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The distribution of lobsters in Indonesian waters is very wide, even lobster 
species in Indonesia are also scattered in the tropical waters of the western 
Pacific Ocean, the Indian Ocean, Africa to Japanese waters. Indonesian 
waters are divided into 11 (eleven) Fishery Management Zone (FMZ). 
Lobsters in Indonesia may come from various water areas, both national 
and regional water zones, and they’re called the sink population. Its spread 
is influenced by the movement of the current. Lobster seed is nurtured by 
nature through ocean currents from Australia, East Indonesia, Japan, then 
back to Australia. Lobsters have a complex life cycle, where adult lobsters 
inhabit coral reefs as a place to lay eggs, then hatch into planktonic larvae, 
and grow up in open seas and carry out diurnal and ontogenetic vertical 
migrations before returning to nurseries in shallow coastal areas and reefs, 
coral, as well as habitat by the type of species. Literature research had used 
at least two methodologies to estimate the distribution and connection 
sensitivity matrices of marine organism larvae. The two most common 
approaches are using genetic markers and numerical biophysical modeling. 
Thus, this research uses molecular genetic techniques to explain the ge-
netic structure of lobster populations using a biophysical model approach 
that can explain the genetic structure of lobsters, as well as the distribution 
based on regional oceanographic synthesis data and lobster biology known 
in Indonesian waters. This model has four components, namely: 1) a ben-
thic module based on a Geographical Information System (GIS) which is 
a lobster habitat in the spawning and recruitment process, 2) a physical 
oceanography module containing daily velocity in the form of a three-di-
mensional hydrodynamic model, 3) a larva biology module that describes 
larval life history characteristics, and 4) a Lagrangian Stochastic module 
that tracks the individual trajectories of larvae.
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1. Background

Lobster in English is known as Crayfish or Spiny 
Lobster, while in Indonesia it is known as the Crayfish or 
Barong Shrimp. A name scientifically well-known is Pan-
ulirus belonging to the Palinuridae family [1]. In Indone-
sia, six types of Crayfish are found, that are scattered from 

western waters to eastern Indonesian waters with condi-
tions different habitats. They are Barong Shrimp (Panu-
lirus Versicolor), Stone Shrimp (Panulirus paniculate), 
King Shrimp (Panulirus longipes), Ketangan Shrimp, 
Pine Shrimp or Pearl Lobster (Panulirus ornatus), Jatro-
pha shrimp (Panulirus polyphagus), Green Sand Lobster 
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(Panulirus hommarus) [2,3,4,5].
The distribution of lobsters in Indonesian waters is 

very wide, even lobster species in Indonesia are also 
scattered in the tropical waters of the western Pacific 
Ocean, the Indian Ocean, Africa to Japanese waters [6]. 
Indonesian waters are divided into 11 (eleven) Fishery 
Management Zone (FMZ), namely FMZ 571 (Malac-
ca Strait and Andaman Sea waters), FMZ 572 (Indian 
Ocean waters next door West Sumatera and the Sunda 
Strait), FMZ 573 (Southern Indian Ocean waters Java 
to the south of Nusa Tenggara, the Savu Sea, and parts 
of the West Timor Sea), FMZ 711 (Karimata Strait, 
Natuna Sea, and the South China Sea), FMZ 712 (Java 
Sea waters), FMZ 713 (Makassar Strait waters, Bone 
Bay, Flores Sea, and the Bali Sea), FMZ 714 covering 
the waters of  Tolo Bay and the Banda Sea), FMZ 715 ( 
waters of Tomini Bay, Maluku Sea, Halmahera Sea, Se-
ram Sea, and Berau Bay), FMZ 716 covering waters of 
the Sulawesi Sea and north of Halmahera Island), FMZ 
717 covering the waters of the Cendrawasih Bay and 
the Pacific Ocean), and FMZ 718 (Sea waters Aru, Ara-
furu Sea, and the East Timor Sea) [7]. Any FMZ existing 
in Indonesia has the different potential abundance and 
types of lobster resources. The potential for lobsters in 
each FMZ has estimated, of which 11 FMZ are classified 
into 3 (three) clusters of water areas, namely was Indian 
Ocean Cluster (FMZ 571, 572, 573), Sunda Shelf cluster 
(FMZ 711, 712, 713) and the Sahul Exposure cluster 
(FMZ 714, 715, 716, 717, 718). Estimation results show 
that the potential of lobster seeds in the Indian Ocean 
cluster reaches 3,128 tons. From this potential value, 
about 1,563 tons are female lobsters. If 10% of female 
lobster seeds to grow into broodstock lobsters, the poten-
tial for lobster broodstock females in the Indian Ocean 
cluster reached 15,630 tons or it can be estimated that 
they reached 11,265 female lobster broods. Thus, the 
total female lobster broodstock can produce as many as 
7,815,000,000 eggs. However, like all the eggs that exist, 
about 1% can survive for each cycle, leaving only about 
78,150,000 lobster eggs in the cluster Indian Ocean. 
Likewise with the potential for lobster seeds in the Sun-
da Shelf cluster reach around 3,337 tons with an estimat-
ed number of female seeds as much as 1,669 tons and 
an estimate of which become breeders of 16,685 tails, 
with a potential number of capable eggs gradually life 
reaches 83,425,000 eggs. While the potential number of 
broodstock lobsters in the Sahul Exposure cluster totaled 
117,375,000, thus estimates the potential for lobster in 
all FMZ in Indonesia is around 278 billion eggs, 250 
billion larvae and the estimated number of lobster seeds 
(Peurulus) reached 12.5 billion. The assumed data on the 

potential lobster seeds in each FMZ Indonesia are shown 
in Table 1 [8].

Lobsters in Indonesia may come from various wa-
ter areas, both national and regional water zones, and 
they’re called the sink population. Its spread is influ-
enced by the movement of the current. Lobster seeds 
nurtured by nature through ocean currents from Austra-
lia, East Indonesia, Japan, then returned to Australia [9,10]. 
Lobsters have a complex life cycle, where adult lobsters 
inhabit coral reefs as a place to lay eggs, then hatch into 
planktonic larvae, and grow adults in the open ocean 
and perform diurnal and ontogenetic vertical migrations 
before return to the nursery area in shallow coastal areas 
and coral reefs, and habitats suitable for the species [11]. 
On when it becomes a planktonic larva, it has a suffi-
cient duration of pelagic larvae length which could take 
around 5-9 months (depending on species), as plank-
tonic larvae [12], where these larvae have the potential 
to spread among lobster populations in all waters [13]. 
For example, that stock of lobster seeds in each FMZ 
in Indonesia in terms of type, quantity, and source of 
seed origin different. This corresponds to the sink pop-
ulation in which the planktonic larvae will be spread 
to other areas along with the movement and circulation 
of currents in the region of Indonesian waters. When 
viewed geographically, Indonesian waters are located 
in tropical regions, it can be assumed that two water 
areas function as spawning (spawning ground) lobster, 
which is in the waters between Papua New Gini and 
Australia, as well as Philippine waters. Lobsters will 
spawn in the waters between them Papua New Gini and 
Australia, then the larvae will be scattered in the direc-
tion of and movement of currents to the north through 
the Solomon Sea, the Bismarck Sea north of Papua New 
Gini, and northern Papua, which crosses the western 
Pacific Ocean to the water Philippines. In the Philip-
pine Sea, there is a sink population and it spreads back 
into two water areas, the first is to spread towards the 
Makassar Sea and the second is towards South China 
Sea (including Hong Kong, Vietnam, and Malaysia) and 
towards the Sea Java. The movement of lobsters across 
the Makassar Sea and the South China Sea both meets 
and gathers (sink populations) in the waters of West 
Nusa Tenggara, especially in Lombok Strait. The lobster 
population that met in the Lombok Strait then spread 
in two directions across the Indian Ocean, the first is to 
spread out and back again towards the waters between 
Papua New Gini and Australia, and the second is to the 
west across the Indian Ocean to the west of Sumatera. 
The dispersal and genetics of lobster in Indonesian wa-
ters is shown in Figure 1 [9,10].
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Figure 1. The dispersal and genetics of lobster in Indone-
sia waters [9,10]

Based on the distribution pattern of larvae originating 
from the northern region of Australia to the Philippine Sea 
crosses the western Pacific Ocean, South China Sea, Java 
Sea, and the Indian Ocean, there are two very important 
groups of events of distribution lobster larvae, namely 
spawning (major spawning ground) and foraging places 
(seed sinking) for the lobster. The time it takes to do trips 
starting from spawning ground in the territorial waters of 
Australia, Pacific Ocean western part, Philippines, South 
China Sea, Makassar Sea, Java Sea, and Ocean The Indies 
to return to Australia required a certain speed of spread as 
well as a very long duration. Broadly speaking, lobsters 
will spawn in Australian waters in November-March, 

while spawning in waters Philippines occurs in May-
August. Based on the spawning time, you can assume that 
general lobsters will spawn twice deep a year [10]. Based 
on the distribution of lobsters that cross and enter FMZ in 
Indonesia, four main areas become the sink population, 
namely Sumbawa Island (9 locations, with a total area of 
249.93 km2), Lombok (14 locations, with an area a total of 
80.94 km2), Bali (2 locations, with a total area of 68 km2) 
and Java Island (58 locations, with a total area of 1,198.36 
km2). The total area of sink population on the Java and 
Bali Islands is shown in Table 2 and Figure 2 [14]. 

The life cycle of most marine animals including lob-
sters starts from the larval stage planktonic last for hours 
to months connecting populations one another between re-
gions. Hence, knowledge about connectivity larvae is very 
important for understanding population dynamics and 
managing the ocean sustainable based on biogeographi-
cally dispersed taxa. Recent studies on larval connectiv-
ity using natural or artificial tagging [15,16,17], biophysical 
modeling [18,19,20], larvae tracking methods [21], and analysis 
genetic [22,23,24], suggests that the population recruitment 
rate depends on exogenous supply and larvae in the sea 
[25]. The ability to predict the spread of larvae that is in the 
waters starting from the spawning grounds to the nursery 
is level science which is quite rare and interesting. There-
fore, it needs to be studied more deeply to explain how a 
biophysical model is based on oceanographic parameters 
and biology empirically to provide estimates of larvae 

Table 1. The assumed data on the potential lobster seeds in each FMZ Indonesia

FMZ Potency (ton) Concrete esti-
mation (ton)

Female esti-
mate will be 
parent 10% 

(ton)

The estimate 
number of 
broodstock 
(lobsters)

Estimated number 
of eggs

SR 1% (per 
per sycle all 
type of lob-

sters)

Species of pearl 
and sand lob-

sters (10% of all 
type of lobsters)

10% 20% 50%

HINDIA OCEAN CLUSTER

571 673 336.5 3.365 3,365 1,682,500,000 16,825,000 1,682,500 168,250 336,500 84,250

572 1483 741.5 7.415 7,415 3,707,500,000 37,075,000 3,707,500 370,750 741,500 1,853,750

573 970 485 4.850 4.850 2,425,000,000 24,250,000 2,425,000 242,500 485,000 1,212,500

SAHUL SHELF CLUSTER

711 1421 710.5 7.105 7,105 3,552,500,000 35,525,000 3,552,500 355,250 710,500 1,776,250

712 989 494.5 4.945 4,945 2,472,500,000 24,725,000 2,472,500 247,250 494,500 1,236,250

713 927 463.5 4.635 4,635 2,317,500,000 23,175,000 2,317,500 231,750 463,500 1,158,750

SAHUL SHELF CLUSTER

714 724 362 3.62 3,620 1,810,000,000 18,100,000 1,810,000 181,000 362,000 905,000

715 846 423 4.23 4,230 2,115,000,000 21,150,000 2,115,000 211,500 423,000 1,057,500

716 894 447 4.47 4,470 2,235,000,000 22,350,000 2,235,000 223,500 447,000 1,117,500

717 1044 522 5.22 5,220 2,610,000,000 26,100,000 2,610,000 261,000 522,000 1,305,000

718 1187 593.5 5.935 5,935 2,967,500.000 29,675,000 2,967,500 296,750 593,500 1,483,750
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supply and can be used to determine the origin of larvae, 
destination, and distribution path of lobster larvae in Indo-
nesia FMZ.

Table 2. The total area of sink population on the Java and 
Bali Islands

No Location
Number of 
sink popula-

tion

Percentage of 
number location 

(%)

Area 
(km2)

Percentage 
of area (%)

1 Sumbawa 9 11 249.93 16

2 Lombok 14 17 80.94 5

3 Bali 2 2 68.00 4

4 Java 58 70 1,198.36 75

Total 83 100 1,597.23 100

Figure 2. The total area of sink population on the Java 
and Bali Islands

Demographic connectivity studies have mostly focused 
on taxa with planktonic larvae (e.g. bivalves and reef fish) 
have contributed substantially scientifically, although 
there is a considerable bias over the broader spatial scale 
[26]. Demographic population connectivity between pop-
ulations at scale spatial area (> 1000 km) is based on 
tagging and genetic methods undetectable [27,28]. Several 
approaches have also been taken to evaluate connectivity 
between populations of marine organisms, including ge-
netic markers (e.g. mitochondrial DNA or microsatellites), 
geochemical markers (e.g. deep microchemical signatures 
shells), and/or the use of high-resolution biophysical 
models, but not one Neither of these approaches can be 
convincing in isolation and in knowing connectivity be-
tween populations [29,30,31]. Currently, the studies that have 
been conducted are limited to the dispersion model hy-
drodynamic species Panulirus ornatus in a limited area of 
species distribution. Previous studies in eastern Australian 
waters and in the Philippines focus on short-term larval 
dispersal within one generation Panulirus ornatus (e.g. 
from spawning grounds to nursery sites) [32,33]. According 
to in this model most of the larvae are released from the 
spawning grounds in the Coral Sea, such as The Gulf of 
Papua, will be brought back to the northeast Queensland 

coastline, in the interim some of them can move north to 
the Vitiaz Strait of eastern Papua New Gini within three 
months [32]. From different spawning places on the west 
and east coast of the Philippines, the larvae will be scat-
tered towards the north of Taiwan, then spread towards 
the South China Sea, or spread into the interior of the Su-
lawesi Sea. Will but based on this study has not been able 
to answer the problem of connectivity Panulirus ornatus 
in the wider Southeast Asian archipelago [33].

The bathymetry and oceanography of the Southeast 
Asian archipelago are complex, with numerous shoals, 
straits, islands, coral reefs, and semi-enclosed seas, and 
mass flows water is carried by currents between the Pa-
cific and the Indian Ocean. There is currently no scale 
model Oceanography covers the entire archipelago to aid 
in understanding that in-depth related factors that affect 
the genetic structure of Panulirus ornatus, or even the 
connectivity of other types of marine organisms. Existing 
oceanographic models includes several small-scale mod-
els that are the focus of conservation areas in the region 
the archipelago [34], and a medium-scale model of the 
entire domain [35] which has a grid size that is too coarse 
to complete the mass flux of water that goes through the 
Philippine Strait, so that produces an analysis that ignores 
connectivity between the Philippine Sea and the China Sea 
South and western Pacific Ocean [36]. For example, adult 
Panulirus ornatus was found in waters with depths of 
1-50 m and occupy a variety of habitats such as sandy and 
muddy substrates, coral reefs, rocky bottoms, and even 
murky coastal waters [37]. Panulirus ornatus is known to 
migrate by walking along the seafloor as far hundreds of 
kilometers from fairly extensive spawning aggregations, 
for example, Panulirus adult ornatus from Torres Strait, 
Australia, migrate up to 500 km to the place spawning 
near Yule Island in the Gulf of Papua [38,39,40]. Furthermore, 
P. ornatus larvae have phases planktonic length that lasts 
135-210 days [38,39,40,41]. Before completion, the larvae 
metamorphose to the puerulus stage, which is the end of 
the larval stage with strong swimming abilities, this phase 
lasts between 9-25 days [38,42]. The larval development pe-
riod is this length, puerulus swimming ability, and the po-
tential for phyllosoma admixture (planktonic larvae) in the 
Southeast Asian Archipelago region will produce levels 
low population genetic structure [43]. However, the hypoth-
esis until recently has not been tested. Therefore, some 
methods are both quick and affordable and not limited by 
phyllosoma (planktonic larvae), namely the biophysical 
modeling method [44,45]. Thus, this study uses techniques 
of molecular genetics to explain the genetic structure of 
lobster populations by approaching biophysical models 
that can explain the genetic structure of lobsters, as well 
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as pathways distribution based on regional oceanographic 
synthesis data and lobster biology known in the Indone-
sian FMZ. This model has four components, namely: 1) 
benthic module based on Geographical Information Sys-
tem (GIS) which is the habitat for deep lobsters spawning 
and recruitment process, 2) physical oceanography mod-
ule contains velocity daily in the form of three-dimension-
al hydrodynamic models, 3) larvae biology module de-
scribe the life history characteristics of larvae, and 4) the 
Lagrangian Stochastic module which tracks the individual 
trajectories of the larvae. 

In making a model of connectivity between popula-
tions, a parameter model is made based on spatial-tempo-
ral spawning and planktonic larvae behavior patterns, then 
verify the model by comparing the simulation results with 
the data empirical on the spatial-temporal pattern of lar-
val supply in several FMZs in Indonesia. Oceanographic 
circulation models in three-dimensional form as well as 
larvae behavior models, where both affect the trajectory 
of the dispersal process [46].

2. Formulation of the Problem

Most of the marine macroinvertebrates, one of which is 
lobsters, in general, has a two-phase life cycle, consisting 
of the adult benthic phase and the pelagic larvae has the 
potential to spread from one region to another due to its 
existence movement of currents so that the benthic popu-
lation has the potential to have a level of relationship ge-
netically between populations and regions. To find out the 
level of population relations between regions genetically, 
a fundamental understanding of the flow is needed genes 
and adaptations of marine organisms. The basic thing 
that must be considered is the biological parameters of 
organisms that interact with physical and oceanographic 
parameters chemistry as a driver in the transfer of larvae 
between regions. 

Indonesia's territorial waters are classified into eleven 
territories Fisheries Management Area (FMZ) with quite 
complex physical oceanographic characteristics, it is very 
likely that these oceanographic conditions will assist the 
process spread of larvae of marine organisms such as lob-
sters from one FMZ area to the FMZ others, so that the 
stock of lobster seeds in each FMZ in Indonesia, in terms 
of type, quantity and the source of origin of the seeds is 
different. This is related to the sink population where the 
larvae are planktonic will spread to other areas along with 
the movement and circulation of currents in Indonesian 
territorial waters. When viewed geographically, Indone-
sian waters located in the tropics, it can be assumed that 
two water areas serve as a spawning ground (spawning 
ground) lobsters, namely in the waters between Papua 

New Gini and Australia, as well as Philippine waters. The 
lobsters will do spawning in the waters between Papua 
New Gini and Australia, then the larvae will be scat-
tered following the direction and movement of currents 
towards the north through the Solomon Sea, Bismarck 
Sea north of Papua New Gini and north of Papua which 
crosses the western Pacific Ocean up to Philippine waters. 
In the Philippine Sea, there is a sink population and it is 
spreading back into two water areas, the first is to spread 
out to the sea Makassar and the second to the South China 
Sea (including Hong Kong, Vietnam, and Malaysia) and 
towards the Java Sea. Movement of lobsters across the 
Makassar Sea and The two South China Sea meet and 
gather (sink populations) in the waters of Nusa West 
Southeast especially in the Lombok Strait. Lobster popu-
lations that meet in the Strait Lombok then spread in two 
directions across the Indian Ocean, the first is spreading 
and returning to the waters between Papua New Gini and 
Australia, and the second is westward across the Indi-
an Ocean to the West Sumatera [9,10] (Dao et al ., 2015; 
Priyambodo, 2020). Based on the distribution of the 
lobster crossing and entering FMZ in Indonesia, four main 
areas become sink population namely Sumbawa Island (9 
locations), Lombok (14 locations), Bali (2 locations), and 
south coast of Java Island (58 locations) [14].

Several research results have been carried out to deter-
mine inter-connectivity population based on genetic and 
oceanographic factors, although still on a spatial scale 
narrower, and focus on a single species, so several ap-
proaches have not been able to convince in knowing the 
connectivity between population [29,30,31]. Several methods 
have been developed including visual tracking marine 
larvae, artificial tagging, and natural tagging, and bio-
physical modeling numeric. Visual tracking of individual 
larvae is the only method applied directly, but can only be 
applied to large larvae with larval duration pelagic short, 
so its application is limited. There are also many other 
methods used, but the level of confidence is still small be-
cause there are still many factors in biology that have not 
been considered such as certain life-history traits, physiol-
ogy, or anatomy of the study target. All methods have an 
intrinsic uncertainty depending on the type of marker, the 
analysis procedure, and the statistical methodology used.

Literature research has been conducted which col-
lected a total of 507 research articles published since 
1990 demonstrated that 41 studies have used at least two 
methodologies for estimating dispersion and connection 
sensitivity matrices of marine organism larvae. Two 
the most common approach is to use genetic markers 
and modeling numerical biophysics. Thus, this research 
uses molecular genetic techniques to explain the genet-
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ic structure of lobster populations using a biophysical 
model approach which can explain the genetic structure 
of lobsters, as well as the distribution pathways based on 
regional oceanographic synthesis data and known lobster 
biology in FMZ Indonesia. This model has four compo-
nents, namely: 1) benthic based module Geographical 
Information System (GIS) which is the lobster habitat 
in the spawning process and recruitment, 2) physical 
oceanography module contains daily speed in the form 
of three hydrodynamic model dimensions, 3) larvae biol-
ogy module that describes the characteristics life history 
of larvae, and 4) Lagrangian Stochastic modules that 
track individual trajectories larva [47].

3. The Urgency of Future Research

The urgency of future research is determined: 1) lob-
sters distribution in Indonesian FMZ based on genetic 
analysis, 2) lobster connectivity in Indonesia FMZ based 
on oceanographic data and lobster biology.

References

[1]	Pratiwi R. 2013. Lobster Komersial (Panulirus spp). 
Jurnal Oseana. Vol.XXXVII (2):55 68.

[2]	Moosa MK. 1984. Udang Karang (Panulirus spp) di 
Perairan Indonesia. Lembaga Oseanologi Indonesia, 
LIPI. Jakarta. 40hal.

[3]	Moosa MK, Aswandy I. 1984. Udang Karang (Panu-
lirus spp) di Perairan Indonesia. Proyek Etudi Potensi 
Sumberdaya Hayati Ikan. Lembaga Oseanologi Indo-
nesia, LIPI. Jakarta. 40hal.

[4]	Romimohtarto K, Juwana S. 1999. Biologi Laut. 
Ilmu Pengetahuan Tentang Biologi Laut. Pusat Pene-
litian dan Pengembangan Oseanologi. LIPI. Jakarta. 
527hal.

[5]	Setyono DED. 2006. Budidaya Pembesaran Udang 
Karang (Panulirus spp). Jurnal Oceana. Vol. 31(4): 
39-48.

[6]	Jones C, Long N, Hoc D, Priyambodo B. 2010. Ex-
ploitation of Puerulus settlement for the development 
of tropical spiny lobster aquaculture in the Indo-West 
Pacific. J Mar Biol Assoc India. Vol.52: 292-303.

[7]	PERMEN KP No.18/2014. Tentang Wilayah Penge-
lolaan Perikanan Negara Republik Indonesia. Jakarta. 
Indonesia.

[8]	Kementerian Kelautan dan Perikanan. 2020. Rapat 
Koordinasi Lingkup Kementerian Kelautan dan Peri-
kanan. Sentul. Indonesia.

[9]	Dao HT, Smith-Keune C, Wolanski E, Jones CM, 
Jerry DR. 2015. Oceanographic Currents and Lo-
cal Ecological Knowledge Indicate, and Genetics 
Does Not Refute, a Contemporary Pattern of Larval 

Dispersal for The Ornate Spiny Lobster, Panulirus 
ornatus in the South-East Asian Archipelago. J PLoS 
ONE Vol.10(5):1-19. 

[10]	Priyambodo B. 2020. Lobster: Apa Adanya. Rapat 
Koordinasi Lingkup Kementerian Kelautan dan Peri-
kanan. Sentul. Indonesia.

[11]	Lipcius RN, Cobb JS.1994. In:Phillips BF, Cobb JS, 
Kittaka JK, editors. Spiny lobster management. Ox-
ford, UK : Fishing news books, 1-30.

[12]	Goldstein JS, Matsuda H, Takenouchi T, Butler MJ 
IV. 2008. The complete development of larval Ca-
ribbean spiny lobster, Panulirus argus, in culture. J 
Crustacean Biology 28: 306-327.

[13]	Ehrhardt NM. 2005. Population dynamic character-
istics and sustainability mechanisms in key Western 
Central Atlantic spiny lobster, Panulirus argus, fish-
eries. Bull Mar Sci 76: 501-525.

[14]	Australian Center for International Agriculture Re-
search-Kementerian kelautan dan Perikanan. 2016. 
Kerjasama Penerapan Cultue Base Fisheries. Jakarta.

[15]	Becker B, Levin L, Fodrie F, McMillan P. 2007. 
Complex larval connectivity patterns among marine 
invertebrate populations. Proc Natl Acad SCI USA 
104:3267-3272.

[16]	Almany GR, Berumen ML, Thorrold SR, Planes 
S, Jones GP. 2007. Local replenishment of coral 
reef fish populations in a marine reserve. Science 
316:742–744.

[17]	Hamilton SL, Casellea JE, Malone DP, Carr MH. 
2010. Incorporating biogeography into evaluations 
of the Channel Islands marine reserve network. Proc 
Natl Acad SCI USA 107: 18272-18277.

[18]	Cowen RK, Paris CB, Srinivasan A. 2006. Scaling 
of connectivity in marine populations. Science 311: 
522-527.

[19]	Hidalgo M, Gusdal Y, Dingsør DE, Hjermann D, Ot-
tersen G, et al. 2011. A combination of hydrodynam-
ical and statistical modeling reveals non-stationary 
climate effects on fish larvae distributions. Proc R 
Soc B. DOI: 10.1098/rspb.2011.0750.

[20]	Paris CB, Cowen RK, Claro R, Lindeman KC. 2005. 
Larval transport pathways from Cuban spawning ag-
gregations (Snappers; Lutjanidae) based on biophysi-
cal modeling. Mar Ecol Prog Ser 296: 93-106.

[21]	Paris CB, Cowen RK. 2004. Direct evidence of a 
biophysical retention mechanism for coral reef lar-
vae. Limnol Oceanogr 49: 1964-1979.

[22]	Planes S, Jones GP, Thorrold SR. 2009. Larval dis-
persal connects fish populations in a network of 
marine protected areas. Proc Natl Acad Sci USA106: 
5693-5697.

[23]	Saenz-Agudelo P, Jones GP, Thorrold SR, Planes S. 

DOI: https://doi.org/10.30564/jfsr.v3i1.2466



7

Journal of Fisheries Science | Volume 03 | Issue 01 | March 2021

Distributed under creative commons license 4.0

2011. Connectivity dominates larval replenishment 
in a coastal reef fish metapopulation. Proc R Soc B. 
DOI: 10.1098/rspb.2010.2780.

[24]	Puebla O, Bermingham E, McMillan WC. 2012. On 
the spatial scale of dispersal in coral reef fishes. Mol 
Ecol. DOI: 10.1111/j.1365-294X.2012.05734.x.

[25]	Roberts CM. 1997. Connectivity and management of 
coral reefs. Science 278: 1454-1457.

[26]	Pelc RA, Warner RR, Gaines SD, Paris CB (2010) 
Detecting larval export from marine reserves. Proc 
Natl Acad SCI USA 107: 18266–18271.

[27]	Lowe WH, Allendorf FW. 2010. What can genetics 
tell us about population connectivity? Mol Ecol. 
DOI: 10.1111/j.1365-294X.2010.04688.x.

[28]	Waples RS, Punt AE, Cope JM. 2008. Integrating ge-
netic data into management of marine resources: how 
can we do it better? Fish and Fisheries 9: 423-449.

[29]	Cowen R, Sponaugle S. 2009. Larval dispersal and 
marine population connectivity. Marine Science 1: 
443-466. PMID: 21141044.

[30]	Feutry P, Vergnes A, Broderick D, Lambourdière J, 
Keith P, Ovenden JR. 2013. Stretched to the limit; 
can a short pelagic larval duration connect adult pop-
ulations of an Indo-Pacific diadromous fish (Kuhlia 
rupestris)? Molecular ecology 22(6):1518-1530. 
DOI: 10.1111/mec.12192 PMID: 23294379.

[31]	Gilg MR, Hilbish TJ. 2003. The geography of marine 
larval dispersal: coupling genetics with fine-scale 
physical oceanography. Ecology 84(11): 2989-2998.

[32]	Pitcher CR, Turnbull C, Atfield J, Griffin D, Dennis D, 
Skewes TD. 2005. Biology, larval transport model-
ling and commercial logbook data analysis to support 
management of the NE Queensland rock lobster Pan-
ulirus ornatus fishery: CSIRO Marine Research. 144 
p.

[33]	Villanoy CL. 2004. Larval dispersal simulation of the 
spiny lobsters, Panulirus ornatus, in the Philippines 
using merged altimeter-derived absolute dynamic 
topographies. in: Williams, K.C. (Ed.), Spiny lobster 
ecology and exploitation in the South China Sea re-
gion, Proceedings of a workshop held at the Institute 
of Oceanography, Nha Trang, Vietnam, July 2004 
(ACIAR Proceedings No. 120): 49-54.

[34]	Schiller A, Oke PR, Brassington G, Entel M, Fiedler 
R, Griffin DA et al. (2008) Eddy-resolving ocean cir-
culation in the Asian–Australian region inferred from 
an ocean reanalysis effort. Progress in Oceanography 
76(3): 334-365.

[35]	Gaspar P, Benson SR, Dutton PH, Réveillère A, Ja-
cob G, Meetoo C et al. 2012. Oceanic dispersal of ju-
venile leatherback turtles: going beyond passive drift 
modeling. Marine Ecology Progress Series 457: 265-
284 (DOI: 10.3354/meps09689).

[36]	Gordon AL (2005) Oceanography of the Indonesia 
Seas. Oceanography-Washington Dcoceanography 
Society 18(4): 15-27.

[37]	Holthuis L. 1991. FAO species catalogue. Marine 
lobsters of the world. An annotated and illustrated 
catalogue of species of interest to fisheries known to 
date. FAO Fisheries Synopsis 13(125): 1-292.

[38]	Booth J, Phillips B. 1994. Early life history of spiny 
lobster. Crustaceana 66(3): 271-294.

[39]	MacFarlane J, Moore R. 1986. Reproduction of the 
ornate rock lobster, Panulirus ornatus (Fabricius). 
Papua New Guinea. Australian Journal of Marine and 
Freshwater Research 37: 55-65.

[40]	Moore R, MacFarlane J. 1984. Migration of the 
ornate rock lobster, Panulirus ornatus (Fabricius). 
Papua New Guinea. Australian Journal of Marine and 
Freshwater Research 35: 197-212.

[41]	Phillips B, Matsuda H. 2011. A Global Review of 
Spiny Lobster Aquaculture. Recent Advances and 
New Species in Aquaculture. 22-84.

[42]	Phillips B. 2013. Lobsters: Biology, management, 
aquaculture and fisheries: John Wiley& Son. 528 p.

[43]	Williams K. 2004. Spiny lobster ecology and ex-
ploitation in the South China Sea region: proceedings 
of a workshop held at the Institute of Oceanography, 
Nha Trang, Vietnam, July 2004: Australian Centre 
for International Agricultural Research.

[44]	Botsford LW, White JW, Coffroth MA, Paris CB, 
Planes S, et al. 2009. Connectivity and resilience of 
coral reef metapopulations in marine protected areas: 
matching empirical efforts to predictive needs. Coral 
Reefs. DOI: 10.1007/s00338-009-0466-z.

[45]	Paris CB, Helgers J, Van Sebille E, Srinivasan A. 
2013. The Connectivity Modeling System: A proba-
bilistic modeling tool for the multi-scale tracking of 
biotic and abiotic variability in the ocean. Environ 
Modell Softw. DOI: 10.1016/j.envsoft.2012.12.006.

[46]	Sponaugle S, Paris CB, Walter KD, Kourafalou V, 
d’Alessandro E. 2012. Observed and modeled larval 
settlement of a reef fish in the Florida Keys. Mar 
Ecol Prog Ser 453: 201-212.

[47]	Muller R, Matthews T, FWC collector data 2005–
2009, (FWC, Marathon, FL 33001 USA). 

DOI: https://doi.org/10.30564/jfsr.v3i1.2466


