
Frontiers in Marine Science

OPEN ACCESS

EDITED BY

Marta Solé,
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As a biological sound source widely distributed in temperate and tropical coastal

waters, snapping shrimp produce strong pulses which can serve as honest signals

to indicate habitat-specific soundscape. The past decade has witnessed the

growing interest in investigating the acoustical activity of snapping shrimp across

many shallow waters including the coastal line of the west Pacific Ocean. It was

extended to the Southeast China coastal area where snapping sounds and the

associated soundscape were recorded at four sites. Customized codes

incorporating bandwidth and amplitude threshold operations were developed to

detect snaps from the ambient noise to estimate snap rate and extract snaps

individually. The subsequent analysis suggested that snaps recorded at different

sites were unanimously stronger than background noise. Sound pressure level of

the snaps ranged from 150 dB to 190 dB (re 1 mPa). The characteristics of snaps,

including sound pressure level, duration, peak frequency, -3dB bandwidth from

different sites are examined to evaluate the variability across the sites. Though

snapping pulses had peak frequencies and the -3 dB bandwidth consistently below

10 kHz, snaps had considerable energy extending to the high frequency range over

200 kHz. The analysis of the acoustic data received for 7 consecutive days at one

site indicated that the snap rate corresponded to tidal level periodicity. A high tide

was accompanied with a local high snap rate regardless of light but this local snap

rate peak was much higher at night. The mean rate fluctuated between 2000 and

4000 snaps per minute and more snaps were recorded after sunset suggesting

that snapping shrimp living in the area snapped in response to light. These datamay

indicate that snaps are important communication means in light-limited condition

and deepen our understanding on the correlation of snapping behavior and

ecological environments.
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1 Introduction

The ocean is a natural reservoir for sounds originating from

biological, geophysical, and anthropogenic processes (Wenz, 1962;

Krause, 2008; Duarte et al., 2021). The increasing anthropogenic

activities, including worldwide shipping, platform construction and

wind farm operation are massive contributions to intensifying the

ocean soundscape (McDonald et al., 2006; Slabbekoorn et al., 2010;

Herbert-Read et al., 2017; Harding et al., 2019; Mooney et al., 2020).

Marine animals, including invertebrates, have evolved to sense sounds

and cue on environment acoustically to facilitate survival (Mann and

Lobel, 1997; Hawkins and Amorim, 2000; Giorli et al., 2016; Van

Oosterom et al., 2016; Erbe et al., 2017). For example, snapping

shrimp are capable of producing sounds over 200 dB as an important

input to the overall soundscape (Au, 1993; Au and Banks, 1998; Song

et al., 2021). Biological activities from snapping shrimp along the

coastal line have considerable effects on the habitat-specific

soundscape (Everest et al., 1948; McClure and Wicksten, 1997; Fay,

2009; Monczak et al., 2017; Monczak et al., 2019).

Snapping sounds cover a wide range of frequency and present a

highly diurnal dependence and seasonal variation, dominating over

other sounds in shallow waters (Bohnenstiehl et al., 2016; Butler et al.,

2017; Lillis and Mooney, 2018; Monczak et al., 2019; Mueller et al.,

2020). Shrimp use its big claw to eject water, resulting in a cavitating

bubble collapse and generation of a broadband pulse with energy

extending to over 200 kHz (Versluis et al., 2000). Snapping shrimp

has various dwelling sites including coral reefs, kelp, mangrove and

oyster reefs. Sounds generated by snapping shrimps have induced

numerous studies since World War II and snapping shrimp were

previously thought to distribute in the tropical and subtropical zones.

Many later studies have reported the sound activity of snapping

shrimp in higher latitudes (Watanabe et al., 2002; Mathias et al., 2016;

Bibikov and Makushevich, 2020; Lee et al., 2021).

Snaps can serve in various ways to meet the daily demands for

shrimp in fighting for shelter protection, preying, rock-boring,

excavation, and communicating (Nolan and Salmon, 1970; Schein,

1975; Schein, 1977; Schmitz and Herberholz, 1998). The size of the

open major chela, and the resulting water jet and snap pulse are all

signals produced during intraspecific encounters (Hughes, 2000). The

snapping claw as a mechanosensory stimulus can be detected by setae

on the major chela of the encountering competitors but both the

physical size and water jet have a limited working distance

(Herberholz and Schmitz, 1999). In comparison, the snapping pulse

can propagate to a great distance and possibly used for group

coordination (Toth and Duffy, 2005). The synchronizing snapping

was reported in a previous study, raising a question on whether

snapping shrimp can acoustically sense the snaps, which was

examined recently in snapping shrimp (Alpheus richardsoni),

suggesting this species is sensitive to sounds ranging from 80 to

1500 Hz (Dinh and Radford, 2021). Snaps are broadband signals with

considerable energy below 1500 Hz, meaning that snaps may be used

for acoustic signaling between conspecifics. The communication

range will depend on the source level of the snaps.

The snapping either used for communication or as aggressive

behaviors presented a diurnal pattern. Snaps were found to peak at

dusk and dawn (Radford et al., 2008; Lammers et al., 2008; Lillis and

Mooney, 2018), following a diurnal pattern to some extent. But they
Frontiers in Marine Science 02
shift their show preferential snapping time from nighttime in the

summer to daytime in the winter in the West Bay Oyster Reserve,

Pamlico Sound North Carolina (Bohnenstiehl et al., 2016). A

transition between dominant daytime at different seasons was

observed and it may relate to light availability. These changes of

snapping behavior with season were also reported in the Coastal Sea

of Western Jeju, part of the western Pacific Ocean (Jeong and Paeng,

2022). The most frequent snapping events were found at night in late

summer. But in late fall, snap rate was not the highest at night and

dropped like the one during the day. A high tide was always

accompanied with a higher snap rate by 13% than at low tide and

the temporal variation of snap rate time was parallel to that of current

speed during high/low tides with a time lag of about 1.25 h (Lee et al.,

2021). These results paved us the way for further studies on what

drives the temporal variations of snap rate during the day in different

seasons and tidal levels. The biological characteristics of snapping

shrimp may account for the snap rate variation to some extent.

Snaps produced from 42 snapping shrimp individuals of

Synalpheus paraneomeris and 20 A. angulosus specimens were

examined in acoustic measurements (Au and Banks, 1998; Song

et al., 2021). They found that snaps have peak frequencies

unanimously between 2 and 5 kHz. Peak-to-peak source levels varied

from 183 to 189 dB (re 1 mPa) for S. paraneomeris and ranged from

164.9 to 187.7 dB (re 1 mPa) for A. angulosus (Au and Banks, 1998;

Song et al., 2021). The laboratory measurements provide good controls

to estimate the source level of snaps because the animals can be

physically fixed 1 m away from the recording facility. In comparison,

it is challenging to estimate the actual source level of snaps recorded

from field. Snaps from the field and laboratory were compared for

shrimp in the May River estuary, both showing a generally broadband

property and the majority of energy was confined to below 10 kHz.

Laboratory snaps had a much higher power spectral density than those

of the field snaps, whichmay result from the attenuation due to the long

travelling distance (Song et al., 2021). There might be other parameters

that can lead to variability of snaps produced in the field, including

anthropogenic noise (Spiga, 2022).

Among numerous studies on snapping shrimp sounds, only a few

examine the acoustic characteristics of snaps in detail (Au and Banks,

1998; Song et al., 2021; Spiga, 2022) and in this paper, we added extra

acoustic analysis on peak frequency, duration, -3dB bandwidth and

sound pressure level of snaps recorded at four different sites in

shallow water of southeast China coastal area. These sites located at

two adjacent provinces and data were collected to probe into the

temporal variation of the estimated snap rate and its correlation with

tidal level. This study contributes to soundscape research concerning

snapping shrimp in this region and provide information to probe into

the sound habitat-specific underwater soundscape along the southeast

China coastal line.
2 Materials and methods

2.1 Acoustic survey

Snaps were recorded at four different sites along the shallow

waters of southeast China coastal area, with two sites at Fujian

province and the rest two at Guangdong province (Figure 1).
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A compact recording system, SoundTrap recorder (ST 300 HF,

Ocean Instruments Ltd, New Zealand), with a linear frequency range

of 20 Hz - 150 kHz was used in experiments at site 1, site 3 and site 4.

Another sound recorder (ST 600 HF, linear frequency range: 20 Hz -

150 kHz) was deployed at site 2, which was physically fixed to a buoy.

The ST 300HF and ST 600 HF are both compact underwater audio

recording system containing a single channel, with a low self-noise

level (less than 38 dB re 1 mPa above 2 kHz), a user programmable

preamplifier and a 16-bit analog-to-digital converter. The sampling

rate can reach as high as 576 kHz for ST 300 HF and 384 kHz for ST

600 HF. The preamplifier and ADC converter, batteries were

embedded inside the main body and the tool functioned as one

unit, with a 256 GB storage memory for ST 300 HF and Up to 2TB of

data storage for ST 600 HF. The recorder was hung in the water

column through either a steel bar with clips at the end or physically

fixed to the buoy. The recording sites had a water depth of 12.0 m,

11.0 m, 12.0 m, and 4.0 m and the recorder was placed 2.0 m, 2.0 m,

3.0 m, and 1.5 m underwater at site 1, site 2, site 3, and site 4, with a

sampling frequency of 576 kHz, 96 kHz, 192 kHz and 576

kHz, respectively.
2.2 Snap analysis

Shrimp snap is thought to have extremely typical characteristics

of broadband energy and high amplitude (Au and Banks, 1998; Song

et al., 2021). We referred to previous studies and used an envelope

correlation algorithm combined with an amplitude threshold to

detect snaps (Bohnenstiehl et al., 2016; Lillis and Mooney, 2018;

Lee et al., 2021). Customized Matlab scripts were developed to extract

individual snaps. Snap spectrogram was calculated using the short-

time Fourier transform, using a 192-point fast Fourier transform

(FFT) and a rectangular window of 1 ms. These settings provided a

frequency resolution of 500 Hz.
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After extraction, snaps from four recording sites were compared

to address the potential variations. To begin, acoustic parameters

including peak-to-peak sound pressure level (SPL), duration, peak

frequency and -3dB bandwidth were calculated following previous

studies (Madsen and Wahlberg, 2007; Au et al., 2016; Song et al.,

2021). SPL was determined after calibration using the sensitivity of

SoundTrap recorders. Duration was determined a time length

covering 95% of the total pulse energy. Peak frequency was defined

as the frequency point at which the spectral level had the highest

value. The -3 dB bandwidth was the difference of two frequency

points between which the spectral level was lower than the maximum

level by 3 dB.

The snap parameters were tested to examine their normality using

Shapiro-Wilk method. Either the ANOVA analysis or the Kruskal-

Wallis analysis of variance (ANOVA) analysis was used to determine

the differences in acoustic properties of the snaps recorded at different

sites. All statistical analyses were tested at significance level of 0.05.
2.3 Examination on snap rate at site 2

The temporal pattern of the snap rate and soundscape concerning

were examined using the data of the longest recording length (site 2)

to probe into the soundscape and its temporal variation throughout

the recording time. Considering the sampling frequency at site 2 was

96 kHz, we divided the recording bandwidth into 3 sub-bandwidths

to quantify soundscape: a low sub-bandwidth from 0-1.5 kHz

representing the fish sounds and boat noise; a middle sub-

bandwidth from 1.5-10 kHz as an index of snapping shrimp sounds

and a high sub-bandwidth from 10-48 kHz. The mean power spectral

density was calculated for these bandwidths and the whole bandwidth

from 0-48 kHz for every minute. The output was tracked with time for

7 consecutive days. The number of snaps per minute was calculated to

estimate snap rate and the resulting temporal pattern. The sound
FIGURE 1

(A) An overall view of the location of the experimental sites S1, S2, S3 and S4 from both a global and regional context, with the four recording sites
marked in red. (B) Recording site at Xiamen Bay (Xiamen, China), (C) Zhao'an Bay (Zhangzhou, China), (D) Daya Bay (Shenzhen, China) and (E) Pearl River
estuary (Zhuhai, China). Figure was drawn using Ocean Data View (Schlitzer, R., Ocean Data View, https://odv.awi.de, 2021).
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energy within bandwidth II was used to estimate the temporal change

of snapping shrimp sounds because the peak frequency of the snap

was confined to this bandwidth (Au and Banks, 1998; Schmitz, 2002;

Song et al., 2021). The power spectral densities of bandwidth I,

bandwidth II, bandwidth III and bandwidth IV can be compared to

evaluate the influence of snapping shrimp sounds to the overall

soundscape at different habitats.
3 Results

3.1 Acoustic properties of snaps across
different sites

A representative shrimp snap train with continuous snaps showed

that the thresholding method was effective to extract individual snaps

from the long time series (Figures 2A, B). Snap (Figures 2C, D)

presents a broadband property with frequency peaking at 3.8 kHz and

it can be seen that energy was extended to over 100 kHz. The

amplitude difference across 4 octaves beginning at peak frequency

was less than 20 dB. The snap was composed of a precursor with

relatively low amplitude and a short pulse characterized by its rapid

onset and high amplitude. These features were similar to snaps

reported in previous studies on snapping shrimp species, A.

heterochaelis, A. angulosus, and S. parneomeris (Au and Banks,

1998; Versluis et al., 2000; Song et al., 2021).

The characteristic spectrum was similar among snaps recorded at

different sites (Figure 3), all showing a broadband distribution. Snaps

unanimously had higher energy than background noise. There were

variabilities in snap and background noise amplitudes. Using power

spectral density as reference (Figure 3), the greatest amplitude

difference between snap and background noise was reflected in data

from site 3, reaching 59 dB at peak frequency 2.3 kHz. Snaps from site

3 had the highest amplitude, followed by site 2 and site 4, and lowest

amplitude snaps was recorded at site 1. The analysis of data from site

4 suggested the spectral lines of snaps and background noise were

similar below 2 kHz. Background noise at site 4 decreased rapidly for

frequencies greater than 2 kHz and was close to that of site 3 at

frequencies higher than 10 kHz.

Duration of snaps from site 3 followed a normal distribution

(p=0.28) and the rest parameters all followed a non-normal

distribution (p<0.001), shown in Figure 4. Thus, the Kruskal-Wallis

ANOVA was used to compare the data across different sites, showing

a significant difference for duration (p<0.001), peak frequency

(p<0.001), -3 dB bandwidth (p<0.001), and sound pressure level

(p<0.001). Snaps recorded at site 3 had the highest sound pressure

level, with a mean value of 186.2 ± 1.3 dB re 1mPa (n=750) and ranged
from 183.8 to 190.1 dB re 1mPa. In comparison, the mean sound

pressure level of snaps recorded at site 1 was 156.0 ± 4.4 dB re 1mPa
(n=482), which was the lowest among these recording sites. These

values were 172.5 ± 1.7 dB re 1mPa (n=629) and 165.5 ± 3.9 dB re

1mPa (n=111) for snaps from site 2 and site 4 respectively. The

amplitude range of sound pressure level were 20.6, 8.9, 6.3 and 19.0

dB for site 1, site 2, site 3 and site 4 respectively. The mean durations

were 312.8 ± 87.6, 476.1 ± 55.3, 452.9 ± 78.6, and 575.6 ± 206.5 ms
accordingly. Snaps at all sites had a mean peak frequency consistently
Frontiers in Marine Science 04
below 5 kHz and -3 dB bandwidth lower than 10 kHz, which may

facilitate a long range propagation. More detailed comparisons of

acoustic parameters are shown in Table 1.
3.2 Temporal pattern of snap rate

The temporal variation of the snap rate extracted from site 3 was

shown for a series of 7 days and the dots represented the number of

snaps per minute, which was smoothed out using a 120-point moving

average filter and demonstrated in a black line (Figure 5). The snap

rate presented a periodical pattern and ranged from 773 to 3875 snaps

per minute, with a mean value of 2935.0, much higher than a previous

study using a same thresholding method (Lee et al., 2021). The

periodicity of the snap rate was reflected in the smoothed line,

showing at least 2 distinct peaks within a day cycle, corresponding

to the two high tides with a single day. The difference of snap rate

between peak and valley can reach approximately 1000 within a day.

The time of the peaks changed with the tidal level. On May 19, the

first snap rate peaked at about 2:00 am, which emerged approximately

an hour before the first high tide. On May 25, the first snap rate peak

moved to around 5:00 am, which was behind the first high tide by

almost 3 hours. These results demonstrated that snapping behavior

was related to the tide. The first snap rate peak occurred as the tide

was rising to reach high level (Peak 1 in Figure 5B). Peak 2 was

associated with the high tidal level at night. Valley of snap rate

consistently appeared during the daytime in current dataset, which

occurred during the low tide periods. The number of the valleys

changed during the recording period. At least two valleys were found

in 5 of the 7 days during the daytime, including D19, D20, D21, D22,

and D25, while only a single and significant valley was observed in

D23 and D24. The valleys emerged between the two high tides and at

least one valley was close to the low tide at daytime.

The snap rate of peak 1 which corresponds to the first high tide

was unanimously than that of peak 2 (corresponding to the second-

high tide) for each day during the recording period. The difference of

the two snap rate during the high tide periods ranged from 17 to 420.

The first snap rate peak (peak 1) occurred before the first high tide

during the recordings while in comparison the times of valley and

peak 2 were behind the low tide and second high tide in 5 of the 7

recording days (Table 2).

The snapping shrimp sounds were important contributions to the

overall soundscape (Figure 6), accounting for a great proportion

across the days, which can be seen in the power spectral density of

bandwidth II between 1.5 and 10 kHz. This bandwidth was

considered to estimate the soundscape input from snapping shrimp

because the peak frequency was found in this range. For bandwidth I

(0-1.5 kHz), the mean power spectral density was much lower during

the night than daytime with peak-to-peak difference reaching

approximately 10 dB, which was thought to be attributed to the

commuting boat travels during daytime. The acoustic energy confined

in frequency range from 10 to 48 kHz was the lowest (BW II). This

proportion might be solely from snaps produced by shrimp as no

other sound sources were found related to this part. Power spectral

density across the whole recording band (up to 48 kHz) at site 3

fluctuated between 65.3 and 69.3 dB (BW IV).
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BA

FIGURE 3

The comparison between the mean and SD (gray shading) frequency spectra of snaps and local background noise in decibels for (A) Site 1 and Site 2 and
(B) Site 3 and Site 4.
FIGURE 2

(A) A series of snaps in time domain and (B) time-frequency domain, with the red dots representing the detected snaps. (C) Waveform of a representative
snap, showing a low amplitude precursor and a distinct high amplitude pulse. (D) Power spectral density of the snap (upper line) and its comparison to
background noise (lower line). These data were recorded at site 1.
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4 Discussion and summary

Snapping shrimp, as a dominant source of ambient noise in

shallow coastal waters, produce a strong pulse of a wide bandwidth.

Several studies conducted on the acoustics of snapping shrimp have

covered the topics on the temporal pattern of snap rate (Bohnenstiehl

et al., 2016; Lee et al., 2021) and acoustic characteristics of snapping

shrimp snaps (Au and Banks, 1998; Song et al., 2021; Spiga, 2022).

The recordings in current paper provided additional data of the

acoustics of shrimp snaps. However, the determinations on shrimp

species and number of shrimp species were not yet achieved, limiting

the comparison of snap characteristics to site-level instead of species-

level. Significant differences were found in duration, peak frequency,

-3 dB bandwidth and sound pressure level across the sites (p<0.001).

The great ranges of sound pressure level of snaps recorded at different

sites may be intrinsic to the animals. Song et al. (2021) found that

snaps produced by shrimp can be significantly among different

individuals for A. heterochaelis and A. angulosus. The individual

variation may be the result of physiological processes, such as

individual fitness. The number of species and individuals, as well as

size of the shrimp can potentially influence the acoustic properties of

the snaps in site-level. Though much remains to be done, the results

present here show that shrimp produced snaps as loud as 190 dB and

these sound pressure levels were underestimated values of respective

source level if snaps had propagated a certain range before reaching

the recording hydrophone. Peak frequencies were consistently below

10 kHz (Figure 4), similar to those of snaps recorded in laboratory

conditions and field data in May River Estuary (Song et al., 2021).

Among the papers on snapping shrimp acoustics, only one paper

found the peak frequency of snaps can occasionally reach over 10 kHz

and below 1 kHz, which was considered as response to the impulsive

stimuli (Spiga, 2022).

Shrimp responded to light as well, reflected in the diurnal pattern

of snap rate. Researchers found that snapping shrimp noise levels

measured at nighttime were higher than those at daytime by 3–6 dB at

Yacht Harbor in San Diego (Johnson et al., 1947; Everest et al., 1948),

and by nearly 4 dB on Oahu, Hawaii (Lammers et al., 2008). A sharp

increase in snapping abundance both at sunrise and sunset, raising

the sound pressure level compared to daytime snaps, showing a

potential relationship between light and snapping behaviors
Frontiers in Marine Science 06
(Lammers et al., 2008). The number of snaps produced was

correlated with season as well (Bohnenstiehl et al., 2016). Our

current dataset had a limited recording length but based on the

data available, we can interpret more snaps were recorded at night

than during the daytime (Figures 5 and 6).

Besides, snap rate changed with tidal level. There was more than

one snap rate peak across a single day and the peak location slightly

shifted day by day, which may be attributed to the daily shift of tidal

level. Snap rates at peak 1 and 2, which occurred at night, were

consistently higher than those calculated for valley occurring during

midday (Figure 5). Taking Day 23 as an example, the snap rates of

peak 1 and peak 2 were 3561 and 3402, much higher than that of 2188

found in the valley. The snapping events came to its first crest at the

earlier hours of the day before the emergence of the first high tide. The

second snap rate peak was mostly happening after the second-high

tide and slightly lower than that of the first snap rate peak. These two

peaks may switch as the moon phase changes in the long term, which

needs more data to address. The numbers of the valley and peak were

changing across the seven days, which is probably influenced jointly
TABLE 1 Acoustic parameters of snaps recorded at different sites,
compared to those reported in previous studies.

Site No. Duration
(ms)

Peak Fre-
quency
(kHz)

-3dB Band-
width
(kHz)

SPL
(dB re
1mPa)

1
312.8 ±
87.6

4.29 ± 1.65 3.42 ± 1.46 156.0 ± 4.4

2
476.1 ±
55.3

2.54 ± 0.65 2.00 ± 0.89 172.5 ± 1.7

3
452.9 ±
78.6

2.53 ± 0.84 2.20 ± 1.31 186.2 ± 1.3

4
575.6 ±
206.5

4.16 ± 2.01 3.18 ± 1.76 165.5 ± 3.9

Kaneohe Bay
(Au and
Banks, 1998)

– 2 - 5 – 183 - 198

May River
Estuary
(Song et al.,
2021)

– 4.10 ± 1.90 – 158.9 ± 4.0
fro
B CA

FIGURE 4

The comparisons of snap (A) Duration, (B) Peak frequency, and (C) -3dB bandwidth across the recording sites, where the box bottom and top denote the
25% and 75% percentile of the distribution, and the line extensions of the box represent the lower and upper edge values, respectively. The median and
mean are represented by the line and square inside the boxes, respectively.
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by tidal level and light. Lee et al. (2021) found that the significant

correlation between snap rate and tidal level may be rooted in the

change of current speed during tide fluctuation. Though the

conclusions were based on data recorded in the water column at

least 24 m deep and 100 km away from a local island, their results can

still be representative for the snapping shrimp living in the benthic

area. Jeong and Paeng (2022) used the 90 days’ recording and find

snap rate was higher at high tide and lower at low tide, showing a 13%

variation. Using the long term monitoring and data analysis, they

observed a complex pattern in snap rate, with a diurnal component

dominating over the semi-diurnal component. The 7 consecutive

days’ recording in current paper was too short to drive any conclusion

on tidal impact. Snap rate was the highest on D23, of which the high

tide was not the greatest among the recording period. When

comparing the two snap rate peaks (Peak 1 and Peak 2)

corresponding to the two high tides within a single day, we found

that the first snap rate peak (Peak 1) corresponding to the higher high

tide was unanimously greater than that of the lower high tide

(Table 2). These data altogether seem to show a positive

relationship between snap rate and tidal level.

It remained to be investigated what drives the change of snap rate

within a single day. There might be a possibility that shrimp produced

more snaps to communicate when visual conditions are poor at night.

Dinh and Radford (2021) found the snapping shrimp (A. richardsoni)

was sensitive to low frequency sounds. There stands a possibility that

snapping shrimp achieve communication through their snaps because

there is a considerable proportion of energy spreading into the low

frequency range (Figure 3). The snaps examined from four sites had

significant energy below 1 kHz, overlapped with the tested audible

frequency range of A. richardsoni. Supposing the snapping shrimp

hear in the same way as A. richardsoni does (Dinh and Radford,

2021), we can hypothesize that shrimp can acoustically detect snaps if

the sound pressure level exceeds hearing threshold. We turned to the
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audiogram of A. richardsoni and compared the amplitudes of hearing

threshold and snaps. Shrimp present auditory responses to sounds up

to 1500 Hz, at which the hearing threshold was approximately 125 dB

(re 1 mPa). The lowest hearing threshold was approximately 90 dB (re

1 mPa) at 80 Hz. We calculated the spectrum of snaps using described

in sound pressure level and found that snaps recorded at all sites

unanimously have a higher mean sound pressure level than hearing

threshold below 1 kHz. The hearing threshold increases to almost 125

dB at 1.5 kHz, surpassing the sound pressure level of snaps at site 1

and site 4. This indicates individuals of snapping shrimp at four sites
TABLE 2 The time of high and low tides during the 7-day recording period
(D19-D25) at side 2, where the times of the snap rate peaks were tracked
using the difference between times of the snap peak and high/low tides.

Date 1st high
tide Peak 1 Low

tide Valley 2nd high
tide

Peak
2

19 3:00
-0.9 h
(3368)

8:00
+1.0 h
(2420)

15:00
+4.6 h
(2948)

20 4:00
-1.2 h
(3452)

9:00
+0.4 h
(2426)

15:00
+4.7 h
(3094)

21 5:00
-1.2 h
(3481)

10:00
+0.2 h
(2320)

16:00
+3.2 h
(3276)

22 6:00
-1.0 h
(3507)

11:00
+0.2 h
(2315)

17:00
+2.9 h
(3490)

23 7:00
-1.3 h
(3561)

12:00
0 h

(2188)
19:00

+1.8 h
(3402)

24 8:00
-2.6 h
(3443)

14:00
-0.7 h
(2289)

20:00
-0.3 h
(3237)

25 9:00
-3.9 h
(3305)

15:00
+0.2 h
(2128)

21:00
-1.6 h
(3255)
fronti
The minus and plus signs represent time before and after tides respectively and the numbers in
parentheses indicate the corresponding snap rate.
B

A

FIGURE 5

(A) Temporal variation of the snap rate extracted from Site 2 over a 7-day period (D 19–D 26) and the change of tidal level. (B) An enlarged layout of the
snap rate within a single recording day.
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may be able to acoustically sense the snaps produced by conspecifics if

the shrimp in the field have a same hearing threshold to

A. richardsoni.

We followed a previous study and used snaps with peak

amplitude exceeding four times the root-mean-square amplitude of

the received signal to estimate snap rate (Lee et al., 2021). There was

no doubt that more snaps can be detected using a smaller amplitude

threshold but this would increase the probability of false detection.

Snaps of smaller amplitude are probably from a greater distance.

Using a same thresholding method, the snap rate in shallow water of

southeast China coastal area (current paper) was much higher than

that in the East China Sea (Lee et al., 2021). Lee et al. (2021) placed

their recording hydrophones in the water column with depth between

∼24 and ∼80 m and the recording site was 100 km away from a

nearby island. Our recordings were confined to the coastal region,

close to local tidal zones where the shrimps inhabited, and this might

increase the snap rate calculation due to the relatively lower

propagation attenuation.

We conducted field experiments at four sites in southeast China

coastal area to record the broadband pulses produced by snapping

shrimp. Snaps dominated the overall underwater soundscape.

Research was extended geographically into the Southeast China

coastal area, providing data for the snapping shrimp in this region

for the first time. The characteristics of snaps were significantly

different across the recording sites. Snap rate examined in one site

with 7 consecutive days of recording showed a diurnal pattern and

snap rate had a correlation with the tidal level, indicating that the snap

rate corresponded to the tidal level periodically. A high tide was
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accompanied with a local high snap rate regardless of light and this

local snap rate peak was much higher at night. Data of a single site

made it impossible to compare the snap rate across different sites. The

long-term monitoring is important to probe into the monthly or

seasonal snapping behavior and its coincidence with ocean

environmental factors such as temperature, water depth and light

performed in previous studies.
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