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Abstract. Tawang Bay and Karranggongso Bay have been well-known as settlement areas for lobster larvae in East Java Indonesia,
which may suggest that the location are suitable environments including diet availability for lobster larvae. Therefore, the study aimed to
investigate the abundance and diversity of plankton in the both locations to discover potential live diets for lobster larvae. Plankton
samples were collected in both locations using a plankton net at four different depths: 0.3m, 2.5m, m, and 20m with three replicates.
The result revealed that 17 plankton species were identified from the 0.30m depth, 13 species at a depth of 2.5m, 11 species at a depth of
5m, and 13 species at 20m at Karanggongso Bay. While, 17 plankton species were discovered on the surface of Tawang Bay waters: 11
species at a 2.5m, 12 species at 5m, and 12 species at 20m. The diversity index and uniformity indices of plankton in both locations
were considered at a moderate. While there were no dominant species at both locations, indicated by the dominance index values ranged
from 0.13-0.30. Among the identified plankton species, Oithona sp., and Acartia sp. are considered potential live feed for lobster larvae,
and thus should be further studied.

Key words: diversity, diets, dominance, lobster, plankton, uniformity.
Abbreviations (if any): -
Running title: Plankton diversity in lobster natural habitat

INTRODUCTION

Lobster is an important fishery commodity in Indonesia due to its high price, high nutritional contents as well as high
market demands. According to the Indonesian Central Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value and continuously increasing marketing demands at national
or global markets indicate that lobster is a high-potential fisheries commodity. However, the lobster supply has been
highly dependent on the wild catch because lobster aquaculture has not been well developed yet. One of the main issues
faced in lobster aquaculture is larval production, which currently relies on the availability of seeds in nature. Many studies
have been conducted to study various factors relating to larval production of larvae including spawning-inducing
technology and rearing condition, yet the success rates are very low. Several authors have succeeded to breed and
producing larvae. Yet, the larvae can live only 7-14 days after hatching. It is hypothesized that the main challenge is in diet
availability and suitability. According to Amin et al. (2022b), one way to start domesticating wild species is firstly by
collecting information on their natural habitat as much as possible. Similarly, Kashinskaya et al. (2018) suggest that
profiling certain animals' natural habitat may reveal their diets.

Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several authors have previously reported the physical and chemical
characteristics of the natural settlement areas of lobster larvae (Amin et al. 2022c¢; Boudreau et al. 1992; Lillis and
Snelgrove 2010). However, studies investigating biological aspects of settlement habitat in the natural environment of
lobster larvae are still very limited. Meanwhile, many studies conclude that biological factors hold important information
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for the lobster larvae, especially for diets (O’Rorke et al. 2014). Accordingly, biological aspects such as natural dietary
aspects and lobster predation processes that occur in nature during larval and post-larval stages could be critical
information that must be considered for hatchery production. In their natural settlement habitat, plankton might be a
natural diet source for various types of fish seeds, including lobster seeds. Raza'i et al. (2018) added that the availability of
plankton as a natural diet source has a significant impact on the dependence and growth of marine organisms such as fish,
crabs, shrimp, and lobsters.

Profiling plankton diversity and abundance might reveal potential diets for lobster larvae. A similar approach has been
done in some studies. For instance, lhsan et al. (2019) conducted research on plankton as a natural feed for lobster larvae
and post-larvae in natural habitats in Teluk Awang, Central Lombok. Trijoko and Pasaribu (2003) conducted another study
in Wedi Ombo Bay, Gunung Kidul, Yogyakarta. The study results in general suggest that each location has a different
structure and abundance, although some species were the same between the area. All these results raise questions about
whether lobster larvae are opportunistic feeders or specific feeders. To answer these questions more studies are required by
collecting more information in more settlement areas of lobster.

Tawang Bay been well-known as one of the most settlement areas for lobster larvae in East Java Indonesia (Amin et al.
2022a); therefore, it is assumed to have important suitable diet availability for lobster larvae. However, studies on the
biological aspects of both locations areas are still very limited. Thus, the objective of this research is to investigate the
plankton diversity, abundance, uniformity, and dominance indices in the natural settlement habitat of lobster larvae at
Karanggongso and Tawang Bays. The study results are expected to enrich the information on potential diets for lobster
larvae for hatchery development.

MATERIALS AND METHODS

Study area
The collection of plankton samples was carried out in two common settlement areas of lobster larvae in East Java
Indonesia (Tawang Bay) with a protocol as previously described by Amin et al. (2022c). The sampling location

was72 performed at ordinate points: 8°15'57.4"S 111°17'46.0" E (L1), 8°15'54.3"S 111°17'48.2"E (L2) and 8°15'51.5"S

73 111°17'46.2"E (L3), (Figure 1). Plankton sampling was conducted at three different sampling points with four different
74 depths: 0-0.3 m, 2.5 m, 5 m, and 20 m. The water samples were filtered using a plankton net and placed in sterile bottles.
75  The filtered sample was then immediately given Lugol which acts as a plankton preservative, up to 1% of the total filtering
76  and wrapped in Styrofoam. The samples were then examined in the Microbiology Laboratory, Faculty of Fisheries and
77 Marine Science at Airlangga
University.78
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80 Figure 1 Two sampling locations: Karanggongso Bay, Trenggalek Regency [a], and Tawang Bay, Pacitan Regency [b], East Java,
81 Indonesia.
82 Karanggongso Bay waters have temperatures ranging from 27-28 °C, a DO content of 7.48 mg/L, a salinity of 26 ppt, a
83 pH of 7-8, a NO3 content of 0.01 mg/L, and a muddy substrate. Tawang Bay waters temperatures are slightly warmer than
84 Karanggongso Bay, with water temperature ranging from 28.2-28.3 °C, with a significantly lower, DO content of 3.35



85 mg/L. moreover, Tawang Bay has a higher salinity of 35 ppt, a pH of 8, a NO3 content of 0.01, a depth of 15 m, and a

86  sandy substrate

87 Abundance and Identification of planktons

88 Firstly, plankton identity and their abundances were analyzed using a protocol of LeGresley and McDermott (2010). In

89 brief, plankton samples were placed on a Sedgewick Rafter Counting Cell and observed under a binocular microscope with

90 a magnification of 1000x. Thereafter each plankton found in each sample was counted, photographed, and identified

91 according to an identification book guide by Mazzocchi et al. (2012). Then, the abundance index was calculated according

92 to the following formula (Fachrul 2012)::

N = a o C o Vb o 1

93 b d " Vsre Vs

94  Where “N” represents the abundance of plankton (plankter/L), “a” represents the number of SRC boxes, “b” is the area of

95 one field of view (mm2), “c” denotes the number of individuals observed, and “d” indicates the number of boxes observed.

96  “Vb” is the volume of water in the sample bottle (ml), “Vsrc” is the volume of water in the SRC (ml), and “Vs” represents

97  the volume of water filtered in the Field (L).

98 Diversit, Uniformity and dominant indices

99 The diversity index value (H") was calculated using the following formula (Fachrul 2012):
100 H' = — Y PilnPi,where Pi = g
101 Where H' is Shannon Wiener Diversity Index, pi is the number of individuals of the i-th species, ni is the
102 number of species, and N is the total individual number.
103 The uniformity index (E') was calculated using the “Evennes Index” formula (Ulfah et al. 2019):

10?1,,
E'=
108 where, E'is uniformity index, H': Shannon Wiener Diversity Index, S: Total number of species
106
107  The dominance index (d) was calculated using the following equation (Berger and Parker 1970):
Nmazx

108 N where, “d”: Simpson Dominance Index, Nmax: The most abundant number of individual species, dan
109 N = Total individual
number.110
111 RESULTS AND DISCUSSION
112 Plankton Abundance in Karanggongso Bay
113 Samples of water were obtained from Karanggongso Bay at three designated locations, each with four different levels
114 of depth. A total of 17 plankton species were identified from the surface water (0.0-0.3 m). The top six most abundant
115 species were Paracyclopina sp. with 21.21%, followed by Acartia sp. (18.18%), Pteropods sp. (9.09%,) Prorocentrum sp.
116 (6.06%), Dinophysis sp. (6.06%), and Saggita sp. (2.13%). Other species and their percentage was presented in Table 1. In
117 addition, at a 2.5 m depth, 13 plankton species were identified and the top 6 most abundant species were Acartia sp.
118 (26.47%), followed by Paracyclopina sp. (23.53%), Ceratium sp. (8.82%), Microstella sp. (8.82%), Dinophysis sp.
119 (5.8%), and Oncaea sp. (5.88%). The rest species with their abundance were presented in Table 1.
120 Furthermore, at 5 m depth, the Bay is home to 11 plankton species. The top 4 most abundant species were Acartia sp.
121 (30.77%), followed by Paracyclopina sp. (23.08%), Sagitta sp. (11.54%), and Oithona sp. (7.69%). While the other 7
122 species including Synedra sp., Oikopleura sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp., Microstella sp., and
123 unclassified Lucifer which were counted for 3.85% each, Table 1. Meanwhile, a total of 13 plankton species were found at
124 the depth of 20 m. The top 6 most abundant species were Acartia sp. accounted for 24.14%), followed by Paracyclopina
125 sp. with 13.79%, Pteropods sp. (10.34%), Dinophysis sp. (10.34%), Ceratium sp. with 6.90%, and Sagitta sp. with 6.90%.
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The rest species were presented in table 1.
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Table 1. Planktons identified from two natural settlement habitats of spiny lobster larvae (Karanggongso Bay and
Trenggalek Regency, East Java Indonesia) at four different depths of the water column.

Depth Species Cel(ll gg?\f /'E;

Cyclotella sp. 8

Penilia sp 8

Noctiluca sp. 8
Prorocentrum sp. 16
Dinophysis sp. 16

Ceratium sp. 8

Ceratium sp. 8
Pteropods sp. 24
0.3m Paracyclopina sp. 56
(Surface) Acartia sp. 48
Microstella sp. 8

Euphausia sp. 8

Lucifer sp. 8

Oipheureidea sp. 8

Sagitta sp. 16

Nermatea sp. 8

Actinulla larvae 8

Rizosolenia sp. 8

Penilia sp. 8

Ceratium sp. 24

Dinophysis sp. 16

Paracyclopina sp. 64

Acartia sp. 72

25m Microstella sp. 24
Oncaea sp. 16

Codonelopsis sp. 8

Oipheureidea sp. 8

Sagitta sp. 8

Actinula sp. 8

Polychaete 8

Oikopleura sp. 8

Synedra sp. 8

Coscinodiscus sp. 8

Ceratium sp. 8

Pteropods sp. 8

50m Paracyclopina sp. 48
Acartia sp. 64

Microstella sp. 8

Oithona sp. 16

Lucifer sp. 8

Sagita sp. 24

Synedra sp. 8

Penilia sp. 8

Noctiluca sp. 8

Dinophysis sp. 24

20.0m Ceratium sp. 16
(Bottom) Pteropods sp. 24
Acartia sp. 56

Paracyclopina sp. 32

Oithona sp. 8

Microstella sp. 16

11
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150

Euphausia sp. 8
Protoperidinium sp.
Sagitta sp. 16

o]

Plankton Abundance in Tawang Bay

A total of 17 plankton species were identified from the water sample at depth of 0.0-0.3 m (surface water) of Tawang
Bay. The top 9 most abundant species were Acartia sp. with an abundance of 12.82%, followed by Ceratium sp. (10.26%),
Prorocentrum sp. (10.26%), Microstella sp. (10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%), Calanus sp., (7.69%),
Synedra sp. (5.13%), and Oithona sp. (5.13%). While the rest species were counted for 2.56% each and presented in Table
2. In addition, there were 11 species of plankton found in a water sample at a depth of 2.5 m in Tawang Bay. The top 6
most abundant species were Calanus sp. (28.00%), followed by Prorocentrum sp. (12.00%), Paracyclopina sp. (12.00%),
Microstella sp. (12.00%), Oncaea sp. (8.00%), and Oithona sp. with an abundance of 8.00%. While the rest plankton
species including Synedra sp., Ceratium sp., Pteropods sp., Macropthalmus sp., and Sagita sp. were counted at 4.00%
each, Table 2.

Furthermore, a total of 12 plankton species were identified from the water sample at 5 m depth. The top 4 most
common species were Calanus sp. with an abundance of 28.57%, Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp. with an abundance of 9.52%. While the rest species including
Melosira sp., Synedra sp., Dinophysis sp., Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with an abundance of
5.00% respectively. While in the bottom waters of Tawang Bay (20 m depth), a total of 12 plankton species were
identified. The top 9 most abundant species were Prorocentrum sp. with an abundance of 16.44%, Acartia sp. with an
abundance of 16.44%, Oithona sp. with an abundance of 16.44%, Oncaea sp. with an abundance of 10.96%, Dinophysis
sp. with an abundance of 5.48%, Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma sp. with an abundance of the
abundance of 5.48%, Ceratium sp. with 5.48%, Caridean sp. (5.48%). While the rest species were presented in table 2.

Table 2. Planktons identified from the natural habitat of spiny lobster in bottom water at Tawang Bay, East Java Indonesia

Depth . Densit
P Species (Indiv/I)_/)
Synedra sp. 16
Oscillatoria sp. 8
Spirulina sp. 8
Ceratium sp. 32
Prorocentrum sp. 32
Pteropods sp. 24
0.3m Acartia sp. 40
(Surface) Microstella sp. 32
Calanus sp. 24
Oithona sp 16
Oncaea sp. 32
Euphausia sp. 8
Macrophthalamus sp. 8
Clytemnestra sp. 8
Cypris sp. 8
Unclassified Fish larvae 8
Unclassified flatworms 8
Synedra sp. 8
Prorocentrum sp. 24
Ceratium sp. 8
Pteropods sp. 8
Paracyclopina sp 24
25m Calanus sp. 56
Oithona sp. 16
Microstella sp. 24
Oncaea sp. 16
Macrophthalamus sp. 8
Sagitta sp. 8
Melosira sp. 8
Synedra sp. 8
Bivalve larvae 8
Prorocentrum sp. 16

12
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5m Dinophysis sp. 8
Microstella sp. 8
Calanus sp. 48
Oithona sp. 24
Naupli Copepoda

Temora sp.

Oncaea sp.

Sagitta sp.

Rhizoselenia sp.
Pleurosigma sp.
Prorocentrum sp.
Ceratium sp.
Dinophysis sp.
20m Microsetella sp.
(bottom) Calanus sp.
Acartia sp.
Oithona sp.
Oncaea sp.
Caridean sp.
Unclassified flatworm

= NN N =
ooooo.,_b_bm.poooo_booooooooooo.,

Diversity indices

The diversity index values obtained in the waters of Karanggongso Bay, Trenggalek Regency East Java were 2.49 +
0.07 at depth of 0.0-0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5 m, 2.02 £ 0.08 at a depth of 5 m, and 2.34 =
0.10 at the 20 m water column which indicates that the Karanggongso Trenggalek waters have moderate diversity. While
the diversity index values obtained in the waters of Tawang Bay were 2.65 + 0.03 at 0.0 — 0.3 m depth, 2.17 = 0.15 at the
2.5 m depth, 2.15 + 0.22 at a 5 m depth, and 2.32 + 0.19 at a depth of 20 m which indicates that the waters of Tawang Bay
have also moderate diversity, Figure 2

3.0
2.65
2.49
25 2,34 282
248 247 2.15
2.02
x 2.0 "
=
- m03m
E 15
e H25m
s
= 50m
010
H20.0m
0.5
0.0
Karanggongso Bay Tawang Bay
SAMPLING LOCATIONS

Figure 2. Diversity indices of plankton identified at the water column of Karanggongso Bay and Tawang Bay, East java
Indonesia. Bars are the average values with a standard deviation of three replicates.

Domination Index

The dominance index is a value that indicates whether there are plankton species that dominate certain depths in the
water column. Dominance index values obtained from the waters of Karanggongso Bay were 0.21 £ 0.03 at the 0.0-0.3 m
depth, 0.26 £ 0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and 0.24 + 0.05 at the 20 m water depth. These values
mean that no plankton species were dominant in the natural habitat of spiny lobster larvae (Karanggongso Bay). While the
dominance index values obtained from Tawang Bay waters were 0.13 * 0.03 at the 0.0-0.3 m depth, 0.28 £ 0.05 at a depth

13



169 of 2.5 m, 0.30 + 0.03 at a depth of 5 m, and 0.16 + 0.05 at the 20 m depth. Similarly, based on the values obtained from the
170 surface to the bottom of the waters shows that there are no species that dominate in Tawang Bay, Figure 4.
0.40
0.35
031
0.30 T 0.28 o.fo
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g 025 o
£ 0.p1
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‘zt 0.16 m25m
g 0.15 013 50m
(=]
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0.10
0.05
0.00
Karanggongso Bay Tawang Bay
SAMPLING LOCATIONS
171
172 Figure 4. Domination indices of planktons identified at Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars
173 are the average values with a standard deviation of three replicates.
174
175 Discussion
176 Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
177 recruitment rates of lobster larvae (Keulder 2005). Several studies have previously reported the physical and chemical
178 characteristics of the settlement area of lobster (Amin et al. 2022c; Boudreau et al. 1992; Lillis and Snelgrove 2010).
179 However, studies viewing biological aspects of settlement habitat in natural environment lobster larvae are still very
180 limited. Meanwhile, many studies conclude that biological factors such as plankton availability can be important
181 information on the natural diets of lobster larvae (O’Rorke et al. 2014). Thus the present study investigated the diversity,
182 uniformity, and dominance of plankton in two common settlement areas of lobster larvae in East Java (Karangongso Bay
183 and Tawang Bay) in Indonesia. The sampling was performed in 4 different depths which were 0.3 m, 2.5 m,5m, and 20 m
184 depth, as lobster larvae vertically migrated from the bottom during the daytime to the surface of the water during the
185 nighttime . It was also discovered that the diversity indices of plankton at both locations were 2.02-2.49 at Karanggongso,
186 and 2.15-2.65 at Tawang Bay. The diversity index values found at these two locations were all less than 3, which means at
187 a moderate level. The high or low value of plankton diversity can be caused by the evenly distributed abundance of each
188 individual or in another sense there are no species that have relatively more diversity than other species (Awwaluddin et al.
189 2017). As the diversity indices of plankton at Karanggongso Bay and Tawang Bay may which is at a moderate level may
190 suggest that plankton communities is in relatively equal distribution of different species, with no one species being
191 significantly more prevalent than others (Awwaluddin et al. 2017).
192 Similarly, the uniformity indices of planktons in both settlement areas were classified at a moderate level (0.38-0.45 at
193 Karanggongso Bay and 0.41-0.46 at Tawang Bay. The uniformity values found at each location, both Karanggongso
194 Beach waters and Tawang Beach waters, are said to have moderate uniformity. The value of uniformity is categorized to
195 be moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019). The availability of nutrients, food, and predation
196 processes can affect the high value of uniformity because it affects the type and amount of plankton. Besides that, physical
197 and chemical factors also affect the value of uniformity because it will affect the growth of plankton (Nugroho et al. 2020).
198 In addition, If the distribution of plankton in both waters is uniform, then a high degree of uniformity can be asserted .
199 While the dominance indices were ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay. The
200 result indicates that there were no dominant species at both locations since all values < 0.05. Dominance index values
201 obtained in both waters indicate the absence of plankton which dominates in Karanggongso Bay and also Tawang Bay.
202 Whether or not organisms dominate a waters can be seen from the value of the dominance index if the dominance index
203 shows a value between 0.5 to 1 then in these waters there are organisms that dominate and if it shows a value less than 0.5
204 then in these waters it indicates the absence of organisms dominating (Berger and Parker
1970).205
206 Potential Diet for Lobster Seeds
207 The result also revealed that 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m,
208 11 species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
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discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. The number of plankton species identified in the present study, in general, are higher than in
previous study reported from other settlement habitats of lobster larvae in Awang Bay west Nusa Tenggara (Amin et al.
2022c¢) and Teluk Wedi Ombo, Yogyakarta (Trijoko and Pasaribu 2004). The most abundant species identified from
Karanggongso Bay were Paracyclopina sp., Acartia sp., Pteropods sp., and Prorocentrum sp. Dinophysis sp., Saggita sp.,
Ceratium sp., Microstella sp., Dinophysis sp., Calanus sp., Synedra sp., and Oithona sp. (7.69%). While most abundant
species found in Tawang Bay were Acartia sp., Ceratium sp. Prorocentrum sp., Microstella sp., Oncaea sp., Pteropods
sp., Calanus sp., Synedra sp., Oithona sp., Calanus sp., Paracyclopina sp., Macropthalmus sp., Sagita sp., Dinophysis sp.,
and Rhizoselenia sp. of these identified plankton species, 10 species were found in both locations including Acartia sp.,
Oithona sp., Paracyclopina sp., Pteropods sp., Binophysis sp., Sagita sp., Microstellas sp. Calanus sp., Synedra sp.

Among the identified plankton species, few species have been documented as potential live diets in aquaculture
including Oithona sp. for live diet of European seabass (Dicentrarchus labrax) postlarvae (Magouz et al. 2021a), and
shrimp larvae (Dinesh Kumar et al. 2017), and Acartia sp., as a live diet for seabass larvae, Lates calcarifer (Rajkumar
2006), fat snook, Centropomus parallelus (Barroso et al. 2013), and many other aquatic larvae (Sarkisian et al. 2019). In
fact, some studies also confirmed that these plankton species were identified in the stomach content of lobster larvae. For
instance, Oithona sp. has been reported from the stomach content of spiny lobsters at the early life stage (Amin et al.
2022d; Khvorov et al. 2012). Oithona sp. has been described as a marine calanoid copepod which has high protein content,
~59.33% (Santanumurti et al. 2021), therefore frequently used as a live diet for fish or shrimp larvae. Another study has
documented that Oithona sp. had a high content of fatty acid profiles including polyunsaturated fatty acids (26.47%) and
omega-3 fatty acids (36.30) which in fact are higher compared to a commercial live diet such as Artemia (Magouz et al.
2021b). Furthermore, Acartia sp. has been also documented to be a good live diet for aquatic larvae such as seabass larvae,
Lates calcarifer (Rajkumar 2006), and fat snook, Centropomus parallelus (Barroso et al. 2013). A. clausi has been
described to have higher contents of proteins (63.12%) and lipids (16.65%) and is also richer in n — 3 fatty acids (33.94%)
than Artemia nauplii and rotifers (Rajkumar, 2006). The plankton species has been also identified in the stomach content
of spiny lobster larvae (Amin et al. 2022d). In addition, a member of Acartia (Acartia tonsa) had been documented to
provide an important nutritional benefit to fat snook larvae undergoing metamorphosis (Vanacor-Barroso et al. 2017).

Other potential food sources for lobster larvae identified in the present study are zooplankton and phytoplankton.
According to the results obtained, the plankton found at each station consists of Bachillariophiceae (e.g. Rizosolenia sp.,
Synedra sp., Cyclotella sp.,), and Copepoda (e.g. Oithona sp., Acartia sp., Calanus sp.). These plankton groups were
identified at each station, highlighting their potential as a food source for lobster larvae. Diatoms, which belong to the
phytoplankton group Bachillariophiceae, contain essential nutrients required for the growth of lobster larvae, such as
PUFA (Polyunsaturated Fatty Acid). PUFA including EPA (eicosapentaenoic acid, 20:5 n-3) and DHA (docosahexaenoic
acid 22:6 n-3) are the major fatty acids found in diatoms Bachillariopiceae (Pahl et al, 2010). PUFA content of these
diatoms is relatively high, with levels ranging between 23.4 and 60.7% (Valera & Saavedra, 2016). High PUFA content
was identified in several plankton species as potential prey for spiny lobster larvae Jasus edwardsii, and these long-chain
fatty acids are an essential nutrient for spiny lobster (Koshio & Kanazawa, 1994; Liddy et al, 2004;Wang, 2013).

Copepoda (Hexanauplia) is a rich source of protein, particularly in gastropods, it is also high in calcium content which
is important for lobster during molting (Kirno et al, 2012). Several studies, such as those by Alka (2016), Chow (2011),
and Connel (2007), have reported the presence of copepods in the digestive tracts of lobster larvae. This suggests that
copepods are a preferred food for lobster larvae. Protein is constantly the predominant organic nutrient in the spiny lobster
larvae as well as their preferred prey (Wang, 2013). This is consistent with prior examinations of digestive enzymes of
phyllosoma of J.edwardsii and Panulirus ornatus, which reveal that they necessitate a high-protein diet and will utilize
protein to generate energy during food deprivation (Johnston et al, 2004a; Johnston et al, 2004b, Johnston et al, 2006).
Copepods contain high protein content, ranging from 28.9 - 84.9 % of dry weight, indicating that lobster larvae consume
prey with high protein content (Wang & Jeffs, 2014). The protein content of the copepods is in accordant with the amount
of protein incorporated into artificial feeds for some of the crustaceans larvae including crab, shrimp, and clawed lobster
species, which is ranging between 30% to 60% protein (Conklin et al, 1980 ; Guillaume, 1997 ; Holme et al, 2009).
Moreover, copepods also high in lipid, ranging from 11.3%-12.4% (Wang & Jeffs, 2014). Rich-lipid diets can be properly
digested by the spiny lobster larvae, and utilize it to supply energy, especially during a food scarcity (Johnston et al, 2004;
Liddy et al , 2003; Liddy et al , 2004; Ritar et al, 2003). Furthermore, late phase phyllosoma of spiny lobster probably
target high lipid prey, as they prepare to accumulate an enormous amount of lipid to fuel their non-feeding post-larval
stage ( Jeffs et al, 2001a; Jeffs et al, 2001b). The presence of copepods especially Oithona sp., Acartia sp., and Calanus
sp in a high abundance value at the Karanggongso and Tawang Bay could provide a significant source of high lipid natural
diets for spiny lobster larvae. These results suggest that these plankton species are a potential diet for spiny lobster larvae,
therefore, should be further studied by in vivo trials using aquatic animals especially for developing ornate spiny lobster
hatcheries.

In conclusion, a total of 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m, 11
species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. It was also discovered that the diversity index of plankton was considered at a moderate level at
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269 both locations, 2.02-2.49 at Karanggongso, and 2.15-2.65 at Tawang Bay. Similarly, the uniformity index was classified at
270 a moderate level at both locations (0.38-0.45 at Karanggongso Bay and 0.41-0.46 at Tawang Bay. While the dominance
271 index was ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay which indicates that there were no
272 dominant species at both location. Among the identified plankton species, several members of Oithona sp., and Acartia sp.
273 are considered potential live feed for lobster larvae, and thus should be further studied. Among the identified plankton
274 species, several members of Bachillariophiceae, Copepoda, and Hexanauplia are considered potential live feed for lobster
275 larvae, and thus should be further studied.
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Diversity and Abundance of Plankton Community in the Natural
Settlement Habitats of Spiny Lobster Larvae

Abstract. Tawang Bay and Karranggongso Bay have been well-known as settlement areas for [obster larvae in East Java Indonesia,
which may suggest that the location are suitable environments including diet availability for lobster larvae. Therefore, the study aimed to
investigate the abundance and diversity of plankton in the both locations to discover potential live diets for lobster larvae. Plankton
samples were collected in both locations using a plankton net at four different depths: 0.3 m, 2.5m, i,and 20 m with three replicates.

[The results revealed that 17 plankton species were identified from the 0.30 m depth, 13 species at a depth of 2.5m, 11 species at a depth
of 5m, and 13 species at 20m at Karanggongso Bayl While, 17 plankton species were discovered on the surface of Tawang Bay waters:
11 species at a 2.5m, 12 species at 5m, and 12 species at 20m. The fliversity index and uniformity indices ¢f plankton in both locations

were considered at a moderate. While there were no dominant species at both locations, indicated by the dominance index values ranged
from 0.13-0.30. Among the identified plankton species, Oithona sp., and Acartia sp. are considered potential live feed for lobster larvae,
and thus should be further studied.

Key words: diversity, diets, dominance, lobster, plankton, uniformity.
Abbreviations (if any): -
Running title: Plankton diversity in lobster natural habitat

INTRODUCTION

Lobster is an important fishery commodity in Indonesia due to its high price, high nutritional contents as well as high
market demands. According to the Indonesian Central Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value and continuously increasing marketing demands at national
or global markets indicate that lobster is a high-potential fisheries commodity. However, the lobster supply has been
highly dependent on the wild catch because lobster aquaculture has not been well developed yet. One of the main issues
faced in lobster aquaculture is larval production, which currently relies on the availability of seeds in nature. Many studies
have been conducted to study various factors relating to larval production of larvae including spawning-inducing

technology and rearing condition, yet the success rates are very low. Several authors have succeeded o breed and

producing larvae. Yet, the larvae can live only 7-14 days after hatching. It is hypothesized that the main challenge is in diet
availability and suitability. According to Amin et al. (2022b), one way to start domesticating wild species is firstly by
collecting information on their natural habitat as much as possible. Similarly, Kashinskaya et al. (2018) suggest that
profiling certain animals' natural habitat may reveal their diets.

Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several authors have previously reported the physical and chemical
characteristics of the natural settlement areas of lobster larvae (Amin et al. 2022c; Boudreau et al. 1992; Lillis and
Snelgrove 2010). However, studies investigating biological aspects of settlement habitat in the natural environment of
lobster larvae are still very limited. Meanwhile, many studies conclude that biological factors hold important information
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for the lobster larvae, especially for diets (O’Rorke et al. 2014). Accordingly, biological aspects such as natural dietary
aspects and lobster predation processes that occur in nature during larval and post-larval stages could be critical
information that must be considered for hatchery production. In their natural settlement habitat, plankton might be a
natural diet source for various types of fish seeds, including lobster seeds. Raza'i et al. (2018) added that the availability of
plankton as a natural diet source has a significant impact on the dependence and growth of marine organisms such as fish,
crabs, shrimp, and lobsters.

Profiling plankton diversity and abundance might reveal potential diets for lobster larvae. A similar approach has been
done in some studies. For instance, Ihsan et al. (2019) conducted research on plankton as a natural feed for lobster larvae
and post-larvae in natural habitats in Teluk Awang, Central Lombok. Trijoko and Pasaribu (2003) conducted another study
in Wedi Ombo Bay, Gunung Kidul, Yogyakarta. The study results in general suggest that each location has a different
structure and abundance, although some species were the same between the area. All these results raised questions about
whether lobster larvae are opportunistic feeders or specific feeders. To answer these questions more studies are required by

collecting more information in more settlement areas of lobster.

2022a); therefore, it is assumed to have important suitable diet availability for lobster larvae. However, studies on the

biological aspects of both locations areas are still very limited. Thus, the objectives of this research is to investigate the
plankton diversity, abundance, uniformity, and dominance indices in the natural settlement habitat of lobster larvae at
Karanggongso and Tawang Bays. The study results are expected to enrich the information on potential diets for lobster
larvae for hatchery development.

MATERIALS AND METHODS

Study area
The collection of plankton samples was carried out in two common settlement areas of lobster larvae in East Java
Indonesia (Tawang Bay) with a protocol as previously described by Amin et al. (2022c). The sampling location

was 72 performed at ordinate points: 8°15'57.4"S 111°17'46.0" E (L1), 8°15'54.3"S 111°17'48.2"E (L2) and 8°15'51.5"S

73 111°17'46.2"E (L3), (Figure 1). Plankton sampling was conducted at three different sampling points with four different
74 depths: 0-0.3 m, 2.5 m, 5m, and 20 m. The water samples were filtered using a plankton net and placed in sterile bottles.
75 The filtered sample was then immediately given Lugol which acts as a plankton preservative, up to 1% of the total filtering
76 and wrapped in Styrofoam. The samples were then examined in the Microbiology Laboratory, Faculty of Fisheries and
77 Marine Science at Airlangga
University.78

Research Location:

Pacian Regecy

815°40.11°S und 111°17362°E [b]

80 Figure 1 Two sampling locations: Karanggongso Bay, Trenggalek Regency [a], and Tawang Bay, Pacitan Regency [b], East Java,
81 Indonesia.
82 Karanggongso Bay waters have temperatures ranging from 27-28 °C, a DO content of 7.48 mg/L, a salinity of 26 ppt, a
83 pH of 7-8, a NOs content of 0.01 mg/L, and a muddy substrate. Tawang Bay waters temperatures are slightly warmer than
84 Karanggongso Bay, with water temperature ranging from 28.2-28.3 °C, with a significantly lower, DO content of 3.35
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mg/L. moreover, Tawang Bay has a higher salinity of 35 ppt, a pH of 8, a NO3 content of 0.01, a depth of 15 m, and a
sandy substrate

Abundance and ldentification of planktons

Firstly, plankton identity and their abundances were analyzed using a protocol of LeGresley and McDermott (2010). In
brief, plankton samples were placed on a Sedgewick Rafter Counting Cell and observed under a binocular microscope with
a magnification of 1000x. Thereafter each plankton found in each sample was counted, photographed, and identified
according to an identification book guide by Mazzocchi et al. (2012). Then, the abundance index was calculated according
to the following formula (Fachrul 2012)::

N8y Vb » 1
b d Vsre Vs

Where “N” represents the abundance of plankton (plankter/L), “a” represents the number of SRC boxes, “b” is the area of
one field of view (mm?), “c” denotes the number of individuals observed, and “d” indicates the number of boxes observed.

“Vb” is the volume of water in the sample bottle (ml), “Vsrc” is the volume of water in the SRC (ml), and “Vs” represents
the volume of water filtered in the Field (L).

Diversity, Uniformity and dominant indices

The diversity index value (H') was calculated using the following formula (Fachrul 2012):

ni

H' ==Y rilnP1, where 1 = v

Where H' is Shannon Wiener Diversity Index, pi is the number of individuals of the i-th species, ni is the
number of species, and N is the total individual number.

The uniformity index (E'") was calculated using the “Evennes Index” formula (Ulfah et al. 2019):

10f,

E' =
108" where, E' is uniformity index, H': Shannon Wiener Diversity Index, S: Total number of species

The dominance index (d) was calculated using the following equation (Berger and Parker 1970):

Nmax
TR where, “d”: Simpson Dominance Index, Nmax: The most abundant number of individual species, dan
N = Total individual

110

RESULTS AND DISCUSSION

Plankton Abundance in Karanggongso Bay

\Samples of water were obtained from Karanggongso Bay at three designated locations, each with four different levels
of depth. JA total of 17 plankton species were identified from the surface water (0.0-0.3 m). The top six most abundant
species were Paracyclopina sp. with 21.21%, followed by Acartia sp. (18.18%), Pteropods sp. (9.09%,) Prorocentrum sp.
(6.06%), Dinophysis sp. (6.06%), and Saggita sp. (2.13%). Other species and their percentage was presented in Table 1. In
addition, at a 2.5 m depth, 13 plankton species were identified and the top 6 most abundant species were Acartia sp.
(26.47%), followed by Paracyclopina sp. (23.53%), Ceratium sp. (8.82%), Microstella sp. (8.82%), Dinophysis sp.
(5.8%), and Oncaea sp. (5.88%). The rest species with their abundance were presented in Table 1.

Furthermore, at 5 m depth, the Bay is home to 11 plankton species. The top 4 most abundant species were Acartia sp.
(30.77%), followed by Paracyclopina sp. (23.08%), Sagitta sp. (11.54%), and Qithona sp. (7.69%). While the other 7
species-ineluding included Synedra sp., Oikopleura sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp., Microstella sp.,
found at the depth of 20 m. The top 6 most abundant species were Acartia sp. accounted for 24.14%), followed by
Paracyclopina sp. with 13.79%, Pteropods sp. (10.34%), Dinophysis sp. (10.34%), Ceratium sp. with 6.90%, and Sagitta
sp. with 6.90%. The rest species were presented in table 1.
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127

128 Table 1. Planktons identified from two natural settlement habitats of spiny lobster larvae (Karanggongso Bay and Commented [CC7]: Plural of plankton is still plankton
129 Trenggalek Regency, East Java Indonesia) at four different depths of the water column.
. Cell density
Depth Species (IndiviL)
Cyclotella sp. 8
Peniliasp 8
Noctiluca sp. 8
Prorocentrum sp. 16
Dinophysis sp. 16
Ceratium sp. 8
Ceratium sp. 8
Pteropods sp. 24
0.3m Paracyclopina sp.

(Surface) Acartia sp.
Microstella sp.
Euphausia sp.
Lucifer sp.
Oipheureidea sp.
Sagitta sp.
Nermatea sp.
Actinulla larvae
Rizosolenia sp.
Penilia sp.
Ceratium sp.
Dinophysis sp.
Paracyclopina sp.
Acartia sp.
25m Microstella sp.
Oncaea sp.
Codonelopsis sp.
Oipheureidea sp.

S B NN RN = NS}
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Sagitta sp.
Actinula sp.
Polychaete
Oikopleura sp.
Synedra sp.
Coscinodiscus sp.
Ceratium sp.
Pteropods sp.
5.0m Paracyclopina sp.
Acartia sp.
Microstella sp.
Oithona sp. 16
Lucifer sp. 8
Sagita sp. 24
Synedra sp. 8
Penilia sp. 8
Noctiluca sp. 8
Dinophysis sp. 24
20.0m Ceratium sp. 16
(Bottom) Pteropods sp. 24
Acartia sp. 56
Paracyclopina sp. 32
Oithona sp. 8
Microstella sp. 16
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131
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134
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137
138
139
140
141
142
143
144
145
146
147
148
149

150

Euphausia sp. 8
Protoperidinium sp. 8
Sagitta sp. 16

Plankton Abundance in Tawang Bay

A total of 17 plankton species were identified from the water sample at depth of 0.0-0.3 m (surface water) of Tawang
Bay. The top 9 most abundant species were Acartia sp. with an abundance of 12.82%, followed by Ceratium sp. (10.26%),
Prorocentrum sp. (10.26%), Microstella sp. (10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%), Calanus sp., (7.69%),
Synedra sp. (5.13%), and Oithona sp. (5.13%). While the rest species were counted for 2.56% each and presented in Table
2. In addition, there were 11 species of plankton found in a water sample at a depth of 2.5 m in Tawang Bay. The top 6
most abundant species were Calanus sp. (28.00%), followed by Prorocentrum sp. (12.00%), Paracyclopina sp. (12.00%),
Microstella sp. (12.00%), Oncaea sp. (8.00%), and Oithona sp. with an abundance of 8.00%. While the rest plankton
species including Synedra sp., Ceratium sp., Pteropods sp., Macropthalmus sp., and Sagita sp. were counted at 4.00%
each, Table 2.

Furthermore, a total of 12 plankton species were identified from the water sample at 5 m depth. The top 4 most
common species were Calanus sp. with an abundance of 28.57%, Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp. with an abundance of 9.52%. While the rest species including
Melosira sp., Synedra sp., Dinophysis sp., Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with an abundance of
5.00% respectively. While in the bottom waters of Tawang Bay (20 m depth), a total of 12 plankton species were
identified. The top 9 most abundant species were Prorocentrum sp. with an abundance of 16.44%, Acartia sp. with an
abundance of 16.44%, Oithona sp. with an abundance of 16.44%, Oncaea sp. with an abundance of 10.96%, Dinophysis
sp. with an abundance of 5.48%, Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma sp. with an abundance of the
abundance of 5.48%, Ceratium sp. with 5.48%, Caridean sp. (5.48%). While the rest species were presented in table 2.

Table 2. Planktons identified from the natural habitat of spiny lobster in bottom water at Tawang Bay, East Java Indonesia

Depth . Densit
: Species (Indiv/lil)
Synedra sp. 16
Oscillatoria sp. 8
Spirulina sp. 8
Ceratium sp. 32
Prorocentrum sp. 32
Pteropods sp. 24
0.3m Acartia sp. 40
(Surface) Microstella sp. 32
Calanus sp. 24
Oithona sp 16
Oncaea sp. 32
Euphausia sp. 8
Macrophthalamus sp. 8
Clytemnestra sp. 8
Cypris sp. 8
Unclassified Fish larvae 8
Unclassified flatworms 8
Synedra sp. 8
Prorocentrum sp. 24
Ceratium sp. 8
Pteropods sp. 8
Paracyclopina sp 24
25m Calanus sp. 56
Oithona sp. 16
Microstella sp. 24
Oncaea sp. 16
Macrophthalamus sp. 8
Sagitta sp. 8
Melosira sp. 8
Synedra sp. 8
Bivalve larvae 8
Prorocentrum sp. 16
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5m Dinophysis sp. 8

Microstella sp. 8

Calanus sp. 48

Oithona sp. 24

Naupli Copepoda 16

Temorasp. 8

Oncaea sp. 8

Sagitta sp. 8

Rhizoselenia sp. 8

Pleurosigma sp. 8

Prorocentrum sp. 24

Ceratium sp. 8

Dinophysis sp. 8

20 m Microsetella sp. 4
(bottom) Calanus sp. 6
Acartia sp. 24

Oithona sp. 24

Oncaea sp. 16

Caridean sp. 8

Unclassified flatworm 8

Diversity indices

The diversity index values obtained in the waters of Karanggongso Bay, Trenggalek Regency East Java were 2.49 +
0.07 at depth of 0.0-0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5 m, 2.02 + 0.08 at a depth of 5m, and 2.34 +
0.10 at the 20 m water column which indicates that the Karanggongso Trenggalek waters have moderate diversity. While
the diversity index values obtained in the waters of Tawang Bay were 2.65 + 0.03 at 0.0 — 0.3 m depth, 2.17 + 0.15 at the
2.5 m depth, 2.15 + 0.22 at a 5 m depth, and 2.32 + 0.19 at a depth of 20 m which indicates that the waters of Tawang Bay
have also moderate diversity, Figure 2

3.0
2.65
2.49
234 282
248 247 215
Z.fZ

m03m
m25m

50m
m20.0m

25

20

DIVERSITY INDEX
=
«

1.0
0.5
0.0
Karanggongso Bay Tawang Bay
SAMPLING LOCATIONS

Figure 2. Diversity indices of plankton identified at the water column of Karanggongso Bay and Tawang Bay, East java
Indonesia. Bars are the average values with a standard deviation of three replicates.

water-eelumn. Dominance index values obtained from the waters of Karanggongso Bay were 0.21 + 0.03 at the 0.0-0.3
depth, 0.26 + 0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and 0.24 + 0.05 at the 20 m water depth. These values
mean that no plankton species were dominant in the natural habitat of spiny lobster larvae (Karanggongso Bay). While the
dominance index values obtained from Tawang Bay waters were 0.13 + 0.03 at the 0.0-0.3 m depth, 0.28 + 0.05 at a depth
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of 2.5 m, 0.30 + 0.03 at a depth of 5 m, and 0.16 + 0.05 at the 20 m depth. Similarly, based on the values obtained from the
surface to the bottom of the waters shows that there are no species that dominate in Tawang Bay (-Figure 4).
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Figure 4. Domination indices of planktons identified at Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars
are the average values with a standard deviation of three replicates.

Discussion

Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several studies have previously reported the physical and chemical
characteristics of the settlement area of lobster (Amin et al. 2022c; Boudreau et al. 1992; Lillis and Snelgrove 2010).
However, studies viewing biological aspects of settlement habitat in natural environment lobster larvae are still very
limited. Meanwhile, many studies conclude that biological factors such as plankton availability can be important
information on the natural diets of lobster larvae (O Rorke et al. 2014). Thus the present study investigated the diversity,
uniformity, and dominance of plankton in two common settlement areas of lobster larvae in East Java (Karangongso Bay
and Tawang Bay) in Indonesia. The sampling was performed in 4 different depths which were 0.3 m, 2.5 m, 5m, and 20 m
depth, as lobster larvae vertically migrated from the bottom during the daytime to the surface of the water during the
nighttime . It was also discovered that the diversity indices of plankton at both locations were 2.02-2.49 at Karanggongso,
and 2.15-2.65 at Tawang Bay. The diversity index values found at these two locations were all less than 3, which means at
a moderate level. The high or low value of plankton diversity can be caused by the evenly distributed abundance of each
individual or in another sense there are no species that have relatively more diversity than other species (Awwaluddin et al.
2017). As the diversity indices of plankton at Karanggongso Bay and Tawang Bay may which is at a moderate level may
suggest that plankton communities is in relatively equal distribution of different species, with no one species being
significantly more prevalent than others (Awwaluddin et al. 2017).

Similarly, the uniformity indices of planktons in both settlement areas were classified at a moderate level (0.38-0.45 at
Karanggongso Bay and 0.41-0.46 at Tawang Bay. The uniformity values found at each location, both Karanggongso
Beach waters and Tawang Beach waters, are said to have moderate uniformity. The value of uniformity is categorized to
be moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019). The availability of nutrients, food, and predation
processes can affect the high value of uniformity because it affects the type and amount of plankton. Besides that, physical
and chemical factors also affect the value of uniformity because it will affect the growth of plankton (Nugroho et al. 2020).
In addition, |If if )the distribution of plankton in both waters is uniform, then a high degree of uniformity can be asserted -

While the dominance indices were ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay. The
result indicates that there were no dominant species at both locations since all values < 0.05. Dominance index values
Lobtained in both waters indicate the absence of plankton which dominates in Karanggongso Bay and also Tawang

Bay. 202Vhether or not organisms dominate a waters can be seen from the value of the dominance index if the dominance index

203 shows a value between 0.5 to 1 then in these waters there are organisms that dominate and if it shows a value less than 0.5
204 then in these waters it indicates the absence of organisms dominating (Berger and Parker

1970).205

206 Potential Diet for Lobster Seeds

207 The result also revealed that 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m,
208 11 species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
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discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. The number of plankton species identified in the present study, in general, are higher than in
previous study reported from other settlement habitats of lobster larvae in Awang Bay west Nusa Tenggara (Amin et al.
2022c) and Teluk Wedi Ombo, Yogyakarta (Trijoko and Pasaribu 2004). The most abundant species identified from
Karanggongso Bay were Paracyclopina sp., Acartia spL, Pteropods sp., and Prorocentrum sp. Dinophysis sp., Saggita sp.,
Ceratium sp., Microstella sp., Dinophysis sp., Calanus sp., Synedra sp., and Oithona sp. (7.69%). While most abundant
species found in Tawang Bay were Acartia sp., Ceratium sp. Prorocentrum sp., Microstella sp., Oncaea sp., Pteropods
sp., Calanus sp., Synedra sp., Oithona sp., Calanus sp., Paracyclopina sp., Macropthalmus sp., Sagita sp., Dinophysis sp.,
and Rhizoselenia sp. of these identified plankton species, 10 species were found in both locations including Acartia sp.,
Oithona sp., Paracyclopina sp., Pteropods sp., Binophysis sp., Sagita sp., Microstellas sp. Calanus sp., Synedra sp.
Among the identified plankton species, few species have been documented as potential live diets in aquaculture
including Oithona sp. for live diet of European seabass (Dicentrarchus labrax) postlarvae (Magouz et al. 2021a), and
shrimp larvae (Dinesh Kumar et al. 2017), and Acartia sp., as a live diet for seabass larvae, Lates calcarifer (Rajkumar
2006), fat snook, Centropomus parallelus (Barroso et al. 2013), and many other aquatic larvae (Sarkisian et al. 2019). In
fact, some studies also confirmed that these plankton species were identified in the stomach content of lobster larvae. For
instance, Oithona sp. has been reported from the stomach content of spiny lobsters at the early life stage (Amin et al.
2022d; Khvorov et al. 2012). Oithona sp. has been described as a marine calanoid copepod which has high protein content,
~59.33% (Santanumurti et al. 2021), therefore frequently used as a live diet for fish or shrimp larvae. Another study has
documented that Oithona sp. had a high content of fatty acid profiles including polyunsaturated fatty acids (26.47%) and
omega-3 fatty acids (36.30) which in fact are higher compared to a commercial live diet such as Artemia dMagouz etal.
2021b). Furthermore, Acartia sp. has been also documented to be a good live diet for aquatic larvae such as seabass larvae,
Lates calcarifer (Rajkumar 2006), and fat snook, Centropomus parallelus (Barroso et al. 2013). |A. clausi has been

described to have higher contents of proteins (63.12%) and lipids (16.65%) and is also richer in n — 3 fatty acids (33.94%)
than Artemia nauplii and rotifers (Rajkumar, 2006). The plankton species has been also identified in the stomach content

provide an important nutritional benefit to fat snook larvae undergoing metamorphosis (Vanacor-Barroso et al. 2017).

Other potential food sources for lobster larvae identified in the present study are zooplankton and phytoplankton.
According to the results obtained, the plankton found at each station consists of Bachillariophiceae (e.g. Rizosolenia sp.,
Synedra sp., Cyclotella sp.,), and Copepoda (e.g. Oithona sp., Acartia sp., Calanus sp.). These plankton groups were
identified at each station, highlighting their potential as a food source for lobster larvae. Diatoms, which belong to the
phytoplankton group Bachillariophiceae, contain essential nutrients required for the growth of lobster larvae, such as
PUFA (Polyunsaturated Fatty Acid). PUFA including EPA (eicosapentaenoic acid, 20:5 n-3) and DHA (docosahexaenoic
acid 22:6 n-3) are the major fatty acids found in diatoms Bachillariopiceae (Pahl et al, 2010). PUFA content of these
diatoms is relatively high, with levels ranging between 23.4 and 60.7% (Valera & Saavedra, 2016). High PUFA content
was identified in several plankton species as potential prey for spiny lobster larvae Jasus edwardsii, and these long-chain
fatty acids are an essential nutrient for spiny lobster (Koshio & Kanazawa, 1994; Liddy et al, 2004;Wang, 2013).

Copepoda (Hexanauplia) is a rich source of protein, particularly in gastropods, it is also high in calcium content which
is important for lobster during molting (Kirno et al, 2012). Several studies, such as those by Alka (2016), Chow (2011),
and Connel (2007), have reported the presence of copepods in the digestive tracts of lobster larvae. This suggests that
copepods are a preferred food for lobster larvae. Protein is constantly the predominant organic nutrient in the spiny lobster
larvae as well as their preferred prey (Wang, 2013). This is consistent with prior examinations of digestive enzymes of
phyllosoma of J.edwardsii and Panulirus ornatus, which reveal that they necessitate a high-protein diet and will utilize
protein to generate energy during food deprivation (Johnston et al, 2004a; Johnston et al, 2004b, Johnston et al, 2006).
Copepods contain high protein content, ranging from 28.9 - 84.9 % of dry weight, indicating that lobster larvae consume
prey with high protein content (Wang & Jeffs, 2014). The protein content of the copepods is in accordant with the amount
of protein incorporated into artificial feeds for some of the crustaceans larvae including crab, shrimp, and clawed lobster
species, which is ranging between 30% to 60% protein (Conklin et al, 1980 ; Guillaume, 1997 ; Holme et al, 2009).
Moreover, copepods also high in lipid, ranging from 11.3%-12.4% (Wang & Jeffs, 2014). Rich-lipid diets can be properly
digested by the spiny lobster larvae, and utilize it to supply energy, especially during a food scarcity (Johnston et al, 2004;
Liddy et al , 2003; Liddy et al , 2004; Ritar et al, 2003). Furthermore, late phase phyllosoma of spiny lobster probably
target high lipid prey, as they prepare to accumulate an enormous amount of lipid to fuel their non-feeding post-larval
stage (Jeffs et al, 2001a; Jeffs et al, 2001b). The presence of copepods especially Oithona sp., Acartia sp., and Calanus
sp in a high abundance value at the Karanggongso and Tawang Bay could provide a significant source of high lipid natural
diets for spiny lobster larvae. These results suggest that these plankton species are a potential diet for spiny lobster larvae,
therefore, should be further studied by in vivo trials using aquatic animals especially for developing ornate spiny lobster
hatcheries.

In conclusion, a total of 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m, 11
species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. It was also discovered that the diversity index of plankton was considered at a moderate level at
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269 both locations, 2.02-2.49 at Karanggongso, and 2.15-2.65 at Tawang Bay. Similarly, the uniformity index was classified at
270 a moderate level at both locations (0.38-0.45 at Karanggongso Bay and 0.41-0.46 at Tawang Bay. While the dominance
271 index was ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay which indicates that there were no
272 dominant species at both location. Among the identified plankton species, several members of Oithona sp., and Acartia sp.
273 are considered potential live feed for lobster larvae, and thus should be further studied. Among the identified plankton
274 species, several members of Bachillariophiceae, Copepoda, and Hexanauplia are considered potential live feed for lobster
275 larvae, and thus should be further studied|
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Abstract. Tawang Bay and Karranggongso Bay have been well-known as settlement areas for lobster larvae in East Java Indonesia,
which may suggest that the location are suitable environments including diet availability for lobster larvae. Therefore, the study aimed to
investigate the abundance and diversity of plankton in the both locations to discover potential live diets for lobster larvae. Plankton
samples were collected in both locations using a plankton net at four different depths: 0.3m, 2.5m, m, and 20m with three replicates.
The result revealed that 17 plankton species were identified from the 0.30m depth, 13 species at a depth of 2.5m, 11 species at a depth of
5m, and 13 species at 20m at Karanggongso Bay. While, 17 plankton species were discovered on the surface of Tawang Bay waters: 11
species at a 2.5m, 12 species at 5m, and 12 species at 20m. The diversity index and uniformity indices of plankton in both locations
were considered at a moderate. While there were no dominant species at both locations, indicated by the dominance index values ranged
from 0.13-0.30. Among the identified plankton species, Oithona sp., and Acartia sp. are considered potential live feed for lobster larvae,
and thus should be further studied.

Key words: diversity, diets, dominance, lobster, plankton, uniformity.
Abbreviations (if any): -
Running title: Plankton diversity in lobster natural habitat

INTRODUCTION

Lobster is an important fishery commodity in Indonesia due to its high price, high nutritional contents as well as high
market demands. According to the Indonesian Central Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value and continuously increasing marketing demands at national
or global markets indicate that lobster is a high-potential fisheries commodity. However, the lobster supply has been
highly dependent on the wild catch because lobster aquaculture has not been well developed yet. One of the main issues
faced in lobster aquaculture is larval production, which currently relies on the availability of seeds in nature. Many studies
have been conducted to study various factors relating to larval production of larvae including spawning-inducing
technology and rearing condition, yet the success rates are very low. Several authors have succeeded to breed and
producing larvae. Yet, the larvae can live only 7-14 days after hatching. It is hypothesized that the main challenge is in diet
availability and suitability. According to Amin et al. (2022b), one way to start domesticating wild species is firstly by
collecting information on their natural habitat as much as possible. Similarly, Kashinskaya et al. (2018) suggest that
profiling certain animals' natural habitat may reveal their diets.

Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several authors have previously reported the physical and chemical
characteristics of the natural settlement areas of lobster larvae (Amin et al. 2022c; Boudreau et al. 1992; Lillis and
Snelgrove 2010). However, studies investigating biological aspects of settlement habitat in the natural environment of
lobster larvae are still very limited. Meanwhile, many studies conclude that biological factors hold important information
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49 for the lobster larvae, especially for diets (O’Rorke et al. 2014). Accordingly, biological aspects such as natural dietary
50 aspects and lobster predation processes that occur in nature during larval and post-larval stages could be critical
51 information that must be considered for hatchery production. In their natural settlement habitat, plankton might be a
52 natural diet source for various types of fish seeds, including lobster seeds. Raza'i et al. (2018) added that the availability of
53 plankton as a natural diet source has a significant impact on the dependence and growth of marine organisms such as fish,
54 crabs, shrimp, and lobsters.

55 Profiling plankton diversity and abundance might reveal potential diets for lobster larvae. A similar approach has been
56 done in some studies. For instance, lhsan et al. (2019) conducted research on plankton as a natural feed for lobster larvae
57 and post-larvae in natural habitats in Teluk Awang, Central Lombok. Trijoko and Pasaribu (2003) conducted another study
58 in Wedi Ombo Bay, Gunung Kidul, Yogyakarta. The study results in general suggest that each location has a different
59 structure and abundance, although some species were the same between the area. All these results raise questions about
60 whether lobster larvae are opportunistic feeders or specific feeders. To answer these questions more studies are required by
61 collecting more information in more settlement areas of lobster.

62 Tawang Bay been well-known as one of the most settlement areas for lobster larvae in East Java Indonesia (Amin et al.
63 2022a); therefore, it is assumed to have important suitable diet availability for lobster larvae. However, studies on the
64 biological aspects of both locations areas are still very limited. Thus, the objective of this research is to investigate the
65 plankton diversity, abundance, uniformity, and dominance indices in the natural settlement habitat of lobster larvae at
66 Karanggongso and Tawang Bays. The study results are expected to enrich the information on potential diets for lobster
67 larvae for hatchery development.

68 MATERIALS AND METHODS

69 Study area

70 The collection of plankton samples was carried out in two common settlement areas of lobster larvae in East Java
71 Indonesia (Tawang Bay) with a protocol as previously described by Amin et al. (2022c). The sampling location
was 72 performed at ordinate points: 8°15'57.4"S 111°17'46.0" E (L1), 8°15'54.3"S 111°17'48.2"E (L2) and 8°15'51.5"S

73 111°17'46.2"E (L3), (Figure 1). Plankton sampling was conducted at three different sampling points with four different
74 depths: 0-0.3 m, 2.5 m, 5 m, and 20 m. The water samples were filtered using a plankton net and placed in sterile bottles.
75 The filtered sample was then immediately given Lugol which acts as a plankton preservative, up to 1% of the total filtering
76 and wrapped in Styrofoam. The samples were then examined in the Microbiology Laboratory, Faculty of Fisheries and
77 Marine Science at Airlangga

University.78
Research Location:
Pacian Regeacy
815°40.11°S and 111°17362°E [b]
80 Figure 1 Two sampling locations: Karanggongso Bay, Trenggalek Regency [a], and Tawang Bay, Pacitan Regency [b], East Java,
81 Indonesia.
82 Karanggongso Bay waters have temperatures ranging from 27-28 °C, a DO content of 7.48 mg/L, a salinity of 26 ppt, a

83 pH of 7-8, a NOs content of 0.01 mg/L, and a muddy substrate. Tawang Bay waters temperatures are slightly warmer than
84 Karanggongso Bay, with water temperature ranging from 28.2-28.3 °C, with a significantly lower, DO content of 3.35
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mg/L. moreover, Tawang Bay has a higher salinity of 35 ppt, a pH of 8, a NO3 content of 0.01, a depth of 15 m, and a
sandy substrate

Abundance and ldentification of planktons

Firstly, plankton identity and their abundances were analyzed using a protocol of LeGresley and McDermott (2010). In
brief, plankton samples were placed on a Sedgewick Rafter Counting Cell and observed under a binocular microscope with
a magnification of 1000x. Thereafter each plankton found in each sample was counted, photographed, and identified
according to an identification book guide by Mazzocchi et al. (2012). Then, the abundance index was calculated according
to the following formula (Fachrul 2012)::

N8y Vb » 1
b d Vsre Vs

Where “N” represents the abundance of plankton (plankter/L), “a” represents the number of SRC boxes, “b” is the area of
one field of view (mmz2), “c” denotes the number of individuals observed, and “d” indicates the number of boxes observed.
“Vb” is the volume of water in the sample bottle (ml), “Vsrc” is the volume of water in the SRC (ml), and “Vs” represents
the volume of water filtered in the Field (L).

Diversit, Uniformity and dominant indices

The diversity index value (H') was calculated using the following formula (Fachrul 2012):

ni

H' ==Y rilnP1, where 1 = <

Where H' is Shannon Wiener Diversity Index, pi is the number of individuals of the i-th species, ni is the
number of species, and N is the total individual number.

The uniformity index (E') was calculated using the “Evennes Index” formula (Ulfah et al. 2019):

101}1,

E =
108 where, E' is uniformity index, H': Shannon Wiener Diversity Index, S: Total number of species

The dominance index (d) was calculated using the following equation (Berger and Parker 1970):

Nmax
TN where, “d”: Simpson Dominance Index, Nmax: The most abundant number of individual species, dan
N = Total individual

110

RESULTS AND DISCUSSION

Plankton Abundance in Karanggongso Bay

Samples of water were obtained from Karanggongso Bay at three designated locations, each with four different levels
of depth. A total of 17 plankton species were identified from the surface water (0.0-0.3 m). The top six most abundant
species were Paracyclopina sp. with 21.21%, followed by Acartia sp. (18.18%), Pteropods sp. (9.09%,) Prorocentrum sp.
(6.06%), Dinophysis sp. (6.06%), and Saggita sp. (2.13%). Other species and their percentage was presented in Table 1. In
addition, at a 2.5 m depth, 13 plankton species were identified and the top 6 most abundant species were Acartia sp.
(26.47%), followed by Paracyclopina sp. (23.53%), Ceratium sp. (8.82%), Microstella sp. (8.82%), Dinophysis sp.
(5.8%), and Oncaea sp. (5.88%). The rest species with their abundance were presented in Table 1.

Furthermore, at 5 m depth, the Bay is home to 11 plankton species. The top 4 most abundant species were Acartia sp.
(30.77%), followed by Paracyclopina sp. (23.08%), Sagitta sp. (11.54%), and Oithona sp. (7.69%). While the other 7
species including Synedra sp., Oikopleura sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp., Microstella sp., and
unclassified Lucifer which were counted for 3.85% each, Table 1. Meanwhile, a total of 13 plankton species were found at
the depth of 20 m. The top 6 most abundant species were Acartia sp. accounted for 24.14%), followed by Paracyclopina
sp. with 13.79%, Pteropods sp. (10.34%), Dinophysis sp. (10.34%), Ceratium sp. with 6.90%, and Sagitta sp. with 6.90%.
The rest species were presented in table 1.
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127
128 Table 1. Planktons identified from two natural settlement habitats of spiny lobster larvae (Karanggongso Bay and

129 Trenggalek Regency, East Java Indonesia) at four different depths of the water column.
. Cell densit
Depth Species (Indiv/L)y
Cyclotella sp. 8
Peniliasp 8
Noctiluca sp. 8
Prorocentrum sp. 16
Dinophysis sp. 16
Ceratium sp. 8
Ceratium sp. 8
Pteropods sp. 24
0.3m Paracyclopina sp.

(Surface) Acartia sp.
Microstella sp.
Euphausia sp.
Lucifer sp.
Oipheureidea sp.
Sagitta sp.
Nermatea sp.
Actinulla larvae
Rizosolenia sp.
Penilia sp.
Ceratium sp.
Dinophysis sp.
Paracyclopina sp.
Acartia sp.
25m Microstella sp.
Oncaea sp.
Codonelopsis sp.
Oipheureidea sp.

S B NN RN = NS}
0 DB owoowowmoomowowow T RIPTER o0 oowob oooowodd

Sagitta sp.
Actinula sp.
Polychaete
Oikopleura sp.
Synedra sp.
Coscinodiscus sp.
Ceratium sp.
Pteropods sp.
5.0m Paracyclopina sp.
Acartia sp.
Microstella sp.
Oithona sp. 16
Lucifer sp. 8
Sagita sp. 24
Synedra sp. 8
Penilia sp. 8
Noctiluca sp. 8
Dinophysis sp. 24
20.0m Ceratium sp. 16
(Bottom) Pteropods sp. 24
Acartia sp. 56
Paracyclopina sp. 32
Oithona sp. 8
Microstella sp. 16
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Euphausia sp. 8
Protoperidinium sp. 8
Sagitta sp. 16

Plankton Abundance in Tawang Bay

A total of 17 plankton species were identified from the water sample at depth of 0.0-0.3 m (surface water) of Tawang
Bay. The top 9 most abundant species were Acartia sp. with an abundance of 12.82%, followed by Ceratium sp. (10.26%),
Prorocentrum sp. (10.26%), Microstella sp. (10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%), Calanus sp., (7.69%),
Synedra sp. (5.13%), and Oithona sp. (5.13%). While the rest species were counted for 2.56% each and presented in Table
2. In addition, there were 11 species of plankton found in a water sample at a depth of 2.5 m in Tawang Bay. The top 6
most abundant species were Calanus sp. (28.00%), followed by Prorocentrum sp. (12.00%), Paracyclopina sp. (12.00%),
Microstella sp. (12.00%), Oncaea sp. (8.00%), and Oithona sp. with an abundance of 8.00%. While the rest plankton
species including Synedra sp., Ceratium sp., Pteropods sp., Macropthalmus sp., and Sagita sp. were counted at 4.00%
each, Table 2.

Furthermore, a total of 12 plankton species were identified from the water sample at 5 m depth. The top 4 most
common species were Calanus sp. with an abundance of 28.57%, Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp. with an abundance of 9.52%. While the rest species including
Melosira sp., Synedra sp., Dinophysis sp., Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with an abundance of
5.00% respectively. While in the bottom waters of Tawang Bay (20 m depth), a total of 12 plankton species were
identified. The top 9 most abundant species were Prorocentrum sp. with an abundance of 16.44%, Acartia sp. with an
abundance of 16.44%, Oithona sp. with an abundance of 16.44%, Oncaea sp. with an abundance of 10.96%, Dinophysis
sp. with an abundance of 5.48%, Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma sp. with an abundance of the
abundance of 5.48%, Ceratium sp. with 5.48%, Caridean sp. (5.48%). While the rest species were presented in table 2.

Table 2. Planktons identified from the natural habitat of spiny lobster in bottom water at Tawang Bay, East Java Indonesia

Depth . Densit
: Species (Indiv/lil)
Synedra sp. 16
Oscillatoria sp. 8
Spirulina sp. 8
Ceratium sp. 32
Prorocentrum sp. 32
Pteropods sp. 24
0.3m Acartia sp. 40
(Surface) Microstella sp. 32
Calanus sp. 24
Oithona sp 16
Oncaea sp. 32
Euphausia sp. 8
Macrophthalamus sp. 8
Clytemnestra sp. 8
Cypris sp. 8
Unclassified Fish larvae 8
Unclassified flatworms 8
Synedra sp. 8
Prorocentrum sp. 24
Ceratium sp. 8
Pteropods sp. 8
Paracyclopina sp 24
25m Calanus sp. 56
Oithona sp. 16
Microstella sp. 24
Oncaea sp. 16
Macrophthalamus sp. 8
Sagitta sp. 8
Melosira sp. 8
Synedra sp. 8
Bivalve larvae 8
Prorocentrum sp. 16

33



151
152

153
154
155
156
157
158
159

160
161
162

163
164
165
166
167
168

5m Dinophysis sp. 8

Microstella sp. 8

Calanus sp. 48

Oithona sp. 24

Naupli Copepoda 16

Temorasp. 8

Oncaea sp. 8

Sagitta sp. 8

Rhizoselenia sp. 8

Pleurosigma sp. 8

Prorocentrum sp. 24

Ceratium sp. 8

Dinophysis sp. 8

20 m Microsetella sp. 4
(bottom) Calanus sp. 6
Acartia sp. 24

Oithona sp. 24

Oncaea sp. 16

Caridean sp. 8

Unclassified flatworm 8

Diversity indices

The diversity index values obtained in the waters of Karanggongso Bay, Trenggalek Regency East Java were 2.49 +
0.07 at depth of 0.0-0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5 m, 2.02 + 0.08 at a depth of 5m, and 2.34 +
0.10 at the 20 m water column which indicates that the Karanggongso Trenggalek waters have moderate diversity. While
the diversity index values obtained in the waters of Tawang Bay were 2.65 + 0.03 at 0.0 — 0.3 m depth, 2.17 + 0.15 at the
2.5 m depth, 2.15 + 0.22 at a 5 m depth, and 2.32 + 0.19 at a depth of 20 m which indicates that the waters of Tawang Bay
have also moderate diversity, Figure 2
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234 282
248 247 215
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m03m
m25m

50m
m20.0m

Karanggongso Bay Tawang Bay
SAMPLING LOCATIONS

25
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«

0.5

0.0

Figure 2. Diversity indices of plankton identified at the water column of Karanggongso Bay and Tawang Bay, East java
Indonesia. Bars are the average values with a standard deviation of three replicates.

Domination Index

The dominance index is a value that indicates whether there are plankton species that dominate certain depths in the
water column. Dominance index values obtained from the waters of Karanggongso Bay were 0.21 + 0.03 at the 0.0-0.3 m
depth, 0.26 + 0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and 0.24 + 0.05 at the 20 m water depth. These values
mean that no plankton species were dominant in the natural habitat of spiny lobster larvae (Karanggongso Bay). While the
dominance index values obtained from Tawang Bay waters were 0.13 + 0.03 at the 0.0-0.3 m depth, 0.28 + 0.05 at a depth
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169 of 2.5 m, 0.30 + 0.03 at a depth of 5 m, and 0.16 + 0.05 at the 20 m depth. Similarly, based on the values obtained from the
170 surface to the bottom of the waters shows that there are no species that dominate in Tawang Bay, Figure 4.
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171
172 Figure 4. Domination indices of planktons identified at Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars
173 are the average values with a standard deviation of three replicates.
174
175 Discussion
176 Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
177 recruitment rates of lobster larvae (Keulder 2005). Several studies have previously reported the physical and chemical
178 characteristics of the settlement area of lobster (Amin et al. 2022c; Boudreau et al. 1992; Lillis and Snelgrove 2010).
179 However, studies viewing biological aspects of settlement habitat in natural environment lobster larvae are still very
180 limited. Meanwhile, many studies conclude that biological factors such as plankton availability can be important
181 information on the natural diets of lobster larvae (O’Rorke et al. 2014). Thus the present study investigated the diversity,
182 uniformity, and dominance of plankton in two common settlement areas of lobster larvae in East Java (Karangongso Bay
183 and Tawang Bay) in Indonesia. The sampling was performed in 4 different depths which were 0.3 m, 2.5 m, 5m, and 20 m
184 depth, as lobster larvae vertically migrated from the bottom during the daytime to the surface of the water during the
185 nighttime . It was also discovered that the diversity indices of plankton at both locations were 2.02-2.49 at Karanggongso,
186 and 2.15-2.65 at Tawang Bay. The diversity index values found at these two locations were all less than 3, which means at
187 a moderate level. The high or low value of plankton diversity can be caused by the evenly distributed abundance of each
188 individual or in another sense there are no species that have relatively more diversity than other species (Awwaluddin et al.
189 2017). As the diversity indices of plankton at Karanggongso Bay and Tawang Bay may which is at a moderate level may
190 suggest that plankton communities is in relatively equal distribution of different species, with no one species being
191 significantly more prevalent than others (Awwaluddin et al. 2017).
192 Similarly, the uniformity indices of planktons in both settlement areas were classified at a moderate level (0.38-0.45 at
193 Karanggongso Bay and 0.41-0.46 at Tawang Bay. The uniformity values found at each location, both Karanggongso
194 Beach waters and Tawang Beach waters, are said to have moderate uniformity. The value of uniformity is categorized to
195 be moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019). The availability of nutrients, food, and predation
196 processes can affect the high value of uniformity because it affects the type and amount of plankton. Besides that, physical
197 and chemical factors also affect the value of uniformity because it will affect the growth of plankton (Nugroho et al. 2020).
198 In addition, If the distribution of plankton in both waters is uniform, then a high degree of uniformity can be asserted .
199 While the dominance indices were ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay. The
200 result indicates that there were no dominant species at both locations since all values < 0.05. Dominance index values
201 obtained in both waters indicate the absence of plankton which dominates in Karanggongso Bay and also Tawang Bay.
202 Whether or not organisms dominate a waters can be seen from the value of the dominance index if the dominance index
203 shows a value between 0.5 to 1 then in these waters there are organisms that dominate and if it shows a value less than 0.5
204 then in these waters it indicates the absence of organisms dominating (Berger and Parker
1970).205
206 Potential Diet for Lobster Seeds
207 The result also revealed that 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m,
208 11 species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
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discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. The number of plankton species identified in the present study, in general, are higher than in
previous study reported from other settlement habitats of lobster larvae in Awang Bay west Nusa Tenggara (Amin et al.
2022c) and Teluk Wedi Ombo, Yogyakarta (Trijoko and Pasaribu 2004). The most abundant species identified from
Karanggongso Bay were Paracyclopina sp., Acartia sp., Pteropods sp., and Prorocentrum sp. Dinophysis sp., Saggita sp.,
Ceratium sp., Microstella sp., Dinophysis sp., Calanus sp., Synedra sp., and Oithona sp. (7.69%). While most abundant
species found in Tawang Bay were Acartia sp., Ceratium sp. Prorocentrum sp., Microstella sp., Oncaea sp., Pteropods
sp., Calanus sp., Synedra sp., Oithona sp., Calanus sp., Paracyclopina sp., Macropthalmus sp., Sagita sp., Dinophysis sp.,
and Rhizoselenia sp. of these identified plankton species, 10 species were found in both locations including Acartia sp.,
Oithona sp., Paracyclopina sp., Pteropods sp., Binophysis sp., Sagita sp., Microstellas sp. Calanus sp., Synedra sp.

Among the identified plankton species, few species have been documented as potential live diets in aquaculture
including Oithona sp. for live diet of European seabass (Dicentrarchus labrax) postlarvae (Magouz et al. 2021a), and
shrimp larvae (Dinesh Kumar et al. 2017), and Acartia sp., as a live diet for seabass larvae, Lates calcarifer (Rajkumar
2006), fat snook, Centropomus parallelus (Barroso et al. 2013), and many other aquatic larvae (Sarkisian et al. 2019). In
fact, some studies also confirmed that these plankton species were identified in the stomach content of lobster larvae. For
instance, Oithona sp. has been reported from the stomach content of spiny lobsters at the early life stage (Amin et al.
2022d; Khvorov et al. 2012). Oithona sp. has been described as a marine calanoid copepod which has high protein content,
~59.33% (Santanumurti et al. 2021), therefore frequently used as a live diet for fish or shrimp larvae. Another study has
documented that Oithona sp. had a high content of fatty acid profiles including polyunsaturated fatty acids (26.47%) and
omega-3 fatty acids (36.30) which in fact are higher compared to a commercial live diet such as Artemia (Magouz et al.
2021b). Furthermore, Acartia sp. has been also documented to be a good live diet for aquatic larvae such as seabass larvae,
Lates calcarifer (Rajkumar 2006), and fat snook, Centropomus parallelus (Barroso et al. 2013). A. clausi has been
described to have higher contents of proteins (63.12%) and lipids (16.65%) and is also richer in n — 3 fatty acids (33.94%)
than Artemia nauplii and rotifers (Rajkumar, 2006). The plankton species has been also identified in the stomach content
of spiny lobster larvae (Amin et al. 2022d). In addition, a member of Acartia (Acartia tonsa) had been documented to
provide an important nutritional benefit to fat snook larvae undergoing metamorphosis (Vanacor-Barroso et al. 2017).

Other potential food sources for lobster larvae identified in the present study are zooplankton and phytoplankton.
According to the results obtained, the plankton found at each station consists of Bachillariophiceae (e.g. Rizosolenia sp.,
Synedra sp., Cyclotella sp.,), and Copepoda (e.g. Oithona sp., Acartia sp., Calanus sp.). These plankton groups were
identified at each station, highlighting their potential as a food source for lobster larvae. Diatoms, which belong to the
phytoplankton group Bachillariophiceae, contain essential nutrients required for the growth of lobster larvae, such as
PUFA (Polyunsaturated Fatty Acid). PUFA including EPA (eicosapentaenoic acid, 20:5 n-3) and DHA (docosahexaenoic
acid 22:6 n-3) are the major fatty acids found in diatoms Bachillariopiceae (Pahl et al, 2010). PUFA content of these
diatoms is relatively high, with levels ranging between 23.4 and 60.7% (Valera & Saavedra, 2016). High PUFA content
was identified in several plankton species as potential prey for spiny lobster larvae Jasus edwardsii, and these long-chain
fatty acids are an essential nutrient for spiny lobster (Koshio & Kanazawa, 1994; Liddy et al, 2004;Wang, 2013).

Copepoda (Hexanauplia) is a rich source of protein, particularly in gastropods, it is also high in calcium content which
is important for lobster during molting (Kirno et al, 2012). Several studies, such as those by Alka (2016), Chow (2011),
and Connel (2007), have reported the presence of copepods in the digestive tracts of lobster larvae. This suggests that
copepods are a preferred food for lobster larvae. Protein is constantly the predominant organic nutrient in the spiny lobster
larvae as well as their preferred prey (Wang, 2013). This is consistent with prior examinations of digestive enzymes of
phyllosoma of J.edwardsii and Panulirus ornatus, which reveal that they necessitate a high-protein diet and will utilize
protein to generate energy during food deprivation (Johnston et al, 2004a; Johnston et al, 2004b, Johnston et al, 2006).
Copepods contain high protein content, ranging from 28.9 - 84.9 % of dry weight, indicating that lobster larvae consume
prey with high protein content (Wang & Jeffs, 2014). The protein content of the copepods is in accordant with the amount
of protein incorporated into artificial feeds for some of the crustaceans larvae including crab, shrimp, and clawed lobster
species, which is ranging between 30% to 60% protein (Conklin et al, 1980 ; Guillaume, 1997 ; Holme et al, 2009).
Moreover, copepods also high in lipid, ranging from 11.3%-12.4% (Wang & Jeffs, 2014). Rich-lipid diets can be properly
digested by the spiny lobster larvae, and utilize it to supply energy, especially during a food scarcity (Johnston et al, 2004;
Liddy et al , 2003; Liddy et al , 2004; Ritar et al, 2003). Furthermore, late phase phyllosoma of spiny lobster probably
target high lipid prey, as they prepare to accumulate an enormous amount of lipid to fuel their non-feeding post-larval
stage (Jeffs et al, 2001a; Jeffs et al, 2001b). The presence of copepods especially Oithona sp., Acartia sp., and Calanus
sp in a high abundance value at the Karanggongso and Tawang Bay could provide a significant source of high lipid natural
diets for spiny lobster larvae. These results suggest that these plankton species are a potential diet for spiny lobster larvae,
therefore, should be further studied by in vivo trials using aquatic animals especially for developing ornate spiny lobster
hatcheries.

In conclusion, a total of 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m, 11
species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. It was also discovered that the diversity index of plankton was considered at a moderate level at
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269 both locations, 2.02-2.49 at Karanggongso, and 2.15-2.65 at Tawang Bay. Similarly, the uniformity index was classified at
270 a moderate level at both locations (0.38-0.45 at Karanggongso Bay and 0.41-0.46 at Tawang Bay. While the dominance
271 index was ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay which indicates that there were no
272 dominant species at both location. Among the identified plankton species, several members of Oithona sp., and Acartia sp.
273 are considered potential live feed for lobster larvae, and thus should be further studied. Among the identified plankton
274 species, several members of Bachillariophiceae, Copepoda, and Hexanauplia are considered potential live feed for lobster
275 larvae, and thus should be further studied.
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Line 1-3: highlight the two bays here? Otherwise it is too broad.

Authors’ Response: Title has been revised by adding two bays and presented in line 1-2 in the
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ABSTRACT
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Diversity and Abundance of Plankton Community in_Tawang Bay and

Karanggongso Bay. -the Natural Settlement Habitats of Spiny Lobster
Larvae

Indonesia, which may suggest that the location are suitable environments including diet availability for lobster Igr\&el Therefore; the
study aimed to investigate the types, abundance and diversity of plankton in the both locations to discover potential live diets for lobster

Iarvfae. Plankton samples were collected in both locations using a plankton net at four different depths: 0.3 m, 2.5m, 5 mand 20 m_with

three replicates.‘l’he objectives of this study are to explore the diversity, abundance, uniformity and dominance indices of plankton in
the natural settlement ground of lobster larvae at Karanggongso and Tawang Bay.The results revealed that 17 plankton species were
identified from the 0.30_m depth, 13 species at a depth of 2.5m, 11 species at a depth of 5m, and 13 species at 20m at Karanggongso
Bay. While, 17 plankton species were discovered on the surface of Tawang Bay waters: 11 species at a 2.5m, 12 species at 5m, and 12

which fall within the moderate range. Similarly, the uniformity indices observed at both locations were also moderate, with values
ranging from 0.38-0.45 at Karanggongso bay and 0.41-0.46 at Tawang bay:-While-there-were-no-dominant-species-at-both-locations;
indicated by the dominance index values ranged from 0.13-0.30. Among the identified plankton species, Oithona sp., and Acartia sp. are
considered potential live feed for lobster larvae, and thus should be further studied.

and |mifr\rmihj mndicesof pl nktonin-both-locationswere-considered-at-a-moderate \Whie-therewere no-dominant

>/

Key words: diversity, diets, dominance, lobster, plankton, uniformity.
Abbreviations (if any): -
Running title: Plankton diversity in lobster natural habitat

INTRODUCTION

Lobster is an important fishery commaodity in Indonesia due to its high price, high nutritional contents as well as high
market demands. According to the Indonesian Cgntral Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value and continuously increasing marketing demands at national
or global markets indicate that lobster is a high-potential fisheries commodity. However, the lobster supply has been
highly dependent on the wild catch because lobster aquaculture has not been well developed yet. One of the main issues
faced in lobster aquaculture is larval production, which currently relies on the availability of seeds in nature. Many studies

have been conducted to study various factors

technology and rearing condition, yet the success rates are very low. Several authors have succeeded to breed and
producing larvae. Yet, the larvae can live only 7-14 days after hatching. It is hypothesized that the main challenge is in diet
availability and suitability. According to Amin et al. (2022b), one way to start domesticating wild species is firstly by
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collecting information on their natural habitat as much as possible. Similarly, Kashinskaya et al. (2018) suggest that
profiling certain animals' natural habitat may reveal their diets.

Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several authors have previously reported the physical and chemical
characteristics of the natural settlement areas of lobster larvae (Amin et al. 2022c; Boudreau et al. 1992; Lillis and
Snelgrove 2010). However, studies investigating biological aspects of settlement habitat in the natural environment of
lobster larvae are still very limited. Meanwhile, many studies conclude that biological factors hold important information
for the lobster larvae, especially for diets (O’Rorke et al. 2014). Accordingly, biological aspects such as natural dietary
aspects and lobster predation processes that occur in nature during larval and post-larval stages could be critical
information that must be considered for hatchery production. In their natural settlement habitat, plankton might be a
natural diet source for various types of fish seeds, including lobster seeds. Raza'i et al. (2018) added that the availability of
plankton as a natural diet source has a significant impact on the dependence and growth of marine organisms such as fish,
crabs, shrimp, and lobsters.

Profiling plankton diversity and abundance might reveal potential diets for lobster larvae. A similar approach has been
done in some studies. For instance, Ihsan et al. (2019) conducted research on plankton as a natural feed for lobster larvae
and post-larvae in natural habitats in Teluk Awang, Central Lombok. Trijoko and Pasaribu (2003) conducted another study
in Wedi Ombo Bay, Gunung Kidul, Yogyakarta. The study results in general suggest that each location has a different
structure and abundance, although some species were the same between the area. All these results raised questions about
whether lobster larvae are opportunistic feeders or specific feeders. To answer these questions more studies are required by

collecting more information in more settlement areas of lobster.

2022a); therefore, it is assumed to have important suitable diet availability for lobster larvae. However, studies on the

biological aspects of both locations areas are still very limited. Thus, the objectives of this research is to investigate the
plankton diversity, abundance, uniformity, and dominance indices in the natural settlement habitat of lobster larvae at
Karanggongso and Tawang Bays. The study results are expected to enrich the information on potential diets for lobster
larvae for hatchery development.

MATERIALS AND METHODS

Study area
The collection of plankton samples was carried out in two common settlement areas of lobster larvae in East Java
Indonesia (Tawang Bay) with a protocol as previously described by Amin et al. (2022c). The sampling location

was 78 performed at ordinate points: 8°15'57.4"S 111°17'46.0" E (L1), 8°15'54.3"S 111°17'48.2"E (L2) and 8°15'51.5"S

79 111°17'46.2"E (L3), (Figure 1). Plankton sampling was conducted at three different sampling points with four different
80 depths: 0-0.3 m, 2.5 m, 5m, and 20 m. The water samples were filtered using a plankton net and placed in sterile bottles.
81 The filtered sample was then immediately given Lugol which acts as a plankton preservative, up to 1% of the total filtering
82 and wrapped in Styrofoam. The samples were then examined in the Microbiology Laboratory, Faculty of Fisheries and
83 Marine Science at Airlangga
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Figure 1 Two sampling locations: Karanggongso Bay, Trenggalek Regency [a], and Tawang Bay, Pacitan Regency [b], East Java,
Indonesia.

Karanggongso Bay waters have temperatures ranging from 27-28 °C, a DO content of 7.48 mg/L, a salinity of 26 ppt, a
pH of 7-8, a NOs content of 0.01 mg/L, and a muddy substrate. Tawang Bay waters temperatures are slightly warmer than
Karanggongso Bay, with water temperature ranging from 28.2-28.3 °C, with a significantly lower, DO content of 3.35
mg/L. moreover, Tawang Bay has a higher salinity of 35 ppt, a pH of 8, a NOs content of 0.01, a depth of 15 m, and a
sandy substrate,
Abundance and Identification of planktons

Firstly, plankton identity and their abundances were analyzed using a protocol of LeGresley and McDermott (2010). In
brief, plankton samples were placed on a Sedgewick Rafter Counting Cell and observed under a binocular microscope with
a magnification of 1000x. Thereafter each plankton found in each sample was counted, photographed, and identified
according to an identification book guide by Mazzocchi et al. (2012). Then, the abundance index was calculated according
to the following formula (Fachrul 2012):

N _a v c v Vb v 1
T d Vsre Vs
Where “N” represents, the abundance of plankton (plankter/L), “a” represents the number of SRC boxes, “b” is the area of
one field of view (mm?), “c” denotes the number of individuals observed, and “d” indicates the number of boxes observed.
“Vb” is the volume of water in the sample bottle (ml), “Vsrc” is the volume of water in the SRC (ml), and “Vs” represents
the volume of water filtered in the Field (L).

Diversity, Uniformity and dominant indices

The diversity index value (H') was calculated using the following formula (Fachrul 2012):

"= —% PilnPi,where Pi = f

Where H' is Shannon Wiener Diversity Index, pi is the number of individuals of the i-th species, ni is the
number of species, and N is the total individual number.

The uniformity index (E') was calculated using the “Evennes Index” formula (Ulfah et al. 2019):

112,
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where, E' is uniformity index, H': Shannon Wiener Diversity Index, S: Total number of species

The dominance index (d) was calculated using the following equation (Berger and Parker 1970):

Nmaz
fT T where, “d”: Simpson Dominance Index, Nmax: The most abundant number of individual species, dan
N = Total individual
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RESULTS AND DISCUSSION
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Results

| Formatted: English (United States)

Plankton Abundance in Karanggongso Bay

WateﬂSamples samples ef-water-were ebtained-collected two locations, from Karanggongso Bay at-three-designated
lecationsand Tawang Bay at—each-with-four different |-evels—ef-depths (0.3m, 2.5m, 5m, and 20m). The two bays were
located at southern part of East Java Province and both areas are facing to the Indian Ocean, Figure 1. The results showed

t hat A a total of 17 plankton species were identified from the surface water (0.0-0.3 m). The top six most abundant species were Commented [CC11]: Highlight this in the methodology

Paracyclopina sp. with 21.21%, followed by Acartia sp. (18.18%), Pteropods sp. (9.09%,) Prorocentrum sp. (6.06%),
Dinophysis sp. (6.06%), and Saggita sp. (2.13%). Other species and their percentage was presented in Table 1. In addition,
at a 2.5 m depth, 13 plankton species were identified and the top 6 most abundant species were Acartia sp. (26.47%),
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followed by Paracyclopina sp. (23.53%), Ceratium sp. (8.82%), Microstella sp. (8.82%), Dinophysis sp. (5.8%), and
Oncaea sp. (5.88%). The rest species with their abundance were presented in Table 1.

Furthermore, at 5 m depth, the Bay is home to 11 plankton species. The top 4 most abundant species were Acartia sp.
(30.77%), followed by Paracyclopina sp. (23.08%), Sagitta sp. (11.54%), and Oithona sp. (7.69%). While the other 7
species I-aetuding i ncluded Synedra sp., Oikopleura sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp., Microstella sp., and

unclassified Lucifer which were counted for 3.85% each, Table 1. Meanwhile, a total of 13 plankton species were found Formatted: Highlight

at the depth of 20 m. The top 6 most abundant species were Acartia sp. accounted for 24.14%), followed by Paracyclopina
sp. with 13.79%, PteJopods sp. (10.34%), Dinophysis sp. (10.34%), Ceratium sp. with 6.90%, and Sagittasp. with 6.90%.
The rest species were presented-in-table-1:

Table 1. Planktons identified from two natural settlement habitats of spiny lobster larvae (Karanggongso Bay and Commented [CC13]: Plural of plankton is still plankton

Trenggalek Regency, East Java Indonesia) at four different depths of the water column.

Commented [mA14R13]: Thank you for the correction

Depth Species C(ellrl]giec/sl_lt)y
Cyclotella sp. 8
Penilia sp 8
Noctiluca sp. 8
Prorocentrum sp. 16
Dinophysis sp. 16
Ceratium sp. 8
Ceratium sp. 8
Pteropods sp. 24
0.3m Paracyclopina sp. 56
(Surface) Acartia sp. 48
Microstella sp. 8
Euphausia sp. 8
Lucifer sp. 8
QOipheureidea sp. 8
Sagitta sp. 16
Nermatea sp. 8
Actinulla larvae 8
Rizosolenia sp. 8
25m Penilia sp. 8
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Ceratium sp. 24
Dinophysis sp. 16
Paracyclopina sp. 64
Acartia sp. 72
Microstella sp. 24
Oncaea sp. 16
Codonelopsis sp. 8
Oipheureidea sp. 8
Sagitta sp. 8
Actinula sp. 8
Polychaete 8
Oikopleura sp. 8
Synedra sp. 8
Coscinodiscus sp. 8
Ceratium sp. 8
Pteropods sp. 8
5.0m Paracyclopina sp. 48
Acartia sp. 64
Microstella sp. 8
Oithona sp. 16
Lucifer sp. 8
Sagita sp. 24
Synedra sp. 8
Penilia sp. 8
Noctiluca sp. 8
Dinophysis sp. 24
Ceratium sp. 16
200 m Pteropods sp. 24
(Rattarm) Acartia sp. 56
Paracyclopina sp. 32
Oithona sp. 8
Microstella sp. 16
Euphausia sp. 8
Protoperidinium sp. 8
Sagitta sp. 16

Plankton Abundance in Tawang Bay

A total of 17 plankton species were identified from the water sample at depth of 0.0-0.3 m (surface water) of Tawang
Bay. The top 9 most abundant species were Acartia sp. with an abundance of 12.82%, followed by Ceratium sp. (10.26%),
Prorocentrum sp. (10.26%), Microstella sp. (10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%), Calanus sp., (7.69%),
Synedra sp. (5.13%), and Oithona sp. (5.13%). While the rest of the species were counted for 2.56% each and presented in

Table 2. In addition, there were 11 species of plankton found in a water sample at a depth of 2.5 m in Tawang Bay. The
top 6 most abundant species were Calanus sp. (28.00%), followed by Prorocentrum sp. (12.00%), Paracyclopina sp.
(12.00%), Microstella sp. (12.00%), Oncaea sp. (8.00%), and Oithona sp. with an abundance of 8.00%. While the rest
plankton species including Synedra sp., Ceratium sp., Pteropods sp., Macropthalmus sp., and Sagita sp. were counted at
4.00% each, Table 2.

Furthermore, a total of 12 plankton species were identified from the water sample at 5 m depth. The top 4 most
common species were Calanus sp. with an abundance of 28.57%, Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp. with an abundance of 9.52%. While the rest of the species
including Melosira sp., Synedra sp., Dinophysis sp., Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with an
abundance of 5.00% respectively. While in the bottom waters of Tawang Bay (20 m depth), a total of 12 plankton species
were identified. The top 9 most abundant species were Prorocentrum sp. with an abundance of 16.44%, Acartia sp. with
an abundance of 16.44%, Oithona sp. with an abundance of 16.44%, Oncaea sp. with an abundance of 10.96%,
Dinophysis sp. with an abundance of 5.48%, Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma sp. with an
abundance of the abundance of 5.48%, Ceratium sp. with 5.48%, Caridean sp. (5.48%). While the rest species were
presented in table 2.

Table 2. Planktons identified from the natural habitat of spiny lobster in bottom water at Tawang Bay, East Java Indonesia
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Depth . Densit

? Species (Indiv/l)_/)

Synedra sp. 16

Oscillatoria sp. 8

Spirulina sp. 8

Ceratium sp. 32

Prorocentrum sp. 32

Pteropods sp. 24

0.3m Acartia sp. 40

(Surface) Microstella sp. 32

Calanus sp. 24

Oithona sp 16

Oncaea sp. 32

Euphausia sp. 8

Macrophthalamus sp. 8

Clytemnestra sp. 8

Cypris sp. 8

Unclassified Fish larvae 8

Unclassified flatworms 8

8

24

8

8

Synedra sp.
Prorocentrum sp.
Ceratium sp.
Pteropods sp.
Paracyclopina sp 24
25m Calanus sp. 56
Oithona sp. 16
Microstella sp. 24
Oncaea sp. 16
Macrophthalamus sp. 8
Sagitta sp. 8
Melosira sp. 8
Synedra sp. 8
8
1

Bivalve larvae
Prorocentrum sp. 6
Dinophysis sp. 8
Microstella sp. 8
Calanus sp. 48
5m Oithona sp. 24
Naupli Copepoda 16
Temora sp. 8
Oncaea sp. 8
Sagitta sp. 8
Rhizoselenia sp. 8
Pleurosigma sp. 8
24
8
8
4
6
24
24
16
8
8

Prorocentrum sp.
Ceratium sp.
Dinophysis sp.
20m Microsetella sp.
(bottom) Calanus sp.
Acartia sp.
Oithona sp.
Oncaea sp.
Caridean sp.
Unclassified flatworm
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165 Diversity indices
166 The diversity index values obtained in the waters of Karanggongso Bay, Trenggalek Regency East Java were 2.49 +
167 0.07 at depth of 0.0-0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5 m, 2.02 + 0.08 at a depth of 5m, and 2.34 +
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0.10 at the 20 m water column which indicates that the Karanggongso Trenggalek waters have moderate diversity. While
the diversity index values obtained in the waters of Tawang Bay were 2.65 + 0.03 at 0.0 — 0.3 m depth, 2.17 + 0.15 at the
2.5m depth, 2.15 +£0.22 at a5 m depth, and 2.32 + 0.19 at a depth of 20 m which indicates that the waters of Tawang Bay
have also moderate diversity, Figure 2
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Karanggongso Bay Tawang Bay
SAMPLING LOCATIONS

Figure 2. Diversity indices of plankton identified at the water column of Karanggongso Bay and Tawang Bay, East java
Indonesia. Bars are the average values with a standard deviation of three replicates.

UNi O Mty IO CeS | e Y [Formatted: Font: 10 pt, Bold
Formatted: Justified

depth (surface water column), 0.39 + 0.06 at a depth of 2.5 m, 0.38 + 0.01at a depth of 5 m and 0.43 + 0.04 at the 25m

The uniformity index values obtained in the water column of Karanggongso Bay were 0.45 + 0.01 at 0.0-0.3 m
‘\‘[ Formatted: Line spacing: single

depth or bottom of the water column. These index values indicated that the uniformity of plankton in Karanggongso Bay
was at a moderate level. While the uniformity values obtained in Tawang Bay were 0.46 + 0.01 at 0.0-0.3 m depth, 0.41 +
0.05 at a depth of 2.5 m, 0.42 + 0.07 at a depth of 5 m, and 0.46 + 0.05 at 25 m depth or bottom of the water column.
Similarly, uniformity indices of plankton in Tawang Bay were considered also at a moderate level, Figure 3.
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Domination Index

e a

water-column. Dominance index values obtained from the waters of Karanggongso Bay were 0.21 + 0.03 at the 0.0-0.3 m
depth, 0.26 + 0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and 0.24 + 0.05 at the 20 m water depth. These values
mean that no plankton species were dominant in the natural habitat of spiny lobster larvae (Karanggongso Bay). While the
dominance index values obtained from Tawang Bay waters were 0.13 + 0.03 at the 0.0-0.3 m depth, 0.28 + 0.05 at a depth
of 2.5m, 0.30 + 0.03 at a depth of 5 m, and 0.16 + 0.05 at the 20 m depth. Similarly, based on the values obtained from the
surface to the bottom of the waters shows that there are no species that dominate in Tawang Bay (-Figure 4).
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Figure 4. Domination indices of planktons identified at Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars
are the average values with a standard deviation of three replicates.
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Discussion

Environmental conditions including physical, chemical, and biological factors in natural habitats highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several studies have previously reported the physical and chemical
characteristics of the settlement area of lobster (Amin et al. 2022c; Boudreau et al. 1992; Lillis and Snelgrove 2010).
However, studies viewing biological aspects of settlement habitat in natural environment lobster larvae are still very
limited. Meanwhile, many studies conclude that biological factors such as plankton availability can be important
information on the natural diets of lobster larvae (O’Rorke et al. 2014). Thus the present study investigated the diversity,
uniformity, and dominance of plankton in two common settlement areas of lobster larvae in East Java (Karangongso Bay
and Tawang Bay) in Indonesia. The sampling was performed in 4 different depths which were 0.3 m, 2.5 m, 5m, and 20 m
depth, as lobster larvae vertically migrated from the bottom during the daytime to the surface of the water during the
nighttime . It was also discovered that the diversity indices of plankton at both locations were 2.02-2.49 at Karanggongso,
and 2.15-2.65 at Tawang Bay. The diversity index values found at these two locations were all less than 3, which means at
a moderate level. The high or low value of plankton diversity can be caused by the evenly distributed abundance of each
individual or in another sense there are no species that have relatively more diversity than other species (Awwaluddin et al.
2017). As the diversity indices of plankton at Karanggongso Bay and Tawang Bay may which is at a moderate level may
suggest that plankton communities is in relatively equal distribution of different species, with no one species being
significantly more prevalent than others (Awwaluddin et al. 2017).
Similarly, the uniformity indices of planktons in both settlement areas were classified at a moderate level (0.38-0.45 at <«
Karanggongso Bay and 0.41-0.46 at Tawang Bay. The uniformity values found at each location, both Karanggongso
Beach waters and Tawang Beach waters, are said to have moderate uniformity. The value of uniformity is categorized to
be moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019). The availability of nutrients, food, and predation
processes can affect the high value of uniformity because it affects the type and amount of plankton. Besides that, physical
and chemical factors also affect the value of uniformity because it will affect the growth of plankton (Nugroho et al. 2020).
In addition, ltﬁsmcehf the distribution of plankton in both waters is uniform, then a high degree of uniformity can be

asserted-. While the dominance indices were ranging from 0.21 — 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang
Bay. The result indicates that there were no dominant species at both locations since all values < 0.05. Dominance index
values obtained in both waters indicate the absence of plankton which dominates in Karanggongso Bay and also Tawang
Bay. The dominance index value indicates whether organisms are dominant in a water environment. A value between 0.5
to 1 on the dominance index shows the presence of dominant organisms in the water. On the other hand, a value less than

0.5 indicates that there are no dommant org msms present in the water Whethe{—er—net—e;gamsms—dema&e—awateﬁ&ean—be
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Potential Diet for Lobster Seeds <
The result also revealed that 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m, 11
species at a depth of 5 m, and 13 species at 20m (bottom) of Karanggongso Bay. While, 17 plankton species were
discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12 species at a depth of 5 m, and 12
species at the seafloor. The number of plankton species identified in the present study, in general, are higher than in
previous study reported from other settlement habitats of lobster larvae in Awang Bay west Nusa Tenggara (Amin et al.
2022c) and Teluk Wedi Ombo, Yogyakarta (Trijoko and Pasaribu 2004). The most abundant species identified from

Karanggongso bay are mainly from Phylum Arthropoda including Paracyclopina sp, Oithona sp, Acartia sp, and Calanus

Sp. Other prominent species mcluded Prorocentrum sp, Dinophysis sp, and Ceratium _sp, are belonqed to phylum

Arthropoda mcludmgAcartlasp ,Oithona sp.,Oncaea sp., Calanus sp., Paracyclopina.,and Macropthalmus sp. Plankton
peue in this area also dominated by phylum Dlnoflagellata such as Ceratlum sp. Prorocentrum sp and DmoghySIS SQ

- - Oof these ldentlfled plankton spemes 10 species were
found in both Iocatlons mcluqu Acartld sp O|thona sp Paracyclopina sp., Pteropods sp., Binophysis sp., Sagita sp.,
Microstellas sp. Calanus sp., Synedra sp. These findings suggest that the planktonic community in both bays is dominated
by species belonging to the phylum Arthropoda and Dinoflagellata, which are known to be important components of the
marine food web.
Among the identified plankton species, few species have been documented as potential live diets in aquaculture
including Oithona sp. for live diet of European seabass (Dicentrarchus labrax) postlarvae (Magouz et al. 2021a), and
shrimp larvae (Dinesh Kumar et al. 2017), and Acartia sp., as a live diet for seabass larvae, Lates calcarifer (Rajkumar
2006), fat snook, Centropomus parallelus (Barroso et al. 2013), and many other aquatic larvae (Sarkisian et al. 2019). In
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fact, some studies also confirmed that these plankton species were identified in the stomach content of lobster larvae. For
instance, Oithona sp. has been reported from the stomach content of spiny lobsters at the early life stage (Amin et al.
2022d; Khvorov et al. 2012). Oithona sp. has been described as a marine calanoid copepod which has high protein content,
~59.33% (Santanumurti et al. 2021), therefore frequently used as a live diet for fish or shrimp larvae. Another study has
documented that Oithona sp. had a high content of fatty acid profiles including polyunsaturated fatty acids (26.47%) and
omega-3 fatty acids (36.30) which in fact are higher compared to a commercial live diet such as JArtemia _sp. [(Magouz et

al. 2021b). Furthermore, Acartia sp. has been also documented to be a good live diet for aquatic larvag such as seabéss .
larvae, Lates calcarifer (Rajkumar 2006), and fat snook, Centropomus parallelus (Barroso et al. 2013). Acartia . clausi has *

been described to have higher contents of proteins (63.12%) and lipids (16%65%) and is also richer in n—3 fatty acids
(33.94%) than Artemia nauplii and rotifers (Rajkumar, 2006). The plankton species has been also identified in the stomach
content of spiny lobster larvae (Amin et al. 2022d). In addition, a member of Acartia (Acartia tonsa) had been documented
to provide an important nutritional benefit to fat snook larvae undergoing metamorphosis (Vanacor-Barroso et al. 2017).

Other potential food sources for lobster larvae identified in the present study are zooplankton and phytoplankton.
According to the results obtained, the plankton found at each station consists of Bachillariophiceae (e.g. Rizosolenia sp.,
Synedra sp., Cyclotella sp.,), and Copepoda (e.g. Oithona sp., Acartia sp., Calanus sp.). These plankton groups were
identified at each station, highlighting their potential as a food source for lobster larvae. Diatoms, which belong to the
phytoplankton group Bachillariophiceae, contain essential nutrients required for the growth of lobster larvae, such as
PUFA (Polyunsaturated Fatty Acid). PUFA including EPA (eicosapentaenoic acid, 20:5 n-3) and DHA (docosahexaenoic
acid 22:6 n-3) are the major fatty acids found in diatoms Bachillariopiceae (Pahl et al, 2010). PUFA content of these
diatoms is relatively high, with levels ranging between 23.4 and 60.7% (Valera & Saavedra, 2016). High PUFA content
was identified in several plankton species as potential prey for spiny lobster larvae Jasus edwardsii, and these long-chain
fatty acids are an essential nutrient for spiny lobster (Koshio & Kanazawa, 1994; Liddy et al, 2004;Wang, 2013).

Copepoda (Hexanauplia) is a rich source of protein, particularly in gastropods, it is also high in calcium content which
is important for lobster during molting (Kirno et al, 2012). Several studies, such as those by Alka (2016), Chow (2011),
and Connel (2007), have reported the presence of copepods in the digestive tracts of lobster larvae. This suggests that
copepods are a preferred food for lobster larvae. Protein is constantly the predominant organic nutrient in the spiny lobster
larvae as well as their preferred prey (Wang, 2013). This is consistent with prior examinations of digestive enzymes of
phyllosoma of J.edwardsii and Panulirus ornatus, which reveal that they necessitate a high-protein diet and will utilize
protein to generate energy during food deprivation (Johnston et al, 2004a; Johnston et al, 2004b, Johnston et al, 2006).
Copepods contain high protein content, ranging from 28.9 - 84.9 % of dry weight, indicating that lobster larvae consume
prey with high protein content (Wang & Jeffs, 2014). The protein content of the copepods is in accordant with the amount
of protein incorporated into artificial feeds for some of the crustaceans larvae including crab, shrimp, and clawed lobster
species, which is ranging between 30% to 60% protein (Conklin et al, 1980 ; Guillaume, 1997 ; Holme et al, 2009).
Moreover, copepods also high in lipid, ranging from 11.3%-12.4% (Wang & Jeffs, 2014). Rich-lipid diets can be properly
digested by the spiny lobster larvae, and utilize it to supply energy, especially during a food scarcity (Johnston et al, 2004;
Liddy et al , 2003; Liddy et al , 2004; Ritar et al, 2003). Furthermore, late phase phyllosoma of spiny lobster probably
target high lipid prey, as they prepare to accumulate an enormous amount of lipid to fuel their non-feeding post-larval
stage (Jeffs et al, 2001a; Jeffs et al, 2001b). The presence of copepods especially Oithona sp., Acartia sp., and Calanus
sp in a high abundance value at the Karanggongso and Tawang Bay could provide a significant source of high lipid natural
diets for spiny lobster larvae. These results suggest that these plankton species are a potential diet for spiny lobster larvae,
therefore, should be further studied by in vivo trials using aquatic animals especially for developing ornate spiny lobster
hatcheries.

In conclusion, t_he number of plankton species found in both locations was more abundant in the surface water (0-0.3m)
compared to the deeper water column. A total of 17 plankton species were identified from the surface water, 13 species at
a depth of 2.5 m, 11 species at a depth of 5 m, and 13 species at 20 m (bottom) of Karanggongso Bay. Similarly, 17
plankton species were discovered from the water surface of Tawang Bay: 11 species at a depth of 2.5 m, 12 species at a
depth of 5 m, and 12 species at the seafloor. Based on the diversity, uniformity, and dominance indices, both locations had
moderate plankton diversity, and no specific species was dominant over the others. Among the identified plankton species,
several members of Bachillariophiceae, Copepoda, and Hexanauplia such as Oithona sp., Calanus sp., Paracyclopina sp.,
and Acartia sp. are considered potential live feed for lobster larvae, and thus should be further studieda-tetal-ef-17-plankten
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Diversity and Abundance of Plankton Community in Tawang Bay-and
Karanggongso Bays, the-Natural Settlement Habitats of Spiny Lobster
Larvae_in East Java Indonesia

Abstract. Tawang Bay and Karranggongso Bay have been well-known as settlement areas for spiny lobster larvae, Panulirus spp., in
East Java, Indonesia._Therefore, these locations,—which may suggest that-thetocation—are suitable environments, including diet
availability for lobster larvae. FurthermTherefore, the present study aimed to investigate the types-and,- abundance—aﬂd—d-we#s—n-y of
_plankton in the both locations to discover potential live diets for lobster larvae.

a plankton net at four different depths: 0.3 m, 2.5m, 5MVarid 201 With thiree replicates. THe objectives of TThiS study also arte

= |

explored plankton's diversity, uniformity, and dominance indicesthe—diversity,—abundanee—uniformity,—and—dominance—indices—of
plankton in the-natural-settlement-ground-of lobster-larvae-at both IocatlonsKara%gengseﬂaadJawaquBay Plankton samples were
collected using a plankton net at four different-depths: 0.3 m, 2.5 m, 5 m, and 20 m. The results revealed that 17 plankton species were
identified from the 0.30 -m depth, 13 speem&apa%mdepthﬁ%m—ﬂ%ﬁee%aémd@pﬁ%m—aﬂd&%speemat 2 5 m 11 at 5 m,
and 13 at 20 m atdepth at Karanggongso Bay. Whi W AW
iesata 2.5m, 12 species-at 5m. and 12 species at W\m In addmon 17 plankton species were dlscovered mat 0. 3 m d_pth 11 %
a{—Zém—l-Z—speeies—a{ém—and—l-z—gw 2 5m, 12 at 5 m, and 12 at 20 m at Tawang Bay. Among the most abundant species were
Acartia sp., Calanus sp., Paracyclopina sp., and Oithona sp. The diversity indices observed in Karanggongso and Tawang bay ranged
from 2.02-2.49 and 2.17-2.65, respectively, which-fall-within the moderate range. Similarly, the uniformity indices observed at both
locations were alse-moderate, with-values-ranging from 0.38-0.45 at Karanggongso bay and 0.41-0.46 at Tawang bay. While-tThere
were no dominant species at both locationss; as-indicated-by, as the dominance index values ranged from 0.13-0.30. Among the
identified plankton species, Oithona sp., Calanus sp., and Acartia sp. are considered potential live feed for lobster larvae-and thus
should be further studied.

P

Key-words: diversity, diets, dominance, lobster, plankton, uniformity.
Abbreviations (if any): -
Running title: Plankton diversity in lebsternaturalnatural lobster habitat

INTRODUCTION

Lobster is an important fishery commodity in Indonesia due to its high price, high nutritional contents-as-wel-as, and
high market demands. According to the Indonesian Central Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value and continuously increasing marketing demands at national
or global markets mdlcate that lobster is a high- potentlal flsherles commodlty However, the lobster supply has been
Y tdepended highly on the
wild catch because Iobster a;qiculture has not yet been well developed One of the main issues faced in lobster
aquaculture is larval production, which currently relies on the availability of seeds-in-naturenatural seeds. Many studies
have been conducted to study various factors relating to larval-production—ef-larvaee's larval production, including
spawning-inducing technology and rearing condition, yet the success rates are very low. Several authors have succeeded te
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49 breedi n breeding and producing larvae. Yet, the larvae can live only 7-14 days after hatching. HTherefore, it is
50 hypothesued that the mam challenge is i-a diet ava|lab|I|ty and sunab|l|ty Accordlng to Am|n et aI (2022b) one-way-to

52 way to start domesncatmq wild species is bv collecting |nf0rmat|on on their natural habitat as much as possible. Similarly,
53 Kashinskaya et al. (2018) suggest t-hat-profiling—certain—animalsnatural-habitatprofiling certain animals' natural habitats

54 may reveal their diets.

55 Environmental conditions, including physical, chemical, and biological factors in natural habitats, highly determine the
56 recruitment rates of lobster larvae (Keulder 2005). Several authors have previously reported the physical and chemical
57 characteristics of the natural settlement areas of lobster larvae (Amin et al. 2022c; Boudreau et al. 1992; Lillis and
58 Snelgrove 2010). However, studies investigating biological aspects of settlement habitat in the natural environment of
59 lobster larvae are stitb-very limited. Meanwhile, many studies conclude that biological factors haveeld important
60 information for the lobster larvae, especially for diets (6 Rerke O'Rorke et al. 2014). Accordingly, biological aspects such
61 as natural dietary aspects and lobster predation processes that occur in nature during larval and post-larval stages could be
62 critical information that must be considered for hatchery production. in-For example, plankton might be a natural diet
63 source for var|ous f|sh seeds |nc|ud|nq Iobster seeds, in the|r natural settlement habltatllneltr—na%ulﬂal—sememenehamm

. Raza'i et al. (2018) added
65 that the avallablhty of plankton as a natural dlet source has-a sngmﬁcant impact-ons |gn|f|cant|y impacts the dependence
66 and growth of marine organisms such as fish, crabs, shrimp, and lobsters.

67 Profiling plankton diversity and abundance might reveal potential diets for lobster larvae. A similar approach has been
68 done in some studies. For instance, lhsan et al. (2019) conducted research on plankton as a natural feed for lobster larvae
69 and post-larvae in natural habitats in Teluk Awang, Central Lombok. Trijoko and Pasaribu (2003) conducted another study
70 in Wedi Ombo Bay, Gunung Kidul, Yogyakarta. Generally, tFhi_se study's results-in-general suggest that each location has
71 a different structure and abundance, although some species were the same between the area. All these results raised

72 questions about whether lobster larvae are opportunistic feeders-or specific feeders. Therefore, to answer these questions,

73 more studies are required by collecting more information in more settlement areas of lobster.

74 Tawang Bay has-beeni_s well-known as one of the most settlement areas for lobster larvae in East Java Indonesia (Amin
75 et al. 2022a); therefore, it is assumed to have important suitable diet availability for lobster larvae. However, studies on the
76 biological aspects of both locations areas are still very limited. Thus, the-ebjectives—of-this—research-ii s research aims to
77 investigate the plankton diversity, abundance, uniformity, and dominance indices in the natural settlement habitat of
78 lobster larvae at Karanggongso and Tawang Bays. The study results are expected to enrich the information on potential
79 diets for lobster larvae for hatchery development.

80 MATERIALS AND METHODS

81 Study area

82 TFhecollection-of plankton samples-was-carried-eutPlankton samples were collected in two common settlement areas of
83 lobster larvae in East Java, Indonesia (Tawang Bay). with a protocol as previously described by Amin et al. (2022c).
The84 sampling location was performed at ordinate points: 8°15'57.4"S 111°17'46.0" E (L1), 8°15'54.3"S 111°17'48.2"E

(L2),

85 and 8°15'51.5"S 111°17'46.2"E (L3), (Figure 1). Plankton sampling was conducted at three different sampling points with
86 four different depths: 0-0.3 m, 2.5 m, 5 m, and 20 m. Fhe First, the water samples were filtered using a plankton net and
87 placed in sterile bottles. The filtered sample was then immediately given Lugol which acts as a plankton preservative, up
88 to 1% of the total filtering, and wrapped in Styrofoam. The samples were then examined in the Microbiology Laboratory,
89 Faculty of Fisheries and Marine Science at Airlangga University.

efirst, one
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91 Figure 1 Two sampling locations: Karanggongso Bay, Trenggalek Regency [a], and Tawang Bay, Pacitan Regency [b], East Java,
92 Indonesia.
93 Karanggongso Bay waters have temperatures ranging from 27-28-°C, a DO content of 7.48 mg/L, a salinity of 26 ppt, a
94 pH of 7-8, a NOs content of 0.01 mg/L, and a muddy substrate. On the other hand, Tawang Bay waters-temperatures are
95 slightly warmer than Karanggongso Bay, with water temperature ranging from 28.2-28.3 °C, with a significantly lower,
96 DO content of 3.35 mg/L. moreover, Tawang Bay has a higher salinity of 35 ppt, a pH of 8, a NOs content of 0.01, a depth
97 of 15 m, and a sandy substrate.
98 Abundance and ldentification of planktons
| 99 Firstly, plankton identity and their abundances were analyzed using a protocol of LeGresley and McDermott (2010). In
100 brief, plankton samples were placed on a Sedgewick Rafter Counting Cell and observed under a binocular microscope with
|10l a magnification of 1000x. Fhereafter Afterward, plankton found in each sample was counted, photographed, and identified
102 according to an identification book guide by Mazzocchi et al. (2012). Then, the abundance index was calculated according
103 to the following formula (Fachrul
2012):104
105
N _a v c v Vb v 1
106 T b d Vere Vs
107
108 Where <N " represents the abundance of plankton (plankter/L), <"a” " represents the number of SRC boxes, “"b> " is the
109 area of one field of view (mm?), “"'c " denotes the number of individuals observed, and “"d= " indicates the number of
110 boxes observed. “"Vb> " is the velume of water in the sample bottle (ml), “*Vsrc” " is the volume of water in the SRC
111 (ml), and “"'Vs” "represents the volume of water filtered in the Field (L). —_
112 Diversity, Ynifermityuniformity, and dominant indices
113 The diversity index value (H') was calculated using the following formula (Fachrul 2012):
114 H' = — . PilnPi,where Pi = =
115 Where H' is Shannon Wiener Diversity Index, pi is the number of individuals of the i-th species, ni is the
116 number of species, and N is the total individual number.
117 The uniformity index (E') was calculated using the “’Evennes Index” " formula (Ulfah et al. 2019):

118,
W
Lns
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|119 where; E' is t he uniformity index, H' is:-t_he Shannon Wiener Biversity diversity Indexindex, S is: 1 he Fotal t otal number of
120 sp

ecies121

122 The dominance index (d) was calculated using the following equation (Berger and Parker 1970):

Nmax
123 N where where, “"d”: ": Simpson Dominance Index, Nmax: The most abundant number of individual
124 species, dan N = Total individual
number.125
126 RESULTS AND DISCUSSION
127 Results

128 Plankton Abundance in Karanggongso Bay

129 Water samples were collected from-two-locations, Karanggongso Bay and Tawang Bay at four different depths (0.3 m,
130 2.5 m, 5. m, and 20_m). The two bays were located at i_n the Southern part of East Java Province, and both areas are
131 facingface-te the Indian Ocean, Figure 1. The results showed that a-total-ef 17 plankton species were identified from the
132 surface water (0.0-0.3 m). The top six most abundant species were Paracyclopina sp. with 21.21%, followed by Acartia
133 sp. (18.18%), Pteropods sp. (9.09%,) Prorocentrum sp. (6.06%), Dinophysis sp. (6.06%), and Saggita sp. (2.13%). Other
|134 species and their percentage was are presented in Table 1. In addition, at a 2.5 m depth, 13 plankton species were
135 identified. _Again, t-and-the top 6 most abundant species were Acartia sp. (26.47%), followed by Paracyclopina sp.
136 (23.53%), Ceratium sp. (8.82%), Microstella sp. (8.82%), Dinophysis sp. (5.8%), and Oncaea sp. (5.88%). The rest
137 species with their abundance were presented in Table 1.

138 Furthermore, at 5 m depth, the Bay is home to 11 plankton species. The top 4 most abundant species were Acartia sp.
139 (30.77%), followed by Paracyclopina sp. (23.08%), Sagitta sp. (11.54%), and Qithona sp. (7.69%). While the other 7
140 species included Synedra sp., Oikopleura sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp., Microstella sp., and
‘141 unclassified Lucifer, which were counted for 3.85% each; (Table 1). Meanwhile, a-total-of 13 plankton species were found
142 at t-he-a depth of 20 m. The Again, the top 6 most abundant species were Acartia sp. accounted for 24.14%), followed by
143 Paracyclopina sp. with 13.79%, Pteropods sp. (10.34%), Dinophysis sp. (10.34%), Ceratium sp. with 6.90%, and Sagitta
|144 sp. with 6.90%. The rest species were are presented in

table 1.145
146 Table 1. 7Plankt0n i-den AFO—Ratda ettlement—habita o BHAY opSte aFae Karanggongso—Bay—and
147 Trenggalek-Regency-East-Java-tndonesia)-at-four-different-depths-of-the-water-columnwas identified from two
148 natural settlement habitats of spiny lobster larvae (Karanggongso Bay and Trenggalek Regency, East Java
149 Indonesia) at four different water column depths.
Depth Species Calrllgﬁlr}i;y
Cyclotella sp. 8
Penilia sp 8
Noctiluca sp. 8
Prorocentrum sp. 16
Dinophysis sp. 16
Ceratium sp. 8
Ceratium sp. 8
Pteropods sp. 24
0.3m Paracyclopina sp. 56
(Surface) Acartia sp. 48
Microstella sp. 8
Euphausia sp. 8
Lucifer sp. 8
Oipheureidea sp. 8
Sagitta sp. 16
Nermatea sp. 8
Actinulla larvae 8
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Rizosolenia sp. 8

Penilia sp. 8

Ceratium sp. 24

Dinophysis sp. 16

Paracyclopina sp. 64

Acartia sp. 72

25m Microstella sp. 24
Oncaea sp. 16

Codonelopsis sp. 8

Oipheureidea sp. 8

Sagitta sp. 8

Actinula sp. 8

Polychaete 8

Oikopleura sp. 8

Synedra sp. 8

Coscinodiscus sp. 8

Ceratium sp. 8

Pteropods sp. 8

5.0m Paracyclopina sp. 48
Acartia sp. 64

Microstella sp. 8

Oithona sp. 16

Lucifer sp. 8

Sagita sp. 24

Synedra sp. 8

Penilia sp. 8

Noctiluca sp. 8
Dinophysis sp. 24

Ceratium sp. 16
200 m Pteropods sp. 24
(Rottam) Acartia sp. 56
Paracyclopina sp. 32

Oithona sp. 8
Microstella sp. 16

Euphausia sp. 8

Protoperidinium sp. 8
Sagitta sp. 16

Plankton Abundance in Tawang Bay

A total of 17 plankton species were identified from the water sample at a depth of 0.0-0.3 m (surface water) of Tawang
Bay. The top 9 most abundant species were Acartia sp., with an abundance of 12.82%, followed by Ceratium sp.
(10.26%), Prorocentrum sp. (10.26%), Microstella sp. (10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%), Calanus
sp., (7.69%), Synedra sp. (5.13%), and Oithona sp. (5.13%). \While-At the same time, the rest of the species were counted
for 2.56% each and presented in Table 2. In addition, t-here-were-11-species-of planktonll species of plankton were found
in a water sample at a depth of 2.5 m in Tawang Bay. The top 6 most abundant species were Calanus sp. (28.00%),
followed by Prorocentrum sp. (12.00%), Paracyclopina sp. (12.00%), Microstella sp. (12.00%), Oncaea sp. (8.00%), and
Oithona sp. with an abundance of 8.00%. While the rest plankton species, including Synedra sp., Ceratium sp., Pteropods
sp., Macropthalmus sp., and Sagita sp., were counted at 4.00% each, Table 2.

Furthermore, a-total-of 12 plankton species were identified from the water sample at 5 m depth. The top 4 most
common species were Calanus sp. with an abundance of 28.57%, Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp. with an abundance of 9.52%. While the rest of the species,
including Melosira sp., Synedra sp., Dinophysis sp., Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with an
abundance of 5.00%, respectively. While in the bottom waters of Tawang Bay (20 m depth), a-tetal-of 12 plankton species
were identified. The top 9 most abundant species were Prorocentrum sp. with an abundance of 16.44%, Acartia sp. with
an abundance of 16.44%, Oithona sp. with an abundance of 16.44%, Oncaea sp. with an abundance of 10.96%,
Dinophysis sp. with an abundance of 5.48%, Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma sp. with an
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169 abundance of the abundance of 5.48%, Ceratium sp. with 5.48%, Caridean sp. (5.48%). ‘While At the same time, the rest
170 species were are presented in table 2.

171 Table 2. Planktons identified from the natural habitat of spiny lobster in bottom water at Tawang Bay, East Java Indonesia

Depth . Densit
P Species (Indiv/IY)
Synedra sp. 16

Oscillatoria sp. 8
Spirulina sp. 8
Ceratium sp. 32

Prorocentrum sp. 32

Pteropods sp. 24

0.3m Acartia sp. 40

(Surface) Microstella sp. 32

Calanus sp. 24
Oithona sp 16
Oncaea sp. 32
Euphausia sp. 8
Macrophthalamus sp. 8
Clytemnestra sp. 8
Cypris sp. 8
Unclassified Fish larvae 8
Unclassified flatworms 8
8

24

8

8

Synedra sp.
Prorocentrum sp.
Ceratium sp.
Pteropods sp.
Paracyclopina sp 24
25m Calanus sp. 56
Oithona sp. 16
Microstella sp. 24
Oncaea sp. 16
Macrophthalamus sp. 8
Sagitta sp. 8
Melosira sp. 8
Synedra sp. 8
8
1

Bivalve larvae
Prorocentrum sp. 6
Dinophysis sp. 8
Microstella sp. 8
Calanus sp. 48
5m Oithona sp. 24
Naupli Copepoda 16
Temora sp. 8
Oncaea sp. 8
Sagitta sp. 8
Rhizoselenia sp. 8
Pleurosigma sp. 8
24
8
8
4
6
24
24
16
8
8

Prorocentrum sp.
Ceratium sp.
Dinophysis sp.
20m Microsetella sp.
(bottom) Calanus sp.
Acartia sp.
Oithona sp.
Oncaea sp.
Caridean sp.
Unclassified flatworm
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174 Diversity indices
175 The diversity index values obtained in the waters of Karanggongso Bay, Trenggalek Regency East Java, were 2.49 +
176 0.07 at a depth of 0.0-0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5 m, 2.02 + 0.08 at a depth of 5m, and 2.34
177 + 0.10 at the 20 m water column. Those-which indicates- that the Karanggongso Trenggalek waters have moderate
178 diversity. While the diversity index values obtained in the waters of Tawang Bay were 2.65 + 0.03 at 0.0 — 0.3 m depth,
179 2.17 + 0.15 at the 2.5 m depth, 2.15 + 0.22 at a 5 m depth, and 2.32 £ 0.19 at a depth of 20 m which indicates that the
|180 waters of Tawang Bay have-alsealso have moderate diversity, Figure 2
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181
182 Figure 2. Diversity indices of plankton identified at the water column of Karanggongso Bay and Tawang Bay, East
183 javaJava, Indonesia. Bars are the average values with a standard deviation of three replicates.
184
185

186 Uniformity indices

|187 The uniformity index values obtained in the water column of Karanggongso Bay were 0.45 + 0.01 at 0.0-0.3 m «
188 depth (surface water column), 0.39 + 0.06 at a depth of 2.5 m, 0.38 + 0.01at a depth of 5 m and 0.43 £ 0.04 at the 25m
189 depth or bottom of the water column. These index values indicated that the uniformity of plankton in Karanggongso Bay
|190 was at-a-moderate-levelmoderate. While At the same time, the uniformity values obtained in Tawang Bay were 0.46 + 0.01
191 at 0.0-0.3 m depth, 0.41 + 0.05 at a depth of 2.5 m, 0.42 + 0.07 at a depth of 5 m, and 0.46 + 0.05 at 25 m depth or bottom
|192 of the water column. Similarly, uniformity indices of plankton in Tawang Bay were censidered-alsealso considered at a
193 moderate level, Figure 3.
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Figure 3. Uniformity indices of planktons identified in Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars
are the average values with a standard deviation of three replicates.

Domination Index

Dominance index values obtained from the waters of Karanggongso Bay were 0.21 + 0.03 at the 0.0-0.3 m depth, 0.26
+ 0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and 0.24 + 0.05 at the 20 m water depth. These values mean-that
no plankton species were dominant in the natural habitat of spiny lobster larvae (Karanggongso Bay). While the
dominance index values obtained from Tawang Bay waters were 0.13 + 0.03 at the 0.0-0.3 m depth, 0.28 + 0.05 at a depth
of 2.5 m, 0.30 £ 0.03 at a depth of 5m, and 0.16 + 0.05 at the 20 m depth. Similarly, based-en-the-values-ebtained-from-the

urface-to-the-bottom-o hows-that-there-are-no-species-thatthe values obtained from the surface to the bottom
of the waters show that no species dominate in Tawang Bay (Figure 4).
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Figure 4. Domination indices of planktons identified at Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars
are the average values with a standard deviation of three replicates.
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210 Discussion

|211 Environmental conditions, including physical, chemical, and biological factors in natural habitats, highly determine the
212 recruitment rates of lobster larvae (Keulder 2005). Several studies have previously reported the physical and chemical
213 characteristics of the settlement area of lobster (Amin et al. 2022c; Boudreau et al. 1992; Lillis and Snelgrove 2010).
214 However, studies viewing biological aspects of settlement habitat in natural environment lobster larvae are still very
215 limited. Meanwhile, many studies conclude that biological factors such as plankton availability ean would be important
216 information on the natural diets of lobster larvae (6 Rerke O'Rorke et al. 2014). Thus the present study investigated the
217 diversity, uniformity, and dominance of plankton in two common settlement areas of lobster larvae in East Java
|218 (Karangongso Bay and Tawang Bay) in Indonesia. The sampling was performed in 4 different depths, which were 0.3 m,
219 2.5m, 5m, and 20 m depth, as lobster larvae vertically migrated from the bottom during the daytime to the surface of the
220 water during the nighttime . It was also discovered that the diversity indices of plankton at both locations were 2.02-2.49 at
221 Karanggongso, and 2.15-2.65 at Tawang Bay. The diversity index values found at these two locations were all less than 3,
222 which means at a moderate level. The high or low value of plankton diversity can be caused by the evenly distributed
223 abundance of each |nd|V|duaI—er—aﬂe&her—sense—me#e—a%e—ne—speeres—that In another sense, No species have relatlvely
224 more diversity than other species (Awwaluddin et al. 2017). A K

225 WWW%MMWW%WMWW&%WI
226 Therefore, the diversity indices of plankton at Karanggongso Bay and Tawang
227 Bay, which are at a moderate Ievel may suggest that plankton communities are in relatively equal distribution of different
228 species, with no species being significantly more prevalent than others (Awwaluddin et al. 2017).

229 Similarly, the uniformity indices of planktons in both settlement areas were classified at a moderate level (0.38-0.45 at «
230 Karanggongso Bay and 0.41-0.46 at Tawang Bay). The uniformity values found at each location, both Karanggongso
231 Beach waters and Tawang Beach waters, are categorizedsaid-to-have-as moderate uniformity. The

232 categorized-to-beuniformity value is categorized as moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019). The
233 availability of nutrients, food, and predation processes can affect the high value of uniformity because it affects the type
234 and amount of plankton. Besides that, physical and chemical factors also affect the value of uniformity because it will
235 affect the growth of plankton (Nugroho et al. 2020). In addition, since the distribution of plankton in both waters-samples
236 is uniform, t-hen a high degree of uniformity can be asserted. While the dominance indices were-rangingranged from 0.21 —
237 0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay. The result indicates-that-there-were no dominant species at both
238 locations since all values < 0.05. Dominance index values obtained in both waters indicate the absence of plankton which
|239 dominates in Karanggongso Bay and alse Tawang Bay. The dominance index value indicates whether organisms are
240 dominant in a water environment. A value between 0.5 to 1 on the dominance index shows the presence of dominant
241 organisms in the water. On the other hand, a value less than 0.5 indicates t-hat-there-are-no-dominant-erganismsno dominant
242 organisms are present in the water (Berger and Parker,

1970).243

244 Potential Diet for Lobster Seeds

245 The result also revealed that 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m, 11
246 species-at-a-depth-of 5-m-and-13-speciesat a depth of 5 m, and 13 at 20m (bottom) of Karanggongso Bay. WhileAt the
247 same time,; 17 plankton species were discovered on the surface of Tawang Bay waters 11 speCIes at a depth of 2.5 m, 12
248 species at a depth of 5 m, and 12 species at the seafloor.

249 general,In general, the number of plankton species identified in the present study are is higher than in previous study—
250 reported-from-othersettlement-habitats-of lebsterlarvaei-es reported from other lobster larvae settlement habitats in Awang
251 Bay west Nusa Tenggara (Amin et al. 2022c) and Teluk Wedi Ombo, Yogyakarta (Trijoko and Pasaribu 2004). The most
252 abundant species identified from Karanggongso bay are mainly from Phylum Arthropoda, including Paracyclopina sp,
253 Oithona sp, Acartia sp, and Calanus sp. Other prominent species included Prorocentrum sp., DlnophyS|s sp., and
254 Ceratlum Sp..; WhICh are belonged to the phylum Dmoﬂagellata ; —Whlle

255 y

256 Pa%aeyelepmaphvlum Arthronoda mcludlnq .Acarna sp. Olthona sp. Oncaea sp. Calanus sp. Paracvclopma and
257 Macropthalmus sp., also dominated the most abundant species found in Tawang Bay..and-Macropthatmus-sp. Plankton
258 species in this area are also dominated by phylum Dinoflagellata such as Ceratium sp.,.-Prorocentrum sp., and Dinophysis
259 sp. Of these identified plankton species, 46-t en species were found in both locations, including Acartia sp., Oithona sp.,
260 Paracyclopina sp., Pteropods sp., Binophysis sp., Sagita sp., Microstellas sp. Calanus sp., Synedra $pJ These findings
261 suggest that the planktonic community in both bays is dominated by species belonging to the phylum Arthropoda and
262 Dinoflagellata, which are known to be important components of the marine food web.

263 Among the identified plankton species, few species have been documented as potential live diets in aquaculture,_
264 including Oithona sp., for a live diet of European seabass (Dicentrarchus labrax) postlarvae (Magouz et al. 2021a),-and
265 shrimp larvae (Dinesh Kumar et al. 2017)._Therefore,-and Acartia sp.; could possess as a live diet for seabass larvae,,-
266 Lates calcarifer (Rajkumar 2006), fat snook, Centropomus parallelus (Barroso et al. 2013), and many other aquatic larvae
|267 (Sarkisian et al. 2019). n-fact—sSome studies also confirmed that these plankton species were identified in the content
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268 stomach eontent of lobster larvae. For instance, Oithona sp. has been reported from the stomach _eontent of spiny lobsters
269 at the early life stage (Amin et al. 2022d; Khvorov et al. 2012). Furthermore, Oithona sp. has been described as a marine
270 calanoid copepod which withhas high protein content, ~59.33% (Santanumurti et al. 2021), therefore frequently used as a
271 live diet for fish or shrimp larvae. Another study has documented that Oithona sp. had a high content of fatty acid profiles
‘272 including polyunsaturated fatty acids (26.47%) and omega-3 fatty acids (36.30), which i-a-fact are higher compared-tot han
273 a commercial live diet such as Artemia sp. (Magouz et al. 2021b). Furthermore, Acartia sp. has been-alsealso been
274 documented to be a good live diet for aquatic larvae such as seabass larvae, Lates calcarifer (Rajkumar 2006), and fat
275 snook, Centropomus parallelus (Barroso et al. 2013). Acartia clausi has been described to have higher contents of proteins
276 (63.12%) and lipids (16.65%) and is also richer in n — 3 fatty acids (33.94%) than Artemia nauplii and rotifers (Rajkumar,
|277 2006). The plankton species has have been-also—identified—in-the—stomach—content-of-spiny—lobsterlarvaealso been
278 identified in spiny lobster larvae's stomach content (Amin et al. 2022d). In addition, a member of Acartia (Acartia tonsa)
279 had been documented to provide an important nutritional benefit to fat snook larvae undergoing metamorphosis (Vanacor-
280 Barroso et al. 2017).

281 Other potential food sources for Iobster larvae |dent|f|ed in the present study are zooplankton and phytoplankton.
|282 The plankton results found at each station
283 consist of Bachlllarlophlceae (e.9., Rlzosolenla sp., Synedra sp., Cyclotella sp.;)-and Copepoda (e.g., Oithona sp., Acartia
284 sp., Calanus sp.). These plankton groups were identified at each station, highlighting their potential as a food source for
285 lobster larvae. Diatoms, which belong to the phytoplankton group Bachillariophiceae, contain essential nutrients required
286 for the growth of Iobster larvae, such as PUFA (Polyunsaturated Fatty Acid) The PQFA PUFA is the major fatty acid ih
287 ,

288 acid 22:6 n-3). Therefore, PUFA are |_s the major fatty acids-feund in diatems Bachlllarloplceae diatoms (Pahl et al, 2010).
289 PUFA content of these diatoms is relatively high, with levels ranging between 23.4 and 60.7% (Valera & Saavedra, 2016).
290 High PUFA content was identified in several plankton species as potential prey for spiny lobster larvae Jasus edwardsii,
|291 and these long-chain fatty acids are an essential nutrient for spiny lobster (Koshio & Kanazawa, 1994; Liddy et al.:
2004;292 Wang, 2013).

293 Copepoda (Hexanauplia) is a rich source of protein, particularly in gastropods it is also high in calcium content which
294 is important for lobster during molting (Kirno et al.; 2012). Several studies, such as those by Alka (2016), Chow (2011),
295 and Connel (2007), have reported the presence of copepods in the digestive tracts of lobster larvae. Thati-s suggests t-hat
296 copepods are a preferred food for lobster larvae. Protein is constanthy the predominant organic nutrient in the spiny lobster
297 larvae as-wel-asnd their preferred prey (Wang, 2013). This is consistent withwith prior examinations of digestive
298 enzymes of phyllosoma of J.edwardsii and Panulirus ornatus, which reveal that they necessitate a high-protein diet and
299 will utilize protein to generate energy during food deprivation (Johnston gt al.-2004a; Johnston gt al..-2004b, Johnston et
300 al.; 2006). Copepods contain high protein content, ranging from 28.9 - 84.9 % of dry weight, indicating that lobster larvae
301 consume prey with high protein content (Wang & Jeffs, 2014). The protein content of the copepods i-s—in—aceerdant
302 withfollows the amount of protein incorporated into artificial feeds for some of the crustaceans larvae, including crab,
303 shrimp, and clawed lobster species, which i-s-rangingranges between 30% to 60% protein (Conklin gt al.-1980 - Guillaume,
304 1997 Holme gt al.. 2009). . Moreover, copepods are also high in lipids, ranging from 11.3%- 12.4% (Wang & Jeffs, 2014).
305 Rich-lipid diets can be properly digested by the spiny lobster larvae,-and utilized i-t to supply energy, especially during a
306  food scarcity (Johnston gt al.-2004; Liddy et al. ~2003; Liddy et al. -2004; Ritar ef al., 2003). Furthermore, |-ate-1 ate-phase
307 phyllosoma of spiny lobster probably targets high lipid prey-as they prepare to accumulate an enormous amount of lipid to
308  fuel their non-feeding post-larval stage ( Jeffs gt al.-2001a; Jeffs gt al.- 2001b). The presence of copepods, especially
309 Oithona sp., Acartia sp., and Calanus sp., in a high abundance value at the Karanggongso and Tawang Bay could provide
310 asignificant source of high lipid natural diets for splny lobster larvae. These results suggest that these plankton specres are
311 a potentlal diet for spmy lobster Iarvae M
312 Therefore in vivo trrals using aguatlc nrmals esgecnally or
313 developing ornate lobster hatcheries, should be further studled

314 In conclusion, t_he number of plankton species found in both locations was more abundant in the surface water (0-0.3
315 m) compared to the deeper water column. A total of a-tetal-of 17 plankton species were identified from the surface water,
316 13 species at a depth of 2.5 m, 11 species at a depth of 5 m, and 13 species at 20 m (bottom) of Karanggongso Bay.
|317 Similarly;\While, 17 plankton species were discovered en from the water surface of Tawang Bay-waters: 11 species at a
318 depth of 2.5 m, 12 species at a depth of 5 m, and 12 species at the seafloor. Based on the diversity, uniformity, and
319 dominance indices,—at both locations_had - plankten-species-which-are-available-at-both-loeation-were moderate plankto
320 quite-varietydiversity, and no specific species was dominant over the others. , i

321 species-in-both-locations: Among the identified plankton species, several members of Bachillariophiceae, Copepoda, and
322 Hexanauplia, such as Oithona sp., Calanus sp.,Paracyclopina sp.,and Acartia sp., are considered potential live feed for
323 lobster larvae, and thus should be further studied.
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Diversity and Abundance of Plankton Community in Tawang Bay-and
Karanggongso Bays, the-Natural Settlement Habitats of Spiny Lobster

Larvae_n East Java Indonesia

Abstract. Tawang and Karranggongso Bays have been well-known as settlement areas for_spiny lobster larvae, Panulirus spp., in East
Java, Indonesia._These locations may suggest .—Fherefore these-locations, which-may-suggest-that-the-location-are suitable environments
including diet availability for lobster larvae. TherefFurthermTherefore, the present study aimed to investigate types-and,-abundance-and
ewe.tsﬁy of plankton in the both Iocatlons to dlscover potential live dlets for Iobster larvae. Ptanktenﬁampleyﬁe;&eeuec—ted-m—bem

also are-to explored plankton’s plankten's—diversity, uniformity, and dominance indices the—diversity—abundance—uniformity—and
dominance-indices-of plankton in the natural settlement ground-of lobster-larvae-at both locationsKaranggongse-and Tawang Bay.

Plankton samples in each location was collected using a plankton net at four different-depths: 0.3 m, 2.5 m, 5 m, and 20 m with three
replicates. The results revealed that 17 plankton species were identified from the 0.30 —m depth, 13 species-at-a-2.5mdepth-of 2.5m11

species-at-a-5mdepth-of Sm-and-13-speciesat 2.5 -m, 11 at 5 -m, and 13 -at 20 m atdepth at Karanggongso Bay. Wh\tle—g—e\laqktea

were-discovered-on-the-surfaceof TawangBay waters: 11 species-at-a-2.5m—12 species-at-5m—and—12 species—at20m- In
g ( (

addmon 17 plankton species were discovered inat 0.3 -m depth, 11 pecie

The diversity indices observed in Karanggongso and Tawang bay ranged from 2.02- 2 49 and 2.17- 2 65, respectively, wMeMalernhm
the moderate range. Similarly, the uniformity indices observed at both locations were alse-moderate, with-values-ranging from 0.38-0.45
at Karanggongso Bay and 0.41-0.46 at Tawang Bay. While-tThere were no dominant species at both locationss-as-indicated-by, _as the
dominance index values ranged from 0.13-0.30. Among the identified plankton species, Oithona sp., Calanus sp., Paracyclopina sp.,
and Acartia sp. are considered potential live feed for lobster larvae,-and thus should be further studied.

Key-words: diversity, diets, dominance, lobster, plankton, uniformity.
Abbreviations (if any): -
Running title: Plankton diversity in lebsternaturalnatural lobster habitat

INTRODUCTION

Lobster is an important fishery commodity in Indonesia due to its high price, high nutritional contents-as-wel-as, and

high market demands. According to the Indonesian Central Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value and continuously increasing marketing demands at national
or global markets mdlcate that lobster is a high- potentlal flsherles commodlty However, the lobster supply has been

v yvetdepended highly on the
wild catch because Iobster ag aculture has not yet been weII developed One of the main issues faced in lobster
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49 aquaculture is larval production, which currently relies on the availability of seeds-in-naturenatural seeds. Many studies
50 have been conducted to study various factors relating to |-arval-preduction—oftarvaee’s—larval production, including
51 spawning-inducing technology and rearing condition, yet the success rates are very low. Several authors have succeeded t-
52 breedi n breeding and producing larvae. Yet, the larvae can live only 7-14 days after hatching. HTherefore, it is
53 hypothe5|zed that the mam challenge is i-a diet ava|lab|I|ty and sunab|l|ty Accordmg to Amm et aI (2022b) eHeW

55 way to start domest|cat|nq wild species is bv collecting |nformat|on on their natural habitat as much as possible. Similarly,
56 Kashinskaya et al. (2018) suggest t-hat-profiling—certain—animals—natural-habitatprofiling certain animals' natural habitats
57 may reveal their diets.

58 Environmental conditions, including physical, chemical, and biological factors in natural habitats, highly determine the
59 recruitment rates of lobster larvae (Keulder 2005). Several authors have previously reported the physical and chemical
60 characteristics of the natural settlement areas of lobster larvae (Amin et al. 2022b; Boudreau et al. 1992; Lillis and
61 Snelgrove 2010). However, studies investigating biological aspects of settlement habitat in the natural environment of
62 lobster larvae are stitb-very limited. Meanwhile, many studies conclude that biological factors haveeld important
63 information for the lobster larvae, especially for diets (O’Rorke et al. 2014). Accordingly, biological aspects such as
64 natural dietary aspects and lobster predation processes that occur in nature during larval and post-larval stages could be
65 critical information that must be considered for hatchery production. n-For example, plankton might be a natural diet
66 source for varlous f|sh seeds |nc|ud|nq Iobster seeds, in the|r natural settlement habltatt-hemna&wal—se%tlemem—haieﬁat
d . Raza'i et al. (2018) added
68 that the avallablllty of plankton as a natural dlet source has—a—s%wam—rmpaet—en |gn|f|cant|y impacts the dependence
69 and growth of marine organisms such as fish, crabs, shrimp, and lobsters.

70 Profiling plankton diversity and abundance might reveal potential diets for lobster larvae. A similar approach has been
71 done in some studies. For instance, lhsan et al. (2019) conducted research on plankton as a natural feed for lobster larvae
72 and post-larvae in natural habitats in Teluk Awang, Central Lombok. Trijoko and Pasaribu (2003) conducted another study
73 in Wedi Ombo Bay, Gunung Kidul, Yogyakarta. Generally, tFhi_se study's results-in-general suggest that each location has
74 a different structure and abundance, although some species were the same between the area. All these results raised
75 questions about whether lobster larvae are opportunistic feeders-or specific feeders. Therefore, to answer these questions,
76 more studies are required by collecting more information in more settlement areas of lobster.

7 Karanggongso bay and Tawang Bay has-beenishave been well-known as one of the most settlement areas for lobster
78 larvae in East Java Indonesia (Amin et al. 2022a); therefore, it is assumed to have important suitable diet availability for
79 lobster larvae. However, studies on the biological aspects of both locations areas are still very limited. Thus, the-objectives
80 of-thisreseareh 1i_s research aims to investigate the plankton diversity, abundance, uniformity, and dominance indices in the
81 natural settlement habitat of lobster larvae at Karanggongso and Tawang Bays. The study results are expected to enrich the
82 information on potential diets for lobster larvae for hatchery development.

83 MATERIALS AND METHODS

84 Study area

85 TFhecollection-of plankton samples-was-carried-eutPlankton samples were collected in two common settlement areas of

86 lobster larvae in East Java, Indonesia (Karanggongso Bay and Tawang Bay), with a protocol as previously described by

87 Amin et al. (2022b). At Karanggongso Bay, Fhe sampling-tecation was performed at three different ordinate pointsat

88 ordinate—points_as repetitions: 8°18'13.8"S 111°44'28.4"E (R1), 8°18'16.3"S 111°44'21.6"E (R2), and 8°18'23.0"S

89 111°44'26.8"E (R3). While at Tawang Bay, the sampling pomtes were 8°15' 57 4"S 111°1746 O"E (Rl) 8°15 54.3"S

90 111°17'48.2"E (R2), and 8°15'51.5"S 111°17'46.2"E (R3)

91 Mms%%&g)—(ﬁgure 1). Plankton samplmq in each samplmq point was collected at Plahkten
v with four different depths: 0-0.3-m, 2.5 -m, 5 -m, and 20 m.

93 Flrst Ithe water samples collected from three sampling points with the same depth were mixed and filtered using a

94 plankton net and placed in sterile bottles. The filtered sample was then immediately given Lugol which acts as a plankton

95 preservative, up to 1% of the total filtering, and wrapped in Styrofoam. The samples were then examined in the

96 Microbiology Laboratory, Faculty of Fisheries and Marine Science at Airlangga University.
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97

Figure 1 Two sampling locations: Karanggongso Bay, Trenggalek Regency [a], and Tawang Bay, Pacitan Regency [b], East Java,

98

99 Indonesia.

100 Karanggongso Bay waters-have had temperatures ranging from 27-28-°C, a DO content of 7.48 mg/L, a salinity of 26
101 ppt, a pH of 7-8, a NOs content of 0.01 mg/L, and a muddy substrate. On the other hand, Tawang Bay waters-temperatures
102 are were slightly warmer than Karanggongso Bay, with water temperature ranging from 28.2-28.3 °C, with a significantly
103 lower; DO content of 3.35 mg/L. moreover, Tawang Bay has a higher salinity of 35 ppt, a pH of 8, a NOs content of 0.01,
104 adepth of 15 m, and a sandy substrate.

105 Abundance and ldentification of plankton
|106 Firstly, plankton identity and their abundances were analyzed using a protocol of LeGresley and McDermott (2010). In
107 brief, plankton samples were placed on a Sedgewick Rafter Counting (SRC) Cell and observed under a binocular
|108 microscope with a magnification of 1000x. Fhereafter—Afterward, plankton found in each sample was counted,
109 photographed, and identified according to an identification book guide by Mazzocchi et al. (2012). Then, the abundance
110 index was calculated according to the following formula (Fachrul

2012):111

112

N= a « c « Vb « 1

113 ThTd vare Vs

114

115 Where “"N> " represents the abundance of plankton (plankter/L), “"a” " represents the number of SRC boxes, “"b> " is the
116 area of one field of view (mm?), “"'c " denotes the number of individuals observed, and “"d~ " indicates the number of
117 boxes observed. “"Vb> " is the velume of water in the sample bottle (ml), “*Vsrc” " is the volume of water in the SRC
118 (ml), and “"Vs” "represents the volume of water filtered in the Field (L). -

119 Diversity, Uniformityuniformity, and dominant indices

120 The diversity index value (H') was calculated using the following formula (Fachrul 2012):
121 H'= -3 PilnPiwhere Pi = “H' — — 3, PinPi,whera Pi — ;

122 Where H'is Shannon Wiener Diversity Index, pi is the number of individuals of the i-th species, ni is the

123 number of species, and N is the total individual number.
‘124 The uniformity index (E") was calculated using the “"’Evennes Index> " formula (Ulfah et al. 2019):

125,

E=—
126 where. E'iis t he uniformity index, H' is- t_ he Shannon Wiener Diversity diversity Indexi-ndex, S is-
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[127  the Fotatt otal number of species
128
129 The dominance index (d) was calculated using the following equation (Berger and Parker 1970):

_ Nmaz
130 T where where, <"d”: ": Simpson Dominance Index, Nmax: The most abundant number of individual
131 species, dan N = Total individual
number.132
133 RESULTS AND DISCUSSION
134 Results
135 Plankton Abundance in Karanggongso Bay
136 Water samples were collected from-twe-lecations, Karanggongso Bay and Tawang Bay at four different depths (0.3 m,
137 2.5.m, 5_m, and 20_m). The two bays were located at i_n the Southern part of East Java Province, and both areas are
138 facingface-te the Indian Ocean, Figure 1. The results showed that a-tetal-of 17 plankton species were identified from the
139 surface water (0.0-0.3 m). The top six most abundant species were Paracyclopina sp. with 21.21%, followed by Acartia
140 sp. (18.18%), Pteropods sp. (9.09%,) Prorocentrum sp. (6.06%), Dinophysis sp. (6.06%), and Saggita sp. (2.13%). Other
|14l species and their percentage was are presented in Table 1. In addition, at a 2.5 m depth, 13 plankton species were
142 identified._Again, t-and-the top 6 most abundant species were Acartia sp. (26.47%), followed by Paracyclopina sp.
143 (23.53%), Ceratium sp. (8.82%), Microstella sp. (8.82%), Dinophysis sp. (5.8%), and Oncaea sp. (5.88%). The rest
144 species with their abundance were presented in Table 1.
145 Furthermore, at 5 m depth, the Bay is home to 11 plankton species. The top 4 most abundant species were Acartia sp.
146 (30.77%), followed by Paracyclopina sp. (23.08%), Sagitta sp. (11.54%), and Qithona sp. (7.69%). While the other 7
147 species included Synedra sp., Oikopleura sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp., Microstella sp., and
‘148 unclassified Lucifer, which were counted for 3.85% each; (Table 1). Meanwhile, a-tetal-of 13 plankton species were found
149 at-the-a depth of 20 m. Fhe Again, the top 6 most abundant species were Acartia sp. accounted for 24.14%), followed by
150 Paracyclopina sp. with 13.79%, Pteropods sp. (10.34%), Dinophysis sp. (10.34%), Ceratium sp. with 6.90%, and Sagitta
|151 sp. with 6.90%. The rest species were are presented in
table 1.152
153 Table 1. Plankton species i-den arvae—{Kara e
154 alek-F y d depths of the v identified from t-we
155 (Karanggongso Bay and-TFrenggalek—Regency—East-Java
156 Indonesia)-at four different depth of water column depths.

Depth Species Calrl]g?\?/sl_'t)y
Cyclotella sp. 8
Peniliasp 8
Noctiluca sp. 8
Prorocentrum sp. 16
Dinophysis sp. 16
Ceratium sp. 8
Ceratium sp. 8
Pteropods sp. 24
0.3m Paracyclopina sp. 56
(Surface) Acartia sp. 48
Microstella sp. 8
Euphausia sp. 8
Lucifer sp. 8
Oipheureidea sp. 8
Sagitta sp. 16
Nermatea sp. 8
Actinulla larvae 8
25m Rizosolenia sp. 8
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Penilia sp. 8

Ceratium sp. 24
Dinophysis sp. 16
Paracyclopina sp. 64
Acartia sp. 72
Microstella sp. 24
Oncaea sp. 16
Codonelopsis sp. 8
Oipheureidea sp. 8
Sagitta sp. 8
Actinula sp. 8
Polychaete 8
Oikopleura sp. 8
Synedra sp. 8
Coscinodiscus sp. 8
Ceratium sp. 8
Pteropods sp. 8
5.0m Paracyclopina sp. 48
Acartia sp. 64
Microstella sp. 8
Oithona sp. 16
Lucifer sp. 8
Sagita sp. 24
Synedra sp. 8
Penilia sp. 8
Noctiluca sp. 8
Dinophysis sp. 24
Ceratium sp. 16
200 Pteropods sp. 24
(Rottam) Acartia sp. 56
Paracyclopina sp. 32
Oithona sp. 8
Microstella sp. 16
Euphausia sp. 8
Protoperidinium sp. 8
Sagitta sp. 16

Plankton Abundance in Tawang Bay

A total of 17 plankton species were identified from the water sample at a depth of 0.0-0.3 m (surface water) of Tawang
Bay. The top 9 most abundant species were Acartia sp., with an abundance of 12.82%, followed by Ceratium sp.
(10.26%), Prorocentrum sp. (10.26%), Microstella sp. (10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%), Calanus
sp., (7.69%), Synedra sp. (5.13%), and Oithona sp. (5.13%). \While-At the same time, the rest of the species were counted
for 2.56% each and presented in Table 2. In addition, t-here-were-11-species-ofplanktonll species of plankton were found
in a water sample at a depth of 2.5 m in Tawang Bay. The top 6 most abundant species were Calanus sp. (28.00%),
followed by Prorocentrum sp. (12.00%), Paracyclopina sp. (12.00%), Microstella sp. (12.00%), Oncaea sp. (8.00%), and
Oithona sp. with an abundance of 8.00%. While the rest plankton species, including Synedra sp., Ceratium sp., Pteropods
sp., Macropthalmus sp., and Sagita sp., were counted at 4.00% each, Table 2.

Furthermore, a-total-of 12 plankton species were identified from the water sample at 5-m depth. The top 4 most
common species were Calanus sp. with an abundance of 28.57%, Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp. with an abundance of 9.52%. While the rest of the species,
including Melosira sp., Synedra sp., Dinophysis sp., Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with an
abundance of 5.00%, respectively. While in the bottom waters of Tawang Bay (20 m depth), a-total-of 12 plankton species
were identified. The top 9 most abundant species were Prorocentrum sp. with an abundance of 16.44%, Acartia sp. with
an abundance of 16.44%, Oithona sp. with an abundance of 16.44%, Oncaea sp. with an abundance of 10.96%,
Dinophysis sp. with an abundance of 5.48%, Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma sp. with an
abundance of the abundance of 5.48%, Ceratium sp. with 5.48%, Caridean sp. (5.48%). While At the same time, the rest
species were are presented in table 2.
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178

179 Table 2. Plankton_species identified from t-he-natural-habitat-of-spinylobster—in-bettom—water—at Tawang Bay,-at four
180 different depth of water column.EastJava-tndenesia

Depth . Densi
P Species (Indiv/tIY)
Synedra sp. 16

Oscillatoria sp. 8
Spirulina sp. 8
Ceratium sp. 32

Prorocentrum sp. 32

Pteropods sp. 24

0.3m Acartia sp. 40

(Surface) Microstella sp. 32

Calanus sp. 24
Oithona sp 16
Oncaea sp. 32
Euphausia sp. 8
Macrophthalamus sp. 8
Clytemnestra sp. 8
Cypris sp. 8
Unclassified Fish larvae 8
Unclassified flatworms 8
8

24

8

8

Synedra sp.
Prorocentrum sp.
Ceratium sp.
Pteropods sp.
Paracyclopina sp 24
25m Calanus sp. 56
Oithona sp. 16
Microstella sp. 24
Oncaea sp. 16
Macrophthalamus sp. 8
Sagitta sp. 8
Melosira sp. 8
Synedra sp. 8
8
1

Bivalve larvae
Prorocentrum sp. 6
Dinophysis sp. 8
Microstella sp. 8
Calanus sp. 48
5m Oithona sp. 24
Naupli Copepoda 16
Temora sp. 8
Oncaea sp. 8
Sagitta sp. 8
Rhizoselenia sp. 8
Pleurosigma sp. 8
24
8
8
4
6
24
24
16
8
8

Prorocentrum sp.
Ceratium sp.
Dinophysis sp.
20m Microsetella sp.
(bottom) Calanus sp.
Acartia sp.
Oithona sp.
Oncaea sp.
Caridean sp.
Unclassified flatworm

181
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183 Diversity indices
184 The diversity index values obtained in the waters of Karanggongso Bay, Trenggalek Regency East Java, were 2.49 +
185 0.07 at a depth of 0.0-0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5 m, 2.02 + 0.08 at a depth of 5m, and 2.34
186 + 0.10 at the 20 m water column. Those-which indicates- that the Karanggongso Trenggalek waters have moderate
187 diversity. While the diversity index values obtained in the waters of Tawang Bay were 2.65 + 0.03 at 0.0 — 0.3 m depth,
188 2.17 + 0.15 at the 2.5 m depth, 2.15 + 0.22 at a 5 m depth, and 2.32 £ 0.19 at a depth of 20 m which indicates that the
|189 waters of Tawang Bay have-alsealso have moderate diversity, Figure 2
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190
191 Figure 2. Diversity indices of plankton identified at the water column of Karanggongso Bay and Tawang Bay, East
192 javaJava, Indonesia. Bars are the average values with a standard deviation of three replicates.
193
194

195 Uniformity indices

|196 The uniformity index values obtained in the water column of Karanggongso Bay were 0.45 + 0.01 at 0.0-0.3 m «
197 depth (surface water column), 0.39 + 0.06 at a depth of 2.5 m, 0.38 + 0.01at a depth of 5 m and 0.43 £ 0.04 at the 25m
198 depth or bottom of the water column. These index values indicated that the uniformity of plankton in Karanggongso Bay
|199 was at-a-moderate-levelmoderate. While At the same time, the uniformity values obtained in Tawang Bay were 0.46 + 0.01
200 at 0.0-0.3 m depth, 0.41 + 0.05 at a depth of 2.5 m, 0.42 + 0.07 at a depth of 5 m, and 0.46 + 0.05 at 25 m depth or bottom
|201 of the water column. Similarly, uniformity indices of plankton in Tawang Bay were censidered-alsealso considered at a
202 moderate level, Figure 3.
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Figure 3. Uniformity indices of plankton identified in Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars are
the average values with a standard deviation of three replicates.

Domination Index

Dominance index values obtained from the waters of Karanggongso Bay were 0.21 + 0.03 at the 0.0-0.3 m depth, 0.26
+ 0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and 0.24 + 0.05 at the 20 m water depth. These values mean-that
no plankton species were dominant in the natural habitat of spiny lobster larvae (Karanggongso Bay). While the
dominance index values obtained from Tawang Bay waters were 0.13 + 0.03 at the 0.0-0.3 m depth, 0.28 + 0.05 at a depth
of 2.5m, 0.30 £ 0.03 at a depth of 5m, and 0.16 + 0.05 at the 20 m depth. Similarly, based-en-the-values-obtained-from-the

urface-to-the-bottom-o hows-that-there-are-no-species-thatthe values obtained from the surface to the bottom
of the waters show that no species dominate in Tawang Bay (Figure 4).
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Figure 4. Domination indices of plankton identified at Karanggongso Bay and Tawang Bay, East Java, Indonesia. Bars are
the average values with a standard deviation of three replicates.
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Discussion

Environmental conditions, including physical, chemical, and biological factors in natural habitats, highly determine the
recruitment rates of lobster larvae (Keulder 2005). Several studies have previously reported the physical and chemical
characteristics of the settlement area of lobster (Amin et al. 2022b; Boudreau et al. 1992; Lillis and Snelgrove 2010).
However, studies viewing biological aspects of settlement habitat in natural environment lobster larvae are still very
limited. Meanwhile, many studies conclude that biological factors such as plankton availability ean would be important
information on the natural diets of lobster larvae (O’Rorke et al. 2014). Thus the present study investigated the diversity,
uniformity, and dominance of plankton in two common settlement areas of lobster larvae in East Java (Karangongso Bay
and Tawang Bay) in Indonesia. The sampling was performed in 4 different depths, which were 0.3 m, 2.5 m, 5 m, and 20
m depth, as lobster larvae vertically migrated from the bottom during the daytime to the surface of the water during the
nighttime . It was also discovered that the diversity indices of plankton at both locations were 2.02-2.49 at Karanggongso,
and 2.15-2.65 at Tawang Bay. The diversity index values found at these two locations were all less than 3, which means at
a moderate level. The high or low value of plankton dlversny can be caused by the evenly distributed abundance of each
|nd|V|duaI—e¥—m—aﬂe%he+Lsense—&he¥e—a¥e+re—sgee+es—that n another sense, no speue have relatlvely more dlversny than
other species (Awwaluddin et al. 2017). A Y y
M%MWWBWWWW%M%WWSWM
species—with-ne-oneTherefore, the diversity indices of plankton at Karanggongso Bay and Tawang Bay, which are at a
moderate level may suggest that plankton communities are in relatively equal distribution of different species, with no
species being significantly more prevalent than others (Awwaluddin et al. 2017).

Similarly, the uniformity indices of plankton in both settlement areas were classified at a moderate level (0.38-0.45 at+

Karanggongso Bay and 0.41-0.46 at Tawang Bay). The uniformity values found at each location, both Karanggongso
Beach Waters and Tawang Beach waters, are categorizedsaid-to-have-as moderate uniformity. The

uniformity value is categorized as moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019). The
availability of nutrients, food, and predation processes can affect the high value of uniformity because it affects the type
and amount of plankton. Besides that, physical and chemical factors also affect the value of uniformity because it will
affect the growth of plankton (Nugroho et al. 2020). In addition, since the distribution of plankton in both waters samples
is uniform, t-hen a high degree of uniformity can be asserted. While the dominance indices were-rangingranged from 0.21 —
0.31 at Karanggongso Bay and 0.13-0.30 in Tawang Bay. The result indicates-that-there-were no dominant species at both
locations since all values < 0.05. Dominance index values obtained in both waters indicate the absence of plankton which
dominates in Karanggongso Bay and alse Tawang Bay. The dominance index value indicates whether organisms are
dominant in a water environment. A value between 0.5 to 1 on the dominance index shows the presence of dominant
organisms in the water. On the other hand, a value less than 0.5 indicates t-hat-there-are-Ro-dominant-erganismsno dominant

organisms are present in the water (Berger and Parker 1970).

Potential Diet for Lobster Seeds

The result also revealed that 17 plankton species were identified from the surface water, 13 species at a depth of 2.5 m, 11
species-at-a-depth-of 5-m-and-13-speciesat a depth of 5 m, and 13 at 20m (bottom) of Karanggongso Bay. ‘A/hileAt the
same time,; 17 plankton species were discovered on the surface of Tawang Bay waters: 11 species at a depth of 2.5 m, 12
species at a depth of 5 m, and 12 species at the seafloor. The-numberof plankton-species-identified-in-the presentstudyin
general,In general, the number of plankton species identified in the present study are is higher than in previous study
reportedfrom-other settlement-habitats-of lobster larvaeies reported from other lobster larvae settlement habitats in Awang
Bay west Nusa Tenggara (Amin et al. 2022b) and Teluk Wedi Ombo, Yogyakarta (Trijoko and Pasaribu 2004). The most
abundant species identified from Karanggongso bay are mainly from Phylum Arthropoda, including Paracyclopina sp,
Oithona sp, Acartia sp, and Calanus sp. Other prominent species included Prorocentrum sp., Dinophysis sp., and Ceratium
sp.,, Whlch are belonged tot he phylum Dmoflagellata Whlle n{es&—abemdant—spee&es—fe&hd—m#awangu%y were-also

dominated the most abundant species found in Tawanq Bay. and—MaeFep&halmus%p Plankton species in thls areaﬁ also

dominated by phylum Dinoflagellata such as Ceratium sp.,. Prorocentrum sp., and Dinophysis sp. Of these identified
plankton species, 16-t-el11n species were found in both locations, including Acartia sp., Ceratium
sp., Dynophysis sp., Euphausia sp., Microstella sp., Oithona sp., Paracyclopina sp., Pteropods sp., Rizosolenia sp.,

Binophysis—sp- Sagita sp.,—Micrestellas—sp—Calanus—sp-, Synedra p] These findings suggest that the planktonic
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community in both bays is dominated by species belonging to the phylum Arthropoda and Dinoflagellata, which are
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277 (Sarkisian et al. 2019). n-fact—sSome studies also confirmed that these plankton species were identified in the content
278 stomach eontent of lobster larvae. For instance, Oithona sp. has been reported from the stomach eontent of spiny lobsters
279 at the early life stage (Amin et al. 2022c; Khvorov et al. 2012). Furthermore, Oithona sp. has been described as a marine
280 calanoid copepod which withhas high protein content, ~59.33% (Santanumurti et al. 2021), therefore frequently used as a
281 live diet for fish or shrimp larvae. Another study has documented that Oithona sp. had a high content of fatty acid profiles
|282 including polyunsaturated fatty acids (26.47%) and omega-3 fatty acids (36.30), which i-a-fact are higher compared-tot_han
283 a commercial live diet such as Artemia sp. (Magouz et al. 2021b). Furthermore, Acartia sp. has been-alsealso been
284 documented to be a good live diet for aquatic larvae such as seabass larvae, Lates calcarifer (Rajkumar 2006), and fat
285 snook, Centropomus parallelus (Barroso et al. 2013). Acartia clausi has been described to have higher contents of proteins
286 (63.12%) and lipids (16.65%) and is also richer in n — 3 fatty acids (33.94%) than Artemia nauplii and rotifers (Rajkumar,
‘287 2006). The plankton species has have been-also—identified—in-the-stomach—content-of-spiny—lobsterlarvaealso been
288 identified in spiny lobster larvae's stomach content (Amin et al. 2022b; Amin et al. 2022c). In addition, a member of
289 Acartia (Acartia tonsa) had been documented to provide an important nutritional benefit to fat snook larvae undergoing
290 metamorphosis (Vanacor-Barroso et al. 2017).

291 Other potential food sources for Iobster larvae |dent|f|ed in the present study are zooplankton and phytoplankton.
|292 The plankton results found at each station
293 conS|st of Bachlllarlophlceae (e.g., Rlzosolenla sp., Synedra sp., Cyclotella sp.,)-and Copepoda (e.g., Oithona sp., Acartia
294 sp., Calanus sp.). These plankton groups were identified at each station, highlighting their potentlal as a food source for
295 lobster larvae. Diatoms, which belong to the phytoplankton group Bachillariophiceae, contain essential nutrients required
296 for the growth of lobster larvae, such as PUFA (Polyunsaturated Fatty Acid). The PUFA PUFA is the major fatty acid in
297  Bachillariopiceae diatoms (Pahl gtal. 2010), including EPA (eicosapentaenoic acid, 20:5 n-3) and DHA (docosahexaenoic
298 acid 22:6 n-3). Therefore, PUFA are i s the major fatty acids-found in diatoms Bachillariopiceae_diatoms (Pahl et al, 2010).
299 PUFA content of these diatoms is relatively high, with levels ranging between 23.4 and 60.7% (Valera & Saavedra, 2016).
300 High PUFA content was identified in several plankton species as potential prey for spiny lobster larvae Jasus edwardsii,
|301 and these long-chain fatty acids are an essential nutrient for spiny lobster (Koshio & Kanazawa, 1994; Liddy gt al.:
2004;302 Wang, 2013).

303 Copepoda (Hexanauplia) is a rich source of protein, particularly in gastropods it is also high in calcium content which
304 is important for lobster during molting (Kirno et al.; 2012). Several studies, such as those by Alka (2016), Chow (2011),
305 and Connel (2007), have reported the presence of copepods in the digestive tracts of lobster larvae. Thati-s suggests t-hat
306 copepods are a preferred food for lobster larvae. Protein is constanthy the predominant organic nutrient in the spiny lobster
307 larvae as-wel-asnd their preferred prey (Wang, 2013). This is consistent withwith prior examinations of digestive
308 enzymes of phyllosoma of J.edwardsii and Panulirus ornatus, which reveal that they necessitate a high-protein diet and
309 will utilize protein to generate energy during food deprivation (Johnston gt al..- 2004a; Johnston gt al..-2004b, Johnston et
310 al.; 2006). Copepods contain high protein content, ranging from 28.9 - 84.9 % of dry weight, indicating that lobster larvae
311 consume prey with high protein content (Wang & Jeffs, 2014). The protein content of the copepods i-s—in—aceerdant
312 withfollows the amount of protein incorporated into artificial feeds for some of the crustaceans larvae, including crab,
313 shrimp, and clawed lobster species, which i-s-rangingranges between 30% to 60% protein (Conklin gt al.. 1980 ; Guillaume,
314 1997 Holme gt al.; 2009). Moreover, copepods are also high in lipids, ranging from 11.3%-12.4% (Wang & Jeffs, 2014).
315 Rich- Ilpld diets can be properly digested by the spiny lobster larvae,-and utilized i-t to supply energy, especially during a
316  food scarcity (Johnston gt al.-2004; Liddy et al. ~2003; Liddy et al. -2004; Ritar ef al., 2003). Furthermore, |-ate-1 ate-phase
317 phyllosoma of spiny lobster probably targets high lipid prey -as they prepare to accumulate an enormous amount of lipid to
318  fuel their non-feeding post-larval stage ( Jeffs gt al.-2001a; Jeffs gt al..- 2001b). The presence of copepods, especially
319 Oithona sp., Acartia sp., and Calanus sp., in a high abundance value at the Karanggongso and Tawang Bay could provide
320 asignificant source of high lipid natural diets for splny lobster Iarvae These results suggest that these plankton specres are
321 a potentral diet for sprny lobster Iarvae

322 . Therefore in vivo trlals using aguatlc anlmals esgecrally or
323 developing ornate lobster hatcheries, should be further studied.

324 In conclusion, t_he number of plankton species found in both locations was more abundant in the surface water (0-0.3
325 m) compared to the deeper water column. A total of a-tetal-ef 17 plankton species were identified from the surface water,
326 13 species at a depth of 2.5 m, 11 species at a depth of 5 m, and 13 species at 20 m (bottom) of Karanggongso Bay.
|327 Similarly;\While, 17 plankton species were discovered en from the water surface of Tawang Bay-waters: 11 species at a
328 depth of 2.5 m, 12 species at a depth of 5 m, and 12 species at the seafloor. Based on the diversity, uniformity, and
329 dominance indices,—at both locations_had- plankten-species-which-are-available-at-both-location-were moderate plankton
330 quite-varietydiversity, and no specific species was dominant over the others. ,—which-suggest-there-were-no-deminant
331 species-in-both-locations: Among the identified plankton species, several members of Bachillariophiceae, Copepoda, and
332 Hexanauplia, such as Oithona sp., Calanus sp.,Paracyclopina sp.,and Acartia sp., are considered potential live feed for
333 lobster larvae, and thus should be further studied.
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Abstract. Masithah ED, Fadhilah MG, Amin M, Nur KU, Musdalifah L, Samara SH, Cahyoko Y, Alimuddin, Alim S, Setyono BDH.
2023. Diversity and abundance of plankton community in Prigi and Tawang Bays, natural settlement habitats of Spiny Lobster larvae
in East Java, Indonesia. Biodiversitas 24: 1642-1649. Prigi and Tawang Bays have been well-known as settlement areas for spiny
lobster larvae, Panulirus spp., in East Java, Indonesia. These locations may suggest suitable environments including diet availability
for lobster larvae. Therefore, the present study aimed to investigate the type and abundance of plankton in both locations to discover
potential live diets for lobster larvae. This study also explored plankton’s diversity, uniformity, and dominance indices in both locations.
Plankton samples in each location were collected using a plankton net at four depths: 0.3 m, 2.5 m, 5 m, and 20 m with three replicates.
The results revealed that 17 plankton species were identified from 0.30 m depth, 13 at 2.5 m, 11 at 5 m, and 13 at 20 m depth at Prigi
Bay. Inaddition, 17 plankton species were discovered at 0.3 m depth, 11 at 2.5 m, 12 at 5 m, and 12 at 20 m at Tawang Bay. Among
the most abundant species were Acartia sp., Calanus sp., Paracyclopina sp., and Oithona sp. The diversity indices observed in
Karanggongso of Prigi Bay and Tawang Bay ranged from 2.02-2.49 and 2.17-2.65, respectively, within the moderate range. Similarly,
the uniformity indices observed at both locations were moderate, ranging from 0.38-0.45 at Prigi Bay and 0.41-0.46 at Tawang Bay.
There were no dominant species at both locations, as the dominance index values ranged from 0.13-0.30. Among the identified plankton
species, Oithona sp., Calanus sp., Paracyclopina sp., and Acartia sp. are considered potential live feed for lobster larvae, and thus
should be further studied.

Keywords: Diets, diversity, dominance, lobster, plankton, uniformity

INTRODUCTION

Lobster is an important fishery commodity in Indonesia
due to its high price, high nutritional contents, and high
market demands. According to the Indonesian Central
Bureau of Statistics, the total export value of lobsters in 2020
reached USD 8.1 million (BPS 2020). The high export value
and continuously increasing marketing demands at national
or global markets indicate that lobster is a high-potential
fisheries commodity. However, the lobster supply has
depended highly on the wild catch because lobster
aquaculture has not yet been well developed. One of the
main issues faced in lobster aquaculture is larval production,
which currently relies on the availability of natural seeds.
Many studies have been conducted to study various factors
relating to larval

production, including spawning-inducing technology and
rearing condition, yet the success rates are very low. Several
authors have succeeded in breeding and producing larvae.
Yet, the larvae can live only 7-14 days after hatching.
Therefore, it is hypothesized that the main challenge is diet
availability and suitability. According to Amin et al.
(2022b), first, one way to start domesticating wild species is
by collecting information on their natural habitat as much as
possible. Similarly, Kashinskaya et al. (2018) suggest
profiling certain animals' natural habitats may reveal their
diets.

Environmental conditions, including physical, chemical,
and biological factors in natural habitats, highly determine
the recruitment rates of lobster larvae (Keulder 2005).
Several authors have previously reported the physical and
chemical characteristics of the natural
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settlement areas of lobster larvae (Amin et al. 2022b;
Boudreau et al. 1992; Lillisand Snelgrove 2010). However,
studies investigating biological aspects of settlement habitat
in the natural environment of lobster larvae are very limited.
Meanwhile, many studies conclude that biological factors
have important information for the lobster larvae, especially
for diets (O’Rorke et al. 2014). Accordingly, biological
aspects such as natural dietary aspects and lobster predation
processes that occur in nature during larval and post-larval
stages could be critical information that must be considered
for hatchery production. For example, plankton might be a
natural diet source for various aquatic species (Amin et al.
2022d),including lobster seeds, in their natural settlement
habitat. Raza'i et al. (2018) added that the availability of
planktonas a natural diet source significantly impacts the
dependence and growth of marine organisms such as fish,
crabs, shrimp, and lobsters.

Profiling plankton diversity and abundance mightreveal
potential diets for lobster larvae. A similar approach has
been done in some studies. For instance, lhsan et al. (2019)
conducted research on plankton as a natural feed forlobster
larvae and post-larvae in natural habitats in Teluk Awang,
Central Lombok. Trijoko and Pasaribu (2003) conducted
another study in Wedi Ombo Bay, Gunungkidul,
Yogyakarta. Generally, this study's results suggest that each
location has a different structure and abundance, although
some species were the same between the area. All these
results raised questions about whether lobster larvae are
opportunistic or specific feeders. Therefore, to answer these
questions, more studies are required by collecting more
information in more settlement areas of lobster.

Prigi Bay and Tawang Bay have been well-known as the
top two settlement areas for lobster larvae in East Java
Indonesia (Amin et al. 2022a); therefore, it is assumed to

111°22'30"E

8°12'50"S

8°19'30"S

111°22'30"E
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have important suitable diet availability for lobster larvae.
However, studies on the biological aspects of both locations
areas are still very limited. Thus, this research aims to
investigate the plankton diversity, abundance, uniformity,
and dominance indices in the natural settlementhabitat of
lobster larvae at Prigi Bay and Tawang Bay. The study
results are expected to enrich the information on potential
diets for lobster larvae for hatchery development.

MATERIALS AND METHODS

Study area

Plankton samples were collected in two common
settlement areas of lobster larvae in East Java, Indonesia
(Prigi Bay and Tawang Bay), with a protocol as previously
described by Amin et al. (2022b). At Karanggongso of Prigi
Bay, sampling was performed at three different ordinate
points as repetitions: 8°18'13.8"S 111°44'28.4"E (R1),
8°18'16.3"S 111°44'21.6"E (R2), and 8°18'23.0"S
111°44'26.8"E (R3). While at Tawang Bay, the sampling
points were 8°15'57.4"S 111°17'46.0" E (R1), 8°15'54.3"S
111°17'48.2"E (R2), and 8°15'51.5"S 111°17'46.2"E (R3)
(Figure 1). Plankton sampling in each sampling point was
collected at four different depths: 0-0.3 m, 2.5 m, 5 m, and
20 m. First, the water samples collected from three sampling
points with the same depth were mixed and filtered using a
plankton net and placed in sterile bottles. The filtered sample
was then immediately given Lugol which acts as a plankton
preservative, up to 1% of the total filtering, and wrapped in
Styrofoam. The samples were then examined in the
Microbiology Laboratory, Faculty of Fisheries and Marine
Science at Airlangga University.

111°38'42"E

111°30'36"E

8°12'50"S
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Figure 1. Two sampling locations in Prigi Bay, Trenggalek District, and Tawang Bay, Pacitan District, East Java, Indonesia
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Prigi Bay water had temperatures ranging from 27- 28°C,
a DO content of 7.48 mg/L, a salinity of 26 ppt, a pH of 7-8,
a nitrate (NOs) content of 0.01 mg/L, and a muddy substrate.
On the other hand, Tawang Bay water temperatures were
slightly warmer than Prigi Bay, with water temperature
ranging from 28.2-28.3°C, with a lower DO concentration
(3.35 mg/L). Moreover, Tawang Bay hasa higher salinity (35
ppt), a pH of 8, a NOs concentration of
0.01 mg/L, a depth of 20 m, and a sandy substrate.

Abundance and identification of plankton

Firstly, plankton identity and abundance were analyzed
using a protocol of LeGresley and McDermott (2010). In
brief, plankton samples were placed on a Sedgewick Rafter
Counting (SRC) Cell and observed under a binocular
microscope with a magnification of 1,000x. Afterward,
plankton found in each sample was counted, photographed,
and identified according to an identification book guide by
Mazzocchi et al. (2012). Then, the abundance index was
calculated according to the following formula (Fachrul
2012):

a c Vb 1

N=EXEXVSTCXE

Where: "N" represents the abundance of plankton
(plankter/L), "a" represents the number of SRC boxes, "b"
is the area of one field of view (mm?), "c" denotes the
number of individuals observed, and "d" indicates the
number of boxes observed. "Vb" is the volume of water in
the sample bottle (ml), "Vsrc" is the volume of water in the
SRC (ml), and "Vs" represents the volume of water filtered
in the Field (L).

Diversity, uniformity, and dominant indices
The diversity index value (H") was calculated using the
following formula (Fachrul 2012):

H' = — ¥ PilnPi,where Pi =~

Where: H' is Shannon Wiener Diversity Index, pi is the
number of individuals of the i-th species, ni is the number
of species, and N is the total individual number. The
uniformity index (E") was calculated using the "Evennes
Index" formula (Ulfah et al. 2019):

HJ’

E'=
Lns

Where: E' is the uniformity index, H' is the Shannon-
Wiener diversity index, S is the total number of species The
dominance index (d) was calculated using the following
equation (Berger and Parker 1970):

Nmax
TN

Where: "d": Simpson Dominance Index, Nmax: Themost
abundant number of individual species, dan N = Total
individual number.

RESULTS AND DISCUSSION

Plankton abundance in Prigi Bay

Water samples were collected from Prigi Bay and
Tawang Bay at four depths (0.3 m, 2.5 m, 5 m, and 20 m).
The two bays were located in the Southern part of East Java
Province, and both areas face the Indian Ocean, Figure 1.
The results showed that 17 plankton species were identified
from the surface water (0.0-0.3 m). The top six most
abundant species were Paracyclopina sp. with 21.219%,
followed by Acartia sp. (18.18%), Pteropods sp. (9.09%,)
Prorocentrum sp. (6.06%), Dinophysis sp. (6.06%), and
Saggita sp. (2.13%). Other species and their percentage are
presented in Table 1. In addition, at a 2.5 m depth, 13
plankton species were identified. Again, the top 6 most
abundant species were Acartia sp. (26.47%), followedby
Paracyclopina sp. (23.53%), Ceratium sp. (8.82%),
Microstella sp. (8.82%), Dinophysis sp. (5.8%), andOncaea
sp. (5.88%). The rest species with their abundance were
presented in Table 1.

Furthermore, at 5 m depth, the bay is home to 11
plankton species. The top 4 most abundant species were
Acartia sp. (30.77%), followed by Paracyclopina sp.
(23.08%), Sagitta sp. (11.54%), and Oithona sp. (7.69%).
While the other 7 species included Synedra sp., Oikopleura
sp., Coscinodiscus sp., Ceratirum sp., Pteropods sp.,
Microstella sp., and unclassified Lucifer, which were
counted for 3.85% each (Table 1). Meanwhile, 13 plankton
species were found at a depth of 20 m. Again, the top 6 most
abundant species were Acartia sp. accounted for 24.14%),
followed by Paracyclopina sp. with 13.79%, Pteropods sp.
(10.34%), Dinophysis sp. (10.34%), Ceratium sp. with
6.90%, and Sagitta sp. with 6.90%. The rest species are
presented in table 1.

Plankton abundance in Tawang Bay

A total of 17 plankton species were identified from the
water sample at a depth of 0.0-0.3m (surface water) of
Tawang Bay. The top 9 most abundant species were Acartia
sp., with an abundance of 12.82%, followed by Ceratium sp.
(10.26%), Prorocentrum sp. (10.26%), Microstella sp.
(10.26%), Oncaea sp. (10.26%) Pteropods sp. (7.69%),
Calanus sp., (7.69%), Synedra sp. (5.13%), and Oithona sp.
(5.13%). At the same time, the rest of the species were
counted for 2.56% each and presented in Table 2. In
addition, 11 species of plankton were found in awater
sample at a depth of 2.5 m in Tawang Bay.

The top 6 most abundant species were Calanus sp.
(28.00%), followed by Prorocentrum sp. (12.00%),
Paracyclopina sp. (12.00%), Microstella sp. (12.00%),
Oncaea sp. (8.00%), and Oithona sp. with an abundance of
8.00%. While the rest plankton species, including Synedra
sp., Ceratium sp., Pteropods sp., Macropthalmus sp., and
Sagita sp., were counted at 4.00% each, Table 2.
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Table 1. Plankton species identified from Prigi Bay at four depths ~ Table 2. Plankton species identified from Tawang Bay at four
of water column depths of water column

Depth Species ORI Depth Species oHETY
(ind./L) (ind./L)
0.3m Cyclotella sp. 8 0.3m Synedra sp. 16
(surface) Penilia sp 8 (surface) Oscillatoria sp. 8
Noctiluca sp. 8 Spirulina sp. 8
Prorocentrum sp. 16 Ceratium sp. 32
Dinophysis sp. 16 Prorocentrum sp. 32
Ceratium sp. 8 Pteropods sp. 24
Ceratium sp. 8 Acartia sp. 40
Pteropods sp. 24 Microstella sp. 32
Paracyclopina sp. 56 Calanus sp. 24
Acartia sp. 48 Oithona sp 16
Microstella sp. 8 Oncaea sp. 32
Euphausia sp. 8 Euphausia sp. 8
Lucifer sp. 8 Macrophthalamus sp. 8
Oipheureidea sp. 8 Clytemnestra sp. 8
Sagitta sp. 16 Cypris sp. 8
Nermatea sp. 8 Unclassified Fish larvae 8
Actinulla larvae 8 Unclassified flatworms 8
25m Rizosolenia sp. 8 25m Synedra sp. 3
Penlll_a SP- 8 Prorocentrum sp. 24
Ceratium sp. 24 Ceratium sp. 8
Dinophysis sp. 16 Pteropods sp. 8
Paracyclopina sp. 64 Paracyclopina sp 24
Acartia sp. 12 Calanus sp. 56
Microstella sp. 24 Oithona sp. 16
Oncaea sp. 16 Microstella sp. 24
ngonelo_p5|s sp. 8 Oncaea sp. 16
Oipheureidea sp. 8 Macrophthalamus sp. 8
Sagitta sp. 8 Sagitta sp. 8
Actinula sp. 8
Folycnaete 8 5m Melosira sp. 8
50m Oikopleura sp. 8 Synedra sp. 8
Synedra sp. 8 Bivalve larvae 8
Coscinodiscus sp. 8 Prorocentrum sp. 16
Ceratium sp. 8 Dinophysis sp. 8
Pteropods sp. 8 Microstella sp. 8
Paracyclopina sp. 48 Calanus sp. 48
Acartia sp. 64 Oithona sp. 24
Microstella sp. 8 Naupli Copepoda 16
Oithona sp. 16 Temora sp. 8
Lucifer sp. 8 Oncaea sp. 8
Sagita sp. 24 Sagitta sp. 8
20.0m Syngqra sp. 8 20 m Rhizoselenia sp. 8
(Bottom) Penilia sp. 8 (bottom) Pleurosigma sp. 8
Noctiluca sp. 8 Prorocentrum sp. 24
D|n0p_hy5|s sp. 24 Ceratium sp. 3
Ceratium sp. 16 Dinophysis sp. 3
Pteropods Sp- 24 Microsetella sp. 4
Acartia sp. 56 Calanus sp. 6
Paracyclopina sp. 32 Acartia sp. 24
Oithona sp. 8 Oithona sp. 24
Microstella sp. 16 Oncaea sp. 16
Euphausia sp. 8 Caridean sp. 8
Protoperidinium sp. 8 Unclassified flatworm 8
Sagitta sp. 16
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Furthermore, 12 plankton species were identified from
the water sample at 5 m depth. The top 4 most common
species were Calanus sp. with an abundance of 28.57%,
Oithona sp. with an abundance of 14.29%, Copepoda
nauplii with an abundance of 9.52%, Prorocentrum sp.with
an abundance of 9.52%. While the rest of the species,
including Melosira sp., Synedra sp., Dinophysis sp.,
Microstella sp., Temora sp., Oncaea sp., and Sagita sp., with
an abundance of 5.00%, respectively. While in the bottom
waters of Tawang Bay (20 m depth), 12 plankton species
were identified. The top 9 most abundant species were
Prorocentrum sp. with an abundance of 16.44%, Acartia sp.
with an abundance of 16.44%, Oithona sp. with an
abundance of 16.44%, Oncaea sp. with an abundance of
10.96%, Dinophysis sp. with an abundance of 5.48%,
Rhizoselenia sp. with an abundance of 5.48%, Pleurosigma
sp. with an abundance of the abundance of 5.48%, Ceratium
sp. with 5.48%, Caridean sp. (5.48%). At the same time, the
rest species are presented in table 2.

Diversity indices

The diversity index values obtained in the waters of Prigi
Bay, Trenggalek District, were 2.49 + 0.07 at a depth of 0.0-
0.3 m depth of water column, 2.18 + 0.16 at a depth of 2.5
m, 2.02 £ 0.08 at a depth of 5m, and 2.34 £+ 0.10 at the 20 m
water column. Those indicate that the Prigi Bay waters have
moderate diversity. While the diversity index values
obtained in the waters of Tawang Bay, Pacitan District were
2.65 £ 0.03 at 0.0 - 0.3 m depth, 2.17 + 0.15
at the 2.5 m depth, 2.15 + 0.22 at a 5 m depth, and 2.32 +
0.19 at a depth of 20 m which indicates that the waters of
Tawang Bay also have moderate diversity, Figure 2.

Uniformity indices

The uniformity index values obtained in the water
column of Prigi Bay were 0.45 + 0.01 at 0.0-0.3 m depth
(surface water column), 0.39 + 0.06 at a depth of 2.5 m,
0.38 £ 0.01at a depth of 5 m and 0.43 + 0.04 at the 25m depth
or bottom of the water column. These index values indicated
that the uniformity of plankton in Prigi Bay was moderate.
At the same time, the uniformity values obtainedin Tawang
Bay were 0.46 + 0.01 at 0.0-0.3 m depth, 0.41 £
0.05 at a depth of 2.5 m, 0.42 + 0.07 at a depth of 5 m, and
0.46 + 0.05 at 25 m depth or bottom of the water column.
Similarly, uniformity indices of plankton in Tawang Bay
were also considered at a moderate level, Figure 3.

Domination index

Dominance index values obtained from the waters of
Prigi Bay were 0.21 + 0.03 at the 0.0-0.3 m depth, 0.26
0.05 at a depth of 2.5 m, 0.31+ 0.02 at a depth of 5 m and
0.24 £ 0.05 at the 20 m water depth. These values mean no
plankton species were dominant in the natural habitat of
spiny lobster larvae (Prigi Bay). While the dominance index
values obtained from Tawang Bay waters were 0.13
+ 0.03 at the 0.0-0.3 m depth, 0.28 + 0.05 at a depth of 2.5
m, 0.30 = 0.03 at a depth of 5 m, and 0.16 + 0.05 at the 20 m
depth. Similarly, the values obtained from the surface to the
bottom of the waters show that no species dominate in
Tawang Bay (Figure 4).
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Discussion

Environmental  conditions, including  physical,
chemical, and biological factors in natural habitats, highly
determine the recruitment rates of lobster larvae (Keulder
2005). Several studies have previously reported the physical
and chemical characteristics of the settlement area of lobster
(Amin et al. 2022b; Boudreau et al. 1992; Lillis and
Snelgrove 2010). However, studies viewing biological
aspects of settlement habitat in natural environment lobster
larvae are still very limited. Meanwhile, many studies
conclude that biological factors such as plankton
availability would be important information on the natural
diets of lobster larvae (O’Rorke et al. 2014). Thus, the
present study investigated the diversity, uniformity, and
dominance of plankton in two common settlement areas of
lobster larvae in East Java (Karangongso of Prigi Bay and
Tawang Bay) in Indonesia. The sampling was performed in
4 different depths, which were 0.3 m, 2.5 m, 5 m, and 20 m
depth, as lobster larvae vertically migrated from the bottom
during the daytime to the surface of the water during the
nighttime. It was also discovered that the diversity indices of
plankton at both locations were 2.02-2.49 at Karanggongso
of Prigi Bay, and 2.15-2.65 at Tawang Bay. The diversity
index values found at these two locations were all less than
3, which means at a moderate level. The high or low value
of plankton diversity can be caused by the evenly distributed
abundance of each individual. In another sense, no species
have relatively more diversity than other species
(Awwaluddin et al. 2017). Therefore, thediversity indices of
plankton at Prigi Bay and Tawang Bay, which are at a
moderate level may suggest that plankton communities are
in relatively equal distribution of different species, with no
species being significantly more prevalent than others
(Awwaluddin et al. 2017).

Similarly, the uniformity indices of plankton in both
settlement areas were classified at a moderate level (0.38-
0.45 at Prigi Bay and 0.41-0.46 at Tawang Bay). The
uniformity values found at each location, Karanggongso of
Prigi Bay water and Tawang Bay water, are categorized as
moderate uniformity. The uniformity value is categorized as
moderate if the value ranges from 0.4-0.6 (Ulfah et al. 2019).
The availability of nutrients, food, and predation processes
can affect the high value of uniformity because it affects the
type and amount of plankton. Besides that, physical and
chemical factors also affect the value of uniformity because
it will affect the growth of plankton (Nugroho et al. 2020).
In addition, since the distribution of plankton in both water
samples is uniform, a high degree of uniformity can be
asserted. While the dominance indices ranged from 0.21-
0.31 at Prigi Bay and 0.13-0.30 in Tawang Bay. The result
indicates no dominant species at both locations since all
values < 0.05. Dominance index values obtained in both
waters indicate the absence of plankton which dominates in
Prigi Bay and Tawang Bay. The dominance index value
indicates whether organisms are dominant in a water
environment. A value between 0.5 to 1 on the dominance
index shows the presence of dominant organisms in the
water. On the other hand, a value less than 0.5 indicates no
dominant organisms are present in the water (Berger and
Parker 1970).

Potential diet for lobster seeds

The result also revealed that 17 plankton species were
identified from the surface water, 13 species at a depth of
2.5m, 11 atadepth of 5m, and 13 at 20 m (bottom) of Prigi
Bay. At the same time, 17 plankton species were discovered
on the surface of Tawang Bay waters: 11 species at a depth
of 2.5 m, 12 species at a depth of 5 m,and 12 species at the
seafloor. In general, the number of plankton species
identified in the present study is higher than in previous
studies reported from other lobster larvae settlement habitats
in Awang Bay, West Nusa Tenggara (Amin et al. 2022b) and
Wedi Ombo Bay, Yogyakarta(Trijoko and Pasaribu 2004).
The most abundant species identified from Prigi Bay are
mainly from Phylum Arthropoda, including Paracyclopina
sp, Oithona sp,Acartia sp, and Calanus sp. Other prominent
species included Prorocentrum sp., Dinophysis sp., and
Ceratium sp., which belonged to the phylum Dinoflagellata.
While phylum Arthropoda, including Acartia sp., Oithona
sp., Oncaea sp., Calanus sp., Paracyclopina, and
Macropthalmus sp., also dominated the most abundant
species found in Tawang Bay. Plankton species in this area
are also dominated by phylum Dinoflagellata such as
Ceratium sp., Prorocentrum sp., and Dinophysis sp. Ofthese
identified plankton species, 11 species were found in both
locations, including Acartia sp., Ceratium sp., Dynophysis
sp., Euphausia sp., Microstella sp., Oithona sp.,
Paracyclopina sp., Pteropods sp., Rizosolenia sp., Sagita
sp., Synedra sp. These findings suggest that the planktonic
community in both bays is dominated by speciesbelonging
to the phylum Arthropoda and Dinoflagellata, which are
known to be important components of the marinefood web.

Among the identified plankton species, few species have
been documented as potential live diets in aquaculture,
including Oithona sp., for a live diet of European seabass
(Dicentrarchus labrax) postlarvae (Magouz et al. 2021a)
and shrimp larvae (Dinesh Kumar et al. 2017). Therefore,
Acartia sp. could possess a live diet for seabass larvae, Lates
calcarifer (Rajkumar 2006), fat snook, Centropomus
parallelus (Barroso et al. 2013), and many other aquatic
larvae (Sarkisian et al. 2019). Some studies also confirmed
that these plankton species were identified in the content
stomach of lobster larvae. For instance, Oithona sp. has been
reported from the stomach content of spiny lobsters at the
early life stage (Amin et al. 2022c; Khvorov et al. 2012).
Furthermore, Oithona sp. has been described as a marine
calanoid copepod with high protein content, ~59.33%
(Santanumurti et al. 2021), therefore frequently used as a
live diet for fish or shrimp larvae. Another study has
documented that Oithona sp. had a high content of fatty acid
profiles including polyunsaturated fatty acids (26.47%) and
omega-3 fatty acids (36.30), which are higher than a
commercial live diet such as Artemia sp. (Magouz et al.
2021b). Furthermore, Acartia sp. has also been documented
to be a good live dietfor aquatic larvae such as seabass
larvae, Lates calcarifer (Rajkumar 2006), and fat snook,
Centropomus parallelus (Barroso et al. 2013). Acartia clausi
has been described to have higher contents of proteins
(63.12%) and lipids
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(16.65%) and is also richer inn - 3 fatty acids (33.94%) than
Artemia nauplii and rotifers (Rajkumar 2006). The plankton
species have also been identified in spiny lobster larvae's
stomach content (Amin et al. 2022b; Amin et al. 2022c). In
addition, a member of Acartia (Acartia tonsa) had been
documented to provide an important nutritional benefit to fat
snook larvae undergoing metamorphosis (VVanacor-Barroso
et al. 2017).

Other potential food sources for lobster larvae identified
in the present study are zooplankton and phytoplankton. The
plankton results found at each station consist of
Bachillariophiceae (e.g., Rizosolenia sp., Synedra sp.,
Cyclotella sp.) and Copepoda (e.g., Oithona sp., Acartiasp.,
Calanus sp.). These plankton groups were identified at each
station, highlighting their potential as a food source for
lobster larvae. Diatoms, which belong to the phytoplankton
group Bachillariophiceae, contain essential nutrients
required for the growth of lobster larvae, such as PUFA
(Polyunsaturated Fatty Acid). The PUFA is the major fatty
acid in Bachillariopiceae diatoms (Pahl et al. 2010),
including EPA (eicosapentaenoic acid, 20:5 n-3)and DHA
(docosahexaenoic acid 22:6 n-3). Therefore, PUFA is the
major fatty acid in Bachillariopiceae diatoms (Pahl et al.
2010). PUFA content of these diatoms is relatively high,
with levels ranging between 23.4 and 60.7% (Valera and
Saavedra, 2016). High PUFA content was identified in
several plankton species as potential prey for spiny lobster
larvae Jasus edwardsii, and these long- chain fatty acids are
an essential nutrient for spiny lobster (Koshio and Kanazawa
1994; Liddy et al. 2004; Wang 2013).

Copepoda (Hexanauplia) is a rich source of protein,
particularly in gastropods; it is also high in calcium content
which is important for lobster during molting (Kirno et al.
2012). Several studies, such as those by Alka (2016), Chow
(2011), and Connel (2007), have reported the presence of
copepods in the digestive tracts of lobster larvae. That
suggests copepods are a preferred food for lobster larvae.
Protein is the predominant organic nutrient in the spiny
lobster larvae and their preferred prey (Wang 2013). This is
consistent with prior examinations of digestive enzymes of
phyllosoma of J.edwardsii and Panulirus ornatus, which
reveal that they necessitate a high-protein diet and will
utilize protein to generate energy during food deprivation
(Johnston et al. 20044, 2004b, 2006). Copepods contain high
protein content, ranging from 28.9-84.9 % of dry weight,
indicating that lobster larvae consume prey with high protein
content (Wang and Jeffs 2014). The protein content of the
copepods follows the amount of protein incorporated into
artificial feeds for some of the crustacean’s larvae, including
crab, shrimp, and clawed lobster species, which ranges
between 30% to 60% protein (Conklin et al. 1980;
Guillaume 1997; Holme et al. 2009). Moreover, copepods
are also high in lipids, ranging from 11.3-12.4% (Wang and
Jeffs 2014). Rich-lipid diets can be properly digested by the
spiny lobster larvae and utilized to supply energy, especially
during a food scarcity (Johnstonet al. 2004; Liddy et al.
2003; Liddy et al. 2004; Ritar et al. 2003). Furthermore, late-
phase phyllosoma of spiny lobsterprobably targets high
lipid prey as they prepare to

accumulate an enormous amount of lipid to fuel their non-
feeding post-larval stage (Jeffs et al. 2001a, 2001b). The
presence of copepods, especially Oithona sp., Acartia sp.,
and Calanus sp., in a high abundance value at the
Karanggongso of Prigi Bay and Tawang Bay could provide
a significant source of high lipid natural diets for spiny
lobster larvae. These results suggest that these plankton
species are a potential diet for spiny lobster larvae.
Therefore, in vivo trials using aquatic animals especially for
developing ornate lobster hatcheries, should be further
studied.

In conclusion, the number of plankton species found in
both locations was more abundant in the surface water (0-
0.3 m) compared to the deeper water column. A total of 17
plankton species were identified from the surface water, 13
species at a depth of 2.5 m, 11 species at a depth of 5 m,
and 13 species at 20 m (bottom) of Prigi Bay. Similarly, 17
plankton species were discovered from the water surface of
Tawang Bay: 11 species at a depth of 2.5 m, 12 species at a
depth of 5 m, and 12 species at the seafloor. Based on the
diversity, uniformity, and dominance indices, both locations
had moderate plankton diversity, and no specific species was
dominant over the others. Among the identified plankton
species, several members of Bachillariophiceae, Copepoda,
and Hexanauplia, such as Oithona sp., Calanus sp.,
Paracyclopina sp., and Acartia sp., are considered potential
live feed for lobster larvae, and thus should be further
studied.
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