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ABSTRACT

Spiny lobster hatchery (Panulirus spp.) is still hampered by technology that has not been mastered and until now still relies on natural catches for puerulus and their
prospective brooders. Spiny lobster hatchery can be started by spawning broodstock with sufficient body weight with feeding to increase gonadal maturation. Feed
used to enhance gonadal maturation includes the use of mangrove snail meat (Telescopium telescopium). The purpose of this study was to study the effectiveness
of mangrove snail meat on spawning and berried egg broodstock in scalloped spiny lobster (P. homarus), pronghorn spiny lobster (P. penicillatus), and longlegged
spiny lobster (P. longipes). This research was conducted in spiny lobster floating net cages for 60 days of rearing. The experimental design of large scalloped spiny
lobster broodstock (>150 g), small scalloped spiny lobster broodstock (<150 g), and pronghorn spiny lobster and longlegged spiny lobster broodstock (>150 g)
were fed with mangrove snail meat as much as 20% of the lobster body weight per days to produce spawning and berried egg naturally. The results showed that the
feeding of fresh meat of mangrove snails was effective in producing spawning and berried egg broodstock for large scalloped spiny lobster lobster (bodyweight
>150 g) compared to small scalloped spiny lobster lobsters (<150 g), pronghorn spiny lobster and longlegged spiny lobster.
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1. Introduction

The demand for spiny lobster (Panulirus) in the world has been increased in last decade. In 2017, demand for live spiny lobster reached 18800 tons with
the largest importers from the United States and the People's Democratic Republic of China (FAO, 2017). Indonesia is third rank as a spiny lobster
exporting country with a European and Asian market share, in 2016 it was able to export as much as 16482 tonnes (WWF, 2015). Unfortunately, majority
supply of spiny lobster in the world origin from fishery in which is currently limited.

Spiny lobster hatchery is main key in comprehensive aquaculture, which is currently still experiencing problems in practice. The maintenance of
prospective spiny lobster broodstock is thought and one factor affecting in hatchery quality and quantity (Adiputra et al., 2018a). There are at least two
things that must be considered in the maintenance of potential broodstock spiny lobsters, in particular determination of productive male-female
prospective broodtock and fulfillment of proper nutritional needs (Smith & Ritar, 2007; Aaqgillah-Amr et al., 2021). Determination of prospective spiny
lobster broodstock is based on the first maturation event so size is not a requirement for determining productive broodstock, although minimum body
weight restrictions for prospective broodstock must still be implemented in order to control the quality of reproduction produced (Brey & Lawrence,
1992; Adiputra et al., 2018b. Meanwhile, fulfilling nutritional needs, especially protein and essential fatty acids, is another factor that also affects
maturation in crustaceans (Chimsung, 2014). In short, determination of the type of feed that suits the nutritional needs during the maintenance of
prospective spiny lobster broodstock is important.

Shellfish genera is known to be used as feed for crustacean due it contains of protein, fatty acids, and micro-nutrients (Yaghubi et al., 2021). On the other
hand, spiny lobster showed preferences to feed based shellfish (Sardenne et al., 2019). Mangrove snails (Telescopium telescopium) are potential to be
used as spiny lobster feed. Based on Haikal et al. (2017), mangrove snails can used as spiny lobster feed due to supported growth performance. However,
studies on the use of mangrove snails as feed that support spiny lobster maturation process are currently unknown. Therefore, this study aimed to evaluate
the reproductive performance and maturation of three spiny lobster species fed mangrove snail meat.
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2. Materials and Methods

Early broodstock of spiny lobsters were obtained from lobster collectors in Krui, West Coast District, Lampung Province. The three spiny lobster species
used in this study i.e. scalloped spiny lobster (P. homarus), pronghorn spiny lobster (P. penicillatus), and longlegged spiny lobster (P. longipes). This
study used three reference groups of lobsters which were differentiated based on size, species, and sex. Spiny lobster with same species was reared in one
floating net cage for 60 days, where each cage size was 3 x 3 x 3 m. Spiny lobsters mass spawn and produce egg-berried broodstock were focus on study.
The details for experimental study of spiny lobsters spawning and berried eggs (Table 1). During the study, spiny lobsters were fed fresh mangrove snail
meat, which taken from the mangrove forest around the study site. Feeding is done twice a day (08.00 am and 07.00 pm) with feeding rate of 20%.

During the research, descriptive observations were made of feeding and spawning behavior with underwater camera which directly observes the activities
of the spiny lobster. Meanwhile, every 15 days observations and measurements are made of number of spawning broodstock (observation of presence or
absence of sperm sacs on female broodstock) and female broodstock carrying eggs, characteristics of female broodstock carrying eggs (egg color change),
and absolute weight (final lobster weight — initial lobster weight of study). All data collected was analyzed descriptively by describing, explaining and
displaying it in the form of tables and figures, then compared with relevant references to analyze the effectiveness of application of mangrove snail meat
as feed in increasing the number of spawning broodstock, the number of broodstock carrying eggs, and the growth of each tested lobster.

Table 1- Experiment design of spiny lobster (Panulirus) maturation.

Body weight (g)  Spiny lobster Sex Total Floating
Male Female cages
Scalloped 30 41 71
> 150 Pronghorn 14 21 35 B
Longlegged 8 2 10 C
<150 Scalloped 27 41 68 D

3. Results and Discussion

Response of feeding of spiny lobster to mangrove snail meat showed aggressiveness. This indicates that lobsters have a preference for the type of shellfish
feed.

During the spawning process (Fig. 1), male spiny lobster lays a spermatophore mass on the sternum of the female lobster. This laying lasts a few moments
before the eggs are released. The claws on the legs of the female tear the membrane covering the spermatophore mass while pulling the eggs toward the
abdomen (Fig.1). Then, when the egg is pulled towards the abdomen, the sperm comes out of the torn spermatophore mass and fertilization occurs.
Meanwhile, the results of observations of spawning behavior for all types of spiny lobsters (Table 2).

Fig. 1 — Scalloped spiny lobster (Panulirus homarus) behaviour related to spawning. (a) Cuortship, (b) Prepared for spawning, (c) Copulation,
(d) Separation

Spawning behavior of spiny lobsters was observed in this study. Where through four stages: courtship phase, establishment of spawning positions,
copulation, and separation of individuals (Jinbo et al., 2017). In the courship phase, two antennae of each individual touch each other, followed by the
attachment of the first swimming legs. Followed by facing each other vertically. When the two of them have bonded with each other, the male lobster
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will squirt his sperm towards the female's abdomen so that the fertilization process occurs. The last phase is the separation phase where the two individuals
are far from each other where the lobster spawning process occurs outside the body.

Table 2- Spiny lobster (Panulirus) species spawning phases.

Spiny lobster _ SPawning phases

species Phase | Phase Il Phase Il Phase IV
Scalloped >150 g N N N N
Scalloped <150 g N N J N
Pronghorn >150 g N N N N

Longlegged >150g - - - -
Appendix: Cuortship (phase 1), Prepared for spawning (phase Il), Copulation (phase II1) and Separation
(phase 1V). Marked (V) for positive results and (-) for negative results.

The number of spawning females broodstock can be observed by the presence of sperm sac marks on the female crayfish which have been inserted into
the egg sac until the eggs are ready to be released. It is known that scalloped spiny lobster with body weight > 150 g spawn as many as 36 individuals or
80% of the total lobsters (Table 3). Meanwhile, longlegged spiny lobsters with body weight >150 g not spawn due to environment factors. Characteristics
of egg-berried broodstock were observed for scalloped spiny lobster >150 g, scalloped spiny lobster <150 g, and pronghorn spiny lobster >150 g (Table
3). In general, during incubation the body of the lobster is always bent and the telson covers the egg, but when the eggs start to hatch the abdomen begins
to straighten (Fig. 2).

Table 3- Spiny lobster (Panulirus) species spawning phases.

Number Female Spawning  percantage Absolute
Body weight (g)  Spiny lobster 0 growth
Study Spawn (%) @
Scalloped 41 36 80 38.50
> 150 Pronghorn 31 1 3 10.67
Longlegged 2 0 0 26.50
<150 Scalloped 41 32 68 50.80

In the first week, the eggs are still yellowish in color, followed in the second week they start to be more orange in color, until fourth week the mature
eggs are brownish in color (Fig.2). This condition is in accordance with that reported by Junaidi et al. (2011), where the color change in lobster eggs
occurs along with the development of the embryo. During the egg incubation process, the female spiny lobsters broodstock is always in a bent position
to keep the eggs attached to the abdomen (Fig.2). Eggs incubation time in this study lasted up to four weeks. This is in accordance with that reported by
Junaidi et al., (2011), where the incubation time for lobster eggs vary between 16 to 22 days. It was further noted that the highest percentage of broodstock
carrying eggs was found in scalloped spiny lobster with an initial weight of more than 150 g with a percentage of 68% (Table 3). Meanwhile, for the type
of longlegged spiny lobster with body weight >150 g, there are no broodstock who carry any eggs. Feeding mangrove snail meat also affect absolute
growth of female lobsters (Table 3). In female spiny lobsters, the highest absolute weight growth was found in scalloped spiny lobster with 50.8 g.

Second week

Fig. 2 — Female egg-berried scalloped spiny lobster (Panulirus homarus) (a). Egg development progress from first week to fourth week (b).

Reproduction and growth in lobsters are two things that mutually control each other (Lipcius & Herrnkind, 1987). This is comparable to this study where
scalloped spiny lobsters weighing more than 150 g had a higher quantity of spawning broodstock. This phenomenon indicates that spiny lobster with
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body weight 150 g optimal in terms of spawning. In contrast, to scalloped spiny lobster with body weight < 150 g was highest absolute body weight in
females. It is proved that there was mutual control between growth and reproduction spiny lobster.

Scalloped spiny lobsters with > 150 g body weight had highest number of broodstock carrying eggs compared to the other three types of spiny lobsters.
This is comparable to a study by Adiputra et al. (2018a) in which broodstock lobsters weighing > 150 g had more egg-berried quantities than broodstock
<150 g. This is also suspected due to importance role of mangrove snail meat, where the content of palmitic and linoleic fatty acids was able to improve
the reproductive performance of spiny lobsters. This research also proved that mangrove snail meat can support the reproduction of pronghorn spiny
lobster broodstock which has never reported.

4, Conclusions

Application of mangrove snail meat is effective to:

1. Increased number of spawning broodstock for all sizes of scalloped spiny lobster, but not effectives for pronghorn spiny lobster and longlegged
spiny lobster >150g.

2. Increased percentage of eggs-berried female broodstock for all sizes of scalloped spiny lobster, but not effectives for pronghorn spiny lobster
and longlegged spiny lobster >150g.

3. Increased growth of all sizes of scalloped spiny lobster, but not effectives for pronghorn spiny lobster and longlegged spiny lobster >150g.
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