
e-ISSN:2528-0759; p-ISSN:2085-5842
JIPK. Volume 14 No 2. November 2022                 DOI=10.20473/jipk.v14i2.32855
Sinta 1 (Decree No: 158/E/KPT/2021)                                                            Available online at https://e-journal.unair.ac.id/JIPK/index

  Short Communication 
Sound Diversity as Representation to the Behavior of Spiny Lobster  
Panulirus homarus (Linnaeus, 1758)

Hartoyo Hartoyo1 ,  Amron Amron1, Aristi Dian Purnama Fitri2 , and YS Darmanto2

1Program Study of Marine Science, Faculty of Fisheries and Marine Science, Universitas Jenderal Soedirman, Purwokerto, Central Java,  
 53122. Indonesia 
2Faculty of Fisheries and Marine Science, Universitas Diponegoro, Semarang, Central Java. Indonesia

ARTICLE INFO

Received: December 28, 2021
Accepted: March 11, 2022
Published: March 11, 2022
Available online: August 30, 2022

*) Corresponding author:
E-mail: hartoyo2910@unsoed.ac.id

Keywords: 
Sound Production  
Sound Characteristics  
Panulirus homarus

 
This is an open access article un-
der the CC BY-NC-SA license 
(https://creativecommons.org/li-
censes/by-nc-sa/4.0/)

 

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga            388

JIPK
(JURNAL ILMIAH PERIKANAN DAN KELAUTAN)

  

 Scientific Journal of Fisheries and Marine

Abstract

Spiny lobster  Panulirus homarus  is one of many important economic fishery
resources  in  Indonesia.  Continuous  exploitation  activities  in  the  natural
habitat can potentially disturb the sustainability of lobster resources. This
species is known to produce sound with certain characteristics and highly
dependent  on  environmental  changes.  This  study  aimed  to  investigate
the  characteristics  of  sound  as  a  representation  of  behavior.   The  sound
produced  by  P.  homarus  was  recorded  for  24  hours  using  a  hydrophone
(a passive acoustic technique). The hydrophone converts the sound wave
produced  by  the  lobsters  into  electric  voltage  in  millivolts,  then  were
converted  to  a  digital  number,  in  order  to  be  saved  in  a  virtual  format
with the *.wav extension. The video system captured data on behaviors of
resting, territoriality, aggression, and social attitudes. The results showed
that  P. homarus  emitted rasp, slow rattle, and popping type of sound, with
certain characteristics. All sounds types were characterized by a broadband
frequency (4 - 20 kHz), and a source level ranging from 125 - 145 dB re
1 µPa. Rasp sound consisting of 12 - 40 pulses with a sound duration of
100 - 400 ms, represents a defensive behavior. Slow rattle sound with 2 -
7  pulses  did  not  represent  a  specific behavior  and it  is  dominant  during
the  night.  However,  the  popping  sound  with  only  one  pulse  represented
feeding behavior.
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1. Introduction

Indonesia has many important economic fishery 
resources, one of them is Lobster (Petersen et al., 2012; 
Aslan et al., 2015; Wardiatno et al., 2016; Priyambodo 
et al., 2017; Akmali and Sari, 2020). Lobsters are widely 
exploited to meet high demand not only from domestic 
but also from foreign markets. Continuous exploitation 
activities in the natural habitat can potentially disturb 
the sustainability of lobster resources. In order to avoid 
sale of undersized lobsters, prohibition on lobster trade 
in Indonesian territory was implemented in the form 
of PERMEN-KP Number 56, which was published in 
2016.  This  regulation  contains  some  chapters about
how lobsters caught should not be in a laying condition 
and the carapace length should be over  8 cm or indi- 
vidual weight over 200 grams.

One of the efforts to accommodate the high de-
mand for lobster is cultivation (Aslan et al 2015; Pri-
yambodo et al., 2016; Jones, 2010; Ton et al., 2020). 
The cultivation activities include catching the babies 
(post larvae), producing juveniles, and cultivating adult 
lobsters, with each activity having a separate business 
segment (Priyambodo et al., 2020). To support lobster 
cultivation activities and the sustainability of lobster 
stock in nature as well, an understanding of lobster be-
havior becomes important.

Lobster behaviour is represented by some kind 
of acoustic signaling. Some marine biota produce sound, 
including fish (Amron et al., 2017; Amron et al., 2018), 
and crustacean (Patek, 2002; Patek and Oakley, 2003; 
Henninger and Watson, 2005; Patek and Baio, 2007; 
Patek et al., 2009;  Staaterman et al ., 2010 ;  Buscaino 
et al., 2011a;  De Vincenzi et al ., 2015;  Jézéquel et 
al., 2018; Bouwma & Herrnkind, 2009; Jézéquel et al., 
2020). The sound produced by these species provides 
important information about their existence, distribu-
tion, and  behaviors (Hamilton et al., 2019). Most of 
the lobsters emits sound as means of protection from 
predators (Staaterman et al., 2010; Buscaino et al., 
2011b; Ward et al, 2011) and response to the environ-
ment (Bouwma and Herrnkind, 2009). The main organs 
in lobsters producing this sound are the plectrum and 
file (Meyer-Rochow and Penrose, 1976; Cobb and Phil-
lips, 1980; Henninger and Watson, 2005; Buscaino et 
al., 2011a; Fornshell and Tesei, 2017) through the stick 
and slip mechanism (Patek, 2001; Patek, 2002; Patek 
and Oakley, 2003; Patek and Baio, 2007). The sound 
produced by this mechanism is in the form of peak-to-
peak source level which varies based on lobster size 
(Jézéquel et al., 2020), lower duration, number of pulses 
per signal, bandwidth, peak intensity, higher pulse rate, 

and frequency (Buscaino et al., 2011a). Another sound 
incidentally produced by lobsters with a different mech-
anism is the snap sound by the claws, through the use of 
the cavitation bubble mechanism (Hisyam et al, 2020). 
Generally, the sound of lobster produced by movement 
of file and plectrum organs with a slip and stick mech-
anism and movement of claw organs (Mulligan and 
Fischer, 1977; Patek, 2002). 

Environmental changes are known to affect the 
sound characteristics produced by lobsters, as a form of 
their response. This study aimed to investigate the char-
acteristics of sound as a representation of behavior.  

2. Materials and Methods

2.1 Materials

Observation was conducted to spiny lobsters 
(P. homarus) caught along the coast of Cilacap (Central 
Java, Indonesia). A fiberglass tank with 1 m × 2 m × 1 
m was used to acclimatize. Observation used two aquar-
iums with 60 cm × 25 cm × 30 cm with 36 liters of salt 
water (32 ppt of salinity). Air pump (capacity of 2 × 4 
L per min) and aerator 12 MP used to maintain the oxy-
gen level. A hydrophone (type SQ-26) and CCTV cam-
era (HD 1080p resolution and equipped with infrared 
light) were installed to record the sounds and movement 
of lobsters. Water quality was controlled using some 
equipment (pH meter, thermometer, DO meter, and 
hand refractometer). The lobster sound was analyzed by 
a free software named Audacity (Table 1).

2.2 Methods

2.2.1 Experimental design

Two individuals female (A and B) of spiny lob-
ster P. homarus were observed in laboratory condition. 
Lobster A and B were 12 and 14 cm in total length, with 
105 and 132 g in bodyweight, respectively. Before ob-
servation was conducted, lobsters were acclimatized for 
seven days, in order to adapt to their new environment. 
Both lobsters were reared in separate aquariums with 
lighting conditions in the laboratory adjusted to envi-
ronmental conditions during the day and night, without 
additional illumination. The sounds produced by the lob
sters were recorded using passive acoustic techniques, 
with hydrophone. The hydrophone converted the sound 
wave produced by the lobsters into electric voltage in 
millivolts. The electricity produced is still an analog sig-
nal which then converted into a digital signal, in order 
to be saved in a virtual format with the *.wav extension. 
The recording was conducted for 24 hours for each lob-
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ster. The video system (placed in front of the aquarium, 
as a CCTV camera) retrieved data on resting behavior, 
territoriality, and aggression. (Figure 1).

2.3 Data Analysis

The true sound of P. humorus was analyzed by 
basic detection algorithm that involved the following 
steps: filtering; rectify and envelope; smoothing; and gate 
(Mann and Lobel, 1995). Filtering done was band-pass 
 

filtering which limits the signal to certain frequency 
range where the fish call frequency is believed to be. 
Rectify and envelope were the absolute value of the hy-
drophone signal that effectively “traces” the outlines of 
the signal so that individual pulses can be detected. To 
describe sound of lobster in recording data, a smooth-
ing step was conducted to get a true signal. The gate 
was used to identify the times when the processed signal 
went above a certain voltage.
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Table 1. Research materials, specification and function

No Materials Specification Function

1 Aquarium 60x25x30cm (length x height x width) Lobster media
2 Fibber tank 1x2x1 m (length x height x width} Acclimatization place
3 CCTV HD 1080P, 2 MP CMOS Sensor Behavior observation
4 Air pump Capacity of 2 x 4 liters per mins Water filter system
5 Aerator 12 MP Oxygen supply
6 Hydrophone SQ-26 Sound recorder
7 PH Meter 0,1 accuracy pH observation
8 Thermometer 0,1° accuracy Temperature observation
9 Hand refractometer 1ppt accuracy Salinity observation
10 Software Audacity Versi 2.3.3 Data analysis
12 DO Meter DO-5510HA Oxygen observation
13 Audacity software Version 3 Sound analysis
14 Fish meat Meat of Trichiurus lepturus Lobster feed

Figure 1. Recording systems. The blue and red lines represent the audio and video line (1–8) represented 
aquarium, lobster, hydrophone, CCTV camera, sound recorder, personal computer, video recorder, and LCD 
monitor, respectively



3. Results and Discussion

3.1 Results 

There were three types of sounds produced by 
spiny lobsters, namely rasp, slow rattle, and popping, 
which were distinguished based on the characteristics of 
the sound they produced. The contrast in sound charac-
teristics was due to differences in the sound-generating 
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organs and production mechanisms, which was a repre-
sentation of their behaviors. 

3.1.1 Rasp sound

Rasp sound was the most dominant noise issued 
by lobsters, containing more than a dozen and even up to 
40 pulses (Figure 2). The sound series contained several 
groups of pulses, consisting of 2-4 rhythms for each class.  

Figure 2. Sound characteristics of rasp; (a) spectrogram, and (b) waveform

Figure 3. Sound characteristics of slow rattle; (a) spectrogram, and (b) waveform
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Pulses have specific characteristics of sound pressure, 
duration, and broadband frequency, ranging from 130-
145 dB re 1 µPa, 100-400 secs, and 4-20 kHz, respec-
tively. Also, the dominant frequency of each pulse was 
observed to be within the range of 10-14 kHz (Figure 
2a). Sound pulses were characterized by a short dura-
tion (4-13 ms), as the interval period for each rhythm 
in the group was shorter than those in between the beat 
classes (Figure 2b).

3.1.2 Slow rattle sound

Similar to rasp sound, the slow rattle sound also 
contained series of sound pulses, which were character-
ized by a broadband frequency in the range of 4-20 kHz 
(Figure 3). While the number of sound pulse was generally 
more than a dozen for the rasp, the slow rattle had only 
2-7 rhythms. The pattern of sound pulse series was also 
different for each type, as the slow rattle does not have 
rhythmic groups, compared to the rasp. This observa-
tion further indicated that there was no significant dif-
ference for the duration interval of each pulse (Figure 
3b). At the beginning of the sound, the intensity of the 
pulse was relatively low, then increased with the next 
rhythm, reached a peak, and started to decrease. More-
over, a smaller number of pulses implied a sound dura-
tion of just below 100 ms. Slow rattle sound was also 
characterized by sound pressure, dominant frequency, 
and pulse duration, ranging from 125 to 135 dB re 1 
µPa, 10 - 19 kHz, and 7-11 ms, respectively (Figure 3a).

3.1.3 Popping sound

Unlike rasp and slow rattle, the popping sound 
only had one pulse with a longer duration, which was 
9-29 ms (Figure 4). This sound type also had a broad-
band frequency of 4-20 kHz, with a dominance ranging 
between 10-19 kHz (Figure 4a). Sound pulses have their 
own characteristics, starting with a higher intensity, and 
decreasing over the duration of the rhythm (Figure 4b). 
Also, the peak sound pressure of the pulse varied be-
tween 125-140 dB re 1 µPa.

3.2 Discussion

The rasp sound was formed due to the move-
ment of a pair of organs (file and plectrum) with a slip 
and stick mechanism. This mechanism caused the sound 
produced to be in the form of a pulse series, which had 
a specific pattern. Generally, the organs of lobster that 
produced this sound were the plectrum and files (Bus-
caino et al., 2011a; Fornshell and Tesei, 2017). The plec-
trum is a springing device in the form of a striped pad, 
which bottom extends to the base of the second antenna. 
The file is the center of each antenna base (Cobb and 
Phillips, 1980). Lobsters produced sound by rubbing the 
two organs through a stick and slip motion (Patek and 
Baio, 2007). The sound was generated by rubbing each 
antenna against the receiver plate (Patek, 2002), as the 
friction medium of the stick and slip was like a stringed 
instrument (Patek, 2001). Another description related to 
 

Figure 4. Sound characteristics of popping; (a) spectrogram, and (b) waveform
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this case was the contraction of the antagonist muscles, 
which were located at the base of the second antenna 
(Henninger and Watson, 2005). The duration of the 
mean pitch of sound was closely related to the length of 
the carapace, with the number and size of the spectrum 
(Meyer-Rochow and Penrose, 1976).

Rasp sound was a representation for lobsters 
against threats from predators or disturbances from the 
environment, both in the form of noise and movement. 
The number of sounds produced is highly dependent 
on whether the lobster is on alert due to the environ-
mental disturbances. The number of sounds increased 
at night when it was dark due to being more sensitive to 
movement from the environment, which seemed like a 
threat to this species. The influence of the environment 
around the lobsters greatly affected the sound signals 
they produced (Patek et al., 2009). Predators of lob-
sters, such as fishes also affected the sound production 
of lobsters (Ward et al., 2011). This type of sound was a 
form of lobster defense strategy, during predator attacks 
(Buscaino et al., 2011b). Human activities also caused 
changes in behavioral responses and sound production 
of lobsters (Bouwma and Herrnkind, 2009; Staaterman 
et al., 2010). The response to stress due to acoustic stim-
ulation, was another factor that affected the sound emit-
ted by lobsters (De Vincenzi et al., 2015; Jézéquel et 
al., 2018).

The slow rattle sound type was not produced 
by lobsters as a representation of certain behaviors, as 
it only appears incidentally during rasp. The organ and 
mechanism of the sound produced was also the same 
as that of the rasp, namely the stick and slip medium 
of files and plectrum (Patek, 2001; Patek, 2002; Patek 
and Baio, 2007; Buscaino et al., 2011a; Fornshell and 
Tesei, 2017). This sound was produced simultaneous-
ly with a special rasp at night, by the movement of the 
antenna (Moulton, 1957). Generally, a slow rattle sound 
consisted of 6 - 10 pulses of well-damped clicks, with 
a duration of up to 100 ms, with each rhythm having 
a period of 12 ms (Meyer-Rochow and Penrose, 1976; 
Meyer-Rochow et al., 1982).

The popping sound type with certain charac-
teristics was incidentally generated, when a lobster is 
eating. Generally, this sound is produced by almost 
all lobsters and crustaceans through the movement of 
claw organs. Although this sound was produced not as 
a representation of any specific behavior (Mulligan and 
Fischer, 1977), the specific organ producing it was the 
claw organs, using the cavitation bubble mechanism 
(Hisyam et al., 2020) . The occurrence of cavitation 
bubbles was due to crustaceans capturing or destroying 

their preys, through claw movements (Versluis et al., 
2000). Therefore, this popping sound was closely relat-
ed to the behavior of lobsters, when eating.

4. Conclusion
Spiny lobster (P. homarus) produces rasp, slow 

rattle, and popping sound. Each type of sound is charac-
terized by different sound pressure, duration, and broad-
band frequency. These acoustic signals are related to 
the behavior of  that  species. Rasp sound represented a 
defensive behavior.  Slow  rattle sound did not describe 
any specific behavior, and is dominant during the dark 
period. The popping sound reflected the  feeding  be-
havior.

Acknowledgment

Authors would like to appreciate to all colleagues 
of Marine Acoustic Laboratory, Faculty of   Fisheries 
and Marine Science, Universitas Jenderal Soedirman, 
Purwokerto and Faculty of Fisheries and Marine 
Science, Universitas Diponegoro, Semarang for their 
supports to all research activities and facilities.

Authors’ Contributions
All authors have contributed to the final manu-

script. The contribution of each author as follow, Har-
toyo and Amron; developed the concept of manuscript, 
collected, analyzed, interpreted data, and visualized in 
graph and figure. Fitri and Darmanto; devised the main 
conceptual ideas and critical revision of the article. All 
authors discussed the results and contributed to the final 
manuscript.

Conflict of Interest
The authors declare that they have no compet-

ing interests.

Funding Information
This research was partially supported by Dipo-

negoro University and Jenderal Soedirman University 
as a part of Doctoral Program Dissertation in Coastal 
Resource Management Department, Diponegoro Uni-
versity.

References
Akmali, A., & Sari, P. D. W. (2020). Growth perfor-

mance of cultivated spiny lobster ( Panulirus 
homarus, Linnaeus 1758) in Tuban, East Java, 
Indonesia. Egyptian Journal of Aquatic Biology 
& Fisheries, 24(3):381-388. 

Amron, A., Jaya, I., Hestirianoto, T., & von Juterzenka, 

http://dx.doi.org/10.21608/ejabf.2020.92321
https://agris.fao.org/agris-search/search.do?recordID=US201800472057


Hartoyo et al. / JIPK, 14(2):xxx-xxx                               JIPK. Volume 14 No 2. November 2022 / Sound Diversity as Representation to the Behavior of Spiny Lobster ......

xxx     Jurnal Ilmiah Perikanan dan Kelautan                  Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga           November  2022     394

K. (2018). Sound characteristics of terapon fish 
(Terapon jorbua) as a response to temperature 
changes. International Journal of Environmen-
tal Science and Technology, 15(11):2493-2498. 

Amron, Kumolo, W. A., Jaya, I., Hestirianoto, T., & 
Juterzenka, K. von. (2017). Daily sound produc-
tion of Terapon jorbua: Impact of temperature 
and light condition. Journal of King Abdulaziz 
University: Marine Science, 27(2):27-37. 

Aslan, L. O. M., Iba, W., Bolu, L. O. R., Ingram, B. A., 
Gooley, G. J., & de Silva, S. S. (2015). Maricul-
ture in SE Sulawesi, Indonesia: Culture practic-
es and the socio economic aspects of the major 
commodities. Ocean and Coastal Management, 
116:44-57. 

Bouwma, P. E., & Herrnkind, W. F. (2009). Sound pro-
duction in Caribbean spiny lobster Panulirus 
argus and its role in escape during predato-
ry attack by Octopus briareus. New Zealand 
Journal of Marine and Freshwater Research, 
43(1):3-13. 

Buscaino, G., Filiciotto, F., Gristina, M., Bellante, A., 
Buffa, G., Di Stefano, V., MacCarrone, V., 
Tranchida, G., Buscaino, C., & Mazzola, S. 
(2011a). Acoustic behaviour of the European 
spiny lobster Palinurus elephas. Marine Ecol-
ogy Progress Series, 441:177-184. 

Buscaino, G., Filiciotto, F., Gristina, M., Buffa, G., Bel-
lante, A., Maccarrone, V., Patti, B., & Mazzola, 
S. (2011b). Defensive strategies of European 
spiny lobster Palinurus elephas during pred-
ator attack. Marine Ecology Progress Series, 
423:143-154. 

Cobb, J. S., & Phillips, B. F. (1980). The biology and 
management of lobsters. Volume II. Ecology 
and management. Academic Press. 

De Vincenzi, G., Maccarrone, V., Filiciotto, F., Bus-
caino, G., & Mazzola, S. (2015). Behavioural 
responses of the European spiny lobster, Pali-
nurus elephas (Fabricius, 1787), to conspecific 
and synthetic sounds. Crustaceana, 88(5):523-
540. 

Fornshell, J. A., & Tesei, A. (2017). Observations of the 
sound producing organs in achelate lobster lar-
vae. Arthropods, 6(2):36-46. 

Hamilton, S., Silva, J. F., Pereira-Neves, A., Travas-
sos, P., & Peixoto, S. (2019). Sound produc-

tion mechanism in the Brazilian spiny lob-
sters (Family Palinuridae). Zoomorphology, 
138(4):475-482. 

Henninger, H. P., & Watson, W. H. (2005). Mechanisms 
underlying the production of carapace vibra-
tions and associated waterborne sounds in the 
American lobster, Homarus americanus. Jour-
nal of Experimental Biology, 208(17):3421-
3429. 

Hisyam, M., Hestirianoto, T., & Jaya, I. (2020). Sound 
characteristic of Procambarus clarkii. IOP 
Conference Series: Earth and Environmental 
Science, 429(1):012036. 

Jézéquel, Y., Bonnel, J., Coston-Guarini, J., Guarini, J. 
M., & Chauvaud, L. (2018). Sound characteri-
zation of the European lobster Homarus gam-
marus in tanks. Aquatic Biology, 27:13-23. 

Jézéquel, Y., Chauvaud, L., & Bonnel, J. (2020). Spiny 
lobster sounds can be detectable over kilome-
tres underwater. Scientific Reports, 10(1):1-11. 

Jones, C. M. (2010). Tropical spiny lobster aquaculture 
development in Vietnam, Indonesia and Austra-
lia. Journal of the Marine Biolological Associa-
tion of India, 52(2):304-315. 

Mann D. A., & Lobel, P. S. (1995). Passive acoustic de-
tection of sounds produced by the damselfish, 
Dascyllus albisella (Pomacentridae). Bioacous-
tics, 6(3):199-213. 

Meyer-Rochow, V. B., & Penrose, J. D. (1976). Sound 
production by the western rock lobster Panu-
lirus longipes (Milne Edwards). Journal of 
Experimental Marine Biology and Ecology, 
23(2):191-209. 

Meyer-Rochow, V. B., Penrose, J. D., Oldfield, B. P., & 
Bailey, W. J. (1982). Phonoresponses in the rock 
lobster Panulirus longipes (Milne Edwards). 
Behavioral and Neural Biology, 34(3):331-336. 

Moulton, J. M. (1957). Sound production in the spiny 
lobster Panulirus argus (Latreille). The Biolog-
ical Bulletin, 113(2):286-295.

Mulligan, B. E., & Fischer, R. B. (1977). Sounds and 
behavior of the spiny lobster Panulirus ar-
gus (Latreille, 1804) (Decapoda, Palinuridae). 
Crustaceana, 32(2):185-199. 

Patek, S. N., & Baio, J. E. (2007). The acoustic mechan-
ics of stick-slip friction in the California spiny 

https://agris.fao.org/agris-search/search.do?recordID=US201800472057
https://repository.unri.ac.id/xmlui/bitstream/handle/123456789/8146/30%20Full_Paper_2ndISFM_Amron_UNSOED.pdf?sequence=1&isAllowed=y
http://dx.doi.org/10.1016/j.ocecoaman.2015.06.028
https://doi.org/10.1080/00288330909509977
https://doi.org/10.3354/meps09404
https://doi.org/10.3354/meps08957
https://doi.org/10.1016/C2009-0-03107-9
https://doi.org/10.1163/15685403-00003430
http://60.205.143.183:8888/journal-foreign-detail/0204114946421.html
https://doi.org/10.1007/s00435-019-00461-5
https://doi.org/10.1007/s00435-019-00461-5
https://doi.org/10.1242/jeb.01771
https://doi.org/10.1088/1755-1315/429/1/012036
https://doi.org/10.3354/ab00692
https://doi.org/10.1038/s41598-020-64830-7
https://www.researchgate.net/publication/257939165_Tropical_rock_lobster_aquaculture_development_in_Vietnam_Indonesia_and_Australia
http://dx.doi.org/10.1080/09524622.1995.9753290
https://doi.org/10.1016/0022-0981(76)90141-6
https://doi.org/10.1016/S0163-1047(82)91722-8
https://doi.org/10.2307/1539086
https://www.jstor.org/stable/20103152
https://doi.org/10.1242/jeb.009084


Hartoyo et al. / JIPK, 14(2):388-395                               JIPK. Volume 14 No 2. November 2022 / Sound Diversity as Representation to the Behaviour of Spiny Lobster .....

395     Jurnal Ilmiah Perikanan dan Kelautan                  Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga           November  2022     xxx

lobster (Panulirus interruptus). Journal of Ex-
perimental Biology, 210(20):3538-3546. 

Patek, S. N., & Oakley, T. H. (2003). Comparative tests 
of evolutionary trade-offs in a palinurid lobster 
acoustic system. Evolution, 57(9):2082-2100. 

Patek, S. N., Shipp, L. E., & Staaterman, E. R. (2009). 
The acoustics and acoustic behavior of the Cal-
ifornia spiny lobster (Panulirus interruptus). 
The Journal of the Acoustical Society of Ameri-
ca, 125(5):3434. 

Patek, S. N. (2001). Spiny lobsters stick and slip to 
make sound. Nature, 411:153-154. 

Patek, S. N. (2002). Squeaking with a sliding joint: Me-
chanics and motor control of sound production 
in palinurid lobsters. Journal of Experimental 
Biology, 205(16):2375-2385. 

Petersen, E. H., Jones, C., & Priyambodo, B. (2012). 
Bioeconomics of spiny lobster farming in Indo-
nesia. Asian Journal of Agriculture and Devel-
opment, 10(1):25-39. 

Priyambodo, B., Jones, C., & Sammut, J. (2016). The 
effect of trap type and water depth on puerulus 
settlement in the spiny lobster aquaculture in-
dustry in Indonesia. Aquaculture, 442:132-137. 

Priyambodo, B., Jones, C. M., & Sammut, J. (2017). 
Improved collector design for the capture of 
tropical spiny lobster, Panulirus homarus and 
P. ornatus (Decapoda: Palinuridae), pueruli in 
Lombok, Indonesia. Aquaculture, 479:321-332.

Priyambodo, B., Jones, C. M., & Sammut, J. (2020). 
Assessment of the lobster puerulus (Panulirus 
homarus and Panulirus ornatus, Decapoda: 
Palinuridae ) resource of Indonesia and its po-
tential for sustainable harvest for aquaculture. 
Aquaculture, 528:735563. 

Staaterman, E. R., Claverie, T., & Patek, S. N. (2010). 
Disentangling defense: The function of spiny 
lobster sounds. Behaviour, 147(2):235-258.

Ton, A., Hai, N., & Speelman, S. (2020). Involving 
stakeholders to support sustainable develop-
ment of the marine lobster aquaculture sector in 
Vietnam. Marine Policy, 113:103799. 

Versluis, M., Schmitz, B., Von der Heydt, A., & Lohse, 
D. (2000). How snapping shrimp snap: Through 
cavitating bubbles. Science, 289(5487):2114-
2117. 

Ward, D., Morison, F., Morrissey, E., Jenks, K., & Wat-
son, W. H. (2011). Evidence that potential fish 
predators elicit the production of carapace vi-
brations by the American lobster. Journal of Ex-
perimental Biology, 214(15):2641-2648. 

Wardiatno, Y., Hakim, A. A., Mashar, A., Butet, N. A., 
Adrianto, L., & Farajallah, A. (2016). On the 
presence of the Andaman lobster, Metane-
phrops andamanicus (Wood-Mason , 1891) 
(Crustacea Astacidea Nephropidae) in Palabu-
hanratu bay (S-Java, Indonesia). Biodiversity 
Journal, 7(1):17-20. 

https://doi.org/10.1242/jeb.009084
https://doi.org/10.1111/j.0014-3820.2003.tb00387.x
https://doi.org/10.1121/1.3097760
http://dx.doi.org/10.1038/35075656
https://doi.org/10.1242/jeb.205.16.2375
http://dx.doi.org/10.22004/ag.econ.199105
https://doi.org/10.1016/j.aquaculture.2015.02.037
https://doi.org/10.1016/j.aquaculture.2017.05.033
https://doi.org/10.1016/j.aquaculture.2020.735563
https://doi.org/10.1163/000579509X12523919243428
https://doi.org/10.1016/j.marpol.2019.103799
https://doi.org/10.1126/science.289.5487.2114
https://doi.org/10.1242/jeb.057976
https://www.researchgate.net/publication/303582284_On_the_presence_of_the_Andaman_lobster_Metanephrops_andamanicus_Wood-Mason_1891_Crustacea_Astacidea_Nephropidae_in_Palabuhanratu_bay_S-Java_Indonesia

	Sound Diversity as Representation to the Behaviour of Spiny Lobster Panulirus homarus (Linnaeus, 1758)
	1. Introduction
	2. Materials and Methods
	2.1 Materials
	2.2 Methods
	2.2.1 Experimental design

	2.3 Data Analysis

	3. Results and Discussion
	3.1 Results
	3.1.1 Rasp sound
	3.1.2 Slow rattle sound
	3.1.3 Popping sound

	3.2 Discussion

	4. Conclusion
	Acknowledgment
	Authors’ Contributions
	Conflict of Interest
	Funding Information
	References

