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Dugongs (Dugong dugon) spend significant time in shallow, turbid waters and are often active at

night, conditions which are not conducive to visual cues. In part, as a result, dugongs vocalize to

gain or pass information. Passive acoustic recording is a useful tool for remote detection of vocal

marine animals, but its application to dugongs has been little explored compared with other mam-

mals. Aerial surveys, often used to monitor dugong distribution and abundance, are not always finan-

cially or logistically viable and involve inherent availability and perception bias considerations.

Passive acoustic monitoring is also subject to sampling biases and a first step to identifying these

biases and understanding the detection or communication range of animal calls is to determine call

source level. In March 2012, four dugongs were fitted with satellite tags in Shark Bay, Western

Australia by the Department of Environment and Conservation. During this, acoustic recordings

were taken at 5.1 m range. Source levels for each of five call types (two types of chirp, bark, squeak,

and quack) were estimated, assuming spherical spreading as the transmission loss. Mean source lev-

els for these call types were 139 (n¼ 19), 135 (12), 142 (2), 158 (1), and 136 (9) dB re 1 lPa at 1 m,

respectively. VC 2013 Acoustical Society of America. [http://dx.doi.org/10.1121/1.4816583]

PACS number(s): 43.30.Sf, 43.80.Ka, 43.60.Jn, 43.64.Tk [JJF] Pages: 2582–2588

I. INTRODUCTION

The dugong (Dugong dugon) is an aquatic herbivore

and one of four members on the order of Sirenia (Marsh

et al., 2002; Dexler and Freund, 1906). Globally, dugongs

are listed as vulnerable on the IUCN red list, however, in

Australia the populations are maintaining numbers (Marsh,

2008). In Western Australia, Shark Bay, a World Heritage

Property, plays host to around 10 000 individuals, one of the

largest and most secure populations of dugong in the world

(Department of Environment and Conservation, 2010).

Dugongs are often solitary creatures and spend much of

their time in shallow waters (Chilvers et al., 2004) where

they feed on multiple seagrass species, such as those spread

across Shark Bay (Walker et al., 1988). In winter the Shark

Bay population can be spread out with many dugongs resid-

ing in deeper waters between 5–15 m depth, in part to shelter

from tiger sharks (Galeocerdo cuvier). By contrast, in

summer they can herd in large numbers, for example, in

Gladstone Bay, on the eastern gulf of Shark Bay (Anderson,

1986; Holley, 2006; Wirsing et al., 2007a,b). Thus moni-

toring the Shark Bay dugong population is often easier in

the summer when numbers can be more concentrated.

However, surveying only at this time does not inform the ob-

server on overall annual movements and numbers of the

population.

Aerial, boat-based, and land-based visual surveys have

become standard tools to census dugong populations.

However, these can be financially and logistically intensive

and can involve significant availability and perception bias,

particularly in deeper or more turbid waters (Pollock et al.,
2004, 2006). Additionally, visual surveys are impractical at

night when dugongs have been shown to be active

(Anderson, 1986; Ichikawa et al., 2006). Therefore comple-

mentary, alternative techniques can add, and possibly fill

gaps, in the data collected by visual survey. Passive acoustic

monitoring of marine species from their vocalizations also

involves inherent availability and perception bias. An animal

has to be vocal and within the hydrophone detection range to

be available and sounds have to be correctly identified by the

observer as originating from a dugong. Nevertheless, under

certain circumstances passive acoustic techniques have been

shown to improve detection in visual surveys of dugongs

(Ichikawa et al., 2009, 2010).

Sirenia possess small eyes with poor eyesight which

function best at low light levels, suggesting little emphasis

on visual cues as a form of communication (Dexler and

Freund, 1906; Piggins et al., 1983). These developed traits

are possibly due to the often turbid environments they
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inhabit (Holley, 2006) and predominant orientation and head

position. As such, acoustic cues are of benefit to the species

and indeed, Anderson and Barclay (1995) categorized three

types of dugong “bird-like” calls as chirps (frequency-modu-

lated signals in the 3–18 kHz range with two or more har-

monics, lasting less than 60 ms), trills (frequency-modulated

calls lasting up to 2.2 s, over a 740 Hz bandwidth, in the

3–18 kHz range), and barks (broadband signals between

500 Hz and 2.2 kHz, lasting up to 120 ms). Similar dugong

calls have been reported in Asia (Ichikawa et al., 2003;

Ichikawa et al., 2006; Ichikawa et al., 2009; Ichikawa et al.,
2010, 2011; Okumura et al., 2007), Australia (Ichikawa

et al., 2012), and in captivity (Marsh et al., 1978). The most

frequently detected calls are chirps, accounting for approxi-

mately 90% of all calls (Ichikawa et al., 2003; Ichikawa

et al., 2006; Okumura et al., 2007; Hishimoto et al., 2005).

While the functional role of dugong calls has been little

examined, acoustic signals by marine mammals are often

suggested to serve as a method of maintaining communica-

tion in group active spaces or between mother and calf

(Sousa-Lima et al. 2002; Janik et al., 2006; Jensen et al.,
2012), or as a warning of predators (Deecke et al., 2002).

Identifying the acoustic characteristics of these calls, such as

source level (SL) not only helps understand biases associated

with passive acoustic monitoring of marine animals and dis-

tance sampling methods to measure abundance, but is also

one of the first steps to understanding how the callers and

recipients utilize their habitat and active space (Parsons

et al., 2009; Jensen et al., 2012). The aim of this study was

to determine the SLs of Shark Bay dugong calls as a precur-

sor to further ecological and abundance related research.

II. METHODS

On the 26th and 27th March, 2012, four dugongs were

captured by members of the Department of Environment and

Conservation (DEC) from a 5 m Zodiac vessel, as part of a

James Cook University managed satellite tagging program.

During the process of fitting tags the dugongs were individu-

ally brought along the starboard side and secured next to the

DEC vessel with the head just in front of the bow. On each

occasion, a second vessel, Cuvier, of the Shark Bay

Ecosystem Research Project, then pulled alongside the port

side of the DEC Zodiac as additional support, typically

3 min after capture. At this stage opportunistic recordings of

dugong vocalizations were acquired. All engines were shut

down and an HTI 96-min hydrophone (HighTech Inc., MS,

USA, 163.9 dB re 1 lPa/V sensitivity) was suspended off the

port side near the bow of the Cuvier, at a depth of approxi-

mately 0.75–1 m. The cable was held away from the vessel

to avoid contact with the hull. This configuration positioned

the hydrophone level with the head of the dugong at 5.1 m

range on the port side, at a depth of approximately 1 m when

vocalizing. Locating the hydrophone and dugong just in

front of the bows meant there was a direct path between

source and receiver and no hull directly between, or above

the two. Thus recordings were taken at 90� to port side of

the dugongs’ head. The hydrophone was connected to an

HR-5 Jammin pro recorder, sampling at 46 kHz, which had

been calibrated using �90 dB re 1 lPa/V white noise with a

flat response between 100 Hz and 23 kHz. The HR-5

recorded all noise from the moment the two stationary ves-

sels were alongside to the time the dugong had been released

and was >25 m from the vessels. Acoustic data was proc-

essed using a suite of MATLAB programs developed at the

Centre for Marine Science and Technology (CMST). To

limit sound energy from abiotic sources and vibration of the

hydrophone cable, a hi-pass filter of 100 Hz was applied to

the data. Spectrograms were produced using 1024-point FFT

with 90% overlap, and Hanning window. Parseval’s theorem

was applied to calculate the total received level in the fre-

quency band of interest. The contribution of ambient noise

levels was determined and removed as per Parsons et al.
(2012), with pressure levels within the 5 and 95% region of

the total cumulative energy used to determine duration of the

call (Malme et al., 1986). Thus the call length was taken as

the time for 90% of the signal energy to pass.

The SL was calculated as the sum of the measured

received level (RL) and the calculated transmission loss

(TL), where TL is a function of the range (r) multiplied by

an environment-dependent TL coefficient, X in the form of

SL ¼ RLþ TL ¼ RLþ Xlog10ðrÞ: (1)

In this case r was set at 5.1 m (60.1) with the exception of

one call estimated to be at 10 m (61) range and spherical

spreading was assumed to be the only loss, therefore X¼ 20

(Urick, 1983). The RL was measured for all calls from time-

averaged power spectrum densities. The SLs and back-

ground noise levels were calculated over the 500 Hz to

18 kHz bandwidth encompassing all energy.

Signal SL is often presented in a variety of formats so

for comparison with other past, present, and future reports

the SLs are reported here not only the call average and maxi-

mum mean squared sound pressure level (SPL) over the 95%

energy window, but also sound exposure level (SEL) and

FIG. 1. Map of Western Australia showing the Shark Bay.
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peak-to-peak pressure for each of the dugong call types.

Units of SPL, SEL, and peak-to-peak SLs were dB re 1 lPa,

dB re 1 lPa2 s, and dB re 1 lPa, respectively, with each esti-

mated to the reference pressure at a range of 1 m from the

source.

Calls were identified as originating from the dugong

based on their similarity with previous reports and record-

ings of dugong calls (Anderson and Barclay, 1995; Ichikawa

et al., 2003; Ichikawa et al., 2006; Ichikawa et al., 2009;

Ichikawa et al., 2011) and visual confirmation of whether

any other animals were present at the time of recording.

III. RESULTS

In total, 67 calls were recorded from three male dugongs

over the course of three days of survey, at different sites in

the Western Gulf of Shark Bay (Fig. 1). The two male

dugongs captured on day 1 made a series of calls while next

to the vessel. The first and second dugongs were 2.39 and

2.00 m in length and 1.55 and 1.49 m in girth, respectively.

The dugongs were recorded in approximately 1.25 m of

water above a flat, sandy seafloor with the first dugong over

bare sand and the second over approximately 20% coverage

of seagrass. Recordings of the first dugong were taken in the

morning of the 26th March in calm water and with little

wind with mean background noise levels at 95 dB re 1 lPa

SPL. The second was recorded in the afternoon with

increased wind and background noise (103 dB SPL). All

calls from the first two dugongs were recorded with the ani-

mal at the side of the boat, i.e., at 5.1 m range. The third

vocal dugong on the afternoon of the 28th March, produced

one call in approximately 1.2 m of calm water over approxi-

mately 50% coverage of seagrass, at an estimated range of

10 m from the hydrophone, after the dugong had been

released. This dugong was released without length and girth

measurements being recorded. Of the 67 calls, 43 were of

FIG. 2. Example spectrograms for five

types of call produced by the dugongs

including chirp 1 [(a), two calls], chirp

2 [(b), three calls], squeak (c), bark (d),

and quack (e). Spectrograms produced

using a 1056-point Hanning window

with 0.5 overlap and frequency resolu-

tion of 25.8 Hz.
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sufficient signal to noise ratio to be analyzed for call energy

(32, 10, and 1 call from each dugong, respectively). The dis-

carded calls included interference from noise such as water

tapping against the hull or sounds of breaking waves, more

prevalent during the recording of the second dugong when

the wind had picked up. No other dugongs were visible

within the area during the recordings, indeed no other ani-

mals of any kind were observed.

In total, five kinds of calls were categorized (Fig. 2, sig-

nals bounded by the white boxes), including chirps, squeaks

and barks, described in previous reports [Figs. 2(a)–2(d),

respectively]. Sounds most audibly likened to “quacks” were

also believed to originate from the dugongs [Fig. 2(e)]. The

background noise of small waves was evident with the occa-

sional broadband signal as the hydrophone cable tapped

something (Fig. 2, arrows). Only calls with 500 noise-free

sample points either side of the call were examined

[Figs. 3(b) and 3(c), circles before and squares after the sig-

nal]. Figure 3 highlights the 5 and 95 % points of the signal

cumulative energy of a “quack” (þ symbols in the waveform

and cumulative energy plots), with the start and end of the

call marked by the dashed lines [Figs. 3(a)–3(c)]. The energy

in the spectrogram before and after these lines in Fig. 3(a)

are due to the overlap used to produce the spectrogram.

Assuming spherical spreading over the 5.1 and 10 m

ranges resulted in an estimated SL across all call types of

139 dB re 1 lPa at 1 m [67.1 standard deviation (s.d.),

max¼ 159, min¼ 129]. The distribution of SLs can be seen

in Fig. 4. Each call type was estimated separately (Table I)

with the maximum SPL at any time within any given call at

165 dB re 1 lPa at 1 m. The average SEL and peak-to-peak

SLs across all calls were 124 (68.2 s.d., max¼ 146, min-

¼ 110) dB re 1 lPa2 s at 1 m and 150 (67.1 s.d., max¼ 180,

min¼ 145) dB re 1 lPa at 1 m, respectively.

Two types of chirp were recorded, both of which were

frequency-modulated with two or more harmonics, contain-

ing energy over the 3–18 kHz bandwidth (fundamental fre-

quencies shown in Table II). The first type rose and then fell

in frequency, while energy from the second chirp type

(effectively a downsweep) declined in frequency throughout

the call (Table II). The first dugong produced 19 calls of

chirp 1 and three calls of chirp 2, while the second dugong

only produced nine chirp 2 calls. Though the sample size is

too small to confirm significance, the chirp 1 calls were of

slightly higher SL (Table I). Frequencies of the chirp 1 and 2

calls were similar, as were the chirp 2 calls of dugong 1 and

2, but again the sample sizes are small.

Dugong 1 also produced one bark, one squeak and eight

quacks, while dugong 2 produced one quack and dugong 3

only produced one bark. Both barks and quacks were broad-

band signals over similar frequency bands, however, the

barks were significantly longer in duration and of higher SL

(Table I, Table II, Fig. 2). The squeak contained a broadband

section followed by a narrow bandwidth section with a sin-

gle harmonic [Fig. 2(c)]. It could have been considered as a

bark, immediately followed by a chirp, but while the broad-

band section of the squeak was similar to that of the barks,

the frequency of the narrow band section was lower than that

of the chirps (Fig. 2, Table II). The squeak was of similar

mean SPL to that of the bark.

FIG. 3. Magnification of the “quack” spectrogram from Fig. 2(a), together with the respective waveform (b) and cumulative energy (c) of the call. Dashed

lines represent the 5 and 95% points of the cumulative energy of the call and therefore the start and end of the call as per Malme et al. (1986). The power spec-

tral density of the call is also shown (d).
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Ambient noise levels over the same frequency band as

the calls, at the time of each recording set were 95, 103, and

104 dB re 1 lPa. Taking the average SL of 139 dB re 1 lPa

at 1 m means a maximum and minimum difference of 44 and

35 dB re 1 lPa between call and ambient noise. Assuming

spherical spreading as a maximum transmission loss for each

call would result in an estimate of approximately 150 and

50 m as minimum ranges for these conditions, respectively,

before the signal attenuated to ambient noise levels (this

range would be extended if estimated over a narrower band-

width than the 200–18 000 Hz used here).

IV. DISCUSSION

The SLs of dugong calls reported here (139 dB re

1 lPa at 1 m) are comparable with those observed by

Ichikawa et al. (2011), in Thailand of 134 dB re 1 lPa at

1 m, as was the SL variation. Maximum and minimum SLs

in the Shark Bay calls were 159 and 129 dB re 1 lPa at

1 m, respectively, with standard deviation of 6 dB over all

calls, while Ichikawa et al. (2011) reported maximum and

minimum levels of 159 and 104 dB re 1 lPa at 1 m, respec-

tively, with standard deviation of 9 dB. It should be noted

that in each case recordings were taken at 90� to port side

of the dugongs’ head. This study has not taken directional-

ity of dugong calls into account. Branstetter et al. (2012)

observed significant directionality in bottlenose dolphin

(Tursiops truncatus) calls, similar to that estimated by

Lammers and Au (2003), who modeled Hawaiian spinner

dolphins (Stenella longirostris) as signals produced by a

circular piston transducer. These calls would decrease in

level from on-axis to at 90� by 6.3 and 10.8 dB re 1 lPa at

FIG. 4. Distribution of source levels

(dB re 1 lPa at 1 m) from recorded

sound pressure levels of each call type

based on estimated transmission losses

of spherical spreading.

TABLE I. Source level data for each type of call recorded, reported as mean squared pressure levels (dB re 1 lPa at 1 m), maximum SELs (dB re 1 lPa2 s at

1 m), and peak to peak pressure (dB re 1 lPa at 1 m). Values in parentheses for the call type column are the sample number and elsewhere are standard devia-

tion, maximum and minimum values.

Call type Dugong SPL max SPL SEL p-p Duration

(n) (n) (dB re 1 lPa at 1 m) (dB re 1lPa at 1 m) (dB re 1 lPa2 s at 1 m) (dB re 1 lPa at 1 m) (s)

All calls (43) All 150 139 124 155 0.13

(6.3, 165, 138) (7.1, 159, 129) (8.2, 146, 110) (7.1, 180, 145) (0.07, 0.58, 0.01)

Chirp 1 (19) 1 (19) 152 139 125 159 0.1

(5.8, 161, 138) (6.8, 159, 131) (8.7, 146, 110) (7.2, 180, 145) (0.09, 0.37, 0.01)

Chirp 2 (12) All (12) 146 135 122 152 0.11

(4.9, 154, 138) (3.5, 144, 132) (5.0, 128, 110) (4.5, 159, 145) (0.04, 0.20, 0.07)

1 (3) 148 136 123 153 0.11

(3.8, 138, 132) (3.2, 138, 132) (4.9, 128, 118) (3.9, 158, 151) (0.04, 0.2, 0.07)

2 (9) 146 138 121 151 0.11

(5.3, 153, 138) (3.7, 144, 132) (5.2, 126, 110) (4.9, 159, 145) (0.04, 0.2, 0.07)

Bark (2) All (2) 159 143 129 164 0.18

(3.7, 162, 157) (20.8, 159, 129) (9.2, 135, 122) (10.5, 172, 157) (0.05, 0.22, 0.14)

1 (1) 162 159 135 172 0.22

3 (1) 157 129 122 157 0.14

Squeak (1) 1 (1) 165 158 145 171 0.58

Quack (9) All (9) 150 136 119 156 0.06

(6.1, 153, 142) (5.4, 143, 132) (12.1, 128, 111) (7.9, 160, 149) (0.06, 0.1, 0.02)

1 (8) 149 139 122 156 0.06

(4.4, 154, 142) (3.9, 143, 132) (6.4, 128, 110) (4.4, 160, 148) (0.06, 0.1, 0.02)

2 (1) 142 135 111 149 0.04
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10 and 20 kHz, respectively. Given that the dugong calls

reported here contained energy up to around 18 kHz the

SLs should be noted as being taken perpendicular to the

animals’ body.

While the sample size of individual call types is compa-

ratively small, these calls were recorded at close verifiable

range. The close range significantly improves the confidence

limits by reducing the effects of unknown transmission

losses and improving confidence levels in localization, two

factors which can have considerable impact on estimating

SLs of marine animal calls (Parsons et al., 2009; Gavrilov

et al., 2011). While the individual call type characteristics

have been presented for each dugong, given the small num-

ber of calls of the same call type it is not feasible to draw

conclusions from any comparisons between the dugongs.

The dugong calls RMS SLs are considerably lower than

those of other marine mammals. The great whales can pro-

duce calls of 180–189 dB re 1 lPa (blue whales: Cummings

and Thompson, 1971; Thode et al., 2000; McDonald et al.,
2001; �Sirović et al., 2007), 151–173 dB re 1 lPa (humpback

whales: Au, 2007; Gavrilov et al., 2011), or 159–189 dB re

1 lPa (fin whales: Watkins, 1981; Charif et al.; 2002; �Sirović

et al., 2007), even mammals closer to the size of dugongs

are significantly louder, such as killer whales (Orcinus orca,

155.3 dB; Holt et al., 2008), bottlenose dolphins (Tursiops
sp., 147 dB re 1 lPa; Jensen et al., 2012), or white-beaked

dolphins (Lagenorhynchus albirostris, 147 dB re 1 lPa;

Rasmussen et al., 2006). While a direct comparison with

these calls is not possible, as the stated source levels for

odontocetes do not include echolocation signals, it does pro-

vide an indication how comparatively low level the dugong

calls are. The larger mammals have a more widely dispersed

social group and communicate over ranges of up to tens to

thousands of kilometers (Jensen et al., 2012) where lower

frequency and greater call SL is advantageous. Dugongs,

however, spend over 72% of their time in waters of less than

1 m depth (Chilvers et al., 2004). In such shallow waters

transmission losses are greater and possibly communication

ranges are substantially reduced (Urick, 1983). Coupled with

their predominantly solitary behavior (Anderson, 1998) the

low SLs of dugong calls were to be expected. The result of

the SLs, combined with likely transmission losses in shal-

low, sandy waters is to limit communication ranges to

between tens and hundreds of meters.

While reports of SLs from marine fauna often also esti-

mate call propagation ranges from empirically determined

transmission losses (�Sirović et al., 2007; Jensen et al., 2012)

these have considered losses either along simple bathymetry

profiles or propagation of sound in deep water. In Shark Bay

dugongs can be found at various locations in shallow waters

of complex bathymetry, comprising banks, flats, and chan-

nels (Holley, 2006). In shallow waters, propagation of high

frequency signals such as dugong calls is highly dependent

on the bathymetry profile and caller altitude in the water col-

umn. Therefore the modeling of dugong call propagation in

Shark Bay has been the subject of a subsequent study to this

report.
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