value of natural
mortality (M) would be caused by a decreasing of the natural factors such as predation and disease
(Ambarini 1996 in Handani 2002); salinity can also affect the fish growth and mortality (Marasebessy
et al., 1990). In addition, decreasing of fish grow up with increased activity will impact to a lower
natural mortality (Mehanna 2001).
The difference of the mortality rate due to the fishing were caused by the differences of the
distribution of the fish size or age groups, especially the characteristics of distribution of small
pelagic fish like the mackerel which are migratory both temporally and spatially, and scattered
schools habits. In addition, the coefficient of mortality related to the fishing is generally influenced
by the amount of fishing gear and its intensity; the higher number of fishing gears with the higher
intensity was impact on the greater mortality coefficient. According to King (1995) a heavy exploited
population had a reduced adult fish which there is no much time to reproduce, and this will be result
in the absence of a stock recruitment into the fishery. The average size of the fish caught (L50%) of
R. kanagurta is about 19.7 cm; length infinity (L∞) L∞ = 24 cm.

4.2.2.

Reproduction aspects

Sex ratio of males and females fish is an important aspect of fish population condition. If the sex
ratio is expressed by a M:F = 1:1 (number of each males and females is respectively 50%), this is an
ideal condition (Ball & Rao 1984). However, in reality this ideal condition should not be 1:1.
According to Nikolsky (1963) the differences size and number of male or female in the population
can be due to the differences in growth patterns, length/age at first maturity (Lm) and recruitment.
The differences of number of males and females would also be caused by the migration patterns.
Based on the gonad maturity data (stage of maturity and GSI) the Indian mackerel begin to spawn in
April; it is characterized by the dominance of the immature fish and the lower GSI. Those dominant
immature fish lead to decrease on the average of GSI, and it is believed related to the migration of
the mature fish to the spawning areas. Fandri (2012) estimates the spawning activity of R. kanagurta
in the Sunda Strait occurred in May, July, and September; Mosse and Hutubessy (1996) predicted
that R. kanagurta spawn throughout the year with a 4 week period, the peak spawning occurred in
May to July in the waters around Ambon. However, according to Sujastani (1974) R. kanagurta
spawning in the Java Sea happens once a year.
Length at first maturity of R. kanagurta in the sampling period is obtained as Lm = 22.3 cm (FL), is
lower than the value of Lm in the waters of Sibolga (Lm = 25.47 cm FL) and north coast of Banten
24.3 cm (Permatachani, 2014). According to Udupa (1986) the length at first mature varies among
species and within species itself, as such that the individuals coming from one size/age class do not
always achieve maturity in the same size. The difference in length at first mature (Lm) may be
influenced by several factors such as species, environmental factors (food habits), age/size, and
physiological fish condition (Lagler et al. 1962); and the value of Lm may decline from year to year.
Fishing activities would also affect the length at first maturity.

5. Conclusions
1. Exploitation of small pelagic fish around the BOBLME region of Indonesia has been running
intensively by the purse seine fisheries (small, medium and large), and the traditional fishery
of ‘jaring kembung’ (drift gill net <10 GT) exploit in the neritic zone.
2. Scads (Decapterus spp.) and Indian mackerel (R. kanagurta) are an important species in the
purse seine fishery, being in the traditional fishery is the short-bodied mackerel
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(R. brachysoma). In general, those two species of mackerel catches are lower, the higher
percentage of short-bodied mackerel found in gill nets, while the Indian mackerel is more
dominant in the purse seine catch.
3. The catch is variable; in daily activity of the gill net the catch is approximately about 500-600
kg/day, on the small scale purse seine the catch reaches 950 kg/day, while on the large-scale
purse seine the catch is higher with longer fishing days. The peak season of the catch
occurred during March to May and September to November.
4. During January to March the reproduction activity of the mackerel develops to a maximum
maturity, and the spawning begins in April. The traditional areas of fishing are predicted as
the location of spawning. In the Strait of Malacca it is located in Berhala Island, Salahnama
Island, Panjang Island and Jemur Island.
5. The parameter of exploitation rate (E) of mackerels during this study is considered high
(E>0.5) as compared to other studies before; also a length average (L50%) is significantly
lower than the value of length at first maturity (Lm). Those parameters expressed a more
intensive exploitation to the resources. In the Indian Ocean of West Sumatra (Banda Aceh
and Sibolga), R. kanagurta (Banda Aceh 0.75) had achieved a value E = 0.62 which means
highly exploited; while another species (D. macrosoma) has the value of E = 0.66.

6. Recommendations
Development of fishing capacity and activities tends to increase the fishing pressure on the
resources of mackerels in Indonesian areas of the BOBLME region. It is suggested that the fisheries
management system of the small pelagic fishes, particularly for mackerel, needs to be more
precisely based on the results of a stock assessment:
1. There should be an increase in controls of fishing effort and catch, with a responsible
utilization of the resource, with a main goal of sustainable resources and habitats. The effort
controls are related to the number of units (vessels and fishing gears), fishing capacity, a
compliance in the use of nets (mesh size); and also an additional effort control through a
system of closed and open areas and seasons.
2. There is need for a study of stock assessment directly and independently through an
acoustic survey in the areas around the BOBLME region to obtain the biomass and density
data of the mackerel resources accurately. This survey, as well as to conduct a fish larvae
study, are important to support the reproduction study, determination of the natural
biological reference points as well as the interests of the fishery conservation areas.
3. Improvement of catch monitoring system, particularly on the mackerel resources with
changing efforts, and including an enumeration of the small-scale fisheries (below 10 GT)
that is quite common in the areas of research where these fishery systems are generally
detached from and not covered by the government control.
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