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ABSTRACT

Rays fishery products in the international market especially luxury products, medicine, and tonic during the last decades
are quite high. Government has issued regulations to protect, to use and to trade this species but it needs understanding
from all stakeholders for good application of the issued regulations especially in marine conservation zones. This
research has two goals; (1) to measure the ability of the capture fleet in rays fisheries, and (2) to understand the maximum
number of yields of fish during a particular period in whole use of fish stock condition. The research use secondaire
data and peak to peak analysis to measure capacity utilization and fish resource management using the Schaefer model.
Measurement results show that maximum yield of fishing in MSY (YMSY) is 662.75 tons, with fishing effort in MSY
(FMSY) is 4,303.60 units and level of utilization (TP) is 75% includes moderately exploited. Fishing activities should
still pay attention to the preservation of fish resources and the environment.
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1. INTRODUCTION

Agquatic zone of East Nusa Tenggara (NTT) is
located in Fisheries Management Area (WPP) 573
consist of Hindia Ocean spans from South of Java to
Savu Sea, and western Timor Sea. East Nusa Tenggara
(Nusa Tenggara Timur, NTT) Province is an
archipelago with 1.192 island which 432 are named, 42
are inhibited while 1150 are uninhibited. Fishery
potency is moderately high but its post vyield
management is 40% of long term potency as 388,7 ton
per annum. Main cath are tuna, skipjack, mackarel,
yellowtail scad, lobster, squid, and shell [,

The fishing practices usually have impact on the by-
catch such as on ray’s and shark. The ray’s, shark and
skate are in sub class of Elasmobranchii because they
are marine organisms with cartilage, 5-7 pairs of gill

slits that are not covered by the operculum, and do not
have a swim bladder. The species is considered
commercially important and has 950 species of which
400 are shark species and the rest are rays and skates [,
Its growth is slow with low productivity, and the risk of
capture is quite high, so this species can easily become
extinct in massive exploitation [,

Information on catch composition of the
Elasmobranchii by species, sex, frequency, size, season,
depth strata, and age are still limited . The fish
catching very often creates the by-catch products like
ray fish and shark. Ray fish production in East Nusa
Tenggara Province regardless of species, size and
catching tools in 2015 and 2016 are 560.33 and 279.23
tons B, This is similar to a research by Prabuning et al.,
[l revealing that there are by-catch fish like shark and

Copyright © 2021 The Authors. Published by Atlantis Press International B.V.

Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/.

111


mailto:nawastuti.dati78@gmail.com

ATLANTIS

PRESS

ray fish in several catching area in West Nusa Tengara
(Nusa Tenggara Barat, NTB) and NTT Provinces.

The most frequently catch ray fish by fishermen are
Manta birostris, Manta alfredi, Mobula spp.,
Himanthura spp., Pteroplatytrygon violacea dan
Taeniura lymma. Ray products are sold as skin, gill
racker, and meat that will be converted to wallet, belt,
shoes, soft food, and medicine with export destination
countries are Singapore, Hongkong, China and Japan [

Irresponsible and uncontrollable marine resources
utilization [1 as well as the by-catch fishing are crucial
problems [, One of the basic concepts of fisheries
policy objectives is that at maximum production, the
optimum exploitation rate is set to achieve MSY
(Maximum Sustainable Yield), where maximum catch
that can be obtained continuously (on a sustained basis).
If the actual catch is less than MSY, it is called
underfishing and further development can be carried
out, but if the result is the other way around, it is
overfishing [}

The level of utilization (TP) of fish resources as
stipulated in the Regulation of the Minister of Maritime
Affairs and Fisheries Number 29 of 2012 states that the
ratio between the amount of production produced and
the sustainable potential can be divided into three
categorie namely over-exploited, fully-exploited, and
moderately-exploited. The level of exploitation
(exploitation) of fish resources is categorized as over-
exploited if the number of catches of fish resource
groups per year exceeds the estimated potential set. Fish
resources are categorized as fully-exploited if the
number of catches of fish resource groups per year is in
the range of 80% — 100% and moderate-exploited if the
number of catches of fish resource groups per year has
not reached 80% (eighty percent) 1.

The goals of this research are to measure ability of
catch of fishing fleet on ray fishery and to understand
maximum number of catchable fish during particular
periods in full utilization situation with fish stock
condition.

The novelty of this research lies in the measuring
method of the utilization capacity of stingray fisheries in
the Marine Protected Area (MPA) in the Province of
East Nusa Tenggara (NTT) using the peak to peak (PtP)
method. CPUE calculations using the peak to peak (PtP)
method have never been done to analyze the ray fishery
sector at the MPA of East Nusa Tenggara Province.
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2. RESEARCH METHODOLOGY

2.1 Observation and Data Collection

The observation and data collection are done with
two techniques :

1. Interview; a data collecting method by asking some
clarification through prepared questioner.

2. Recording; a data collecting method by recording
available data in government institutions and related
organizations.

Secondary data are taken from written reports in
both Central Statistic Agency (Badan Pusat Statistik,
BPS) and Ministry of Marine and Fisheries from 2010
to 2018.

2.2 Analysis Method

2.2.1 Capacity utilization  measurement
capacity utilization with peak to peak analysis

Peak to peak (PtP) method is a common technique
used to measure capacity utilization and just depend on
relatively minimum data like aggregate input and
product. The method is based on productivity
measurement (production per unit effort) with
assumption that level of peak production in particular
year is considered as production in “full capacity
utilization” [,

CPUE = total catch/effort

CPUE possible (CPUEpos) is a produced CPUE if
there exist an input utility in full capacity by doing a
preliminary measurement from two different peak.
Trend coefficient in CPUEpos is measured based on the
following formula:

IOl 19)
(Tp? = Tp")
Where :
T = trend
Yp? = CPUE in the second peak
yp! = CPUE in the first peak

Tp? and Tp' = years when the two peaks exist.

In case of peak CPUE condition is not sufficient,
trend coefficient could be measured through production
ratio year base (Yb) with input aggregate in year base
(Vb) and t coefficient in the next years are assumed as
constant. The measurement formula is :
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Yp
Tb =V_b

CU then could be measured from ration :

_ NA, x CPUE ,

cU=—1>—___"
NA; x CPUE 5,

Where :

NA; = effort in year t

CPUE;. = actual CPUE in period t
CPUEyos= possible CPUE possible in period t

2.2.2  Sustainable Potency Fisheries Resource of
Ray Fish Using Schaefer Model

Schaefer's model (1954) states that catch per unit
effort (CPUE) and effort (f) have a negative linear
relationship. Regression analysis is used to obtain
information about the effect of effort (f) on CPUE which
is then determined by the equation as Sparre and
Venema (1999) in Rosadi (2021) 0%, regarding the
relationship between CPUE and effort (f) and the
relationship between catches stingrays (c) with effort (f)
are as follows:

Relationship between catching effort and catch yield
per effort unit :

CPUE = total catch/effort 1)
Uest =a+ (b x total effort) (2)

Since each aand b are intercept and slope from linear
correlation, the result formula is :

Yest = (a x total effort) + (b x (total effort?)) 3)

The slope value (b) must be negative if the catch per
unit effort (CPUE) decreases for every increase in
fishing effort (f), while the intercept value (a) must be
positive because the value (a) is the CPUE value
obtained shortly after the ship made its first attempt to
catch on a fish stock so that the equation model turns
into the equation:

Y =a- bx

Then the value of Y is translated into Y/f so that it

becomes the equation :

Y by
Foe

Thus becoming :
Y = af — bf? 4)

At the point of maximum fishing effort (fmax), the
fish catch will be equal to zero. Maximum fishing effort
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(fmsy) can be calculated with Y being equal to zero and
this maximum fishing effort is in half of the maximum
fishing effort level (fmax). So that:

Y =af-bf?=0

a:-bforfmax:—%

fopt = Efmax

The maximum fishing effort (FMSY) that can be
done to prevent over fishing is obtained by equating the
first derivative of the catch to the maximum fishing
effort (FMSY) value equal to zero.

FMSY =-a/(2xb) )

Maximum Sustainable Yield (MSY) can be obtained
by substituting the optimum effort value (FMSY) into
equation I, so that the formula is obtained:

- a(-2)-0 ()

Y:—Z—Z-g orY:—%+ g
or Crax = a (-a/2b) + b (a2/4h?)
YMSY = -(22)/(4 x b) (6)
UMSY = ABS (-a/2) ©)

The number of allowable catches (JTB) is
calculated with the formula:
YJTB =80% x YMSY (8)

According to Wahyudi (2010) in Listiani (2017) the
utilization rate aims to determine the status of the
utilization of the resources utilized 4. The utilization
rate can be calculated by dividing the average total catch
divided by YJTB expressed in percent (%).

TP = Average total catch/YJTB 9)

Then, we make a graph of the Schaefer model and
analyze the results through the graph about the status of
fish resources that have been determined in the waters.

3. RESULTS AND DISCUSSION

MSY's sustainable potential analysis uses a
production surplus model to determine the level of
utilization of the stingray fishery. The sustainable catch
analysis uses production and effort time series data for
10 years (2010 — 2020). The data on stingray fishery
production is shown in Table 1 below:
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Table 1. Ray Fishery Production Data and Number of Catch Fleet

Year Production  (tons) Number of fleet (trips)
2010 714 5623
2011 753 3307
2012 294 4960
2013 640 5320
2014 525 5844
Year Production (tons) Number of fleet (trips)
2015 266 7603
2016 292 7865
2017 763 7865
2018 305.47 7865
2019 311.88 7865
2020 287.23 7865

Source: Satu Data KKP (2021)

From the data we can see that the highest ray
catching number occurred in the year 2017 was 763 tons
whereas the Ministry of KPRI Decision Number 4 Year
2014 on Manta Ray Fish Total Protection had been
issued meanwhile the ray fish fishing is still on going.
Management of fish resources must be carried out as
well as possible on the basis of justice and equity in the
utilization process, namely prioritizing the expansion of
the workplace and improving the quality of life of the
actors involved in fishery activities, and ensuring the
preservation of fish resources and the environment [23],

Table 2. CPUE value Schaefer model

Catching stingrays as the main target or the by-catch
can be seen from the fishing season carried out by
fishermen. When the main target fish (tuna) declines,
stingrays can be an alternative for catching 4, so it is
necessary to estimate potential as a basis for policies in
the utilization and management of stingray fisheries so
that the sustainability of stingray fisheries is well
maintained. The CPUE value and fishery capacity
utilization (CU) can be seen in Table 2 below:

Year Production (tons) Number of fleet (trips) CPUE CPUE pos CU | 1/cu Potential catch Uest Yest
2010 714 5623 0.13 0.13 0.98 | 1.02 | 730.99 0.11 | 600.45
2011 753 3307 0.23 0.10 2.26 0.44 333.08 0.19 627.20
2012 294 4960 0.06 0.10 0.59 | 1.69 | 496.00 0.13 | 647.33
2013 640 5320 0.12 0.10 1.20 | 0.83 | 532.00 0.12 | 625.78
2014 525 5844 0.09 0.10 0.90 111 584.40 0.10 577.84
2015 266 7603 0.03 0.10 0.35 | 2.86 | 760.30 0.04 | 273.20
2016 292 7865 0.04 0.10 0.37 | 269 | 786.50 0.03 | 208.88
2017 7.63 7865 0.00097 0.00 0.00 | 0.00 | 0.00 0.03 | 208.88
2018 305.47 7865 0.04 0.10 0.39 2.57 786.50 0.03 208.88
2019 311.88 7865 0.04 0.10 0.40 2.52 786.50 0.03 208.88
2020 287.23 7865 0.04 0.10 0.37 2.74 786.50 0.03 208.88

Source: Processed data
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3.1 Stingray Catch

In Table 2 it can be seen that the level of effort to
catch stingrays carried out by fishermen in 2010 was 714
tons and increased by 39 tons in 2011 to 753 tons.
However, a decrease in production of 459 tons occurred
in 2012 to 294 tons. This can be caused by
environmental factors namely the existence of tides and
water fertility that affect the appearance of stingrays 161,

In 2013 there was an increase in production by 346
tons to 640 tons. This aimed to meet the needs of dry
gills in the Asian market 71 and the need for raw
materials for Traditional Chinese Medicine (TCM) [8],
Indonesia ranks second in the world after China as an
exporting country for dry gills of Manta rays which is
13% but in 2014 there was a decline of 115 tons
followed by a decline in exports of dried gills in the
Asian market to 2% [2],

Total production in 2015 and 2016 decreased from
the previous year of 259 tons and 233 tons. respectively
to 266 tons and 292 tons. This is due to the enactment of
the Minister of Marine Affairs and Fisheries Decree No.
4/KEPMEN-KP/2014 concerning the Determination of
the Full Protection Status of Manta Rays as protected
fish species with full protection status throughout their
life cycle and/or body parts. The issuance of these
regulations has an impact on the decline in the
production of stingrays that are caught both as by-catch
and the main target.

In 2018, the production of stingrays increased from
7.63 tons to 305.47 tons as a result of the high selling
price of dry gills of manta rays which reached Rp.
2,500,000.00/Kg. In 2019, there was also an increase in
the number of catches made by fishermen. The price
offered by the market is sufficient to make fishermen
continue to carry out stingray fishing activities even
though they have been repeatedly subjected to sanctions.
Supervision needs to be increased especially in Marine
Conservation Areas (KKP) carried out by the
Government at the Regional, Provincial, Central and
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security forces for this type of fish catch. Rays,
especially in species that are fully protected by the
Indonesian government.

Table 1 can be seen that fishing lasted for several
years has resulted in a decrease in the number of
stingrays. This suggests that the local population may
have become extinct or less as a result of fishing
pressures and that the average size of the stingray caught
has decreased so that fishermen have to go hunting to
southern Flores 9  and conservation and law
enforcement are being carried out so that this decreased
capture of Manta rays 2,

3.2 Catch per Unit Effort (CPUE) of Stingray

Figure 1 shows that the catch per unit effort (CPUE)
in 2010-2020 varies. The CPUE value is used to
determine the tendency of the productivity of an effort
(effort) in a certain time and is influenced by the level of

utilization (production) and the level of effort applied
[22],

Gulland in M Akoit 22 said that at the beginning of
the catch there was an increase in the CPUE value due
to the increase in effort and subsequently a decrease in
the CPUE value. This was due to the increasing effort
competition (effort) that operates where the capacity of
resources was limited and tent to decrease due to
continuous fishing density. This shows that in 2015, the
CPUE value was 0.03 due to an additional effort of
1.759 trips from the previous year which amounted to
5.844 trips.

The addition of these efforts has an impact on the
number of catches increased resulting in a decrease in
the number of fisheries resources and a decrease in
CPUE as an indication that the utilization of stingray
resources is already high and for more details can be
seen in Figure 2:
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Figure 1. Development CPUE (Source : Processed data)
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Figure 2. Relationship between CPUE and effort (Source : Processed data)

In Figure 2, the relationship between the size of the
catch and the fishing effort in the Schaefer Y model =
0.308 - 4E-05x can be explained that for every increase
in the catch of 1 unit of effort (trip) lower the CPUE
value, which also has an impact on production decrease.
The addition of an effort of 1 unit of effort (trips) will
have an impact on reducing the CPUE value of stingrays
by 0.00004 CPUE units (tons/trip). Based on this reality,
itis necessary to control efforts so that fisheries resource
management can be sustainable.

This effort level data is the basis for calculating the
Schaefer model with regression analysis to find the
value of ordinary least squares (OLS). The results of the
regression analysis obtained the value of R? = 0.80 or
80% of the independent variables have a strong
influence on the dependent variable. The value of
determination or R? is used to measure the goodness offit
of the regression model and to compare the level of
validity of the regression results to the dependent
variable in the model and the greater the value of R2. The

greater R2 value indicates that the model is getting
better.

Based on the linear regression analysis equation, the
constant a value of 0.3079 and b value of -3.57836E-05
is obtained so FMSY,YMSY, UMSY, YJTB and TP can
be calculated as follows:

FMSY = -a/(2b)
=-0.3079/(2x-3.57836E-05)
= 4303.60

YMSY = -(a2)/(4b)
= -(0.30792) / (4 x -3.57836E-05)
= 662.75

UMSY = ABS (-a/2)
= ABS (-0.3079 /2)
=0.15
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YJTB =80% x YMSY
= 80% x 662.75
=530.20
TP = Average total catch/YJTB
= 399.66/530.20
=0.75
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The calculation above shows that the maximum
catch (YMSY) is 662.75 tons with the fishing effort
when MSY (FMSY) is 4.303.60 trips. The allowable
catch (YJTB) is 530.20 tons and the utilization rate (TP)
is 75% which is included in the moderate-exploited
category because the number of catches of fish resource
groups per year has not reached 80%.

Y est Schaefer
Y catch

MSY

8000 10000

Figure 3. The CPUE relationship of the Gordon-Schaefer model of ray fisheries in NTT

The results of the above calculations can be
concluded that the utilization of stingrays in 2010 and
2011 has exceeded MSY as well as the number of
fishing fleets (efforts) that have exceeded the optimum
effort value. The increase of the number of fishing
efforts at this time is extremely not recommended
although the number of production can be increased
because it can destroy sustainability of stingrays
resource.

Increasing the number of fishing efforts at this time
is not recommended even though the amount of
production can still increase because it can interfere with
the sustainability of stingray resources.

Opportunities for the emergence of stingrays that
occur in certain seasons can provide ecotourism
potential so that stakeholders' awareness is needed so
that the existence and preservation of stingrays is
maintained. A well-developed ecotourism area will have
many economic and ecological impact 2,

4. CONCLUSION

Stingray fishing is still happening today both as the
by-catch and as the main target. The utilization rate (TP)
of 75% is included in the medium exploitation category
because the number of catches of fish resource groups
per year has not yet reached 80%.

Government policies that have not protected all
types of rays have caused many species of rays to be
exploited and used to meet the short-term livelihoods of
fishermen. The government needs to pay attention to the
welfare of coastal communities because hunting wild
animals will continue if coastal communities have not
reached their level of welfare. The role of intensive
aquaculture and aquaculture counseling as well as
empowerment for fishing communities by utilizing their
coastal areas as additional income in addition to their
main job as fishermen need to be continuously
developed.

117



ATLANTIS
PRESS

Advances in Economics, Business and Management Resear ch, volume 199

AUTHORS’ CONTRIBUTIONS

D.N., D.H.D., J.H.M and S.S developed the central
idea of the manuscript and all authors contributed to the
editing and revision of the manuscript.

ACKNOWLEDGMENTS

The
Klumer

authors give special thanks to Mr. Mikael
Sinuor in Bantala. Lewolema. East Flores

Regency. and Mr. Yohanes Oktavianus; fisherman in
Lengkosambi. Riung. Ngada Regency, East Nusa
Tenggara Province for their voluntary participations and
valuable contributions to this research.

REFE
[1]

[2]

[3]

[4]

[5]

[6]

RENCES

Direktorat Jenderal Penguatan Daya Saing
Produk Kelautan dan Perikanan. Potensi usaha
dan peluang investasi kelautan dan perikanan
Provinsi Nusa Tenggara Timur [Internet].
Kementerian Kelautan dan Perikanan. Jakarta.
Indonesia; 2018. Available from:
https://kkp.go.id/an-component/media/upload-
gambar-pendukung/A_PDS/Potensi Usaha dan
Investasi/NTT.pdf

Nair. R.J.; Zacharia PU. An introduction to the
classification of elasmobranchs [Internet]. 2015.
Available from:
file:///C:/Users/USER/Downloads/268-Acrticle
Text-1047-1-10-20120911.pdf

Pardo SA. Kindsvater HK. Cuevas-Zimbron E.
Sosa-Nishizaki O. Pérez-Jiménez JC. Dulvy
NK. Growth. productivity. and relative
extinction risk of a data-sparse devil ray. Sci
Rep [Internet]. 2016;6:1-10. Available from:
www.hature.com/scientificreports/

Smith WD. Bizzarro JJ. Cailliet GM. The
artisanal elasmobranch fishery on the east coast
of Baja California. Mexico: Characteristics and
management considerations. Ciencias Mar
[Internet]. 2009;35(2):209-36. Available from:
https://www.researchgate.net/publication/2592
34694_The_artisanal_elasmobranch_fishery o
n_the_east_coast_of Baja_California_Mexico_
Characteristics_and_management_consideratio
ns/link/0046352b0b6b5f3abd000000/download

BPS. produksi ikan pari ntt tahun 2015-2016
[Internet]. Kupang. Nusa Tenggara Timur;
2021. Available from:
https://ntt.bps.go.id/dynamictable/2018/02/09/6
12/produksi-ikan-pari-menurut-kabupaten-
kota-di-provinsi-nusa-tenggara-timur-2015-
2016.html

Prabuning D. Ningtias P. Harvey A. Setiasih N.
Yahya Y. Shark and Ray Supply Chain in NTB

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

( West of Nusa Tenggara ) and NTT ( East of
Nusa Tenggara ). In: Simposium Hiu dan Pari di
Indonesia 2015 [Internet].  Kementerian
Kelautan dan Perikanan dan WWF-Indonesia;
2015. p. 127-34. Available  from:
https://www.researchgate.net/publication/3130
53442 Shark_and_Ray_ Supply_Chain_in_NT
B_West of Nusa Tenggara_and NTT_East o
f_Nusa_Tenggara/link/588eea7b92851cef1363
16e9/download

Nurhayati A. Analisis Potensi Lestari Perikanan
Tangkap Di Kawasan Pangandaran. J Akuatika
[Internet]. 2013;4(2):195-209. Available from:
https://jurnal.unpad.ac.id/akuatika/article/view/
3143

Breen P. Brown S. Reid D. Rogan E. Where is
the risk? Integrating a spatial distribution model
and a risk assessment to identify areas of
cetacean interaction with fisheries in the
northeast Atlantic. Ocean Coast Manag
[Internet]. 2017;136:148-55. Available from:
http://dx.doi.org/10.1016/j.ocecoaman.2016.12.
001

Menteri Kelautan dan Perikanan Republik
Indonesia. Peraturan Menteri kelautan dan
Perikanan  Republik  Indonesia ~ Nomor
PER.29/MEN/2012. Jakarta. Indonesia; 2012.

Fauzi A. Ekonomi perikanan teori. kebijakan.
dan pengelolaan. Jakarta. Indonesia: Kompas
Gramedia; 2010. 123-132 p.

Rosadi E. Budiarti LY. Ariyo A. Estimasi stok
secara holistik sumberdaya ikan pepuyu
(Anabas testudineus BLOCH 1792) di
Kalimantan Selatan. In: Prosiding Seminar
Nasional Lingkungan Lahan Basah. Lembaga
Penelitian dan Pengabdian Kepada Masyarakat.
Universitas Lambung Mangkurat; 2021.

Listiani A. Wijayanto D. Jayanto BB. Analisis
CPUE (Catch Per Unit Effort) dan Tingkat
Pemanfaatan Sumberdaya Perikanan Lemuru
(Sardinella lemuru) di Perairan Selat Bali. J
Perikan Tangkap Indones J Capture Fish
[Internet]. 2017;1(01):1-9. Available from:
https://ejournal2.undip.ac.id/index.php/juperta/
article/view/1844

Satu Data KKP. Produksi perikanan pari

Indonesia  tahun  2010-2018  [Internet].
Kementerian Kelautan dan Perikanan Republik
Indonesia; 2021. Available from:

https://statistik.kkp.go.id/home.php?m=total &i
=2#panel-footer

Harahab N. Semedi B. Puspitawati D.
Kusumaningrum A. Pengelolaan sumberdaya
perikanan tangkap untuk mencapai
keberlanjutan [Internet]. UB Press; 2021. 1-107

118



ATLANTIS
PRESS

[15]

[16]

[17]

[18]

[19]

Advances in Economics, Business and Management Resear ch, volume 199

p. Available from: http://www.ubpress.ub.ac.id

Salim MG. Analisis Hasil Tangkapan. Biologi.
dan Nilai Pemanfaatan Ikan Pari Famili
Mobulidae di PPP Muncar. Jawa Timur
[Internet]. Thesis. Institut Pertanian Bogor;
2017. Available from: repository.ipb.ac.id

Ichsan M. Iriana D. Awaluddin MY. Pengaruh
fase bulan dan pasang surut terhadap
kemunculan pari manta (Manta alfredi) di
Perairan Karang Makassar. Taman Nasional
Komodo Nusa Tenggara Timur. Depik J
[Internet]. 2013;2(2):87-91. Available from:
http://jurnal.unsyiah.ac.id/depik/article/view/74
9/0

Couturier LIE. Marshall AD. Jaine FRA.
Kashiwagi T. Pierce SJ. Townsend KA. et al.
Biology. ecology and conservation of the
Mobulidae. J Fish Biol. 2012;80(5):1075-119.

Direktorat Konservasi dan Keanekaragaman
Hayati Laut [Internet]. Jakarta. Indonesia:
Direktorat Konservasi dan Keanekaragaman
Hayati Laut Direktorat Jenderal Pengelolaan
Ruang Laut; 2018. Available from:
https://kkp.go.id/djprl/kkhl/artikel/3302-kkp-
tetapkan-pari-manta-sebagai-ikan-yang-
dilindungi

O’Malley MP. Townsend KA. Hilton P.
Heinrichs S. Stewart JD. Characterization of the
trade in manta and devil ray gill plates in China
and South-east Asia through trader surveys.
Aquat Conserv Mar Freshw Ecosyst.
2017;27(2):394-413.

[20]

[21]

[22]

[23]

Lewis S. Setiasih N. O’Malley M. Campbell S.
Yusuf M. Sianipar A. Assessing Indonesian
manta and devil ray populations through

historical landings and fishing community
interviews. PeerJPrePrints [Internet]. 2015;
Available from:

https://www.researchgate.net/publication/3088
85298 Assessing_Indonesian_manta_and_devi
|_ray_populations_through_historical _landings
_and_fishing_community_interviews/link/5ab6
a86daca2722b97cdfcd4/download

Putra MIH. Sembiring A. Pertiwi NPD. Malik
MD Al. Laporan teknis studi populasi dan
spasial ekologi pari manta di Laut Sawu
[Internet].  Larantuka. Indonesia;  2019.
Available from:
https://www.researchgate.net/publication/3368
71672

Akoit MY. Nalle MN. Pengelolaan Sumberdaya
Perikanan Berkelanjutan di Kabupaten Timor
Tengah Utara Berbasis Pendekatan
Bioekonomi. J Agribisnis Indones [Internet].
2018;V1(2):85-108. Available from:
https://journal.ipb.ac.id/index.php/jagbi/article/
view/25232

Hernawati D. Amin M. Irawati MH. Indriwati
SE. Chaidir DM. Meylani V. Potensi. Produksi.
dan Rekomendasi Pengelolaan Ikan Hiu dan
Pari di Wilayah pangandaran-Jawa Barat. In:
Prosiding Simposium Nasional Hiu Pari
Indonesia ke-2 Tahun 2018 [Internet]. 2018. p.
285-91. Available from:
https://www.researchgate.net/publication/3320
35162%0A

119



