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The effect of environment on puerulus
settlement of the spiny lobster,
Panulirushomarus in Awang Bay, Lombok
Island

ABSTRACT

The increasing effort to catch lobster seeds will have a negative impact on the availability of
lobster seeds in nature, and cause a break in the lobster life cycle chain in nature. Therefore,
this study aims to observe the settlement of puerulus lobster larvae in the waters in relation
to fluctuations in aquatic environmental conditions. This research was conducted from
August to October 2020 in the waters of Teluk Awang, Lombok Island. The main data
collected in this study is puerulus settlement, while the supporting data are physical,
chemical and biological parameters of the waters. Observations of the aquatic environment
larel carried out in-situ, and using remote sensing and geographic information systems (GIS).

The collected data were analyzed by multiple regression analysis. The results showed that |

the distribution of sea surface temperature and chlorophyll-a based on satellite imagery
during August to October showed that warm temperatures and chlorophyll-a were
concentrated in the coastal area and decreased towards the offshore. The nine
environmental parameters studied contained two parameters that significantly influenced
individually on puerulus lobster settlement, namely the abundance of plankton and
temperature. Meanwhile, brightness, current velocity, dissolved oxygen, salinity, pH,
phosphate and nitrate had no significant effect. The significant relationship between plankton
abundance and temperature and puerulus lobster settlement was due to plankton being the

seeds still survived and could support puerulus lobster settlement.
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1. INTRODUCTION

[Spiny lobster (Crustacea: Decapoda: Palinuridae) is a typical species of coral reef and rocky
waters in tropical and subtropical marine areas [1]. Lobster has 5 life phases, namely adults
with sperm or egg production, filosoma (larval stage), puerulus (post-larval stage, final stage
of filosoma) and young lobsters [2]. Reproduction begins with the mixing of spermatozoid
with an egg (ovum), then the fertilized egg is placed under the belly of the female lobster,
attached to the hairs found on the umbilies of the swimming legs [3]. During incubation, the
eggs attached to the underside of the parent lobsters undergo division and development and
hatch into larvae. The larvae undergo several skin changes, namely from the nauplisoma,
filosoma, puerulus stages to the young lobster stage. Puerulus larvae are a transitional stage
from the planktonic phase to the benthic phase [4], can swim freely and move to shallow
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areas and are protected by seaweed and coral reefs where there is food and can avoid
predators [5].

The settlement of puerulus in shallow waters to find food and shelter is used by fishermen in
Lombok to use various traps to catch the lobster seeds [6]. The high demand and the
increasingly expensive price of lobster seeds have caused the exploitation of this resource to
continue to increase. The price of seeds, which initially ranged from IDR 1,500- 2,500 / head
for seed sizes of around 2-3 cm, continued to increase to IDR 17,000 - 20,000 / head [7].
The export of Indonesian lobster seeds from 2011-2014 has increased constantly and
sharply. Vietnam is the largest importer of lobster seed commodity from Indonesia [7]. These
seeds will be cultivated in Vietnam, then re-exported after maturity with a value that is many
times higher [8]. Thus lobster seeds sourced from Indonesian waters provide economic
benefits for people in these seed importing countries [9].

The waters of Lombok Island are one of the lobster seed producing locations in Indonesia,
especially the waters of Gerupuk Bay, Bumbang Bay and Awang Bay [6], [10]. Based on the
study of lobster seed abundance, seed distribution points were identified and the peak
season for seed abundance is around June - July in the waters of Gerupuk Bay [9] and
around January - February in the waters of Awang Bay [10]. Apart from the southern waters
of Lombok Island, the southern waters of Sumbawa Island to the southern waters of Java
Island are areas for catching lobster seeds [11]. The increasing effort of catching lobster
seeds in the long term will have a negative impact on the availability of lobster seeds in the
wild, and cause a break in the chain of lobster life cycles in nature. At a certain point, these
lobster species will experience scarcity, even extinction, as happened in the western region
of Mindanao Island, Philippines [12]. Likewise with conditions that occur in the waters of
Lombok Island and southern Sumbawa Island. Therefore, it is necessary to study the bio-
ecology of lobsters related to stock estimates, spawning areas, recruitment, and habitat as
well as environmental factors that affect the settlement of lobster seed stocks in nature.

The existence of lobster seeds (puerulus) in a waters is influenced by environmental
conditions such as sea surface temperature, salinity, currents and climate [13]. The
presence of the lobster, Palinurus elephas in the western Mediterranean Sea began when
sea surface temperatures began to rise in mid-May, peaked in June-July, and ended in
August [1]. In the waters of Lombok Island, especially Gerupuk Bay, there is a very striking
increase in the abundance of lobster seeds in June and July [9], this is closely related to
oceanographic conditions and phenomena that occur around the study site. Data and
information regarding recruitment patterns and their relationship with oceanographic
phenonema are important to know as a basis for predicting fishing times and strategic
management of lobster seeds in the wild [14].

Oceanographic phenomena observation can be done in-situ, namely direct measurement in
the field or by using remote sensing applications and geographic information systems (GIS).
The application of semote sensing and GIS in oceanographic observations in relation to
fishing ground has been widely practiced in Indonesia [15], with the application of these two
methods it was found that the relationship between temperature, depth, salinity and pH has
an effect on lobster fishing ground in waters Nabire, Papua Province [16]. Research on the
influence of the aquatic environment or oceanography on the presence (settlement) of
lobster larvae in Awang Bay waters has never been carried out. Awang Bay was chosen as
the location of this study, because based on the census of lobster seed catches in 2013,
Awang Bay was the most productive fishing ground in Lombok [17].

This study aims to observe the settlement of lobster puerulus larvae in Awang Bay waters in
relation to fluctuations in aquatic environmental conditions spatially and temporally. The



results of this study are expected to provide information about the potential of lobster seeds
that are useful for supporting the management and availability of seeds for lobster
enlargement cultivation.]

2. MATERIAL AND METHODS

[2.1. Study Area

This research was conducted from August to October 2020 in the waters of Teluk Awang,
Lombok Island, Indonesia. A total of 3 stations spread out simple random [18], were
collected at the research location. Each observation and sampling station has its coordinates
determined using a GPS device. Station 1 is located at the coordinate point 8°55.31S lat,
116°24.30E long, station 2 is at the coordinate point 8°53.44S lat, 116°24.37E long and
station 3 at the coordinate point 8°52.36S lat, 116°24.18E long. Meanwhile, the satellite data
area extends from the coordinate point between 8°60 - 8°48S lat and 116°13 - 116°35E long
(Figure 1).
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Figure 1. Research site

2.2. Data Collection

The materials used in this study were spiny lobster puerulus larvae, 4% formalin and 70%
alcohol. While the tools used are lobster seed collectors, fishing boats, cameras, life jackets,
stationery, global positioning system (GPS) to determine the position of observation stations,
thermometers to measure temperature, hand refracto-meters to measure salinity, DO meters
to measure oxygen dissolved, secci disk for measuring brightness, current-meter for

measuring current velocity, pH-meter for measuring pH, sample bottles, net [plankton],wﬂ

microscopy, and satellite data.
The main data collected in this study were puerulus settlements or the abundance of lobster

waters (phytoplankton). Observation larvae or lobster seeds are carried out by installing a

collector's tool which the local community calls the name "pocong" [10]. Pocong is made of
used cement paper bags and waring. A sheet of cement bag paper measuring 20 x 20 cm is
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folded like a fan, and the middle is tied to the waring. The paper bags are 10 - 20 m long and
1.5 m wide. At the bottom of the waring is weighted, and the upper part is attached with a
hanging rope. The collector made of paper and waring is hung on a raft assembled from
bamboo and equipped with a float (drumpon) and an anchor (Figure 2). One 6 x 3 raft unit is
used to pocket 6 collectors. When the collector operates at night, the raft of power plants
and electric lamps is 6 units each with a power of 50 watts. The use of light in catching
lobster larvae aims to attract larvae to gather around the raft area, because lobsters are
phototaxis.

The number of larvae or lobster seeds found every month at each observation station was
counted to determine the distribution and fluctuation of their abundance each month. The
collected seed data is the sum of all collectors for each station. Measurement of water
physical, chemical and biological parameters including temperature, salinity, pH, brightness,
dissolved oxygen, current velocity, nitrate (NO3-N), phosphate ( PO4-P) and phytoplactone.
Parameters of temperature, salinity, pH, DO, brightness and current were measured directly
in the field using a refractometer, pH-meter, DO-meter, secci disk, and current-meter.
Parameters of nitrate (NO3z-N), phosphate (PO,-P) and phytoplankton were carried out by
taking water samples, then analyzed in the laboratory. Satellite image data on sea surface
temperature (SST) and chlorophyll-a concentrations were downloaded from NASA's Ocean
Color Web (https://oceancolor.gsfc.nasa.gov/) and current velocity was downloaded from the
ERDDAP website (https: //coastwatch.pfeg. noaa.gov/erddap/index.html).

Figure 2. A raft on which to hang a lobster puerulus collector
2.3. Satellite Image Data Processing

Sea surface temperature (SST) and chlorophyll-a data were obtained from satellite images
of Aqua-MODIS (Moderate Resolution Imaging Spectroradiometer) Level 3 composite
monthly for the period August 2019 to October 2019 with a spatial resolution of 4x4 km
which was downloaded from the site http://oceancolor.gsfc.nasa.gov/ in the Hierachial
Data Format (HDF) format. The extracted SPL and chlorophyll-a images can be displayed
on the SeaWIFS Data Analysis System (SeaDAS 7.5.3) software. The image processing
stage that is carried out begins with cutting the image (cropping) according to the research
location. The SPL and chlorophyll-a images that have been cut according to the research
location are then carried out by the export mask pixels process to obtain the SST and
chlorophyll-a values. The value of each pixel based on the latitude and longitude position of
the process is obtained in the Comma Separated Value (csv) format which is ready for
further processing in ArcGIS 10.3 software.
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Figure 3. Puerulus spiny lobster, Panulirushomarus

2.4. Data Analysis

To determine the relationship between water environment parameters and settlement of
spiny lobster puerulus, multiple regression analysis was used. Regression analysis is a data
analysis technique in statistics that is often used to study the relationship between several
variables and predict a variable. The relationship or influence of two or more independent
variables on the dependent variable is called a multiple linear regression model[19]. Multiple

linear regression analysis was performed with the help of SPSS 16.0 software. The
dependent variable used in this study was the settlement of puerulus, while the independent
variables were temperature, brightness, current velocity, dissolved oxygen, salinity, pH,
phosphate, nitrate and plankton abundance. The regression equation model is as follows:

Y = a+ biX; + boXs + bsXs + byXy + bsXs + bgXg + b7X7 + bgXg + bgXg + €

where :

Y = lobster puerulus settlement; a = constant; X; = water temperature (°C); X, = brightness
(m); X3 = current velocity (m/s); X, = dissolved oxygen (ppm); Xs = salinity (ppt); Xs = pH; X7
= phosphate level (ppm); Xg = nitrate level (ppm); Xg = abundance of plankton (cells / I); b;-
by = independent variable regression coefficient; and € = estimated interference error.

The F test is for testing the first hypothesis, which is to find out whether all independent
variables simultaneously have a significant effect on the dependent variable. Testing is done
by comparing the value of Fe, with Fiape at a degree of error of 5% in meaning (a = 0.05). If
the value of Fy = from the value of Fipe it means that the independent variables
simultaneously have a significant effect on the dependent variable or the first hypothesis so
that it can be accepted.

The t-test is for testing the second hypothesis, which is to find out whether the effect of each
independent variable (partial) on the dependent variable is significant or not. The test is
carried out by comparing the tcount value of each independent variable with the ttable value
with an error degree of 5% in the sense (a = 0.05). If the value of teoun = tiane, then the
independent variable has a significant effect on the dependent variable. The normality test is
carried out to find out whether a variable is normal or not, normal in the sense that it has
normal data distribution. There are two ways to see data normality, namely visually and by
statistical tests. Visually using graphs and histograms with the assumptions used based on
the normal probability graph that is formed, if the point spreads around the normal line, then
the data can be said to have been normally distributed, and vice versa. Data normality test
with statistical tests used the Lilliefors Test (Kolmogorov-Smimov Test), where if the
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variable and the independent variable are normally distributed.

The multicollinearity test aims to see whether there is multicollinearity or not by looking at the
tolerance value and variance inflation factor (VIF). The smaller the tolerance value and the
greater the VIF value, the closer to the multicollinearity problem. In most studies, it is stated
that if the t‘olerance value is more than 0.1 and VIF is less than 10 then multicollinearity does
not occur.]

3. RESULTS AND DISCUSSION

[3.1. Environmental Conditions

The aquatic environmental parameters observed based on Aqua Modis satellite imagery
include sea surface temperature (SST), chlorophyll-a concentration and current velocity. The
distribution of SST, chlorophyll-a and current velocity in the Southern Waters of Lombok
Island can be seen in Figure 4. SST in the Southern Waters of Lombok Island based on the
spatial distribution of Aqua Modis satellite imagery in August — October ranges from 25-32
°C. Spatially, the distribution of warm temperatures is generally found in coastal waters,
especially in bays, such as bays. The distribution of cold temperatures is in the offshore
waters south of Lombok Island. Sea surface temperature (SST) is highly dependent on the
amount of heat received from the sun, so the areas that receive the most heat from the sun
are the tropics or around the equator.

The concentration of chlorophyll-a in the Southern Waters of Lombok Island based on the
spatial distribution of Aqua Modis satellite imagery in August ranges from 0.3251 - 2.3532
mg/m?®, in September it ranges from 0.2279 - 2.1934 mg/m® and in October it ranges from
0.1370 - 1.7392 mg/mg. Chlorophyll-a is concentrated in coastal waters and the
concentration is decreasing towards the offshore direction. The greatest concentration of
chlorophyll-a is found in coastal waters, especially in bays such as Ekas Bay, Gerupuk Bay
and Bumbang Bay. The current velocity in the Southern Waters of Lombok Island based on
the spatial distribution of Aqua Modis satellite imagery in August ranges from 0.0 - 0.1063
m/s, in September it ranges from 0.0230 - 0.1074 m/s and in October it ranges from 0.0696 -
0.2470 m/s.

Environmental parameters observed in situ include dissolved oxygen, brightness,
temperature, salinity, pH, current velocity, phosphate levels, nitrite levels and plankton
abundance. The value of aquatic environmental parameters in Awang Bay does not have a
significant difference between observation stations and between observation times (Figure
5). The results of field measurements illustrate that the waters of Teluk Awang have a
temperature range of 27.6 - 31.2 °C, a brightness of 4 - 20 m or a percentage of a brightness
level of 60 - 90%, a salinity of 32 - 34 ppt, a pH of 7.8 - 8.5, dissolved oxygen. 5.3 — 7.6 ppm,
current velocity 0.05 — 0.25 m/s, phosphate levels ranged from 0.03 — 0.53 ppm, nitrate
0.002 — 0.01 ppm, and abundance of plankton ranged from 72 x 106 — 240 x 106 cell/I.
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Figure 4. Spatial distribution of sea surface temperature, chlorophyll-a and currents in
August - October
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Figure 5.Temperature, brightness, salinity, pH, oxygen solubility, current, phosphate, nitrate
and plankton abundance conditions in August - October

3.2. Puelurus Settlement and its relation to Environmental Parameters

The distribution of lobster peurulus settlement at three observation stations in the waters of
Awang Bay is shown in Figure 6.The number of lobster puerulus obtained from each
installed collector shows that there is no difference in the distribution of puelurus between



stations| and the month of observation and the number is relatively small, ranging from 8-15
per trip. The relationship between aquatic environment parameters and settlement of lobster
puerulus was analyzed using multiple regression with the Stepwise method, where
settlement of lobster puerulus as the dependent variable and environmental parameters as
the independent variable. The requirements are met to get the best regression model with

normality test and multicollinearity test.
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Figure 6. [Settlemelnt of lobster peurulus in August — October

The results of the data normality test using the One-sample Kolmogorov-Smirnov Test
obtained a significance value greater than 0.05 (Asymp.Sig>0.05), this indicates that the
dependent variable and the independent variable are normally distributed. Furthermore, the
multicollinearity test results show that the independent variables of plankton abundance and
temperature do not occur multicollinearity with a tolerance value> 0.1 and a variance
current velocity, dissolved oxygen, salinity, pH, phosphate and nitrate occur multicollinearity
(Table 1).

Table 1. Multicollinearity test results

Model ) - Variance Proportions
DI n Eigenvalue  Condition Index
imension (Constant)  abund_plankt temp
1 1 1.921 1.000 .04 .04
2 .079 4.930 .96 .96
2 1 2.903 1.000 .00 .00 .00
2 .096 5.491 .00 .24 .00
3 .000 116.488 1.00 .76 1.00

a. Dependent Variable: puerulus_lobster

The results of the analysis of variance (F test) to determine the effect of the independent
variables of plankton abundance and temperature simultaneously on the settlement of
lobster puerulus, in the first model the significance value (Sig < 0.050) and F., iS greater
than Fype (129.320 > 5.591), after re-analysis by using the second model, the same value is
obtained], namely the significance (Sig <0.050) and Fgoun is greater than Fipe (244.262>

5.143). This shows that in the first and second models the independent variables of plankton
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abundance and temperature simultaneously significantly affect the settlement of puerulus
lobster (Table 2).

The results of the regression coefficient (t-test) to determine the effect of the independent
variable plankton abundance and temperature partially on the settlement of lobsterpuerulus,
in the second model the significance value of the plankton abundance variable is obtained
(Sig <0.050) and tcouit is greater than type(6,400> 2,306) and temperature variables (Sig
<0.050) and teuy greater than tige (4.404> 2.306). This shows that the independent
variables of plankton abundance and temperature partially significantly affect the settlement
of lobster puerulus (Table 3).

Table 2. Results of analysis of variance (F test)

Model Sum of Squares df Mean Square F Sig.

1 Regression 115.314 1 115.314  129.329 .000%
Residual 6.241 7 .892
Total 121.556 8

2 Regression 120.081 2 60.040  244.262 .000°
Residual 1.475 6 .246
Total 121.556 8

a. Predictors: (Constant), abund_plankt
b. Predictors: (Constant), abund_plankt, temp
c. Dependent Variable: puerulus_lobster

Table 3.Results of regression coefficient analysis (t test)

e Unstandardized Coefficients Sé%g?f?éi(:rz]fsd i Sig.

B Std. Error Beta
1 (Constant) 3.761 .808 4.656 .002
abund_plankt .068 .006 974 11.372 .000
2 (Constant) -29.675 7.605 -3.902 .008
abund_plankt .042 .007 .607 6.400 .001
temp 1.252 .284 417 4.404 .005

a. Dependent Variable: puerulus_lobster

The results of the regression analysis using the stepwise method obtained the best model
for the relationship between plankton abundance and temperature with settlement of the
lobster puerulus with the following equation:

Y =-29.675 +0.042 X; + 1.252 X,
Based on the regression model, it can be stated that an increase in plankton abundance of
106 ind/l is thought to have an effect on the settlement of puerulus lobsters by 0.042 and an
increase in temperature of 1 °C which is thought to have an effect on the increase in
settlement of lobster puerulus by 1.252. Figure 7 shows a graph of the relationship between
field settlement and predicted puerulus lobster settlement.
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Figure 7. Relationship between field settlement and predicted puerulus lobster settlement

The results of statistical analysis show that of the nine environmental parameters btudied\,m,

there are two parameters that have significant individual effect on the settlement of lobster
puerulus, namely plankton abundance, and temperature. The results of linear regression
analysis to determine the relationship of plankton abundance and partial temperature to the
settlement of lobster puerulus can be seen in Figures 8 and 9.
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Figure 8. Results of linear regression analysis of plankton abundance with settlement of
spiny lobster puerulus
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Figure 9.Results of temperature linear regression analysis with settlement of spiny lobster
puerulus

In Figure 8, it can be seen that the settlement of puerulus lobster is generally in the sea
water temperature range of 72 x 106 — 240 x 106 ind/l. The coefficient of determination (Rz)
between temperature and settlement of spiny lobster puerulus is 0.9487, meaning that the
effect given by temperature on lobster puerulus settlement is 94.87% and the rest is
influenced by other environmental parameters. Settlement of lobster puerulus generally is in
the sea temperature range of 27.5 - 31.2 °C. The coefficient of determination (R?) between
temperature and settlement of lobsterpuerulus is 0.9051, meaning that the effect of
temperature on settlement of lobster puerulus is 90.51% and the rest is influenced by other
environmental parameters (Figure 9).

3.3.Discussion
The dynamics of oceanographic environmental factors that tend to change with space and
time can cause changes in the adaptation and behavior of fish or target biota, where each
type of fish or biota has different adaptability to oceanographic conditions for their survival.
Therefore, the distribution of chlorophyll a, temperature and changes as well as the current
pattern that occurs will affect the fish in their activities, especially in foraging, laying eggs,
conducting cultivation and migration. Water quality conditions play a major role in the
existence, growth, reproduction and migration of lobster seeds in waters. Growth and
development variability of lobsters is generally associated with environmental heterogeneity

(4], [91.

The seasonal temperature changes in waters, apart from being caused by the heat of the
sun shining on the sea surface, are also influenced by surface currents, cloud conditions,
horizontal and vertical exchange of water masses as well as the presence of upwelling [20].
In addition to the influence of monsoon winds, SST in Indonesian waters is influenced by
global climate phenomena such as El Nino and Indian Ocean Dipole (IOD), especially in
waters associated with the Indian Ocean [21]-[23], and in general the west monsoon is
cooler than the east monsoon. The low SST value in the Southern Waters of Lombok Island
is due to the direct connection with the Indian Ocean which is the most intensive upwelling
area [24]. The upwelling phenomenon that occurs in Lombok waters is due to differences in
the pattern of movement of wind direction and speed from changes in the seasonal wind
cycle which are divided into different patterns of movement of wind direction and speed from
changes in the seasonal wind cycle which is divided into four seasonal cycles
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The puerulus lobster (Panulirusspp) larvae are commonly found in waters with temperatures
ranging from 26 - 30 C or prefer cold water in subtropical areas [4], while in the tropics the
larvae can live in a temperature range of 28-32 °C[25], [26]. The temperature in the aquatic
ecosystem fluctuates both daily and yearly, especially following the pattern of air
temperature in the surrounding environment, sunlight intensity, geographical location, shade
and the internal conditions of the waters themselves such as turbidity, depth, current velocity
and accumulation of organic matter on the bottom of the waters. Temperature has a very
important role for life in water. The solubility of various types of gases in water as well as all
biological activities in the waters are strongly influenced by temperature. This temperature
range usually applies in Indonesia as a tropical country so it is very profitable to carry out
lobster cultivation activities

The concentration of chlorophyll-a in water depends on the availability of nutrients and the
intensity of sunlight [27]. If enough nutrients and sunlight are available, the chlorophyll-a
concentration will be high and vice versa. Chlorophyll-a in the Southern Waters of Lombok
Island in a period of 5 years from 2009-2013. Chlorophyll-a is concentrated in coastal waters
and its concentration is decreasing towards the offshore direction. The high concentration of
chlorophyll-a in coastal waters occurs because of the accumulation of nutrients carried by
river flows to sea waters in coastal areas [23]. Chlorophyll-a in bay and coastal waters is a
product of high water productivity processes that occur due to the stirring process of the
bottom of the waters by the movement of seawater masses towards the bay and coastal
areas as happened on the coast of West Lombok [28]. The west season is the season where
the chlorophyll-a concentration is quite high. This is thought to have occurred because of the
high rainfall that fell on the island of Lombok, causing a lot of nutrients to enter sea waters
through rivers. On the other hand, in the eastern monsoon and transition 2, there is a
decrease in chlorophyll concentrations in the southern waters of Lombok Island.

Ocean currents are the movement of water masses vertically and horizontally so that they
are in balance, or very broad water movements that occur throughout the world's oceans
[29]. Current is also the flowing motion of a mass of water caused by wind or differences in
density or wave movement. Current movement through Indonesia. from the Pacific to the
Indies is part of the global circulation system (global conveyor belt) [30]. The mass of water
flowing from the Pacific Ocean through several straits in the Indonesian Archipelago to the
Indian Ocean, known as the Indonesian Cross Flow (ARLINDO), also affects the
oceanographic conditions of the Eastern Indian Ocean including the Southern waters of
West Java [30], [31]. One of the currents that is part of the regional circulation system of the
Indian Ocean water masses in the southeast and plays a significant role in the supply of
water masses entering the southern waters of Lombok is the Java Coastal Current (APJ) or
the South Java Current [32].

The current speed is classified as weak. For the purposes of lobster cultivation, sea water
flow velocity of 0.2 - 0.4 m/s is the optimal speed that can produce good water circulation.
This water circulation is related to the supply of oxygen into the system and the discharge of
ammonia to the outside of the culture system. Seawater flow velocity less than 0.2 m/s
results in less than optimal water circulation, while flow velocity exceeding 0.4 m/s is too
strong for cultured fish and damages the construction of the culture system. Water
circulation that is not optimal can cause a low supply of oxygen, so that it has an impact on
the low appetite and growth of cultured fish. Water circulation that is not optimal also has an
impact on the high population growth of moss (periphyton) and other adhering biota
(biofouling) on construction materials and net bags, and is detrimental. Net bags that are
rapidly growing by biofouling must be cleaned frequently so as not to block ocean currents
and interfere with water circulation in the codend.



Good brightness for aquaculture should be at least 3 m. Brightness indicates the ability to
penetrate light into the water. The level of light penetration is greatly influenced by
suspended and dissolved particles in water, thereby reducing the rate of photosynthesis.
One of the brightness measurements can be done with a sechi disk with units of meters or
percentages. The measured brightness level is very relative to the water depth. The lobster
puerulus larvae (Panulirusspp) are found in waters with salinity ranging from 25 - 40 ppt [4].
Especially for lobster cultivation, the required salinity value is in accordance with the type of
fish to be cultivated. This is because certain lobsters require a certain salinity as well.
Lobsters have tolerance to changes in salinity, some types of fish have salinity values
requiring different values.

Waters with a neutral to slightly alkaline pH are waters with ideal conditions for the
development of marine aquaculture with various commaodities. Tolerance for crayfishl or fish

to pH depends on many factors including temperature, dissolved oxygen concentration,
variations in various anions and cations, type and life cycle of biota. Alkaline waters (7 — 9)
are productive waters and play a role in encouraging the process of changing organic matter
in water into minerals that can be assimilated by photoplankton. The pH of water fluctuates
following dissolved CO2 levels and has an inverse relationship pattern, the higher the water
CO2 content, the pH will decrease and vice versa.

Dissolved oxygen is the most critical parameter in lobster culture compared to seaweed and
pearl oysters. Oxygen comes from the process of air diffusion and photosynthesis, and is
influenced by temperature, salinity and air pressure. An increase in temperature, salinity and
pressure causes a decrease in oxygen, and vice versa. If for life, 1 ppm of oxygen is
needed, but to be able to grow and develop at least 3 ppm. For the benefit of lobster
cultivation, optimal dissolved oxygen ranges from 5 - 8 ppm [33]. Phosphate levels at all
stations are still normal for the tropics, where the Ministry of Environment concerning
Seawater Quality Standards, the threshold value of phosphate and nitrate levels for marine
biota is 0.015 ppm and nitrate is 0.008 ppm [34]. Elements of N and P are often used as
limiting factors in waters because these two elements are needed by phytoplankton in large
quantities, but if the availability of these two elements in the relevant habitat is below the
minimum requirement, as a result the growth of phytoplankton will be disrupted or the
population will decrease. The number of total P and total N forms in the waters is a potential
estimate for the fertility of a waters [35].

The abundance of plankton obtained is very supportive of the survival of puerulus lobster
larvae. The main diet of puerulus larvae in Teluk Awang waters consists of phytoplankton
class bacillariophyceae (Grammatophora marina, Naviculacancellata, and Synedra radians)
and zooplankton class oligotricheae (Tintinnopsislobbyancoi) [36]. The existence of plankton
greatly affects life in the waters because it plays an important role as food for various marine
organisms [37]. Changes in water function are often caused by changes in the structure and
quantitative value of phytoplankton. These changes can be caused by factors originating
from nature or from human activities such as sporadic increases in nutrient concentrations
so that it can cause an increase in the quantitative value of phytoplankton beyond the normal
limits that can be tolerated by other living organisms. The dynamics of phytoplankton in the
waters of the Lombok Strait, North Lombok Regency are influenced by conditions of
brightness, phosphate and nitrate levels [38].

A relatively high abundance of lobster larvae was found in the June-July period, then
decreased in the August-September period [9]. Trends in the abundance of lobster larvae
such as this are due to the tendency in these waters around May to be the season for young
lobsters (fingerling) measuring about 6-8 cm; which allows the availability of juvenile larvae
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measuring 2-3 cm (the size of larvae that are often attached to collectors) around this time is
relatively low. While found that the abundance of P. homarus lobster larvae tends to be
dominant at the mouth of the bay with an abundance ranging from 10-12 ind./unit [10].

The results of statistical analysis showed that of the nine environmental parameters studied,
there were two parameters that significantly influenced individually on the settlement of
puerulus lobster, namely the abundance of plankton and temperature. The significant
relationship between plankton abundance and settlement of obsterpuerulus is thought to be
due to plankton, especially phytoplankton, which is the main food of puerulus larvae, so that
the abundance of phytoplankton is directly proportional to the abundance of puerulus larvae
(Figure 8). This is supported by the statement that the distribution of puerulus larvae is
influenced by habitats with specific characteristics according to their needs related to the
availability of food, shelter, and reproduction [39]. The main diet of puerulus larvae in Awang
Bay waters consists of phytoplankton class bacillariophyceae (Grammatophora marina,
Naviculacancellata, and Synedra radians) and zooplankton class oligotricheae
(Tintinnopsislobbyancoi) [36].

The significant relationship between temperature and settlement of lobster puerulusis

thought to be due to the temperature of the sea waters in Awang Bay which is still relatively
stable so that the lobster seeds still survive and can support the growth of lobster puerulus.
The results of research in South Konawe Waters show that puerulus larvae live and develop
well in the temperature range between 28 - 32 °C(Owu et al., 2020; Wandira et al., 2020).
The development of larvae and post larvae of lobsters is very sensitive to changes in water
temperature [4].

Temperature is an important parameter in determining heat or heat energy, while water
temperature affects many life cycles in the sea. Fish spawning, feeding, and nursing are also
affected by the temperature in the waters [40]. Water temperature can also affect natural
phenomena in the sea and affect a global climate [41]. The seasonal pattern that occurs in
the southern waters of Lombok is influenced by the movement pattern and monsoon wind
speed. The pattern of monsoon wind movement will affect the distribution of SST in the
waters north and south of Lombok. The pattern of wind movement in Lombok waters is
influenced by four seasons, namely the west season, transition season |, east season, and
transition season Il [24]. The west season in Lombok waters occurs from December to
February, the transitional season | occurs in March-May, the eastern season occurs in June-
August, and the transitional season Il occurs in September-November. If the distribution of
SST is related to the movement of wind direction and speed, it will strengthen the statement
that the high or low SST values are influenced by winds and changes in seasons.]

4/cONCLUSION
[The distribution of sea surface temperature and chlorophyll-a in the waters of Awang Bay

and its surroundings based on satellite imagery during August to October shows that warm

temperatures and chlorophyll-a are concentrated in coastal areas and are decreasing

towards offshore. Based on field measurements, all parameters of the aquatic environment

have appropriate threshold values for marine biota.The results of statistical analysis show

that of the nine environmental parameters studied, there are two parameters that have

significant individual effect on the settlement of lobster puerulus, namely plankton

abundance and temperature. Meanwhile, brightness, current velocity, dissolved oxygen,

salinity, pH, phosphate and nitrate have no significant effect due to multicollinearity.
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The significant relationship between plankton abundance and temperature and settlement of
lobster puerulus is due to plankton being the main food for larvae, and the temperature of
the sea waters in Awang Bay is still relatively stable so that lobster seeds still survive and
can support the growth of puerulus lobster.The spatial and temporal distribution of the fishing
ground for lobster seeds in the waters of Awang Bay and its surroundings is unknown from
this study, due to time constraints. Therefore, further research is needed to represent the
eastern, western and transitional seasons.]

REFERENCES

[1

[2]

(3

(4]

(5]
(6]

[7]

(8]
(9]

[10]

[11]

[12]

[13]

D. Diaz, M. Mari, and P. Abellé, “Settlement and juvenile habitat of the European
spiny lobster Palinurus elephas ( Crustacea: Decapoda : Palinuridae ) in the western
Mediterranean Sea *,” Sci. Mar., vol. 65, no. 4, pp. 347-356, 2001.

B. F. Phillips, J. D. Booth, J. S. Cobb, A. G. Jeffs, and P. McWilliam, “Larval and
Postlarval Ecology,” in Lobster: Biology, management, Aquaculture and Fisheries, 1st
ed., B. F. Phillips, Ed. Victoria 3053,: Blackwell Publishing Ltd Editorial, 2006, pp.
231-262.

M. Junaidi, N. Cokrowati, and Z. Abidin, “Tingkat laku induk betina selama proses
pengeraman telur dan perkembangan larva lobster pasir (Panulirus homarus
Linneaus , 1785 ),” J. akuatika, vol. 2, no. 1, pp. 26-36, 2011.

B. F. Phillips and P. S. McWilliam, “Spiny lobster development: Where does
successful metamorphosis to the puerulus occur?: A review,” Rev. Fish Biol. Fish.,
vol. 19, no. 2, pp. 193-215, 2009, doi: 10.1007/s11160-008-9099-5.

N. T. K. Thao, “Opportunities and challenges in lobster marine aquaculture in
Vietnam: The Case of Nha Trang Bay,” 2012.

B. Priyambodo, C. Jones, and J. Sammut, “The effect of trap type and water depth on
puerulus settlement in the spiny lobster aquaculture industry in Indonesia,”
Aquaculture, vol. 442, pp. 132-137, 2015, doi: 10.1016/j.aquaculture.2015.02.037.

E. Erlania, I. N. Radiarta, and J. Haryadi, “Status Pengelolaan Sumberdaya Benih
Lobster Untuk Mendukung Perikanan Budidaya: Studi Kasus Perairan Pulau
Lombok,” J. Kebijak. Perikan. Indones., vol. 8, no. 2, p. 85, 2017, doi:
10.15578/jkpi.8.2.2016.85-96.

K. Hilal and Y. Fachri, “Kepentingan Indonesia melarang ekspor benih lobster ke
Vietnam tahun 2015,” Jom Fisip, vol. 3, no. 2, pp. 1-15, 2016.

E. Erlania, I. N. Radiarta, and K. Sugama, “Dinamika kelimpahan benih lobster
(Panulirus spp.) di Perairan Teluk Gerupuk, Nusa Tenggara Barat: tantangan
pengembangan teknologi budidaya lobster,” J. Ris. Akuakultur, vol. 9, no. 3, p. 475,
2014, doi: 10.15578/jra.9.3.2014.475-486.

M. Junaidi, N. Cokrowati, N. Diniarti, A. A. Damayanti, and Y. Wardiatno, “The
dynamic of spiny lobster larvae abundance in Awang Bay waters of Lombok Island,
Indonesia,” in IOP Conference Series: Earth and Environmental Science, 2019, vol.
348, no. 1. doi: 10.1088/1755-1315/348/1/012056.

B. Priyambodo, “The development of spiny lobster aquaculture in Indonesia through
the enhancement of puerulus catch and technology transfer,” The University of New
South Wales, 2018.

J. M. M. Arcenal, “Sustainable Farming of Spiny Lobster in Western Mindanao,
Philippines,” in Proceedings of a workshop held at the Institute of Oceanography,
Nha Trang, Vietnam, July 2004. Spiny lobster ecology and exploitation in the South
China Sea region, 2004, no. July, pp. 19-20.

N. Caputi, R. Melville-Smith, S. de Lestang, A. Pearce, and M. Feng, “The effect of
climate change on the western rock lobster (Panulirus cygnus) fishery of Western
Australia,” Can. J. Fish. Aquat. Sci.,, vol. 67, no. 1, pp. 85-96, 2010, doi:

Comment [MI1122]: Minimize non-English
literature




[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

10.1139/F09-167.

O. Gonzaler and I. S. Wehrtmann, “Postlarval settlement of spiny lobster , Panulirus
argus ( Latreille , 1804 ) ( Decapoda : Palinuridae ), at the Caribbean coast of Costa
Rica,” Lat. Am. J. Aquat. Res, vol. 39, no. November, pp. 574-583, 2011, doi:
10.3856/vol39-issue3-fulltext-17.

M. Z. Lubis, O. Gustin, W. Anurogo, H. Kausarin, K. Anggraini, and A. Hanafi,
“Penerapan teknologi peginderaan jauh di bidang pesisir dan lautan,” Osenana, vol.
3, pp. 56-64, 2017.

B. Pranata, V. Sabariah, and Suhaemi, “Aspek biologi dan pemetaan daerah
penangkapan lobster (Panulirus spp ) di perairan Kampung Akudiomi Distrik Yaur
Kabupaten Nabire,” J. Sumberd. Akuatik Indopasifik, vol. 1, no. 1, pp. 1-14, 2017.

S. Bahrawi, B. Priyambodo, and C. Jones, “Census of the lobster seed fishery of
Lombok,” in Spiny lobster aquaculture development in Indonesia, Vietham and
Australia. Proceeding of the International Lobster Aquaculture Symposisum hleld in
Lombok, Indonesia 22-25 April 2014, 2015, pp. 12-19.

W. A. V. Clark and P. L. Hosking, Statistical Methods for Geographers. John Wiley &
Sons, Inc, 1989. doi: 10.1080/00401706.1989.10488536.

M. H. Kutner, C. J. Nachtsheim, and J. Neter, Applied Linear Regression Models,
Fourth  Edi. Boston:  McGraw-Hill  Irwin, 2003. [Online]. Available:
https://www.academia.edu/40480804/Applied_Linear_Regression_Models_4th_edi
A. M. Rahman, M. L. S, M. U. K. Agung, and Sunarto, “Pengaruh Musim Terhadap
Kondisi Oseanografi Dalam Penentuan Daerah Penangkapan lkan Cakalang di
Perairan Selatan Jawa Barat,” J. Perikan. dan Kelaut., vol. X, no. 1, pp. 92-102,
2019, [Online]. Available: http://jurnal.unpad.ac.id/jpk/article/view/23048/11249

I. Iskandar, W. Mardiansyah, D. O. Lestari, and Y. Masumoto, “What did determine
the warming trend in the Indonesian sea?,” Prog. Earth Planet. Sci., vol. 7, no. 1,
2020, doi: 10.1186/s40645-020-00334-2.

D. W. Kusuma, A. Murdimanto, L. Y. Aden, B. Sukresno, D. Jatisworo, and R.
Hanintyo, “Sea Surface Temperature Dynamics in Indonesia,” IOP Conf. Ser. Earth
Environ. Sci., vol. 98, no. 1, 2017, doi: 10.1088/1755-1315/98/1/012038.

E. Putra, J. L. Gaol, and V. P. Siregar, “Hubungan Konsentrasi Klorofil-a Dan Suhu
Permukaan Laut Dengan Hasil Tangkapan lkan Pelagis Utama Di Perairan Laut
Jawa Dari Citra Satelit Modis,” J. Teknol. Perikan. dan Kelaut., vol. 3, no. 2, pp. 1-10,
2017, doi: 10.24319/jtpk.3.1-10.

Emiyati, K. T. Setiawan, S. Budhiman, and B. Hasyim, “Perairan Lombok
Mengunakan Data Penginderaan Jauh,” Proceeding Semin. Nas. Penginderaan Jauh
2014, pp. 470-479, 2014, [Online]. Available:
http://sinasinderaja.lapan.go.id/files/sinasja2014/prosiding/bukuprosiding_470-
479.pdf

C. R. Owu, M. Ramli, and Halili, “Kepadatan dan pola sebaran benih lobster
(Panulirus Spp.) berdasarkan tipe habitat di Peraran Desa Ranooha Raya,
Kecamatan Morano, Kabupaten Konawe Selatan,” Sapa Laut, vol. 5, no. 1, pp. 69—
76, 2020, [Online]. Available:
http://ojs.uho.ac.id/index.php/JSL/article/view/10955/7786

A. Wandira, M. Ramli, and Halili, “Jenis dan kelimpahan benih lobster berdasarkan
kedalaman perairan Desa Ranooha Raya, Kecamaran Moramo, Kabupaten Konawe
Selatan,” wvol. 5, no. 2, pp. 163-172, 2020, [Online]. Available:
http://ojs.uho.ac.id/index.phpl/js|

R. Effendi, P. Palloan, and N. lhsan, “Analisis Konsentrasi Klorofil-a di Perairan
Sekitar Kota Makassar Menggunakan Data Satelit Topex/Poseidon,” J. Sains dan
Pendidik. Fis., vol. 8, no. 3, pp. 279-285, 2012.

R. Triadi, M. Zainuri, and M. Yusuf, “Pola Distribusi Kandungan Klorofil-a Dan Suhu
Permukaan Laut Di Perairan Lombok Barat, Nusa Tenggara Barat,” J. Oceanogr.,



[29]

(30]

(31]

[32]

(33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

vol. 4, no. 1, pp. 233-241, 2015, [Online]. Available:
https://ejournal3.undip.ac.id/index.php/joce/article/view/7687/7447

F. Putra, Z. Hasan, and N. Purba, “Kondisi Arus Dan Suhu Permukaan Laut Pada
Musim Barat Dan Kaitannya Dengan Ikan Tuna Sirip Kuning ( Thunnus Albacares )
Di Perairan Selatan Jawa Barat,” J. Perikan. Kelaut., vol. VII, no. 1, pp. 156-163,
2016.

A. L. Gordon, “Interocean Exchange, in Ocean Circulation and Climate,” in Ocean
Circulation & Climate. Observing and Modelling the Global Ocean., no. JANUARY
2001, Academic Press., 2001, pp. 303—-316.

M. Hasanudin, “Arus Lintas Indonesia (Arlindo),” Oseana, vol. 23, no. 2, pp. 1-9,
1998.

A. S. Atmadipoera and P. Hasanah, “Characteristics and Variability of the Flores Itf
and Its Coherence With the South Java Coastal Current,” J. llmu dan Teknol. Kelaut.
Trop., vol. 9, no. 2, pp. 537-556, 2018, doi: 10.29244/jitkt.v9i2.19289.

M. Junaidi and M. S. Hamzah, “Kualitas perairan dan dampaknya terhadap
pertumbuhan dan sintasan udang karang yang dipelihara dalam keramba jaring
apung di Teluk Ekas, provinsi Nusa Tenggara Barat,” J. lImu dan Teknol. Kelaut.
Trop., vol. 6, no. 2, pp. 345-354, 2014.

MNLH, “Keputusan Menteri Negara Lingkungan Hidup No 51 Tahun 2004 tentang
Baku Mutu Air Laut,” in Lembaran Negara Repbublik Indonesia, 2004, no. 51, p. 10.
A. Mustofa, “Kandungan nitrat dan pospat sebagai faktor tingkat kesuburan perairan
pantai,” Disprotek, vol. 6, no. 1, pp. 13-19, 2015.

M. Ihsan et al., “Analisis makanan alami dalam lambung dan mikrohabitat lobster
pasir (Panulirus homarus) fase puerulus di Teluk Awang,” J. Ris. Akuakultur, vol. 14,
no. 3, pp. 183-191, 2019.

D. Djokosetiyanto and S. Rahardjo, “Kelimpahan dan keanekaragaman fitoplankton
di Perairan Pantai Dadap Teluk Jakarta,” JIPPI, vol. 13, no. 2, pp. 135-141, 2003.

M. Junaidi, Nurliah, and F. Azhar, “Community structure of phytoplankton and its
relationshp to waters quality in Lombok Strait , North,” Int. J. Ocean Oceanogr., vol.
12, no. 2, pp. 159-172, 2018.

R. Thangaraja and E. V Radhakrishnan, “Fishery and ecology of the spiny lobster
Panulirus homarus (Linnaeus, 1758) at Khadiyapatanam in the southwest coast of
India,” J. Mar. Biol. Assoc. India, vol. 54, no. 2, pp. 69-79, 2012, doi:
10.6024/jmbai.2012.54.2.01712-12.

C. N. Cahya, D. Setyohadi, and D. Surinati, “Pengaruh Parameter Oseanografi
terhadap Distribusi Ikan,” Oseana, vol. 41, no. 4, pp. 1-14, 2016.

J. L. Gaol, R. E. Arhatin, and M. M. Ling, “Pemetaan Suhu Permukaan Laut Dari
Satelit Di Perairan Indonesia Untuk Mendukung ‘ One Map Policy ,”” Proceeding
Semin. Nas. Penginderaan Jauh 2014, pp. 433-442, 2014, [Online]. Available:
http://sinasinderaja.lapan.go.id/files/sinasja2014/prosiding/bukuprosiding_433-

442 pdf

-] Comment [MI123]: It is necessary to write the

language in the non-English literature. Ex:
....[English]




